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Sense and Sensitivity 


Pyrometers for steel furnaces . . . recorders and 
controls for plastics and brewing . . . sensitive yet 
robust instruments to maintain the correct 
temperature and humidity for industrial processes. 
All are compact, precise, and guaranteed for 

two years against any defect of materials or 
workmanship. When the need demands a 
tombination of good sense and highest sensitivity, 
there is no better value than Negretti & Zambra 
instruments and controls. 


The name that means precision 


ZAMBRA 


Negretti & Zambra Ltd. 
Group Offices : Stocklake, Aylesbury, Bucks. 
Aylesbury 4454 (5 lines), 2612 (3 lines) 
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—the vapour diffusion 
pump for high backing 


pressures up to 35 torr 


SPEEDIV/IC 2M4A 


A four-stage stainless steel mercury vapour diffusion pump, 
the 2M4A is characterised by its high limiting backing pres- 
sure of 35 torr. The ultimate vacuum of 10-7 torr (with a 
mercury vapour trap) and the pumping speed of 70 to 80 
litres/sec. can be maintained by a backing pump with a speed 
as low as 0.1 litres/min. at 35 torr. 


With a receiver tank fitted in the backing line the rotary backing 
pump may be switched off for long periods. This arrangement 
is ideal both for collecting gas samples and for obtaining com- 
plete freedom from noise and vibration. 


send for 
data sheet 


"Speedivac" products and service are available internationally. 


CRAWLEY 
Crawley 28844 ENGLAND 


-e NEW PURITY STANDARDS =~ 


two important biochemicals for clinical determination 


BILIRUBIN 


Serum Bilirubin determinations in infants suf 
fering Irom erythrobíastosis fetalis have proved 
an important criteria for the use of exchange 
transfusions. The accuracy of this measure 
ment has always been open to question because 
of uncertainty about the purity of bilirubin (!). 


Our specifications for Bilirubin are 


(1) Millimolar extinction coefficient of 60.1 
-4-0.2 in Chloroform at 453 mu. 


(2) Complete and rapid solubility at room tem- 
perature (for concentration of 6mg/100ml.) 
in chloroform or 0.2% solution of Na;CO;. 


The problem of finding an accurate method for 
bilirubin determination has occupied clinical 
chemists for 50 years. For determinations of 
new-born plasma, the most useful procedure is 
the Lathe and Rutheven (?) modification of the 
Malloy-Evelyn method (3). Stoner and Weisberg 
have recently reported an excellent micro- 
method for bilirubin (*). 


For accurate determinations of low values of 
bilirubin, methods of choice are those of Bruck- 
ner (5) and Jendrassik and Grof (*). The meth- 
ods of Meites and Hogg (7), and Powell (*) have 
the advantage of rapidity and involve few 
manipulative steps for the laboratory that does 
not have access to specialized equipment. 





PRICE SCHEDULE: PRICE SCHEDULE 


5 gram bottle gm. $14.99 100 grams . gm. $80 
1 gram bottle gm, 17.90 25 grams . + gm 90 
500 mg. bottie bti. 10.90 5 grams . s gn. .95 


References: (1) R. J. Henry, S. L Jacobs, N. Chiamon, 
Clin. Chem. 6, 529, (1960). (7) G. H. Lathe and C. R. J 
Rutheven, J. Clin. Pathol. 11, 155. (1958). (?) H. T. 
Malloy, and K. A. Evelyn, J. Biol, Chem. 119, 481 
(1958). (*) R. E. Stoner and H. f. Weisberg, Clin 
Chem. 3, 22, (1957). (*) J. Bruckner, Am. J. Clin. Path 
32. $13. (1957). (*) L. Jendrassik and P. Grof, &o 
chem. Z. 297, 81, (1938). (7} S. Meites and C. F 
Hogg. Clin. Chem. 5, 470, (1959). (*) W. N Powell, 
Am. J. Clin. Path. Tech. Sect. 8g 55. (1944). 


CHOLESTEROL S. C.W. 


Cholesterol S.C.W. (standard for clinical work) 
was developed in our laboratories by the inten 
sive purification of Cholesterol U.S.P. to fill the 


References: (1) J. J. Carr and 1. J. Drekter, Clin. Chem. 
2. 353, (1956). (?) H. L Rosenthal, M. L. Pfluke, S. 
Buscaglia, J. Lab. & Clin. Med. 50, 318, (1957). H. L 
Rosenthal, L. Jud, Ibid. 51, 143, (1958) 

THE LITERATURE REFERENCES SHOULD MOT OE INTEA 


PRETEO AS EITHER AN ENDORSEMENT OR DISAPPROVAL OF 
THE BIOCHEMICAL BY THE CITEO INVESTIGATOR 


NUTRITIONAL BIOCHEMICALS CORP. 
GUARANTEES SHIPMENT WITHIN 60 
MINUTES OF YOUR CALL. ONE DAY DELIV- 
ERY ANYWHERE IN CONTINENTAL U.S.A. 

















need for a reliable, pure clinical standard, || NUTRITIONAL a 
Our specifications for Cholesterol S.C.W. are: ü BIOCHEMICALS || 
Molar absorptivity values, Lieberman-Buchard 
method: 1750 --30, Sulphuric Acid iron i CORPORATION 4 
method: 11,500 3-100. To the best of our [J — 21010 Miles Avenue * Cleveland, Ohio 44128 a 
knowledge, this is the first time that cholesterol I Send for free May 1964 catalog contain- a 
of this purity has been available commercially. " ing more than 3,000 items. Fill out I 
When Cholesterok U.S.P. is used as a standard coupon and mail today for your copy. 
an error of approximately 6% in concentration ü Name Li 
is introduced, and can run as high as 1496 in i I 
molar absorptivity. This depends upon the Organization 
amount of such impurities as cholestanol [ri Address H 
choles-7-en-3-beta ol, and 7 dehydrocholes L| City E [| 
terol that are contained in the cholesterol 

J state Zip No. NI 
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chart shift control SP. 800 red-sensitive @ 
second sample position large sample compartment 


beam balance smoothing cam flat bed recorder 





Of the four Unicam SP.800 models available two are fitted with a special Red- 
Sensitive photomultiplier detector. In providing these special versions Unicam ex- 
tend the range out to 850 my. in the linear wavelength model SP.800B (11,500 cm" in 
linear wavenumber model SP.800D) thus further increasing the ability of the 
SP.800 to meet all requirements. 

The Red-Sensitive version of the SP.800 has all the facilities of the standard U.V. 
instrument including fully automatic source change—the unique second sample 
position—the beam balance smoothing cam for maximum quantitative accuracy— 
flat bed recorder—large sample compartment and wide range of accessories. With 
a total of four models to choose from and overall range of 190—850 my (52,500— 
11,500 cm“) the new SP.800s are proving the instrument of choice when the require- 


" y 4 ment is for speedy, reliable analysis. 
| N | C y \ \ | Write today for the SP.800 booklet or a demonstration. Full information on the 
SP.800 Sample Compartment will be given in the next advertisement in this series. 
INSTRUMENTS LIMITED 
York Street, 


Cambridge UNICAM PRECISION SPECTROPHOTOMETERS 
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Of the four Unicam SP.800 models available two are fitted with a special Red- 
Sensitive photomultiplier detector. In providing these special versions Unicam ex- 
tend the range out to 850 my in the linear wavelength model SP.800B (11,500 cm" in 
linear wavenumber model SP.800D) thus further increasing the ability of the 
SP.800 to meet all requirements. 

The Red-Sensitive version of the SP.800 has all the facilities of the standard U.V. 
instrument including fully automatic source change—the unique second sample 
position—the beam balance smoothing cam for maximum quantitative accuracy— 
flat bed recorder—large sample compartment and wide range of accessories. With 
a total of four models to choose from and overall range of 190—850 my (52,500— 
11,500 cm”) the new SP.800s are proving the instrument of choice when the require- 


4 ment is for speedy, reliable analysis. 
A: \ \ | Write today for the SP.800 booklet or a demonstration. Full information on the 


SP.800 Sample Compartment will be given in the next advertisement in this series. 
TS LIMITED 


UNICAM PRECISION SPECTROPHOTOMETERS 


No. 4942 SATURDAY, JULY 18, 1964 Vol. 203 


CONTENTS A 


TRAFFIC PROBLEMS AND INDUSTRIAL DEVELOPMENT IN BRITAIN E . s " . 218 


A Great Ewormu Boranrst. By B. L. Burtt . . : : 2 2 ; . 281 
















gps or SwoxmG. By Dr. W. Carruthers F x : : ‘ : : me s 
mat Sources or Human Disease. By Dr. G. Lapage . ; ‘ , : SQUHIMMME - 
SORPTION or LIPIDS FROM tHe INTESTINE. By Prof. C. Long . ; , : ae 

wesuRE Paysics AND Cuemistry. By Prof. D. M. Newitt, F.R.S. . à ye 

sma Puysics. By Prof. V. C. A. Ferraro ; E : i : A : . O84 

vine Freco Prosisms. By E. M. Freeman . : ; : . ‘ s .o EE 


cuewisrRv. By Dr. H. M. Frey i f : . : ; ; : . 226 
EA AS AN Environment. By A. de C. Baker  . ! ; A " a . 72326 






















üDUCATION AND IwmpusrRY. By S. P. Chambers, C.B., C.LE. ; , i n n 
iCIDENCE AND POSSIBLE SIGNIFICANCE OF INHALED OR Incestep PoLowiuM. By Sir Ernest 
den, CMG, C.B.E., F.R.S. . . : . Z : f ; ; . 230 
AwTr-Locusr RESEARCH CENTRE, Lonpon. By Dr. P. T. Haskell . : A . 383 
^o BoutHAMPTOX MEETING OF THE BRITISH ASSOCIATION FOR THE ÁDVANCEMENT OF SCIENCE. 
By R. N. M. Robertson . . s : . À ; : : . R . $835. 
- News AND VIEWS . $ : : : . . . . z . : . 237 
^OWgircowE HISTORICAL MUSEUM AND LIBRARY ; s . i g š : 241 
-OBALTHAZAR VAN DER Por GOLD MEDAL yor SCIENTIFIC Rap;. By Dr. R. L. Smith-Rose, 
CBE. . ; ; 2 ; 3 : ; : . : . : à . 34 
JANADIAN Socrery or PLANT PHYSIOLOGISTS. By Dr. R. G. S. Bidwell. z y . 242 
cnsiTY LIBRARY SERVICES. : ‘ : ; l ; : ; A . 0 248 
ARCH IN TExTILES, COLOUR CHEMISTRY AND DYEING  . : ` : : . c 244 
Uo Par ZooroorcaLt SocreTY OF LONDON . : 4 ; & z 2 2 A 244 
c Eixcrration OF ÜEREBELLAR PURKINJE CELLS BY THE CLIMBING Freres. By Sir John Eccles, 

-< FERS; R. Linas and K. Sasaki . B i : : ! : : A SU... Aaa 
RECOVERY FOLLOWING X-IRRADIATION OF SYNCHRONIZED CHINESE HAMSTER CELLS. By 
—. Dr. W. K. Sinclair and R. A. Morton ! P . s : "s : . 41 

Errnors or IwOSrTOL-DEFICIENCY ON Yeast WITH PARTICULAR REFERENCE TO CHEMICAL 
‘Composrrion.or THE CELL AND OF THE CELL Warri. By Dr. S. W. Challinor, Dr. D. M. ; 
ower and Dr. R: J. Tonge . : $ " : : : ; i Z . 850 
LOXYCORTICOSTERONE ACETATE AND EXPERIMENTAL ATHEROSCLEROSIS. IN CHOLESTEROL- 
rep Rapprrs. By Dr. G. B. Rossi, P. Oriente, L. Coscia Porrazzi, A. Veechione and > 
OR. Cerqua : ! : i " , s . ] s . 3 : . 202 
URINARY TRYPSIN ÍINHIBITOR (Mincry): TRANSFORMATION INTO A New Trypsin INHIBITOR ; 
By ACID HYDROLYSIS OR By BranrpASE. By Dr. Tage Astrup and Uwe Nissen . j 256 


| UrrakE AND BINDING OF CHLORAMPHENICOL BY SENSITIVE AND RESISTANT ORGANISMS. 
By Dr. D. Vazquez z ; , : : : i : : ; 3 sod 
_ CHLORAMPHENICOL AS AN INHIBITOR OF ENERGY-LINKED PROCESSES IN Maize MirocHONDRIA, ——— 
(C By C. D. Stoner, Dr. T. K. Hodges and Prof. J.B. Hanson  . : : A : SUN 
. ENERGETICS OF THE ELECTRIC ORGAN. By Dr. R. D. Keynes, F.R.S., and Prof. X. Aubert 
RECIPROCAL Activation AND ÍNHIBITION OF CORTICAL NEURONES AND VOLUNTARY MOYE- 
MENTS IN MAN: CORTICAL CELL ACTIVITY AND MuUscre MOVEMENT. By Dr. Choh-Luh Li 
and Dr. John M. Tew, jun. : x , . ‘ : ; : : ; ; 264 
EFFECT Or CEsrnapi0L on Bone Marrow TRANSPLANTATION IN LzTHALLY IRRADIATED 
. Mics. By Dr. John 8. Thompson, Richard W. Reilly, Henry P. Russe and Dr. Attallah 
Kappas . ; : ; . . ' . : ; ; ] ; . 365 
AMINO-ACID SEQUENCE AROUND THE REACTIVE THIOL GROUPS OF ADENOSINE TRIPHOSPHATE 
; Creatine PHOSPHOTRANSFERASE. By Dr. A. R. Thomson, J. W. Eveleigh and B. J. Miles — 267 
SEGREGATION OF RADIATION-INDUCED MUTATIONS IN Escherichia coli. By Dr. R. J. Munson 
cand Dr. Bryn A. Bridges . ] s ! ; ; ] . ; ; y . 270 
DIFFERENCES IN THE CHARACTER OF C, ro C, HYDROCARBONS FROM QASEOUS METHANE IN 
Low-rgEQuENCY Execreic Discuarces. By Dr. Cyril Ponnamperuma and Fritz Woeller — 272 
A TECHNIQUE FOR MINIMIZING THE EFFECTS OF ‘ATMOSPHERIC DISTURBANCE ON PHOTOGRAPHIC 





Tererescores. By R. L. Gregory . i : , i . : : E ; . 14 
Aag OF CALEDONIAN OROGENY AND METAMORPHISM IN BRITAIN. By F. J. Fitch, Dr. J. A. 

(oo Miller and Dr. P. E. Brown A : : . $ " ; à i , . 2815 
_ Twetowo-macmaric EVOLUTION OF THE SVECOFENNID CHELOGENIO CYCLE IN Sours 

GnEENLAND. By D. Bridgwater and B. J. Walton . 278 


A METHOD ron DESCRIBING THE PACKING TEXTURE OF ÜLASTIC SepmenTs. By I. J. Smalley — 281i 
SEMICONDUCTION IN Kaou. By A. K. Chatterji f ? . 5 
(Continued ouerfeuf) 








NATURE July 18, 1964 





chart shift control SP. 800 red-sensitive * 
second sample position large sample compartment 
beam balance smoothing cam flat bed recorder 





INSTRUMENTS LIMITED 
York Street, 
Cambridge 


Of the four Unicam SP.800 models available two are fitted with a special Red- 
Sensitive photomultiplier detector. In providing these special versions Unicam ex- 
tend the range out to 850 mu in the linear wavelength model SP.800B (11,500 cm" in 
linear wavenumber model SP.800D) thus further increasing the ability of the 
SP.800 to meet all requirements. 

The Red-Sensitive version of the SP.800 has all the facilities of the standard U.V. 
instrument including fully automatic source change—the unique second sample 
position—the beam balance smoothing cam for maximum quantitative accuracy— 
flat bed recorder—large sample compartment and wide range of accessories. With 
a total of four models to choose from and overall range of 190—850 my (52,500— 
11,500 cm") the new SP.800s are proving the instrument of choice when the require- 
ment is for speedy, reliable analysis. 

Write today for the SP.800 booklet or a demonstration. Full information on the 
SP.800 Sample Compartment will be given in the next advertisement in this series. 
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Of the four Unicam SP*800 models available two are fitted with a special Red- 
Sensitive photomultiplier detector. In providing these special versions Unicam ex- 
tend the range out to 850 my in the linear wavelength model SP.800B (11,500 cm" in 
linear wavenumber model SP.800D) thus further increasing the ability of the 
SP.800 to meet all requirements. 

The Red-Sensitive version of the SP.800 has all the facilities of the standard U.V. 
instrument including fully automatic source change—the unique second sample 
position—the beam balance smoothing cam for maximum quantitative accuracy— 
flat bed recorder—large sample compartment and wide range of accessories. With 
a total of four models to choose from and overall range of 190—850 my (52,500— 
11,500 cm") the new SP.800s are proving the instrument of choice when the require- 
ment is for speedy, reliable analysis. 

Write today for the SP.800 booklet or a demonstration. Full information on the 
SP.800 Sample Compartment will be given in the next advertisement in this series. 
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The Unicam SP.500 Ultraviolet and Visible Spectrophotometer is now 
available complete for mains operation for £815.* 

This well tried and proven instrumentis to be found in laboratories 
throughout the world where its accurate reliable performance has set 

new standards. 

With the Unicam SP.500 there are no extras required for normal operation— 
the price includes everything necessary for precision all mains operation, 
deuterium 1 amp. supply, 115 D power supply and SP.549 internal power 
unit—right down to four glass and two silica cells in cases anda set ofdust ` 
covers. Installation is free. All you provide is your sample. 

Write for the SP.500 booklet today. *U.K. Price 
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PROBLEMS OF LEISURE 


p debate in the House of Lords on the problems of 
leisure on May 13 was recognized to be in direct 
sequence to the earlier debate on automation on April 8. 
Although Baroness Burton of Coventry, who opened ib, 
withdrew her motion, the debate essentially developed 
further some arguments which had been advanced in the 
earlier debate, and it drew from the Government a reply 
generally regarded as satisfactory. In spite, however, of 
the extent to which the two debates were directly related, 
the second debaté covered an even wider field, and its 
discussion of youth service and the needs of youth was 
highly relevant to some subsequent incidents of the 
Whitsuntide week-end. If leisure was seen as an inescap- 
able sequel to the growth of automation, it was recognized 
that the use of leisure calls for just as much forethought 
and preparation as the introduction of automation. 

Like the Bishop of Coventry in the earlier debate, 
Baroness Burton emphasized that the two problems were 
inextricably bound up together, but she added that 
automation must come at a time of full employment if it 
was to be acceptable, and that the problem of leisure 
demanded a completely changed outlook, untrammelled by 
‘conventional thinking. Automation and decreasing hours 
of work made it imperative that the social consequences 
of increased leisure should receive attention, that people 
should be helped to use their leisure and provided with the 
facilities and opportunities for enjoyment. This would 
mean facing the implications of the inevitable extension of 
shift working, as well as providing the resources needed, 
for example, by the Arts Council and the Central Council 
for Physical Recreation. 

The Bishop of Chester reiterated the importance of 
adequate financial help to the latter Council, the National 
Playing Fields Association and to other bodies under the 
Physical Training and Recreation Act, and he did not 
think that sufficient credit had been given to the Govern- 
ment for what had already been done, particularly since 
the publication of the report of the Wolfenden Committee 
‘on sport. This he was inclined to attribute to an air of 
improvisation and a lack of continuity in policy; and he 
thought that there should be an appropriate section in 
the Department of Education and Science, as well as a 
Sports Development Council. The challenge to the whole 
personality which leisure now made could not be met 
except on the basis of an adequate education in the fullest 
sense, and this must include the physical as well as cultural 
and creative activities. The Bishop referred particularly 
to the need to provide adequately for the needs of the gap 
between school age and adult-hood noted by the Wolfen- 
‘den Committee, and also to develop a sense of service such 
as found expression in voluntary service overseas. 

Lord Willis made some reference to the magnitude of 
the growing demand for recreational facilities, especially 
for young people. While his suggestion that many of the 
natural leaders of the youth of to-day had been creamed 
off in the educational process was later challenged, his 
sympathetic presentation of the situation of that sector of 
society included some constructive clues for positive 
action. We must be concerned with conditions as well as 
facilities. Legislation for leisure is impossible—unthinkable 
as well as impracticable—but a scientific revolution calls 


. 


for a cultural counterpart, and the workers who are trained 
in new skills for an age of automation must be helped also 
to find cultural and spiritual development. Lord Willis 
emphasized that we should start in the schools by arousing 
interests and stimulating imagination: the service of 
youth needed overhaul—adequate finance, a big effort 
to recruit and to train voluntary leaders, and the extension 
and adequate use of facilities. 

Like other speakers, Lord Willis referred appreciatively 
to the value of such schemes as the Duke of Edinburgh’s 
Award, and he spoke also of the possibilities attending 
imaginative support of the Arts Council and of the 
National Theatre, but his final note was the desporate 
urgency of effective action. Baroness Elliott endorsed 
much that Lord Willis had said, but thought that the 
Albemarle Report had led to some improvement in the 
situation regarding youth leaders; the target of 1,300 
new leaders was expected to be reached by 1966, and 142 
local education authorities already employed more than 
4,000 part-time leaders. She too stressed the urgency of the 
situation, though she welcomed the increased grants to 
voluntary organizations by the Department of Education 
and Science, who had brought in some 38 voluntary 
organizations since the Albemarle Committee reported. 
More needed, to be done for young adults—she visualized 
a rather sophisticated and more adult club, with time to 
talk and to think. 

The Bishop of Norwich reminded the House of Lord 
Bowden’s plea for a comprehensive programme of re- 
education for the nearly 1-5 million of unskilled workers 
who might well become unemployable if the changes 
required to maintain the projected growth in our economy 


“were effected. Especially, he stressed the grave possibility 


of creating and perpetuating large pools of virtually 
unemployable people; areas of self-perpetuating sub- 
culture, with all the processes of degeneration built into 
them. It is this prospect that any educational system 
which can be regarded as adequate for an industrial 
society to-day must seek to meet, and the Bishop main- 
tained that this was a vital task of education—to promote 
interests, a sense of purpose, an enquiring mind and good 
health—though the home also had its responsibility here. 
With this, more capital and personal equipment, though 
not necessarily all, should be provided by the Government 
fér many forms of leisure. In making this suggestion he 
related the whole debate to the situation revealed in the 
Newsom Report, Half Our Future (Nature, 201, 1; 1964). 
particularly in its chapter “Education in the Slums”. 

In the conditions described in that chapter, as the 
Report points out, no adequate education can be given, 
and the Bishop of Norwich pleaded that it was particularly 
the children in such areas, and the teenagers in the new 
housing estates, who should receive first consideration 
so that they had some chance of fitting properly into a 
society that professed to value such attributes as orderli- 
ness, cleanliness, friendliness, decency and charity. Thesé 
boys and girls, above all others, needed, as the Newsom 
Report urged, access to the countryside, the experience 
of living together in beautiful and civilized surroundings 
and a chance to respond to the challenge of adventure. 
They need priority in relation to school journeys, overseas 
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visits and adventure courses. A concern for leisure is a 
concern for the wholeness and fulfilment of human beings. 

It is from that point of view that we can best appre- 
ciate the wealth of opportunities for creative thinking, 
to which Lord Luke referred, offered by the whole problem. 
He also indicated cortain aspects related to the probloms 
of housing gonerally and also opportunities in which 
further research might indicato possibilitios of greater 
efficiency and economy with equipment. Baroness 
Swanborough dealt mainly with the contribution which 
voluntary service could offer, not simply for growth, 
but service by youth, particularly to facilitate the par- 
ticipation of youth in voluntary service of all kinds in 
Britain as well as overseas. The opportunity must be 
presented with imagination and with somo understanding 
of the conditions under which youth was able to respond, 
and not simply of the convenience of the voluntary 
organization itself. 

The debate thus covered a wide field, including appro- 
priate reference to the elements of discipline and judgment, 
and while there were many reservations by other speakors 
as to the extent of certain developments, it was curious 
that no one came nearer than the Bishop of Norwich 
in touching on the argument of Prof. Dennis Cabor’s 
lecture on “Technology, Life and Leisure” to the Royal 
Institution (Nature, 200, 513; 1963), which, like his 
bqok Inventing the Future (Nature, 200, 923; 1963), 
apart from & reference by Lord Milverton, was also 
ignored in the earlier debate. The Earl of Bessborough, 
replying on the debate for the Government, noted that 
some ten Government departments were interested in the 
subject and anxious to brief him. Referring to the pro- 
vision already made, he said that in 1963 the local 
education authorities provided opportunities for leisure 
and recreational activities attended by nearly 1-9 million 
evening students; 1 million had attended evening 
institutes, and almost 250,000 had enrolled for day-time 
study in further education establishments. Total ox- 
penditure by the Department of Education and Science 
on adult education in the present financial year was 
expected to reach about £1 million, apart from the 
contribution made by ‘the local education authorities 
and the responsible bodies themselves. On the gap 
between school and adult life, he said that two-thirds of 
those in the three age-groups 15-17 were receiving 
instruction of some kind or another. The possibilities of 
radio and television in education generally were being 
examined and he anticipated a definite decision before 
very long about a wholly educational and experimental 
channel. 

Lord Bessboroug^ also touched on some development 
in the public library service and on the support given to 
the arts through the national museums and galleries, the 
Arts Council and in othor ways—expenditure on which 
had risen to £11-75 million in 1963-64 from £6-75 million 
in 1958-59 and was expected to reach £13-5 million in 
1964-65. In 1963-64 local education authorities spent 
£11-25 million on social and physical training under the 
relevant sections of the 1944 Act, compared with only 
£6-25 million in 1959-60, nearly half going on the Youth 
Service. He undertook to ask the Minister to look again 
at the proposal. for a Sports Development Council, and 
he said that the Minister of Housing and Local Govern- 
ment would like to help the planning authorities to do 
more to develop recreational facilities in the national 
parks and to extend the scope of Exchequer grants for 
that purpose. : 


‘ 
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It is clear from the debate that the traditional view 
that education ceases on leaving school or university is 
already vanishing and that, as Prof. Colin Cherry observed 
in his lecture “The Scientific Revolution—and Com- 
munication” (Nature, 200, 308; 1963), education is 
accepted as a process continuing throughout life. The 
implications are far from being worked out and account 
must be taken of them at all stages in our educational 
system: preparation for leisure, adaptability, cannot be 
fostered too early, and if curricula are to be very broad 
and development slower, as Prof. Cherry suggests, 
examination requirements and entry demands for in- 
stitutions of higher education must conform with the 
situation. Education will not make leisure creative, still 
less meet the needs of the feebler-minded unless it is 
shaped for the task, and this may call for research, as 
well as perhaps the use of new tools and techniques. 

What could be said of the debate is that it did not 
focus attention sufficiently sharply on the problem pre- 
sented by the lowest intelligence group which is threatened 
most acutely with unemployment as automation extends. 
This group must, as Prof. Gabor argued, be used for 
its own good and for the good of society, even if it means 
some restriction of automation by legislation. That is 
inescapable, however much we may succeed in fitting the 
group to enjoy leisure and to make effective use of it. 

Probably here more than anywhere else lies the need 
for creative thought and experiment, and that should 
now be proceeding. Quite apart from the time required 
to enact any fresh legislation, its initiation by Govern- 
ment is likely to follow rather than precede the recognition 
by the public of its necessity. Such jobs as those of the 
dustman, the night watchman, the milkman, the postman 
and others are unlikely to be protected against automa- 
tion without some wide public understanding of the 
situation, and it requires little imagination to visualize 
the outcry from vested interests which would attend any 
attempt to give effect to the suggestion of Prof. Gabor 
that cafeterias and supermarkets should be prohibited. 
Indeed, even such legal safeguards and prohibitions would 
not ensure that the posts would be filled by the type of 
labour in mind without attention to other conditions and 
8 large measure of supporting opinion. What is certain 
is that automation involves much fresh and constructive 
thought about its social’ consequences, and that this 
should be proceeding as a matter of urgency simul- 
taneously with the technological developments in auto- 
mation. Only so are either Government or public likely to 
be ready for action in time to avoid social distress. That 
could well be also an imperative reason’ for immediate 
action to prevent commercial television developing any 
further obstacles to educational and local broadcasting. 

There is a further point made by Prof. Cherry which 
found an echo in the debate in the House of Lords and 
which merits elaboration. Reference was made in the 
debate to the importance of voluntary service, and volun- 
tary service overseas was recognized as providing a 
valuable outlet for the altruism and idealism of youth, 
Apart, however, from such satisfactions, the coming of 
automation is not to be considered entirely as a national 
affair. There can be no stability if the underdeveloped 
countries are disregarded. Prof. Cherry referred to the 
great change in the publie conscience wrought by broad- 
casting and other news services, and to the way in which 
the great mass of people had now become aware of world 
conditions, of the increasing disparities and of the 
mounting political pressures. We cannot fail to consider 
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the needs and position of the underdeveloped countries. 
he opportunity they offer for disinterested voluntary 
rvice in many ways and many fields may be no less 
aportant in its bearing on world stability and co-opera- 
on than on the welfare and fulfilment of the volunteers 
om Britain who respond to the challenge. 


BRAIN MECHANISMS AND MODELS 


'rogress in Brain Research 

rol. 1: Brain Mechanisms. International Colloquium 
iponsored by the International Brain Research Organiza- 
ion (IBRO) on Specific and Unspecific Mechanisms of 
lensory Motor Integration; Pisa, 1961. Edited by G. 
floruzzi, A. Fessard and H. H. Jasper. Pp. xii+493. 140s. 
Tol. 2: Nerve, Brain and Memory Models. Edited by 
{. Wiener and J. P. Schadé. Pp. viii+280. 80s. 
Jol. 3: The Rhinencephalon and Related Structures. 
3dited by W. Bargmann and J. P. Schadé. Pp. vii 4- 253. 
70s. (Amsterdam, London and New York: Elsevier 
Publishing Company, 1963.) 


OLUME 1 of the series Progress in Brain Research is 
the product of & colloquium, sponsored by the 
International Brain Research Organization (IBRO), on 
specific and unspecific mechanisms of sensory motor 
integration. As the colloquium was held in honour of 
Prof. F. Bremer, it was appropriately concerned with the 
electrophysiology of the nervous system. There are some 
two dozen papers. The first is by Sir J obn Eccles and 
deals with post-synaptic and pre-synaptic inhibitory 
actions in the spinal cord. Ragnar Granit writes on recur- 
rent inhibition as & mechanism of control. Among papers 
of more general interest is one by K.-E. Hagbarth and 
B. L. Finer on the plasticity of human withdrawal reflexes 
to noxious skin stimuli in lower limbs. It has been shown 
electro-myographically that there are two components in 
the withdrawal reflex—an initial spinal one and another 
later, probably cerebral. The second can be modified 
profoundly by hypnotic suggestion, being reduced in 
amplitude if the subject is told that no pain will be felt, 
and increased if the contrary is suggested. It was shown 
to be absent in a patient whose loss of sensibility in the 
limb was due to hysteria. An investigation by P. Dell 
shows how the reticular formation which influences alert- 
ness and attention is involved in & number of feed-back 
circuits which tend to maintain it in a state of homeostasis. 
Alternative sensory pathways and their thalamic integra- 
tions are discussed by D. Albe-Fessard and A. Fessard. 
A. Arduini discusses the tonic discharge of the retina and 
its central effects, among which is the signalling of the 
` intensity of the steady illumination. The convergence of 
several sensory modalities on the same cortical neurones 
is & fact of obvious physiological and probable psycho- 
logical importance, discussed by R. Jung, H. H. Korn- 
huber and J. S. Da Fonseca. Among the remaining papers 
are several on sleep, and the physiological contributions to 
it made at different levels of the nervous system. 

This is mainly a book for specialists; but it provides a 
broad overall survey of present-day trends in the electro- 
physiology of the central nervous system, and for the 
non-specialist there are a few items of considerable general 
interest. 

The development of cybernetics and information theory 
has provided a temptation to speculate on how the brain 
might work, which many ingenious minds have found 
irresistible. Some of the consequences are to be found in 
Volume 2, which contains the proceedings of a symposium 
on “Cybernetics of the Nervous System" held at the Royal 
Dutch Academy of Sciences in’ 1962. Neurologists, 
psychiatrists, biologists, engineers, mathematicians and 
physicists all contributed. There is a paper on the 
engineering approach to the problem of biological inte- 
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gration by J. D. Cowan from McCulloch’s Laboratory at 
the Massachusetts Institute of Technology. The sequen- 
tial behaviour of a set of idealized neurones is the subject 
of P. L. Latour’s paper. He investigated nerve nets with 
mathematical methods similar to those in the theory of 
linear sequential networks. F. H. George deals with the 
logical net type representing a sort of idealized or con- 
ceptual nervous system. The cybernetic group of the 
Moscow State University is represented by A. V. Napalkov. 
P. Müller discusses the characteristics and patterns of 
learning matrices, and G. W. Zopf the cybernetic signific- 
ance of the innervation of the accessory motor apparatus 
of the sensory systems, and the efferent fibres ending on 
or near the receptor cells. E. Huant approaches the 
problem of sensory information from the psychiatrio point 
of view, and there are papers concerned with the con- 
struction of models explaining some of the parameters of 
human memory and thinking. G. Pask discusses models 
of learning and cognition in evolutionary systems and 
brains, and P. Nayrac puts forward his ideas on the 
problems of non-linearity in clinical and experimental 
neurology. Finally, there is a challenging paper by O. D. 
Wells entitled *Irrelevance of a ‘Nervous System’ ". 
These are mostly entertaining speculations, and will not 
become more so until we know more about the finer 
anatomy and physiology of the neurone. 

Volume 3 is & mainly anatomical discussion of the 
rhinencephalon. F. Valverde writes on fibre degeneration 
resulting from coagulations in the amygdaloid complex 
and anterior amygdaloid area, and traces these into three 
main projecting systems. O. D. Creutzfeldt, F. R. Bell 
and W. R. Adey investigate the activity of neurones in 
the amygdala following afferent stimulation, finding that 
the main input in the anterior area and the basal and 
cortical nuclei is olfactory, whereas real multi-sensory 
convergence is the exception. 

A. W. Zbronzyna investigates electrical stimulation of 
the amygdala and shows this to cause autonomic and 
behavioural effects, which are obtained as components of 
the defence reaction, and infers the existence of an 
amygdaloid centre for the defence reaction connected to 
the integrative centre of this reaction in the hypothalamus. 
The finer anatomy of the hippocampus is described by 
T. MeLardy and by J. P. Schade and K. Meeter. Other 
authors discuss the connexions of the olfactory bulb and 
other anatomical features of the rhinencephalon. The 
symposium ends with an unresolved debate as to the 
meaning of this term, A. Brodal wishing to confine it to 
those structures in the central nervous system which 
receive fibres from the olfactory bulb. Though by deriva- 
tion the term rhinencephalon refers directly to the sense 
of smell, it has come to mean something more for physiolo- 
gists. In many mammals taste and smell are the primary 
afferent pathways concerned in feeding and sexual activity. 
and the parts of the brain in which they terminate are 
closely linked with pathways which elicit autonomic and 

«emotional responses. Hence to the anatomist the rhin- 
encephalon means one thing, and to the physiologist. 
another. We may therefore endorse Brodal’s concluding 
suggestion that all who use the term ‘rhinencephalon’ 
should put a footnote or make some reference indicating 
what they mean by it. Brain 


RUMFORD REDIVIVUS 


Knight of the White Eagle 

A Biography of Sir Benjamin Thompson, Count Rumford 
(1753-1814). By Dr. W. J. Sparrow. Pp. 302+ 10 plates. 
(London: Hutchinson and Co. (Publishers), Ltd., 1964.) 
50s. net. 


, | *HIS year marks the one hundred and fiftieth anni- 
versary of the death of Sir Benjamin Thompson 
Count Rumford, and also sees the publication of the first 
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full-length biography of this remarkable personality which 
has been written in Britain. This lamentable neglect of 
“a great man of science, a leader in technology, and a 
philanthropist of high renown”, who inspired the founda- 
tion of one of the premier centres of British scientific life, 
the Royal Institution, is attributed by Dr. Sparrow to 
the emphasis placed on polities and conflict in the history 
taught in our schools, and to our national apathy towards 
the history of science. 

In his book, which is an avowed attempt to secure the 
rehabilitation of Rumford, Dr. Sparrow has set himself 
three objectives: (1) to tell the story of Rumford’s life 
against the setting of his time; (2) to unravel and exhibit 
his motives; and (3) to present a balanced account of his 
scientific work. In pursuit of his aims, Dr. Sparrow, who 
confesses to an interest in Rumford since his school-days,: 
has during the past twenty years visited all the varied 
scenes of Rumford’s life in both the United States and 
Europe, and his researches have brought to light a manu- 
script copy of the journal kept by Rumford on his visit 
to Munich and Paris in 1801, and an interesting memor- 
andum detailing the younger Boulton’s hostile reactions 
to the Royal Institution. As a result of this dedication 
to his subject, Dr. Sparrow has been able to compile an 
authoritative and well-documented account of Rumford’s 
wide-ranging career and manifold activities. 

The candid and judicious survey of Rumford’s scientific 
work forms one of the most successful sections of the 
book. Dr. Sparrow shows clearly that, although Rumford 
was an ‘amateur’, in that his scientific work was secondary 
to fis public career, and his strongest motive was not so 
much scientific curiosity as a passion for order, he was 
pre-eminent as an apostle of applied science, and out- 
standing as an experimentalist. Dr. Sparrow admits that 
Rumford lacked the imagination and mathematical skill 
of the great theorists, and the compelling curiosity of the 
greatest experimentalists, but insists that he was far 
ahead of his time in his advocacy of “the application of 
science to the common purposes of life", and that his 
work, while not in the first rank, ensures him a place not 
far behind the great leaders of scienco. 

Dr. Sparrow traces in careful detail the fascinating 
story of Benjamin Thompson's rise from a relatively 
humble origin in America to the eminence of Count of 
the Holy Roman Empire and Knight of the Order of the 
White Eagle. His youthful ambiguous behaviour as a 
Loyalist informer in the American War—his quality as a 
spy may be gauged from an intelligence report printed 
in full as an appendix—his escape to’ England, and 
his subsequent career as a Junior Minister in Lord North’s 
administration, and later as the right-hand man of the 
Elector of Bavaria, whose support enabled him to apply 
his scientific and technological ideas to social ends, are 
faithfully chronicled with copious references to author- 
ities. But the sober and factual style of Dr. Sparrow’s 
narrative, which is enlivened only by far too infrequent 
flashes of humour, scarcely evokes that peculiar atmo-* 
sphere of drama and intrigue which Rumford generated 
around all his: activities. The chapters on the Royal 
Institution suffer by the omission of an adequate account 
of the contemporary political and social background, and 
Rumford’s personal reasons for associating himself with 
the project and later withdrawing from it receive in- 
sufficient notice. 

It is in his attempt to unravel and exhibit Rumford’s 
motives that Dr. Sparrow is least successful. Admittedly, 
many details of Rumford’s life, linked as it was with 
such activities as espionage and Freemasonry, are very 
' difficult to ascertain, and Dr. Sparrow resolutely eschews 
conjecture. He certainly has no illusions about his ‘hero’, 
and at times displays a positive distaste for some aspects 
of his character; at one point he exclaims: ‘What an 
unpleasant episode this is" (p. 37), -and he hurriedly 
passes over the details of Rumford’s distinctly devious 
sex-life. But this lack of ‘sympathy’ with his subject has 
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prevented him from combining into a coherent and con- 
vincing whole the many facets of Rumford’s complex 
character. Several crucial decisions in Rumford’s career, 
notably his withdrawal from the Royal Institution: in 
1802, are reduced to bare statements of fact, such as 
“He had decided to leave London”, instead of emerging . 
as the inevitable result of the interplay of conflicting 
motives; more than once the reader is left with .an 
impression which is aptly described by a quotation from 
one of Rumford’s own letters: “I cannot help thinking 
that we are not acquainted with the whole of the secret. 
There must be something we cannot get at but what that 
something is I have no conception". But Dr. Sparrow’s 
broad generalization that the two essential clues to 
Rumford’s character are his egotism and his passion for 
order cannot be questioned. 

As a whole, Dr. Sparrow’s sound and well-documented 
study with its comprehensive bibliography and index 
ably fills an important gap in the library of the history 
of science, and amply confirms the author’s contention 
that Rumford has for too long been denied his rightful 
recognition as a great man of science and a leader in 
technology. A. H. Ewen 


A REASONED VIEW OF SEX 


Sex in Society 
By Dr. Alex Comfort. Pp. 172. (London: 
Duckworth and Co., Ltd., 1963.) 21s. net. 


SEZ in Society, a thoroughly revised version of Dr. 

Comfort’s Sexual Behaviour in Societ , was first 
published some fourteen years ago. It will probably be 
received more favourably than its predecessor because of a 
much more favourable climate of opinion, towards an 
honest and open examination of the force of sex in our 
individual and social lives. This does not mear that the 
reading public has caught up with the author or that his 
book will be generally acclaimed. Comfort’s approach is 
avowedly anarchistic and, having confounded any religious, 
humanistic, frustrated, and perverted moralists who try to 
influence public opinion with groat conviction and 
authority on the basis of little substantiated fact, Com- 
fort asks if we really know, for example, whether sexual 
intercourse can be too frequent, whether. masturbation 
may not be the only suitable alternative to intercourse 
itself, whether those who give sex instruction and advo- 
cate clean-living realize that they probably do more harm 
than good, and whether strict monogamy is always 
practicable or even desirable. 

In matters of sex the author implies that few Christians 
live in the twentieth century and most Roman Catholics 
are still in the sixteenth century, that much English law 
relating to sex is founded mainly on the prejudices of 
law-makers, and that many court sentences reflect little 
but the guilt-complexes of the presiding judges. 

Startling as are some of Comfort’s views, which are 
supported by most of the precious few facts available, 
not many readers would cavil at the reasoned and gentle 
way in which they are presented. Like all true anarchists 
Comfort does not expect them to be readily accepted nor 
to lead to immediate change. What really matters is that 
& generation has arrived which at long last is prepared to 
look intelligently and rationally at sex with all its implica- 
tions for the health of individuals in society. What is 
also important is that, as genuine sociological investiga- 
tions get under way, a start may be made to do away with 
all: the feelings of guilt which pervade the sex lives of 
most civilized peoples. 

Although Comfort’s book is not free from value- 
judgments, this clear, sincere and kindly approach to the 
development of sexual health in individuals and society 
will stand as one of the outstanding contributions to more 
dispassionate thinking for many a day to come. It is 
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unfortunate that he can but look through the eyes of a 
male—this does not explain why Chesser’s monumental 
work on the sexual life and behaviour of British women 
has apparently been completely ignored. Comfort’s book 
deserves to be followed by one written by an equally 
enlightened female. Until this occurs, Sex in Society 
could be beneficial reading for all medical, social and legal 
students, teachers, marriage guidance counsellors, magis- 
trates, judges, and parents. T. H. HAWKINS 


WEAK SOURCES OF IONIZING 
RADIATION 


. High Sensitivity Counting Techniques 
By D. E. Watt and D. Ramsden. (International Series of 
Monographs on Electronics and Instrumentation, Vol. 20.) 
Pp. xv +348, (London and New York: Pergamon Press, 
1964.) 80s. net. 


N increase in the sensitivity of a technique of experi- 
mental physics is invariably accompanied by an 
extension of its range of application. One obvious example 
is the improvement in the sensitivity of nuclear emulsions 
which led to the discovery of the r-meson; other examples 
are to be found throughout the text of High Sensitivity 
Counting Techniques, an account of a special field of 
nuclear counting. The detection of nuclear radiations is, 
of course, a rapidly evolving subject, and this book does 
not attempt to give complete coverage; it is concerned 
with counters of single particles and with the methods of 
reduction of the unwanted backgrounds which beset all 
such instruments. Such a topic might well appear narrow 
and uninteresting to all but the extreme specialist, but, 
as the authors point out, the detection of weak activities 
long known to be important in chronology and in certain 
problems of nuclear stability has now assumed far wider 
significance as a result of radioactive tracer work, of the 
demands of the health physicist and of atmospheric 
contamination from nuclear explosions. It is the existence 
' of this wider context which has encouraged the authors to 
place their experience at the disposal of the reader; their 
interest in the subject was stimulated by S. C. Curran, 
whose work at Glasgow and at the Atomic Weapons 
Research Establishment, Aldermaston, has resulted in 
many of the techniques described in the book. 

There is, throughout this volume, an emphasis that 
high sensitivity in a counter is not necessarily the same as 
low background, but since the latter reacts favourably on 
the former, it turns out that most of the book is devoted 
to the background problem. The origins of counter 
background are analysed at the outset and the significance 
of the cosmic ray processes of neutron production and 
electromagnetic cascade are described. This leads on to 
the empirical science of shielding and much attention. is 
rightly directed to the anti-coincidence ring of counters 
with which it is almost essential to surround a low-level 
counter. This is a recurrent theme throughout the book. 
There follows a section on the construction of the counter, 
in which selection of materials for both counter and shield 
is of prime importance; there is the implication that 
materials prepared before the age of fission may have to 
be reserved for the counter-maker of the future. The 
radiation shield may, in many cases, be elaborate and 
expensive and there is mention of the construction of 
special laboratories in which many different low-back- 
ground counters may be used or tested. Such laboratories 

_ Share with the anechoic chamber a somewhat eerie quality ; 
in one the heartbeats of & visitor are heard, in the other 
his content of potassium-40 and cesium-137 is displayed. 

The central chapters of the book deal with the detection 
of low levels of «- and B-activity. The former problem is 
simplified by the high ionizing power and short range of 
the particle; there are surveys of phosphors, gas-filled 
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counters and semi-conductor counters from a practical 
point of view. The chapter on carbon-14 dating deals with 
the most widely known of all the applications of low-level 
counting, and perhaps the most tangible, since the range 
of times involved is commensurate with recorded history. 
The nucleide carbon-14 is also used in many tracer 
investigations, but it is apparently giving way to tritium. 
(SED), which is detected most elegantly and efficiently ina 
gaseous proportional counter. This latter technique and 
similar techniques for low-energy B-emitters such as 
sulphur-35 (and also X-ray and y-ray sources) are explored 
in a separate chapter. The limitation arising from the low 
vapour pressures of many otherwise suitable compounds 
is mentioned and a high-temperature counter to overcome 
this is described. The nuclear physicist will recognize the 
importance of this topic in the investigation of K to L con- 
version electron ratios in radiative transitions, and of 
electron-capture to positron ratios in B-decay. 

A later chapter is devoted to the more generally applic- 
able techniques of radioactivity; this is largely @ 
description of different counters and of the variants of 
the anti-coincidence ring; it contains a useful survey of 
source preparation and of the corrections for scattering 
and absorption in activity determinations. For the 
detection of higher energy y-radiation, the sodium iodide 
crystal is still pre-eminent, although it is being challengod 
by the bulk conduction counter (not mentioned in this 
book). The high-sensitivity aspects of this subject are 
illustrated by accounts of determination of the lifetime of 
vanadium-50 and lutetium-176; again screening is of 
outstanding importance. Finally, a chapter is devoted to 
whole-body monitoring, a subject the technology of which 
is rapidly developing. Since ‘patient psychology’ is 
involved, high-sensitivity counters are necessary to obtain 
quick results. 

Messrs. Watt and Ramsden have patiently covered a 
wide field of enterprise. As a result, this book is heavy 
with factual detail; but while this makes it unsuitable for 
the general reader, it commends it to the user, be ho 
physicist, biologist, or Civil Defence officer. As a volume 
in a monograph series, the work is suitably placed; it 
should be available as a hand-book in every laboratory in 
which precision techniques of nuclear counting are used. 

W. E. BURCHAM 


THE NORTH AMERICAN LANDSCAPE 


Face of North America 

The Natural History of & Continent. By Peter Farb. 
Pp. xv+316. (London: Constable and Co., Ltd., 1963.) 
45s. 


"Im author of this admirable book is somewhat of a 
Gilbert White—but his parish is a continent, and he 
has supplemented his own far-flung observations of its 
enatural history by information gleaned from “those 
dedicated custodians of the landscape—the employees 
of the National Park Service, Forest Service, and National 
Wildlife Refuge System, and their Canadian counter- 
parts”. The result is a popular monograph in the grand 
manner, written with a fine command of language and a 
pleasing simplicity ef style, which happily combines 
within its covers the literary requirements of a best- 
seller and the factual accuracy of a serious work of science. 
His theme is the inter-dependence of all realms of natura] 
history—the rocks, water, soils and the plant and animal 
kingdoms; and he develops this topic for all the great 
topographical divisions of North America, from the 
barrens of the Canadian arctic to the swamps of the 
Mississippi delta, from the submergent coast-line of New 
England to the wave-sculptured headlands of the Pacific 
shores. A recurrent motif in this scenic symphony is 
that of evolutionary change resulting from gradual 
desiccation since the Great Ice Age. E 
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In the first section of his book, Mr. Farb briefly outlines 
in layman's language the geological processes which have 
sculptured the surface of the land. Thence he proceeds 
to explain the forces that have shaped the coasts of the 
continent, with intimate accounts of some of the more 
interesting fauna which inhabit these shores. Similar 
chapters relating physiography and ecology follow on 
rivers and waterfalls, on lakes and bogs, on hot springs, 
geysers and caves, on the mountain systems and on the 
Great Divide. He is at his best in describing the forests— 
the primeval forests of the Great Smoky Mountains, the 
redwoods and the giant sequoias of the Pacific Coast. 
Chapters on “The Drylands” deal with the grassland 
zones, the Colorado Plateau, and the various sections of 
the Great American Desert, each main part of the Desert 
having its characteristic indicator plants—the Joshua 
tree of the Mohave, the saguaro cactus of the Sonoran, 
the agave of the Chihuahuan and the sagebrush of the 
Great Basin. A 36-page appendix lists, with descriptive 
notes, all the national parks and monuments, national 
forests, wild-life refuges and other sanctuaries in the 
United States and Canada; and the book concludes with a 
well-chosen bibliography. 

The depredations of man, Indian and European alike, 
are duly censured; but the picture painted is less gloomy 
than some depicted elsewhere. One reads that to-day 
there are more deer, more moose and more song-birds 
than when Columbus arrived. Thanks to the National 
Audubon Society, “the American egret, roseate spoonbill, 
whooping crane, flamingo and half a dozen other notable 
speties have made the long flight back from near-extinc- 
tion". “Several decades ago the bison, the elk, the 
pronghorn, the beaver, the sea otter and many other 
mammals appeared doomed as species; they are no longer 
in deep peril to-day.” 

None of the many excellent illustrations in the volume 
is in colour—a deficiency which will be deplored by those 
acquainted with Arizona Highways and comparable travel 
literature—but this is doubtless unavoidable in a work 
otherwise handsomely produced at a low cost. To the 
student proposing to emigrate westward, Mr. Farb’s 

: book should be obligatory reading. In those fortunate 
enough to have toured the North American continent it 
will evoke many pleasing memories. C. F. DAVIDSON 


INSPIRATION OF THE MIDLANDS 


The Lunar Society of Birmingham 

A Social History of Provincial Science and Industry in 
Eighteenth-Century England. By Robert E. Schofield. 
Pp. x+491+12 plates. (Oxford: Clarendon Press; 
London: Oxford University Press, 1963.) 70s. net. 


R. SCHOFIELD, who has in earlier papers analysed 
M the membership of the Lunar Society of Birmingham 
and the relations between the Society and the Society of? 
Arts, now gives us in this full-scale study of the Society 
and its members a notable and scholarly contribution 
to the study of the interactions of science and technology 
in the late eighteenth century. This is probably the 
major interest of the book to-day rather than its contribu- 
tion to the social history of provincial science and industry, 
which the sub-title suggests. “Systematically and 
thoroughly, Mr. Schofield describes the background in 
which the Lunar Society arose, the character of the Lunar 
Circle out of which it was, though still informally, founded, 
the founding of the Society and its activities in the decade 
in which it fully flourished, and finally the circumstances 
which led to its decline and end. 

All this is done with a wealth of scholarly detail and 
precision of reference that must impress the most casual 
reader with some sense of the immense pains that have 
gone to the collection of facts so widely scattered, for 
formal records of the proceedings of this Society do not 
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exist. Much of the material displays the personal qualities 
and activities of its individual members and their friends— 
of Small, Wedgwood, Edgeworth, Whitehurst, Watt, 
Withering, Keir, Boulton, Priestley, Darwin, Day and, 
finally, Galton, Stokes and J. ohnson. Here, in so far as it 
illuminates their relations, the book is fairly described 
aS 8 contribution on the social history of the times. 
However, to write this is likely to provoke the comment 
that there is remarkably little indication of the attitude 
of manufacturers to the working conditions of their 
factories, or that, from another angle, we are told too 
little of Boulton or Wedgwood, for example, as business 
men. The emphasis is perhaps a little too much on the 
side of science, insufficiently so on the industrial society. 

That Seems to be one weakness in the book, for the 
outstanding feature of the Lunar Society was the way in 
which it appears to have enlisted the interest of all its 
members in the discussion and examination of whatever 
problems were brought to their notice by any one member. 
At its peak the Society was a remarkable demonstration of 
the value of discussion by a group of men who could bring 
to bear on the subject discussed & wide range of outlooks, 
experience and technique. The Society is of great interest 
from the point of view of tho interaction of science and 
technology &nd industry in the late eighteenth century, 
but in this as in later periods there are still many gaps in 
our knowledge. 

There is one other weakness and that where it might 
bave been hoped the book would make an important con- 
tribution. An impressive feature of the Lunar Society is 
the extent of its links with the Royal Society and with the 
Society of Arts. Eleven of its members were members of 
the former and eight of the latter Society: they read 
papers to them and were able to draw freely on the 
experience and knowledge to be found among their fellow 
members. These links are important, and there were 
other links with local societies—socioties which continued 
long after the Lunar Society ended; for example, the 
Literary and Philosophical Societies of Manchester and of 
Newcastle upon Tyne, and the Derby Philosophical 
Society. Mr. Schofield notes these links, but when in 
conclusion he discusses “Lunar Descent and Lunar 
Influence" he has little to add on this aspect, which is far 
more important than the biographical aspect on which his 
discussion centres. There are features of the Lunar 
Society which reappear in the Manchester Literary and 
Philosophical Society and in the Whalley meetings started 
by Lyon Playfair about 1843. Both groups included 
several Fellows of the Royal Societ; , and some connexion 
may well exist between the latter meetings and the Chemi- 
cal Section of the Manchester Society established by the 
versatile James Young some time after 1839. The explora- 
tion of all these links might well be rewarding and throw 
some light on the development of dyeing and calico printing 
in the area, and, only a few years later, on the rise of the 
dyestuffs industry there. Reports prepared for contem- 
porary meetings of the British Association in Manchester 
and in Neweastle, for example, point to the existence of a 
lively intermingling of science and technology, with 
movement from one to the other as well as free discussion. 

When all due allowance is made for such shortcomings, 
this is & welcome and scholarly tribute to a Society the 
place of which in our industrial and scientific history 
should not be forgotten. It is a reminder, too, at a time 
when men are liable to be obsessed with mechanical 
coutrivances in communication and to be separated by 
over-specialization, of the value of personal contacts and 
discussion across the different disciplines. The significance 
of the Lunar Society for innovation and creative advance 
may well become even clearer if Mr. Schofield’s labours 
induce others to follow his example and patiently strive 
to fill in some of the further gaps in our knowledge of 
subsequent interactions of science and technology to 
which passing reference has here been made. 

R. BRIGHTMAN 
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ALLOCATION OF FREQUENCIES FOR RADIO ASTRONOMY 
AND SPACE SCIENCE* 


By Dr. R. L. SMITH-ROSE, C.B.E. 


Past-President, International Scientific Radio Union, and Secretary-General, Inter-Union Commission 
on Frequency Allocations for Radio Astronomy and Space Science 


URING the past few years the subjects of radio 
astronomy and space science have required serious 
consideration on the part of those, both national and 
international, organizations responsible for allocating the 
available spectrum of radio frequencies among the 
numerous services—including communications, naviga- 
tion and broadcasting—using radio waves. The present 
Radio Regulations drawn up by the International Tele- 
communication Union in 1959 recognize that the radio 
astronomy service is unique in that it is based solely on 
the reception of radio waves of cosmic origin. It does 
not itself originate any radio waves and therefore causes 
no interference to any other service. It does, however, 
require to be protected from interference caused by the 
operation of transmitters in any of these other services, 
particularly since the radio astronomer has developed 
receiving techniques of the highest sonsitivity. 

On the other hand, for the conduct of space research 
with the aid of unmanned Earth satellites, it is essential 
to have the use of a number of radio frequencies for 
transmission and reception. In the first place, once the 
satellite with its load of instruments has left the launching 
vehicle, any subsequent and not pre-determined changes 
to its orbit or flight path must depend on radio control 
from the ground station. Secondly, radio direction finding 
and tracking techniques are necessary to determine the 
position of the satellite throughout its flight. Thirdly, the 
information collected by the measuring instruments 
carried in the satellite is, in most cases, transmitted by 
radio to the observer, either continuously or on command 
at intervals during the flight. 

The frequencies selected for these purposes must be 
both suitable for transmission over the path from satellite 
to ground, and selected so as to cause the minimum dis- 
turbance to all other services using radio communication. 
Although general research into the generation and recep- 
tion of radio waves has been steadily extending the 
spectrum of frequencies available for practical use, there 
has also been a corresponding increase in the demand for 
frequencies by all the other services throughout the 
world. To avoid what might easily become a state of 
confusion—and even chaos—in the radio field, inter- 
national conferences are organized at intervals to discuss, 
and resolve so far as possible, the technical and adminis- 
trative problems involved. Since radio astronomers and 
space scientists are among the latest applicants for the 
use of portions of the radio frequency spectrum, it will 
be useful to describe briefly the international organizations 
concerned with this subject and the manner in which 
they operate. 


International Telecommunication Union 


In the early years of the present century it became 
clear that the new and rapidly developing service of 
radio communication would need protection at both 
national and international levels, and rules drawn up to 
control its use. After various conferences held at intervals 
of a few years from 1906 onwards, the International 


* Substance of a paper presented at the Seventh Plenary Meeting of the 
International Committee on Space Research (COSPAR), held in Florence 
during May 8-20, 1964. 


Telecommunieation Union (ITU) was formed, and later 
became one of the specialized agencies of the United 
Nations. The Union has a permanent secretariat in 
Geneva, Switzerland, together with a specialized staff to 
deal with technical problems associated with line and 
radio communications, respectively. 

At the Atlantic City Conference of the Union held in 
1947, steps were taken to record all frequencies in use by 
radio stations throughout the world; and a Frequency 
Allocation Table was drawn up to cover all services then 
in operation. This Table was used as the basis of negotia- 
tion as developments took place in the radio field, and 
the various new, as well as the existing, services were 
seeking frequencies for their use. 

To assist the ITU in its work, the International Radio 
Consultative Committee (CCIR) was established in 1927 
for the purpose of investigating technical questions of 
interest to international radio communications. These 
questions include the technical development of sending 
and receiving equipment, the propagation of radio waves 
of all frequencies and under all practical conditions of 
use, and the interference arising from both natural and 
man-made disturbances. The Committee also deals with 
the specification of conditions and tolerances appropriate 
to all applications of radio. The function of the CCIR is 
limited to advising the ITU on the various technical 
problems associated with all the applications of radio, 
with the object of ensuring that the radio frequency 
spectrum is divided among the users in the most econ- 
omical and efficient manner possible; and so facilitate 
the conduct of the individual services with the minimum 
of mutual interference. 

In 1947, the portion of the radio spectrum in which 
frequencies were allocated was limited to the range 10 ke/s— 
10,500 Mejs (or 10-5 Ge/s). At the next full Adminis- 
trative Radio Conference held at Geneva in 1959, the 
range of frequencies covered in the Allocation Table was 
10 ke/s-40 Ge/s (corresponding to wave-lengths from 
30 km-7-5 mm). The increase was due to the major 
developments which had occurred in the intervening 
twelve years in such fields as communication by iono- 
spheric and tropospheric scatter, navigation and surveying 
techniques, and for scientific research in radio astronomy 

eand the exploration of space. For the first time, the 
Geneva (1959) conference recognized and defined the 
Radio Astronomy Service, and also envisaged and made 
provision for the possibility of radio waves being required 
for communication with, and control of, man-made 
vehicles travelling both within and outside the Karth's 
atmosphere. 


International Council of Scientific Unions 


Concurrently with these developments in tho fivld of 
practical radio communications, the International Council 
of Scientific Unions (ICSU) appreciated the need for 
advanced and co-operative scientific research in space to 
increase our general knowledge of the Earth’s environ- 
ment and to provide a basis on which various future 
expeditions in space could be founded. 

As a member body of ICSU, the International Scientific 
Radio Union (URSI) has since its formation in 1913 been 
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actively engaged in organizing and conducting scientific 
research in radio throughout the world: and it has 
encouraged the application of radio measuring techniques 
to the study of the Earth and its atmosphere, and the 
influence of the Sun's radiation on the latter. On the 
practical side, URSI has collaborated very closely with 
CCIR on many problems of mutual interest; and in 
recent years these have included communication with, 
and location of, man-made vehicles in space. 

But there are two other member bodies of ICSU very 
interested in the problems of the use of radio techniques 
in association with outer space. One of these—the Inter- 
national Astronomical Union (LAU)—is among the oldest 
of the scientific unions; and it is very much concerned 
nowadays with the use of radio, as well as light, waves 
for modern astronomy. Apart from the use of radio for 
rapid communication between observatories, astronomers 
have for many years been engaged in an investigation of 
the relationship between time derived from astronomical 
observations and that provided by physicists from the 
atomic frequency standards. The introduction and 
development of radio receiving techniques to an extremely 
high degree of sensitivity in radio astronomy has opened 
up new vistas in our universe which could not be explored 
by optical techniques alone. 

The other, and youngest, member of ICSU is the Inter- 
national Committee on Space Research (COSPAR). Its 
great and healthy activity is indicated by the fact that, 
since its formation some five years ago, it has already 
held five international symposia, the first being in Nice 
in January 1960, and the fifth has recently been held 
in Florence, May 1964. The scope of these symposia 
provides for discussion on a wide international basis of all 
scientific problems associated with the Earth’s atmo- 
' sphere and outer space, and the radiations and other 
phenomena which determine the physical conditions 
associated with the solar system. It is for the direct 
assistance of all this research in space science that the 
allocation and protection from interference of a number 
of suitable bands of radio frequencies is of paramount 
importance. 


Inter-Union Commission on Frequency Allocations 
for Radio Astronomy and Space Science (IUCAF) 


It was at the General Assembly of URSI in London in 
September 1960 that the subject of frequency allocations 
for radio research was discussed by the interested com- 
missions of the Union. Afterwards, at an informal 
meeting of representatives of URSI, IAU and COSPAR, 
a proposal was formulated to constitute an Inter-Union 
Commission which should first co-ordinate the future 
requirements of frequency channels for radio astronomy 
and space science; and then take appropriate action on 
behalf of the three constituent bodies to bring suitable 
proposals before the ITU with the view of securing, 
frequency allocations to meet these requirements. These 
proposals were afterwards approved by the member 
bodies of the Commission and endorsed by the Executive 
Board of ICSU at its meeting in Lisbon in October 1960. 
The constitution and terms of reference of the Com- 
mission have been published elsewhere. 

While a great deal of the work has been conducted by 
correspondence, four full meetings of the Commission 
have been held between October 1961 and May 1963. 
During this period the activities of the Commission were 
formally recognized by the ITU, and its representatives 
participated in both Study Group meetings and in the 
1963 Plenary Assembly of the CCIR, at which the tech- 
nieal issues involved in space science and communications 
were discussed on an international scale. It was following 
this assembly of CCIR, supported by other representa- 
tions, that the Administrative Council of the ITU agreed 
to include Radio Astronomy within the terms of reference 
of the 1963 Extraordinary Administrative Radio Con- 
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ference. As a consequence of this action, the IUCAF, 
with its constituent member bodies, URSI, IAU and 
COSPAR, was an active participant in the Conference 
and was able to press through National Administrations 
for & number of bands of frequencies to be allocated to 
both radio astronomy and space research, and for the 
improved protection of these bands from interference by 
other radio services, 

The Extraordinary Administrative Radio Conference 
(EARC) was held in Geneva during October 7-November 
8, 1963. It was attended by more than 350 representatives 
of 74 National Administrations, and of other interested 
international organizations. While the main objective of 
the Conference was to allocate frequency bands for space 
radio communication purposes, it also dealt with fre- 
quencies for space research and radio astronomy”. 


Radio Astronomy 


In the publications of the ITU there are now three 
definitions relating to radio astronomy, as follows: (1) 
Radio Astronomy, astronomy based on the reception of 
waves of cosmic origin; (2) Radio Astronomy Service, a 
service involving the use of radio astronomy; (3) Radio 
Astronomy Station, a station in the radio astronomy 
service. ' 

It is to be noted that the Radio Astronomy Service 
differs from all other radio services in two important 
respects: (a) it does not itself originate any radio waves, 
and therefore causes no interference to any other service; 
(b) a large proportion of its operation is conducted by 
the use of reception techniques which are several orders 
of magnitude more sensitive than those used by other 
radio services. 

Table 1 gives brief details of the twenty bands of fre- 
quencies now allocated to the radio astronomy service. 
Ín some cases, the allocated frequencies are shared with 
other services with recommendations that every effort 
should be made to avoid interference. But it is to be 
noted that the band 1,400-1,427 Mejs covering the 
natural radiation of the hydrogen line is now allocated 
on a world-wide exclusive basis with no reservations. It 
was also very opportune and timely that, during the 
Geneva Conference, the United States delegation was able 
to announce the identification of two absorption lines—at 
1,665 and 1,667 Mc/s—in the radio spectrum of Cassiopeia 
A, due to the presence of the OH radicle?. A suitable 
note has been incorporated in Table 1. 

Attention is directed to Annex 12 of the ITU docu- 
ment? entitled “Notices Relating to Stations in the Space 
and Radio Astronomy Services”. Section F of this Annex 
describes the “Basic Characteristics to be Furnished in 
Notices relating to Frequencies to be Received by Radio 
Astronomy Stations". A suitable tabular form of pre- 
sentation. of these characteristics is illustrated, and this 
shows that the information sought comprises: the name 
of the station or observatory; its geographical co- 
ordinates and altitude; the central frequency and the 
width of the frequency band observed; the antenna 
characteristics and noise temperature; the maximum 
hours of reception and the class of observation pursued. 

It is considered to be in the interests of radio astron- 
omers that they should: (1) supply to their national 
administrations as much of this information as possible, 
together with any other relevant details; (2) so far as 
practicable, concentrate their observations in the fre- 
quency bands now allocated for their use as shown in 
Table 1. 

The footnote references relate to the ITU document’, 
which should be consulted for their interpretation and 
for further details of the conditions which apply to the 
various frequency allocations. 

Finally, a recommendation adopted by the EARC 
provides that: (l) the next Ordinary Administrative 
Conference should give further consideration to the pro- 
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Table 1. REVIEW OF FREQUENCIES ALLOCATED TO RADIO ASTRONOMY IN THE “PINAL AOTS OF THE EXTRAORDINARY ADMINISTRATIVE 
RADIO CONFERENCE”, GENEVA, 1968 
Allocations in ITU Revised allocations, Geneva, 1963, 
Radio regulations: Geneva, 1959 region: 
No. Frequency band (Mejs) |— —— — — - ——— 
Applicable | Rec.= Recommendation 
| to regions F=Footnote 1 2 3 
1 Standard frequency 1, 2 and 3 Rec. No. 31 No change 
bands: F 204 
25, 5, 10, 15, 20, 25 
9 Within range 37-41 Mo/s | 1, 2 and 3 Rec. No. 32 37-75-38:25 Mejs as secondary service with fixed and mobile services 
(a) 38:0+0-25 F 234 as primaries 
(b) 40-68 + 0°25 
3 73:0-74:6 2 F 253 — Exclusive with footnote — 
reservation, 253 A 
and B 
A 4 79:75-80:25 land 3 F 261 No change — No change 
5 150:05-153 T F 286 F 286A improves posi- — 
tion of protection in 
United Kingdom 
6 322-329 (deuterium line) — F 310 No change 
7 404—410 1, 2and 3 F 317 406-410 404-410 406—410 
Modified footnote 317 
8 606-614 land 3 Rec. No. 32 606-614 608-614 610-614 
F 332 (African broadcasting Exclusive until after 
` area exclusive) 1 January, 1974 
Modified footnote 332 
9 1,400-1,427 1, 2 and 3 Exclusive, primary Exclusive world-wide allocation with no reservations 
(hydrogen line) allocation, subject to 
F 350 
10 1,004-4—1,068-4 No allocation | F 354 Secondary allocation: with ird] pare aids and meteorological 
(OH line) Satellites as primary in allregions. (Footnote 353.4 - In view of the 
successful detection of two spectrallines in the region of 1,665 Mas 
and 1,607 Mc/s by astronomers, administrations are urged to give all 
practicable protection in the band 1,664-4-1,668-4 Mc/s for future 
research in radio astronomy) 
11 1,660-1,690 *No allocation | F 354 No change 
3,165-3,195 
4,300-4,810 
5,800-5,815 
8,680-8,700 
12 2,690-2,700 1, 2 and 3 F 365 Exclusive world-wide allocation, with reservations in some countries. 
F 363, 3644, 364B, 365 
13 4,990-5,000 1, 2 and 3 F 365 Primary, with fixed Exclusive with Primary, with fixed 
and mobile also as 383 A and mobile also as 
primaries: F 365 primaries, F 365 
modified modified 
Gels 
14 10-68-10-7 i 
15 15-35-154 1, 2 and 3 F 405 Exclusive world-wide allocations with some reservations (seo F 405 A 
16 193 ae and B, 409 C and D, and 412 A) 
17 31-3 -31-5 
18 33-0-38-4 Primary with radio- No allocation for radio astronomy except in 
navigation also Cuba and India F 412 F 
i primary ‘ 
19 33-4-94 Footnote 412 G | 
20 36-5-87°5 Footnote 412 E | 














vision of improved frequency allocations for radio 
astronomy; (2) in the meantime, administrations should 
afford all practicable protection to the frequencies now 
allocated to radio astronomy on a shared basis with 
other services. 


Frequencies for Space Research 


The need of the space research scientist for protection. 
of radio frequencies is somewhat different from that of 
the radio astronomer. While a number of satellites are 
already in use for direct application to the extension of 
world-wide radio communications, others are placed in 
orbit around the Earth or farther afield with the object 
of extending our knowledge of the upper atmosphere at 
increasingly greater heights, and of measuring various 
physical quantities in outer space. In some cases, the 
frequencies required are for the control of instruments in 
the satellite or for locating it during its orbit; and here, 
in some instances, the frequencies can be conveniently 
shared with the corresponding requirements of, say, 








communications satellites. But, bearing in mind the 
inaccessibility of the scientific equipment carried in the 
space vehicle, and the need to use the measuring apparatus 
for the maximum proportion of the available time, it is 
important to ensure that the results of the scientific 
measurements can be communicated to the ground 
controlling station or laboratory with the minimum of 
delay or interference. It is thus desirable that a number 
of bands of frequencies in appropriate parts of the spec- 
trum should be allocated, without danger of interference, 
to the needs of scientific research being conducted with 
the aid of satellites in orbit. 

In the Radio Rogulations, Geneva 1959, four definitions 
referred to radio communication services between space 
stations or between Earth stations and space stations. 


These are: 
No. 70. Space Service. A radio communication service 
between space stations. 


No. 71. Earth-Space Service. A radio communication 
service between Earth stations and space stations. 
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Tablé2. REVIEW or FREQUENCIES ALLOCATED TO.SPAOR RESEARCH IN THE “FINAL AOTS OF THE EXTRAORDINARY ADMINISTRATIVE RADIO 


CONFERENCE" 


, GENEVA, 1908 


ru | 


Allocations in ITU Radio Regulations: 


Revised allocations, Geneva, 1963, 




















18-030-18-036 ` 


30-005-30-010 No allocation 

















Geneva, 1959 region: 
Frequency band (Me/s) |.———  ——— 

Applieable | Rec. Recommendation 

to regions F = Footnote 1 2 j| 8 
10-003-10-005 1, 2 and 3 F 215 
19-090-20-010 1, 2 and 3 F 221 >t No change, except the modification of footnotes 215, 221 and 235 
39-986—40-002 1, 2 and 3 F 235 
15762-15768 No allocation Secondary allocation (primary in some countries—see F 215A). Fixed 


services as primary 


Primary allocation, with fixed, mobile and space (satellite identification) 
also as primary 






























































































































136-137 1, 2 and 3 Primary service F 280 | Primary (T and T, Primary (T and T) Primary (T and T 
with fixed and and exclusive sub- with flxed an 
mobile also prim- ject to F 2813. mobile also prim- 
ary: F 281A (and F 281 (and recom- ary: F 2814 (and 
recommendation mendation No. 7.4) recommendation 
No. 7.4) E No. 74) 

137-138 No allocation *(T and T) primary, with meteorological Satellite, and space also 

; . primary: various footnotes relate to use of this band for other 
Services in some countries. F 281F 
143-6—143-65 No allocation Primary (T and T), shared with other primary services 
188-1-184-1 1,2 and 3 F 294 Secondary allocation in accordance with F 294 modified 
400-05-401 1, 2 and 3 Primary service F 280 | Primary (T and T) shared with meteorological aids and meteorological 
satellite (maintenance telemetering) as primaries 
900-960 No allocation F 3894 specific portions of the band may be used on a secondary basis 
1,427-1,429 1,2and3 Primary F 280 Assigned to space (telecommand), not research 
1,700-1,710 1, 2 and 3 Secondary F 280 Primary (T and T) Primary (T and T) Primary (T and T 
with fixed (prim- exclusive exceptin with fixed an 
ary) and mobile Cuba mobile also primary 
(secondary) 
2,110-2,120 No allocation F 356 A may be used for telecommand in deep space research subject 
to international co-ordination ` 
2,290-2,300 1, 2 and 3 Secondary F 280 Primary (Tand T)in Primary (T and T in Primary (T and T in 
deep space) with deep space), ex- deep space) with 
fixed (primary) clusive except in fixed and mobile 
and mobile (second- Cuba also primary 
ary) F 350 
5,250-5,255 1, 2 and 3 Secondary F 280 Secondary service, shared with radiolocation as primary 
5,670-5,725 No allocation Secondary service (deep space research), with radiolocation (primary) 
and amateur (secondary). Primary in some countries (F 389.4) 
8,400-8,500 1, 2 and 3 Secondary F 280 Primary, with fixed Primary, exclusive Primary, with fixed 
and mobile also except in Cuba and mobile also 
rimary, subject to primary, subject 
y 894 4 and D to F 394 4 and D 
Go/s 
15-15-15-25 1, 2 and 3 Primary F 280 No allocation 
15-25-15-35 No allocation Primary, exclusive, with reservations in F 409 A and B 
31-0-31.3 No allocation Secondary (primary in some countries, F 4127 ), with fixed and mobile 
as primary 
31-5-31°8 1,2 and 3 Primary F 280 Primary, with fixed Primary, exclusive Primary, with ‘fixed 
and mobile as except in Cuba and mobile as 
secondary secondary 
-į 
31:8-32-3 No allocation Secondary (primary in some countries, F 412B), with radionavigation 
as primary 
34:2-35:2 No allocation Secondary (primary in some countries, F 4120), with radiolocation as 


primary 


F —footnote reference: the ITU document should be consulted for interpretation of the various footnotes, * T and T= telemetering and tracking. 


No. 72. Space Station. A station in the Earth-space 
service or the space service located on an object which is 
beyond, or intended to go beyond, the major portion of 
the Earth’s atmosphere and which is not intended for 
flight between points on the Earth’s surface. 


No. 73. Harth Station. A station in the Earth-space 
Service located either on the Earth's surface or on an 
object which is limited to flight between points on the 
Earth's surface. 


At the EARC, Geneva 1963, some thirty new definitions 
were drawn up in relation to ‘Space Systems, Services and 
Stations’ and ‘Space, Orbits and Types of Objects in 
Space’. From these may be quoted the following terms 
and definitions relating to space research: 


No. 84 AM. Space Research Service. A space service 
in which spacecraft or other objects in space are used, for 
scientific or technological research purposes. 


No. 84 AN. Space Research Earth Station. An Earth 
station in the space research service. 


No. 84 AO. Space Research Space Station. 
station in the space research service. 


No. 84 AW. Space Telemetering. The use of tele- 
metering for the transmission from a space station of 
results of measurements made in a spacecraft, including 
thosé relating to the functioning of the spacecraft. 


No. 84 AY. Space Telecommand. The use of radio 
communication for the transmission of signals to a space 


A space 


No. 4940 July 4, 1964 


station to initiate, modify or terminate functions of the 
equipment on a space object, including the space station. 


No. 84 AZ. Space Tracking. Determination of the 
orbit, velocity or instantaneous position of an object in 
space by means of radiodetermination, excluding primary 
radar, for the purpose of following the movement of the 
object. 

No. 84 BA. Deep Space. Space at distances from the 
Earth equal to or greater than the distance between the 
Earth and the Moon. 


No. 84 BH. Spacecraft. Any type of space-vehicle, 
including an Earth satellite or a deep-space probe, 
whether manned or unmanned. 


It will be recalled that the main purpose of this EARC 
was “to allocate frequency bands for space radio com- 
munication purposes”. During its deliberations, however, 
the Conference gave full consideration to the necd for 
frequency allocations for space research in addition to 
those required for communications by means of satellites 
and for control, meteorological and navigaticnal purposes. 
While it may not always be necessary to assign separate 
bands of frequencies for tho tracking and reception of 
date from research satellites as distinct from those used 
for radio communications, the frequencies now assigned 
to the space research services are listed in the appended 
Table 2. 

In order to take account of the new conditions resulting 
from the development of space communications for both 
practical applications and research purposes, appropriate 
additional sections were drawn up at the 1963 Conference 
to Article 7 entitled "Special Rules relating to Particular 
Services" of the 1959 Radio Regulations. These additions 
include recommendations as to the choice of sites, fre- 
quencies and power limits for Earth stations in the space 
service, and the use of appropriate devices for terminating 
radio emissions from space stations when necessary. 
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In conclusion, attention is directed to the fact 
already mentioned above that the revised Radio Regula- 
tions of the ITU will provide for the notification and 
recording of frequency assignments to stations in the 
Space and Radio Astronomy services for inclusion in the 
Master International Frequency Register. For both 
Earth and space stations in the Space Research Service. 
the technica] details required include the frequency. 
power, class of emission and identification signals used 
for the various purposes of telemetering, tracking, tele- 
command and transmission of research and other informe- 
tion. Additional orbital information is sought in the caso 
of an Earth satellite; and for a space probe a general 
indication of its trajectory should be provided. Specimen. 
tables are given in the "Final Acts" of the 1963 Goneva 
conference indicating in detail the information it is 
desirable to provide?. 

Table 2 gives details of the bands of frequencies allocated 
to space research, first in the existing Radio Regulations 
of the ITU, Geneva, 1959; and secondly, the revised 
allocations resulting from the Extraordinary Adminis- 
trative Radio Conference, Geneva, 1963. As was also the 
case in Table 1, for the purpose of frequency allocations 
the world has been subdivided into three regions, which 
are defined in detail in the existing Radio Regulations. 
1959. In very broad terms Region 1 incorporates Europe 
and Africa, but includes all Turkey and the U.S.S.R. if 
outside these continents; Region 2 comprises the 
Americas and Greenland; while Region 3 covers the 
rest of the world, mainly Asia, Australia and New 
Zealand. 


1 Smith-Rose, R. L., ICSU Rev., 3, 61 (1961). 

?Final Acts of the E dp etd Administrative Radio Conference to 
allocate Frequency Bands for Space Radio Communication Purposcer", 
I.T.U., Geneva (1963). 

3 Weinreb, S., Barrett, A. H., Meeks, M, L., and Henry, J. C., Nature, 200, 
829 (1968). 


JODRELL BANK Mark If RADIO TELESCOPE 


By Sin BERNARD LOVELL, O.B.E., F.R.S. 
University of Manchester, Nuffleld Radio Astronomy Laboratories, Jodrell Bank 


EVEN years ago a description was given in Nature! 

of the radio telescope at Jodrell Bank which was then 
nearing completion. This Mark I instrument with its 
260-ft. aperture paraboloidal bowl has been popularly 
associated with Sputniks and space probes; but, in fact, 
96 per cent of the 30,000 h of research carried out with 
the telescope have been concerned either with the study 
of the galactic and extragalactic radio emissions or with 
radar investigations of the solar system. 


The fundamental design characteristics of this telescope * 


were laid down in 1949-51 when there seemed little 
prospect of effective studies of the radio emission on 
wave-lengths in the centimetre region. Consequently, the 
aim was to make a fully steerable telescope as large as 
possible for work in the metre wave-band. Originally 
we had a wave-length of about 1 m in mind for the lower 
working limit, but in practice the instrument has been 
much used on wave-lengths down to 50cm, where its 
performance is still close to the theoretical value. Indeed, 
important observations (including the only measurement 
so far made of the interstellar magnetic field?) have been 
carried out on the neutral hydrogen line wave-length 
of 21 em. The performance falls off rapidly at shorter 
wave-lengths, and the telescope cannot be used in the 
10-cm band, since neither the bowl profile nor the control 
system is sufficiently accurate at these short wave-lengths. 

Some years ego it became clear that observations in 
the centimetre rarge would bo essential to a full under- 


standing of the processes of emission of the galactic and 
extragalactic radio waves, and moreover, the develop- 
ment of low noise maser and parametric amplifiers opencd 
up the possibility of important research work in that 
region. Application to the Department of Scientific 
and Industrial Research for a grant to build a large radio 
telescope for this purpose was made in December 1960, 
authority to proceed was obtained in the spring of 1962 
and the resultant Mark II telescope (Fig. 1) is now about 
to begin its research programmes. 

The telescope was designed by Husband and Co. of 
Sheffield and London, who were responsible for the 
Mark I. Like the Mark I, the new telescope is an alt- 
azimuth instrument, but whereas the former is mounted 
on bogies moving on a 320-ft. diameter circular railway 
track to give the motion in azimuth, the Mark IT is 
mounted on a single large foundation block. This block 
carries a 42-ft. diameter roller track ring. The revolving 
structure is supported on this track by 54 steel rollers 
each of 114 in. diameter. The mechanical drive for tho 
azimuth motion is via a driving sprocket to a heavy 
Renolds chain wrapped round the circular suppori 
structure of the upper roller track. 

The rotating part of the telescope is a prestressed 
concrete frame structure, and this forms a platform 
85 ft. long and 7 ft. wide at a height of 36 ft. 3 in. above 
the top roller track. This platform carries three bearings 
for the elovation motion of the bowl. The means for 


Fig. 1. A general view of the Mark II telescope. 
the background 


obtaining motion of the bowl in elevation also differs 
from that used in the Mark I, where two 27 ft. racks were 
used. In the Mark II the motion is obtained by means 
of a four-starb jacking screw 36 ft. 3 in. long by 8} in. 
diameter provided-with a travelling nut connected to the 
lower end of à connecting rod which is attached through 
2, pin to the bowl structure at a radius of 40 ft. from its 
axis of rotation. The elevation motion is from 0? to 95°, 
which, with & full azimuth motion of 360 deg., gives 
complete sky coverage. 

The driving system in both elevation and azimuth 
consists of Ward Leonard units with 75-h.p. and 50-h.p. 
final drive motors respectively, giving an anticipated 
top speed in still air of 90 deg./min in each motion. 
The telescope can be operated under full automatic 
control at wind speeds up to 40 m.p.h. The motion of the 
telescope will be controlled by a Ferranti Argus 104 
computer, which will compute and control the azimuth 
and elevation from a punched tape input to give sidereal 
or other movement as desired. Once every second the 
computer converts the sidereal position to azimuth and 
elevation angles, allowing for precession, and refraction. 
This occupies 1/4 sec of computer time and is carried 
out 2 sec in advance of the control. For the control of 
the telescope, the computer reads and compares the 
telescope position with the desired position 4 times a 
second. Voltages representing the speed at which the 
telescope must move in the next 1/4 sec to correct the 
differences are then fed out to the servo system. In 
the analogue system these voltages are compared with 
voltages representing the actual speeds and the difference 
is amplified to provide the driving power. Driving 
accuracies better than 1/3 min of arc are expected. 
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The 250 ft. Mark J instrument is in 
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These functions, together with the 
produetion of & complete log of the 
telescope operations, take only one-half 
of the computer time. The remaining 
time is available for other uses, and in 
some of the research programmes the 
measurements will be fed into the com- 
puter via a data logger for processing in 
real time. 

The reflecting membrane is an elliptical 
paraboloid with major axis 125 ft. and 
minor axis 83 ft. 4 in., formed of con- 
tinuously welded 12 s.w.g. steel sheets. 
The focal length is 40 ft., and just above 
the focal point there is an 8-ft. cube 
laboratory supported on four legs rising 
from the bowl structure near its edge. 
The original specification called for a 
shape tolerance of + 0-5 in. in the bowl, 
at all angles of elevation and azimuth 
positions and, as built, the bowl profile 
is correct to + 1/8 in. Within these 
limits the telescope should work at full 
efficioncy down to wave-lengths of about 
1 em. 

The theoretical beam-width and power 
gain of the Mark II as a function of wave- 
length are shown in Figs. 2 and 3, to- 
gether with the observed values for the 
Mark I in the overlapping wave-length 
region of interest. Unexpectedly, the Mark 
I has remained the largest completely 
steerable telescope in the world. The new 
instrument has no such claim to be large 
by world standards, but it will probably 
be the largest steerable telescope capable 
of work at wavo-lengths of only a few 
centimetres. (The performance of the 
Australian 210-ft. Parkes telescope is 
falling off at wave-lengths below 10 cm 
and the Russian and American telescopes 
which remain good down to a few centi- 
metres are smaller than the Mark II.) Further, we 
believe it to be the only large radio telescope under the 
direct control of a digital computer. 

From Fig. 2 it is seen that the anticipated beam-width 
between half-power points in the azimuth direction is 
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Fig. 2. Theoretical beam-widths of the Mark I and IJ telescopes 


compared with the observed values for the Mark I. x, E plane; 
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Fig. 8. Effective area and efficiency of the Mark I compared with the theoretical effective 


area of the Mark II 


6 min of are at 5 cm, and in the event of the telescope 
working at full efficiency at 1 cm the beam-width will 
be only 1-2 min of arc. This presents a considerably 
greater steering difficulty than in the Mark I where 
at the lowest wave-length on which it is used (21 cm) the 
beam width is 15 min of arc. The computer itself is 
capable of driving the telescope with an accuracy of 
+ 1/3 min of are and it is necessary to align the elevation 
and azimuth position pick-offs of the telescope and to 
determine the collimation errors to this accuracy. 

In order to do this initially, and to provide subsequent 
routine checks, an 8-in. optical telescope aligned along 
the elevation axis is mounted in a cabin behind the 
vertex of the bowl. In order that this telescope can be 
used at all elevations the observer is provided with a 
pivoted chair in this cabin. Thus the position of a stellar 
image relative to the axes of the telescope can be determ- 
ined at any telescope setting. Since the direction of 
the radio beam depends on the position of the focus box 
relative to the paraboloid, separate measurements in- 
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cluding calibration on known radio 
sources will be necessary to determine 
the radio positioning error. The ver- 
tex cabin is also equipped with a 
television camera so that tho stellar 
images can be seen in the control 
room. Although this arrangemont is 
primarily for the sotting up and check- 
ing procedures, it is expected to be 
valuable in future combined optical 
and radio observations. 

When these collimating and align- 
ment tests aro completed, the tolo 
scope will be used to measure the 
spectra of several hundred radio 
sources at wave-lengths of 11 cm and 
6 om. This is a straightforward pro- 
gramming operation which will give 
experience in the use of the digital 
computer to drive tho telescope. and 
will extend the spectral measurcments 
of the radio sources already made on 
the Mark I down to 21 em™*^. It is 
hoped that the variations in spcetral 
shape may give important information about tho processcs 
of emission in the distant radio galaxies. Simultancously 
performance tests will be made at wave-lengths of 3 cmand 
lower. Polarization measurements on the planete and the 
radio sources will follow this programme and latı r in the 
year it is hoped to use the Mark II and the Mark I as an 
interferometric pair in tho 21-em band, both eontinuuin 
and H line—in tho latter caso for the examination of the 
neutral hydrogen structure of extragalactic nebuke. 

The centimetre part of the spectrum has become a 
region of great interest and importance during the past 
few years, and the availability of the new telescope in 
this wave-band coupled with the high performance of 
the 250-ft. instrument in the metre wave-band provides 
the United Kingdom with unsurpassed facilitios for 
research in radio astronomy. 


1 Lovell, A. C. B., Nature, 180, 60 (1957). 

3 Davies, R. D., Verschuur, G. L., and Wild, P. A. T., Nature, 190, 563 (1962). 

* Conway, R. G., Kellerman, K. I., and Long, B. J., Mon. Not. Roy. Astru 
Soc., 125, 261 (1963). 

* Conway, R. G., Daintree, E. J., and Long, R. J. (in preparation). 
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A CHEMICALLY SPECIFIED MOLECULAR MECHANISM UNDERLYING 
EXCITATION IN NERVE: A HYPOTHESIS 


By Pror, JULIAN M. TOBIAS 
Department of Physiology, University of Chicego 


Nerve Excitation s 


HY an axon shifts from the resting to the excited 
stato can be discussed in terms of three groups of 
phenomena. First, there is depolarization. Secondly, 
there is a complex of sub-molecular, molecular and macro- 
molecular level events which are initiated by the depolar- 
ization. ‘Thirdly, if the depolarization is sufficient the 
second class of events grows to a point where membrane 
resistance falls and the ion fluxes characteristic of the 
fully developed excited state^* are permitted to occur. 
These three sets of changes overlap and interact in time, 
but can be discussed separately. Tho word ‘excitation’ 
refers to the first and second sets. 

Research emphasis for many years has been focused 
primarily on phases 1 and 3 above, and much is known 
about their important electrophysiologieal and electro- 
ionic components'-*, whereas relatively little work has 
-been done on phase 2 which is now so greatly challenging. 
Nevertheless, onough information is at hand so that it 


should be fruitful clearly to state a limited but chemically 
specified working hypothesis about phase 2, to collate the 
relevant evidence, to verbalize certain questions raisod by 
the hypothesis, and to notice some of the experiments it 
suggests. Although it is pertinent for other excitablo 
cells and for junctions, and although it is suggestive for 
recovery phenomena, the hypothesis will, for the sake of 
simplicity, be presented only in terms of axonal excitation. 


Statement of Hypothesis 


The early, catelectrotonic, outward, exciting current 
moves potassium from the axoplasm into tho membrane 
phase. This intruding potassium displaces calcium 
from polar carboxyl and/or phosphate groups on membrane 
phosphatidylserine. As one consequence, water content 
increases in the membrane phase. The combined calcium 
displacement and increased hydration cause, and are paral- 
leled by, loosening and spreading apart of membrane 
structural components, phospholipid being the most impor- 
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tant. A change in geometry of the membrane protein in- 
creases this spatial deformation. The three events: (o) 
catelectrotonic injection of potassium into the membrane 
phase to displace calcium (ion exchange) ; (b) water moving 
into the membrane phase (hydrokinesis); (c) protein 
deformation of the membrane (proteokinesis), are respons- 
ible for the reversible change in membrane structure 
which expresses itself as a fall in membrane resistance 
permitting the ion fluxes of activity to supervene. 


Separation of and Evidence for Propositions Explicit 
or Implicit in the Hypothesis 


Proposition 1. Catelectrotonic, outward cation flow, 
not anelectrotonic inward cation flow, is exciting: (a) The 
evidence that excitation occurs where positive current 
flows out of the cell cathodally, and not where it flows 
inward anodally, is too extensively documented to 
require support hore. 

(b) The argument that it is an ion displacement current 
which excites does require clarification, since it is often 
stated that “. . . in the squid axon the three variables, 
sodium conductance, potassium conductance and inactiva- 
tion, are governed solely by membrane potential. ...”% 
This can be misinterpreted, and is sometimes considered 
to mean that ion displacement current has been excluded 
as a causal factor in the excitation process. In fact, 
however, when the membrane potential is suddenly rə- 
duced (depolarization), an initial pulse of capacity current 
precedes the large currents carried chiefly by sodium and 
potassium moving down their own electrochemical gradi- 
ents, and to account qualitatively for the propagation of 
an action potential the sequence of events at each point 
on the nerve fibre is as follows: Current from a neighbour- 
ing active region depolarizes the membrane by spreading 
along the cable structure of the fibre. As a result of this 
depolarization sodium current is allowed to flow (adapted 
with minor changes from reference 7). Thus, both in the 
case of the space clamped membrane action potential 
and in normal propagation, the ionic currents of the spike 
proper are preceded by an outward current, a spatial 
displacement of ions. 

The hypothesis deals with the events initiated by this 
early outward current which lead to the excited state. 

Proposition 2. Outward exciting current moves potas- 
sium from the axoplasm into the membrane phase. (a) 
Some charged particles must carry the early outward 
current even if they only move on to and off a high 
capacity structure of some sort in the membrane phase 
rather than through the dielectric. The most likely 
candidate for the rele of the particle which normally 
carries this current into the membrane cathodally is 
potassium derived from the superficial axoplasm under 
the membrane. 

(a 1) Potassium does move toward a cathode in electric- 
ally polarized nervo* and moves there with a mobility 
close to that in water?. 

(a 2) In spite of the relatively high mobility of axo- 
plasmic potassium, mobility alone would favour H+ (Ac 
940-8) over K* (Ac = 73-5) ions for carrying the current 
by a factor close to 5 if the mobilities in water are used for 
the calculation. However, concentration difference in 
the axoplasm gives K+ an advantage over H+ of about 
10° times. Therefore, considering only mobility and 
concentration, potassium will supply an overwhelming 
number of highly mobile axoplasmic current carriers. 

(a 3) Potassium efflux at a cathode approximately 
accounts for the outward current there!?, 

{a 4) The mean potassium transference number for 
current flowing out of the squid axon perfused with 
(K4*),S0, is about 1-09 (ref. 11). 

Proposition 3. There is calcium in the membrane 
phase: (a) There are two pieces of direct evidence. 

(a 1) Micro-incineration followed by microscopy of 
myelinated nerve shows the calcium to be in the myelin and 
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not in the axoplasm?. To the extent that myelin is a 
repeating array of cell-membrane material?, this shows 
calcium to be present in the cell membrane. Calcium is 
also found by this technique to be concentrated at the 
surface of the neurone soma", 

(a 2) Human erythrocyte ghosts contain about 1 x 10-4 
m.equiv. of caleium/mg dry material: To the extent 
that the red cell ghost is cell membrane this also shows 
calcium to be present there. 

(b) There is a large amount of indirect evidence. 
few examples follow. 

(6 1) Calcium is needed for repair of membrane rupture 
in many cells!'* and decline of the injury potential in 
excised muscle is accelerated by high calcium in the 
medium!*. Both effects presumably are due to the role 
of calcium in reconstituting membrane structure. 

(b 2) Calcium decreases the width of the dense, double- 
edged membranes at the axon surface!" as well as of 
bimolecular leaflets of phospholipids extracted from 
neural tissue and dispersed in water®. 

(b 3) The numerous effects of calcium on excitability, 
on permeability“, and on osmotic hemolysis®® also indi- 
cate that it reacts with membrane components to modify 
structure. 

(b 4) Effects of calcium on phospholipid monolayers 
will be noted in Proposition 5. 

Proposition 4. There is pbosphatidylserine in the 
membrane: 

(a) The erythrocyte ghost contains phosphatidylser- 
ine?1-?3, 

(b) Myelin contains phosphatidylserine**. 

Proposition 5. The calcium in the membrane is, in 
part at least, combined with the phosphate and/or 
carboxyl groups of membrane phosphatidylserine: 

(a) There is no direct evidence for the intact cell. 

(b) There is impressive evidence from studies on 
monolayers. 

(b 1) If monolayers of purified phosphatidylserine (PS), 
phosphatidyleholine (PC), or phosphatidyiethanolamine 
(PE) are made on & Langmuir trough, adding calcium to 
the aqueous hypophase condenses the PS film, but has no 
significant effect on the force-area diagram of films made 
either of lecithin (PC) or of cephalin (PE). This is true 
over a rango of several units on either side of pH 7, there- 
fore including physiological pH values”, 

(b 2) A Geigér-Miller counter suspended over a Lang- 
muir trough containing radioactive calcium in the hypo- 
phase solution shows that spreading a monolayer of PS 
increases caleium-45 in the surface whereas monolayers 
of PC or PE have no such effect?*, 

(b 3) A membrane model made of phospholipid impreg- 
nated millipore increases its transmembrane resistance 
on addition of calcium to the ambient medium'$, but only 
if the phospholipid is PS, not if it is either PC or PE 
(ref. 27). 

These observations ere understandable in terms of the 
acid-base properties of the three phospholipids: PC and 
PE are nearly electrically neutral around pH 7 whereas 
PS, having three ionogenie groups, a positively charged 
amino, and two negatively charged acidic groups, phos- 
phate and carboxyl will, at pH 7, have at least one nega- 
tively charged group available for reaction with cations”, 

Proposition 6. Excitation mobilizes the calcium of the 
membrane. Potassium, moved into the membrane by 
the exciting current, is the agent by means of which this 
mobilization is produced (continued in proposition 7): 

(a) Excitation increases entry of calcium into and egress 
from squid axons and muscle??39, Stimulation of the 
Elodea cell permits calcium to move into the vacuole?!, 

(b) Adding potassium to the outside medium increases 
movement of calcium into and out of musele??, 

(c) The antagonistic actions of potassium with reference 
to calcium on electrophysiological properties, permeabil- 
ity, and structure of cells and of various colloidal systems 
also support the view that potassium can displace calcium. 
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Proposition 7. The calcium, so displaced by potassium, 
is displaced from membrane phosphatidylserine polar 
groups: 

(a) Here it is possible to say that potassium can displace 
calcium from myelin and from phosphatidylserine. Direct 
data on cells are lacking. 

(a 1) Monovalent cations displace calcium from bovine 
nerve myelin in the order lithium = sodium < potas- 
sium < rubidium < cæsium??. 

(a 2) The condensation of a monolayer of PS due to 
absorption of calcium from the hypophase is prevented 
by potassium’, 

(a 3) Radioactive calcium adsorbed to a PS monolayer 
is displaced by potassium’. 

(a 4) The rise in resistance produced in the phos- 
pholipid membrane model by addition of caleium is 
reversed by potassium chloride!s,?*, 

(a B) Direct chemical analysis (flame photometry) 
shows that calcium taken up by the phospholipid mem- 
brane model can be displaced by potassium, and the 
replacement obeys the rules of ion exchange phenomena”. 

Proposition 8. These events, cathodally produced 
potassium intrusion and calcium displacement from 
phosphatidylserine polar groups, are followed by increased 
water entry into the membrane phase. 

(a) Many experiments show that water content of 
whole cells is increased by adding K+ ions to the medium 
and is decreased by Ca** (see bibliography in ref. 25). 
There is also evidence that water content of axons is 
increased during activity?*-45. 

(b) In electrically polarized axons the cathodal region 
swells, increases in transparency, and becomes soft and 
sticky**:*5, these effects being ascribable to water migrat- 
ing cathodally. 

(c) In electrically polarized axons specific gravity of the 
axoplasm decreases eathodally coincidentally with the 
swelling. This is also ascribable to water migrating 
cathodally?'. 

(d) As mentioned under Proposition 3, X-ray diffrac- 
tion shows that potassium increases and calcium de- 
creases lamellar spacing of nerve myelin lipid extracts 
dispersed in water!?, and calcium decreases the spacing of 
squid axon. surface lamelie?’, both effects presumably 
being due to hydration changes. 

(e) A carboxylic acid membrane, made from poly- 
vinylmethylether and polyacrylonitrile plus vinylchloride, 
shrinks and loses from a half to a third of its water on 
going from the potassium to the calcium stato?*. 

(f) Recent experiments on the phospholipid membrane 
model show that potassium increases and calcium do- 
creases water wettability, water content, and water 
permeability of the model**.?5, 

(g) The water content,of myelin extracted from bovine 
nerve is increased by potassium and decreased by cal- 
eium??, 

(h) Myelin in water forms an oil-in-water emulsion, 
in the presence of potassium and a water-in-oil emulsion 
in the presence of calcium*?. 

(i) The water content of red cell ghost fragments is 
increased by potassium and is decreased by calcium}. 

Proposition 9. Membrane protein contributes to the 
structural deformation of the membrane which is permitted 
by calcium displacement and started by water intrusion: 

(a) There is one bit of direct evidence which suggests, 
though it does not prove, that protein may participate 
directly in the genesis of the change permitting the ion 
fiuxes of activity. Protease injected into the axoplasm of 
the squid giant axon destroys excitability without inter- 
fering with the resting potential!!! Such persistence of 
the resting potential indicates that potassium and sodium 
segregation and membrane resistance and capacity are 
maintained. Phospholipases, on the other hand, which 
also produco- inexcitability, in addition cause the resting 
potential, resistance and capacity to fall to zero’. These 
findings suggest that integrity of the phospholipid in the 
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cell membrane is mandatory for the high resistance and 
capacity which make the ion segregations and rosting 
potential possible, and that protein is somehow involved 
In & reversible modification of the orientation, packing or 
structure of the phospholipid to permit the ion fluxes of 
activity?^??, An interdependence of lipid and protem 
geometry in the axon membrane is strongly indicated by 
electronmicroscopically demonstrable changes in the 
membrane protein component after phospholipid 
hydrolysis*?-%, This change would, according to the 
present view, co-operate with calcium displacement and 
Increased hydration in producing the shift of membrane 
structure from the resting to the active state. 

(0) Squid axon ATPase activity is concentrated in the 
sheath region, not in the axoplasm*®, One wonders if 
this enzyme may be a contractile protein associated with 
the membrane and capable of deforming it, since certain 
nerves have been shown to change surface contour and 
to shorten reversibly with activity t-15. 


Conclusion 


Displacement of membrane calcium by potassium (ion 
exchange event), increased membrane hydration (hydro- 
kinetic event) and membrane protein deformation (proteo- 
kinetic event) underlie the reversible change in membrane 
structure (primarily phospholipid geometry) which ex- 
presses itself as: (1) a fall in resistance with (2) increased 
trarismembrane fluxes of sodium and potassium, both 
being major signs of the excited state in nerve cells. 


Additional Points and Queries 


Propositions 2, 6 and 7. (a) Why does axoplasmic 
potassium not diffuse into the membrane phase to displaco 
calcium and produce the excited state continuously ? 
Why must it be driven into the membrane as an outward 
current ? 

To keep potassium out of the membrane phase is 
probably a function of the resting potential". Assuming 
that only a few potassium ions need diffuse out of tho 
axoplasm, leaving their non-diffusible anions behind. to 
produce the resting potential, these few do not displace 
enough membrane calcium to shift the membrane to 
the active state, and the resting potential so generated, 
being close to the potassium equilibrium potential, pre- 
vents further movement of axoplasmic potassium into 
the membrane phase. 

This concept is supported by a recent experiment*®: 
Normally, both axons and muscle cells become inexcitable 
if the resting potential is kept low. However, if internal 
potassium is reduced sufficiently, then axons are excitable 
even at zero resting potential. In terms of the present 
hypothesis this would be explained by arguing that when 
potassium is present internally in normal concentration, 
then a large resting potential is necessary to keep this 
potassium out of the membrane (the equilibrium potential 
is high) so that the high resting impedance of the mem- 
brane can be maintained until the exciting stimulus is 
applied. If, however, thero is little or no potassium in the 
axoplasm, then little or no resting potential is needed to 
keep it out of the membrane phase (the equilibrium 
potential is low), and in this condition the system can be 
excited from a low or zero resting potential level. 

(6) How much potassium is moved into the membrane 
phase by the early, exciting, outward current ? 

An average of about one potassium ion per 45,000 sq. A 
of membrane area can be calculated as the amount of 
potassium which is moved into the membrane catelectro- 
tonically by the time threshold is reached. This is com- 
puted from the action current at the frog node of Ranviers, 
from squid axon membrane capacity!” and from the 
number of coulombs of outward current per cm? needed to 
excite the squid axon’. Since, however, if 1 per cent of the 
membrane area became freely conducting the resistance 
as a whole would fall to about 0-002 ~ cm?, and since 
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membrane capacity changes little with activity, it can 
be argued that perhaps as litile as 0-001 per cent of the 
area is involved. Thus, considering the membrane to be 
100 A thick, and if only 0-001 per cent of the area were 
involved, the concentration change due to the current 
carrying K into this volume of membrane would be about 
37 millimolar by the time threshold is reached. It has 
been found that something between 10 and 100 millimolar 
potassium reverses the effect of 1 mM calcium on the 
phospholipid membrane model and displaces calcium 
from the phosphatidylserine monolayer?*, For an internal 
concentration of potassium of 0-1 M the number of 
potassium ions needed for the foregoing change could be 
supplied from & sub-membrane layer about 5 À thick. 

(c) If depolarization moves potassium into the mem- 
brane phase and this leads to structural dispersion with 
& fall in resistance, what keeps membrane resistance 
relatively high during the prolonged plateau of depolariza- 
tion normally shown by heart musclet’, and by nerve 
treated with tetraethylammonium or certain metal ions5? ? 

Here it is suggested that after potassium displaces 
caleium from phospholipid during excitation in the 
presence of TEA or nickel, then, during recovery, these 
unusual ions in turn displace potassium and occupy the 
sites which would normally be reoccupied by calcium. 
If they bind to phospholipid more tightly than calcium 
does, then they would tend to stabilize the membrane 
structure in the high resistance state, and prevent potas- 
sium egress, thus delaying repolarization. As timo passes, 
however, the persisting low potential will eventually 
permit enough potassium to accumulate in the membrane 
to displace the binder ion. . When this finally occurs the 
potassium will flow out and repolarize the cell. In this 
way the persistence of relatively high resistance even in 
the presence of depolarization could be accounted for. 
Experiments on the quantity of outflowing current 
required to excite under these circumstances and on 
tenacity of TEA and nickel binding to phospholipid as 
compared to that for calcium could be done fairly easily 
and would clarify this problem. What substance normally 
present in heart muscle might produce this effect is not 
apparent, but the suggestion that such a substance exists 
may stimulate interesting experiments. 

(d) Since neither the phospholipid membrane model 
nor the monolayers used so far show any ability to dis- 
tinguish potassium from sodium, what protects tho 
phospholipid-ealeium complex from external sodium ? 

No satisfactory answer is at hand. It has already been 

suggested here that it is probably the resting potential 
which protects the resting membrane from potassium, but 
we do not know what protects it from sodium. Failure to 
answer this question, however, does not woaken the 
hypothesis. It does emphasize the fact that one still 
does not know how cells distinguish sodium from potas- 
sium. : 
(e) Perfusion of the squid axon with low-potassium or 
potassium-free solution does not prevent excitation. 
How can this be reconciled with the argument of the 
hypothesis that it is catelectrotonic injection of axoplasmic 
potassium into the membrane which displaces calcium 
to start the structural changes which permit tho fall in 
resistance to ion fluxes ? 

First of all, as internal potassium is decreased, an 
increasing amount of depolarization is needod for the 
membrane resistance to fall to a given value!*. Since a 
change in membrane resistance is probably our best 
evidence of & change in structural state, this finding 
supports the hypothesis. Thus, in terms of the hypothesis, 
ihe less potassium there is inside the axon the more 
depolarization should be required to permit onough 
potassium to enter the membrane phase to shift it to the 
low-resistance state. 

Secondly, it is not argued that K+ is the only cation 
which can be moved into the membrane phase from inside 
to displace calcium from negatively charged sites thero. 
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We know that sodium is about as effective as potassium 
in displacing calcium from phosphatidylserine?*, What is 
argued is that when potassium is the dominant internal 
cation, then it is the ion which is moved into the membrane 
to produce this effect. It is, so to speak, the ion which the 
cell normally uses to trigger excitation. In the experi - 
ments quotedi* there always had to be high external 
sodium. This sodium would be expected to leak con- 
tinuously into the inside perfusate and under these circum- 
stances almost surely would the cation be moved outward 
by the outwardly directed exciting current to displace 
calcium from the membrane structure. Thus, the potas- 
sium-free perfusion experiments do not pose a serious 
problem for the hypothesis. ' 

Proposition 3. It becomes ever clearer than an explicit 
demonstration is required of what calcium is associated 
within the cell membrane. The evidence for certain 
reasonable assumptions has been given, and the possibility 
of combination with nucleic acids has also been investi- 
gated*!, but there are no objective experimental data yet 
available which apportion membrane calcium among the 
several likely membrane components. 

Proposition 8. Since cells are highly permeable to water, 
that is, if there is a relatively high partition co-efficient 
for water in the membrane, why should increased mem- 
brane hydration increase permeability for ions ? 

The fact is that the resting cell membrane may not be 
significantly hydrated in spite of high water permeability. 
Thus, the normal red cell surface is relatively hydropho- 
bic®?, the denuded Arbacia egg in calcium chloride coalesces 
more readily with oil than when it is in potassium chlor- 
ide**, myelin and red cell ghosts contain less water in the 
presence of calcium than in potassium3?-14, myelin forms 
a water-in-oil emulsion in the presence of calcium and an 
oil-in-water emulsion in the presence of potassium‘, and 
for many resting cells a high oil : water partition coeffici- 
ent favours penetration. Therefore it would appear thet 
water can penetrate what may be a water-poor cell mem- 
brane phase just as it can to a degree penetrate the 
hydrophobic part of evaporation retarding monolayers 
used to conserve water in reservoirs and lakes*t, Pre. 
sumably, however, ions could not penetrate significantly 
by the same pathway and would require increased hydra- 
tion with formation of water-filled conduits. 

Clearly experiments need to be done to determine 
if axon membranes do in fact become more hydro- 
philic when excited. Some starts have been made 
which suggest that water entry into axons increases during 
activity4,25,37,45, 

Proposition 9. The nature and role of protein in mem- 
brane excitation are almost completely unexplored55:56, 
Recent work on à membrane model made of a bimolecular 
lipid leaflet in water’? suggests that excitability is con- 
ferred on the system only after addition of a specific 
protein. Even though ATPase was long ago shown to 
be concentrated in the axonal sheath structure’, there 
are nob yet any reports of serious attempts to find a con- 
tractile protein in nerve cell somata or fibres. 


Magnitude of the Transmembrane Potential 


It has been argued®* that the fraction of ‘the resting 
potential which still exists after threshold is reached at 
about 15 mV depolarization could do a significant amount 
of work on membrane components which had been 
released from mechanical restraint by- unbinding of 
calcium and intrusion of water and which were exposed 
to this voltage gradiont. Thus, it was calculated that a 
voltage of 50 mV across 100 A (50,000 V/cm) could move 
a molecule the size of serum albumin through a distance 
of 100 A in about 3 x 10-4 msec. This figure represents 
maximum speed assuming application of the full voltage 
and mobility as in water. The velocity is so great, how- 
ever, compared with the local duration of the nerve im- 
pulse, that even with considerable attenuation, say, 
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1-x 10? or so, such a phenomenon might stil play a 
significant part in altering surface ultrastructure. In 
addition, it might not be necessary to produce appreciable 
translation of the liberated membrane component; only 
a change in orientation as in alignment or disalignment of 
a dipole might be required. If such a device were opera- 
tive, then one would add electrokinesis to ion exchange, 
hydrokinesis and proteokinosis as basic components of 
the excitation process. The recent finding that a persistent 
zero resting potential can be tolerated without immediate 
disastrous consequences*® de-emphasizes this concept 
somewhat. Nevertheless, such steep voltage gradients 
may have important consoquences in other contexts. 

This work was supported in part by a grant from the 
U.S. Public Health Service, and in part by a grant from 
the Dr. Wallace C. and Clara A. Abbott Memorial Fund of 
the University of Chicago. 
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HORMONES, AMINO-ACID TRANSPORT AND PROTEIN SYNTHESIS 
By Dr. STANTON SEGAL 


National Institute of Arthritis and Metabolic Disease, National Institutes of Health, Bethesda |4, Maryland 


ONSIDERATIONS of the availability of metabolic 
precursors for utilization by intact cells have evoked 
considerable interest in the process by which small 
molecules such as sugars and amino-acids penetrate 
into the intracellular confines of the plasma membrane. 
With regard to amino-acids, several mammalian systems 
such as Ehrlich ascites cells!, human leucocytes’, intestinal 
mucosa? and kidney cortex slices have been examined 
to ascertain the characteristics of such a transport system. 
The process appears to be dependent on aerobic met- 
abolism, has ionic requirements for sodium and potassium, 
and behaves in a fashion consistent with carrier mediation, 
that is, the data fit the concept of the presence of a saturat- 
able binding site(s)’. The functional result of this process 
.is the concentration of amino-acid within the cell to 
levels several times greater than that in the fluid in which 
the cell is immersed. . 

It is not surprising that attention should be focused on 
regulatory aspects of concentrative transfer by hormones 
in animal tissue since increased secretion of hormones 
or their administration is associated with growth or 
hypertrophy of tissues known to be target organs. A 
propelling factor stimulating the interest in hormone- 
amino-acid transport relationships has been the known 
effects of insulin*-?, growth hormone’, and cstrogen’’, 
which increase amino-acid incorporation into proteins 
of certain tissues. Although these hormones may affect 
the protein-synthesizing mechanism directly, an important 
question has been raised concerning the dependence of 


protein synthesis on transmembranous movement of 
amino-acids and the size of the intracellular amino- 
acid pool. 

Perusal of the published literature on the subject of 
endocrine control of amino-acid transfer reveals oxperi- 
ments of varied design which report an alteration by a 
hormone of the intracellular concentration of an amino- 
acid with regard to the extracellular medium. The 
purpose of this article is to review these data and evaluate 

ethem within the present concepts of amino-acid transport. 
In addition, an attempt will be made to put the relation- 
ship between transport of amino-acids, the size of intra- 
cellular pools and protein synthesis into perspective. 


Hormonal Effects on Amino-acid Accumulation in 
Intracellular Fluid 


Three basic types of experimental procedures have 
been employed to obtain the results summarized in 
Table 1. These are: 

(1) In vivo administration of a hormone at a suitable 
time after in vivo administration of a radioactive amino- 
acid followed by analysis of the amino-acid in the tissue 
water or cellular fluid of various organs. Experiments 
of this type have been performed for growth hormone, 
cortisone, and cestrogen!! and ACTH#. A variation of 
this type has been used where the hormone (cortisone') 
has been given to the intact animal, and the change in 
concentration of all natural amino-acids measured in 
cellular fluid. 
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Table 1, HORMONAL EFFECTS ON AMINO-ACID ACCUMULATION 
; i : Accumulation Incorpora- 
Hormone Amino-acid Type of study Tissue of tion into 
Hormone Amino-acid amino-acid proteint 
Growth AIB* Vivo Vivo Muscle, liver, Increased Increased 
P intestine, kidney (ref. 11) (ref. 9) 
L-histidine, Vitro Vüro Muscle Increased 
x L-alanine, AIB : (rofs. 18, 41) 
Adrenocortico- AIB Vivo Vivo Adrenal Increased Unchanged 
trophic (ACTH) E (ref. 12) (ref. 44) 
Cortisone AIB, others Vivo Vivo Liver, muscle Inereased Increased 
g . : (refs. 11, 13) (ref. 42) 
L-histidine Vivo Vitro Muscle Decreased Decreased 
, i : (ref. 15) (ref. 15) 
Thyrotropic AIB Vitro Vitro Thyroid Increased Increased 
(TSH. i j (ref. 27) (ref, 48) 
Gistradiol AIB Vivo Vivo Uterus Increased Increased 
. . (ref. 11) (ref. 10) 
AIB Vivo Vitro Uterus Inereased 
E 3 (ref. 14) 
Insulin Several Vitro Vitro Muscle Increased Increased 
(refs. 16, 17) (refs, 6-8) 


* a-Aminoisobutyric acid, 


(2) In vivo hormonal treatment followed by measure- 
ment of amino-acid uptake by excised tissue in vitro 
such as performed for cestrogen“ and cortisone", 

(8) The addition of both hormone and the amino- 
acid to be examined to tissues in vitro. Experiments 
of this type have been performed with insulin!9/7, growth 
hormone!$, cestrogen!4, follicle-stimulating and inter- 
stitial-cell-stimulating hormone”, In several instances 
conflicting results of hormone stimulation of amino- 
acid accumulation have occurred between experiment 
of fhe first or second types and the third, where hormone 
was supplied with amino-acid in vitro. Discrepancies 
have thus been reported for cortisone with muscle, 
growth hormone with rat kidney or intestine?, and 
cestrogen with uterus", 

Some critical questions must be asked of nearly all 
these reported experiments. Primarily, have the 
observed findings actually resulted from an increase in 
the unidirectional movement or flux of the amino-acid 
into the intracellular fluid? Have the hormones which 
cause increased accumulation of amino-acid within the 
cell actually altered the membrane mechanism for move- 
ments of these molecules? 

To facilitate answering the first question, a conceptual 
image of the cell bathed by nutrient medium can be 
proposed. Amino-acids, by an energy-dependent process, 
traverse the cell membrane and enter the cellular fluid. 
Once within the cell, multiple fates may be possible for 
the molecule. It may be catabolized, incorporated into 
protein, or egress from the cell back into the surrounding 
medium. As the active transport process of influx 
continues, intracellular levels of free amino-acids are 
built up until the entry is balanced by the combined 
rates of the processes regulating the fate of the intra- 
cellular molecules. Thus, a so-called steady-state con- 
centration of the amino-acid is achieved the value of 
which is in excess of that in the extracellular fluid. This» 
simplified concept of the extracellular-intracellular amino- 
acid may be regarded as a two-compartment system?! 
The amino-acids within the cell are believed to be free 
and unbound to any specific sites??, 

With the foregoing model in mind it becomes obvious 
that any single observation of an intracellular amino- 
acid concentration in the steady-state, as has been 
reported in experiments of the first type, does not present 
an adequate explanation of how the steady-state level 
was altered, in most cases increased. It is not known 
from data of this type whether the actual influx of amino- 
acid is increased or whether the effect is to decrease the 
subsequent loss of the amino-acid from the intracellular 
pool. Since the non-metabolizable amino-acid «-amino- 
isobutyric acid (ATB)?* has been used in many experiments, 
only the efflux of the amino-acid to the extracellular 
fluid need be considered with regard to the possible 
fate of the intracellular molecules. A satisfactory ex- 
planation for the reported hormone-produced increase 


1 Of utilizable amino-acids. 


in amino-acid levels within the cell could bo a blockade 
of efflux, as well as a stimulation of the inward transport 
rate, or both. In the experiments of type 2 or 3, where 
intracellular accumulation with respect to time has 
been observed (growth hormone!’ and insulin!$), a clearer 
picture of the events leading to & new steady state is 
obtained. Although the data reported for growth hormone 
and insulin are suggestive of stimulation of influx, defini- 
tive analysis remains to be performed. Compartmental 
analysis of a kidney slice system” has shown that experi- 
mental alteration of influx rates almost invariably 
produces changes in efflux rates so that increase or loss 
of amino-acids from the intracellular pool may be a 
composite of flux alterations. Kinetic data have recently 
been presented showing that the remarkable increase 
in amino-acid accumulation caused by phlorizin in 
kidney cortex slices is due primarily to a diminution 
of efflux?» The evidence also suggested that phlorizin 
may be associated with intracellular binding of amino- 
acids, 

With regard to the membrane mechanism for transport 
of amino-acids, two main features are the coupling of 
transport to energy metabolism and the apparent role 
of a saturable binding site(s) in the process. The direc- 
tional movements and fate of amino-acids are dependent 
on the energy supplied by the cell. Metabolic inhibitors? 
markedly affect influx and efflux rates and the size of ° 
intracellular pools. It is therefore possible that hormonal 
effects on accumulation may result from changes in 
metabolism of energy-yielding substrates. For example, 
the small increase in AIB accumulation caused by thyro- 
trophic hormone in thyroid gland slices? may be a 
result of the known alterations in glucose metabolism 
caused by the hormone??. Likewise, the increase in 
AIB uptake in adrenal by ACTH may be a consequence 
of inereased glycogenolysis induced by ACTH?*, Analysis 
of hormone effects on the relationship between energy 
and transport had not been performed to a significant 
extent. 

Most mammalian transport systems of amino-acids 
conform to the Michaelis-Menten formulation for a 
saturatable binding site’. Experimental determination 
is possible of an apparent Km giving some indication of 
alteration of the affinity of the binding site(s) for the 
amino-acid. Only insulin has been examined in this 
fashion", and although the data are not conclusive 
they suggest that there is an increased affinity of the 
binding site caused by insulin. The known binding of 
insulin to cell membrane is in accord with this. Similar 
investigations with other hormones on amino-acid trans- 
port remain to be performed. 

The presently available data, though demonstrating 
enhanced accumulation of amino-acids induced by 
hormones in certain tissues, has not clearly delineated 
the hormonal effects on the parameters of amino-acid 
transport which control accumulation. Care must be 
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;aken in the interpretation of many of the reports cited. 
[hese will, no doubt, provide a stimulus for fruitful 
research. 


Relationship of Enhanced Intracellular Amino-acid 
Levels to Protein Synthesis 


Parallel increases in intracellular amino-acid concentra- 
tion and incorporation of amino-acids into protein are 
known to be produced by growth hormone? and 
insulin®-® in muscle and of estrogen in the uterus’. 
Does the increased cellular level of free amino-acid 
arising from hormonal treatment result in increased 
protein synthesis? The present concept of regulation of 
protein synthesis places control of the process in the 
production of messenger RNA or perhaps at the ribosomal 
level. Recent data suggest that growth hormono 
affects the aggregation of the protein-synthesizing 
ribosomes?! while cestrogen is believed to stimulate 
formation of messenger RNA**. Insulin, on the other 
hand, increases amino-acid incorporation into protein 
under conditions where messenger RNA synthesis is 
inhibited??. Besides the control mechanism associated 
with messenger RNA and the ribosome, does the con- 
centration of the amino-acid itself play a regulatory 
function in the cell? Can increased protein synthesis 
be stimulated merely by the increased availability of the 
intracellular substrate? Do the hormones augment 
their action at other regulatory sites by providing in- 
creased amounts of amino-acid ? 

Eagle, Piez and Levy?* assessed the growth rates of 
human cells in tissue culture as a function of concentra- 
tion of intracellular amino-acid. They found there 
was a critical threshold of 0-01—0-05 mM of the amino- 
acids studied necessary to initiate growth and that the 
rate of growth reached a nearly maximum value at 
concentrations only 2-4 times greater than the minimal 
critical level. Using Ehrlich ascites cells, Riggs and 
Walker” recently found that increasing the intracellular 
amino-acid level increased incorporation into protein, 
the rate of increase varying with different amino-acids. 
A great difficulty in using these results as a model for 
hormone-induced enhanced intracellular amino-acid levels 
is the fact that in the foregoing experiments the increase 
in intracellular concentration was produced by increasing 
the extracellular levels, whereas with hormone treatment 
the increase in intracellular level occurs without a similar 
increase in extracellular concentration. 

A very pertinent finding relating intracellular amino- 
acid pools to protein synthesis is the observation in 
bacteria**, rat muscle?” and rat kidney cortex slices* 
that the kinetics of incorporation of amino-acid into 
protein are independent of the rate at which an amino- 
acid enters the intracellular pool. The build-up of an 
intracellular amino-acid pool is a logarithmic function, 
while incorporation into protein is a linear one. Theoretic- 
ally, if protein synthesis is dependent on entry of amino- 
acid into the extracellular pool, the incorporation into 
protein should not exhibit linear kinetics until the amino- 
acid has achieved a steady-state condition, but this is 
not the case. These types of data have caused speculation 
that there is compartmentalization of the intracellular 
amino-acid pools. 

In bacteria it is believed that the so-called ‘expandable’ 
amino-acid pool is not related to protein synthesis?*. 
It has also been observed in a bacterial system that, 
while cells have stopped growing because of lack of an 
amino-acid in the medium, the extractable intracellular 
free amino-acid pool of this deficient amino-acid is at 
a normal level?. In mammalian cells there may be a 
very small, rapidly turning-over pool which is separate 
from the general pool and which is directly related to 
protein synthesis. Kinetically, the incorporation into 
protein behaves as if the amino-acid was taken directly 
from the surrounding fluid. Thus the activation of 
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amino-acids for protein synthesis possibly occurs adjacent 
to the cell membrane" and those amino-acids synthesized 
into protein do not mix with the freo intracellular pool. 
Tf the latter be true, then experiments correlating amino- 
acid incorporation with size of the intracellular pool, 
where the intracellular pool size is increased secondary to 
higher extracellular levels, may be making an inaccurate 
correlation. 

From the foregoing discussion the following points 
may be stressed: (1) The terms intracellular accumu- 
lation of amino-acid or uptake should not be confused 
with the term transport of amino-acid, as the former 
terms represent the summation of movement of amino- 
acids into and out of cells. (2) Though several hormones 
have been shown to augment intracellular accumulation. 
of amino-acids, the exact effects on the parameters of 
transport have not been clearly delineated. (3) Inter- 
relationships of intracellular amino-acid concentration 
and protein synthesis remain. to be clarified. Regulation 
of protein synthesis by hormonally increased avail- 
ability of amino-acids remains open for speculation. 
Judicious attention to the proper design and analysis 
of experiments should contribute to the understanding 
of hormone action in this vital area of cell function. 
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OBITUARIES 


Prof. A. Wormall, F.R.S. 


ÁRTHUR WORMALL died in St. Bartholomew’s Hospital 
on May 9 at the age of sixty-four. He will be greatly 
missed. The high esteem in which he was universally held 
is aptly epitomized by a remark made some years ago to 
one of his junior colleagues: “The one thing we envy you 
most in your department is your professor". 

Wormall received his early education at Leeds, gradu- 
ating in 1921 and joining the staff of the University in 
1922, His work as a lecturer and senior lecturer in bio- 
chemistry until 1936 can truly be said to have laid the 
foundations of the Department of Biochemistry which 
exists in Leeds to-day. 

He early developed an interest in problems of immuno- 
logy; he helped materially to establish the complex 
nature of hemolytic complement, and also described the 
hitherto unrecorded ‘fourth component’. His work on 
proteins modified by nitration, halogenation and treat- 
ment with phenyl isocyanate or mustard gas and its 
derivatives, particularly his original use of correspondingly 
modified amino-acids as inhibitors of the precipitin 
reaction between these protein antigens and their specific 
antisera, work which he commenced as a Rockefeller 
Medical Fellow working with Landsteiner at the Rocke- 
feller Institute during 1928-29, did much to clarify our 
present knowledge of the nature of the groupings which 
determine the immunological specificity of chemically 
modified proteins. 

In 1930-31 he spent a year in Uganda on behalf of 
the Colonial Office, investigating chemical and immuno- 
logical problems connected with trypanosomiasis, and 
developed methods of measuring the persistence of the 
drug ‘Bayer 205’ (‘Antrypol’, ‘Germanin’) in the blood 
stream. Although he later carried out work in widely 
different fields, these two early interests in immuno- 
chemistry and trypanosomiasis remained with him all his 
life. 

In 1936 he was appointed to the newly created chair 
of biochemistry and chemistry in St. Bartholomew’s 
Hospital Medical College (University of London). His 
great organizing ability, his continual insistence that pre- 
clinical biochemistry teaching must be relevant to 
medicine, and his deep personal interest in all his students 
and staff, were responsible for the creation of a flourishing 
department—and a well-beloved chief. 

Shortly after he went to ‘Bart’s’, he recommenced, 
work on mustard gas, and during the War led a research 
group working in Cambridge on the physiological action 
of mustard gas. It was at this time also that he com- 
menced his work with artificial radioactive isotopes, and 
he was the first in Britain to use them in biological 
investigations. It is a tribute to his farsightedness that 
when he first envisaged the use of the radioactive sulphur 
isotope, sulphur-35, in his work on mustard gas, its 
preparation had been described; but it was stated that 
its B-partiole emission was too soft for it to be of any use 


in quantitative investigations. At this time, too, the ' 


worker with artificial radioactive isotopes not only had 
to manufacture his own measuring equipment, but his 
isotopes also! Later, when isotopes became more readily 
available, he extended his use of them to immunological 
investigations and to investigations on the metabolism of 
zine in normal and neoplastic tissues. In 1953 he organ- 
ized and conducted the First Latin-American Course in 
Radioisotope Methodology, and was awarded an honorary 
doctorate of the University of São Paulo. 

He was a governor of the Medical College and of tho 
Hospital, and his wise counsel was greatly valued on tho 


many College and University committees on which he 
served. 

He was always eager to create opportunities for in- 
tegrating more closely the work of the Hospital and the 
preclinical departments, and it was mainly due to his 
endeavours that a research project on the biochemistry 
of skin was initiated in his Department jointly with the 
Department of Dermatology in the Hospital. 

Wormall had a wide circle of friends, and his gentle 
courtesy and consideration for others endeared him to all. 
His great charm of manner readily made the most 
nervous youngster at ease with him, and no trouble was 
too great for him to take on behalf of anyone who came 
to him for help or advice. 

Until physical disabilities prevented him, he was a 
keen golfer, and as a true Yorkshireman had-an abiding 
interest in cricket. His election to the M.C.C. in 1956 
probably gave him at least as much pleasure as his 
election to the Royal Society, which occurred in the same 
year, and his friends will long remember his account of a 
day at Lord’s with a visiting American scientist when his 
attempts to explain the rules of the game were frustrated 
for some time by his visitor’s unrealized misconception 
that the two batsmen were on opposite sides. 

In 1925 Arthur Wormall was married to Eva J ackson, 
who survives him. All his friends would wish to tender 
to his widow, and his two daughters, their heartfelt 
sympathy in their loss. G. E. C. Francis 


Mr. H. D. Griffith 


THRovueH the sudden death of Mr: Harry D. Griffith 
on April 11, the University of Aberdeen, and the Natural 
Philosophy Department in particular, lost a member 
who had given most loyal service for the long period of - 
forty years. Born in 1898 at Clifton, Bristol, he received 
his early education at Bristol Grammar School and was 
awarded an open scholarship in 1916. On account of 
war conditions then in force, this scholarship was not 
taken up, but on the cessation of hostilities he entered 
as a scholar of Trinity College, Cambridge, in 1919 and 
in due course graduated B.A. Thereafter he continued 
to work in the Cavendish Laboratory under Sir J. J. 
Thomson and Sir Ernest Rutherford until 1923. In 
October of that year he came to Aberdeen on the recom- 
mendation of Prof. G. P. Thomson (later Sir George 
Thomson) with the specific idea of assisting in the teaching 
of physics to medical students. From this early beginning 
he was soon engaged in the development not only of tho 
teaching of physics but also in the installation of a radon 
supply to hospitals in various parts of the country. 
In order to accommodate the required apparatus, an 
addition to the Department was built, and there Mr. 
Griffith installed towards the end of the 1920 decade the 
apparatus which enabled a supply of radon to be available 
for hospital work for a period of more than twenty years. 

In 1932 he was awarded a Rockefeller Followship 
which enabled him to travel abroad. His first visit was 
to Berlin. There he studied for some months under ` 
Prof. Friedrich at the Institut für Strahlenforschung. 
Owing, however, to the political upheaval in Germany 
at that time he found it necessary to leave. From Berlin 
he went to Stockholm and worked under Prof. Sievert 
at the Radiumhemmet. i 

The insight he obtained abroad he put to good use on 
his return. Soon his services were required by various 
Departments in the Medical School, and. after the erection 
of the New Infirmary Buildings at Foresterhill it was 
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found necessary to provide a small laboratory in the 
Infirmary for his special use. At the same time the 
personnel required to meet the calls on the medical 
physies sections gradually increased, the use and direction 
of which fell very largely on Mr. Griffith. 

After the end of the Second World War it became 
evident that the laboratory accommodation at Forester- 
hill was insufficient to meet all requirements. As a 
result it was decided to erect a laboratory fully equipped 
with research rooms, workshop and office apartments 
in elose contact with the Medical School at Foresterhill. 
Much of the work in connexion with this project fell to 
be carried through by Mr. Griffith. 

The development of this laboratory, a considerable 
undertaking in itself, he carried on along with an ample 
share in the teaching of both theoretical and practical 
work in the parent Department of Natural Philosophy. 
In spite of all, he found time to produce several publi- 
cations and in consequence was elected a Fellow of the 
Royal Society of Edinburgh in 1954. 

from his entry to the University in 1923 until his 
death in 1964 he devoted his energies wholeheartedly to 
the development of his subject. Coming as assistant 
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lecturer, he steadily improved his status to that of reader 
in medical physics in charge of that division in the 
University Physics Department. His students held him 
in the highest regard, and referred affectionately to him 
always as "Harry". Even those who did not come 
immediately under his care testify to the same warmth 
of feeling, and all felt that in his death they had lost one 
who had been their friend. 

Further evidence of this ability to inspire lasting 
affection is exemplified by the friendship between him 
and two men of different nationalities—one a German. 
Dr. Zimmer, whom he met when he first went to Germany 
and with whom he continued to work for the rest of his 
life; the other an Englishman, H. Heckstall-Smith, who 
has recounted in his book, The Doubtful School-Master, his 
first encounter with H. D. Griffith in the Cavendish 
Laboratory, an encounter which led to a life-long re- 
ciprocal exchange of ideas and outlooks. When he came 
to Aberdeen, he met, in the Natural Philosophy Depart- 
ment, Miss J. M. Jack, herself an honours graduate in 
physics. A friendship grew up rapidly between them, and 
in 1927 they were married. They have one daughter who 
graduated with honours in physics. A. E. M. GEDDES 


NEWS and VIEWS 


Max Planck Medallists of the German Physical Society: 
Prof. G. E. Uhlenbeck and Prof. S. A. Goudsmit 


Pror. GzmonaE E. UnnENBECEK and Prof. Samuel A. 
Goudsmit have been awarded the Max Planck Medal of 
the German Physical Society. This gold medal, one of 
the highest awards in international science, was conferred 
on the 106th anniversary of the birth of Planck, the great 
pioneer of modern physics. Profs. Uhlenbeck and Goud- 
smit, in 1925, discovered the ‘spin of the electron’, & 
cornerstone of present atomic theory. Dr. Goudsmit is 
also deputy chairman of the Department of Physics in 
the Brookhaven National Laboratory and managing 
editor of the American Physical Society. Both scientists 
received their education in The Netherlands, and joined 
the faculty of the University of Michigan in 1927. Prof. 
Uhlenbeck went to the Rockefeller Institute in 1961. Dr. 
Goudsmit joined the Brookhaven National Laboratory in 
1948 and has been a visiting professor in the Rockefeller 
Institute since 1957. During the Second World War both 
were connected with radar research in the Massachusetts 
Institute of Technology. Dr. Goudsmit, moreover, was 
the scientific head of & secret intelligence mission which 
moved in with Allied troops and reported, in the winter 
of 1944, that German scientists had failed to make any 
significant progress in their work on atomic explosives. 


Chemistry in the University of East Anglia : à 
Prof. S. F. Mason 


Dr. S. F. Mason has been appointed professor of 
chemistry in the new University of East Anglia at Nor- 
wich. Dr. Mason, who is forty years of age, was educated 
at the Wyggeston Grammar School, Leicester, and 
Wadham College, Oxford; he graduated with first-class 
honours in chemistry in 1945, and obtained his M.A. and 
D.Phil. in 1947. During 1947-53 Dr. Mason was tutor in 
chemistry at Wadham College and departmental demon- 
strator in the Museum for the History of Sciences at 
Oxford; during this period he published a number of 
papers on the history of scionces and a successful book, 
A History of the Sciences, which has been translated 
into French, German and Japanese. In 1953 he was 
appointed Research Fellow in the Department of Medical 
Chemistry of the Australian National University, then 
housed in London, where he worked on tho ultra-violet 
and infra-red. spectroscopy of heterocyclic compounds. In 
1956 he was appointed lecturer in chemistry in the 
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University of Exeter, where he became & senior lecturer 
in 1961 and reader in chemical spectroscopy in 1963. 
During his time in Exeter, Dr. Mason published many 
papers in the fields of spectroscopy, and iis application 
to structural problems, and in theoretical chemistry ; 
during the past two years he has taken up the investiga- 
tion of optical rotatory power, particularly circular 
dichroism and optical rotatory dispersion, in which field, 
too, he has published a number of important papers. 
Dr. Mason will take up his new appointment on October 1. 


Water Resources of England and Wales 


A Warr Resources Board is being set up under the 
Water Resources Act, 1963, and will have the task of 
advising the Minister of Housing and Local Government 
on water policy in England and Wales. Its main practical 
tasks will be to build up comprehensive information about 
water resources and demands, to work out action necded 
to augment resources, to secure the promotion of schemes 
which it recommends and to commission and supervise 
research. The Board’s permanent offices will bo outside 
London, probably in Reading, although at the outsot it 
will operate from Government offices in London. Twenty- 
nine new river authorities, also set up under tho 1963 
Act, will supersede existing river boards and will have 
important new functions relating to the managomont of 
water resources, including a licensing control of abstrac- 
tions and impoundings of water. Statutory consultations 
about the size and composition of these authorities, which 
will have a membership of between 21 and 31, and will 
be the executive arm of the new system, are now going on. 

The following have been appointed members of the 
newly formed Water Resources Board: Chairman, Sir 
William Goode, until recently Governor and Commander- 
in-Chief, North Borneo; Deputy Chairman, Mr. A. G. 
McLellan, general manager, Sunderland and South Shields 
Water Co.; Members, Mr. R. A. Banks, until recently a 
director of Imperial Chemical Industries, Ltd.; Prof. 
H. C. Darby, professor of geography, University Collego, 
London, and until recently a member of the National 
Parks Commission; Dr. Idris Jones, a former member of 
the Welsh Advisory Water Committee and lately director- 
general of research, National Coal Board; Mr. W. A. 
Muddell, chairman of the Executive Council of the River 
Boards’ Association; Mr. N. A. F. Rowntree, consulting 
engineer (full-time director of the Board's activities). 
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The Bristol College of Science and Technology 


IN reply to & question in the House of Commons on 
June 4, Mr. Quintin Hogg, the Secretary of State for 
Education and Science, said that the Bristol College of 
Science and Technology, which is one of the ten colleges 
of advanced technology destined for university status 
following the Government’s acceptance of the recom- 
mendations of the Robbins Report, would have to move 
from its present site and buildings which it shares with 
the Bristol Technical College. Mr. Hogg said that fol- 
lowing a report from the Governors of the Bristol College 
of Science and Technology it had been decided that it 
should be moved to Bath, where a site has been made 
available for future development. Originally the plan had 
been to provide new buildings for the College in Bristol, 
but the earmarked site proved too small for the needs of 
an expanding university institution. Three alternatives 
were considered: namely, Clevedon, South Gloucester- 
shire just outside Bristol, and Bath. It was felt that the 
site at Clevedon was unsuitable because of the difficult 
contours of much of the area, and that in South Gloucester- 
shire did not offer the opportunities afforded by the Bath 
site of a close association between university and city. 


Return of Britain’s Scientists 


Iw & written answer in the House of Commons on 
June 18, the Secretary of State for Education and 
Science, Mr. Hogg, stated that most of the scientists and 
engineers who had so far returned from the United States 
and Canada in 1964 were seen by the Selection Board in 
1963, when 146 candidates were recommended. Thirty- 
seven of those interviewed were known to have returned 
so far. In 1964, the Board had recommended about 190, 
but it was too early to say how many offers of employ- 
ment would be accepted. The Board paid to candidates 
in North America their travelling expenses to and from 
the nearest place of interview and, in suitable cases, 
omploying departments and authorities would pay roturn 
fares to the United Kingdom of the successfully assigned 
candidates and their families. 


Advisory Committee on Pesticides and Other Toxic 
Chemicals 


In a written answer on June 18, Mr. Hogg stated 
that following the assurance given on March 24 by the 
Minister of Agriculture, Fisheries and Food, the Advisory 
Committee on Pesticides and Toxic Chemicals had been 
given a new title reflecting its wide responsibilities. It 
would now be known as the Advisory Committee on 
Pesticides and Other Toxic Chemicals, and its terms of 
reference had been extended to keep under review all 
risks that might arise from the use of pesticides; poten- 
tially toxic chemicals on sale to farmers for veterinary 
use and veterinary medicines prescribed for use by 
veterinary surgeons; and any other potentially toxic 
chemicals specifically referred to the Committee by 
Ministers; and to make recommendations to the Ministers 
concerned. The industrial and domestic uses of organo- 
chloric pesticides were now being reviewed. 


Schools and Society 

In a written reply in the House of Commons on June 
16, Mr. Hogg stated that following the recommendations of 
the Newsom Committee for an Inter-Departmental Work- 
ing Party to consider the general social problems, in- 
cluding education, in slum areas, an Inter-Departmental 
Committee had been established, with terms of reference 
covering these problems within a wider context. Its task 
would be to consider plans for, and results of, research 
and development work on any aspect of the general 
theme ‘‘The Schools and Society”, with the view of the 
better co-ordination of activities and the more efficient 
use of public funds and other moneys. The Home, Health 
and Education Departments for England and Wales and 
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Scotland, the Ministry of Housing and Local Government, 
the Ministry of Labour and the Department of Scientific 
and Industriel Research were represented. 


National Examinations Board in Foremanship and 

Supervision 

In a written answer on June 17, Mr. Hogg stated that 
after consultation between his Department and repre- 
sentatives of industry and the professional bodies chiefly 
concerned, including the British Institute of Management, 
a new National Examinations Board in Foremanship and 
Supervision had been set up, with as its first task considera- 
tion of the early introduction of a qualification to replace 
the presont British Institute of Management Certificate. 
The Board might introduce other qualifications in foreman- 
ship and supervision if it saw the need, and he hoped to 
see substantially increased numbers taking courses in the 
technical colleges for tho Board’s qualifications. 


A Decade of Medical Research 

In a written answer on June 17, Sir Edward Boyle gave 
the estimated Government expenditure on medical re- 
search in the past ten financial years as follows: 1954-55, 
£5-5 million; 1955-56, £6-5 million; 1956-57, £7 million; 
1957-658, £8 million; 1958-59, £9-5 million; 1959-60, 
£10-5 million; 1960-61, £12:5 million; 1961-62, £14-5 
million; 1962-63, £16 million; and 1963-64, £18-5 
million. These figures include the estimated expenditure 
of the Health Departments, the Medical Research Council, 
the General Register Office, and the Air Ministry, with 
the estimated proportion devoted to medical research 
from the general grants to universities through the 
University Grants Committee. 


U.S. Man-power Requirements in Science, Engineering 

and Technology 

UNDER the title Scientists, Engineers and Technicians 
in the 1960’s—Requirements and Supply, the National 
Science Foundation has issued a further report presenting 
the results of the second major investigation undertaken 
by the Bureau of Labour Statistics to assess these require- 
ments in tho 1960’s (NSF 34. Pp. vii+68. Washington, 
D.C.: Government Printing Office, 1964. 45 cents). In 
engineering, the demand for new personnel over the decade 
is estimated at more than 700,000, of which 165,000 repre- 
sents replacement and 550,000 new demands, while the 
number of new entrants during the period is expected to 
be about 450,000. The situation will probably be par- 
ticularly severe in the mid-1960’s. By the end of the 
1960 decade, if expenditure on the space programme 
levels off, and the number of engineering graduates 
increases more than expected, the situation may become 
somewhat less critical. Over the decade as a whole, the 
demand for engineers is expected to average about 72,000 
a year compared with the projected available supply of 
“about 45,000. In terms of numbers, the man-power 
situation in the sciences is expected to be less acute, 
though serious: the anticipated supply of 314,000 
scientists, including mathematicians, being in rough 
balance with a projected demand of 295,000 over the 
decade. This assumes that the necessary college and 
university facilities and faculties will be available to 
handle the expected almost doubled enrolments in 
science. Scientists in some fields are likely to be in short 
supply throughout the 1960’s, especially chemists, 
physicists, and medical and biological scientists and 
scientists with a Ph.D. degree. The demand for tech- 
‘nicians is expected to grow at about the same rate as 
that for scientists and engineers, and on this basis, some 
700,000 new technicians will be needed during the decade. 


Encouragement for Physics in the United States 

Tue American Association of Physics Teachers and the 
American Institute of Physics are very conscious of the 
importance of improvement of the physics teaching in 
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schools, and they have been actively engaged for some 
years in directing and assisting schools in their pro- 
grammes and in liaison between them and the national 
. organizations. The “AAPT-AIP Visiting Scientists 
Programs in Physics”, now in their fifth year, provide the 
stimulus of visits to high schools and institutions of higher 
learning and furnish valuable feed-back of information 
and recommendations concerning the chief local educa- 
tional problems in physics. The Association’s Committee 
on High School Awards recognizes ten high schools each 
year for excellence in the teaching of physics. The 
Institute's two booklets, Physics in Your High School 
and Why Should You Study Physics in High School ? 
encourage enrolment in high school physics. A purchase 
guide has been prepared to assist schools in purchasing 
equipment under the National Defense Education Act, 
and a report, entitled Modern Physics Buildings, is 
intended to contribute towards the better design of 
physics building facilities in schools and colleges. In 
order that the activities of the Association and Institute 
should have the greatest impact, the organizations havo 
established the ‘Regional Counsellor Program" in 
Physics. The regional counsellors comprise a group of 
some fifty physicists, chosen for their competence in 
physics, their interest in the improvement of physics 
teaching, and their ability to work effectively at local 
level in co-operation with school and college officials to 
improve physics teaching. A Regional Counsellor Office 
has been established at the American Institute of Physics 
within the Institute Office of Education and Manpower 
to co-ordinate and support the work of the counsellors. 
The counsellors are unpaid, but their expenses are re- 
imbursed. The Regional Office ensures that the coun- 
sellors receive proper recognition both locally and 
nationally. 


Aspects of Automation 


Automation at Low Cost is the title of & series of six 
booklets being issued during the National Productivity 
Year by the Information Division of the Department of 
Scientific and Industrial Research. The first five, dealing 
with counting and weighing, temperature and humidity, 
control of liquids, simple automation of machine tools, 
and control of processes, have already been published ; 
the sixth, Quality Control and Inspection, is in the press. 
In the earlier booklets in the series, a description is given 
of some of the methods that a manufacturer can use to 
indicate and control the conditions inside his equipment, 
for example, the temperature of a furnace, the level of a 
solution in & boiler, the humidity in a drying chamber, 
the rate of flow of liquid into a tank, or the weight of 
material being added to & mixing vessel. Booklet No. 5 
deals with processes in which several properties must be 
measured and controlled, either sequentially from stage 
to stage or simultaneously (Control of Processes. Pp. 16. 
London: Information Division, Department of Scientific 
and Industrial Research, 1963). The intention is to show 
to the small manufacturer some of the ways in which he 
can obtain the benefits of automation in his batch- 
production work, and that any capital expenditure on the 
introduction of automation would be recovered within a 
few years. 


Journal of Medical Entomology 


Vorum 1, No. 1, of a new journal entitled Journal of 
Medical Entomology made its appearance in April 1964 
(Pp. 1-118. Honolulu, Hawaii: Entomology Department, 
B. P. Bishop Museum, 1964. Published quarterly. Sub- 
scription rates: Annual subscription 10 dollars per volume 
to institutions and dealers; 7 dollars to individuals). It 
is edited by J. L. Gressitt, supported by an editorial 
committee widely distributed round the world, and will 
publish papers dealing with all phases of medical 
entomology and medical acarology, including systematics 
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of insects and mites of importance in public health and 
in veterinary medicine. Articles exceeding one page m 
length are subject to a page charge of 12.50 dollars per 
printed page. Part 1, which runs to 117 pages, is well 
printed and produced (in double columns); the con- 
tributors are just about as widely distributed geographic- 
ally as they could be; and the sixteen papers deal with 
taxonomy of mites, ticks and flies, the physiology o! 
mosquitoes, the isolation of viruses from mosquitoes and 
ticks, the incidence of filariasis, and methods for mosquito 
surveys. 


Abstracts of Papers on Radio Engineering 

Wrru the view of assisting in the general problem of 
the retrieval of scientific information, the British In- 
stitution of Radio Engineers has periodically published 
abstracts of papers which have appeared in its Journal. 
The first booklet of such abstracts was issued in 1955 
(Nature, 176, 381; 1955) and the seventh edition has 
recently become available (Abstracts of Papers published 
in the Journal of the British Institution of Radio Engineers. 
1952 to 1963 inclusive. Seventh edition. Pp. viii 4- 108. 
London: Institution of Electronic and Radio Engineers. 
1963. 10s. 6d.). This contains 885 abstracts of papers. 
articles and reports published in the Institution’s Journal 
during the twelve-year period 1952-63 inclusive. The 
abstracts are arranged according to the Universal Decimal 
Classification System with alphabetical subject and 
author indexes. Abstracts and references to reports 
of the Institution on technical and educational matters 
are included under appropriate headings, 8$ well as 
editorial articles discussing matters of general and 
scientific interest. The completion of these abstracts 
to 1963 is very appropriate, since the name of the pub- 
lishing body bas recently been changed to “The Institu- 
tion of Electronic and Radio Engineers”. This soventh 
edition of the Abstracts is bound in stiff-paper covors 
with a colour reproduction of the Institution’s armorial 
bearings. In order to avoid confusion in the published 
literature, the Journal of the Institution will retain the 
title The Radio and Electronic Engineer, which was adopted 
in January 1963. 


Blakeney Point and Scolt Head Island 


Blakeney Point and Scolt Head Island, edited by J. A. 
Steers (The National Trust, London, 1964. 5s.), is anew 
guide which replaces one published in 1952. It includes 
a description of the physical features of the area by Prof. 
Steers, who also edited the whole work. The botany and 
plant ecology were dealt with by the late Prof. F. W. 
Jane and Dr. D. J. B. White. There is an article on the 
bryophytes by Dr. E. Lodge, and on the insects, marine 
animals and mammals by Mr. E. A. Ellis. Prof. Jane also 
wrote the’ chapter on birds. The book should be 


® invaluable to visitors to these two reserves; it is also & 


useful introduction to those interested in coastal ecology 
generally. 


Mechanisms of Carcinogenesis 

“In spite of all our deficiencies in knowledge, I beliove 
we are now in prospect of a comprehensive synthesis in 
understanding of the means of action of chemical, physical, 
viral and indeed purely genetic carcinogenic influences.” 
These brave words were written recently by Prof. Alex- 
ander Haddow in his introduction to a recent issue of the 
British Medical Bulletin devoted to “Mechanisms of 
Carcinogenesis—Chemical, Physical and Viral" (20, No. 2; 
May, 1964. London: The British Council. 30s.). Similar 
statements in the past have been premature, but the 
thirteen review articles that he is introducing give Prof. 
Haddow some justification for his optimism. Because 
carcinogenic substances are so diverse they must operate 
by biochemical routes of great variety, but all the 
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agents by their devious routes appear to lead to deletions 
of genetic material with loss of the in-built controls of 
the normal cell. He feels that in time these processes 
can be elucidated with chemical precision to reveal the 
differences, on the cytogenetic and molecular levels, 
between normal and cancer cells. Chemical carcinogens 
have received most attention and there are contributions 
on the probable modes of action of the biological alkylating 
agents, the carcinogenic lactones, nitroso compounds, the 
aromatic amines, the polycyclic hydrocarbons and various 
natural and metallic substances other than the radio- 
active metals. Articles on the tumour-producing viruses 
stress the wide physical, chemical and biological differences 
among them and indicate that the mechanisms by which 
they act may be equally varied. The relevance of such 
investigations to cancer in man has acquired new 
importance from the recognition that & type of cancer 
of Africans (the Central African lymphoma, or Burkitt 
tumour) may well be caused by a virus. Other con- 
tributions deal with immunological factors in carcino- 
genesis and with radiation carcinogenesis. 


U.K. Courses in Nuclear Sciences, 1964-66 


Tas Science Department of the British Council has 
compiled List No. 8 (May 1964) of Nuclear Studies. The 
catalogue is primarily a guide for overseas students 
wishing to undertake specialized formal training in 
nuclear science in the United Kingdom. Only full-time 
courses, generally of one week or more in duration, are 
listed. Information provided includes notes on each of 
the courses and the institution at which it is held and 
also the fee and qualifications required for participa- 
tion. While most of the postgraduate courses listed 
deal solely with nuclear science, there are a few more 
general courses with a substantial content of advanced 
nuclear science. A science or engineering degree is usually 
necessary for admission, and courses for non-graduates 
deal solely with nuclear science. The List has unavoidably 
appeared too late for application to be made for many 
of the courses for the academic year 1964-65. It serves, 
however, to direct enquiries about future courses to 
appropriate institutions in time for 1965-66. Copies of 
the List and further information can be obtained from 
the Science Department, the British Council, 59 New 
Oxford Street, London, W.C.1. 


Royal Statistical Society 


AT the annual general meeting of the Royal Statistical 
Society on June 17, Mr. S. P. Chambers was elected 
president for the ensuing year. Mr. B. P. Emmett, Miss 
S. V. Cunliffe and Dr. J. A. Heady were elected honorary 
secretaries and Mr. C. T. Saunders was re-elected honorary 
treasurer. Prof. G. E. P. Box, professor of statistics in 
the University of Wisconsin, was awardod the Society’s 
Guy Medal in Silver. 


University News : Bristol 


Tue following appointments to lectureships have been 
announced: Dr. S. M. Anstis (psychology); Dr. A. P. 
Cox (physical chemistry); Dr. M. Flower (mathematics, 
with the Computer Unit); Dr. P. L. Goggin (inorganic 
chemistry); Dr. J. Malos (physies); D. H. Peregrine 
(applied mathematics); M. J. R. Shave (mathematics, 
with the Computer Unit). 


East Anglia 


Dr. S. F. Mason, reader in chemistry at the University 
of Exeter, has been appointed professor of chemistry in 
the School of Chemical Sciences. 


Leeds 


Dr. H. L. Prior, senior lecturer in mathematics, has 
been appointed as professor of mathematics. The following 
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appointments to lectureships have been made: Dr. H. 
Hassall (biochemistry); T. F. Preece (agricultural botany); 
Dr. G. H. Smith (agricultural chemistry). 


Southampton 


Pror. KENNETH MATHER, professor of genetics in the 
University of Birmingham since 1948 and FPro-Vice- 
Chancellor and Vice-Principal since 1960, has been 
appointed to succeed Dr. D. G. James on his retirement 
from the office of Vice-Chancellor of the University at the 
end of the session 1964-65. He was born in 1911 and 
was educated at Nantwich and Acton Grammar School 
end the University of Manchester. From 1934 until 1937 
he was a lecturer in the Galton Laboratory in University 
College, London, and during 1937 and 1938 he was a 
Rockefeller Research Fellow at the California Institute 
of Technology and Harvard University. From 1938 until 
1948 Prof. Mather was head of the Department of Genetics 
at the John Innes Horticultural Institution. He was a 
member of the Agricultural Research Council from 1949 
until 1954 and from 1955 until 1960. 


Announcements 


Pror. Erwin CHARGAFY, professor of biochemistry in 
Columbia University, New York, has been awarded the 
1963 Charles Léopold Mayer Prize of the Paris Academy 
of Sciences, for his work on nucleic acids. 


Mr. A. Herzxa, director of Pressurized Packaging 
Consultants, Ltd., London, has been elected president of 
the Society of Cosmetic Chemists of Great Britain for 
1964-66. 


THE third European regional conference on "Electron 
Microscopy” will be held in Prague during August 26- 
September 3. Further information ean be obtained from 
the Organizing Committee, Third European Regional Con- 
ference on Electron Microscopy, Albertov 4, Prague 2. 


A CONFERENCE on “Recent Advances in Activation 
Analysis” will be held at the University of Glasgow 
during August 27-28. Further information can be 
obtained from Dr. J. M. A. Lenihan, 9-13 West Graham 
Street, Glasgow, C.4. 


A symposium on “High-Energy Electrons”, organized 
by the European Association of Radiology, will be held 
in Montreux during September 7-10. Further informa- 
tion can be obtained from Dr. P. L. Cova, Casa di Cura 
S. Ambrogio, Via Faravalli 16, Milan. 


THE ninth international conference on “Low Tempera- 
ture Physies", sponsored by the International Union of 
Pure and Applied Physics, the Ohio State University and 
the Battelle Memorial Institute, will be held in Columbus 
during August 31-September 4. Further information can 

s be obtained from Dr. J. G. Daunt, Department of Physics, 
Ohio State University, Columbus, Ohio. 


Ax international conference on “Microwaves, Circuit 
Theory and Information Theory" will be held in Tokyo 
during September 7-11. The programme will include 
sessions on: microwave theory and techniques and elec- 
tron devices; microwave antenne and propagation; 
microwave communication systems; cireuit theory; 
information theory. Further information can be obtained 
from Dr. K. Morita, c/o The Institute of Electrical 
Communication Engineers of Japan, 2-8 Fujimicho, 
Chiyodaku, Tokyo. 


Errats. In the communication entitled ‘Enolase 
and Fluorophosphate" by Sir Rudolph Peters, M. Short- 
house and L. R. Murray, which appeared on p. 1231 of the. 
June 27 issue of Nature, for hydrolase in line 6 read hydra- 
tase; Table 1, lines 7 and 8, for FPO; read FPO; ; line 2 
of the final paragraph, for K,PO, read K,F.PO;; in 
ref. 4, for Ochos read Ochoa. 
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THE AUSTRALIAN DEFENCE 


E annual report of the Department of Supply of 
the Australian Defence Standards Laboratories, 
Maribyrnong, covering the period July 1, 1962-June 30, 
1963 *, mentions that a joint unit with the U.K. Ministry 
of Aviation has been set up to investigate the causes of 
deterioration of materials in tropical environments. 
The main laboratory for this purpose is near Innisfail, 
where ‘hot-wet’ conditions prevail, and a second laboratory 
is at Cloncurry in western Queensland, where the con- 
ditions are ‘hot-dry’. Other sites, such as the marine 
site at Clump Point near Innisfail, will be used as 
required. 

“Operation Blowdown”, planned by the Australian 
Army and the Laboratories in 1961 in order to obtain 
data for military importance concerning the effects of & 
large explosion occurring in a tropical rain forest, was 
expected to culminate in July 1963 by the explosion of 
some tens of tons of trinitrotoluene at a height of 140 ft. 
above the ground in the rain forest area at Iron Range, 
Cape York Peninsula, 320 miles north of Cairns. The 
scientific tasks undertaken by the Laboratories included: 
the assembly of the explosive charge and its detonation; 
measurements of blast wave using pressure gauges with 
high speeds of response; measurements of tree strain 
and the investigation of displacement hazards to articu- 
lated dummies representing troops; and the assessment of 
damage to the forest as a whole. 

In the Physics Division the work on the detection by 
an electron spin resonance spectrometer of the defects 
produced in polymethyl methacrylate by irradiation 
by y-rays was extended to include the effect of a red 
dye, commercially incorporated in ‘Perspex’, as used 
in radiation dosimetry. The dye does not affect the 
free radical spectrum of the substrate, but gives rise to 
an additional signal. A wide-line nuclear magnetic 
resonance spectrometer was used to make a general 
survey of the resonance of nitrogen-14 nuclei in & variety 
of compounds, including formamide and _nitrophenol. 
Cobalt complexes, irradiated beryllium oxide and reson- 
ances in oxygen, aluminium, chlorine, titanium and 
mercury were also investigated. From measurements of 
the anisotropy of the electrical conductivity of silicon for 
high electric fields at lattice temperatures of 77° K and 
300° K, the temperatures of the hot electrons in the 
normally equivalent valleys were deduced as a function * 
of the electric field. 

The electronic counting of optical interference fringes 
is regarded as a promising method for the improvement 
in high-precision measurements of length, and equipment 
of this kind for the measurement of lengths up to 2 in. 
to an accuracy of 1 in 10° has been recently installed in 
the Physics Division. It is to be used for the standard- 
ization of about 900 sets of standard gauges. A method 
for the calibration of analytical weights using the built-in 
weights of a direct-reading balance as standards has been 
developed. The uncertainty in the values obtained is 
less than the precision of the balance, and thus the applic- 
ation of the method will enable the majority of chemical 
laboratories to standardize their own analytical weights 
to a high order of accuracy. The Division has taken an 
active part in the drafting of specifications for the range 


* Commonwealth of Australia: Department ofSupply. Defence Standards 
Laboratories Annual Report, 1962-63. . 36. aribyrnong, Victoria: 
Department of Supply, Defence Standards Laboratories, 1963.) 
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of ‘Radiac’ (radiation indicating and computing) in- 
struments for use by the Australian armed services and 
civil defence organizations. The instruments include 
pocket quartz fibre dosimeters, B-y Geiger counter con- 
tamination meters, and ionization chamber survey 
meters. 

As part of the Chemistry Division’s programme of 
elucidation of the molecular structure of organic 
compounds, the nitrogen-hydrogen stretching frequencies 
in a number of primary and secondary amines and amides 
have been determined. The results indicate that the 
apparent splitting of the first overtone symmetric amine 
stretching band arises from a combination frequency 
and not, as others have suggested, from the tunnelling 
through an energy barrier or the presence of rotational 
isomers. Investigations using electron impact in a mass 
spectrometer have shown that, while B-bond cleavage is 
the principal mode of fission in both aliphatic cyanides 
and iso-cyanides, the iso-cyanides exhibited in addition 
markedly greater a-bond cleavage and hydrogen re- 
arrangement. The investigation of the effect of activ- 
ation temperature on the properties of chemically pre- 
treated brown coals has been completed. New methods 
for the determination of a number of atmospheric contam- 
inants at the maximum allowable concentration for 
continuous exposure have been developed. The investi- 
gation of various factors which could influence the oxygen 
yield in electro-deposited chromium by the Adcock 
method has shown that, for material containing oxygen 
of the order of 0-1 per cent or higher, the preliminary 
heat treatment as required by the Adcock method 
significantly reduces the yield by the vacuum fusion 
method. Research on the photo-conductivity of zine 
oxide and zinc oxide-resin mixtures has been carried 
out in order to explain phenomena associated with the 
xerographic reproduction. It has been confirmed that 
the chemisorption of oxygen on the surface of zinc oxide 
microcrystallites is an important factor in the mechanism 
of the dark and photo-conductivity of zine oxide and that 
photoconductivity decay follows an Elovitch type of 
chemisorption equation. Many other factors, includ- 
ing the temperature, pressure, and the presence of 
water vapour and gaseous ions, also affect the conduct- 
ivity. 

"The main interests of the Metallurgy Division have 
been, as formerly, the methods of processing chromium 
and chromium alloys, and measurements of their ductility, 
strength and creep; the abrasion of metals, including the 
examination of magnesium oxide particles suitable for 
metallographic polishing, and of the dislocation arrays 
produced in germanium by deformation at room temper- 
ature; and the long-term stability of nickel-base thermo- 
couple alloys. 

The annual report lists the various personnel of the 
Laboratories and their status, and gives details of the 
publications by members of the staff during the year 
under review. The staff numbered 724 on July 1, 1962, 
and 730 on June 30, 1963. Six members of the staff 
were in Great Britain for all or part of the year to gain 
experience in special aspects of their work, and the 
superintendent, Dr. F. A. Fox, visited both Great Britain 
and the United States to study present-day trends in 
defence and in the management of research and develop- 
ment organizations. S. WEINTROUS 
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THE AUCKLAND ISLANDS 


fe Auckland Islands are a small group about 200 
miles south of New Zealand. They were discovered 
by Captain Bristow in 1806 and visited by American, 
French and British expeditions in 1840; their flora was 
studied by Sir Joseph Hooker; and in the days of sailing 
ships they were the cause of many wrecks, lying as they 
did on the route between Australia and Cape Horn. 
After the opening of the Panama Canal, they wore left 
almost deserted—except for a period during the Second 
World War—until they were visited by an expedition 
from the Australian Museum during December—January, 
1962-63. A preliminary account of this expedition has 
been published in Australian Natural History (14, No. 9; 
March, 1964). 

The main Auckland Island is about 23 miles long, and 
15 miles across at its widest part, bordered by precipitous 
cliffs on the western side while providing fine inlets and 
harbours on the east. Unlike all other windswept sub- 
antarctic islands, its coastal areas are covered with a 
thick growth of gnarled, stag-headed trees, of southern 
rata (Metrosideros wmbellata), which rise to a height of 
40 ft. Below these, specimens of the Macquarie Island 
cabbage (Stilbocarpa polaris), with strong antiscorbutic 
properties, are conspicuous, although they have been 
much reduced through the introduction of sheep, goats, 
cattle and rabbits. 

Above the rata is a dense growth of scrubland veget- 
ation (chiefly Dracophyllum and Suttonia) difficult to 
penetrate, although it is interspersed with lines of tussock 
grass (Danthonia and prostrate Coprosma). Both winged 
and wingless forms of a number of Diptera and Lepid- 
optera were taken, along with semi-apterous ichneumons, 
use being made of aerial nets in the ship’s rigging. A 
new wingless cricket (Raphidophoridae) was found to be 
abundant at night. 

Along the shores a supra-littoral zone, marked by white 
lichen, was found to change abruptly into a mid-tidal 


zone of bare rock, except for scattered barnacles and 
limpets. In turn, this zone changed into a lower-tidal 
one of encrusting coralline algae and the giant kelp 
(Durvillea antarctica), to be followed by an extensive 
zone of red and brown algae in the sub-littoral. In the 
rock pools, among the cryptic fauna of small gastropods, 
fish and worms, the expedition discovered large numbers 
of the small crab Halicarcinus planatus, the only inter- 
tidal crab on any subantarctic island. A large red spider 
crab, Jacquinotia, dominated the shallow water; two 
species of nototheneid fish were taken, along with the 
large crab, Leptomithrax australis, and the edible species, 
Cancer novaezealandiae. 

Along the beaches, large numbers of Hooker’s sea lion 
(Neophoca hookeri) were observed, the sandy beach on 
Enderby Island being crowded with these animals. 
Yellow-eyed penguins (Megadyptes antipodes) and crested 
penguins (Eudyptes) were plentiful, and among the other 
birds observed were Auckland Island shags (Phalacro- 
corax campbelli colensoi), red-billed gulls (Larus novae- 
hollandiae), Antarctic terns (Sterna vittata), giant petrels 
(Macronectes giganteus), the sooty albatross (Phoebetria 
palpebrata), the southern skua (Stercorarius lonnbergi), 
prions (Pachytila desolata), diving petrels (Pelecanoides 
urinatriz), sooty shearwaters (Puffnus griseus), and 
white-headed petrels (Petrodroma lessoni) Of special 
ornithological interest were the large numbers of the 
Auckland Island flightless duck (Anas aucklandica) on 
Ocean and Ewing Islands. 

But the expedition’s most striking experience was a 
visit to a breeding colony of the southern race of the 
royal albatross (Diomedea epomophora), which is held 
to be the largest of all albatrosses, with a wing span of 
11:5 ft. and & weight of 25 Ib. This bird is known to 
nest only on Auckland and Campbell Islands, Taiaroa Head 
on, the South Island, New Zealand, and on the Chatham 
Islands east of New Zealand. 


RESEARCH INTO RESEARCH 


URING January-March a seminar was held in 
Stockholm to stimulate studies on research in social 
sciences. This seminar was arranged by the Academy of 
Engineering Sciences and supported by the Social Science 
and Technical Research Councils. Dr. Stevan Dedijer 
from the Sociological Institute of the University of Lund 
led the work. About half the thirty delegates were young 
social scientists from the universities. The others came 
from the Ministries and Research Councils, and’ from 
certain large industrial firms and research establishments. 
The seminar met in Stockholm for two days every other 
week, making a total of 10 days. During the intervals, 
each delegate worked on his individual problem. The 
programme consisted of some twenty lectures, with 
discussions. The rest of the time was devoted to dis- 
cussing the delegates’ projects and progress reports. 
Visitors from overseas who addressed the seminar 
included: Dr. Charles Kidd, head of the office for Inter- 
national Research at the U.S. National Institutes of 
Health, who spoke on “Research, Universities and the 
Government in the United States"; Dr. Stephen Toulmin 
from the Nuffield Foundation in London, who gave a 
stimulating lecture on “Science as the Focus of Academic 
Study”; Chris Freeman from the National Institute of 
Economic and Social Research in England, who reported 
his penetrating investigations into the importance of in- 
novations in the plastics industries of different countries; 


and Jean Jacques Salomon from the Secretariat of the 
Organization for Economic Co-operation and Develop- 
ment, Paris, who spoke on "Science and Foreign Affairs 
in Europe". Almost all the leading Swedish research 
administrators gave lectures to the seminar. Each aired 
his own views on activities in different areas of research 
and on the selective approach necessary in a country 
of Sweden’s size. 

Subjects which the delegates considered, and which will 
be included in the collected essays when they are published, 
are: methodological problems in connexion with research 
statistics; the Government budget process in the fields 
of university research and education; an investment 
calculus on research and development projects in Swedish 
industry; civilian utilization of results emanating from 
defence research and development in Sweden; the ageing 
of research workers; the development of the theory of 
planning of science. 

The seminar was a bold experiment, but one which, 
in retrospect, appears to have succeeded in its essential 
aims. The primary object was to pin down linguistic 
usage in connexion with research, so as to be able to 
attack clearly defined problems within various disciplines 
of the social science. A number of the investigations 
initiated by the seminar may clearly be of immediate 
relevance to Swedish research policy. The essential 
gain, however, is that young research workers have had 
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their attention directed to the vital tasks connected with 
the social relations of science. Increased knowledge is 
needed in this field in order to weigh the value of different 
research projects in the industrial countries and to build 
up a research apparatus in the developing countries. 
Social science investigations of numerous aspects of 
‘research’ were started by English scientists in the ’thirties. 
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That these studies did not lead further was duo largely 
to ideological disagreement on the planning of scienco. 
To-day the chances of success are better, but occasional 
reflexions on the vital importance of this field will not 
suffice. What is needed is much hard work by a great 
many competent persons over a prolonged period. 
SvERKER GUSTAVSSON 


ADVANCEMENT OF SCIENTIFIC EDUCATION IN SCHOOLS 


"T final report of the Industrial Fund for the 
Advancement of Scientific Education in Schools* is 
a brief record of a creditable episode in the history of 
education in the United Kingdom and Northern Ireland, 
which has now come to an end. The Fund was established 
in 1955, mainly on the initiative of Lord Weeks, Sir Alan 
Wilson, Mr. J. Oriel and Mr. G. Courtauld. Its object 
was to give a boost to the supply of scientists and tech- 
nologists. Contributions were received from 141 industrial 
concerns, and the total sum accumulated amounted to 
£3,211,035. From this sum grants amounting to £2,640,500 
were made to 210 schools for the renovation and extension 
of buildings for science teaching, and 129 schools received 
assistance for obtaining apparatus. Among the smaller 
items, a sum was set aside for the publication of a book 
on the planning and equipment of laboratories, based on 
experience acquired through the Fund; seven schools 
were given an engine test bed; and a special grant was 
allotted to Malvern College where, through aid provided 
by the Nuffield Foundation, new approaches are being 
made to the teaching of physics. Assistance was limited 
to independent and direct-grant schools for boys and 
girls, since maintained schools are the concern of the 
Government and Local Education Authorities; through- 
out the duration of the scheme interest was concentrated 
on the ‘exact’ sciences, so that the teaching of biology 
benefited only indirectly. 

In attempting to assess the success of the scheme it is 
not possible to arrive at precise conclusions because of the 
interplay of a variety of factors. But one point not 
mentioned in the report is that the Fund must have been 
a great boon to the schools concerned in a post-war period 
of economic and personal austerities. Since 1955, the 


* Report on the Industrial Fund for the Advancement of Scientific Educa- 
tion in Schools. Pp. iii--36. (Barbary, Maresfield Park, Uckfield: Sir 
Graham Savage (Chief Assessor), 1964.) 


number of sixth-form members specializing in mathe- 
matics and science has greatly expanded; it is now 
common practice for all boys to be taught some science 
before taking the Ordinary Level Examination of tho 
General Certificate of Education, and many schools have 
organized courses in science for arts specialists. 

Only in the fourteen girls’ schools which received grants 
have the results been disappointing. In them, staffing 
may have been a more difficult problem than lack of 
facilities; and apart from medicine and its associated 
services, girls and headmistresses alike do not look favour- 
ably on careers in science. Yet the few girls who do take 
science at the Advanced Level of the General Certificate 
of Education do well in it and particularly well in biology. 

Other questions are posed by the report. In some boys' 
schools the ‘‘express line" of preparation for the Ordinary 
Level Examination of the General Certificate of Educa¢ion 
is producing an increasing number of boys spending a 
third year in the sixth form, which would seem to be 
undesirable. Again, in recent years arts specialists have 
been increasing about twice as fast as specialists in science; 
in fact, recently in the larger public schools the number 
of science specialists has tended to fall, suggesting that 
science is not appealing to some of the most able boys. 
That in turn may have some relation to the limited 
amount of science being taught in preparatory schools, 
although in them there has been some improvement over 
the past few years. Finally, to the credit of the Fund it 
can be said that the standard of accommodation for 
teaching science which it provided was higher than that 
envisaged by the Ministry of Education in its Building 
Bulletin No. 2A, 1954, while the standard of equipment 
in maintained schools tontinues to give grounds for 
concern in relation to the place of science in the modern 
world and the extent to which teachers become discouraged 
and frustrated by present conditions. 


ANISOTROPY OF FRICTION IN CRYSTALS 


By Dr. F. P. BOWDEN, C.B.E., F.R.S., Rr. C. A. BROOKES and A. E. HANWELL 
Laboratory for the Physics and Chemistry of Solids, Cavendish Laboratory, University of Cambridge 


ARLIER experiments in this laboratory have shown 

that the friction of diamond is dependent on' the 
crystallographic direction of sliding!-?. With a diamond 
slider (of constant orientation) sliding at low speed on 
the cube face of a polished diamond the coefficient of 
friction was u = 0:15 when sliding in the [100] direction 
(parallel to the cube edge) and p = 0-05 in the [110] 
direction (diagonal to the cube edge). Frictional aniso- 
tropy has also been observed on other crystals, for example, 
sapphire* and copper’. 

Magnesium oxide. We have recently examined the 
frictional behaviour of single crystals of magnesium oxide. 
This is a convenient crystal since it cleaves readily on the 
(001) face to give a flat surface and the techniques for 
examination by chemical polishing, dislocation etching and 
electron microscopy are well established. With a hemi- 
spherical slider moving at low speed (0-1 mm/sec) on a 


cleaved face in air under a load of 30 g the cocfficient of 
friction was u ~ 0:2 and appreciable plastic deformation 
occurred beneath the surface of the crystal. This is illus- 
trated by Fig. 1. There are two major features revealed by 
this photo-micrograph. First, the processes of fracture 
which govern the formation of wear debris occur both on 
and beneath the surface. Secondly, slip has takon place 
predominantly on those (110) planes which intersect the 
deformed surface at 45°, although some slip on those (110) 
planes at 90° to that surface is revealed. The maximum 
shear stress, under these conditions, is at a point below 
the surface and it is from this region that the dislocation 
loops originate and multiply. Similar deformation has 
been observed under conditions of rolling friction’. 

A crystal of magnesium oxide exhibits a marked aniso- 
tropy in its mechanical properties. Measurements of 
hardness, for example, show that this is very dependent 
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Fig. 1. Cross-section of friction track on magnesium oxide crystal 
showing extensive bulk plastic deformation and sub-surface cracking 
(etched, x c. 330) 
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Fig.2. Knoop hardness as a function of crystallographic orientation on 


a magnesium oxide cleavage face 


on. crystallographic direction. The (001) face of a freshly 
cleaved magnesium oxide crystal was indented with a 
load of 500 g in a microhardness apparatus using a Knoop 
indenter. The long axis of the indentation was measured 
and the results (Fig. 2) show that the hardness of the 
crystal in the [100] direction is about half that in the 
[110] direction. In the initial friction experiments a 
magnesium oxide slider was used. The contacting surface 
for both slider and crystal was (001). Various measure- 
ments were carried out in which the crystallographic 
orientation of both slider and crystal were varied. Some 
anisotropy of friction was observed but for a flat slider 
or one with a large radius of curvature the effect was 
small and not reproducible. 

It is a convenient approximation to regard the frictional 
force F between sliding solids as being made up of two parts: 
the force required to shear the adhering junctions in the 
regions of surface contact, and the force P required to 
deform the underlying solid. We may write F = As + P, 
where A is the real area of contact, s the shear strength 
of the contact regions and P is the deformation term’. 
With an elastic solid P may be due mainly to elastic 
hysteresis loss?, but if plastic flow occurs it will represent 
the force to produce bulk deformation or to drag the 
surface irregularities through. the solid and to plough 
out a track. 

In order to determino the significance of the P term, 
friction experiments were made on magnesium oxide 
crystals using diamond sliders of different shape. When 
the diamond slider was a very wide-angled cone (> 120°) 
it was found that the friction was low (that is, y ~ 0-2 
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over a range of loads between 10 and 350 g), there was 
little surface damage and the friction was independent 
of the crystallographic direction of sliding. When cones 
of smaller angle (that is, 120°, 105°, 90° and 60°) were 
used, two distinct friction régimes were observed (Fig. 8). 
Below a critical load the behaviour was similar to that 
observed with a wide-angled cone, but above this load the 
friction and surface damage were considerably increased. 
The friction was then markedly dependent on the crystal- 
lographic orientation of the magnesium oxide crystal. 
It was much higher when sliding in the soft [100] direction 
(u = 0:55) than in the hard [110] direction (p = 0-18) 
(Fig. 4). The critical load necessary to produce this 
anisotropy was dependent to some degree on cone angle, 
decreasing with decreasing cone angle, but usually lay 
between 20-50 g. Examination of tho friction tracks made 
in the high friction régime showed that they were much 
wider and deeper in the soft [100] direction than in the 
hard [110] direction. These observations are illustrated 
by Figs. 5a and b. Our experiments show that a critical 
amount of sub-surface deformation in the magnesium 
oxide was necessary in order to give anisotropie values of 
friction, that this anisotropy is associated mainly with the 
forces necessary to plough out a track in the crystal, and 
to produce plastic deformation and cracking of the crystal 
underneath the surface. 

Diamond. Having ascertained that well:defined and 
reproducible frictional anisotropy could readily be 
observed in magnesium oxide, and that this phenomenon 
was due primarily to penetration of the surface and to 
the deformation component of the frictional force, the 
investigation was extended to diamond surfaces. 

Experiments wero carried out using the conical diamond 
sliders of the previous experiments. The lower specimen 
was a mechanically polished (001) diamond surface. The 
results in Fig. 6 show that, as with magnesium oxide, the 
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conical slider on a (001) magnesium oxide surface. Anisotropy is only 
observed in the high friction régime 
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Fig. 4. Relationship between crystallographic direction and sliding 
friction for & sharp conical slider on (001) magnesium oxide surface 
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Fig. 5. Damage caused on (001) magnesium oxide by sliding in: 
(a) high-friction [100] direction; (b)low-frietion [110] direction. Direc- 
tion of sliding right to left ( x 400) 


amount of frictional anisotropy on this cube face increases 
with the sharpness of the conical slider. For example, 
using & 60° cone the friction increased by a factor of 3 
when changing from a [110] direction of sliding to [100]. 
and this factor is in agreement with earlier work?)’. 
However, when using & blunter cone (170°) tho anisotropy 
in friction was only just detectable. A.t the load used in 
these experiments (130 g) no apparent damage could be 
detected by optical microscopy. In order to compare 
the deformation in tho high and low friction directions, 
the experiments were repeated at a load which was suffi- 
cient to cause permanent damage to the diamond surface 
(350 g). The frictional anisotropy was similar to that 
observed at the lower load and the subsequent damage 
to the diamond cubo surface is shown in Figs. 7a and b. 
When sliding in the high friction direction [100] consider- 
able cracking was observed and, using the optical micro- 
scope, the track depth was estimated as about 4p. Tho 
low-friction direction [110] produced less damage and this 
was very suporficial. If a ‘flat’ diamond with a rough 
surface were used as a slider, it behaved in a manner 
similar to a sharp cone and showed the typical anisotropy 
of friction and of damage. These observations indicato 
that, as in the magnesium oxide experiments, the high 
friction directions are those allowing the deepest penotra- 
tion by the slider (or the surface irregularities on it) and 
maximum deformation and cracking of the bulk crystal. 

These experiments were carried out in air so that the 
crystal surfaces are contaminated by adsorbed gas. Wo 
have also measured the friction of diamond sliding on 
itself and of magnesium oxide sliding on itself in very high 
vacuo (about 10-49 torr) so that the surfaces are clean’. 
With both crystals the friction under these conditions 
risos to a high value u > I and the abrasion and sub- 
surface cracking are greatly increased. 

Abrasion of the crystals. Frictional forces play a major 
part in the abrasion of brittle solids so that we may expect 
the abrasion to be greatest in the direction where the fric- 
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tion is & maximum. With both magnesium oxide and with 
diamond sliding in air the high friction direction corre- 
sponds to the direction of greatest surface penetration and 
sub-surface damage. Magnesium oxide is brittlo compared 
with a metal but it is, of course, capable of marked plastic 
deformation (Fig. 1). It is apparent that tho frictional 
stresses produce brittle fracture due both to easy cleavage 
on the {100} and to dislocation interaction on tho (116). 
The relative extent of these will, of course, depend on 
external conditions such as the temperature of the crystal 
and the speed of sliding. If the erystal is heated, either 
by an outside source or by friction, the deformation may 
become essentially plastic. The effect has already been 
observed with titanium carbide crystals!?. 

We may expect that similar general conclusions will 
apply to diamond, but becuuse of the different crystal- 
lographie properties and because plastic deformation 
(if it occurs at all) is very small thore will be marked 
differences in the behaviour. However, we seo again that 
sliding in the high-friction direction produced tho greatest 
crystallographic cracking and abrasion of the surface. und 
this is accompanied by the doeper penetration of the 
surface by the slider or by the irregularities on it. 

A standard method of abrading or ‘polishing’ # diamond 
surface is to rub it against a cast-iron lap (or ‘scaife’) 
impregnated with diamond dust. The rubbing speed 
may be about 10 m/sec. It is well known that certain 
directions along the cube face and dodecahedron surface 
are easier to abrade than others. (These directions would 
correspond to our high-friction directions.) "TolkowsRy" 
explained this anisotropy of polishing as being duc fo a 
mechanical fragmentation of the diamond. He suggested 
that the abrasion was due to the removal of octahedral 
and tetrahedral fragments bounded by the {111} cleavage 
planes. From geometric conclusions, therefore, a blow in 
a [100] direction from an abrasive particle would be more 
effective in removing a fragment than one in a [110] 
direction. More recently, Wilks and Wilks!? have devel- 
oped this farther, have confirmed the anisotropy of 
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of sliding for various diamond sliders on a (001) diamond surface. The 
degree of anisotropy increases with the sharpness of the conica) slicer 
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Fig. 7. Friction tracks on (001) diamond surface. 
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abrasion and have shown that the wear on a surface a 
few degrees off the cube face of diamond was greatly 
altered when the direction of rubbing was reversed. 

If high sliding speeds are used, other wear mechanisms 
may prevail Laboratory experiments carried out ab 
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speeds up to 800 m/sec!*"5 show that large amounts of 
amorphous carbon are produced. At these great speeds 
the surface temperature of the diamond reaches a high 
value so that the surface of diamond is transformed to 
carbon and is removed in this way. This transformation 
of the diamond surface to carbon occurs readily at 
temperatures of 1,200? C (refs. 15-17). Amorphous carbon 
has been observed at rubbing speeds of a few m/sec. 
The mechanisms of abrasion of the diamond will therefore 
depend on the experimental conditions and, in particular, 
on the speed of sliding. Under the low-speed conditions 
described in this paper the abrasion is primarily due to 
crystallographic cleavage and deformation, and this is 
greatest in the direction which corresponds to the greatest 
penetration and friction. 

We thank Industrial Distributors, Ltd., for the diamonds 
and for a grant to the Laboratory; Owens, Illinois, for a 
fellowship to one of us (C. A. B.); and 8. Smith and Sons 
(England), Ltd., for support of another author (A. E. H.). 

Note added in proof. .Since writing this wè have seen an 
account of experiments on the friction of crystals by Steijn 
(Wear, 7, No. 1; 1964) which also provides some evidence 
that the anisotropy of friction is associated with the 
ploughing term. i 
* Kenyon, D. M., cited by Bowden, F. P., J. Inst. Petroleum, 40, 98 (1954). 
2 Seal, M., Proc. Roy. Soc., A, 248, 379 (1958). 


* Bowden, TF. P., and Tabor, D., The Friction and Lubrication of Solids, 
Part II (Oxf. Univ. Press, 1964). 


* Steijn, R. P., J. App. Phys., 32, 1951 (1961). 


^ Bailey, J. M., and Gwathmey, A. T., No. 01—LC.4 ASLE/ASME Lubrica- 
tion Conf., Chicago (1961). 


* Amateau, M. F., and Spretnak, J. W., J. App. Phys., 34, 2340 (1968). 


* Bowden, F. P., and Tabor, D., The Friction and Lubrication of Solids, 
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STRUCTURE AND CATALYTIC ACTIVITY OF ALCOHOL DEHYDROGENASES 
By Dr. IEUAN HARRIS 


Medical Research Council Laboratory of Molecular Biology, University Postgraduate Medical School, 
Hills Road, Cambridge 


LCOHOL dehydrogenase (ADH) eatalysos the final 

Step in the anaerobie fermentation of glucose to 
ethanol in yeast. It participates in a coupled enzyme 
reaction involving glyceraldehyde 3-phosphate dehydro- 
genase (GPDH) in which the reduced coenzyme NADH 
formed during the oxidation and phosphorylation of 
glyceraldehyde 3-phosphate is transferred to yeast aleohol 
dehydrogenase for the enzyme catalysed reduction of 
acetaldehyde to ethanol. 

There is considerable evidence for the participation of 
sulphydryl (SH) groups in reactions catalysed by glycer- 
aldehyde 3-phosphate and alcohol dehydrogenases (for 
references, see reviews by Velick and Furfine! and Sund 
and Theorell?), and the inhibition of alcoholic fermentation 
in yeast and of glycolysis in muscle by halogen acetic 
acids was attributed to the specific inactivation of an 
SH enzyme?-5 even before the enzyme involved, namely, 
glyceraldehyde 3-phosphate dehydrogenase, was isoleted 
and characterized. 

The inhibition of GPDH by halogenacetie acids led to 
the use of iodoacetic-1[1:C] acid for the specific labelling 


of the catalytic sites in the enzyme, and to the chemical 

* identification of these active sites as the SH. groups of 
four cysteine residues in the primary structure of the 
enzyme protein. Moreover, the isolation of a unique 
octadecapeptide fragment containing 1['*C]S-earboxy- 
methylcysteine (4CMCys) from a trypsin digest of the 
enzyme-inhibitor compound showed that all the reactive 
sites were identical and that each molecule of active 
enzyme (assuming a molecular weight of 140,000) was 
composed of four similar, if not identical, polypeptide 
chains each with a molecular weight of 35,000—36,000 
(refs. 6-8). The active enzyme may thus be pictured as 
an assembly of four polypeptide chains held together by 
non-covalent bonds to form a quaternary ‘superstructure’ 
within which each individual chain possesses the tertiary 
structure which is necessary for the manifestation of 
catalytic activity. 

Similar methods have now been applied to an investi- 
gation of alcohol dehydrogenases from yeast and from 
mammalian (horse) liver. The aim of this investigation 
has been to identify the chemical nature of the reactive 
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sites and to determine the sequence of amino-  i' 
acids around these reactive sites in the 
primary structure of the enzyme proteins; 
to correlate the number of reactive sites with 
the number and chemical nature of the 
protein chains in the two alcohol dehydro- 
genases, and to compare the amino-acid 
sequences around the reactive sites in alcohol ' 
dehydrogenases with the corresponding 
sequences in glyceraldehyde 3-phosphate . 
dehydrogenases from yeast and mammalian 
muscle. f 

Alcohol dehydrogenases have been isol- 
ated as pure crystalline proteins from 
yeast and from horse liver (for review, see Sund and 
Theorell?). Some of the properties of the two enzymes 
are given in Table l. Yeast alcohol dehydrogenase 
bas & molecular weight of 150,000 (ref. 9). The active 
enzyme contains four moles of NAD (ref. 9), four 
atoms of zinc!!! and approximately 36 free SH groups?*. 
The horse liver enzyme, on the other hand, appears to be 
approximately half the size of the yeast enzyme and its 
molecular weight has been reported to be between 73,000 
(ref. 13) and 84,000 (ref. 14); the active enzyme contains 
two binding sites for NAD (ref. 14), two atoms of zinc!5 
and from 24 to 28 free SH groups!*. The yeast’? and 
liver!® enzymes are both inhibited by iodoacetie acid, 
but in contrast to glyceraldehyde 3-phosphate dehydro- 
genases inactivation of the alcohol dehydrogenases does 
not occur in the presence of coenzyme (NADH). 


Table 1. PROPERTIES OF YEAST ALCOHOL (YADH) AND Horse LIVER 
ALCOHOL (LADH) DEHYDROGENASES 


Enzyme properties YADH LADH 
Molecular weight 150,000 73,000—84,000 
Bound NAD/NADH/mole 4 2 
Bound zinc (g atoms/mole) 4 2 
Total SH groups 36 24-28 

4 2 


Essential SH groups 


Yeast Alcohol Dehydrogenase (YADH) 


Reaction with 4odoacetic-1[40] acid. The enzyme (C. F. 
Boehringer and Soehne, Mannheim) was dissolved in 
0-05 M phosphate buffer (pH 7-5), containing 0-01 M 
mercaptoethanol, kept at 20° for 1 h, and dialysed against 
0-05 M phosphate at pH 7-5 and 4? for 24h. The enzyme 
solution (10 mL, containing 15 mg/ml.; 1 mole) was 
incubated with iodoacetic-1[4C] acid (2-7 mg; 15 y moles) 
for 8 h at 4°; under these conditions the enzyme lost 
more than 95 per cent of its activity. Mercaptoethanol 
(10 ul.) was added to react with excess iodoacotio-1['!C] 
acid; the enzyme-inhibitor compound was then reacted, 
with an excess of non-radioactive iodoacetic acid in the 
presence of 8 M. urea for 2 h at 25°, after which the 
reaction mixture was dialysed against several changes of 
hydrochloric acid at pH 3. The carboxymethylated 
enzyme was digested with trypsin (1 per cent trypsin, at 
pH 8-0 and 25° for 2 h) and the soluble digest was found 
to contain 3:8—4-4 moles of carbon-14 per mole (150,000g) 
of enzyme protein. 
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Fig. 1.  Autoradiograph of peptides containing carbon-14 produced by trypsin 
hydrolysis of the iodoacetic 1[*C] acid derivative of yeast alcohol dehydrogenase. 


Ionophoresis in pyridine-acetic acid buffer at pH 6-5 


Isolation and. structure of peptides containing carbon-14. 
In order to purify the radioactive peptide(s) à preliminary 
fractionation of the trypsin digest of the carboxymethyl- 
ated enzyme was carried out on a column of ‘Sephadex’ 
(90 x 1-5 em, G-25 grade); the column was developed 
with N/20 ammonia and the radioactive component 
(fraction TS), which emerged as a single peak. was 
recovered by freeze-drying. Fraction TS was next sub- 
mitted to ionophoresis on paper (Whatman No. 3) in 
pyridine-acetic acid buffer at pH 6:5; the distribution 
of radioactivity was revealed by autoradiography and, 
as shown in Fig. 1, most of the carbon-14 (85-90 per cent 
of the [4C] introduced into the enzyme protein) was found 
to be associated with the peptide fraction (TSI) which 
was ‘neutral’ at pH 6-5. At pH 6-2 the radioactive peptide 
(TS1) proved to be slightly ‘basic’ (that is, it migrated 
to the cathode side of the other non-radioactive ‘neutral’ 
peptides), and it was obtained in pure form by successive 
ionophoresis of fraction TS at pH’s of 6-5 and 6:2, 
respectively. 

Amino-acid composition and sequence of TSI. The 
acid hydrolysate of TS1 was submitted to amino-acid 
analysis and the following composition was obtained: 
“CMCys (1), Asp (2), Thr (2), Ser (1), Pro (2), Gly (2), 
Ala (1), Val (1), Leu (2), Tyr (1), His (3), Lys (1); in 
addition, the unhydrolysed peptide gave a positive 
Ehrlich test, indicating that it contained at least one 
residue of tryptophan. 

In order to determine the amino-acid sequence of TS1 
a sample (1 umole containing approximately 10° counts 
of [4C]) was submitted to partial hydrolysis with chymo- 
trypsin. A total of five peptide fragments was isolated 
by ionophoresis on paper at pH 6-5; the amino-acid 
compositions and end-groups of these peptides were 
determined and the partial structure of TS1 was estab- 
lished, as shown in Table 2. Peptide TS1 was thus shown 
to contain two residues of tryptophan and a total of 21 
amino-acids. 

The sequence around the radioactive ‘label’ was estab- 
lished by digesting peptide TS1 : Cl with subtilisin; the 
results of this experiment are summarized in Tablo 3. 
The sequence of peptide TS1:C3 was investigated by 
stepwise degradation from the N-terminal position by the 
‘Dansyl-Edman’ method as described by Gray and 
Hartley’, and by partial acid hydrolysis. In this manner 
the sequence His.Gly.Asp.Try.Pro.Leu.Pro.Lhr.Liys was 
obtained; the sequence in positions 16—20 could not 
be rigorously established by these methods and must 
therefore be regarded as provisional. 


Table2. ANMINO-ACID COMPOSITION AND PARTIAL SEQUENCE OF PEPTIDES PRODUCED BY PARTIAL HYDROLYSIS OF PEPTIDE TS1 (YADH) WITH CHYMOTRYPSIN 


1His.(Gly Asp Try Pro Leu Pro Thr).Lys** 


Peptide 2 Amino-acid composition 
TS1: C1 TTyr.(Ser Gly Val Cys His Thr Asp).Leu** 
C1a TSer.(Gly Val Cys His Thr Asp).Leu** 
* 

o TXyr.Ser.(Gly Val Cys His Thr Asp).Leu.His.Ala.Try * * 

C4 THis.Ala.Try** 
Partial 
sequence 


* 1-[140] S-carboxymethylcysteine. 
carboxypeptidase. | Indicates bonds susceptible to chymotrypsin. 


t N-terminal determined by ‘Dansyl’ procedure (Gray and Hartley) (ref. 19). 


l * l 1 
E dues ud Mal Cys ais Tor AUR pou. Ais Ala. Try- EAE TOM Asp Try Pro Leu Pro Thr).Lys 


10 11 12 13 14 15 16 17 18 19 20 21 
** C-terminal; releascd by 
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Table 3. AMINO-AOID SEQUENOE OF PEPTIDE TS1:C1 ISOLATED FROM 
YEAST ALCOHOL DEHYDROGENASE FOLLOWING ITS REACTION WITH IODO- 
AORTIO-1[*C] ACID 

Amino-acid composition and sequence 


. 
Tyr.Ser.Gly.Val.Cys 
IT ror QU Val x 


Peptide 
TS1:C1:Su1 
Su 3 


Su 4 Cys His 
* 
$u 2 1Cys.His.Thr.Asp.Leu 
Su 5 THis.Thr.Asp.Leu 
M XH D 
Sequence: Tyr.Ser.Gly.Val.Cys.His.Thr.Asp.Leu 


128 
* J['*0] S-carboxymethyleysteine, 
HE determined by ‘Dansyl-Edman’ procedure according to Gray 
an 


Hartley (ref. 19). 
| Indicate bonds split by subtilisin (Su). 


4 5 6 7 8 9 


From the results summarized in Tables 2 and 3 the 
amino-acid sequence of peptide TS1 from yeast alcohol 
dehydrogenase is establishod to be: 


Tyr.Ser.Gly.Val.“CMCys.His.Thr.Asp.Leu.His.Ala.Try. 
12 3 4 5 6 7 8 9 10 11 12 


His.Gly.Asp.Try.Pro.Leu.Pro.Thr.Lys. 
18 14 18 16 17 18 19 20 21 


Structure of yeast alcohol dehydrogenase. The inhibition 
of yeast alcohol dehydrogenase by iodoacetie acid has 
been shown to be due to a specific reaction with four 
residues of cysteine per mole (150,000g) of enzyme. The 
product of the reaction has been identified as S-carboxy- 
methyleysteine and the replacement of the SH group by 
the S-carboxymethyl side-chain presumably leads to a 
conformational change in the tertiary structure which 
interferes with the spatial orientation of substrate and/or 
coenzyme molecules at the ‘active centre’ of the enzyme. 

The identity of sequence around the four reactive 
cysteines shows that each molecule of active enzyme 
contains four identical reactive sites, and that in all 
probability it consists of four identical protein chains. If 
the results of amino-acid analysis are expressed on this 
basis, the following amino-acid composition may be 
derived for the protein monomer in YADH; Asp (29), 
Thr (16), Ser (22), Glu (32), Pro (14), Gly (40), Ala (34), 
Val (32), Met (6), Ile (19), Leu (25), Tyr (14), Phe (8), 
Try (6), Cys (8), Lys (24), His (10), Arg (8). This com- 
position corresponds to a total of 346 amino-acids and to 
a molecular weight of approximately 36,000. 

The total number of unique peptide fragments present 
in a trypsin digest of the carboxymethylated enzyme 
(approximately 30, as judged by inspection of peptide 
maps obtained by the fractionation of the peptide mixture 
by successive ionophoresis at pH’s of 6-5 and 3-5, followed 
by chromatography in n-butanol-acetic acid—pyridine— 
water as a ‘third dimension’) agrees well with the maximum 
number of peptides to be expected from the number (33) 
of trypsin sensitive bonds (that is, bonds involving the 
carboxyl groups of the lysine and arginine residues) 
present in the protein monomer. 

On this basis each individual chain contains one 
reactive SH group and, by binding one atom of zine and 
one mole of NAD/NADH, is presumably capable of 
forming an independent ‘active centre’ within the 
quaternary structure of the active tetramer of molecular 
weight 150,000. 

Kägi and Vallee"! have already shown that removal of 
zine from YADH with o-phenanthroline causes the dis- 
sociation of the enzyme into inactive sub-units with a 
molecular weight of 36,000 as determined by physico- 
chemical methods. On this basis the empirical formula 
of the enzyme was represented as [(YADH), Zn,] (NAD),. 
The chemical results which I have described are in com- 
plete accord with this view and show in addition that the 
four sub-units are chemically identical. Removal of zine 
and the accompanying dissociation of the enzyme into 
sub-units in the presence of chelating agents does not 
occur in the presence of NADH; the coenzyme also 


NATURE 


July A, 1964 VoL. 203 


protects the reactive cysteines against reaction with iodo- 
acetic acid". These results suggest that zinc atoms are 
involved in maintaining the quaternary structure, and 
that in conjunction with the reactive cysteines they may 
also be concerned with the binding of substrate and/or 
NAD at each of the ‘active centres’ in the active tetramer. 
The chemical nature of the other side-chains which are 
brought into juxtaposition at the ‘active centre’ remains 
to be established. Zinc and NAD are believed to be 
attached at, or near to, the reactive SH group”), and in 
this connexion the presence of two histidines in close 
proximity to the reactive cysteines in the primary struc- 
ture could well provide additional ligand groups for binding 
zine and/or NAD to the enzyme. 


Liver Alcohol Dehydrogenase (LADH) 


Reaction with iodoacetic-1[*C] acid. The liver enzyme 
(C. F. Boehringer and Soehne, Mannheim) was dissolved 
in 0-1 M phosphate buffer (pH. 7-5) containing 0:01 M 
mercaptoethanol, kept at 20° for 1 h and dialysed against 
0:05 M. phosphate at pH. 7-5 and 4° for 24h. The enzyme 
solution (8 ml. containing 10 mg/ml.; 1 umole) was 
incubated with iodoacetic-1[4C] acid (1:8 mg; 10 
umoles) for 12 h at 4°. The inactive enzyme-inhibitor 
compound was then reacted with an excess of non- 
radioactive iodoacetic acid in 8 M urea at 25? for 2h 
and the carboxymethylated enzyme was recovered by 
dialysis against hydrochloric acid at pH 3. A sample 
portion (20 mg) was digested with trypsin (1 per cent 
trypsin, pH 8-0, 25° for 2 h) and was found to contain 
1:8 moles of carbon-14 per mole (73,000g) of enzyme 
protein in agreement with the results obtained by Li and 
Vallee!*; in a separate experiment another sample (40 mg) 
of the carboxymethylated enzyme was digested with 
chymotrypsin (1 per cent chymotrypsin, pH 8:0, 25? for 
2 h). 

Isolation of peptides containing carbon-14. The trypsin 
and chymotrypsin digests of the carboxymethylated 
enzyme were fractionated on a column of ‘Sephadex’ 
(90 x 1:5 cm, G-25); the radioactive components (frac- 
tions TS and CS, respectively) were submitted to iono- 
phoresis on paper (Whatman No. 3) in pyridino-acetie 
acid buffer at pH 6-5, and the distribution of radioactive 
peptides was revealed by autoradiography. Most of the 
carbon-14 in the trypsin digest (80-90 per cent) was 
found in the peptide fraction (TS1), which was ‘neutral’ 
at pH. 6-5. In the corresponding chymotrypsin digest the 
earbon-14 was found to be associated with tho two acidic 
peptide fractions; 80-85 per cent was in fraction CS1 
and the remaining 15-20 per cent in fraction CS2 (Fig. 2). 
(Note added in proof. The structure of peptide TSI from 
144CM-LADH has now been shown to be Met.Val.Ala.Thr. 
Gly.Tle.“CMCys.Arg. T. K. Li and D. E. Drum (Fed. 

, Proc. Abst., No. 1934; 1964) report that the peptide which 
they have isolated from a trypsin digest of “CM-LADH 
contains Lys, Arg, Cys, Asp, Thr, Ser, Glu, Gly, Ala, Val, 
Tle.) 

Peptide TSI was heavily contaminated with other 
‘neutral’ non-radioactive peptides, and in order to 
facilitate the purification of the radioactive moiety the 
mixture of ‘neutral’ peptides was digested further with 
chymotrypsin; the radioactive peptide (TS1 : C1), which 
was also ‘neutral’ at pH. 6-5, was obtained in pure form 
by successive ionophoreses on paper at pH’s of 6-5, 3-5 and 

' 1-9. Peptides CS1 and CS2 were purified in a similar way. 

Amino-acid composition and sequence of peptides con- 
taining carbon-14. The acid hydrolysates of peptides 
TS1:Cl, CSI and CS2 were analysed for constituent 
amino-acids and were found to have the following com- 
positions: TS1:C1: MCMCys (1) Gly (1) Ile (1) Arg(1); 
CS1: "CMOys (1) Asp (2) Thr (2) Ser (2) Gly (2) Ala (1) 
Val (2) Leu (1) Ile (1) His (1) Arg (1); C82: *CMOys (1) 
Asp (2) Thr (1) Ser (2) Gly (2) Val (1) Leu (1) Ile (1) 
His (1) Arg (1). 
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Fig. 2. Autoradiograph of 
and chymotrypsin (C) hydro. 


When peptide CS1 was digested with trypsin it was 
` split into two fragments: a ‘neutral’ radioactive peptide 
CS1:T1, containing *CMCys (1) Thr (1) Gly (1) Ale (1) 
Val (1) Ile (1) Arg (1), and an acidic non-radioactive 
peptide CS1:T2, containing Asp (2) Thr (1) Ser (2) 
Gly (1) Val (1) Leu (1) His (1). In a similar manner 
peptide CS2 was split by trypsin to give CS2: T1, which 
was identical with TS1:Cl, and C82: T2, which was 
identical with CS1 : Ts. 

The amino-acid sequences of these peptides were estab- 
lished. by the ‘Dansyl-Edman’ procedure, as described by 
Gray and Hartley*®. For example, peptides C81 : T1 and 
C81: T2 (0-1 umole) were each degraded in a stepwise 
manner, and the N-terminal amino-acids formed at each 
successive step were identified as their dimethylamino- 
naphthalene-sulphonyl (‘dansyl’) derivatives by iono- 
phoresis on paper at pH 4:4. The results obtained are 
summarized in Table 4. 

Structure of horse liver alcohol dehydrogenase. The 
major radioactive peptides present in trypsin and chymo- 
trypsin digests of the enzyme-inhibitor compound are 
clearly derived from the same unique sequence of amino- 
acids. The two reactive sites are identified as the SH 
groups of two cysteinos and these are shown to occur 
in the same sequence in the primary structure of the 
enzyme protein. These results show that liver alcohol 
dehydrogenase contains two siructurally equivalent 
active sites and that in all probability the active enzyme 
consists of two identical polypeptide chains each with a 
molecular weight of approximately 36,000 (assuming the 
lower molecular weight of 73,000 (ref. 13) for the active 
dimer). By analogy with the yeast enzyme each chain 
contains a reactive SH group which, in conjunction with 
zinc and other, as yet unidentified, amino-acid side- 
chains, appears to be involved in the binding of substrate 
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eptides containing carbon-14 produced by trypsin (T) 
ysis of the iodoacetic 1[1C] acid derivative of horse liver 
alcohol dehydrogenase. Lonophoresis in pyridine-acetic acid buffer at pH 6-6 
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i and/or NAD/NADH to each of the two 
‘active centres’ within the quaternary 
structure of the active dimer. 


Comparative Structures of 
Dehydrogenases 


The amino-acid sequences around the 
reactive cysteines in yeast and horse liver 
| alcohol dehydrogenases, together with the 
' corresponding sequences in glyceraldehyde 

3-phosphate dehydrogenases from yeast 

and mammalian muscle, are compared in 

Table 5. In marked contrast to GPDH'S, in 

which the sequences are identical, significant 
differences in sequence are found to occur between alcohol 
dehydrogenases of yeast and mammalian origin. Of 
particular interest is the replacement of the histidine 
residue (position 7) which occurs adjacent to the reactive 
cysteine in the yeast enzyme, by arginine in the horse 
liver enzyme; the histidine (position 11), five residues 
away from the reactive cysteine, occurs in the same 
relative position in both enzymes. If the residues in 
positions 6, 7 and 11 in the sequence (that is, cysteine, 
histidine/or arginine, and histidine, respectively) are 
indeed. involved in the binding of zinc, then this replace- 
‘ment of histidine by arginine could well account for 
the observed differences! in the zine-binding properties 
of the two enzymes. 

Mutations which have led to alterations in sequenge in 
the immediate neighbourhood of the reactive cysteines 
(that is, positions 3-9, Table 5) have clearly involved the 
replacement of @ given amino-acid by another chemically 
related one; thus serine, valine and threonine in the yeast 
enzyme have been replaced by threonine, isoleucine and 
serine, respectively, in the liver enzyme. Outside this 
heptapeptide segment of the chain (that is, positions 1-2 
and 10-16, but with the exception of histidine in position 
11) the sequences appear to be entirely unrelated. It may 
therefore be inferred that the amino-acid side-chains in 
close proximity to the reactive cysteines in the primary 
structure cannot be altered to any appreciable extent 
without at the same time affecting the tertiary structure 
which is essential for maintaining the structural integrity 
of the ‘active centre’ in alcohol dehydrogenases. 

Although yeast and liver alcohol dehydrogenases 
catalyse the same reaction, namely, the reversible oxida- 
tion and reduction of alcohols to the corresponding 
aldehydes (or ketones) in the presence of NAD/NADH. 
the two enzyme proteins differ considerably in amino-acid 


Table 4. AMINO-AO0ID SEQUENCE OF PEPTIDES ISOLATED FROM HORSE Das ALCOHOL DEHYDROGENASE FOLLOWING ITS REACTION WITH IODOACETIC-1(*C) 
oD 


Peptide M Amino-acid sequence 
TS1 : C1 1G1y.Ile.Oys.Arg 
C82: T1 TGIy.Ile.Cys.Arg 
C82: T2 7Ser.Asp.Asp.His.Val.Thr.Ser.Gly.Leu 
C82 Gly.Ile.Cys.Arg.Ser-Asp.Asp. His.Val.Thr.Ser.Gly.Leu 
CS1:T1 1Val.Ala.Thr. Gly.Ile.Cys.Arg 
C81: T2 TSer.Asp.Asp.Hts.Val.Thr.Ser.GIy.Leu 
C Cc : T 1c 
i 
Sequence Val.Ala.Thr. Gly.Ile.Cys.Arg.Ser. Asp. Asp.His.Val.Thr.Ser.Gly.Leu 
of CS1 1 2 8 4 5 6 78 9 10P 1i 12 18 14 1 16 


* 3-(4C) S-carboxymethyleysteine. 


1 Sequences determined by ‘Dansyl-Edman’ method (Gray and Hartley, 1963). 


| Peptide bonds split by ehymotrypsin (C) and trypsin (T). 


Table 5. COMPARISON OF AMINO-ACID SEQUENCES AROUND THE REACTIVE CYSTEINES (*) IN GLYCERALDEHYDE 8-PHOSPHATE DEHYDROGENASES (1), HORSE 
LIVER ALCOHOL DEHYDROGENASE (2) AND YEAST ALCOHOL DEHYDROGENASE (3) 
(1) --- Val.Ser. Asn.Ala.Ser. Cys.'Thr.Thr.Asn. Cys. Leu. Ala. Pro. Leu. Ala. Lys --— 
(2) --- Val.Ala. |Thr.Gly.Ile. Cys.Arg-Ser.Asp.| Asp. |His. |Val.Thr. Ser/Gly.Leu --- 
(3) --- [Etny Ser.Gly.Val.Cys.His.Thr.Asp. Leu. |His. |Ala.Try. His. Gly.Asp ~~~ 





1 2 10 | 11/12 13 14 15 16 
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composition and molecular weight. The yeast enzyme is 
a tetramer with a molecular weight of 150,000, while the 
liver enzyme is a dimer with a molecular weight of 
73,000-84,000; the former dissociates into sub-units in 
the presence of metal chelating agents such as o-phen- 
anthroline, while the latter does not!i, The two enzymes 
also differ in their substrate and co-enzyme specifications; 
for example, YADH reacts more rapidly with ethanol 
than with higher alcohols, whereas LADH has a broader 
specificity, and acts on long-chain primary alcohols such 
as vitamin A. Thus, although the two enzymes catalyse 
the same basic chemical reaction, the overall pattern of 
metabolic events in liver is very different from tho process 
of alcoholic fermentation in yeast. This difference in the 
biochemical environment and function of the two alcohol 
dehydrogenases is much more marked than is the case 
with the glyceraldehyde 3-phosphate dehydrogenases of 
yeast and mammalian muscle; and the extent of this 
biochemical adaptation seems to be reflected in the cor- 
respondingly greater chemical changes which have 
occurred in alcohol dehydrogenases during the evolu- 
tionary development of the respective enzyme pro- 
teins. 

In spite of the considerable differences in overall 
chemical composition and structure which exist between 
the two alcohol dehydrogenase proteins the fundamental 
structural unit consists in each case of a protein chain 
with a molecular weight of about 36,000; this structural 
unit binds NAD/NADH and zinc and contains a reactive 
SH «group in a sequence which, although changed, has 
changed in such a way as to preserve a very similar 
sequence of amino-acids in the immediate vicinity of the 
reactive cysteines in the two enzymes. 

In this respect alcohol dehydrogenases resemble the 
glyceraldehyde 3-phosphate*-5, and lactio?"?!, dehydro- 
genases, which have also been shown to consist of sub- 
units with a molecular weight of 35,000-36,000. In 
glyceraldehyde 3-phosphate and alcohol dehydrogenases 
the protein chains in each individual enzyme appear to 
be identical; lactic dehydrogenases, on the other hand, 
exist in the form of isoenzymes consisting either of four 
identical chains or of different proportions of two dis- 
similar chains. 
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An examination of enzyme-substrate and enzyme- 
inhibitor compounds by methods of structural organic 
chemistry has led to the characterization of the protein 
sub-units in dehydrogenases of the glycolytic cycle. In 
terms of their chemical morphology dehydrogenases 
appear to resemble the hemoglobins®, and ono may hope 
that future chemical and X-ray crystallographic investi- 
gations will lead to the elucidation of the amino-acid 
sequences, and of the folded three-dimensional structures 
of their constituent polypeptide chains. Only when this 
has been achieved will it become possible to provide a 
chemical basis for their catalytic properties. One may 
also look forward to tracing the evolutionary development 
and biochemical adaptation of these enzymes in terms of 
their chemical structures, and to the discovery of struc- 
tural interrelationships between enzymes which couple 
together to promote successive steps in related biochemical 
processes such as glycolysis and alcoholic fermentation. 

I thank Mr. R. J. A. Turner for his assistance through- 
out the course of this work. 
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BIOCHEMICAL PATHOLOGY OF ACUTE HEPATIC ADENOSINETRIPHOSPHATE 
DEFICIENCY * 


By Pror. EMMANUEL FARBER, Pror. KENNETH H. SHULL, Dr. SAUL VILLA-TREVINO, 
Pror. BENITO LOMBARDI and MOLLY THOMAS 


Department of Pathology, University of Pittsburgh School of Medicine, 


WE have been engaged during the past several years 
in the examination of how some cells and organs 
respond to tho presence of ethionine, an analogue of the 
amino-acid methionine, so as to manifest diseaso at both 
the morphological and biochemical level. The aim was 
two-fold: (a) to investigate a model experimental disease 
with the hope of understanding the biochemical signifi- 
cance of some alterations in cellular morphology; (b) to 
examine the response of living cells, as working units, 
to changes in their environment leading to disease. 
Such information hopefully would give new insight into 
the mechanisms by which cells integrate some of their 
reactions. The examination of many such model experi- 
mental disease systems, amenable to simultaneous 
biochemical and morphological analysis, would appear 
to be essential for the ultimate understanding of the 


* Substance of the Christian Herter Lecture delivered by Prof. E. Farber 
in New York University Medical School on April 3, 1963. 
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more complex natural diseases. The choice of the amino- 
acid antagonist, ethionine, for this type of investigation 
seemed an apt one, since selectivity in its effects on cells 
might be expected. 

Ethionine, the ethyl analogue of methionine, was syn- 
thesized by Dyer, who observed it to be toxic in the rat. 
Since then, many well-defined effects have been found in 
several other animal species as well as in micro-organ- 
isms?.8, 

In the rat and in several other Species, the oral or 
parenteral administration of ethionine results in character- 
istic and reproducible lesions in the liver, pancreas, 
kidney, testis and certain other organs?^?, Most of these 
changes are acute, occurring within hours or a few days; 
but others, such as cancer of the liver, appear only after 
treatment of the animal for several months. One of the 
main interests in this analogue, from the point of view of 
disease, stems from the finding that virtually all its 
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effects, both morphological and biochemical, are readily 
prevented by the administration of adequate amounts of 
methionine. The relationship between ethionine and 
methionine appears to be specific, since no other sulphur- 
containing amino-acid or other amino-acid shows any 
protective effect. 

One of the earliest lesions observed in animals treated 
with ethionine is the rapid development of a fatty liver‘. 
In this choline-resistant lesion, the lipid accumulates 
first in the liver cells about the periportal region of the 
liver lobule and afterwards involves the rest of the lobule’. 
The excess lipid is all triglyceride’ with a fatty-acid 
pattern resembling that of adipose tissue triglyceride’. 
This suggests that the source of the fatty acids for the 
triglyceride deposited in the liver is the adipose tissue. 
The fatty liver occurs readily in female rats but either 
not at all or to a considerably less degree in the male**. 
This sex difference in the lipid accumulation appears to be 
a function predominantly of androgens in the male since: 
(a) ovariectomy has no effect on the occurrence of the 
fatty liver in the female, while orchidectomy makes the 
male much more susceptible; (b) the administration of 
testosterone or related compounds, especially those with 
potent protein sparing actions, completely protect both 
the female and the castrate male?! Of the many other 
hormonal preparations tested, only growth hormone has 
a similar action!?. 

In addition to inducing a fatty liver, ethionine inhibits 
protein synthesis in the liver when measured both in 
vivo and in vitro412, Many liver enzymes and several 
plasma proteins have been found to be decreased in the 
ethionine-treated animal*3. Again, a sex difference is 
evident in that the inhibition occurs predominantly or 
exclusively in the mature female but not in the mature 
male!?. In contrast to the inhibition of hepatic protein 
synthesis and the induction of fatty liver, some other 
effects of ethionine, such as inhibition of transmethylation 
from methionine to choline precursors?? or inhibition of 
the oxidation of the methyl group of methionine to formate 
and carbon dioxide™, are manifest equally in both sexes. 
Thus, a correlation exists between the disturbance 
in protein metabolism and the accumulation of liver 
lipids”, The interrelationships between these two 
lesions and their dependence on a more basic alteration in 
ATP metabolism has recently been clarified and is the 
subject of this report. Some new insight into the integra- 
tion of some cell funetions obtained during this study is 
discussed briefly. 


Induction of ATP Deficiency 


The first major clue to our understanding of the bio- 
chemical pathology of the effects of ethionine on the liver 
was derived from the observations by Shull! on hepatic 
glycogen phosphorylase. He found that the activity of 
this enzyme was decreased in ethionine-treated female 
rats and that, of the factors known to influence its level, 
ATP but not 3'-, 5’-cyclic adenylic acid, when added 
in vitro, partially reversed this inhibition. This implied 
that the decrease in enzyme activity was secondary to 
some alteration in the liver ATP. This supposition was 
greatly strengthened by tho observation that the enzyme 
changes could be readily prevented if adenine or ATP 
were administered to tho animal along with ethionine. 
These compounds proved to be as effective as methionine. 
Measurement of the liver ATP concentration revealed that 
ethionine administration is followed by a very striking 
decrease in the level of hepatic ATP in confirmation of 
a previous suggestion by Stekol et al.1*, Although the 
decrease occurred in both male and female rats, it was 
about twice as large in the female as in the male. 

The concentration of ATP begins to decrease within 
30 min after the injection of ethionine and reaches a 
minimum value of about 20 per cent of the control valuo 
within 2 h (ref. 20). The magnitude of the decrease is 
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proportional to the dose of ethionine administered up to 
about 0-5 mg/g body-weight. Because of this, it is 
possible, by administration of the appropriate amount of 
ethionine, to obtain a reproducible spectrum of levels of 
ATP in the liver ranging between the control and the 
minimal value. The decrease in hepatic ATP concontra- 
tion is prevented by the administration not only of 
methionine but also of adenine, ATP, inosine and, to a 
lesser degree, 5-amino-4-imidazole-carboxamide and nico- 
tinamide, but not by the injection of glycine, sudium 
formate, glutamine and ribose. Adenine is effective not 
only when it is administered with ethionine but also when 
administered 24 h after the ethionine, by which time 
morphological and biochemical lesions have been obvious 
for many hours. 

Two suggestions by Stekol eż aJ.1*:?1 have been proposcd 
to explain the effects of ethionine on ATP. In both of 
them, the basic explanation depends on the conversion of 
ethionine to S-adenosylethionine. Through the original 
work of Cantoni?? and subsequent investigations of 
Schlenk et al.28 and of Stekol, it is now well established 
that methionine reacts with ATP (ARPPP) to form 
S-adenosylmethionine (SAM) via an activating enzyme’. 


CH, CH, 


| | 
S *S-R-A 


| 
CH, + A-R-P-P-P- ba, + P-P 4 P 





CH; CH, z 
| | 
led oo 
COOH COOH 
Methionine S-Adenosylmethionine 
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Éthionine!! is almost as efficient a substrate for this 
enzyme as is methionine??, 


CB; CH; 
bu, dz, 
k + A-R-P-P-P—— UT 4+ P-P + P 
cu, da, 
ba, da, 
bexa, dex, 
Loon doo 
Ethionine S-Adenosylethioninc 
II 
However, unlike S-adenosylmethionine? S-adenosyl- 


ethionine (SAE) is not readily utilized for many transalk yla- 
tions and other metabolic reactions?» 

(a) According to one suggestion of Stekol e£ al.. S- 
adenosylethionine accumulates in the tissue as a result of 
the activation, causing an inhibition of mitochondrial 
oxidation and oxidative phosphorylation, and a concomi- 
tant decrease in the rate of synthesis of ATP. Evidence 
in support of this thesis is the observation that 3-adenosyl- 
ethionine inhibits oxidative phosphorylation when added 
in vitro to mitochondrial preparations’. Against this 
interpretation, however, stand the results of several 
investigations**-?* showing normal respiration nnd oxida- 
tive phosphorylation in isolated liver mitochondria from 
animals treated with ethionine in doses which produco 
pathological changes in the liver and elsewhere. Recent 
work in this Department has also shown that tho 
administration of adenine or of an adenine-precursor many 
hours after the induction of severe biochemical and 
morphological lesions in rats will readily reverse the offcct 
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Fig. 1. Hepatic concentrations of S-adenosylethionine (SAE) or 


S-adenosylmethionine (SAM) following the intraperitoneal administra- 
tion of ethionine (1 mg/gm body-weight) and/or an equimolar amount 
of methionine, as indicated in the rectangle. Note the absence of any 
SAE accumulation in the liver for the first 5 h after the administration 
of ethionine plus methionine and the high level at 24 h. The highest 
range of liver ATP concentration as reported in the literature and as 
observed in this department is indicated by the thick solid bar on the 
ordinate. SAE and SAM were determined chromatographically on the 
15-cm column of the Spinco See ean amino-acid 
analyzer 


on ATP", a finding difficult to reconcile with this hypo- 
thesis. 

(&) According to the other suggestion?!, for which there 
is inereasing evidence, ATP decreases in the liver because 
it reacts with ethionine to form S-adenosylethionine at 
a rate faster than the cell can synthesize the nucleotide 
de novo from available precursors. Such an ‘adenine- 
trapping effect’? of ethionine was clearly shown in yeast 
by Schmidt et al.?8. Work in our laboratory has indicated 
that, shortly after the administration of ethionine, one can 
detect S-adenosylethionine in the liver?*. Its concentra- 
tion increases rapidly with time up to about 5 h and 
thereafter remains at a high level for at least 24h (Fig. 1). 
In the case of methionine administration, the extent of 
S-adenosylmethionine accumulation is considerably less 
and the level of this compound in the liver becomes 
undetectable within 24 h (Fig. 1). These observations 
are best explained by assuming that S-adenosylmethionine 
is readily used by the liver for many metabolic reactions 
and thus does not accumulate in large amounts. This 
motabolie use of SAM probably releases an adenine 
derivative? which may be re-used for ATP synthesis. 
In contrast, the poor metabolic utilization of S-adenosyl- 
ethionine would favour its accumulation in the liver. 
This trapping action of ethionine would tax the liver 
beyond its capacity to make the adenine moiety of ATP 
de novo from the usual precursors. The efficacy of adenine 
in counteracting the drop in ATP would appear to be 
due to its rapid conversion to ATP, presumably via the 
adenylate pyrophosphorylase and kinaso leading to ADP. 
and the phosphorylation of this ADP to ATP through 
oxidative phosphorylation. Since mitochondrial oxida- 
tion and oxidative phosphorylation appear to be normal 
in the liver of the ethionine-treated rat, the generation of 
ATP from ADP should be sufficiently rapid to maintain 
adequate ATP levels, even in the presence of an ATP- 
trapping system, providing sufficient adenine is supplied 
to form AMP and ADP. 


Inhibition of Protein Synthesis 


Since ethionine administration is followed by a rapid 
decrease in the concentration of hepatic ATP the question 
arose as to whether this decrease might be the underlying 
basis for the inhibition of protein synthesis?4. All the 
available evidence now supports this hypothesis?931, 
Adenine or ATP administered to an animal counteracts 
completely the inhibition of protein synthesis induced by 
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ethionine. Most of the measurements of protein synthesis 
were made on an 4n vitro ribosome-supernatant system in 
which the incorporation of radioactive leucine into protein 
was followed. However, similar results were obtained 
with the incorporation of radioactive amino-acids into 
liver protein in vivo as well as with & non-isotopic method, 
the increase in hepatic 2-acetylaminofuorene hydroxylase 
activity following the administration of methylcholan- 
threne?. Furthermore, the examination of the time course 
of the effects of ethionine shows that the drop in ATP 
precedes by about 1 h the drop in amino-acid incorporation 
into the ribosomal system. In addition, the administra- 
tion of different levels of ethionine induces proportional 
decreases in the levels of ATP and in the degree of inhibi- 
tion of protein synthesis. 

Assuming then some relationship between ethionine, 
ATP and protein synthesis, two questions naturally arise: 
(a) How does the drop in ATP inhibit protein synthesis ? 
(b How is the decrease in ATP related, if at all, to 
the induction of fatty liver or to the induction of other 
biochemical or morphological alterations in the liver and 
other organs ? 


Relation of ATP to Protein Synthesis 


ATP is known to play a part in protein synthesis in at 
least three sites: (1) the activation of the amino-acids 
[AA] for their reaction with transfer RNA (s-RNA); (2) 
the reaction of s-RNA-AA with the ribosomal components 
and the subsequent formation of the peptide bonds of the 
nascent protein, which appear to require at least two 
transferases and guanosine-triphosphate (G'TP)92-?, the 
synthesis of which is dependent on ATP; and (3) the 
synthesis of messenger RNA (m-RNA) (ref. 40) in the 
nucleus. The attachment of this m-RNA to ribosomes 
appears to play a vital part in the proper assembly of 
inactive ribosome monomers to form ribosome aggregates 
or polymers functionally active in protein synthesis in 
micro-organisms!!-*' as well as in livor?! and in other 
mammalian cells5?-5*, 

All the available evidence points to the ribosomes as 
the major locus for the inhibition of protein synthesis in 
the ethionine-treated rat: (1) In the in vitro assay of 
&mino-acid incorporation into protein, the use of the 
amino-acid activating and transferring systems and of 
transfer RNA from normal liver fails to influence the 
severe degree of inhibition observed when ribosomes from 
ethionine-treated female animals are used!?:?1, (2) The pH 
5 fraction from the liver supernatant from ethionine- 
treated rats is just as active in activating and binding 
leucine, valine and methionine to transfer RNA as is the 
fraction from control animals*?. (3) The presence of ATP 
and GTP, which are normally used in the assay system 
for amino-acid incorporation into protein, has no effect 
on the degree of inhibition!?:3!, . 

* Assuming that the ribosome is the major site for the 
inhibitory action of ethionine, the ATP deficiency could 
affect the integrity of the ribosome itself or the synthesis 
or availability of messenger RNA reacting with the 
ribosome monomers. Since the substrates for RNA 
synthesis are the four nucleoside triphosphates [ATP, 
GTP, UTP, CTP] a large decrease in the concentration of 
one of them, ATP, could seriously reduce the rate of 
cellular RNA synthesis. There is increasing evidence 
that the ATP deficiency induced by ethionine does indeed 
inhibit the synthesis of RNA in the nucleus and that this 
interference with RNA synthesis may be & major way 
by which the decrease in ATP concentration affects 
protein synthesis. This suggestion is based on the follow- 
ing observations: (1) The administration of ethionine is 
followed by a striking inhibition in the extent of incor- 
poration of C-6-orotic acid or of ™C-8-adenine into 
nuclear RNA*!, This inhibition is prevented by the 
administration of methionine along with the ethionine. 
The time curve of this inhibition coincides with the time 
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curve of the decrease in liver ATP and precedes by about 
lh the time curve of the decrease in ribosomal protein 
synthesis. (2) The progressive inhibition of protein 
synthesis following ethionine administration is accom- 
panied by a decrease in the number of ribosomal aggre- 
gates and & corresponding increase in the number of ribo- 
somal monomers as observed on analysis in @ sucrose 
gradient after centrifugation®. There is now increasing 
indication that liver ribosomal protein synthesis is de- 
pendent on the continual synthesis and availability of 
m-RNA3. The liver ribosomes appear to be active in 
protein synthesis only when combined with m-RNA to 
form active organized aggregates which may contain from 
two to twenty or more ribosomes. The liver ribosome 
pattern from the ethionine-treated femalo? is virtually 
identical to that observed following actinomycin D 
administration to the rat‘? and is different from that 
following puromycin injection®?. Since actinomycin 
appears to affect ribosome aggregation and protein syn- 
thesis by inhibiting DNA-dependent RNA synthesis%-7, 
it appears probable that ethionine affects ribosomal pro- 
tein synthesis and ribosomal assembly basically in a 
similar manner by interfermg with m-RNA synthesis 
(Fig. 2). This is in contrast to puromyoin, which seems 
to act at the level of the ribosome itself”! and to interfere 
with the formation of the peptide bonds of the nascent 
protein??-75, 

The suggestion that the ethionine-induced ATP 
deficiency acts primarily on protein synthesis at the level 
of ribosome assembly is considerably strengthened bye 
observations during the reversal of the inhibition of pro- 
tein synthesis. Unlike the inhibition of protein synthesis 
by actinomycin D or puromycin, the ethionine-induced 
inhibition can be readily reversed by the administration 
of adenine, methionine or adenine plus methionine, even 
many hours after the inhibition has been in force. When 
this is done, there occurs a rapid progressive reassembly 
of the ribosome monomers to form large organized aggre- 
gates?" which have also been called ergosomes*®, In 
fact, as protein synthesis returns to normal, there occurs 
an unusual preponderance of the heaviest ergosomes, the 
significance of which is still not clear. In some animals 
during the immediate recovery phase, protein synthesis 
becomes more active than in control animals and it 
appeared that the presence of the heaviest aggregates 
correlated with this observation. However, the livers of 
some animals have been observed to possess a similar 
pattern of large ergosomes without any apparent accelera- 
tion of protein synthesis®. 
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Consistent with the suggestion that the main site of 
interference with protein synthesis in the ethionine- 
treated rat is in the ribosome are the recent findings on 
binding of leucine-“C or methionine-HC to liver S RN 
in vivo'. Although some inhibition of formation of 
s-RNA-leucine or s-RNA-methionine does occur m the 
liver of the intact female rat injected with ethionine. this 
can easily be reversed within 30 min following tho admini- 
stration of adenine without any appreciable reversal of tho 
inhibition of amino-acid incorporation into liver protein 
at this time-interval. Az. . 

The present-day concept of the inhibition of protein syn- 
thesis by ethionine is portrayed diagrammatically in Fig. 2. 
In this figure and in the foregoing discussion, only protein 
synthesis in cytoplasmic ribosomes has been. considered. 
Although amino-acid incorporation into proteins has been 
demonstrated in other cell organelles such as the nuclous 
and the mitochondria", nothing is yet known about the 
possible effects of ATP deficiency on these systems. 


Relation of ATP to Fatty Liver 


Recent work has shown that the administration of 
adenine or ATP completely prevents the accumulation of 
excess triglyceride in the liver when measured either 
chemically or histochemically?. The administration of 
ATP also effectively prevents the decrease in serum lipid 
levels which is so characteristic a concomitant of several 
forms of fatty liver”. Equally interesting is the observa- 
tion that the administration of adenine is frequently also 
effective in rapidly removing the excess livor triglyceride 
even after it has been accumulating for 24 h (ref. 80). 
Thus the fatty liver appears to be related in some fashion 
to ATP. : 

The interrelationships between hepatic ATP deficiency. 
inhibition of protein synthesis, and the changes m liver 
and serum lipids which have been uncovered during these 
recent investigations on ethionine may offer new clues 
to the pathogenesis of fatty liver. Tt has become evident 
from work initiated by Recknagel, Lombardi and 
Schotz??-81:8? that several forms of fatty liver, including 
that induced by carbon totrachloride*?:5* and ethionine”, 
are probably secondary to a block in the release of likor 
lipid into the plasma. According to this hypothesis™®:* 
the liver in the ethionine-treated animal continues to 
take up free fatty acids (FFA) from the blood and to 
esterify them to triglycerides but fails to transfer the 
newly synthesized triglycerides into the plasma®-** with 
a resultant increase in liver triglyceride contont. . 

Based on the correlation between inhibition of protein 
synthesis and the oceurrence of fatty liver, ib was sug- 
gested several years ago that the development of futty 
liver in the ethionine-treated female was secondary to tho 
more fundamental disturbance in protein metabolism!^-. 
Feinberg et al.® and more recently Lombardi and Reck- 
nagel'^*3, Robinson and Harris? and Bjornstad and 
Bremer?! suggested that the link between the alterations 
in protein and in lipid metabolism is the synthesis of 
plasma lipoproteins. Since plasma lipids occur almost 
wholly as lipoproteins and since the liver is & probable 
major source for at least some lipoproteins", an 
inhibition of protein synthesis in the liver might interfere 
with the normal transfer of the lipids from the liver to 
the plasma. Some of these suggested relationships are 
illustrated in Fig. 3. . 

The observation that the inhibition of protein synthesis 
induced by ethionine is in itself secondary to a decrease n 
hepatic A'T'P concentration immediately raises the question 
whether the lipid accumulation and the disturbed protein 
metabolism might not be independent manifestations o! 
the same basic biochemical disturbance. In this con- 
nexion, it should be recalled that Dianzani*? several years 
ago suggested that the fatty liver induced by carbon 
tetrachloride might result from an ATP deficiency. The 
final answer to these important considerations cannot he 
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given at this time. However, experiments on ethionine- 
treated animals given adenine after the liver has become 
fatty indicates the existence of a better correlation between 
inhibition of protein synthesis and fatty liver than 
between hepatic ATP and fatty liver®. It is, therefore, 
probable that the examination of the suggested relation 
between disturbances in protein and in lipid metabolism 
offers tho best hope for the eventual understanding of the 
pathogenesis of some types of fatty liver. It is note- 
worthy that this hypothesis relating the induction of 
fatty liver to a more basic defect in protein metabolism 
may nob only apply to the animal treated with ethionine 
but may have wider application to the pathogenesis of 
fatty livers induced by some other agents such as carbon 
tetrachloride*-19 or puromycin’, as has been suggested 
also by Robinson and Seakins!"!, 

Since the accumulation of triglyceride in the liver of the 
ethionine-treated animal is probably due to an interference 
with the synthesis of the protein moiety- of some lipo- 
proteins, ib is possible that the altered lipid metabolism 
is only a special instance of & more general phenomenon 
in which the synthesis of several types of conjugated 
proteins by the liver is interfered with by the ethionine- 
induced inhibition of protein synthesis. On this basis, 
it might be expected that cellular components, other than 
triglyceride, representing prosthetic groups of conjugated 
proteins such as some complex lipids, polysaccharides, 
porphyrins, coenzymes, etc., may also show accumulations 
or other derangements as a consequence of the interference 
with the synthesis of their associated protein. The recent 
report of the accumulation of diastase-resistant periodic 
acid-Schiff-positive material, presumably polysaccharide, 
in the liver of ethionine-treated rats may indeed be an 
example of such a derangement™. 


Other Effects of Ethionine 


It must be emphasized that the effects of adenine or 
ATP are specific in that these compounds prevent or 
reverse only some effects of ethionine. For example, the 
ethylation of transfer RNA by ethionine or the incorpora- 
tion of the analogue into liver protein is not affected by 
adenine, The inhibition by ethionine of methylation 
of transfer RNA from methionine or of transmethyla- 
tion to lecithin precursors is not prevented by the 
administration of adenine or ATP, even though the 
inhibition of incorporation of methionine into liver protein 
is completely counteracted in the same animal’ (Fig. 4). 
Analogous observations have also been made in respect 
to morphological changes in the liver induced by ethionine. 
Although adenine injections protect against fatty liver, 
other morphological changes are not prevented by this 
purine'*. These results with adenine are in contrast to 
those with methionine, a compound which protects against 
almost all the inhibitory effects of ethionine (Fig. 4). 
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It is now evident that ethionine administration is 
rapidly followed by & striking drop in the hepatic ATP 
concentration and a concomitant accumulation of $S- 
adenosylethionine and that each of these biochemical 
effects is, in turn, the initiator of several chemical and 
morphological consequences leading to characteristic mani- 
festations of disease. Although the rapid induction of an 
ATP deficiency is one of the major effects of ethionine, as 
briefly reviewed in this report, there are other effects 
related to ethionine-methionine interaction (Fig. 4) 
which are also of potential importance in explaining 
the biochemical pathology of other acute and chronic 
changes induced by ethionine. In regard to these changes 
it should be emphasized that some effects observed when 
relatively large doses of ethionine are administered, such 
as the investigations reported here, do not appear tc 
occur when much smaller amounts of ethionine are 
administered in the diet during the induction of liver 
cancer, Thus it is possible that phases of ethionine meta- 
bolism other than those concerned with ATP deficiency 
are related to its carcinogenic effect. 


General Implications 


An obvious by-product of this work is the availability 
of a technique to investigate several aspects of ATE 
metabolism undor reasonably controlled conditions in ar 
intact animal. Since the S-adenosylethionine molecule 
appears to be relatively stable metabolically in comparison 
with the ATP molecule, it is now possible to trap a consider- 
able portion of the adenine of the cell through the reactior 
of ATP with ethionine and in this way measure approxim. 
ate minimal rates of de novo synthesis of ATP from s 
variety of precursors. The preliminary results of such ar 
investigation have already suggested that, in the ethionine. 
treated animal, the ATP molecule can be more readily 
made from adenine than from other precursors such a: 
glycine, formate and glutamine, which are used in the 
more complex de novo synthesis?’. 

It is noteworthy that the results of the work recordec 
here are consistent with the thesis that there exists : 
priority system or a compartment system in the intact 
cell for available ATP™5. Some ATP-requiring systems 
such as nucleic acid synthesis, appear to be especially 
sensitive to a decrease in the ATP leve] while others, suct 
as the synthesis of triglyceride from fatty acids anc 
glycerophosphate, are not. Whether those difference: 
are a reflexion only of the Km values of the reactions o: 
are dependent also on the existence of intracellular com 
partments are questions which possibly may be approachec 
with the aid of trapping systems such as that describec 
here with ethionine. The investigations of ethionin« 
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also offer further support for the suggestion that protein 
synthesis in the rat liver*®.51,106-108 resembles more the 
system in some micro-organisms® 199,110 and in some other 
mammalian cells$1-55,59-75,13-1:5 than in reticulocytes"? 
in being dependent on a labile and short-lived messenger 
RNA. 

An interesting facet of this work is the discovery of a 
‘cure’ for an experimental disease, based on a knowledge 
of pathogenesis. The therapeutic use of adenine and 
rolated compounds in the ethionine-treated animal would 
not have been rational except on the basis of our present 
understanding of the mechanism of action of ethionine. 
The experience with this model systom strengthens the 
conviction that a whole new system of therapeutics awaits 
the detailed knowledge of the biochemical-morphological 
alterations during the development of each disease process. 

Finally, the investigation of some aspects of the bio- 
chemical pathology of hepatic ATP deficiency induced by 
ethionine has given new insight into several facets of coll 
metabolism and structure in relation to disease. The 
liver cell within a few hours after ethionine administration 
is a seriously altered cell with a level of ATP only about 
20 per cent of the control and with & residuum of nucleic 
acid and protein synthesis of only 10-20 per cont. Despite 
the persistence of these abnormalities for at least 24 h, 
the liver cell does not die. It is therefore evident that 
the inhibition of protein synthesis, seen with several 
hepatotoxic necrotizing agents such as carbon tetra- 
chloride®*-1 or dimethylnitrosamine"*, is not sufficient 
cause per se to induce cell death and necrosis. This 
strengthens the notion that the death of a cell, like many 
other reactions of the cell to environmental alterations of 
both physiological and pathological magnitude, is a highly 
selective process and that there may exist key metabolic 
reactions in a cell, the interference with which results in 
irreversible cell degeneration. A knowledge of such 
reactions might well help to lay a new foundation for the 
understanding and control of some diseases. 
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INITIATION OF POLYPEPTIDE CHAINS IN THE RETICULOCYTE 
CELL-FREE SYSTEM 


By Dr. JOHN O. BISHOP 


Institute of Animal Genetics, Edinburgh 


N the course of protein synthesis in mammalian coll- 

freo systems, ribosomal monomers are released from 
the polyribosomes!'3. At the same time some monomers 
become associated with the polyribosome fraction, 
possibly by attaching to one particular site on each 
polyribosome**. Release is more frequent than attach- 
ment, so that the net effect of incubation in the cell- 
free system is the degradation of the polyribosome 
fraction and the accumulation of ribosomal monomers!-?, 
It has been suggested that the attachment of a ribosomal 
monomer precedes the initiation of the polypeptide 
chain and similarly that the completion of the chain 
is followed by the release of the associated monomer!**, 
Recent studies with HeLa cell and rabbit reticulocyte 
cell-free systems provide support for this interprotation*3. 

In the Escherichia coli cell-free system polyphenyl- 
alanino is synthesized in response to the addition of poly- 
uridylic acid (poly-Uy. It will be assumed here that 
in tho reticulocyte cell-free system, too, poly-U-dependent 
phenylalanine incorporation? represents polyphenyl- 
alanine synthesis. In essential agreement with this 
assumption, the incorporated phenylalanine is not 
rendered soluble in trichloroacetic acid by either trypsin 
or chymotrypsin. . 

If the ribosomal monomers which are released from the 
polyribosome in the course of hemoglobin synthesis are 
competent to initiate polypeptide chains, it may be 
predicted that they will initiate polyphenylalanine chains 
when poly-U is present. Indirect evidence*®!* does indeed 
suggest that ribosomes which are attached to polysome 
complexes at the outset of incubation in the cell-free 
system may later become available for polyphenylalanine 
synthesis. The present studies constitute a more direct 
approach to this question. 

It has been shown elsewhere” that rabbit reticulocyte 
polyribosome (P1) and ribosomal monomer (P2) fractions 
.can be prepared by differential centrifugation. Fraction 
Pl is contaminated by ribosomal monomers to .tho 
extent of about 25 per cent and fraction P2 is similarly 
contaminated by polyribosomes. When titrated with 
poly-U, fraction P2 showed a single maximum of 
phenylalanine incorporation at about 20 ug poly-U per 
mg ribosome. Fraction Pl showed a slightly higher 
maximum, at 40 ug poly-U per mg, followed by a sharp 
minimum and finally by a second region of high phenyl- 
alanine incorporation. It was suggested! that the 
phonylalanine incorporation which occurred when the 
polyribosome fraction (Pl) was incubated with 40 ug 


poly-U per mg was partly due to the continuing release 
of monomers from the polyribosome in the course of 
protein synthesis. In agreement with this interpretation, 
Hardesty et alt have shown that the addition of poly-A 
to the reticulocyte cell-free system inhibits the inception 
of hemoglobin polypeptide chains. In the experiments 
reported here, this question is examined further by 
comparing the capacities of fractions PL and P2 to initiate 
polyphenylalanine and hemoglobin polypeptide chains 
in the cell-free system. 

Initiation of Polyphenylalanine Chains. It has recently 
been shown? that, in the presence of optimal amounts 
of poly-U, phenylalanine incorporation with fraction 
P2 occurs in artificial polyribosomes with sedimentation 
coefficients characteristic of ribosomal dimers and trimers. 
The artificial polyribosomes may be visualized in another 
way, by incubating fraction P2 with radioactive poly-U 
(Fig. 1). Before incubation the optical density. and 
radioactivity profiles were similar: the poly-U was 
apparently non-specifically associated with the ribosomal 
fraction (Fig. la). After 5 min incubation a polyribosome 
peak emerged in the 100-2405 region (Fig. Ib). At this 
time & considerable amount of poly-U was also associ- 
ated with the ribosome monomer fraction. After incub- 
ation for 10 min the polyribosome peak was still evident 
but had subsided (Fig. 1c). : 

Calculation of the totel amount of “C-poly-U recovered 
from tbo gradients suggested that the emergence of the 
polyribosome peak was due to the preferential degradation 
of poly-U not bound to ribosomes!*. Degradation of 
poly-U is further illustrated in Table 1. Approximately 
1-4 ug of poly-U was rendered TCA-insoluble in 10 min 
at 37° C by 1 mg of ribosome fraction P2. One mg of the 
enzyme fraction similarly degraded about 1 ug of poly-U. 
Degradation by ribosome and enzyme fractions was 
approximately additive. The level of poly-U used in the 
experiments of Fig. 1 was sub-optimal for phenylalanine 
incorporation. When greater amounts were used, the 
polyribosome peak failed to emerge, presumably because 


Table 1. DEGRADATION OF MC-POLY-U IN THE CELL-FREE SYSTEM 
0, 


Ineubatton c.p.m, 96 

conditions TCA-insoluble degradation 
No incubation 664 0 
Complete system 404 39 
Complete minus ribosomes 550 17 
Complete minus enzyme 404 2b 


One mg of fraction P2 was incubated for 10 min at 37° with 5-75 ug 
1C-poly-Ų in a total volume of 0:4 ml. containing the additives described in 
the legend to Fig. 1. The mixtures were chilled and precipitated with 1 ml. 
of cold 10 per cent TCA, washed and counted. 
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Fig. 1. 
(c) 10 min incubation at 37? C. 
activity; abscissa, approximate sedimentation coefficients, 
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Sedimentation analysis of the interaction between ribosome fraction P2 and '*C-poly-U. 
Direction of sedimentation from right to left. 
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Radioactivity te.p.tn.) 


80 


(a) 10 min at 0° C; (b) after 5 min; 
Solid lines, optical density at 260 mu; broken lines, radio- 


2 mg of fraction F2 was incubated with 11:5 ug poly-U (1,370 opm.) ina total 


volume of 0:4 ml., containingin umoles: ATP, 0-28; GTP, 0-08; creatine phosphate, 2:8; MgCl,,2; KC1, 16; £ris-HC1, pH 7:2, 16; glutathione, 
8; 18 l-amino-acids, 0-01 each; 5 ug creatine kinase, 30 ug yeast sRNA and 1 mg of enzyme fraction prepared by precipitating the ribosomal 


supernatant between 40 and 70 per cent ammonium sulphate saturation (refs, 10, 12). 


The tures were chilled, layered on a nearly linear 


sucrose gradient (5-20 per centin 1-5 mM MgCl,, 0-01 M KCl, 0-01 M tris, pH 8-1) and centrifuged for 1 h at 80,000 r.p.m. in the Spinco STV 39 


rotor at 2? C. The bottoms of the tubes were pierced (ref. 13) and 20-drop fractions collected in the cold through a gauge 20 h 
0-05 ml, withdrawn from each fraction was diluted with 8 ml. water for the optical density measurements. 


ypodermie needle. 
0-1 ml. of 1 per cent serum albumin 


was added to the remainder, and each was precipitated with 1 ml. of cold 10 per cent TCA for 30 min, collected on a 2 cm diameter Oxoid 


membrane filter, washed with 5 per cent TCA, 


the radioactivity not associated with the ribosomes was 
not degraded rapidly enough to reveal the transient 
polyribosome peak. These experiments suggest, however, 
that the extent of complex formation between poly-U and 
fraction P2 reaches a maximum within the first 5 min 
of incubation in the cell-free system. 

Based on this finding, and the hypothesis that 
polyribosomes release free ribosomes to poly-U in the 
course of protein synthesis, predictions can be made 
regarding the time-course of the initiation of polyphenyl- 
alanine chains in the cell-free system. In the case of 
ribosomal monomers, all chains should be initiated during 
the first 5 min of incubation, and the remainder of the 
incubation period should be occupied by chain growth. 
Chain initiation would continue after the first 5 min 
only if ribosomes could complete one polyphenylalanine 
chain and initiate another in the course of the incubation. 
In the case of polyribosomes, on the other hand, the 
initiation of polyphenylalanine chains should continue 
so long as the completion of polypeptide chains and the 
release of free ribosomes from the polyribosome continues. 

In view of the extensive cross-contamination of fractions 
Pl and P2, only quantitative predictions can be made 
about them. Fraction P2, rich in free ribosomes, should 
show the greater initial rise in polyphenylalanine chain 
inception, while fraction Pl, rich in polyribosomes, 
should show the greater rate of chain inception after 
the initial period. 

The rate of chain initiation was examined using a 
modification of the fluorodinitrobenzene technique. The 
total TCA-insoluble fraction of the incubation mixture 
was washed, treated with fluorodinitrobenzene, hydro- 
lysed and extracted as previously deseribed!5. After 
drying, the ether extract was counted in a liquid scintil- 
lation counter with 10 ml. of a toluene-based counting 
fluid (0-5 per cent w/v PPO, 0-03 per cent w/v dimethyl 
POPOP in toluene). The acid phase was freed of ether 
and 1 ml. dried over potassium hydroxide and phos- 
phorus pentoxide under reduced pressure. The residue 
was dissolved in 0-3 ml of water and counted with 15 ml 
of a dioxane counting fluid (8-6 g PPO, 70 mg dimethyl 
POPOP, 88 g naphthalene, 200 ml. xylene, 1 1. dioxane). 
Under these conditions quenching was negligible: the 
ether extracts counted with 55 per cent efficiency (#4C- 


ried with ethanol and ether and counted in a Packard ‘Tricarb’ liquid scintillation counter 


benzoic acid standard) and the acid phases with 60 per 
cent efficiency. About 70 per cent of the radioactivity 
of the sample was recovered in the combined acid and 
ethor extracts. In the case of polyphenylalanine synthesis 
with 14C-phonylalanine, paper chromatography showed 
all the radioactivity of the acid phase to coincide with 
the position of free phenylalanine, indicating that acid 
hydrolysis was complete. 

When either ribosome fraction was incubated with 
30 ug poly-U per mg ribosome, the number of N-terminal! 
phenylalanine residues rose abruptly within the first 
5 min (Fig. 2a). Fraction P2 showed a slightly greater 
initial rise than fraction P1 (in similar oxperiments this 
difference has usually been greater). With both fractions 
the initiation of N-termini continued at a steadily de 
creasing rate during the remaining 35 min of incubation. 
Throughout this time the rate of chain initiation was 
about twice as great with fraction Pl as with P2. The 
levels of chain initiation by the two fractions after 5 min 
incubation are more similar than perhaps might have 
been expected. However, from the time-course of 
hemoglobin synthesis in the cell-free system’ and the 
linear relationship between incorporation and poly- 
ribosome breakdown’, it may be concluded that the 
release of free ribosomes from the polyribosomo is greatest 
in the early minutes of incubation. This would tend to 
equalize the extent of chain initiation by the two ribosome 
fractions, measured after 5 min. These results thus 
bear out the predictions made, and confirm that the 
polyribosome releases free ribosomes to poly-U in the 
course of incubation in the cell-free system. 

Analyses of the time-course of total incorporation and 
of chain growth are consistent with the same interpre- 
tation. As previously shown", the rate of total incorpor- 
ation with fraction P2 decayed during the 40-min incu- 
bation, while the rate of incorporation with fraction P1 
was more nearly linear (Fig. 2b). In the early minutes 
of incubation fraction P2 incorporated phenylalanine 
twice as rapidly as fraction P1. The rate of growth of 
the polyphenylalanine chains is shown in Fig. 2c. From 
5 to 40 min of incubation the average chain-length 
synthesized with fraction P2 increased from 65 to 222 
residues. The comparable values for fraction P1 were 
39 to 188 residues. The lesser chain-length throughout 
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Average chain-length x 10-? 





Time (min) 


a b c 


Fig. 2. Incorporation of “C-phenylalanine by ribosome fractionsin the presence of poly-U. 
orated; (c) average chain-length of polyphenylalanine. Solid lines, fracti 


nine inco 


(a) N-Terminal phenylalanine; (b) total phenylala- 
on P1; broken lines, fraction P2. 1mg of the appropriate 


ribosome fraction was incubated at 37° C in a total volume of 0-4 ml. containing the additives described in the legend to Fig. 1 except that 

30 ug of unlabelled poly-U was added and 0-02 mole “C-phenylalanine (22 x 10° d.p.m./zmole) was substituted for 0-01 mole }#C-phenylalanine. 

Following incubation the tubes were chilled, 10 mg hemoglobin was Me ana the mixtures were precipitated with TCA and analysed as 
escribed in the tex 


the incubation with fraction Pl may be attributed to 
the continuing initiation of polyphenylalanine chains 
by the free ribosomes released from the polyribosomes 
during cell-free incubation. 

Assuming a coding ratio of three, an average polyphenyl- 
alanine chain-length of 220 residues corresponds to an 
average poly-U chain-length of 660 residues. This is 
in good agreement with the demonstration that the 
optimum chain-length for phenylalanine incorporation 
in a bacterial cell-free system is between 500 and 750 
residues!*. The poly-U used in the experiments described 
here was synthesized using Micrococcus lysodeikticus poly- 
nucleotide phosphorylase, partially purified to stage III 
of Singer and Guss!” and heated for 5 min at 60° 
(ref. 18) before storage at —15? C. The polymer was 
isolated by extraction with phenol, passage through 
‘Sephadex G-25°, ethanol precipitation and dialysis. 
Ultracentrifugation results are not available, but the 
average chain-length measured by the release of inorganic 
phosphate during digestion with alkaline phosphatase 
was of the order of 50 residues. Since the average poly- 
phenylalanine chain-length was 5 times greater, the 
existence of a selective mechanism in the interaction 
between ribosome and poly-U is implied. To account 
for the 2-5 myumoles phenylalanine incorporated, 7:5 
mymoles UMP would be required; that is, about 2} ug 
out of a total of 30 ug added. Selection is evidently 
not ruled out on a quantitative basis. Using a different 
method, Gilbert!® has found an average chain-length of 
only 40 residues when E. coli ribosomes were incubated 
with unfractionated poly-U. This suggests that reticu- 
locyte ribosomes may discriminate more efficiently 
against shorter polymers than ŒE. coli ribosomes, and 


provides an explanation of the higher optimum poly-U * 


level observed with reticulocyte ribosomes. 

Initiation of Haemoglobin Polypeptide Chains. Isolated 
reticulocyte polyribosomes contain incomplete polypeptide 
chains with an average chain-length approximately one- 
half that of complete hemoglobin polypeptide chains’. 
In the cell-free system a proportion of these chains is 
completed and released to the soluble fraction, and at 
the same time free ribosomes are released from the poly- 
ribosome?*. If all the completed polypeptide chains were 
released, and all the ribosomes made available in this 
way initiated fresh polypeptide chains, effective uniform 


labelling would be observed in the cell-free system. 
Analysis of the total TCA-precipitable fraction of the 
incubation mixture after labelling with “C-valine would 
show the same relationship between N-terminal and 
total radioactivity as found with authentic hemoglobin; 
that is, 8-4 per cent of the valine incorporated would be 
in the N-terminal position’. Deviations from this 
value represent a failure either of the release of ribosomes 
from the polyribosome at the completion of chain syn- 
thesis, or of the inception of fresh polypeptide chains 
by the released ribosomes. The latter interpretation 
is strongly favoured by the demonstration® of a linear 
relationship between incorporation and polyribosome 
breakdown in the presence of poly-A. 

In cell-free experiments with fraction Pl, 1:4-2-2 per 
cent of 4C-valine incorporation was N-terminal (Table 2). 
Thus only 16 to 25 per cent of the ribosomes which had 
completed polypeptide chains succeeded in initiating 
new ones. Since fraction P1 is contaminated by free 
ribosomes, the true proportions were probably smaller. 
This is illustrated by an experiment in which fractions 
Pl and P2 were compared (Table 2, experiment 3). 
The percentage of the total valine incorporation which 
was N-terminal was twice as great in the case of fraction 
P2, due presumably to the preponderance of free 
ribosomes in this fraction. Hardesty et al.* report the 
value of 3-4 per cent N-terminal valine in hemoglobin 
synthesized in the cell-free system, showing that the 
probability of a free ribosome initiating a fresh poly- 
peptide chain is greater under their conditions of in- 
cubation. 

In parallel experiments with and without added poly-U 
we can compare the absolute amounts of N-terminal 
phenylalanine and N-terminal valine in polyphenyl- 
alanine and hemoglobin respectively. Up to twice as 


Table 2. CHAIN INITIATION IN THE CELL-FREE SYSTEM 
Experiment 1 2 3 


Fraction P1, N-terminalvaline 9:4 (1-795) 5:8 (2-295) 142 (1:495) 
Fraction P2, N-terminal valine 13-6 (27%) 
Fraction P1+poly-U, 

N-terminal phenylalanine 118 18:9 15:2 


3 mg of the ribosome fraction wasincubated for 40 min at 87° Cin 3 volumes 
of the incubation mixture described in the legend to Fig. 2. Hither “C-valine 
alone, or “C-phenylalanine and 30 ug poly-U per mg ribosome, was added. 
N-terminal analysis was carried out as for Fig. 2. N-terminal incorporation 
is expressed as zumoles of radioactive amino-acid per mg ribosome. 
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much phenylelanine as valine was found in the N-terminal 
position (Table 2). Thus the probability that a free 
ribosome will initiate & polyphenylalenine chain in the 
cell-free system is as much as twice its probability of 
initiating & hemoglobin chain, that is, something less 
than 0-5. 

A current model of protein synthesis suggests that a 
cycle of ribosomal events occurs during the synthesis 
of & polypeptide chain. The initiation of chain 
synthesis is thought to follow the attachment of a ribo- 
somal monomer to the informational RNA moiety of a 
polyribosome. As chain synthesis proceeds, the monomer 
is thought to travel along the strand of RNA, and when 
chain synthesis is complete, polypeptide and ribosome 
are thought to become detached from the informational 
RNA and thus from the polyribosome. Investigations 
with cell-free systems have shown a correlation between 
chain initiation and monomer attachment‘ and a similar 
correlation between chain completion and the release of 
monomers from the polyribosomes?*?. However, protein 
synthesis in cell-free systems is a limited reaction. 
Furthermore, incubation in the cell-free system produces 
a net degradation of the polyribosomes and an accumu- 
lation of free ribosomes!-?, This increase in the number of 
ribosomal monomers, however, was not accompanied 
by an increase in polyphenylalanine synthesis at the 
poly-U optimum". Thus it may reasonably be asked 
whether the lesion in protein synthesis in the cell-free 
system might not be this very release of ribosomal 
monomers from the polyribosome. 

Ribosomes are conserved during protein synthesis in 
living cells. Therefore if polyribosome breakdown 
occurs in the cell, the ribosomal monomers released must 
be capable of reattachment to the polyribosomes. An 
alternative possibility would be that free ribosomes are 
not released from polyribosomes or are only released as 
the capacity of the cell for protein synthesis is exhausted. 
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However, the evidence presented here, and in a separate 
publication, indicates that a proportion of the monomers 
released from polyribosomes in the cell-free system is 
able to initiate polyphenylalanine chains in conjunction 
with poly-U. The possibility remains that these ribosomes 
are nevertheless deficient in a special function required 
for ‘attachment to the endogenous informational RNA 
but not for attachment to poly-U. In the absence of 
any evidence for the existence of such a function, the 
present work supports the hypothesis that ribosomal 
monomers recurrently become detached from the poly- 
ribosome during protein synthesis. 

This work was supported by a grant from the Medical 
Research Council. I thank Mrs. Norma Robertson for 
her assistance. 


1 Noll, H., Stachelin, T., and Wettstein, F. O., Nature, 188, 032 (1963). 
2 Goodman, H. M., and Rich, A., Nature, 199, 318 (1963). 


3 Hardesty, B., Miller, R., and Schweet, R., Proc. U.S. Nat. Acad. Sci., 50, 
924 (1003). 


‘Hardesty, B., Hutton, J. J., Arlinghaus, R., and Schweet, R., Proc. U.S. 
Nat. Acad, Sci., 50, 1078 (1963). 


5 Gierer, A., J. Mol. Biol., 6, 148 (1903). 


* Warner, J. R., Knopf, P. M., and Bich, A., Proc. U.S. Nat. Acad. Sci., 49, 
122 (1963). 


T A s. M. W., and Mathael, J. H., Proc. U.S. Nat. Acad. Sci., 47, 1588 


* Arnstein, H., Cox, R., and Hunt, J., Nature, 194, 1042 (1902). 


sir cu R., and Schweet, R., Biochem. Biophys. Res. Com., 9, 482 


1? Bishop, J. O. (submitted for publication). 

31 Bishop, J. O., Nature, 202, 86 (1964). 

12 Allan, E., and Schweet, R., J. Biol. Chem., 237, 760 (1902). M 
13 Martin, R. G., and Ames, B. N., J. Biol. Chem., 236, 1372 (1961). 

14 Barondes, S., and Nirenberg, M., Science, 138, 813 (1962). 


15 Bishop, J. O., Leahy, J., and Schweet, R., Proc. U.S. Nat. Acad. Sci., 48> 
1030 (1960). 


1 Martin, R. G., and Ames, B. N., Proc. U.S. Nat. Acad. Sei., 48, 2171 (1962)- 
x Singer, M. F., and Guss, J. K., J. Biol. Chem., 237, 182 (1962). 


18 Grunberg-Manago, M.,in Progress in Nucleic Acid Research, 1, 93 (Academic 
Press, New York, 1963). 


1° Gilbert, W., J. Mol. Biol., 6, 889 (1963). 


FRACTIONATION OF TRYPSIN BY PAPER ELECTROPHORESIS 
By A. IACHAN, G. B. DOMONT, L. V. DISITZER and J. C. PERRONE 


Laboratory of Protein Chemistry, Instituto Nacional de Tecnologia, Rio de Janeiro, Brazil 


REVIOUS work from this laboratory! has demon- 

strated the heterogeneity of crystalline trypsin by 
paper and starch column electrophoresis. This article 
presents an electrophoretic method of greater resolution. 
Using this technique it was possible to demonstrate in a 
sample of crystalline trypsin the occurrence of fractions 
showing different ratios of proteolytic to amidasic 
activity. 

In the experiments recorded here a buffer of pyridines 
acetate of pH 4-9 (0-48 : 0-56 : 98-96 v/v of acetic acid : 
pyridine : water) was used for electrophoresis in a Durrum- 
type apparatus. To astrip of Whatman 3 filter paper of 
12 x 50 cm, 0-12 ml. of an 8 per cent trypsin solution in 
0-001 N hydrochloric acid were applied. An electrical 
tension of 450 V was used and the experiment was allowed 
to run for 5 h in the cold room. In these conditions 
at the end of the experiment the temperature of the buffer 
was 9° C. The strip, while still wet, was cut in l-ecm 
wide transversal segments and transferred individually 
to test-tubes containing 3 ml. of a 0-25 M pyridine formate 
buffer of pH 2-7. This extraction was allowed to continue 
for about 20 hin the cold room. The extract of each tube 
was then analysed for protein content, proteolytic activity 
against azo casein and amidasic activity towards «- 
benzoyl-L-arginine amide (BAA). 

The protein content was determined by the Folin- 
Lowry! method as applied to the ‘auto analyser’ system’. 
Proteolytic activity against azo casein was measured by 


the method of Charney and Tomarelli*. The hydrolysis 
of BAA was followed colorimetrically in the auto analyser’. 
Chromatography of trypsin in carboxy methyl cellulose 
was carried out according to the method of Liener*. 

The trypsin samples used in this work were purchased. 
from the Worthington Biochemical Corporation (‘Cryst. 
Trypsin, lyophilized, lot TL 747-58’), Freehold, Now 
Jersey, and from Novo Industri (‘Cryst. Trypsin Novo, 
batch 114-3’), Copenhagen, Denmark. 

The results obtained by the fractionation of the Worth- 
ington trypsin are shown in Fig. 1. The presence of three 
distinct fractions is clearly shown, and all of them are 
active against azo casein. In the conditions of these 
experiments, however, the slower fraction (F,) showed no 
activity towards BAA, while the faster fractions (F, and 
F,) are active. The activity of each separated fraction is 


Table 1 
Worthington trypsin Novo trypsin 
T* Fi F, Fs F, 2 3 
Proteolytic activity f 
i 470 685 890 130 74 835 24 10 


(azo casein) 
Amidasic activityt 
(a-benzoyl-L- 


arginine amide) 062 071 O10 00 110 120 035 015 
Ratio (proteolytic 
to amidasic) T8 95 39 — 67 69 68 67 


* Unfractionated trypsin. 

+The specific activity is given as the slope, multiplied by 10°, of the 
straight line obtained by plotting the absorbance at 440 mp against trypsin 
concentration in micrograms per millilitre. 

t Same as above but plotting absorbance at 620 mu. 
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Fig. 1. Paper electrophoresis of a sample of Worthington trypsin. 9, 
Protein value (absorbance at 660 my); O, proteolytic activity (absorb- 
ance at 440 mu); A, amidasic activity (absorbance at 625 my) 


given in Table 1 and shows that the specific activity of 
F, for both substrates is higher than that of the un- 
fractionated enzyme. 

The fact should be noted that the ratio obtained by 
dividing the proteolytic specific activity by the amidasic 
activity is different for each fraction. These results were 
observed only with the sample of Worthington trypsin. 

These findings are consistent with those obtained by 
the electrophoretic fractionation of this same sample of 
trypsin in starch columns at pH 2-7 (ref. 3) which showed 
that the peaks representing the maximum of proteolytic 
activity and amidasic activity are not coincident. 

The fractionation of Novo trypsin is presented in Fig. 
2 and shows the appearance of only two fractions while 
the presence of a third slower fraction is only indicated. 
The specific activity of these three fractions is also given 
in Table 1 together with the calculated ratios of proteolytic 
activity to amidasic activity. These ratios for the sample 
of Novo trypsin examined are the same for all fractions 
obtained. 3 

Electrophoresis of both samples of trypsin were also 
carried out in the presence of stabilizing concentrations of 
calcium. In this case calcium chloride was added to the 
pH 2-7 buffer to obtain a 0-05 M concentration of Catt. 
The trypsin samples were dissolved in this calcium- 
containing buffer and incubated for 2 h at 37° C before 
electrophoresis. The fractionation diagrams obtained by 
‘electrophoresis of the calcium-treated samples of trypsin 
were in all respects similar to those recorded in Figs. 1 
and 2. 

In order to test a possible degradation of trypsin during 
the electrophoretic run the main fraction (F3) was ex- 
tracted, freeze dried and again submitted to the same 
electrophoretic fractionation process. The results of 
this experiment are recorded in Fig. 3 and show the 
presence of only one fraction which was found to be active 
against both substrates. 

A search for degradation products was carried out by 
treating with ninhydrin the paper strip after the electro- 
phoretic run. This test was also negative and showed that 
no autolysis products reacting with ninhydrin were 
formed during electrophoresis. 
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These experiments tend to demonstrate that no degrada- 
tion or formation of artefacts takes place during electro- 
phoresis in the conditions employed in this investigation. 

The appearance in the Worthington trypsin of fractions 


| giving different ratios of proteolytic to amidasic activity 


could be explained by gross contamination of this sample 
with some other proteolytic enzyme such as chymotrypsin. 
However, the possibility of contamination with chymo- 
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: Fig. 2. Paper electrophoresis of a sample of Novo trypsin. e, Protein 
value (absorbance at 660 mz); O, proteolytic activity (absorbance at 
40 mu); A, amidasic activity (absorbance at 625 my) 
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Fig. 3. A orn of the main fraction from the sample of 
Worthington trypsin. 6, Protein value (absorbance at 660 mà) O, 
amidasic activity (absorbance at 625 my) 
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Fig. 4. Paper electrophoresis of the main trypsin fraction obtained by 

chromatography in carboxymethylcellulose. @, Protein value (absorb- 

ance at 660 mj); O, proteolytic activity (absorbance at 440 my); A, 
amidasic activity (absorbance at 625 mz) 


trypsin was ruled out by paper electrophoresis at pH 
27 (ref. 1). At this pH, chymotrypsin remains at the 
application point while trypsin migrates towards the anode, 
and when the Worthington trypsin was analysed by this 
method no proteolytic activity was found at the origin. 

In order to correlate the results obtained with the 
present method of fractionation with those of Liener® 
using chromatography in carboxymethyl cellulose (CMC) 
the main fraction obtained from the Novo trypsin by this 
method was investigated by paper electrophoresis at 
pH 49. Prior to electrophoresis the main chromato- 
graphic fraction was dialysed in the cold against pH 2-7 
pyridine formate buffer and freeze dried. The data 
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obtained from this fractionation are recorded in Vig. 4 
and show that the main fraction resulting from the 
chromatography of trypsin in CMC is heterogeneous when. 
analysed by paper electrophoresis at pH 4:9. The frac- 
tionation diagram presented in Fig. 4 is similar to those 
obtained in the same conditions with the unfractionated 
enzyme. 

The presence in crystalline trypsin of fractions each one 
showing a different ratio of proteolytic activity to amidasic 
activity was unexpected. One possible explanation for 
the observation would be the occurrence of limited 
autolysis of the enzyme during isolation. Changes in the 
specificity of trypsin following autolysis were observed 
by Bresler et al.°. Hakim et al. have also obtained 
experimental evidence indicating that changes can ocour 
in the specificity of trypsin following limited autolysis 
of this enzyme. The work of Viswanatha and Liencr?? is 
also pertinent to this question in showing that the specifi- 
city of the active fragment resulting from the peptic 
activation of acetyl trypsinogen was different from that 
of trypsin. 

We have suggested in a previous article’, based on the 
observations of Lienor? and Gladner and Folk’, that 
limited autolysis of trypsin resulting in the cleavage of 
lysine bonds near the trypsin C-terminal residue could 
account for the occurrence of the observed heterogeneity. 

This work was supported in part by grants from the 
Foreign Research and Technical Programs Division, 
Agricultural Research Service of the U.S. Department of 
Agriculture (FG-Br-100) and the Conselho Nacional de 
Pesquisas. 
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RIBONUCLEIC ACIDS 


By Dr. R. BARBER and Dr. A. S. JONES. 
Department of Chemistry, University of Birmingham 


HE fractionation of ribonucleic acids (RNA) on a 

new type of exchanger in which guanine residues were 
linked to cellulose has been previously reported!. The 
results indicated that the RNA was attached to the 
exchanger by means of hydrogen bonds. Other workers 
have since described similar systems’. This work has 
now been extended to the study of an exchanger in which 
a derivative of uracil was attached to cellulose. This 
was made by treating partially acetylated cellulose with 
5-hydroxymethyluracil* in the presence of dilute acid, 
and then removing the acetyl groups by mild alkaline 
hydrolysis. The procedure was as follows: 

Cellulose acetate (British Celanese, Ltd.; 2:4 acetyl 
groups per glucose unit; 125 g) was allowed to stand in 
7-5 per cent nitric acid (11.) at room temperature for 19h 
with occasional stirring. The product was filtered off, 
washed with water until free from acid and dried in the 
air at 90°-100°. It contained 1:8 acetyl groups per 
glucose unit. This partially acetylated cellulose (13 g) 
and 5-hydroxymethyluracil (8 g) were suspended 


in dimethylformamide (80 ml.) containing 2 per cent 
(w/v) of dry hydrogen chloride. The mixture was shaken 
at room temperature until complete solution was obtained 
and then this was allowed to stand at 50° for 40 h. The 
solution was cooled, poured into sodium bicarbonate 
solution (200 ml.) and the resulting precipitate filtered off, 
and washed alternately with hot water and hot ethanol 
until the washings contained no material absorbing in 
the region 230-300 my. The product at this stage con- 
tained one 5-hydroxymethyluracil (HMU) residuo per 
5 glucose units (determined by hydrolysis with boiling 
N hydrochloric acid and determination of the 5-hydroxy- 
methyluracil spectrophotometrically). The material was 
suspended in acetone (200 ml.) and water (about 10 ml.) 
added until a homogeneous solution was obtained and 
then 2 N sodium hydroxide (50 ml.) added. This hydro- 
lysed off the acetyl groups. The resulting gelatinous 
precipitate was washed with 0-6 M sodium chloride and 
stored in suspension. The yield was 40 per cent, and the 
product contained one 5-hydroxymethyluracil residue per 
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Rig. 1. Adsorption of yeast mRNA on HMU-cellulose (1 mg/ml. of 
RNA soln.) at 0° in 0:5 M S Rotation allowed to equilibrate for 


2-00 


9 glucose units. It appeared that the more highly sub- 
stituted molecules were soluble in water and wore removed 
by the washing procedure. Several batches of this ex- 
changer were prepared, and the procedure was found to be 
reproducible. 

The exchanger (HMU-cellulose; I) adsorbed yeast 
microsomal RNA (mRNA)! from solution in 0-5 M sodium 
chloride and the amount adsorbed depended on the con- 
centration of the RNA (Fig. 1). Material which still 
contained the acetyl groups did not adsorb the mRNA, 
neither did nylon nor polyacrylamide gel. The RNA 
could be eluted from the exchanger by lowering the ionic 
strength and/or increasing the temperature. 
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Attempts were made to fractionate yeast mRNA by 
the use of HMU-cellulose at 0? by elution with a gradient 
of decreasing salt concentration, but the time taken to 
reach equilibrium at this temperature was too long. 
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Fig. 2. Fractionation of mRNA on HMU-collulose at 26°. The mRNA 
(30 mg) in 0-8 M NaCl was adsorbed on the column (18 em x 1-8 em diam.). 
Eluted at 7-5 ml./h 10 ml. fractions collected. I-yeast mRNA; II— 
pig liver mRNA (separate fractionations); —-————, » Salt gradient 


200 


NATURE 


July 4, 1964 vor. 203 


Fractionations of yeast mRNA and pig liver mRNA 
were carried out at 26°, but there was no appreciable 
difference between the nucleic acids from the two sources 
(Fig. 2). When the fractionation was carried out at 16°, 
however, there was & considerable difference (Fig. 3). The 
fractionations were also carried out by elution at constant 
ionic strength (0-35 M sodium chloride); small differences 
were found (Fig. 4), but it did not appear to be possible to 
separate the two ribonucleic acids from each other. The 
amount of RNA retained was apparently dependent on 
the amount of salt passed down the column as well as on 
the concentration. The ribonucleic acids were fraction- 
ated by this process into a strongly retained and a weakly 
retained fraction. This was a true fractionation as shown 
by the fact that the same proportion of the RNA was 
retained when different amounts of yeast mRNA were 
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Fig. 4. Fractionation of mRNA on HMU-cellulose. 
adsorbed on the column (18 cm. x 1-8 em diam.), eluted with 0:35 M. NaCl 
and then with water (the arrow shows the start of elution with water) at 


12 mg of mRNA 





16°. 10 ml. fractions collected. Flow rate 7:5 ml./h. — yeast mRNA; 
——-, pig liver mRNA (separate fractionations) 
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Table 1. COMPOSITIONS OF FRACTIONS OF MICROSOMAL RNA ELUTED FROM HMU-CELLULOSB 
| Moles of base per 100 nucleotides 
Yeast mRNA ; Pig liver mRNA Serratia marcescens mRNA 
Original | F,* | F,* Original F,* F,* Original F,* F,* 
Guanine | 26:5 20:8 2666 | 277 ; 24:3 25:5 26:5 34.5 33:06 | 34:0 | 35-2 8-5 30-2 30- 30-6 30:2 28-9 
Adenine | 26:4 29-7 247 28:5 2T4 28:0 27:1 19-0 186 | 18-7 | 17-4 | 18-9 26-6 25:3 24:8 29:2 27:4 
Cytosine| 21:2 22:3 22.8 21:9 22.1 21:0 20-4 29:7 30-6 | 30:9 | 305 | 30:8 22-0 23- 23:3 212 22:5 
Uracil 26-0 27:2 274 26:8 26-2 25:7 26:0 16:8 17:3 | 164 | 109 7:8 21:2 21:5 21:3 19:3 21-1 











For each fractionation, 
(except second fractionation of S. marcescens mRNA when temp. was 16°). 
* F= the first 37 per cent of the RNA eluted; F- 

For the base analysis one hydrolysis was carried out on e. 


fractionated on the same column and that when one tube 
of a fractionation was removed and refractionated it was 
far more homogeneous than the original mRNA (Fig. 5). 
Samples of mRNA from yeast, pig liver and Serratia 
marcescens were fractionated on HMU-cellulose into a 
fraction eluted with 0-35 M sodium chloride and a fraction 
retained by 0-35 M sodium chloride but eluted by water. 
The temperature was kept constant (+1°) by means of 
tap water; but there was a variation in the actual tempera- 
ture (10°-16°) according to the time of year. The fractions 
so obtained were analysed for purines and pyrimidimes 
by hydrolysis with N hydrochloric acid, and separation of 
the nucleotides and bases by paper chromatography’. 


Table 2. STATISTICAL ANALYSIS OF THE RESULTS SHOWN IN TABLE 1 
Significance of the differences in base content of the 1st and 2nd fractions, 


(a) Yeast mRNA 

(1) Student's ! test. 
Adenine, (— 24-3 (2 deg. freedom) P < 0-002. 
Uracil ¢=3-88 (2 deg. freedom), P «0-1. 

(2) Variance ratio test. 
Adenine, F= 24-0 (5 and 12 deg. freedom) P « 0-001. 
Uracil F — 7-4 (5 and 12 deg. freedom) P « 0-05. 

No significant difference for guanine and cytosine contents. 


(b) S. marcescens mRNA. Variance ratio test. 
(1) 1st fractionation (at 11°). 
Adenine F=81-6 (1 and 4 deg. freedom) P « 0-001. 
(2) 2nd fractionation (at 16°). 
M Adenine, F —87-2 (1 and 4 deg. freedom) P < 0-001. 
No significant difference for guanine, cytosine or uracil contents. 


(c) Pigliver mRNA. No significant differences. 


` 


The results (Table 1) showed that in the case of yeast 
and Serratia marcescens mRNA. thero was a difference in 
the adenine contents of the first and second fractions (for 
statistical analysis see Tablo 2) but not in the case of 
pig liver mRNA. As was expected, with a column con- 
sisting of uracil residues the fractions containing the 
higher amount of adenine were the more strongly retained, 
indicating that the uracil residues were interacting with 
the adenine residues in the RNA. In support of this it 
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Fig. 5. Refractionation of yeast mRNA 25 mg of mRNA adsorbed on 

HMU-cellulose column (18 em x 1-8 cm diam.) and eluted at 16° with 

0-35 M NaCl and then with water (arrow shows start of elution with 

water) 10 ml. fractions collected. Flow rate 7-5 ml./h. Fraction 4 

isolated and refractionated under the same conditions. —--, original 
mRNA; ——, refractionation of fraction 4 


25 mg of mRNA was adsorbed on a column of HMU-cellulose 
Flow rate 7-5 ` 
remainder of the RNA (eluted with water). 
ach fraction and three chromatograms run for each hydrolysis. 


gs gm x 1-8 cm diam.) and eluted with 0:35 M NaCl at 10°-11° 


Each column indicates an independent fractionation. 


was found that polyadenylie acid was retained strongly 
by HMU-cellulose and that polyuridylic acid was only 
weakly retained (Fig. 6). On this basis, however, it would 
have been expected that pig liver mRNA. would have been 
retained less strongly than yeast mRNA when actually 
the opposite was the case. It appeared that the secondary 
structure of the mRNA was of importance, because if the 
mRNA was heated to 100° and slowly cooled before 
fractionation there was a change in the elution pattern; 
the pig liver mRNA was more strongly retained and the 
yeast mRNA less strongly retained by the HMU-cellulose. 
In the case of the yeast mRNA also no significant differ- 
ence in the composition of the fractions could be detected; 
this showed that the fractionation depended on the 
method of isolation and storage of the mRNA. 
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Fig. 6. Adsorption of polyribonucleotides on HMU-cellulose. ; 

polyadenylic acid (11 mg) adsorbed on the column (18 cm x 1:8 cm diam.) 

and eluted with 0-35 M. NaCl and then with water (arrow shows start of 

elution with water) ——,, polyuridylic acid (6 mg) adsorbed as above 

and eluted with 0-35 M NaCl. Temp. 13? in both cases. 10-ml. frac- 
tions collected. Flow rate 7:5 ml./h 
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Fractionations were also carried out on commercial 
yeast RNA under the same conditions except that M 
sodium chloride was used for the elution. In this case it 
appeared that the preparation would be more hetero- 
geneous and that secondary structure would be of less 
importance. The results (Table 3) show that there were 
large differences in the composition of the fractions 


Table 8. FRACTIONATION OF COMMEROIAL YEAST RNA ON HMU-CELLULOSH 


Moles of base/100 nucleotides 
Original RNA nF s F; 
Guanine 27:18 + 0-45 24-19 x 0-24 26:84 + 0°76 28°43 + 0-37 
Adenine 26-20 + 1-85 21-10 + 0-90 29:28 + 0-44 80:56 + 0:30 
Cytosine 20:16 + 0:46 22-85 1:41 19-48 + 0-13 18:82 + 0-60 
Uracil 26:24 + 1-53 31:85 + 1-24 24-39 t 0-07 22-20 + 0-07 


Conditions for the fractionation were the same as described in Table 1 
except that M sodium chloride was used for the elution. The commercial 
yeast RNA was supplied by Boehringer and Soehne, Mannheim. 

Fı=first 5 per cent of the RNA eluted: F,=last 5 per cent eluted (eluted 
with water); F,=18 per cent of the total RNA eluted (eluted with M NaCl) 
before the last 5 per cent. The fractionation pattem was similar to Fig. 4 
except that 95 percent of the material was eluted with the M sodium chloride. 
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obtained, so that it can be concluded that polyribonucleo- 
tides can be fractionated on HMU-cellulose. In this 
case the adenine-rich fractions were retained as expected. 

We thank Prof. M. Stacey for his advice and the British 
Empire Cancer Campaign (Birmingham Branch) for 
financial support. 
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SELECTIVE EXTRACTION OF A PROTEIN FRACTION FROM 
WOOL KERATIN 


By R. A. DEDEURWAERDER, M. G. DOBB and B. J. SWEETMAN 


Division of Protein Chemistry, C.S.L.R.O. Wool Research Laboratories, Parkville, Melbourne 


HE reaction of tetrakis (hydroxymethyl) phos- 

phonium chloride (THPC) with keratin has recently 
been examined by several authors!-+. We have now 
extended the scope of the previous work and have also 
investigated the reactions of a number of other organo- 
phosphorus compounds with the disulphide bonds of 
wool keratin. Since it has been shown previously that 
reduction in & solvent system which swells the wool fibre 
and thus promotes the diffusion of a reagent offers a 
method for the almost complete removal of disulphide 
bonds, we have investigated the reaction of several organo- 
phosphorus reducing agents in anhydrous formamide. 

Samples of conditioned wool top (20° C, 65 per cent 
relative humidity) were treated for 24 h at 20° C and a 
50/1 liquor/wool ratio with solutions or suspensions con- 
taining 5 per cent w/w (large excess) of either THPC, 
tris (diethylaminomethyl) phosphine (DEAMP), triethyl- 
phosphite (TEP), triphenylphosphine or tetraphenyl- 
phosphonium chloride in anhydrous formamide. The 
percentage disulphide reduction of each sample was 
estimated amperometrically* and found to be 70, 98-99, 
97-98, 64-66 and 17—20 per cent respectively. The 
reductions with DEAMP and TEP were afterwards 
examined in greater detail. 

The most interesting feature of this work is that we 
have been able to extract preferentially a protein located 
between the cuticular cells of the wool fibre. This protein 
has a distinctive amino-acid composition, and a brief 
description of its isolation and properties are of interest. 
After reduction of the wool with DEAMP in formamide, 
the liquor containing the extract was diluted with water 
and the solution afterwards treated with potassium 
iodoacetate at pH 8 to prevent the re-oxidation of sul- 
phydryl groups. The extract, after dialysis against 
distilled water and freeze-drying, gave a protein residue 
amounting to 2-3 per cent of the initial weight of wool. 
The S-carboxymethyl protein was only completely soluble 
in aqueous solution above pH 10. 

Amino-acid analysis of the hydrolysate shows the 
protein to be unusual in containing abnormally high 
percentages of glycine (27 per cent) *, tyrosine (11 per cent), 
phenylalanine (6-7 per cent) and tryptophan (1-7 per cent) 
and a low content of S-earboxymethyl cysteine. It is 
apparent from electron microscopic studies of the reduced 
fibre that this protein is located in the membrane complex 
between the cuticular colls of the wool fibre (Fig. 1). In 
fact, there is a tendency for these cells to be released 
from the fibre as is evident in Fig. 1. Furthermore, the 
method offers possibilities worth exploring for the isola- 
tion of cuticular cells for subsequent analysis. From 
the structural point of view the extraction appears to be 
selective and quite reproducible while the microfibrillar 
texture remains intact (Fig. 2). However, even after 
complete reduction, the extraction is incomplete, for in a 
few regions the membrane system is not completely 
removed. 


* Percentages are based on the total nitrogen content of the protein 
hydrolysate. 


A very heterogeneous protein fraction of similar com- 
position’ has also been isolated from wool by total extrac- 
tion with urea-2-mercaptoethanol and fractionation by 
DEAE-chromatography. Moreover, Gillespie and Har- 
rap*? obtained a protein fraction which had a high 
tyrosine and glycine content and was insoluble in aqueous 





Fig. 1. Transverse section of merino wool cuticle treated with DEAMP 
in formamide and subsequently stained in silver nitrate (x 48,000) 





Fig. 2. Transverse section of merino wool treated as in Fig.1(x 200,000) 
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solution except at high pH. values. Itis therefore tempting 
to suggest that these proteins all have a common origin 
within the wool fibre. 

It has been suggested!? that tryptophan and tyrosine 
degradation may be responsible for the yellowing of wool 
under the action of sunlight. Our treatment, which 
removes a protein fraction containing a relatively high 
amount of these amino-acids, may therefore reduce 
the yellowing of wool by sunlight. 

We have also investigated the reduction of disulphide 
bonds in wool with 0-3 M. aqueous solutions of THPC 
and DEAMP at 40° in the range pH. 1-9. Contrary to the 
results published by Jenkins and Wolfram? it was found 
that the rate of reduction increases with pH up to pH 5 
and thereafter remains approximately constant. Using 
the foregoing conditions (pH 3-5), virtually quantitative 
reduction can be achieved in approximately 4 h. The 
trialkyl phosphines thus appear to be the most effective 
reducing agents so far described for reduction of disulphide 
groups in acid media. 

It had previously been assumed? that reduction by 
aqueous THPC was associated with the absorption of the 
phosphonium ion on the fibre. However, we have been 
unable to detect any phosphorus above a level of about 
0-02 per cent in samples reduced either in aqueous? or 
formamide media. 
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Reduetion of model disulphides with tertiary phosphines 
ean give rise to either thioD? or lanthionine-type!? 
derivatives, depending on whether reductions are carried 
out in aqueous or non-aqueous media respectively. 
Under our experimental conditions we have found that 
DEAMP or TEP reductions of wool in formamide solution 
of disulphides in wool produce 30-64 uM lanthionine/g 
woo], while reduction in aqueous solution at pH 1-8 
gives almost no lanthionine. However, Zahn and Vas- 
siliadis! have observed lanthionine formation in aqueous 
media and at higher temperatures. We thank Mr. L. M- 
Dowling for determinations of lanthionine. 


1 Zahn, H., and Vassiliadis, A., Soc. Dyers and Colourists, 78, 234 (1962). 
? Jenkins, A. D., and Wolfram, L. J., Soc. Dyers and Colourists, 79, 55 (19638). 


Bi: C. S., Woodhouse, J. M., and Bajpai, L. S., Nature, 187, 602 


‘Bajpai, L. S., Whewell, C. S., and Woodhouse, J. M., Soc. Dyers and 
olourists, 77, 193 (1961). 


* Maclaren, J. A., Austral. J. Chem., 15, 824 (1962). 

* Leach, S. J., Austral. J. Chem., 13, 547 (1960). 

7 Thompson, E. O. P., and O'Donnell, I. J. (private communication). 

* Gillespie, J. M., Austral. J. Biol. Sei., 15, 277 (1962). 

? Harrap, B. S., and Gillespie, J. M., Austral. J. Biol. Sci., 16, 542 (1903). 
10 Inglis, A. S., and Lennox, F. G., Text. Res. J., 33, 431 (1963). 

11 Schönberg, A., and Barakat, M. Z., J. Chem. Soc., 892 (1049). 

13 Challenger, F., and Greenwood, D., J. Chem. Soc., 26 (1950). 


3 Jergeleit, W., as quoted by Horner, L., and Hoffman, H., Angew. Chem., 
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CRYPTORCHISM IN AUSTRALIAN MERINO SHEEP 


By C. H. S. DOLLING 


and M. G. BROOKER 


National Field Station, Gilruth Plains, C.S.I.R.O., Cunnamulla, Queensland, Australia 


URING an investigation of the inheritance of crypt- 
orchism in medium wool Australian merinos, rams 
with only one or neither testicle descended into the scrotum, 
or with descended testicles of unequal size, were observed 
in several flocks. 

Several workers have quoted the incidence of bilateral 
and unilateral eryptorchids in sheep. Glembockii and 
Moiseev! reported that approximately 8 per cent of 
eryptorchid lambs observed in the Valahian and the 
Précoce merino were unilateral, the left testicle being 
descended in each case. The number of unilateral crypt- 

' orchids was 14; it is likely that these were included in a 
total of 23 reported later?, in 18 of which the left testicle 
had descended. Kochetkova? reported that approximately 
10 per cent of the cryptorchids in another Précoce flock 
were unilateral, but did not record which testicle had 
descended. Wendt, Pohl and Mrosk* reported that most 
cases of cryptorchism which they observed in the mutton 
merino were bilateral. 

The definition of eryptorchism used here is that of 
Sisson and Grossman‘, that is, retention of one or both 


Table 1. 


Abnormality 


| Horned | 


testicles in the abdomina) cavity or inguinal canal. In 
the 6 unilateral and 2 bilateral cryptorchids which have 
been slaughtered the missing testicles have been located 
in the abdominal cavity. Other animals have been scored 
by palpation of the scrotum, and any testicle not 
descended has been assumed retained in the abdominal 
cavity. 

Cryptorchid rams have been inspected in medium 
wool flocks at Cunnamulla, Queensland, end in the New 
England district of New South Wales. These rams came 
from both horned and polled flocks (Table 1, a, b and c). 
Each polled ram would have been either homozygous or 
heterozygous for the dominant gene for polledness*. The 
numbers quoted cannot be used to estimate the relative 
frequencies of abnormal rams among those of the two horn 
types, because a random sample of flocks was not taken. 

In the Cunnamulla flocks, 41 cryptorchids (85 per cent 
of the total) were unilateral, and in 40 of these the left 
testicle had descended. The ratio 40:1 differs signifi- 
cantly (P < 0:0001) (ref. 7) from the 1: 1 ratio expected 
if the side of descent were determined at random. 


NUMBERS OF MEDIUM WOOL MERINO RAMS OBSERVED WITH TESTICULAR ABNORMALITIES 





No testicle in scrotum 

(a) Neither testicle descended to scrotum or palpable 1 
One testicle in scro 

(b) Left testicle descended to scrotum, right testicle not 
8 


0 


palpable 
(c) Right testicle descended to scrotum, left testicle not 


Palpable 
(b) or (c) One testicle descended to scrotum, other testicle 
not palpable 
Two testicles in scrotum 
(d) Left testicle larger than right 
(e) Right testicle larger than left 


8 
10 

















No. of rams 
Cunnamulla, Queensland New England, N.S.W.* 
| Polled Total Horned Polled Total 
| 7 8 0 20 20 
32 40 0 3 3 
1 1 0 3 s | 
— = 2 7 9 
2 10 N.R.1 N.R. N.R. ! 
2 12 N.R. N.R. N.R. | 


* In the New England flock, groups (b) and (c) were scored as one group except at one lambing. 


t N.R., not recorded, but may have been present. 
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Table 2. LOCATION OF TESTIOLES IN NORMAL MALE MERINO F(EYUSES 
Male foetuses 
Interval, service to No. Testicles Right kidney Right testicle 
slaughter (days) > observed 

_Internal to External to Anterior * Level with Anterior§ Level with 

inguinal ring inguinal ring to left left to left left 

50 2 Is E) 0 0 0 0 0 

60 Tf 3 0 1 0 0 1 

70 21 2 0 1 0 1 0 

7b 1 1 0 1 0 1 0 

80 2 0 2 9 0 — — 

85 5 0 5 5 0 — m 

90 2 0 2 2 0 = = 

100 3 0 3 3 0 = i 

105 4 0 4 4 0 iem = 





* Right kidney is not completely anterior to left, but anterior surface of right kidney is anterior to anterior surface of left kidney. 
§ Right testicle is not completely anterior to left, but anterior surface of Tight testicle is anterior to anterior surface of left testicle. 
No observations were made on the symmetry of kidneys or testicles of unfrozen footuses or of those twisted slightly during freezing. The number 


of daggers indicates the number of such fostuses in a group. 

In the New England flock, 15 cryptorchids (43 per 
cent of the total) were unilateral. The 6 unilateral crypt- 
orchids of one lambing only were examined in detail. 
In 3 lambs the left testicle had descended, in 3 the right. 

To determine the foetal age at which testicles migrate 
from the abdominal cavity to the scrotum in normal 
merinos, ewes bearing foetuses of known ages were 
slaughtered. Each ewe had been removed from the mating 
pen 24 h after her first service was recorded. To prevent 
movement of organs during dissection, most foetuses 
were frozen on removal and dissected while thawing. 

Details of the observations are given in Table 2, the indi- 
cation being that testicles pass through the inguinal ring 
between 75 and 80 days after conception. 

: Only one case has been reported in which a testicle 
might have descended after birth. In the flock of a co- 
operating breeder, a polled ram recorded by him as a 
bilateral cryptorchid at several weeks of age was observed 
with the left testicle descended at 1-5 years. No case has 
been observed of the withdrawal of a testicle after birth. 
Unless withdrawal takes place in utero between 80 days 
and full term, cryptorchism in merino rams probably 
results from the failure of one or both testicles to descend 
at 75-80 days of foetal age. 

The reproductive: organs of vertebrates develop in 
association with the kidneys and their ducts*. In 8 
&dult merino rams slaughtered, tho right kidney has been 
completely anterior to the left in each case; this is in 
general agreement with the situation described by Sisson 
and Grossman for adult sheep. An asymmetry was 
observed also in the kidneys of 19 male merino fcetuses 
(Table 2). 

In the 3 of these which were aged 75 days or younger, 
the relative positions of the testicles were observed. 


In the youngest the two testicles were level, but in the 
other 2 the right was partly anterior to the left. 

Asymmetry of testicles in the fostus could be associated 
with the tendency of the left testicle to descend in uni- 
lateral cryptorchids in the Cunnamulla flocks. The 
left testicle probably begins to migrate before the right. 
The resulting asymmetry prior to actual descent to the 
scrotum would give the right testicle farther to travel 
during descent. As a consequence it may meet a mechani- 
eal or physiological block, such as the occlusion of the 
inguinal canal or a hormonal interference, which the left 
testicle evades. Retention of both testicles could be due 
to such a block acting on both sides, or to some other 
cause. x : 

Among rams in which both testicles have descended. 
but which are different in size, there is no indication 
that one is consistently larger than the other (Table 1, 
d and e). Factors producing asymmetry in testicle size 
thus seem to differ from those producing eryptorchism 
in Cunnamulla flocks. 

As the investigation of the inheritance of cryptorchism 
progresses, it is hoped to investigate the migration of 
testicles in male foetuses which have a known probability 
of developing into cryptorchids. 


1 Glembockii, Ja., and Moiseev, S. B., Usp. Zootech. Nauk, 1, 5 (1035). 

* Glembockii, Ja., and Moiseev, S. B., Usp. Zootech. Nauk, 3, 5 (1936). 

3 Kochetkova, L. P., Probl. Zivotn., 10, 81 (1936). 

* Wendt, K., Pohl, L, and Mrosk, H., Arch. Teirz., 3, 440 (1960). 

* Sisson, S., and Grossman, J. D., The Anatomy of the Domestic Animals 
(W. B. Saunders Company, Philadelphia and London, 1961). 

* Dolling, C. H. S., Proc. Austral. Soc. Anim. Prodn., 1, 161 (1956). 

7 Warwick, B. L., Probability Tables for Mendelian Ratios with Small Numbers. 

. Texas Agric. Exp. Sta. Bull. No. 463 (1932). 

* Waddington, C. H., Principles of Embryology (George Allen and Unwin, 

Líd., London, 1950). 


IMMUNOLOGICAL CONTROL OF FERTILITY IN FEMALE MICE 


By Ds. R. G. 


Physiological Laboratory, 


qs advantages and possibilities of an immunological 
method for the control of fertility have been discussed 
repeatedly’. The recent publication by Dr. Anne 
McLaren? on the immunological control of fertility in 
mice prompts the present communication of my results 
in this field and on the same species. I have examined 
fertilization in female mice immunized with homologous 
spermatozoa. Various schedules of immunization have 
been used, from a few subcutaneous or intraperitoneal 
injections of spermatozoa to two successive immunizations 
with spermatozoa emulsified in complete Freund’s 
adjuvant followed by many subsequent immunizations 


EDWARDS 


University of Cambridge 


with spermatozoa. The major intention has been to find 
out whether prolonging the immunization course causes 
progressive decline in fertilization rates. 

For immunization, spermatozoa were stripped from the 
vas deferens of outbred adult mice, and between 10 and 
50 x 10° fresh unwashed spermatozoa were injected at 
each immunization into outbred female mice. Three 
schedules of immunization were carried out. (1) Nine 
mice were given 3-5 subcutaneous and intraperitoneal 
injections of spermatozoa in saline at weekly intervals. 
(2) Twenty-one mice were given an initial subcutaneous 
injection of spermatozoa in Freund’s adjuvant, followed 
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by 2-5 subcutaneous and intraperitoneal injections of 
spermatozoa in saline at weekly intervals. (3) Twenty- 
one mice were given two courses of spermatozoa in 
Freund’s adjuvant at an interval of two weeks, and after 
a further two weeks were injected intraperitoneally with 
spermatozoa in saline every four or five days. These mice 
received, 3-11 subsequent intraperitoneal injections of 
spermatozoa, excluding the two initial injections with 
adjuvant. In groups 2 and 3, the adjuvant/spermatozoa 
emulsion was injected into four separate sites on the back 
at each immunization. Control mice were given identical 
courses of treatment, but substituting saline for sperm 
suspensions. ` 

Between 6 and 36 days after the end of the immuniza- 
tion schedule, the female mice were paired with males of 
proved ability, and examined next morning for mating 
(judged by the presence of a vaginal plug). Immunization 
did not affect mating performance, the proportion mating 
on the first night of pairing being similar in the immunized 
and control groups. Females which mated were killed 
by ether between 12 noon and 5 p.m. on the same day, 
bled from the heart and the uterus and Fallopian tubes 
removed. The uterine contents were examined, special 
attention being given to any spermatozoa therein. Living 
eggs liberated from the ampulla of the Fallopian tubes 
were examined for evidence of fertilization under a phase- 
contrast microscope*. In all mice except six, the eggs 
could be classified as fertilized or unfertilized without 
difficulty. In the remaining six (two immunized, four 
controls) several eggs were unpenetrated but living 
spermatozoa were present in the perivitelline space or 
between the cumulus cells, and the remaining eggs had 
only just been penetrated. Most or all of the eggs would 
presumably have been fertilized in these mice. A few 
mice were autopsied 2-3 h after mating for detailed inspec- 
tion of the uterine contents. 

Sera obtained from the mice at the time of killing were 
examined for the titres of spermagglutinins and sperm- 
immobilisins. For spermagglutination, the medium used 
consisted of equal amounts of medium 199 and phosphate- 
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Table 1. DETAILS OF THE IMMUNIZED AND CONTROL MIOE 


Group 1* Group 2* Group 3* 
2 un- un- 
ized Control ized Control ized Control 

Total No. of mice 9 17 20 13 21 16 
No. which mated 8 14 20 18 19 12 
No. with all or most ~~ 

eggs fertilized 3+2ł 10+27 9 11+2t 11 8 
No. of eggs fertilized 88/48 83/91 74/76 88/105 85:53 54/57 


No. with many eggs 
unfertilized {per 


tially fertile’ 2 1 6 0 5 3 
No. of eggs fertilized 3/20 2/7 22/50 - 13/39 8/20 
No. with all eggs un- 

fertilized (‘sterile’ 1 4 2 0 3. 0 
No. of eggs fertilize 0/11 0/ 0/17 - 0/25 - 
No. failing to ovulate 0 0 2 0 0 1 
No. with eggs activated 

parthenogenetically 0 0 1 0 0 0 


* See text. 

In these mice, active spermatozoa were present, among the cumulus cella 
or in the perivitelline space of many unfertilized eggs, and the penetrated 
eggs were in the early stages of fertilization. ‘All or most eggs would pre- 
sumably have been fertilized in these mice. F 

ł Spermatozoa were recovered from the uterus of this female. The male 
concerned was under test at the time of mating, and it was afterwards 
excluded from the experiment. 


buffered Hanks’s saline (pH 7-1) with a final concentration 
of 0-1 per cent glucose. For spermimmobilization the 
same medium plus fresh guinea pig serum as & source of 
complement was employed. Fresh complement was 
necessary for this test, the complement being previously 
titred against mouse spermatozoa to avoid the effects of 
fresh serum on spermatozoa‘. All tests were read twice. 
at intervals of approximately 15-30 min and 60—90 min. 
All sera were coded before the tests, read as unknowns, 
and decoded after the final titration had been decided. 
Of the 47 immunized mice which mated, six (‘sterile 
mice’) had unfertilized eggs only, and in 13 others 
(‘partially fertile’) more than half of the eggs were un- 
fertilized and living spermatozoa were not found in the 
perivitelline space of these eggs or between the cumulus 
cells. No eggs were found in two mice, and one mouse had 
eggs which. had evidently been activated partheno- 
genetically. Unfertilized eggs were also found in control 
mice, but more rarely than after immunization (Table 1). 
The infertility after immunization was not correlated 
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Fig. 1. Relationship between serum titres of spermagglutinins and spermimmobilisins and fertility in the three groups of immunized mice. 


Black, sterile; vertically hatched, partially fertile; obliquely hatched, failed to ovulate; stippled, eggs activated parthenogenetically ; 


white, 


most or all eggs fertilized 
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Fig. 2. Relationship between the serum titres of spermagglutinins and spermimmobilisins and the incidence of fertilized eggs. Data from 


the groups of immunized mice are combined, the numbers of 


primarily with the titres of circulating antibodies. 
With one exception, the sterile mice were among those 
with lower titres (Fig. 1); the exception had high 
titres, and was the only one of the sterile mice with 
spermatozoa in the uterus (see following). The partially 
fertile mice were, in general, among those with higher 
titres, as were the non-ovulators and the mouse with eggs 
activated parthenogenetically. But a high serum titre 
did not necessarily lead to infertility, for all eggs were 
fertilized in several mice with high titres. The clearest 
relationship between circulating antibody titres and 
infertility was found in group 2 (Fig. 1); but this was not 
confirmed in group 3. When results from all three groups 
were combined, no consistent trend in the incidence 
of unfertilized eggs with increasing amounts of circulating 
antibody could be found (Fig. 2). 

Examination of uterine spermatozoa supported the 
conclusion that circulating antibodies were not necessarily 
involved in the cause of the infertility. Typical immune 
spermagglutination was found in none of 36 immunized 
mice (serum titres between <1/32 and 1/1,024) with 
uterine spermatozoa. The spermatozoa were clearly 
separate—more separate indeed than in in vitro samples 
of epididymal spermatozoa—except for occasional large 
clumps attached by their heads, which is not typical of 
immune spermagglutination. The absence of agglutina- 
tion could be especially seen when the uterine spermatozoa 
were still motile. It is known that antagglutinins in tho 
female tract abolish non-immune head agglutination®, 
and agglutination caused by heteroantibodies’, but we 
have failed to find such abolition using sperm autoanti- 
bodies in vitro. Mice with high serum titres of sperm- 
immobilisins often possessed active uterine spermatozoa 
and/or fertilized eggs, and even the addition of guinea 
pig complement failed to inactivate the spermatozoa. 
Serum antibodies thus either failed to reach the uterus 
or did so in small amounts*. The relative absence of 
serum proteins from the uterus could also be inferred 
from the remarkable immune-like reactions between 
spermatozoa and fresh serum from adult animals, which 
often result in lysis and inactivation of spermatozoa’. 

McLaren’s evidence? that the numbers of spermatozoa 
reaching the ampulla are correlated with serum sperm- 
agglutinin titre, taken with our evidence of the absence of 


mice contributing to the data being shown in each column 


these antibodies from the uterus, suggests that any effect 
of these antibodies must be expressed in the Fallopian 
tubes. Whether the antibodies are secreted into the 
Fallopian tubes, infiltrate from the peritoneum, or enter 
with the follicular fluid is not known. Small amounts of 
antibody in the Fallopian tubes would presumably have a 
greater effect on fertility than similar amounts in the 
uterus because the volume of the tubes is considerably 
less and fewer spermatozoa are found in them. Such a 
mechanism could have accounted for the infertility in 
nine of the partially fertile and one of the sterile mice, 
each of which had high serum titres, many spermatozoa, 
in the uterus, and few or no spermatozoa round the eggs. 
It seems unlikely that spermimmobilisins are involved, 
for mouse complement was considerably less efficient than 
guinea pig complement in immobilization tests in vitro. 
Spermimmobilization and spermagglutination tests evid- 
ently measured different antigens on spermatozoa», for 
mice with high serum titres in one test did not necessarily 
havo high titres in the other. 

A further cause of infertility was indicated from the 
examination of the uterine contents of the mice. In our 
experiments, infertility was evidently associated with the 
more rapid removal of spermatozoa from the uterus. 
When uterine spermatozoa were classified as present or 
absent, and if present as large, medium or small in number, 
differences became apparent between mice of differing 
fertility (Table 2). Five of the six sterile mice had no 
uterine spermatozoa. The somewhat arbitrary classifica- 
tion of mice into those with motile and non-motile uterine 
spermatozoa also hinted that differences existed between 
the groups (Table 2). Whether this loss and/or inactiva- 
tion of spermatozoa, was due to induced uterine anaphyl- 
axis’, to an increased rate of phagocytosis, or some other 
reason is not known; these effects were certainly not 
correlated with the titres of circulating antibody. It may 
not be coincidental that the degree of testicular destruc- 
tion in guinea pigs and mice after immunization with 
testis or spermatozoa also bears little or no relationship 
to the amounts of circulating antibodies}. 

In our experiments, immunization of mice with sperm- 
atozoa and adjuvant has not led to drastic reductions in 
infertility as found by other workers?? in guinea pigs. It is 
difficult to make comparisons between species when the 
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(EFFICIENCY IN ANIMAL PRODUCTION) 


Home, 2nd—7th September, 1963 


A number of sets of the Proceedings (four volumes a set) 
presented at this Conference are available for sale at £5 5s. 
sterling or U.S. $15.00 per set (postage included). 

The Conference was organised by the European Association 
for Animal Production jointly with the Societies of Animal 
"-odnciion of Australia, Canada, Japan, New Zealand, South 
Africa and U.S.A., representatives of other regions, and in 
collaboration with F.A.O., as well as other international organisa- 
tions. It has been described as the “greatest collection of brains 
ever assembled in the field of animal science" and the Proceedings 
include 71 invited papers by world authorities on the following 
topics : 

1. The necessity of defining needs and establishing priorities 
for solution of animal production problems, taking into 
consideration the need of human nutrition. 

. Limitations to efficiency imposed by inadequate nutrition 
with particular reference to feed resources. 

. Influence of breeding on the efficiency of production. 

. Physiological limitations on reproductive performance. 

. The potential! for increasing efficiency of feed utilization 
through newer knowledge of animal nutrition. 

. Basic factors influencing the efficiency of utilization of energy 
and protein with special reference to their inter-relationship. 

. Improvement of animal production education. 

Papers are published in the original language of their authors 
and are summarized in three others, the official languages being 
English, German, French and Spanish. 

Please send remittances to Dr. Joseph Edwards, Breeding & 
Production Organisation, Milk Marketing Board, Thames Ditton, 
Surrey, England. 
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Dielectrics 
Modern Electrical Studies Edited by Professor G. D. Sims 


J. C. ANDERSON, M.Sc., Ph.D., A.M.LE.E., Imperial College, University of London. 


Dielectrics, as a subject of study, ranks in importance with semiconductors and magnetism. The last decade has 
seen many developments in the field of dielectric materials, and this book gives the background theory to them. 
It is based on the third-year undergraduate course, and on first-year post-graduate lectures delivered in the Materials 
Course at the Department of Electrical Engineering, Imperial College. July 1964 28s. 








Biological Control of Insect Pests 
and Weeds 


Edited by PAUL DeBACH,, Professor of Biological Control, University of California. 


A thorough coverage of all phases of biological control of insect pests and weeds. It has been planned for cohesive- 
ness and continuity much as a single author would plan his work. The book is divided into sections whose chapters 
form a related group of subject matter. The contributing authors are all specialists in their fields and between them 
have accumulated more than 200 years of research and teaching in biological control work. July 1964 120s. 





The Principles of Agricultural Eniomology 


C. A. EDWARDS, B.Sc., M.Sc., Ph.D.,and G. W. HEATH, B.Sc., Ph.D., Rothamsted Experimental Station. 


This book is planned for use by agricultural students, advisory officers, well informed farmers and all who are con- 
cerned with pests that attack field crops and stock. The excessive use of technical language has been avoided as 
far as possible; where it is unavoidable it has been explained. July 1964 80s. 










CHAPMAN & HALL 






CALCULUS EXPLAINED 


W. J. Reichmann Fellow of the Royal Statistical Society, and a consultant in statistics 
Designed to provide a sound working knowledgejof basic ideas and methods. 36s. 







BIOCHEMISTRY OF SEMEN 
AND OF THE MALE§REPRODUCTIVE TRACT 


Thaddeus Mann, F.R.S., Director of the A.R.C. Unit of Reproductive Physiology and Biochemistryat Cambridge 
The first attempt to provide a comprehensive and up-to-date treatise. 105s. 








AFRICAN ECOLOGY AND HUMAN EVOLUTION 


General Editors: Clark Howell and François Bourliére 


A summary of researches on Pleistocene environments and the cultural and biological evolution of man in Africa. 
63s. 







CLASSIFICATION AND HUMAN EVOLUTION 


General Editor: Sherwood L. Washburn 
A clarification of the present state of knowledge regarding the main lines of human evolution. 63s, 
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NEW HEYWOOD BOOKS 
Progress in Semiconductors, Vol. 8 


Edited by A. F. Grsson and R, E. BURGESS 
This volume departs from the previous pattern of this international series of critical reviews. Owing to the impor- 
tance of the subject, the whole volume consists of a review of THE ELECTRICAL CONDUCTIVITY OF GERMANIUM by 
Dr. E. G. S. Paige of R.R.E., Malvern. The main part of the book examines the extent to which a successful 
quantitative comparison between experiment and a theory based on the Boltzmann equation can be made. It is 
preceded by two theoretical chapters building up the elementary theory of galvanomagnetic effects, and it is 
followed by two chapters extending the theory to include the effects of strain and high electric field. 

. 244 pages, Royal 8vo 70s. 

















Progress in Cryogenics, Vol. 4. 


Edited by K. MENDELSSOHN 
This well-known series is continued in a new volume with international critical reviews from Great Britain, the 
U.S.A. and U.S.S.R. The subjects covered are: Radial Flow Low Temperature Expansion Turbines—V. I. 
Epifanova ; Liquid Helium Supplies in Great Britain—P. L. Smith ; Helium-3 at Low Temperatures—D. F. 
Brewer; Ferrimagnetism—R. K. Wangsness ; Magnetic Cooling—W. A. Little ; Superconducting Resonant 
Cavities—E. Maxwell ; Superconductive Materials and Some of their Properties—B. W. Roberts. 

23] pages, Royal 8vo 70s. 


Magnetic Tape Recording 


. H. G. M. SPRATT 
The text has been completely revised and reset for this second edition. Particularly valuable are tbe chapters on 
tape materials, manufacture and testing. Other chapter headings are : Principles of Magnetism ; Sound Repro- 
duction and Electro-Acoustics ; Principles of Magnetic Recording ; Tape Recording Machines ; Recording 
and Reproducing Machines for Music and Speech ; Testing of Machines ; Applications of Magnetic Recording ; 
Present Trends and New Developments. 368 pages, Demy 8vo. 63s. 


Obtainable from all bookselfers or, in case of difficulty, direct from the publishers: HEYWOOD BOOKS, 
TEMPLE PRESS BOOKS, LTD., Book Sales Dept., BOWLING GREEN LANE, LONDON, E.C.i 








Introduction to Biophysical Chemistr 
Mc Graw- | « Bruce Martin id 89s i 


H i | l Within a single volume, this book deals with the properties, function, and interrelationships 
of the biologically important macromolecules, proteins, and nucleic acids. Throughout, 
the emphasis is on the end results, and it aims at providing an appreciation of the topics. 

it covers, rather than a detailed analysis. 


Radio Ray Propagation in the lonosphere 
John M. Kelso £7 


Electronic Sciences Series 


s 
The first advanced textbook to give extensive treatment of the geometrical optics of radio 
signals in the ionosphere. Special features include much material on whistler propagation, 
and an unusually thorough discussion of the determination of electron density, distribution, 
ray paths in an anisotropic medium, and to the principal axis equations for ionospheric 
propagation. 


Group Theory and Quantum Mechanics 
Michael Tinkham 89s 
Berkshire International Series in Pure and Applied Physics 


Maidenhead 


Presents those elements of group theory essential to physical applications, and gives a 
England brief, systematic treatment of the quantum mechanics of atoms, molecules, and solids, 
emphasizing the use of group theoretical techniques. ` 
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ENGINEERING UNITS 
and Physical Quantities 


H. S. HVISTENDAHL, B.Sc.(Eng.), M.I.Mech.F., M.I.E.E., M.IL.E.E.E. 


A lucid account by a highly experienced engineer of the origins, 
evolution and present basis of the uníts used in mechanical and elec- 
trical engineering ; their nomenclature and symbols according to the 
latest international agreements, and in particular, conversion factors. 
These last alone make it a precious work of reference. 


128 pp. Many tables 25s 


DIMENSIONAL ANALYSIS 


JULIO PALACIOS, Professor of Physics, University of Madrid 


A capable translation by Dr. P. Lee (Purdue) and Mr. L. Robb 
(Imperial College, London) of the first book to relate theory to the 
more recent developments in nuclear physics, quantum theory and 
relativity ; and the first to treat the subject in a general and systematic 
way. The author faces the differences of opinion that exist today in 
modern physics and puts them in perspective. 


256 pp. 42s 


COMPUTER 
APPLICATIONS 


Edited by ROBERT S. HOLLITCH and MILTON M. GUTTERMAN 


This report of the Ninth (1962) Symposium, organized at tbe Illinois 
Institute of Technology, is a cogent survey for all who are actually 


using computers to solve problems in business, management, science 
and engineering. The contributors discuss both "software" and **hard- 
ware" applications, including contemporary and experimental pro- 


gramming languages. 








*224 pp. Illus. 56s 





NETWORK ANALYSIS for 
Planning and Scheduling 


A. BATTERSBY, B.Sc., F.R.I.C., Work Study School, Cranfield 


This book draws together the existing knowledge about a rapidly 
expanding technique for planning and organising large-seale business 
and industrial projects. It concentrates on the practical aspects of 
critical path planning and the various modifications such as PERT 
that have evolved in the last few years. Many interesting examples 
(including an elaborate train-robbery !). 


220 pp. 128 illus. 42s 





Synopses and catalogues from: 


MACMILLAN/CLEAVER-HUME PRESS 


— —— —MÓ—ÓÓ 
ST MARTIN'S STREET LONDON W.C.2. 
—————————————— 








EXTENDED SURFAGES 


ALLAN D. KRAUS, Principal Staff 
Engineer, Honeywell Aeronautical Division, 
St. Petersburg, Florida. 

The first detailed treatment of an important 
aspect of heat transfer. It concerns the 
uses of fins, spines, etc., to cool many kinds 
of equipment, from missiles and planes 
to miniaturised electronic components. 
Many valuable tables of values save the 
engineer's labour. 


288 pp. illus. about £5 (SP) 


STRUCTURAL 
EFFECTS of IMPACT 


M. KORNHAUSER 


This rather original treatment places the 
emphasis on survivability or failure. 
Though loading and response must be 
analysed, the author tries to give the 
engineer some relatively simple approaches 
to the prediction of failure. Both low speed 
and hypervelocity effects are considered. 


216 pp. illus. About 80s (SP) 


ELECTROMAGNETIG 
ASPECTS of 
HYPERSONIC FLIGHT 


Second Symposium on the Plasma Sheath 


Edited by WALTER ROTMAN, HOWARD 
K. MOORE and ROBERT PAPA 

This Symposium, largely Service-inspired, 
treats of ionized flow fields about aero- 
space vehicles which can arise from, for 
instance, shock heating of atmospheric 
gases during reentry, plume exhausts of 
both chemical rockets and electrical-pro- 
pulsion engines, and nuclear and solar 
radiations. 


448 pp. illus. about £5 (SP) 


RUSSIAN 











MATHEMATICAL 


SURVEYS 


Translation Journal edited by 
PROFESSOR K. HIRSCH 

Queen Mary College, London 

Issued by the London Mathematical Society 
with the support of the D.S.I.R. 

Applied mathematicians as well as those 
concerned with the pure discipline will find 
much of value in this English version of the 
Survey Sections of Uspekhi Mathematiche- 
skikh Nauk : there is much on functional 
analysis and differential equations. 
Annual volumes of 6 nos. each. About 140 
pages, £12 per volume (U.K.) or £15 (over- 
seas). 

Descriptive folder with survey of contents 
free on request. 
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Integrating 
Microdensitometer 


The Barr & Stroud integrating microdensitometer 
measures the optical density of small objects, 
usually cell nuclei. Using refined techniques, 
including scanning and electronic integration, 
it produces extremely accurate results which can 
be used to calculate the total amount of stained 
material present. 

It has already found application in many laboratories 
throughout the world. For further details please 
write for pamphlet 1239c/N. 






| Pall Mall East, S.W.1 
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nem a ^ - = - B. ee: 


This unique water still is in use in a number of research establishments 
and hospitals where water of the highest purity is essential, 


PRICE, complete with heater and all electrical 


equipment 230 volt (a.c. only)—£ 3 0-0-0 
Inclusive of carriage and packing in U.K. 


Obtainable only from 


L. V. D. SCORAH, ^s. 


(Manufacturer of the ‘‘SCORAH” Blowpipe) 


44 NORTHFIELD ROAD, KINGS NORTON, 
BIRMINGHAM, 30. KINGS NORTON 1885 





The SCORAH Automatic Electric 
all glass WATER STILL (patented) 


Automatic Can be left on without attention. Heater 
current cuts off if water supply is interrupted, or inade- 
quate or forgotten. When receiver (5 litres capacity) is 
full, current cuts off. When distilled water is drawn from 
receiver, the still resumes operation until receiver is 
refilled. 


Purity ^ Electrostatically charged condenser droplets 
can pick up fumes, dust and air-botne organisms from the 
laboratory atmosphere. The design of the receiver vessel 
ensures absence of such contamination. 


Efficiency Heater of Scorah design and manufacture, 
consumption 1,700 watts, output 2.4 litres per hour (the 
full theoretical yield). Cost 33d. per gallon at 1d. per unit. 


Safety The heating element is out of contact with the 
feed water, thus eliminating danger from “live” water 
supply or electrolytic effects or “burn out”. 


Assembly No retort stands or clamps are required, 
The 2j-in. diameter ball joint gives a strainless set-up. 
Outlet cap on boiler for quick periodical drain-off of sedi- 
ment. The stil may be installed on a shelf or platform 
about 1 ft. above bench level near a sink and enclosed in 
a transparent plastic cover to keep out dust. 

Phoenix heat-resisting glass. Interchangeable ground 
glass joints. 
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HIGHLY ENRICHED 
UXYGEN-7 5555 
OXYGEN-AB ^: 


in the form of 


WATER, OXYGEN GAS and 


LABELLED COMPOUNDS 

based on the research of the ISOTOPE DEPARTMENT 
WEIZMANN !NSTITUTE OF SCIENCE 
avallable immediately, by airfreight 



















































RESEARCH AND DEVELOPMENT CO. LTD. 
REHOVOTH, ISRAEL 


Please write for our complete catalogue. Cables: YEDACO REHOVOTH ISRAEL 








‘Water Jacketed E HEATHWAY 
incubator FOR GLASS WORKING LATHES 






A 61 bore lathe of the latest design 
with foot drum control 


All the HEATHWAY range 
of lathes have the following features: 


Stocked in 3 sizes 


i H H $ o io i 

other dimensions made to order. ' X arare C variable speed and easily accessible controls 
You can prove the efficiency of L.T.E. equipment before X Smooth traverses essential to good glassworking 

you order... all standard models can be supplied on May we send you details of our range of lathes and equipment 
one month's approval, without obligation and every “Write or phone: 

standard L.T.E. product is guaranteed. The HEATHWAY MACHINE OR. T 


UXBRIDGE ROAD, HILLINGDON, MIDDX. 
y E TEL: UXB 36345/6 


Illustrated catalogue on request to d 
Laboratory Thermal Equipment Ltd. 
Greenfield, Nr. Oldham. ' ; E Y 


5 ^ i 1 Scandinavia: Kebo—Stockholm U.S.A.: Bethlehem—Hellertown AP. 
. Telephone: Saddleworth 3221/2 Switzerland & Germany: Ernst Keller—Basle 


Or contact one of our Overseas Agents: 


Canada: L. J. Bardwell—Toronto France: Ets. L. Richoux—Paris 
Holland & Belgium: A. Bruyaux—Amsterdam Italy: Richoux—Milan 
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Back Numbers 
of Periodicals 
for sale 












Biological Abstracts 
Vols. 22-27 (Complete Edition). Philadelphia, 
1948-1953. Mostly bound. £270 


British Journal of Nutrition 
Vols. 1-16. London, 1947-1962. Unbound 


£90 
Endocrinology 
Vols. 19-67. Menasha, 1935~1961. Unbound. 
£240 
Institut Pasteur. Annales 


Vols. 1-103 (lacks vols. 85, 92, 93 and 2 issues). 
Paris, 1887-1962. Mostly bound. £460 


Institute of Petroleum. Journal 
Vols. 9-48 (lacks 2 issues). London, 1923-1962. 
Unbound. £170 


Journal of Agricultural Research 
Vols. 23-75. Washington, 1923-1949. Bound. 
f £125 


Journal of Chemical Physics 
Vols. 16-39 (lacks vol. 23 and 4 issues). 
Lancaster, Pa., 1948-1963. Partly bound. £240 


Journal of Polymer Science 
Vols. 6-26. New York, 1951-1957. Unbound. 
£175 


Journal of the Science of Food and Agriculture 
Vols. 1-9. London, 1950-1958. Unbound. £60 


Royal Aeronautical Society. Journal  - 
Vols. 30-67. London, 1926-1963. Partly 
bound. 


Robert Maxwell & Co Ltd 


Waynflete Building, 2-8 St Clements, Oxford 
Telephone 64881. Cables LEXICOM 
Telex 83177 


We are always interested in buying your collections of 
duplicates of Scientific, Technical and Medical 
Journals at the highest prevailing prices. Please send 
us your lists of surplus journals which will receive our 
immediate attention. 

We invite you to write in for our regularly issued 
Bulletins and Catalogues and should be pleased to be 
of assistance in your acquisitions. 


Offices also at 

Maxwell Scientific International Inc, 44-01 21st 
Street, Long Island City 1, NY 

Robert Maxwell & Co Ltd, Kaiserstrasse 75, 
Frankfurt am Main. Telephone 33.74.61 

Librairie des Sciences et Techniques Etrangéres, 

24 Rue des Ecoles, Paris Ve. Telephone ODEon 30-00 


£220 
















‘AGLA? 


MICROMETER 
SYRINGE 


A precision . instrument 
capable of measuring 
very small volumes of 
fluid with an accuracy 


of + 0-00005 mil. 


BURROUGHS WELLCOME & CO. 


(THE WELLCOME FOUNDATION LTD.) 


LONDON 


No. 4940 July 4, 1964 


Table 9. No. AND MOTILITY OF UTERINE SPERMATOZOA IN THE IMMUNIZED 
AND CONTROL MICE 


Control Immunized mice 


mice X With most Partially 
eggs fertile Sterile 
fertilized 
No. of mice 33 25 13 6 
Mice with no uterine sperm- 
atozoa 7 2 4 5 
No. of uterine spermatozoa in 
remaining mice 
Large 17 15 3 1 
Medium 5 3 4 0 
Small 4 5 2 0 
No. of mice with motile or 
* immotile uterine spermato- 
zoa* 
Motile. 13 10 1 0 
Immotile 8 12 8 0 


* Some mice were not classified. 


fertilization rate in the guinea pigs was unknown. The 
incidence of fertilization in our work was higher and more 
independent of the amount of circulating antibody than 
was the incidence of infertility found in mice by McLaren’. 
Differences existed between the two investigations in the 
immunization procedure, and it is possible that a more 
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effective immune response was produced in MoLaren's 
work by the prolonged intraperitoneal immunization. 
The high incidence of fertility remaining in mice after 
immunization indicates thet an immunological method 
using spermatozoa for the control of fertility has not yet 
been realized. 

This work was supported by the Ford Foundation. 


1 Tyler, A., J. Reprod. Fertil., 2, 473 (1961). 

3 McLaren, A., Nature, 201, 582 (1964). 

> Austin, C. R., and Smiles, J., J. Roy. Micro. Soc., 68, 13 (1948). 

4 Chang, M. C., J. Gen. Physiol., 30, 321 (1947). 

s Edwards, R. G., J, Reprod. Fertil., 1, 208 (1960). Beck, J. S., Edwards, 
R. G., and Young, M. R., ibid., 4, 103 (1902). Spooner, R. L.. Nature, 
202, 915 (1964), and personal communication. 

* Lindahl, P. E., J. Reprod. Fertil., 1, 3 (1960). 

? Smith, A. U., Proc. Roy. Soc., B, 186, 46 (1919). 

3 Henle, W., and Henle, G., J. Immunol., 38, 105 (1940). Edwards, R. G., 
J. Reprod. Fertil., 1, 385 (1960). 

° Pernot, E., Bull. Soc. Chim. Biol., Paris, 88, 1041 (1956). 

10 Katsh, S., J. Ezp. Med., 107, 95 (1958); J. Dairy Sci., 48, 84 (1960). 

11 Freund, J., Thompson, G. E., and Lipton, M. M., J. Exp. Med., 101, 591 
(1955). Bishop, D. W., Narbaitz, R., and Lessof, M., Devel. Biol., 3, 444 
(19001). Pokorná, Z., Vojtíšková, M., Rychlíková, M., and Chutná, J.. 
Folia Biol., Prague, 9, 203 (1963). 

13 Isojima, S., Graham, R. M., and Graham, J. B., Science, 129, 11 (1959). 
Katsh, S., Amer. J. Obstet. Gynec., 78, 276 (1959). 


CÆSIUM-137 FALL-OUT BODY BURDENS, TIME VARIATION AND 
FREQUENCY DISTRIBUTION 


By WILLIAM H. ELLETT and Dr. GORDON L. BROWNELL 


Physics Research Laboratory, Massachusetts General Hospital, Boston, Mass. 


NY predietion of the hazard associated with fall-out 
depends on an assessment of both the average level 
of radioactivity in the exposed population and the varia- 
tion in body burden between individual members??, 
Although results are regularly published on average body 
burdens?, the difficulty of providing a sufficiently large 
sample size has precluded meaningful estimates of body 
burden variations. We have measured the cesium-137 
content of skeletal muscle samples from 878 persons who 
died between January 1959 and August 1963 and used 
the results to test for the likelihood of various frequency 
distributions. 

Of the fission fall-out products, cesium-137 js an ideal 
isotope for a study of this type. Because the turnover 
of cæsium in the body is relatively fast, 50-150 days*, the 
adult population is essentially in equilibrium with the 
radioactivity of its environment. Skeletal muscle contains 
approximately 60-80 per cent of the body cesium and is 
among the organs of highest cæsium concentration?'?. 
Estimates of cesium-137 body burdens based on measure- 
monts of muscle activity agree with those made by meang 
of total body y-counting?. The convenience of counting 
a y-emitting isotope allowed us to prepare & large number 
of samples with minimum handling and attendant risk 
of sample contamination. y Spectroscopy on the 662 KeV 
y from the barium-137 daughter was used to separate the 
different radioisotopes in the samples. 

Muscle samples weighing 90-140 g were dissected from 
the thigh or lower abdomen during routine post-mortem 
operations at the Massachusetts General Hospital. Samples 
were not collected from patients who had received isotopes 
for medical purposes or died of highly infectious disease. 
Frozen tissue samples were dehydrated in a vacuum 
oven and packed in plastic tubes for counting in a 5 in. x 
5:5 in. sodium iodide (Tl) well counter. A technical de- 
seription of this apparatus has been published elsewhere‘. 
For a typical sample the counting error was less than 
15 per cent. Following counting, samples were defatted 
in a 2-1 mixture of chloroform and methyl alcohol and 
dried to constant weight at 102° C. Final counting data 


are expressed in picocuries (10-* c.)/g of defatted dry 
muscle. 

To determine how the average level of cxsium-137 
activity varied throughout the period of samplo collec- 
tion, the results were averaged in serial sub-sets of 25 
samples each. The average sample activity of each sub- 
set is shown by the crosses in Fig. 1. The mean sample 
activity as a function of time, as determined by fitting a 
fourth order polynomial to the 878 data. points, is shown 
by the solid curve (increasing the order of the approxim- 
ating polynomial did not significantly change this curve 
or the subsequent data analysis). The results were also 
analysed separately for each sex. The mean sample 
aetivity per gram of muscle for men was 10 per cent 
greater than that of women—a difference similar to that 
previously reported’. Since this difference is much smaller 
than the variability between individuals of the same sex, 
data for the two groups are combined in Fig. 1. 

Following the bomb test moratorium in the autumn of 
1958, the body burden of exsium-137 as reflected in samples 
collected throughout 1959 was relatively constant. 
Starting in early 1960 there was a decrease in sample 
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Fig. 1. Time variation of cesium-137 in muscle. The crosses are average 
values for serial 25 sample sub-sets. The solid curve is a fourth-order 
polynomial fitted to the 878 data points 
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Fig. 2. Probability histogram of the first 670 samples plotted as a 

function of s, the relative standard deviation of the sample. For a normal 

distribution, the histogram would be symmetric about 5, the sample 
* mean 


activity which continued until January of 1961. During 
January 1, 1961-June 1, 1962, the mean levels of cesium. 
137 activity in our samples was constant and at a mini- 
mum. During this period the average cesium-137 con- 
centration in muscle, based on 325 samples, was 0:47 
(+ 0:02) pe./g (dry defatted). This average concentration 
is probably close to the steady-state value for the amount 
of fission products, 62 megatons?, introduced into the 
environment prior to the test moratorium. 

Although atmospheric testing was resumed on Septem- 
ber 1, 1961, a rising trend in sample activity was not seen 
until the summer of 1962. The delay was probably due 
to a variety of factors such as altitude, at which the 
nuclear debris was injected, the fact that most crops and 
fodder had been ‘gathered by September and the time-lag 
in foodstuff distribution and use. Since mid-1962, the 
increase in activity has been quite rapid (Fig. 1). This 
increase will eventually be followed by another decrease as 
in 1960. If the geographical distribution of the 101 
megatons*? of fission products from the last period of 
atmospheric testing is not too different from that of tests 
prior to 1961, the final mean steady-state cesium-137 
concentration in muscle will be about 1-2 pe-/g (dry 
defatted). This will result in an average total body burden 
of about 8ne. It is expected that this level will be reached 
after a transient maximum in 1964-65. 

J. Rundo has reported average cesium-137 body burdens 
in Great Britain based on total body measurements of 
potassium-40/ceesium-137 ratios‘. His results are com- 
pared with ours in Table 1. It is seen that the time 
variation in the two countries was quite similar while the 
absolute levels in Rundo’s group were somewhat higher. 
Although there is some evidence that cesium-137 body 
burdens are higher in Europe than the United States}, 
the difference seen in Table 1 may be due to differences 
in the two methods of measurement. 

Table 1. COMPARISON OF TIME VARIATION OF AVERAGE CÆSIUN-137 BODY 


BURDENS IN GREAT BRITAIN AND NORTH-EASTERN UNITED STATES DURING 
1959-63 (NANOOURIES) 


Rundo U.S.A. Rundo U.S.A. 
U.K. calculated * U.K. calculated * 
Jan. 1959 8-0 5:9 July 1961 5-5 3-0 
July 1959 9:5 6-1 Jan. 1962 4:0 2-9 
Jan. 1900 8-7 57 July 1962 4:5 3-9 
July 1960 75 48 Jan. 1903 T5 63 
Jan. 1961 6-0 $8 July 1963 — 10-4 


* Assuming 68 per cent of the body emsium-137 is in muscle (ref. 11): 


Before determining the frequency distribution of the 
samples, it is necessary to eliminate the time variation by 
normalizing the data in terms of standard scores. This 
was done by analysing the data in serial sub-sets of 
50 samples each. The variance of each sub-set was 
calculated about a mean given by the polynomial in Fig. 1, 
and a histogram of the sub-set prepared in terms of relativo 
standard deviation intervals, s. À grand histogram of tho 
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first 14 sub-sets, prepared by summing their histograms 
in terms of s, is shown in Fig. 2. The asymmetry of this 
distribution is obvious; in particular, the number of samples 
above the + 3s-level and the lack of samples below the 
— 2s-level indicate that these results are not part of a 
normally distributed parent population. A x? test shows 
there is essentially zero probability that this sample set 
was derived from a normally distributed population (x? = 
200 for 13 degrees of freedom). 

In 1962, Yamagata! reported a log normal distribution 
of natural cesium-133 in muscle. His results are based 
on 78 samples, and a visual analysis of a log transformed 
histogram. We find that most of the asymmetry of the 
distribution shown in Fig. 2 is removed by a log trans- 
formation. However, a y? test on the transformed data 
gives a probability of less than 1 per cent that the parent 
population is log normal”. 

Another simple frequency distribution that can be used 
to describe an asymmetric unimodal data population is 
the T distribution. It has the limits of zero and infinity 
and is expressed by the function: 

1 
Bet 1T(a-F1) 
where P(X) is the probability density of a emsium-137 
concentration of X pe./g and « and f are the two para- 
meters which describe a particular distribution. Tho 
parameter B serves mainly as a scale factor while « 
determines the skewness of the distribution, 

Values of « for each of the 50 sample sub-sets have been 
calculated from the mean sample activity and subset 
varience", The results, Table 2, indicate that the values 
of « are relatively constant and independent of the absolute 
level of sample activity. The solid curve in Fig. 3 is a 
histogram of the sample data scaled for comparison with 
a histogram of a T distributed parent population having 
the' same « (ref. 15). A x? test gives a probability of 0-25 
that the data are from an infinite set having the same 
I distribution. In Table 2, it is seen that the mean « 
value for females is less than that for males, and the range 
of « values is reduced by a factor of 2 when the sexes are 
analysed separately. Although a t test for difference 
between means gives a 0:15 probability that this difference 
is due to chance, x? tests show that the results are more 
adequately described by an appropriate I' distribution 
when each sex is considered separately. A y? test on the 
male data gives a 0-55 probability that it was taken from 
a parent population with « = 3-9. The same test on the 
female data gives a 0-70 probability that it was taken from 
a parent population with « = 3-3. Since the histogram 
shown in Fig. 3 (x = 3-5) is a summation of two histograms, 
male and female, normalized to an average mean, the 
X^ probability increases when each set of data is normal- 
ized to its own mean. 


P(X) = X“e-Xip 


Table 2, CALOULATED a VALUES FOR SERIAL 50 SAMPLE SUB-SETS 


Both sexes and unknowns Males Females 
878 samples 500 samples 345 samples 
Median Median edian Median 
time a time a time time ag 
(days) (days) (days) (days) 
131 3-6 878 3-6 165 40 284 9-8 
292 43 966 39:5 441 55 518 34 
428 45 1,105 2:2 549 4'1 716 2-9 
491 $8 ,145 1-2 668 3-3 859 42 
558 2:7 1,229 87 775 21 1,109 2:0 
638 $7 1,312 T2 917 $:0 1,204 4:0 
692 5:6 1,385 3-0 1,109 91 . 1476 2:9 
788 2:1 1,481 2:6 1,228 42 
801 2:4 1,358 44 
1,532 51 
a 23:5 + 0:35 ad = 9-94 038 a9 = 33 + 0-29 


We believe the y distribution can serve as a useful model 
for the distribution of cwsium-137 body burdens. It has 
reasonable limits and adequately describes the sample 
data over the range of observed values. Of particular 
importance is the observation that « was relatively con- 
stant throughout a five-year period in which the mean 
sample activity varied by as much as 300 per cent. This 
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Fig. 3. The solid curve is a histogram of the sample data scaled for 
comparison with the y distribution (a = 3:5) shown by the dotted lines. 
The sample mean is at 2-124. 4 = X|BA/a 1 
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leads us to believe the T distribution can be used to predict 
what fraction of the population will have N times the mean 
activity, relatively independent of how this mean varies. 
The U.S. Federal Radiation Council has suggested that 
a factor of three be used in determining permissible total 
population exposure risks, to allow for variations in 
individual body burdens!. Langham and Anderson? have 
reported that exsium-137 body burdens are normally 
distributed, with a standard deviation of 36 per cent, and 
based hazard predictions on this model. Such a model 
can seriously underestimate the number of people receiving 
several times the average body burden. For example, 
using the model of Langham and Anderson approximately 
one person per fifty million would have a cesium-137 
body burden which exceeds 3 times the mean. For the 
asymmetric distribution of body burdens found in this 
investigation, approximately 7 5,000 persons per 50 
million would exceed this criterion. At the present time, 
the average body burden of cesium-137 is small enough 
that the asymmetry of the frequency distribution is not 
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a critical factor. However, other fission fall-out products, 
notably strontium-90 (refs. 16 and 17), have similar 
asymmetric distributions. Depending on the average 
level of body burdens and the skewness of its frequency 
distribution, the factor of 3 allowance for population 
inhomogeneity may or may not be an adequate safeguard 
for all fall-out products. j 

We tbank Prof. G. Wadsworth, Department of Mathe- 
matics, Massachusetts Instituto of Technology, for his 
contributions to the statistical analysis, the Department of 
Pathology, Massachusetts General Hospital, for supplying 
the tissue samples, and the U.S. Public Health Service 
for financial support under grants Rad C-2187 and 
AM 05423-03. 
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COMPARATIVE ROLE OF NITRATE AND MOLECULAR OXYGEN IN THE 
DISSIMILATION OF GLUCOSE 


By Pror. C. M. GILMOUR, R. P. BHATT and J. V. MAYEUX 


Department of Microbiology, Oregon State University, Corvallis, Oregon 


No ime may utilize nitrate via two 
markedly different biochemical pathways!. For 
assimilatory purposes, nitrate is routed through reduction 
to ammonia and appropriate amination reactions to cell 
protein synthesis. A vast spectrum of micro-organisms 
is capable of carrying out the foregoing assimilation 
reaction sequence. However, the dissimilatory route of 
nitrate utilization involves use of nitrate oxygen as the 
terminal acceptor of hydrogen and hence acts as the 
physiological oxidant by which organic substrates are 
oxidized to produce utilizable cell energy*. Thus, the 
dissimilation of nitrate is termed ‘nitrate respiration’. 

The quantitative or stoichiometric expression of the 
participation of NO; oxygen in the catabolism of organic 
carbon remains to be clarified. Similarly the dual role 
of molecular and nitrate oxygen as electron acceptors is 
not understood. It is the purpose of this article to present 
results which clarify several aspects of the biochemistry 
of nitrate and molecular oxygen utilization by a typical 
denitrifier, Pseudomonas stutzeri. 

A strain of Pseudomonas stutzeri isolated from soil 
was used throughout the work. The culture was main- 
tained by weekly transfers on agar slants consisting of 
0-5 per cent potassium nitrate, 1 per cent trypticase 
(Difco), 0-1 per cent dried yeast extract (Difco), 1:5 per 
cent Bacto agar (Difco) and distilled water. Tn all experi- 


ments involving glucose utilization the following basal 
medium was used: yeast extract (Difco), 100 mg; K.HPO,, 
50 mg; MgSO, (anhydrous), 3:5 mg; FeCl,.6H,O (0:0075 
per cent), 1 ml.; MoO, (0-0075 per cent), 1 ml.; distilled 
water, 14 ml. Glucose was added at the rate of 140-180 
mg/flask and nitrate at concentrations ranging between 
250-1,000 p.p.m. nitrogen. 

For obtaining cell yields, the culture was grown on 
bottle slants at 28° C using the foregoing growth medium. 
After growth for 36 h the surface cells were removed, 
washed in phosphate buffer and re-suspended in the basal 
medium. A uniform cell suspension was obtained by 
adjusting the cell mass to an optical density of 0-8 using 
a Bausch and Lomb Spectronic 20 colorimeter at the 
630 my. wave-length. 

The electrolytic respirometer assembly described by 
McGarity et al. was used. 100 g of washed sand (20 
mesh) was evenly distributed in each 300 ml. respiration 
flask. The flasks, along with an empty cup in. the centre 
well, were sterilized overnight at 15 lb. pressure. These 
were then inoculated with 14 ml. of sterilized basal medium 
containing the required cell mass. 1 ml. of sterile glucose 
solution brought the sand-medium mixture to 60 per cent 
of the moisture-holding capacity. 10 ml. of 20 per cent 
sodium hydroxide was transferred to the empty cup in 
the centre well of each flask. Then the top joint of the 
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flask was greased and the head assembly put in place. 
Precautions to avoid contamination were followed, even 
though the concentrated cell mass minimized this danger. 
The aerobic sets were attached to the oxygen-generating 
electrolytic respirometer and flushed with a helium- 
oxygen (80-20 per cent) mixture for 15-30 min; whereas 
helium alone was used for anaerobic experiments. All 
‘experiments were carried out ata temperature of 98? + 
1? C. In the aerobic experiments oxygen uptake was 
caleulated by noting the volume (ml.) of hydrogen gener- 
ated and then dividing the latter values by the correction 
factor of 2. At various time-intervals flasks wore taken 
out to test for nitrogen gas production. Gases evolved 
were detected using a Beckman GO-2 gas chromatograph. 

At the end of each experiment the centre well containing 
the sodium hydroxide was removed and diluted to 100 ml. 
with carbon-dioxide-free distilled water. Carbon dioxide 
was determined by precipitation as barium carbonate. 
After removal of the cup from the centre well, sufficient 
distilled water was added to each flask to give a 2:1 
ratio of water to sand. Then the flask was shaken on & 
New Brunswick type rotary shaker for 30 min at 240 
rpm. After allowing sufficient time for the sand to 
settle, the liquid was centrifuged at 2,000-3,000 r.p.m. 
for 20 min. The supernatant was removed and analysed 
for residual glucose, nitrite-nitrogen, and nitrate-nitrogen 
according to standard methods*-’. Proper precautions 
were exercised in all analyses to eliminate the effect of 
any interfering ions. . 

The utilization of nitrate oxygen as the terminal 
acceptor of hydrogen by nitrate reducing and denitrifying 
micro-organisms represents a rather unique form of 
bacterial respiration. In such instances, oxidation of the 
carbon substrate may occur with nitrate as the [O] 
donor either in the presence or absence of molecular 
oxygen. However, as is shown in Figs. 1 and 2, increasing 
the concentration of NO; from 250 p.p.m. to 1,000 p.p.m. 
results in a progressive decrease in the capacity of the test 
organism to utilize molecular oxygen. Experiments 
conducted with 1,000 p.p.m. NO; gave no uptake of 
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Fig.1. Oxygen uptake in presence and absence of nitrate 
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Fig. 2. Temporary inhibitory effect of nitrate on oxygen uptake 
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molecular oxygen until 36 h had passed. With 500 p.p.m. 
NOg, a 10-12 h lag in oxygen uptake is apparent, whereas 
with 250 p.p.m. NO; very little lag is obtained. It is 
clear that in such experiments we are observing both the 
simultaneous utilization of nitrate oxygen and molecular 
oxygen as terminal acceptors of substrate hydrogen; an 
observation which attests to the probable operation of 
dual electron carrier systems. In addition, it is evident 
that high concentrations of N Os either via specific toxicity 
side-effects or via the preferential use of nitrate oxygen 
as the terminal acceptor can bring about a complete 
cessation of molecular oxygen uptake. 

The results given in Table 1 show that, as with the 
decrease in oxygen uptake, there is also a concomitant 
decrease in carbon dioxide evolution on the addition of 
nitrate. Here the effect is also reversible, the length of the 
lag in evolution of carbon dioxide being determined by the 
concentration of nitrate. Aerobically, at the 48-h interval, 
we observe a two-fold decrease in millimoles carbon 
dioxide evolved when comparing 1,000 p.p.m. nitrate 
with the minus nitrate control sets. On the other hand, 
at 12 h under aerobic conditions, the 500 and 1,000 
p-p-m. NO; sets gave almost identical millimole values of 
carbon dioxide evolved. As was expected with no nitrate 
adgled to the system, the anaerobic examinations showed 
very low carbon dioxide evolution. A further point of 
significance of the data given in Table 1 may be obtained 
by comparing the carbon dioxide values at 250 p.p.m. 
NO; under aerobic and anaerobic conditions. At the 
12- and 48-h time-periods, the millimoles carbon dioxide 
evolved under anaerobic conditions is approximately 
half that obtained under aerobic conditions. This observa- 
tion reflects the dual utilization of NO; and molecular 
oxygen in the aerobic experiments and the resulting more 
complete oxidation of the glucose substrate. The lower 
values obtained for the anaerobic experiments suggests 
a greater accumulation of metabolice end products or 
increased assimilation of substrate carbon. Fig. 3 pro- 
vides added evidence for the latter idea as illustrated by 
the percentage carbon dioxide produced from glucose 
at the 12- 24-, 36- and 48-h time-intervals. It is apparent 
that, with molecular oxygen as the terminal acceptor and 
no NO; present, the percentage conversion of glucose to 
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Table 1. MILLIMOLES CARBON DIOXIDE EVOLVED PER MILLIMOLE GLUCOSE 
UTILIZED UNDER AEROBIC AND ANAEROBIC CONDITIONS IN PRESENOE OF 
NITRATE 
Time (h) NO3 (p.p.m.) Aerobic Anaerobic 
12 0 3°76 0:57 

250 2:07 1:35 

500 1-70 — 

1,000 176 1:70 

24 0 4-08 1:33 
250 2-42 — 

500 2:04 -— 

1,000 1:87 1:60 

48 0 4:37 1:72 
250 1560 2-05 

500 3:44 — 

1,000 2-23 115 

Table 2, TOTAL MILLINOLES (O) USED AND CARBON DIOXIDE EVOLVED 


PER MILLIMOLE GLUCOSE UTILIZED IN PRESENCE OF NITRATE AND 


MOLECULAR OXYGEN $ 


'o 
Time NO; Molecular NOs Total m.moles contribution 
(h) (p.p.m.) (0) (0) (0) CO: of NO- (0) 
12 0 3°90 m 3°90 3°76 0 
250 2:67 1:08 3-75 2:07 28:8 
500 1-07 1:05 2:12 1-70 49°3 
1,000 0 0:53 0-53 1-75 100-0 
21 0 0:47 — 6:47 4:03 0 
250 4:48 0-90 5-38 2:42 16:7 
500 2:58 0-04 3°52 2:64 2. 
1,000 0 0-65 0:65 1:87 100-0 
48 0 7:96 — 7-96 4:37 0 
250 761 . 0-78 8-39 456 9:3 
500 6°58 0-85 7:43 3:44 114 
1,000 2:32 0:6 2:79 2-23 24-0 


carbon dioxide is much higher than is indicated for 
1,000 p.p.m. NO; and molecular oxygen. 

At this point in the investigation, it became necessary 
to ascertain the quantitative use of molecular and/or 
NOg [0] for the oxidation of each millimole of glucose. 
Previous date had shown the dual utilization of both 
sources of acceptor oxygen. It remained to determine 
the percentage contribution of each oxzgen source. An 
examination of the data in Table 2 provides evidence for 
the observation that the percentage contribution of NO; 
oxygen is a linear effect of the degree of suppression of 
free oxygen utilization by P. stutzeri. For example, 
at 1,000, 500 and 250 p.p.m. nitrate the linear percentage 
contribution of [O] by NO; is approximately 100, 50 and 
26 per cent respeotively, at the 12-h period. Between 
24 and 48 h, the suppression of molecular [O] uptake is 
progressively decreased and the linear effect disappears. 
The lower percentage use of NO; as a terminal acceptor at 
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Fig. 3. Percentage conversion of glucose to carbon dioxide 
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48 h for each nitrate-level reflects the removal of the 
initial nitrate suppression of molecular oxygen uptake 
and the increased use of free oxygen ss the electron 
aeceptor. These data thereby supply further confirmation 
for the reversibility of the nitrate inhibitory effect on free 
oxygen utilization. 

An additional point illustrated by the data in Table 2 
(total [O] versus total CO;) relates to the observed values 
obtained for total oxygen required for the oxidation of 
carbon to CO,; C + 2 [O] — CO, At 12 h the aerobic 
system minus nitrate gave an approximate 1:1 ratio of 
[O] to CO», thereby falling far short of the theoretical 2: 1 
ratio. It appeared probable that at 12h the steady state 
of glucose oxidation had not been attained. However, 
at 24 h, the aerobic minus nitrate set gave an [O] to CO, 
ratio of 1-6-1 and at 48 h a ratio of approximately 
1-8-1. These latter values approach the theoretical ratio 
of 2: 1, indicating that in the absence of nitrate P. stutzeri 
quantitatively oxidizes glucose carbon to carbon dioxide 
and water with little accumulation of other metabolic 
end products. Similarly at 250 p.p.m. nitrate under 
aerobic conditions the 2 : 1 theoretical ratio is approached 
at all time-intervals. However, at 500 p.p.m. nitrate, 
an approximately 1 : 1 ratio held for 24h; at48h the 2:1 
ratio is regained. At 1,000 p.p.m. NO;, the aerobic 
system gave extremely low observed [O] values at all time- 
intervals. It would appear, therefore, that with the higher 
(500 and 1,000 p.p.m.) NO; levels a shift in glucose cata- 
bolism has occurred in the direction of a more incom- 
plete oxidation of the substrate carbon. 

When the data given in Table 2 are calculated so as to 
equate the total oxygen contributed by nitrate and free 
oxygen on the basis of glucose carbon oxidized to carbon 
dioxide, it is then possible to note the quantitative 
contribution of nitrate according to the following general- 
ized equation: 


C,H4,,0, + NOZ + O,—(CH50)s + CO, + H,O 


These data are shown in Table 3. At 12 h, the total 
millimoles [O] used gradually decreased from 1-84 at 250 
p-p.m. nitrate to 0-32 at 1,000 p.p.m. nitrate. Likewise, 
at 94 h the total [O] value decreased from 2-32 at 250 
p-p.m. nitrate to 0-35 at 1,000 p.p.m. nitrate. As shown 
previously there was no utilization of molecular oxygen. at 
12 and 24 h with 1,000 p.p.m. nitrate. It is also evident 
that the oxygen contributed at the 12- and 24-h periods 
by the added nitrate is approximately the same, 0-32 
and 0-35 millimoles, respectively. It appeared, thercfore, 
that the average value of 0-33 millimoles [O] represented 
the net contribution of nitrate nitrogen for the production 
of 1-0 millimole of carbon dioxide. To test this hypothesis, 
the 0-33 theoretical [O] value was added to the observed. 
molecular [O] value and compared with the actual totals 
given in Table 3. It became clear that although some 
variation in the theoretical versus actual observed values 
was encountered, a remarkably close correlation was 
obtained; particularly during the steady state of glucose 
utilization 12-24 h. During the first 12 h the system was 
somewhat sluggish, and during the 24-48 h period glucose 


Table 3. TOTAL MILLIMOLES (O) USED PER MILLIMOLE CARBON OXIDIZED 
TO CARBON DIOXIDE IN PRESENOE OF NITRATE AND MOLECULAR OXYGEN 


% (0) 


o 
Time NO; Molecular NOR- Total contribution 
(h) (p.p.m.) (0) (0) (0) from NOx -N 
12 0 1-03 = 1:03 0 
250 1:31 0:53 1:84 28:3 
500 0-06 0-64 1:30 49:2 
1,000 0 0:32 0:32 100-0 
24 0 1:00 — 1:60 0 
250 1:85 0:47 9.32 20:2 
500 0-98 0:31 1:35 3744 
1,000 0 0:35 0°35 150-0 
48 0 1:82 — 1:82 0 
250 1°67 0:18 1:85 9-7 
500 1:90 0-25 2-15 1r6 
1,000 0:98 0-33 1:31 25-6 


58 


was depleted with the 250 and 500 p.p.m. sets. Thus it 
appears that the 0-33 mean millimole [O] value does 
. represent à usable index for P. stutzeri. The theoretical 
relationship can be written as follows: 
Source 


x 
Oz NO; 


eC sd [O] + ip [O] — 1 millimole CO, 


The role of NO; as a donor of [O]in the terminal respira- 
tion of facultative anaerobes raises many questions. 
These relate primarily to the nature of the stepwise 
reduction of nitrate, the factors influencing nitrate 
reduction and the fate of the carbon undergoing oxidation. 
In the work recorded here an attempt is made to clarify 
certain aspects of the foregoing problem areas. 

An initial point involves the dual utilization of NO; 
[O] and molecular [O]. Since facultative anaerobes such 
as P. stutzeri can grow over a rather wide range in Hh, 
it is considered important to ascertain the extent of 
utilization of both hydrogen acceptors. The results of 
the present study establish the point that at low con- 
centrations of NO, both molecular [O] and nitrate [O] are 
used as final electron acceptors. However, with a con- 
centration of -500-1,000 p.p.m. NOs, there is a progressive 
decrease in the utilization of molecular [O]. The latter 
inhibition of molecular [O] uptake becomes a striking 
characteristic of the entire respiration system and is not 
easily explained. Toxicity of the formed NO; does not 
appear to be the answer. Since the inhibition by NO; of 
both oxygen uptake and carbon dioxide evolution dis- 
appears after approximately 48 h, it may be that the 
inhibition effect centres at some point or sites in the cell 
enzyme complex. However, as is shown in this investiga- 
tion, under aerobic conditions NO; [O] is used as the sole 
acceptor only when high concentrations are used. As the 
concentration of NO; decreases from 500 to 250 p.p.m., a 
greater utilization of molecular oxygen occurs. It is 
evident that if a sufficiently high concentration of NO; is 
used then a preferential utilization of this acceptor occurs. 
It may be that the explanation lies in the greater avail- 
ability to the cell of NOg oxygen versus the rather low 
concentration of dissolved molecular oxygen. This would 
elarify the progressive inhibition of oxygen uptake with 
increasing concentrations of nitrate and would also make 
plausible any accompanying shift in carbohydrate 
metabolism. This aspect of the work is now being 
investigated. 

A further point worthy of discussion relates to the 
stoichiometric expression of ‘nitrate respiration’. Over 
the years investigators have attempted to equate nitrate 
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reduction and carbon oxidation. No definitive results 
were obtained, particularly in systems containing both 
molecular and bound NO; oxygen. Yet with facultative 
anaerobes such as P. síuizeri both acceptors must be 
considered. In this regard, the electrolytic respirometer 
and companion closed flask assembly used in the present 
investigation provides an ideal apparatus to examine 
the aforementioned question. Two questions may be 
posed: What is the percentage contribution of NO; [0] 
to the over-all oxidation of the carbohydrate in the 
presence and absence of molecular [O]? Secondly, what 
is the quantitative expression of the amount of molecular 
oxygen or NO; [O] required for the production of. one milli- 
mole of carbon dioxide? On a strictly theoretical basis, two 
atoms of oxygen are required to give one millimole of 
carbon dioxide. For the complete oxidation of one mole 
of glucose 12 atoms of oxygen are used to give six moles 
of carbon dioxide (a 2:1 ratio). The results given here 
make clear that P. stutzeri, under aerobic conditions, 
quantitatively oxidizes glucose to carbon dioxide and 
water with little or no accumulation of other end-products. 
However, with increasing levels of NO; a progressive 
decrease in the theoretical [O] to CO, ratio occurs, indicat- 
ing that under conditions of ‘nitrate respiration’ carbon 
dioxide plus other end-products accumulate. Here it 
is possible to observe a shift in carbohydrate breakdown 
peculiar to the use of NO; as the final electron acceptor. 

Of equal interest is the dual operation of NOs and mole- 
cular oxygen. Although NO; undergoes only a one-step 
reduction to NO; in the presence of molecular [O], a con- 
siderable contribution is made by NO% to the over-all 
oxidation of carbon. It appears evident that the one 
reductive step provides 0-33 millimoles of [O] for each 
millimole of carbon dioxide evolved. For each millimole 
of carbon dioxide produced, two-thirds of the total 
oxygen involved is derived from molecular [O] and one- 
third from NO; [O]. It is clear, therefore, that with the 
organism under investigation the quantitative relationship 
of molecular to NO; oxygen's role as dual acceptors is 
clarified. 

This work was supported by a research grant (GM- 
10228) from the Institute of Allergy and Infectious 
Diseases, U.S. Public Health Service. 
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THERMAL EXPANSION OF PYROLYTIC GRAPHITE AND ITS VARIATION 
DUE TO NON-ALIGNMENT OF THE CRYSTALLITES 


By R. H. KNIBBS and |, B. MASON 


Atomic Energy Research Establishment, Harwell, Didcot 


YROLYTIC graphite, normally prepared at about 
2,200? C, shows & high degree of preferred orientation. 
However, subsequent heat treatment improves the align- 
ment until, at 3,600? C, the material resembles a mosaic 
single crystalt. Now the thermal expansion of pyrolytic 
graphite is a property of some interest, since it permits a 
check to be made of values of the graphite lattice expansion 
deduced from X-ray diffraction data. It is the purpose of 


this article to demonstrate, first, that the thermal expan- 
sion coefficient of pyrolytic graphite depends markedly 
on the degree of crystallite alignment, and secondly, that 
it can be estimated from a knowledge of the degree of 
alignment and the graphite lattice expansion coefficient. 

The material investigated was supplied by High 
Temperature Materials Inc., U.S.A., in the form of plates 
4in. x 3in. x 0-25in. It is understood that these samples 
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Fig. 1. Variation with temperature of the thermal expansion of pyrolytic 
graphite heat treated to 2,150° C, 2,700? C and 2,900° C. Measurements 
made parallel to the planes of deposition 
@, Experimental; ——, theoretical 


wero manufactured at 2,150? C. Specimens were eut and 
then heat treated to 2,700? C and 2,900? C in an argon 
atmosphere, the final temperature being maintained for 
half an hour in each ease. Expansion measurements were 
made over the temperature range 20°-1,000° C using 
the well-established technique employing tube and push 
rod, both being made of graphite. Displacements of the 
push rod were measured using a ‘Precimeter’ dial gauge. 
The degree of crystallite alignment was established by 
the method of X-ray diffraction, these measurements 
being made by Mr. E. A. Kellett and Mr. C. A. Wallace 
at the General Electric Co., Hirst Research Centre, 
Wembley. Measurements were made from forward- 
reflexion photographs of the tilt angle o, defined as the 
limiting angular displacement of the crystallite c axes 
from the normal to the plane of deposition. The full 
angular distribution was not measured but was estimated 
in a manner to be indicated later. ` 

The thermal expansion coefficient of a polycrystalline 
aggregate may, in certain circumstances, be described in 
terms of the orientation distribution of the erystallites?. 
For a layered structure such as pyrographite, the coeffici- 
ents relating to directions parallel and perpendicular to 
the layer planes may then be written: 





{2 
a) . [o I(9) . sine ede 
9 | n2 
fo TẸ) 


a, = Qa + 


(1) 
. sinodo 





72 aj2 
_ ae+$o I(9) cos? sing dg + aa. fo I(o)sin*'gdo 2 


a, = 7/2 , ) 
j, Ile). sin. ode 


where da and ae are the graphite lattice expansion co- 
efficients along the a and c axes; the angle 9 is measured 
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relative to the normal to the plane of deposition. and 
I(ọ) is the number of crystallite axes, per unit solid angle, 
lying at an angle 9. Use of these functions is justified 
only if each crystallite contributes fully to the behaviour 
of the polycrystal, and if there is no interaction between 
crystallites. It was asumed that pyrolytic graphite satis- 
fied these conditions in view of its near single crystal 
character. 

The distribution function I(@) can be closely approxim- 
ated for this type of material by cos"p, where n is an 
arbitrary parameter®. Integration of equations (1) and 
(2) then give: 


m+ 2 1 
9, = Nn 3 aa (org) 3) 
(mtl (S) 
a- @e + lu E37 % (4) 


As n becomes large, equations (3) and (4) simplify to 
a, = Qa and à; = ac, as would be expected for perfect 
crystal alignment. Values of n were estimated from 
the values of the tilt angle, o, by adopting the convention 
that cos? ọ falls to 1 per cent of its peak value when 
@ = po The underlying assumption here is that the 
measured values of pọ which can be estimated to within 
about 1°, represent the true limit of the actual distribution. 
curve. Values of » deduced in this way are given in 
Table 1, together with values of the tilt angle ọọ- 


Table 1. ANGLE OF TILT FOR PYROGRAPHITE OF VARYING DEGREE OF 


PERFEOTION 
Treatment temperature Tilt angle 
(°C) (99) 
2,150 41° 19 
2,700 30° 32 
2,900 8? 475 


On substituting known values of aa and ac (refs. 4 and 
5), a, and a, can be calculated using equations (3) and 
(4). In Figs. 1 and 2 are shown the experimental values of 
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Fig. 2. Variation with temperature of the thermal expansion of pyrolytic 
graphite heat treated to 2,150° C, 2,700° C and 2,900° C. Measurement 
made perpendicular to the planes of deposition 
@, Experimental; ——, theoretical 
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the expansion coefficients as a function of temperature, 
together with curves representing the expected behaviour 
of the coefficients as derived from equations (3) and (4). 
It will be seen from the values of 9» in Table 1 that the 
erystallite alignment does not improve rapidly until the 
treatment temperature exceeds 2,700° C. These changes 
are reflected in the thermal expansion of the material as 
illustrated in Figs. 1 and 2, and particularly as measured 
in the direction along the layer planes. In this respect 
the 2,900° C material is indistinguishable from a single 
crystal. 
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It is concluded that the good agreement obtained 
between the ‘calculated’ curves and the experimental 
values justifies calculations of expansion coefficients of 
highly oriented materials, based purely on the geometrical 
distribution or crystallites. 
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EFFECT OF MANGANESE ON WATER CONTENT OF ‘SOLAR’ SALT 
By Da, C. SURASITI 


Department of Science, Bangkok, Thailand 
AND 


Pror. E. B. SANDELL 


School of Chemistry, University of Minnesota 


ul chloride produced by solar evaporation of sea- 
water at various localities contains varying amounts 
of included water, ranging from almost none to as much 
as 20 per cent by weight. We have observed that, in 
addition to such factors as temperature and rate of 
crystallization, the presence of manganese in the brine 
has an important effect on the amount of mother-liquor 
-included in solar salt. 

Manganese (II) has been used as an additive to obtain 
transparent sodium chloride crystals from aqueous 
solution!-* and to produce high-quality salt from sea-water 
by solar evaporation». The addition of 40-500 p.p.m. 
Mn(II) to brine is sufficient for these purposes. Man- 
ganese below this concentration range has been reported 
to have no effect on the erystallization of Sodium ehloride?, 
Lead, mercury, cadmium and tin (II) also increase the 
transparency of sodium chloride?. 

Our observations differ from some reported in the 
literature. A saturated brine prepared from analytical- 
grade sodium chloride gave clear crystals even at fairly 
high rates of evaporation (temperatures up to 50° C), 
provided that the brine was well stirred ; at a moderate 
rate of crystallization, stirring is not essential. The 
presence of divalent manganese (0-02-50 p-p-m.), lead 
(0-4-8 p.p.m.), divalent mercury (2-200 
P-p-m.), cadmium (4-100 p.p.m.) and dival- 
ent tin (5-600 p.p.m.) in the brine resulted 
in the formation of mother-liquor inclusions 
in the crystals. Sodium chloride solutions 96 
containing these metals in concentrations 
outside these ranges gave clear crystals, as 
did solutions containing other metal ions, 
except iron (II, III), cobalt, and copper (II), 
which gave clear crystals in the range 0-5 
mM (or up to about 250 p.p.m.). 

The liquid inelusions due to manganese, 
mercury and tin form an hour-glass pattern, 
the axes of which coincide with the diagonals 
of the cubes (Fig. 1), indicating adsorption 
on the 111 planes. The pattern becomes 
` obscured as the number of inclusions incroase 
or the growth rate is high. The same inclu- 
sion pattern is found in some solar salt 
erystals. The inclusions formed in the 
presence of lead and cadmium are confined 
to the centres of the crystals, because these 
ions are so strongly adsorbed by the growing 
crystals that they are rapidly depleted 
in the solution’. 
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Among the metalions causing liquid inclusions in sodium 
chloride crystals, only manganese will be present in 
sufficient amounts in sea brines to produce a possible 
effect. It can be derived from the soil of the crystallizing 





Fig. 1. Sodium chloride erystals grown from well-stirred brines con- 


taining 0, 0-02 and 0-4 P.p.m. of manganese (II) 
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Fig.2. Relation between manganese content and sodium chloride content of moist sodium 
chloride crystals obtained by evaporation of artificial and natural sea brines in the 
laboratory at 50° C and of sea brines in crystallizing ponds under natural conditions 
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ponds and bio-material as well as from the sea-water. 
It appears that in the presence of decaying plant material 
sea-water can extract appreciable amounts of manganese 
from soil, and this may be the major sourco of manganese 
in the brines of crystallizing ponds. As much as 25 and 
140 p.p.m. manganese have been found in solar salt and 
sea brine respectively. Since the quality of solar salt is 
determined mainly by the amount of mother-liquor 
retained by the crystals, the manganese content of the 
brines is an important (but not sole) factor in the quality 
of the salt they yield. 

The effect of trace quantities of manganese on the 
inclusion of mother-liquor by sodium chloride was studied 
in the laboratory by evaporating artificial and natural sea 
brines of varying manganese content at 50° C in 125-ml. 
Erlenmeyer flasks. The initial volume of saturated brine 
was 80 ml. and evaporation was continued until 20-30 ml. 
of water had been lost. ‘The rate of evaporation was 
approximately 0-3 ml./h. Approximately 10 g of the 
crystallized salt was washed twice by decantation with 
25-ml. portions of a saturated solution of pure sodium 
chloride and transferred to a Buchner funnel fitted with a 
filter paper disk. Suction was applied for 5 min to 
remove as much as possible of the adhering water. The 
sodium chloride content of the moist crystals was obtained 
by titrating chloride with silver nitrate and applying a 
correction for the magnesium chloride present. Tho 
percentage of sodium chloride thus found is a measure of 
the quality of the salt. The deficit, from 100 per cent, 
represents vacuole water and capillary water between 
intergrown crystals, as well as water which may be loosely 
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called adhering water. This method is admittedly crude, 
but it is useful in practice. Manganese was determined. 
colorimetrically with formaldoxime. : 

Manganese and sodium chloride were also determined 
in à number of solar salts (first washed with pure saturated 
sodium chloride solution as described) from a number of 
countries. The results are plotted in Fig. 2. 

Laboratory-crystallized salt from artificial and natural 
sea brines shows a minimum sodium chloride content 
when the manganese content of the crystals is 2 -3 p.p.m.. 
corresponding to a manganese concentration of 1-4 p.p.m. 
in the brine. Above and below this value thero is a definite 
decrease in the water content. Solar salts show a similar 
trend, but, for the same concentration of manganese in 
the crystals, the included water in solar salt is gencrally 
less than in laboratory crystallized sodium chloride. This 
difference is due to other factors, especially temperature 
and rate of crystallization, which also affect formation of 
vacuoles and other imperfections. 

This work was supported by the Agency for Inter- 
national Development under the Visiting Research 
Scientists’ Programme administered by the U.S. National 
Academy of Sciences. 
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THERMIONIC EMISSION AND HEAT OF HYDRATION OF LIME 
By A. K. CHATTERIJI, T. C. PHATAK and K. D. DHARIYAL 


Central Building Research Institute, Roorkee, India 


HERMIONIC emission and hydration are two im- 

portant physical and chemical properties of lime 
(calcium oxide, & semiconducting oxide). Thermionic 
emission from lime depends on the position of Fermi-level 
in it. If hydration of lime wero a semiconductor surface 
reaction, hydration would also depend on the position of 
Fermi-lovel and then there would be a connexion between 
thermionic emission and hydration of lime. It would 
then be possible to explain the observed peculiarities of 
hydration of lime, as well as of the effects of impurities, 
temperature of firing and of particle size on the hydration 
of lime on a single principle. 

Experiments described in this article show that the 
lower the tomperature at which thermionic emission 
starts for a given sample of lime, the higher is its heat 
of hydration. Since thermionic emission may occur at 
a lower temperature if the thermionic work function 
decreases, the above observation means that the lower 
the thermionic work function of lime the higher is its 
reactivity with water. Reactivity of lime with water 
thus depends on the position of Fermi-level in the lime 
erystal. 

‘Lime of the following composition (per cent) was used 
in these experiments: CaO. 89-76; MgO, 0-47; SiO, and 
insolubles, 0-64; Fe;,O; and Al,O,, 1-67; loss on ignition, 
7-56; arsenic was absent. Lime was heated at 850° C for 
4h (1) as it is and (2) with admixture of the following 
oxides individually: ZnO, Cr,0;, NiO, CoO and oxides of 
molybdenum and manganese. Percentage of CoO mixed 
was 0-5 and the amount of other oxides mixed was 1 per 
cent. (Ammonium molybdate and manganous acetate 
were mixed with lime in calculated amounts and heated 
and it is presumed that MoO and MnO were formed.) A 


“cooling rate was 


part of each sample was used for measurement of heat 
of hydration and a part for electrical resistivity measure- 
ment. 

Heat of hydration of lime was determined from the 
difference in the heats of solution of unhydrated and 
hydrated samples in 6 N hydrochloric acid by the method 
for the determination of hydration of cements'^. Two 
determinations of heats of solution of each sample, 
hydrated or unhydrated, were made and the mean taken. 
For hydration, a weighed quantity of a sample was mixed 
thoroughly with 40 per cent by weight of distilled water 
and was kept in sealed tubes for 7 days at ordinary tem- 
peratures. Results are given in Table 1. As lime from 
the same lot was used and as no sintering was observed. 
on heating with or without oxides, it is presumed that 
the surface area of lime remained the same in all the 
samples. 

Resistivities of the samples prepared wero determined 
at ordinary and at higher temperatures. For this. about 
3 g of a sample was made into a tablet by compressing 
under a total pressure of 1,000 lb. in a steel mould. 
Dimensions of the tablets were noted and their resistances 
at ordinary and at high temperatures were measured. both 
during heating and cooling, in the manner described 
elsewhere?. No conducting layer was applied on the 
tablets. Heating rate was 20° C/min, the average 
30° C/min, and the specimens were 
heated up to 950° C. Results of resistivity measuremonts 
are given in Figs. 1 (a, b) (heating) and 2 (a, b) (cooling), 
in which loge p (p = resistivity ohm-cm) has been plotted 
against 105/T (T in deg. K). Inflexion temperatures 
in the loge p ~ 105/T curves during cooling are given in 
Table 1. 
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Table 1. HEAT OF HYDRATION AND TEMPERATURE OF INFLEXION OF LIME 

















Heat of hydration for lime is given as 276 cal/g (ref. 4). 
Heat of hydration of tho lime as received (lime original, 
Table 1) is fairly low, indicating that some hydration 
had already occurred. This is corroborated by the loss of 
ignition and the break in the resistivity temperature 
curve (Hig. la, b) at about 527? C during heating. 
(Ca(OH), loses the (OH) groups at about this tempera- 
ture.) The break in the curves at about 527° C is observed 
in the heating curves (Fig. la, b) for every sample. 'This 
indicates that a certain amount of hydration had taken 
place during the experiments. A sharp change in slope 
is observed in some of the curves (Fig. la, b) at about 
315° C. This may be the temperature at which adsorbed 
carbon dioxide escapes completely and so resistivities 
measured below this temperature are not reliable’. 

Curves in Fig. 2 which represent the variation of 
resistivity with temperature during cooling 
show that in general the plots of loge p ~ 
105/T are straight lines with a sharp point 
of inflexion at which there is an increase of 
slope. This indicates an abrupt additional 
decrease in resistivity at temperatures higher 
than represented by the inflexion point. 
Such plots have been obtained for CaO 
(refs. 5, 6) and for BaO and BaO-SrO 
mixtures’, Explanation given for such a 
variation of resistivity with temperature is 
that, at low temperatures, semiconductivity 
of the crystallites is responsible for con- 
ductivity and at high temperatures the 
additional conductivity is due to the electron 
gas in the pores which originates due to 
thermionic emission from the crystallites’. 
Obviously, the temperature at which the 
inflexion of the curves occurs represents the 
temperature at which thermionic emission 
commences. 

Such measurements are taken under 
vacuum conditions, whereas present measure- 
ments were taken in ordinary atmosphere. 
To see if the explanation offered for the 
additional increase in conductivity above 
the inflexion point were applicable in the 
present case, it is to be noted that the 
emission of electrons taking place inside 
the pores is being considered and the external 
surface of the specimen does not come into 
the picture, and that the inflexion points, 
similar to those on cooling, were not ob- 
served here during heating. The specimens 
were prepared under compression and the 
diameter of the pores must have been very 
small. The specimens were heated up to 
1,223° K. Gas inside the pores had escaped 
during heating and, at such a high tempera- 
ture, the probability of escape of gas 
molecules from the orifice of tube of small 
diameter is much higher than that of entering 
it, and the pores, at high temperatures, had 
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Figs. 1 and 2. Logep ~ 105/7 
cooling. Curves 1 and 8 are for lime ori 
for lime heated with ZnO, CoO, 








Heat of solution ‘| Heat of solution Heat of Temperature 
Sample of lime of hydrated lime hydration 1/T (inflexion) ofinflexion 
(cal./g) (cal./g) (cal./g) CK) 
1 Lime original 805-50 624-20 181-30 0-00119 840 
2 Lime heated with 1% ZnO 940-30 651-90 288-40 0-00124 807 
3 Lime heated alone 953-50 662-80 290-70 0-00129 775 
4 5 » with 05% CoO 940:57 648-40 292-20 0-00136 735 
5 ji » » 1% 050, 936-87 638-74 300-18 0:00146 690 
6 j E » 1% MoO 942-70 642-37 300-33 0-00148 676 
7 m » » 196 MnO 945-00 644-65 300-35 0:00145 690 
8 1% NiO 970-97 632-76 338-21 © 0:00160 625 











cee ol ^. Lj 


been depleted of gas molecules, and &dequate vacuum con- 
ditions had been obtained and retained during cooling. 
This may be the reason for the present resistivity—tempera- 
ture curves (cooling) being similar to those observed by 
others. 

Inflexion temperature for CaO reported in the literature 
is 625° K5 and 700° K*. Taking the heat of hydration of 
lime as 276 cal/g, the value closest to this in Table 1 is 
288-40 and the corresponding inflexion temperature is 
807° K. This means that in the present experiments 
thermionic emission from the crystallites has started at a 
slightly higher temperature. That is, some poisoning of 
the system had occurred. 

Table 1 shows that the heat of hydration increases 
as the temperature of inflexion, temperature at which 
thermionic emission starts, is lowered. The effect is more 
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plots. Figs. 1a and b, during heating; Figs. 2a and b, during 
aland lime heated: curves 2, 4, 5, 6, 7 and 
T,0;, MoO, MnO and NiO respectively 
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pronounced as the acidity of the added oxide increases. 
Lowering of the temperature at which the thermionic 
emission starts means that the thermionic work function 
is lowered, that is, the Fermi-level moves closer to the 
energy level just outside the crystal. Thus the reactivity 
of calcium oxide with water depends on the position of 
Fermi-level inside the CaO crystal. The higher the Fermi- 
level (less the thermionic work function), the greater is 
the reactivity of lime. 

Since calcium oxide is an ‘n’ type semi-conductor and 
since its reactivity with water increases as its Fermi-level 
is raised, the reaction between calcium oxide and water is 
an ‘m’ type semi-conductor surface reaction. The reaction 
then takes place through the capture of free electrons 
from the CaO erystal by the adsorbed water molecules. 
The nature of this reaction is thus similar to that sug- 
gested for the reaction between Portland cement clinker 
and water’. 

Impurities (SiO;, Fe;O;, Al,O,, eto.) as solid solution in 
lime may raise or lower the Fermi-level of lime and thus 
affect its reactivity with water. Groups of chemicals 
which accelerate or retard the hydration of lime? may do so 
by changing the position of Fermi-level by altering the 
surface charge on being chemisorbed (strong chemisorp- 
tion) on the lime crystal. The very reaction of lime with 
water should lower the Fermi-level of lime and hence after 
the initiation of the reaction it should slow down, that is, 
there should be an induction period*. The effect of firing 
temperature of lime on its hydration should be governed 
by the effects produced on Fermi-level of lime as the latter 
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is fired at different temperatures. The effect of particle 

size of lime crystals on its hydration will be governed by 

how far the linear size of the crystal affects its Fermi-level. 

Tf the Fermi-level is lowered, heat of hydration of lime 

becomes less; on the other hand, dehydration of Ca(OH), 

(obtained from CaO with lowered Fermi-level) will be 

accelerated as the lowering of Fermi-level favours dehydra- 

tion. Thus, lime of low heat of hydration should, on 

hydration, dehydrate at lower temperature and vico versa. 

It is concluded that: (a) The reaction between calcium 

oxide and water is an ‘n’ type semi-conductor surface 

reaction. (b) Reactivity of lime with water depends on 

the position of Fermi-level inside the calcium oxide 

crystal—and thus on the thermionic work function of 

lime. The higher the Fermi-level, that is, the lower the 

thermionic work function, the greater is the reactivity. 

Positioning of the Fermi-level in lime crystal is an cssen- 

tial factor in hydration of lime and may be responsible 

for some of the observed peculiarities of the phenomenon 

of hydration of lime. 
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A CASE OF AN INAPPROPRIATE MODEL 


By Da. M. HAMMERTON 
Medical Research Council Applied Psychology Unit, Cambridge 


DS the early part of this century, three analyses 
of battle situations were propounded: one bv 
Colonel (afterwards Marshal) F. Foch! and two by F. W. 
Lanchester*. The latter have been reprinted by Newman’, 
and one of them has recently been given very wide pub- 
licity by Hoyle’. These models which may be called the 
N, N? and F models, respectively, are of interest, par- 
ticularly because of the errors they include and exemplify. 
As such sorts of errors are always likely to occur when 
mathematical models of complex social situations are 
constructed, it may be worth while to examine them. 
Each of these models sought, in effect, to find a measure 
for the ‘value’ of a force on a battlefield. Let us state 
each in turn, and then discuss them critically. 

The N model. This, due to Foch, is the least interesting 
and least sophisticated of the three. Paraphrasing the 
argument, Foch reasoned that if a force of numerical 
strength v, the individuals of which had a rate of fire 
F, missiles/unit time, attacked a force of strength y, and 
individual rate of fire Fy, then, if x > y, and (as was 
probable) Fz = F, = F, the ‘missile balance’ in favour 
of the attackers in unit time would be F (v — y). He 
concluded that any increase in F must add to the 
‘balance’; and hence add to the power of numbers, and 
of the offensive. The ‘value’ v, of a force, would be 
shown by: 


v =kFN 


where N is its numerical strength and k a constant. 

The N? model. Lanchester’s argument is much more 
elegant. He supposed that “.. . each man will, in a given 
time, score, on an average, i 


(1) 


a given number of hits that 
are effective; consequently the number of men knocked 
out per unit time will be directly proportional to the 
numerical strength of the opposing forces". Thus, if we 


express the ‘efficiency’ (that is, accuracy, ete.) of each 
unit of the opposing forces by the constant terms a; and 
ay, we have: 


dx 


d 77 Fy ay y) 

= (2) 
d; 
x =- Py Gz «| 


Giving, for the reasonably likely case Fy = Fr, Qr = Qy: 


(3) 


x? — y? = constant 
and thence, more generally, that 


vo =k’ FN? (4) 

The F model. Lanchester recognized that his model 
supposed that individual units were firing at one another, 
and that this was not always the case. Sometimes enemies 
simply fired ‘into the brown’. In this situation, he reasoned 
that the rate of loss would be proportional to tho rate of 
arrival of missiles, and to the density of troops on the 
ground. ‘Thus, introducing another constant term b. 
being the ratio of the exposed area of a soldier to the 
area being plastered, the equations derived are: 


E = — baky | 

(5) 
d: 
Ed = — by F, x} 


Whence the rate of loss is proportional to the fire-power 
of the component units, and is independent of the nuinbers 
involved. Otherwise: 


v= k" F (6) 
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The model-makers’ own assessments. Neither Foch nor 
Lanchester had any serious doubts of the validity of their 
theoretical models. In Foch’s case this is scarcely sur- 


prising; for the argument seems to have been advanced 


only to support a conclusion already adopted as an article 
of faith. Lanchester, however, was no less sure that his 
N? model correctly described the contemporary situation. 
The F model, he rather surprisingly declared, approx- 
imated “more closely to-the conditions of ancient war- 
fare"; while the N? model truly described battle in the 
twentieth century. He wrote: '"Macaulay's lines: 

‘In yon strait place a thousand 

May well be stopped by three’ 
bolong intrinsically to the methods and conditions of the 
past". 


Discussion 


(1) Fighting on land. If we examine the history of war 
from 1860 until 1919 (to which period the N and N? 
models were clearly intended to apply) one thing 
appears to me to stand out: the models are not appro- 
priate. Increases in fire-power overwhelmingly favoured 
the defence; superiority of numbers on the battlefield 
displayed nothing like the advantage predicted; it 
frequently happened that handfuls stopped multitudes. 
Neither was there anything obscure in this process: it 
had been quite clear from the happenings of the American 
Civil War (1861-65), the Franco-Prussian War (1870-71), 
the Russo-Turkish War (1877-78), the Boor War (1899— 
1902) and the Russo-Japanese War (1904—5) before the 
First World War started—and confirmed it. In the first 
of these struggles it was reckoned that odds of 3 : 1 were 
often inadequate for victory. In the Boer War, the series 
of British reverses in 1899 were suffered in spite of favour- 
able odds of more than 2:1. The grisly series of western 
front battles in the First World War bloodily underlined 
the lessons of the previous decades: throughout 1917, for 
example, the Allies in France had an overall superiority 
of about 3:2, and often more on the actual battlefield’. 


Since the mathematics is sound, then, where did the. 


assumptions err? -> 

Perhaps, instead of sniping at Macaulay, Lanchester 
should have remembered the line from a well-known, 
though rarely printed, limerick: 


“Who does what? And with which? And to whom?” 


For a built-in assumption is that both parties are doing 
the same sort of thing. This is very rare indeed in war. 
Suppose that, still in the range of ultra-simple models, 
wo remedy this. Let us imagine a ‘Boer War’ situation: 
force x is attacking force y, the men of which are snugged 
down among rocks and entrenchments. Then the rifle- 
men of force z are under fire as individuals, as in the 
first equation of (2); but the y position is merely being 
plastered, as in the second equation of (5). The loss rates 
are then (again supposing F; = Fy = F) 


dx 
a= — Fayy a 

(7) 
Y- — Fbyx 


whence 
bx? — 2ay = constant (8) 
It is immediately evident, without even noting that, 
for example, a> b, that no ‘value’ term can be put on 
a force without first asking: what is it trying to do? 
And even this slightly more realistic expression leads to 
some very odd conclusions (the reader can play with them 
himself) as and y become very large. These arise from 
two more built-in assumptions, namely, (i) (as in (2)) 
every component unit of # can shoot at any component 
unit of y; and (ii) (es in (5)) there is no limit to the density 
of force in a given space. It is obvious that both these 
assumptions will, in general, be false. (Parenthetically, 
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it may be remarked that the F model, though it looks a 
trifle odd, is not a bad one in some special cases.) 

(2) Fighting at sea. The built-in assumptions which we 
have noted in the N? model were most nearly satisfied by 
naval fighting during the heyday of the battleship, say 
from 1890 to 1917. Indeed, the valid application of the 
N? law was, perhaps, never better demonstrated then 
at Tsu-Shima (1905). It also explains many of the 
manœuvres at Jutland (1916)'. However, even at sea, 
the assumptions are not generally valid. For example, 
throughout the age of sail, gun ranges were so short that 
it was not possible to bring the fire of more than a few 
ships to bear on a single enemy ship, however many were 
available. This brings us to the historical case cited by 
Lanchester. - 

(3) Trafalgar. Lanchester claimed that Nelson showed 
an intuitive understanding of the N? law by his tactics. 
at Trafalgar. In particular, he cited the famous memor- 
andum, in which Nelson discussed the hypothetical case 
of a British fleet of 40 sail tackling a Franco-Spanish 
fleet of 46. Here he devised a plan to bring 32 British 
ships against 23 enemies, while the remainder were held 
in play. But in the actual battle, what did Nelson do? 
In the event, his lee division of 15 ships under Collingwood 
took on 15 of the enemy; and he was pleased enough 
with this to call it ‘magnificent’. His own weather 
division of 12 ships also tackled roughly equal numbers. 
Before he sailed, he told a friend that he wished to bring 
on “a pell-mell battle". He was ready and anxious to do 
this because he was justly confident that, so superior 
were his crows in gunnery and seamanship, that they 
could be relied on to win single-ship actions, so long as 
the enemy could be made to stay and fight it out. His 
great problem was not to secure a fight at numerical 
advantage; it was to compel a fight to a finish. This was 
difficult, and his solution brilliant, because all naval 
actions in the age of sail were fought in an effectively 
anisotropic space. Because of the wind, the time taken 
to get from A to B was not, generally, the same as that 
taken to get from B to A. This, however, is quite another 
story’. 

Nothing that has been written here contradicts in any 

way the common-sense notion that superior numbers are. 
as a rule, advantageous and sometimes decisive. (Not 
always: they may be more difficult to control, or to 
supply, or they may offer too dense a target, and so on.) 
Neither does it bear on the utility of the whole-versus- 
part stratagem, which has been successfully used on scores 
of occasions throughout history. We have, however, 
underlined how misleading, and potentially disastrous, it 
can be if a mathematical model is applied to a real 
situation which it does not truly represent. All mathe- 
matical models must simplify: that is their strength. 
They may, in over-simplifying, distort: that is their 
danger. 
e Perhaps the moral was stated—as so often—by the 
Jeffreys*: “‘One often sees a statement that some result 
has been rigorously proved, unaccompanied by any 
verification that the conditions postulated in the proof 
are satisfied in the actual problem—and very often they 
are not. This misuse of mathematics is to be found in 
most branches of Science’; and, I may add, it is 
especially seductive in the sciences which deal with human 
behaviour. I may also add: exercise extreme care when 
citing historical examples. 


1 Foch, F., Des Principes de la Guerre (Paris: Verault, 1903). 

t Lanchester, F. W., Aircraft in Warfare (London: Constable, 1916). 

3 Newman, J., The World of Mathematics,4(London: Allenand Unwin, 1963). 

‘Hoyle, F., “The Mathematics of Violence” (talk delivered on Anglia Tele- 
vision, Oct. 21, 1963). 
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LETTERS TO THE 


RADIOPHYSICS 


OH Absorption Spectra in Sagittarius 


We have measured the 18-cm OH. absorption spectrum 
of Sagittarius A over a range of 6:4 Mojs using the 60-ft. 
radio telescope of Harvard College Observatory. This 
frequency range covers both the 1,667 Mc/s F(2—2) and 
the 1,665 Mc/s F(1—1) transitions. The spectrum is 
dominated by two features at +40 km/sec and — 120 
km/sec with respect to the local standard of rest. Parts 
of this spectrum have been previously reported}-*, 
notably the feature at +40 km/sec. We have also 
obtained an absorption spectrum for I= 4°, b11— 0*. The 
characteristics of the background continuum radiation 
near 18 cm and this absorption spectrum allow us to 
establish an upper limit on the state temperature of inter- 
stellar OH. 

The spectrum shown in Fig. 1 covering a range of 
velocity of several hundred km/sec has been obtained in the 
direction of the strong radio source Sagittarius A with 
80 ke/s filters. The antenna temperature of Sagittarius A 
as determined by declination scans is 45° K. We find 
two broad lines at radial velocities of +40 km/sec and 
— 120 km/sec. The characteristics of these lines are given 
in Table 1. No attempt has been made to investigate the 
previously detected narrow lines at 0 km/sec and —50 
km/sec’. We find an apparent intensity ratio of the 
F(2—2) transition to the F(1—1) transition of 1:24+0-1 
for the +40 km/sec and of 1-5+0-1 for the — 120 km/sec 
line. The ratio for the +40 km/sec line agrees with tha 
obtained by Robinson et al.*. . 

For both +40 km/sec and — 120 km/sec lines we have 
determined a mean separation between the F(2—2) and 
F(1—1) components and find a value of 1:96 + 0-04 Mc/s. 
This exporimentally observed separation is in good 
agreement with the difference in rest frequencies of 1:955 
Mc/s as determined by Weinreb et al. The velocity 
range of the OH absorption measurement in Sagittarius A 
lies within the range where hydrogen has been detected 
and which has been assigned to regions near the galactic 
centre by Oort and Rougoor®. 

In order to convert the apparent depths of the absorp- 
tion lines to optical depths, it is necessary to make some 
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Fig. 1. OH absorption spectrum of Sagittarius A showing both tran- 

sitions, Velocities are relative to the local standard of rest for each 

transition. The zero point of the temperature scale is arbitrary. The 

line is a free-hand fib to the data points. Each point represents an 
integration time of 480 sec 
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Fig. 2. A comparison of the Leiden HI emission profile for 111 —3:1*, 

bIL— 0? with the OH absorption profile for 111— 4°, bO — 0? on the same 

velocity scale. Note the difference in temperature scales. The open 

circles are measurements made with 150 ke/s filters and an integration 

time of 1,400 sec; the crosses are measurements made with 25 ke/s filters 
and an integration time of 25,000 sec 


assumptions about the background radiation and the 
angular size of the absorbing region. Robinson ei al: 
have suggested that there is evidence that the OH cloud 
at +40 km/sec has an angular size less than 4 min of are. 
We evaluate the partial contribution to the totel antenna 
temperature due to the core source behind the OH by 
scaling the value quoted by Robinson for the 210-ft. 
antenna (135° K) to the value applicable to the 60-ft. 
antenna. Based on a measured collecting area of 95 m* 
for the 60-ft. antenna and an assumed cross-section of 1:6 
x 103 m? for the 210-ft. antenna, we adopt a value of 8° K 
for the contribution of the core. 

For the +40 km/sec component we then obtain a t of 
1-4 for the F(2—2) transition and 0-95 for the F(1—1) 
transition, giving a ratio of 1-5. Considering the diffieulty 
of assigning an exact value to the antenna temperature 
due to the eore source, the difference between tho com- 
puted value of 1-5 and the predicted value of 1-8 may not 
be significant. In view of the evidence of a peculiar 
spatial distribution of the OH in the +40 km/sec cloud, 
and recognizing that a similar situation may exist at 
— 120 km/sec, we have not attempted to obtain a solution 
for the opacity at — 120 km/sec. 

The limits in velocity published by Robinson et al. tor the 
+40 km/sec linet are — 60 to +100 km/sec. Thoy did 
not report the —120 km/sec line. It is possible that the 
— 120 km/sec feature lies outside the beam of the 210-ft. 
antenna when directed toward Sagittarius A. 


Table 1 
Velocity AT (° K) Half-width 
(km/sec) 1,667 1,665 (km/sec) 
+40 60 + 02 49 + 02 86 + 6 
—120 60 + 02 41 + 02 76 + 6 


The spectrum at 1II = 4° shown in Fig. 2 was mado with 
filters having band-widths (to half-power points) of 150- 
ke/s spaced 150 ke/s. Two features are evident. One is a 
broad absorption line with a width of 100 km/sec, a depth 
of 0-25+0-1° K and a shift of +110 km/sec with respect 
to the local standard of rest. A narrow absorption lino 
having a width of 15 km/sec, a depth of 0-09 + 0-03° K 
superimposed on the broad feature, and a shift of +10 
km/sec was observed with 25-ko filters spaced 25 ke. The 
broad line coincides in velocity with the long wing of the 
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hydrogen emission profile at nearby positions^?. We have 
checked these results by observing the F(2—2) and the 
F(1—1) transitions for both features. 

We measured the 18-em continuum radiation at 
IXL— 4°, b= 0° with respect to the points.about 10° above 
and below thé plane. We obtain 8° + 2° K for the increase 
in antenna temperature. The position I= 4°, bH =0° 
was selected because it is a broad local minimum of con- 
tinuum emission in the galactic plane, and provides an 
approximately uniform background brightness tem- 
perature over our antenna beam (52/)?-31 The occurrence 
of absorption lines allows us to place an upper limit on the 
state temperature of about 109 K; this is a direct result 
not dependent on assumptions about the optical depth 
as is the case with all previous estimates. 

The radiometer used compares the available power 
from the antenna to that from a liquid-helium cooled 
resistor in ten frequency bands at the same time. The 
first amplifier is a cavity maser similar to the 21-cm maser" 
which has been used for hydrogen-line observations at 
Harvard since 1960. The system noise temperature 
neglecting the contribution due to the source is 110° K 
when the bandwidth is 2-8 Mc/s. 

We thank Prof. N. Bloembergen for help with the 
development of our equipment. This work was supported 
by the U.S. National Science Foundation with the assis- 
tance of Bell Telephone Laboratories, Inc. 
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Lightning Flash Counts and Radio Noise 
Fields in the Tropics 


Ir is now generally accepted that the source of atmo- 
spheric radio noise is the natural lightning discharge 
associated with thunderstorms, the discharges possessing 
energy components throughout the radio-frequency 
spectrum’. It is, therefore, to be expected that a correla- 
tion exists between the measured level of noise fields and 
the frequeney of occurrence of lightning discharges in a 
given area. A standard lightning flash counter has been 
adopted by the International Radio Consultative Com- 
mittee (C.C.I.R.) for obtaining statistical data about 
lightning flashes at various locations throughout the 
world’. The Central Radio Propagation Laboratories of 
the United States (C.R.P.L.) and the Radio Research 
Board of the Department of Scientific and Industrial 
Research of Great Britain (D.S.I.R.) have designed two 
separate equipments for the measurement of atmospheric 
noise-levels, and these have been installed at chosen sites 
over the world. Fortunately, a standard lightning flash 
counter and one each of the noise recording equipments 
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were kindly made available at Ibadan, Nigeria (7° 26’ N, 
3° 54’ E.), in the tropical belt during and after the Inter. 
national Geophysical Year, thus facilitating the collection 
of a fairly large amount of statistical data for lightning 
flash counts and median values of noise power. 

The effective range of the lightning flash counter is 
30 km with a próbability of 90 per cent; and the triggering 
is at a step function voltage of 3 V, the equivalent field 
strength at the aerial 7 m high being about 3 V/m. The 
flash counter was operated at very low frequencies, but 
since both ground and cloud flashes are considered, its 
response is over a wide bandwidth extending from 1 ke/s 
to over 30 ke/s. The median values of noise power 
referred to 1 ke/s bandwidth for seasonal blocks (one 
season and one of six 4-h time periods of day as recom- 
mended by the C.C.I.R.) have been compared with the 
mean values of number of lightning flash counts per h 
for corresponding seasonal blocks. The comparison has 
been based on long-term rather than hour-by-hour com- 
parison since the world-wide predictions of atmospheric 
noise levels? are made for seasonal blocks only. 'The field 
values used in the comparison have been restricted to 
24 ke/s and 51 ke/s, being the lowest frequencies available 
on the D.S.I.R. and C.R.P.L. equipments, respectively. 
Fig. 1 presents the variation of measured noise field at 
51 ke/s in Fo, expressed in db. above kT'B (the thermal 
noise power in watts in a passive resistance) on linear scalo 
where: k=Boltzmann’s constant = 1-38 x 10-23 joule/°K ; 
T = absolute temperature in deg. K (290° K); B —effective 
noise bandwidth (c/sec); with the mean counts per h (on 
logarithmic scale) The values plotted here are the 
medians of noise fields for all the seasons of the year and the 
count per h has been averaged for all the seasons. Fig. 2 
presents similar resulis at 24 ke/s for the spring season 
only. 

The ‘best fit’ lines have been drawn on Figs. 1 and 2 and 
the derived equations which best suit the relationships are: 


Fa —1304- 17-5 log on (24 ke/s) 
and 
7, 1134-18 login (51 ke/s) 


Apart from the expected difference in the magnitude of 
field values at the two frequencies, the two relationships 
are similar in that they have the same exponential form. 

An attempt has already been made to compare the noise 
field and mean counts per hour from a similar 3 V, 7-m 
aerial, C.C.LR. lightning flash counter at Singapore, 
Malaya (1-3? N., 103-8? E.), also in the tropics. A. similar 
C.R.P.L. noise-recording equipment was used to obtain 
noise fields at a low frequency of 13 ke/s. In the Report 
of Study Group VI of the C.C.T.R. Tenth Plenary Assembly 
in 1961, the relationship that closely agreed with observed 
results at Singapore is that: 


Fa=28+10 log, (nW/f2) 
where W = total energy in a single atmospheric in a speci- 
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Fig. 1. Lightning flash counts and noise fields at 51 ko/s for all seasons 
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fied bandwidth and taken as 3 x 109 (u. V [m)? sec in a band- 
width of 1 ke/s. (The value was that obtained in Slough, 
England, in a temperate area and assumed here for the 
tropical areas.) f=frequency (Mc/s). 

For direct comparison between the results from observa- 
tions at Singapore and Ibadan, correction has been made at 
Tbadan for differences between the tuning frequency of the 
flash counter and 24 ke/s and 51 ke/s, respectively. 

Hill’ discussed the theory of the generation of low- 
frequency electromagnetic radiation by cloud-to-ground 
lightning strokes and predicted the spectral intensity of 
total radiation from the return stroke as: 


R=8x 10 F(y) joules/(ke) 
where y = 0:19 fkc/s. 
The function F(y) has the form: 


F(y)=y~* (sin y— cos y) 
The maximum point of the spectral distribution lies at 
11-2 ke/s, and the total width at half maximum is 12 ke/s. 
From the power attenuation with respect to maximum at 
the frequencies considered and the response curve of the 
flash counter, appropriate corrections are applied to the 
relationship of the Study Group which reduces to: 


Fa 130 +10 logion (24 kejs) 
Fra’=110 +10 logion (51 ke/s) 


which show closer similarity to the suggested relationships 
for Ibadan. A significant difference, however, lies in 
the exponential part. Whereas the results from Singapore 
suggest that Fa varies as log,,n, the results at Ibadan 
indicate variation with log,,n'i75-199. This leads to the 
suggestion that a more accurate law of variation in a 
tropical area should be of the form: 


Fa=28+10 log, (n2 W/f?) 


and at Ibadan, a value of approximately 2-0 is suggested 
for the exponent «. The plots for 51 ke/s (Fig. 1) at 
Ibadan have been averaged over all seasons of the year 
whereas those for 24 ke/s (Fig. 2) have been averaged over 
one spring season. I have already indicated that the 
spring season is the most intense for lightning activity at 
Ibadan’. The relatively wide scatter in Fig. 1 indicates 
that the relationship between lightning intensity and noise 
field should preferably be expressed over one seasonal 
period only; and that the exponent « has seasonal varia- 
tions probably arising from slight seasonal variations in 
the structure of lightning discharges and seasonal changes 
in the relative contribution of local flashes to the total 
noise intensity. 

As already pointed out’, the meteorological thunder- 
storm day suffers from a number of deficiencies when used 
as a symbol of spherics activity; and cannot be used as 
indication of noise-levels. The investigation described here 
confirms that in areas where storms are prevalent, the 
noise power at low frequencies bears a direct relation to the 
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density of lightning flashes, and at these frequencies the 
rate of occurrence of lightning discharges will assist in 
more accurate predictions of atmospheric noise levels for 
aiding radio communication from one place to the other 
on the Earth’s surface. Further investigation, however, is 
necessary at many more locations, especially in tropical 
areas, to ascertain the dependence of the exponent « on 
time of day, season of year, geographic location and 
frequency. 
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GEOPHYSICS 


The Satellite Geoid and the Structure 
of the Earth 


Cook! has shown that, in the Earth's gravitational 
potential when developed into a series of zonal spherical 
harmonies, the coefficients are influenced to the fourth 
harmonic by the inhomogeneities of the inner core; the 
inhomogeneities of the outer core will appear at first in 
the coefficients of m=5-11. 

Shortly after this communication, Tzsék’s communica- 
tion appeared? giving the details of a satellite geoid 
determined by the coefficients of zonal and tessorol 
harmonics up to an order of 4. 

Cook’s results suggest, however, that the general form 
of this fourth-order geoid must have a source in the 
inhomogeneities near the core of the Earth. 

Vogel? has shown on the basis of PeP, ScS, PcS and 
Sc P waves that on the surface of the outer core undulations 
with amplitudes up to 200 km exist. 

Vogel’s results plotted in a simplified way on the map of a 
satellite geoid (namely, denoting the spots at normal 
depth by 0, below the average depth by —, above the 
average depth by +) show the surprising result that the 
undulations of the core (where data exist) are followed by 
the undulations of the satellite geoid. 

As a generalization of Cook’s theorem, it may be con- 
cluded that the undulations of the geoid are caused by 
undulations on the surface of the outer core. 

It may be shown that the gravitational effect of mass 
inhomogeneities observed in the form of undulations of the 
core yields the undulations of the satellite geoid with a 
right order of magnitude. 

The core undulation below a certain geoid undulation 
can be approximated by a sphere of a diameter of 200 km, 
if it is supposed that the effect of the other core undulations 
are compensated by each other. The undulation caused on 
the geoid may be computed by the quotient of the sphere’s 
gravitational potential and gravity acceleration on the 


surface: h = —. 


g 
Denoting by FR = 10? cm the radius of the sphere approx- 
imating the core undulations, p, = 5*7 g cm"? the density on 
the bottom of the mantle, p, — 9:7 g cm-? the density on the 
top of the core, r — 2:8 x 10* cm the average distanco of the 
sphere approximating the core undulation from the 
surface, and g = 10? cm sec- the gravity, then 


h= AnfR (0s ix^ 01) z40m 
3rg 
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Fig. 2 


a value in very good agreement with the average maximum 
values of geoid undulations observed. 

The close connexion between geoid undulations and 
core undulations suggests a comparison also with geo- 
magnetic maps. 

Fig. 2 represents the isopores of vertical magnetic 
intensity for the year 1942-5 on the map of the satellite 
geoid. : s 

There is a fair coincidence in their location, sign and 
trend in comparison with the undulations of the satellite 
geoid. It seems very probable that the coincidences of 
these two sets of results would be more complete by use of 
recent magnetic values. 

If this correlation may be regarded as valid, then the 
gravity field must possess a secular westward drift. 
Moreover, the correlation points towards the importance 


of the core in the origin of the magnotie field. Core 
undulations must also show a westward drift running 
together with the gravity and magnetic fields, as was 
also suggested by Vogel. The core undulations are 
resulting also in a variation of the momentum of inertia, 
which must be reflected in the nutational motion of the 
Earth, according to the formula Tra. The variation 
of the length of the Chandler nutation, between 404 and 
456 days, supports this conclusion. Moreover, the close 
connexion between secular variation in the amplitude of 
nutation, geomagnetic field and angular velocity of the 
Earth strengthens this inference. 

The high-rate core undulation and its secular variation 
diminish the probability of a material change at the 
mantle-core boundary. On the other hand, the undula- 
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tions can be explained easily by the hypothesis of Ramsey, 
explaining the mantle-core boundary by a phase-transition 
of material. 

A curious correlation was shown also between geoid 
undulations and heat-flow distribution’, though this 
correlation is less tight. While the former correlations 
refer to deep connexions, the latter may be based only on 
shallow effects. 

The authors‘ suggest for this correlation an explanation 
by convection currents. Convection currents have, 
however, also tectonical offects, which must be reflected in 
the major tectonic features of the Earth. But it is hard to 
discover any relation between heat-flow ‘undulations’ and 
the tectonic zones of the Earth. 

I wish first of all to direct attention to the connexions 
between core and geoid undulations probably being the 
keys of problems far from being solved. 

L. EGYED 

Geophysical Institute, 

Eötvös University, 
Budapest, Hungary. 
1 Cook, A. H., Nature, 198, 1186 (1963). 
? Izsák, J. G., Nature, 199, 137 (1963). 
* Vogel, A., Gerl. Beitr. zur Geophys., 69, 150 (1960). 
^ Lee, W. H. K., and MacDonald, G. J. F., J. Geophys. Res., 68, 6481 (1963). 


Periodic Precipitation of the Particle Flux 
in the Auroral Zone 


EvipENCE of periodic and quasi-periodic precipitation 
of the particle flux in the auroral zone is often observed in 
the riometer absorption’, 5577 A photometer records, 
visual observation of pulsating aurora (also seen in the 
all-sky camera records) and other related geophysical 
phenomena. Further, the recent satellite observations 
have also shown periodic variation in the measured flux’. 
In this communication a possible mechanism for the 
periodic precipitation of the particle flux is*proposed and 
its validity and limitations are discussed. 

Tt is well known from the work of Dessler*, Piddington* 
and of Dessler and Parker’ that the compressional mag- 
netic disturbance travels along the magnetic field as a 
transverse hydromagnetio wave. During this period 
longitudinal acoustic wave propagates perpendicular to 
the magnetic field*. Herlofson’ pointed out that in the 
presence of a magnetic field the longitudinal acoustic 
wave propagates with hybrid velocity and is known as 
magnetic-acoustic wave?. Its velocity is: 


Vus = af Va + Vi 


where Vma, Va and V,, are magneto-acoustic, acoustic 
and hydromagnetic velocities. 

The incident solar plasma excites a longitudinal 
magneto-acoustic wave in the finite equatorial crosse 
section of the Van Allen belt, causing a compression and 
rarefaction in the intervening plasma and in the magnetic 
field. The magneto-acoustic waves propagating along the 
equatorial belt are heavily damped at high frequencies and 
are refractod away from the equatorial region. However, 
under idealized conditions such propagation at low fre- 
quencies (smaller than the proton gyro-frequency) is a 
possibility, and was pointed out by MacDonald’. The 
compression and the rarefaction in the magnetic field 
result in a one-dimensional compression and rarefaction 
of the intervening plasma. During compression, diffusion 
of the plasma along the magnetic field is comparatively 
more than the diffusion perpendicular to the magnetic 
field. Consequently, a larger number of particles will have 
required pitch angle (< 2°) to be precipitated into the 
auroral zone. On the other hand during the rarefaction 
of the magnetic field, lesser numbers of particles will have 
required pitch angle to be precipitated into the auroral 
zone. The periodicity thus produced will have the 


(1) 
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period of the magneto-acoustic wave propagating along 
the equatorial Van Allen belt. 

The phenomena may further be complicated if there 
exists a coupling of the transverse hydromagnetic waves 
along the field lines and the longitudinal magneto- 
acoustic wave along the equatorial belt. The resonance 
between the two modes propagating perpendicular to 
each other will occur only when the fundamental poriod of 
one is equal to, a multiple of, or sub-multiple of the other. 
In this situation, particle flux heading to the lower iono- 
sphere (having required pitch angle) is greatly affected. 
The period of the incident flux on the ionosphere in this 
case is governed by the frequency of resonance between 
the transverse hydromagnetic wave and longitudinal 
magneto-acoustic wave propagating approximately per- 
pendicular to each other. 

An approximate estimate of the fundamental period 
of the longitudinal magneto-acoustic wave along the 
equatorial belt in the presence of the magnetic field is 
given by: 


2 
N 5n + Vim 
Taking average value of the proton mass density obtained 
from nose whistler data’: 





Boemi 
e = 1:2 x 107 rëm. 
the period j 
1/2 
= 028 RS (me 
T = 0:28x Ey 7h 


where m4, m, are the proton and electron mass respec. 
tively, e is the electron charge, Rz = 5-4 equatorial radial 
distance and a = 8-1 x 10% gauss cm? is the dipole 
moment of the Ear h. The fundamental period from 
equation (2) becomes approximately 300 sec, which is 
equal to the most probable period reported by 
Parthasarathy and Hessler?. This period mainly depends 
on the exact knowledge of the proton mass density in the 
region of magneto-acoustic propagation. The periods of 
the transverse hydro-magnetic waves obtained from the 
micro-pulsations at mid-latitude” and from the spectral 
analysis of tellurie eurrents'? have shown the composite 
nature of the observed period. At higher latitude, periods 
anywhere between 100-500 sec having different powei may 
exist. Under this situation there are better chances for 
the magneto-acoustic wave to become coupled to a 
guitable transverse hydromagnetic wave and give riso to à 
resonance effect. 

The narrow latitude coverage of the observed periodicity 
and its simultaneous and similar appearance scen in 
Macquarie Island, the riometer records from which are 
approximately magnetically conjugate to College, is in 
accordance with the proposed mechanism. 

T thank R. Parthasarathy and Keith B. Mather for their 
advice. This work was supported in part by the National 
Aeronautics and Space Administration Contract No. 
NAS5-3595 and U.S. National Science Foundation grant 
GP-947. 
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Electron Microprobe Analysis of the Metallic 
Phase in Basic Achondrites 


THERE are no modern analyses in the literature of the 
nickel and cobalt contents of the rare metallic phase in 
those achondritic meteorites which have gross chemical 
compositions similar to terrestrial basic igneous rocks. I 
have called these achondrites the basic achondrites and 
both the eucrites and the howardites are included in this 
group. 

The question of the composition of the metallic grains in 
basic achondrites has an important bearing on the evolu- 
tion of these meteorites but the main problem is that their 
rarity and small sizes have made accurate conventional 
chemical analysis difficult. In the work recorded here an 
Applied Research Laboratories electron probe X-ray 
microanalyser was used to determine iron, nickel and 
cobalt abundances in a number of metallic grains in the 
Macibini eucrite and the Binda howardite. The analytical 
method and the standards used have been described 
previously. 


Table 1. ANALYSES OF METALLIO GRAINS IN BASIO ACHONDRITES 


A Metallic grain Fe Ni Co Ni/Co 
Meteorite identification (96) (96) (96) 

Macibini eucrite 1 97-3 2:15 0-54 40 
2 93-2 221 0:54 41 
3 97.3 2:00 0:64 $1 
4 97-2 2:53 0-29 8-7 
5 95-2 3°85 0-02 42 

Binda howardite 1 95:8 1:95 2:19 0-89 
2 98:2 0-44 1-38 0-32 
3 95-9 1:93 2:20 0-88 
4 95:8 2-00 2:18 0-92 
5 95-7 2-10 2:19 0-96 
6 95-7 2-06 2:22 0-93 


The results indicate that although the nickel and cobalt 
contents measured at various places on individual grains 
seem to be constant within the precision of the method 
(approximately + 3 per cent), there is considerable 
variability between different grains in each meteorite. In 
the Macibini eucrite the nickel content of various metallic 
grains ranged from 2-00 to 3-85 per cent and cobalt ranged 
from 0-29 per cent to 0-92 per cent (nickel/eobalt = 4-0— 
8:7). In the metallic grains in the Binda howardite, 
nickel ranged from 0-44 to 2-1 per cent and cobalt from 1-38 
to 2-22 per cent (nickel/eobalt = 0-32 — 0-96) (‘Table 1). 
Both these meteorites show evidence of severe brecciation 
so that the variation observed between grains within each 
achondrite may well result from slight differences in the 
environments in which individual metallic grains were 
formed. 

The low nickel/cobalt ratios measured in the metallic 
grains of the basic achondrites are quite different from the 
ratios observed in the metallic phase of other meteorites. 
For example, the average nickel/cobalt ratio in the metallic 
phase of the hypersthene-olivine, bronzite-olivine and 
enstatite chondrites is close to 20. Similarly the average 
nickel/cobalt ratio in the metallic phase of pallasites, 
which has previously been suggested to be the parent 
material from which the iron meteorites have evolved?, 
is also 20 (Table 2). 


Table 2, COMPOSITION O¥ METALLIC PHASE IN METEORITIC AND TERRESTRIAL 


MATERIALS 
Material Fe Ni Co Ni/Co 
(%) (%) (%) 

Average metallic phase of 

hypersthene—olivine chondrites (ref. 3) — 79-7 19-4 0-88 22:2 
Average metallic phase of bronzite- 

olivine chondrites (ref. 3) 88:0 11-4 0-55 20-6 
Average metallic phase of enstatite 

chondrites* 92-5 Tl 0:35 20:2 
Average metallic phase of pallasites 

(ref. 3) 88-4 11:0 0:55 90:0 
Metallic phase in Disko Island Basalt 

(carbon free) (ref. 1) 97-6 1:76 0-08 2:6 


* Average of five superior analyses: Hvittis, Indarch, Saint Sauveur 
(ref. 4) and Abee (matrix), Abee (fragment) (ref. 5). 
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On the other hand, the metailie masses occurring in the 
basic igneous rocks at Uifaq, Disko Island, West Green- 
land, have nickel and cobalt: abundances and nickel/cobalt 
ratios almost indistinguishable from the metallic phase in 
the Macibini eucrite and very similar to that in the Binda 
howardite (Tables 1 and 2). The metallic masses in the 
Disko Island rocks are generally considered to have been 
formed by the virtually complete reduction of oxidized 
nickel and cobalt, and the partial reduction of oxidized 
iron, in a basic silicate magma as a result of reactions with 
carbonaceous matter derived from surrounding coal 
measures or carbonaceous shales which these rocks are 
observed to intrude. In view of the close similarity 
between the metallic phase in the Disko Island basalts 
and the basic achondrites, it is suggested that the metallic 
phase in the basic achondrites has formed from partial 
reduction of the parent basic magmas from which these 
achondrites have evolved. 


J. F. Loverine 


Department of Geophysics, 
Australian National University, 

Canberra, 
Australia. 
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PHYSICS 


Chromium Oxide- Chromium Cermets 


THE preparation and properties of chromic oxide- 
chromium cermets have been examined as part of a 
general investigation into the possibility of preparing 
metal-ceramie mixtures (‘cermets’) by partial reduction of 
refractory oxides. The method consists of pressing a 
mixture of chromic oxide and carbon, both in the finely 
divided state, into compacts and sintering to temper- 
atures in the range 1,400?—1,600? C in a vacuum of circa 
10-5mm mercury. The amount of carbon is calculated 
to give I-10 per cent metallic chromium in the sintered 
body. 

Under the foregoing conditions, considerable shrinkage 

of the compact occurs, resulting in an increase of density 
in a typical case from 3-2 to 4:7 g/cc. This can be com- 
pared with an increase in density from 3-2 to 3-4 for 
pure oxide sintered to the same temperatures. The 
increase in sintered density is accompanied by an increase 
in compressive strength from 3 tons[in. for the pure 
oxide to approximately 20 tons/in.? for the cermets. 
. Provided that the temperature of sintering is sufficient 
to cause the reduction to proceed to completion, the 
most significant variable affecting sintered density is 
the proportion of carbon. Less than a threshold addition 
produces no effect, whereas more than the optimum 
causes the density and compressive strength to fall off, 
though less markedly. The latter deterioration is pre- 
sumably due to an expansion effect of the carbon mon- 
oxide involved. 

The mechanism responsible for this unusual shrinkage 
is being investigated. x 

This work is supported by special grant from the 
Department of Scientific and Industrial Research. 


H. E. N. STONE 
N. A. LOCKINGTON 


High-Temperature Materials Section, 
Battersea College of Technology, 
London, S.W.11. 
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Age of the Newgale Beds 


Tus Newgale Beds of Pembrokeshire (Fig. 1) have not 
previously yielded any fossil evidence about their age, 
and consequently there has been considerable doubt on 
this matter. On the earliest map of the area! they are 
shown as Carboniferous, an interpretation that is retained 
on the map published by Jones*. On the Geological 
Survey Map of 1917? they are more specifically identified 
as Millstone Grit. 

In recent years their Carboniferous age has been 
questioned and Jenkins‘ considered them, without 
positive evidence, to be Lower Palaeozoic. Owen, in 
the discussion of this paper, stated they may be either 
Cambrian or a facies variant of the Llandovery. Jones, 
in discussing the same paper, said that if they are Cambrian 
they most likely are equivalents of the Middle Cambrian. 
Solva Series. 


Table 1. RANGE OF COMPARABLE SPECIES IN THE U.S.S.R. 


Cambrian 
Cam- ———————_ Tre- 
madoc Arenig 


Trachyoligotriletum minutum 

Ocridoligotriletum kryshtofovichi 

Protoleiosphaeridium conglutinatum 

Trachyoligotriletum rugosum 

T'yloligotriletum asperum 

Stenozonoligotriletum sokolovi 

Archaeohystrichosphaeridium 
strictum 

A, operculatum 

A, minor 

A. oblongum 

Acanthodiacrodium barbullatum 

A, secundarium 

Ooidium sablincaense 
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One of us (H. G. D.) while mapping the 
area, collected a number of samples which 
were processed in tbe Micropaleontology 
Laboratory, Geology Department, Univer- 
sity of Sheffield. The samples were selected 
dark grey mudstones occurring as thin 
bands among the sandstones and grits 
which form the greater part of the Newgale 
Beds. Five samples were treated, Nos. 
3-5 yielding a large number of microfossils 
of the type once known as hystrichospheres 
but now called acritarchs'; the others 
yielded small numbers of similar types. 
These assemblages, typical members of 
which are illustrated in Fig. 2, are clearly 
Cambrian in age. An earlier date is elimin- 
ated by the presence of Acanthodiacrodium 
(Fig. 2n, 0) and Archaeohystrichosphaeri- 
dium (Fig. 2i-m). An Ordovician or 
Silurian age can be discounted because of 
the absence of Veryhachium, Tasmanites, 
Leiofusa, certain species of Baltisphaeri- 
dium, and chitinozoa, and because of the 
presence of Acanthodiacrodium, which is 
‘typically Cambrian. The absence of spores 
and plant debris excludes any younger 
age. 

Dating within the Cambrian is less cer- 
tain because no systematic work has been 
done with fossils of this type in the British 
Cambrian. One of us (C. D.) has observed 
acritarchs in Lower and Upper Cambrian 
rocks of Wales and Scotland which differ 
in type from those discussed here, but the 
Middle Cambrian has not yet been investi- 
gated. In these circumstances the only 
comparative material is that from the 
Baltic regions of U.S.S.R. described by 
Timofeyev*. Counterparts of all the species 
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Fig. 1. Map showing the location of the Newgale Beds and the samples 
examined 


found in the Newgale Beds can be found among those 
described by Timofeyev but none is so closely similar that 
specific identification is certain. In each case the Welsh 
species is compared with that most closely resembling 
it in Russia. It should be noted that no triradiate marks 
have been observed in any of the species from Wales. 
The stratigraphic range of these Russian counterparts is 
shown in the table, which clearly indicates a Middle 
Cambrian age. Complete confirmation of this must 
wait until detailed work on the main sequences of 
Cambrian rocks in Pembroke has been carried out. 
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Fig. 2. Camera lucida drawings of the more common acritarehs in the Newgale Beds. 
a and b, cf. Trachyoligotriletum minutum; c, cf. Ocridoligotriletum kryshtofovicht; d, Proto- 
leiosphaeridium sp. cf. conglutinatum; e, Protoleiosphaeridium sp.; f, cf. Trachyoligotriletum 
rugosum; g, cf. Tyloligotriletum asperum; h, cf. Stenozonoligotriletum sololovt; i, Archaeo- 
hystrichosphaeridium sp. cf. strictum; j and l, Archaeohystrichosphaeridium cf. operculatum; 
k, Archaeohystrichosphaeridium cf. minor; m, Archaeohystrichosphaeridium ef. oblongum; 
. ^, Acanthodracrodium sp. cf. barbullatum; o, Acanthodiacrodium sp. cf. secundarium; p, cf. 


Ooidium sablincaense 


i 


Meanwhile the paleontological evidence proves 2 
Cambrian age and is strongly suggestive that it is Middle 
Cambrian. This being so the Newgale Beds, as Jones 
stated, must be equated with the Solva Series, the 
Menevian Series of the Middle Cambrian being & most 
improbable equivalent because of its lithology. 

We thank Mr. P. Shepherd for making the prepara- 
tions and Prof. L. R. Moore for the use of the facilities 
of the Department of Geology at Sheffield. 
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Coal Ranks and Geothermal Gradients in 
High-volatile Bituminous Coalfields 


Forry samples of coal from oil-prospecting wells drilled 
by Shell BP Todd Oil Services, Ltd., in the Taranaki area 
of New Zealand have been analysed at the Chemistry 
Division of the New Zealand Department of Scientific and 
Industrial Research. Full analytical details and a discus- 
sion of the depth/rank relation are given by us, and we 
emphasize that direct comparison of the analyses is not 
satisfactory because the coal types and sulphur contents 
vary widely. It was necessary to make some allowance for 
these variations, the method used being that of Suggate?. 
Within the high-volatile bituminous range of rank 
penetrated in the wells, the most satisfactory parameter of 
rank is the calorific value. : 

All four wells penetrated coals ranging through strati- 
graphic intervals of between 2,100 and 2,500 ft., the 
deepest coals being from depths ranging between 12,900 
and 14,700 ft. The coal measures are of Upper Eocene or 
Lower Oligocene age*, and above them sediments from 
Oligocene to early Pleistocene in age were deposited with- 
out major breaks in sedimentation. Slight uplift and 
erosion followed, and for some wells it has been found 
possible to make reasonable estimates òf the thicknesses 
eroded, and consequently of the original depths of burial. 
From a composite column over the 12,000—17,000 ft. range 
of depth of burial, an increase of 280 n.T.u./Ib. per 1,000 ft. 
increase of depth is estimated; individual well sequences, 
-based on comparatively few analyses, tend to show rather 
lower rates of increase of calorific value with depth. 

The proximate analysis (air-dried basis) of the most 
deeply buried coal is as follows: M., 1-2 per cent; V.M., 
44-1 per cent; F.C., 48-4 per cent; A., 6-3 per cent; S., 
1-2 per cent; 5.T.U./lb., 14,380; Sw. No., 63. If it is 
assumed that no great changes in geothermal gradient 
have oceurred since the early Pleistocene, this coal was 
metamorphosed at a temperature of 280°-300° F., judged 
by temperature measurements in the wells. 

The rate of increase of calorific value with increasing 
depth is only a little more than half the 500 n.m.v./lb / 
1,000 ft. found in Carboniferous coals in the Pie Rough 
Bore in England‘ and in bores in the Saar and Upper 
Silesia’. The most obvious explanation is that of a nearly 
two to one difference in geothermal gradient. Comparison 
of data from the Carboniferous coalfields of the Nether- 
lands with analyses of single samples of Jurassic coal from 
Mississippi at a depth of 16,193 ft. and of Eocene coal from 
Venezuela at a depth of 11,200 ft. has already led Kuyl 
and Patijn* to suggest that the geothermal gradient in the 
Carboniferous was much greater than in Mesozoic and 
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Tertiary times. The present geothermal gradient in the 
Taranaki coal measures is about 19? F./1,000 ft., and if that 
in the European Carboniferous were greater in proportion 
to the difference between the rank gradients, it would 
have been about 34° F./1,000 ft. Such a high gradient, 
however, is greater than. that now found at depth almost 
anywhere except in hydrothermal areas. Before this 
gradient is accepted for the Carboniferous, the effects of 
possible lower pressure should be considered’, if depth of 
burial was less and the temperature gradient only moder- 
ately higher. 

We thank the geologists of Shell BP Todd Oil Services, 
Ltd., for their assistance. 
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CRYSTALLOGRAPHY 


Production of Dislocation Etch Pits on 
Calcite using Optically Active Etchants 


SEVERAL etchants, usually consisting of aqueous 
solutions of organic acids, have been shown! to produce 
etch pits at the points of emergence of dislocations on the 
rhombohedral cleavage faces of calcite crystals. Moreover, 
if the pits are particularly well defined it is often possible 
to deduce, from their internal structure, the plane and the 
direction in which the dislocation line runs through the 
crystal, & possibility of considerable interest to us since we 
are endeavouring to assess the role of line imperfections in 
the chemical reactivity of calcite. 


L 


Q 





P 


Fig. 1. Schematic representation of etch-pit produced by D- and L- 
tartaric acids showing plane in which the dislocations lie. Dotted lines 
indicate the section of the plane below the plane of the paper 
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Fig. 2. 
by L-tartaric acid; c, etch pit produced by meso-tartaric acid. 
ferograms (x c. 425) 


a, Etch pit produced by p-tartarie acid; b, etch pit produced 


Inter- 


It has been shown by Gilman and Keith‘ that the nature 
of the anion of the organic acid used as etchant is impor- 
tant in deciding such characteristics as the orientation and 
internal structure of the dislocation etch pits; and since 
these are the characteristics which are used to arrive at the 
crystallographic directions of the dislocation lines, we 
decided to devise a simple test to ascertain whether it is 
possible to obtain reliable information concerning the 
direction of the dislocation line from the differently shaped 
pits produced by different etchants. 

Bengus et al.? state that, for æ pyramidal pit such as 
that shown diagrammatically in Fig. 1, PQB, the plane in 
which the dislocation line lies, is that which is constructed 
by taking the pit edge (AB) opposite the steepest face and 
projecting this edge on to the base of the pit. Thus, the 
relevant plane is KLMN in Fig. 1. The steepest faces of 
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the etch pits described by Bengus and in this communica- 
tion were determined using optical interference micro- 
scopy®. 

Figs. 2a and b are interference photomicrographs 
(sodium light illumination) of separate parts of the samo 
*as-clesved? surface of a calcite rhomb, one end of which 
was immersed, with gentle agitation, for 60 sec in 10 per 
cent aqueous solution of p-tartaric acid at 22° C, and tho 
other in t-tartaric acid under identical conditions. 
Immediately following etching the crystals were washed, 
successively, in running water, ethanol, ether and finally 
dried in air. In all the photomicrographs shown here the 
top edges of the micrographs lie along the [100] direction. 
Tt is to be noted that a change in pit orientation for 
D- and r-tartarie acids occurs, and that the angle through 
which the pit is re-oriented is, to within experimental error. 
the same as the obtuse angle in calcite, 102°. This reveals 
that the etching process is stereospecific, a fact recorded 
prior to the advent of dislocation theory in the investiga- 
tions of Honess and Jones’, who found that the pits 
produced by the D- and L-acids were mirror images. 

Micrographs such as those shown in Figs. 2a and b 

verify that the test of Bengus et al.* holds good because, 
even though marked re-orientation of the pits takes place, 
the plane in which the dislocations lie, determined as 
described here, remains unaltered when either the D- or the 
i-tartaric acid is used. 
Quite apart from substantiating Bengus's method, this 
work, which is continuing, opens up the possibility that 
stereoisomeric etehants, such as D- and L-tartaric acids. 
may be able to distinguish right-handed from left-handed 
screw dislocations or positive from negative edge disloca- 
tions. Some caution is, however, required for we have 
found that, using an aqueous solution of meso-tartaric 
acid as etchant, under the conditions described above, it is 
extremely difficult to evaluate the plane in which the 
dislocation lies from the internal structure of the etch pit 
(Fig. 2c). 

We thank Prof. 8. Peat for his advice and the Depart- 
ment of Scientific and Industrial Research for a main- 
tenance grant to one of us (C. R.). 
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CHEMISTRY 


Nitrous Oxide as a Scavenger for Electrons 
in the Radiolysis of Propane 


RzoENT investigations of the radiation chemistry of 
liquid hydrocarbons indicate that in these systems N40 
reacts rapidly with electrons but relatively slowly with 
hydrogen atoms. We have investigated the effect of N,O 
in the radiolysis of propane gas, and the results obtained 
have led to information about the mechanism of hydrogon 
formation. 

The gas mixtures (760 mm mercury) were irradiated in 
‘Pyrex’ vessels (~ 400 ml.) using a cobalt-60 y-ray sourco. 


“The dose-rate in propane was 5 x 10% eV ml. min 


(nitrous oxide dosimeter: assuming G(N,)=12-5 mole- 
cules/100 eV? and using an experimentally determined 
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value of 1-42 for the Stopping power of propane relativo 
to N,O). Total doses were 1015] 917 eV ml.-1. The results, 
taken from linear yield-dose plots, are given in Table 1. 

The yield of hydrogen from pure propane was found to 
be G(H;)—6-5 dnd was in agreement with previously 
reported values*4, Addition of N:O decreased the yield 
of hydrogen and led to the formation of nitrogen. The 
yields of H, and of N, were independent of the N,O con- 
centration between 2 and 4 mole per cent. 

In propane, containing N,O and propylene at equal 
concentrations (~ 3 mole per cent), the yield of N, was the 
same as in the absence of propylene. It is known that 
the ratio of the rate constants kg + oH) (kot +40) > 105, 
and it may be concluded that hydrogen atoms will react 
exclusively with propylene under these conditions. The 
formation of N,, therefore, cannot be due to the reaction of 
hydrogen atoms with N,O. 


Table 1, RADIOLYSIS OF PROPANE (760 Arx MEROURY, 20°C), XExFEOT oF 
ADDED N30, SF, CCl, AND PROPYLENE 


Additive Yield (molecules/100 eV) 
Hydrogen Nitrogen 

None 6:5 us 
NiO (2-4 mole %) 4:2 T 
C,H, (3 mole 4 175 — 
C,H, (3 mole %9 + N,0 (3 mole %) 1:75 7 

SF, (5 x 102 to 3 mole 96) + N40 (3 mole 96) 42 0 

CCI, (3 mole %) + N,0 (3 mole 96) 42 


Our results can be interpreted by assuming that, in 
irradiated propane--N,O mixtures, N, is formed by 
reaction of electrons with N:O, an assumption which 
would be eonsistent with tho reactions of N50 in irradiated 
liquid systems?}5.7.8, Tn electron beam experiments it has 
in fact been shown that the capture process: 


e-+ N,O—N, +0- (1) 


can occur with electrons of thermal energies?. 

On the basis of" this interpretation, SF, 
which have large cross-sections for electron capture!, 
should be able to compete with N,O for electrons. We 
have found that this is the case and that the cross section 
for electron capture by SF, is at least 104 times as great as 
that of N,O. 

Since the energy for the formation of an ion pair in 
propane is 26-3 eV11, the yield of electrons G,—3-8. The 
value of G(N,) « 7-5 obtained in our experiments suggests 
that electron capturo by N,O in the gas-phase leads to the 
production of two molecules of N 2. Itis possible that, under 
these conditions, reaction (1) is followed by: 


O-+N,0-N, +03; 


which would be at least 3 eV exothermic. 

The decrease in G(H,) when an electron scavenger 
(N20, SF,, CCL) is added to propane may be attributed to 
a change in the process by which the positive ions are 
neutralized. In the absence of an electron scavenger, the 
ion will be neutralized by an electron; with an electron 
Scavenger present, however, the neutralization will involve 
® negative ion. If it is assumed that neutralization by 
negative ions does not lead to hydrogen formation, then 
the decrease in G(H,) of 2-3 found on adding N,O, SF,, or 
CCl, corresponds to the hydrogen yield resulting from 
electron-ion neutralization in pure propane. This value 
is less than Gù, suggesting that only approximately 61 per 
cent of the neutralization events in propane lead to 
formation of H,. 

The decrease in the hydrogen yield to G(H,)— 1-75 
when propylene is present has beon observed previously 
and is attributable to the scavenging of hydrogen atoms 
by the olefin’. The hydrogen yield in the presence of 
propylene is not influenced by N,O. It would appear, 
therefore, that this ‘molecular’ H, is not produced as a 
result of ion neutralization, a finding that is in agreement 
with evidence discussed previously by Back». 


and CCl, 


July 4, 1964 VoL. 203 


We thank Prof. J. J. Weiss for his advice and Dr. G. 
Scholes and Dr. M. Simic for helpful discussions. 
i G. R. A. Jomnson 
J. M. WARMAN 
Laboratory of Radiation Chemistry, 
School of Chemistry, 
University of Newcastle upon Tyne. 


1 Scholes, G., and Simic, M., Nature, 202, 895 (1964). 

3 Johnson, G. R. A., J. Inorg. Nucl. Chem., 24, 461 (1962). 

3 Back, R. A., J. Phys. Chem., 64, 124 (1900). 

“Yang, K., J. Amer. Chem. Soc., 84, 719 (1962). 

* Dainton, F. S., and Peterson, D. B., Proc. Roy. Soc., A, 267, 448 (1962), 

* Jennings, K. R., and Cvetanovic, R. J., J. Chem. Phys., 85, 1238 (1901). 

? enolen, G., Simic, M., and Weiss, J. J., Disc. Farad. Soc., No. 36, 214 

», 

* Scholes, G., and Simic, M., J. Phys. Chem. (in the press), 

° Schulz, G. J., J. Chem. Phys., 34, 1778 (1961). 

Y Prasad, A. N., and Craggs, J. D., Atomic and Molecular Processes 
(Academic Press, New York and London, 1962). 


2 min C., Radiation Chemistry of Gases (Reinhold Pub. Corp., New York, 


Stable Nitroxide Radicals 


Tux stability of organic free radicals is generally attribu- 
ted to electron delocalization, steric inhibition of dimeriza- 


_tion, or both (for example, 2,4,6-tri-t-butylphenoxyl), and 


the nitroxide radicals appear to accord well with these 
views. In the well-known diaryl nitroxides (L)*? the 


N—O group is attached to two conjugated systems, in 


(II)? and (III) and related radicals® it is highly hindered, 
while in (IV)* and (V)? both conjugative and steric factors 
may contribute to radical stabilization. 


"i: u CH, CH, 
OO cit, b Nd on, 


P : 
of. — 
a) an 
o 
cu, A CH, 
cH; ] ÒH, 
(III) 
CH, 
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According to Linnett®, however, the stability of nitric 
oxide and the organic nitroxides can be explained by the 
double quartet hypothesis; on this basis diphenyl nitrox- 
ide (VI) (Linnett’s notation) is resistant to dimerization 
because the total number of electrons involved in bonding 
would not thereby increase, whereas electron repulsion 
would. Conjugative and other factors are disregarded. 

t-Butyl phenyl nitroxide (VII)®-°, which we have 
prepared by oxidation of the corresponding hydroxylamine 
(from t-nitrosobutane and phenyl magnesium bromide) 
with silver oxide, undergoes continuous decomposition in 
air over a period of several days to form t-butylaniline (X) 
and N-t-butyl-p-benzoquinonimine N-oxide (IX). The 
production of these compounds can be accounted for by the 
coupling of the radical at the para position of the benzene 
ring as shown. Diphenyl nitroxide (I; R= H) decomposes 
similarly in ether solution to diphenylamine and N-phenyl- 
p-benzoquinonimine N-oxide?. This mechanism is analo- 
gous to that proposed for the oxidation of phenols to 
quinones by the nitroxide, Fremy’s salt’. 

It appears, therefore, that the relatively low stability 
of diphenyl- and t-butyl phenyl nitroxides can be attribu- 
. ted, at least in part, to their tendency to dimerize to 
unstable adducts of the type (VIII), which rapidly decom- 
pose. These results, together with the observed hyperfine 
structure of the electron spin resonance spectra of (I)? 
and (VII)? and related radicals?, and the fact that the 
dianisyl (I; R— OCH;) 5 and the 4,4’-dinitrodiphenyl 
(I; R=NO,) nitroxides are much more stable than the 
parent radical (I; R= H), show that the odd electron is not 


confined to the 9N-O bond in these radicals. 


We are investigating the possible use of stable nitroxide 
radicals as replacements for Fremy’s salt in oxidation 
reactions; in general we find that they will abstract 
hydrogen from N—H and S—H bonds but they do not 

oxidize monohydrie phenols to quinones. 

: Note added in proof. Since this communication was 
submitted the preparation of the hydroxylamine and 
the nitroxide has been reported by A. K. Hoffmann, A. M. 
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Redox Cleavage of S—S Linkage in Diaryl 
and Cyclic Alkyl Disulphides 


THE rupture of S—S linkages in organic disulphides by 
either ionic or free radical processes is well known. On the 
other hand, redox cleavage of such S—S bonds has never 
been demonstrated, although Kolthoff! postulated that 
ferrous citrate complex with organic disulphide underwent 
redox transformation analogous to that with hydrogen 
peroxide. However, this observation was made under 
quite different conditions in their polarographic investi- 
gations. 
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I wish to report that diaryl disulphides, such as phenyl 
disulphide, and cyclic disulphides, such as 1,2-dithiolane-3- 
valoric acid (lipoic acid), interact with organomctallics 
such as ferrocene and vanadium acetylacetonate to yicld 
the corresponding thiyl radicals, mercaptide ions and the 
concomitantly oxidized metal ions. In a typical run. 
10 mg (0-05 mmole) of phenyl disulphide (Eastman. 
m.p. 59°-60°) and 4 mg (0-02 mmole) of ferrocene (Aldrich 
Chem. Co., m.p. 174°-176°) in 10 g (70 mmole) of purified 
n-butyl methacrylate at room temperature in the dark 
produced 150 mg of polymers over a period of 20 h, while 
phenyl disulphide or ferrocene alone in the same monomer 
failed to yield any polymer under the same conditions. 
The oxidation of ferrocene is evidenced by the appearance 
of the faint blue colour of ferrocenium ion. When the 
reaction was carried out in ethanol instead of vinyl 
monomers with an appreciably higher concentration (2 
mmole of each of pheny] disulphide and ferrocene in 100 ml. 
of ethanol) under the same conditions as in the previous 
experiment, the reaction mixture furnished a few per cent 
of lead mercaptide, after treating the mixture with lead 
acetate, and much of the unchanged disulphide and 
ferrocene. It was also noticed that ferrocenium ion can be 
reduced. by phenyl mercaptide ion, hence this reaction is 
a truly reversible one. The same result was obtained with 
lipoic acid and vanadium acetylacetonate. However, alkyl 
disulphides, such as benzyl disulphide, butyl disulphide 
and heptyl disulphide, failed to react with either ferrocene 
and acetylacetonate. It is possible that these disulphides 
may be responsive to other specific reductants. 

In addition to the metal induced redox cleavage of S—S 
bond in aryl and cyclic alkyl disulphides, we also have 
noticed that certain basic nitrogen compounds, such as 
N,N-dimethylaniline, trialkylamines, ethanolamine and 
substituted pyridines are also effective in cleaving the 
same kind of disulphide linkages, as evidenced by initia- 
tion of polymerization of acrylonitrile. For example, a 
solution of 50 mg (0-25 mmole) of phenyl disulphide and 
60 mg (0-5 mmole) of N,N-dimethylaniline in 10 g (190 
mmole) of acrylonitrile in the dark at room temperature 
became completely solidified within 5 h. Other reactive 
but less-effective amines are triethylamine, tributylamine, 
2,4,6-trimethylpyridine and ethanolamino; while aniline. 
pyridine, hydrazobenzene and tribenzylamine failed to 
react with phenyl disulphide. In the case of lipoic acid, 
the same result was obtained with N,N-dimethylaniline. 
ethanolamine, 3-hydroxypropylamine and 2-amino-2- 
methyl-1,3-propandiol, while other amines were not 
effective. 

Ionie scission of sulphur-sulphur bonds on attack of 
nucleophilic reagents is known?-*, but the disulphides 
reported capable of interacting with ammonia and amines 
are limited to only 2-benzothiazyl disulphide and ethyl 
xanthie acid disulphide?. Since ionic scission of S-S bonds 
by amines appears to be limited to a few specific disul- 
phides, I propose that the series of reactions between 
diaryl and cyclic disulphides with various amines exam- 
ined in our laboratory proceeds by a redox free radical 
mechanism. 

The amine and disulphide reaction may parallel to the 
known free radical process exhibited by certain organic 
peroxides and amines'-?, wherein an ionic intermediate 
formation was suggested to be the rate-controlling step. 
However, I have observed no correlation between the 
basicity of nitrogen compounds and their activity toward 
cleavage of the sulphur-sulphur linkage in lipoic acid. It 
might be possible that in the redox cleavage of disulphide 
linkage with organic base, two concurrent reactions are 
taking place, one following the ionic intermediate route 


RUN: + R/SSR’—>[R,N-SR T+ BS- 


and the other involving electron transfer process as demon- 
strated in the disulphide-organometallie interaction. The 
former mechanism is preferred in the case of diaryl 
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disulphides, since reactivity toward these parallels the 
basicity of the bases, whereas the latter mechanism is 
preferred in the case of lipoic acid since reactivity toward 
this molecule is apparently exhibited only by bases which 
can form stabilized cationic radicals. Of course, it is also 
possible that the low reactivity of stronger bases, such as 
triethylamine, in this case may be attributed to salt form- 
ation with the lipoie acid. The reactivity of ethanolamine 
in cleaving S—S bond in lipoic acid is an interesting case. 
We may speculate that the amine cationic radical resulting 
from a direct electron transfor mechanism can be stabilized 
by tautomerism between the following forms: 


CH,—CH, peser 
Nea 4 
"d ‘NH, Ó. eNH, 
e 
Na : 


In line with this hypothesis, I found 1-amino-3-propanol 
to be equally effective. In this case the geometry of the 
molecule still permits such tautomeric transformation, 
while other amino alcohols showed no effect. 

The redox cleavage of disulphides with basic organic 
molecules and organometallics may have implications in 
certain biological systems. 
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Little, Inc., for its support. 
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Role of Grinding of Titanium Trichloride 
in Natta's Polymerization 


THE kinetic behaviour in the initial stages of the poly- 
merization of propylene with titanium trichloride—triethyl 
aluminium can be divided into two types: the build-up 
type (the rate increases to the stationary value) and the 
decay type (the rate approaches decreasingly to the value). 
Natta and Pasquon! observed that the build-up type 
changed into the other type as grinding tho titanium 
trichloride, whereas the stationary rate did not change, and 
supposed that the produced polymer adjusted the particle 
size of titanium trichloride into the stationary value 
appropriate for the stationary polymerization. This 
supposition is based on the experimental result that the 
same stationary rate per unit weight of titanium trichloride 
was obtained with the use of the titanium trichloride 
catalysts in various particle sizes. 

We have carried out the polymerization with the 
titanium trichloride catalysts ground in various degreos 
and confirmed the change in the types of the rate-time 
curve, -excepting the different values of the stationary 
rate, as follows. 

The titanium trichloride was obtained from Stauffer 
Co., Ltd. (prepared from titanium tetrachloride by 
reduction with hydrogen), of which the surface area is 
3:5 m?/g. Grinding the titanium trichloride with a small 
ball mill in nitrogen atmosphere 30-100 h, we have the 
ground catalysts. Using the BET method with nitrogen 
adsorption, the surface areas of the ground catalysts have 
been determmed as shown in Table 1. 


Table 1. GRINDING TIME AND SURFACE AREA 
Hour 0 36 50 70 100 
m?/g 3-5 10-3 18-9 22-1 24-1 
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Fig. 1. Polymerization rate and time 
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Fig.2. Statlonary rate and surface area 


Carrying out the polymerization with these catalysts 
under the condition that aluminium/titanium 1, n-heptane 
250 ml. and 30°-60° C, the rate-time curves have been 
obtained as illustrated in Fig. 1, where the rate is expressed, 
by g propylene/h atm m?. The decay type of the curve 
can be represented by the following equation?: 


r = B exp ( — kt) + To 
To = A exp ( — 10 kcal/RT) P 


where ¢ is the polymerization time, P the pressure of 
propylene and B, k, A are the constants. Applying the 
equation for the experimental data, we have the calculated 
value of rs which corresponds to the stationary rate. 
The calculated value per unit weight of the catalyst is 
approximately proportional to the surface area as shown 
in Fig. 2. 

From these results we have arrived at the conclusion 
that the stationary rate is proportional to the surface area 
of the catalysts used and the effect of the grinding may be 
divided into two effects: the expansion of the surface 
area and the promotion of the initial activity. The decay 
type obtained with the ground catalysts changed to the 
build-up type with the same catalysts maintained for 
about & month in an atmosphere of nitrogen, which shows 


with 
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the initial activity made to appear by the grinding 

is unstable. 
ToMINAGA KEN 
TSsUNEKAZU AKIYAMA 
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Some Interferometric Observations on the 
Water/Solids Relation of Activated Sludge 
Flocs, using a Compression Technique 


As part of a fundamental investigation of the water/ 
solids relation of activated sewage sludge an attempt was 
made to apply interference microscopy’ to the measure- 
ment of the solids content of the sludge floc. 

The gelatinous consistency and irregular shape and size 
of the zoogloeal flocs have so far prevented any reliable 
estimate of the solids content of the flocs; such knowledge 
is of importance when investigating the behaviour of 
different sludges and may have a practical value in treat- 
ment plant design. 

Since the calculations involved in the interferometric 
method required precise measurement of the thickness of 
the particles it was thought desirable to introduce some 
uniformity to the particles by compression. A cell com- 
pressor for the measurement of mass and concentration by 
interference microscopy has been described by Goldacre 
et al. We have found it more convenient to modify a 
Rousselets compressor to provide a compressed. field by 
making & sandwich of the particles between two rubber 
cushioned cover-slips. For the type of material being 
examined this compressor has been found to be quite 
adequate, there being a relatively large area of compres- 
sion. The compressor is also suitable for immersion 
refractometry. 

The glass disk is removed from the base of the Rousselets 
compressor and the cover-slip and its retaining clips 
removed from the upper plate. Two small strips of rubber 
are cemented to the bottom of the upper plate on either 
side of the aperture and a strip of cover-slip 7 mm wide is 
placed across the aperture and cemented to the strips of 
rubber. The hole in the base plate is enlarged and four 
strips of rubber are cemented to form a square about the 
hole. 

A drop of suspension to be examined is placed on a 
hemacytometer cover-slip supported by the strips of 
rubber on the base plate and the upper plate racked down. 
Initially the cover-slips are held together by the fluid 
betwoen them. Further careful racking down of the upper 
plate results in the formation of the sandwich between the 
rubber cushions on the upper and lower plates. 

The thickness of the compressed field can be found by 
conventional focusing methods making allowance for any 
slight variation across the width of the cover-slip. 

Alternatively the thickness of the particle may be found 
by using the interferometric air-bubble technique® or by 
calculating thickness from phase changes in immorsion 
media of different refractive indices!. 

Particles can be kept under observation during the com- 
pression process and they can usually be seen to flatten and 
spread out. The microscope adjustment is checked and 
adjusted when compression is complete. 

Measurements are taken using & Baker half-shade eye- 
piece, and monochromatic light of 5420 A from a Didy- 
mium and Green filter. 

In calculating the results a value of 0.0018 has been 
assumed for « as the particles contain a large amount of 
protein. 

The results obtained for three samples of activated 
sludge taken from a sewage works at different times are 
given in Table 1. 
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Table 1 
Sample No. (1) (2) (3) 


Mean concentration of solids (g/100 ml. floc.) 12:02 14°65 $65 
Mean concentration of water (g/100 ml. floc.) 90:99 89-01 92776 
Mean density 1:030 1:086 1:021 


Unlike most cytological materials, activated sludge 
cannot be represented in terms of a typical structure and 
average particles dimensions, consequently it is not an 
easy material to examine. So far as is known this is the 
first time information about the in situ density and solids 
content of sludge floc has been presented. 

Part of this investigation was supported by à research 
grant from Simon Carves, Ltd., Cheadle Heath, Stockport, 
Cheshire. 
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«-Glycerolphosphate Production by Rat 
Hepatomas 


Ir has been reported previously! that tho a-glycerol- 
phosphate dehydrogenase (1-glycerol-3-phosphato: NAD* 
oxido-reductase, E.C. 1.1.1.8), either tho erystalline form 
of the enzyme (Boehringer, U.S.) or that present in the 
post-mitochondrial fraction of rat liver and hepatomas, 
could be activated by potassium cyanide. At that time it 
was also found, although published only recently’, that 
potassium cyanide increased the anaerobic production of 
a-glycerolphosphate (GP) from glucose-6-phosphate by 
the fortified post-mitochondrial fraction of three rat 
hepatomas. 

Pette and Ruge? have very recently demonstrated that 
potassium cyanide causes the dismutation of methyl- 
glyoxal, which contaminates the triosephosphate esters 
used as substrate in the enzyme assay, to pyruvate, which 
is then reduced by added NADH, and the lactic dehydro- 
genase present in the post-mitochondrial fraction. Those 
authors also obtained evidence for @ non-enzymatic 
oxidation of NADH, in mixtures of the triosephosphate 
esters, ethylenediamine tetraacetic acid and potassium 
cyanide. 

Experiments carried out shortly after our first report! 
was made cast doubt on the identity of the potassium 
cyanide effects obtained with the crystalline and post- 
mitochondrial enzymes. Both the activity of the crystal- 
line enzyme and the effect of potassium cyanide thereupon 
varied, the two being inversely related; stimulation by 
potassium cyanide (5 x 10-4 M) ranged from 30 to 200 per 
cont. In the latter cases tho NADH, oxidation by the 
crystalline enzyme was stimulated by EDTA (10-* M) 
<cysteamine (10 umoles) = potassium cyanide = cyste- 
amine plus potassium cyanide < serum albumin (0-1 per 
cent) = hæmoglobin (250 ug) = these proteins plus 
potassium cyanide. Using the post-mitochondrial liver 
fraction as enzyme source, cysteamine, EDTA and protein 
showed only a small effect (20-30 per cent increase of 
activity). However, the marked stimulation! obtained 
with potassium cyanide and the post-mitochondrial liver 
and hepatoma enzymes was abolished by addition of 
cysteamine (even 0-5 umole was effective). Another 
difference was apparent in the presence of p-chloro- 
mercuribenzoate (POMB, 5 x 10-5 and 10- M). The 
activity of the crystalline enzyme both in the absence and. 
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presence of potassium cyanide was reduced to zoro shortly 
after addition of PCMB. The activities of the post- 
mitochondrial liver and B Y 484 hepatoma enzymes in the 
&bsence of potassium cyanide were likewise affected by 
PCMB, but the potassium cyanide-mediated increase in 
NADH, oxidation remained largely unaffected in these 
cases. Oleic acid (5 ug) inhibited the crystalline enzyme, 
the inhibition being reversed equally well by potassium 
cyanide, cysteamine or EDTA. The diminished activity 
of aged enzyme (300-fold dilution in water allowed to stand 
for some hours) could be restored with either potassium 
cyanide or cysteamine. When, instead of the triose- 
phosphate esters, fructose diphosphate plus aldolase was 
used as substrate for tho crystalline enzyme, potassium 
cyanide caused also an increase (30-50 per cent) in the 
rate of NADH, oxidation. 

In view of the findings of Potte and Rugo? we have 
repeated very recently some of our experiments. Now, 
using the crystalline enzyme, no potassium cyanide offect 
could be observed. Howover, after addition of lactic 
dehydrogenase, potassium cyanide did stimulate the rate 
of NADH, oxidation using the triosephosphate esters, but 
no such effect was obtained using fructose diphosphate 
plus aldolase. The non-enzymatic oxidation’ of NADH, in 
the presence of potassium cyanide did not operate under 
our assay conditions unless the concentration? of the triose- 
phosphate esters was increased 3-fold. The sensitivity 
of the a-glycerolphosphate dehydrogenase for heavy metal 
ions is well known!, and the foregoing results lead us to the 
conclusion that the potassium cyanide effect observed in 
our previous experiments with the crystaline enzyme 
must have been due to the presence of some sort of heavy 
metal ions inhibitory to the enzyme and removed by 
potassium cyanide. (Oleic acid may have been inhibitory 
by introducing such ions.) However, wo agree with 
Pette and Ruge* that the potassium oyanide-mediated 
increase of the NADH, oxidation by the post-mito- 
chondrial enzymes, as reported in our original paper!, is 
largely due to the above-mentioned side-reaction. 


Table Jf' o-GLYOEROLPHOSPHATE PRODUCTION FROM GLUOOSE-6-PHOSPHATE 
BY LIVER AND HEPATOMA POST-MITOCHONDRIAL FRACTIONS 


mymoles GP/mg prob in io min 


Tissue KF absent present 
Liver (2) 222 + 30 425 + 67 
Primary hepatomas (2) 468 + 68 828 + 31 
Hepatoma BY 252 a 107 + 26 285 + 55 
Hepatoma BY 448 (9 170 + 30 342 + 39 
Hepatoma BY 484 (5) 453 + 51 862 + 91 


Conditions as described previously (ref. 2). The enzymatic measurement 
of GP was carried out according to the method of Bublitz and Kennedy 
(ref. 4), the results of which were found in agreement with those obtained 
by the method of Ciaccio (ref. 5). GP added directly to the enzyme assay 
mixture or to the post-mitochondrial fraction, before (not incubated) or after 
incubation with glucose-6-phosphate, was recovered quantitatively. Lactic 

g acid did not affect the assay 


Also in contrast to our previous report?, the stimulatory 
effect of potassium cyanide on the anaerobic production of 
GP by the hepatoma fractions could not be confirmed in 
our recent experiments. Now the incubation of the frac- 
tions in the absence of potassium cyanide led to the same 
high amounts of GP (Table 1) as previously obtained in 
the presence of potassium cyanide; as before, fluoride 
(10- M) increased GP production. In these experiments 
GP was measured enzymatically? with the «-glycerol- 

-phosphato dehydrogenase operating in the reverse direc- 
tion of that in the above experiments. It was found that 
‘added GP could not be recovered in torms of NADH, at 
enzyme concentrations lower than 0:1 unit/flask, unless 
potassium cyanide (5 x 10-4 M) or EDTA (10-2 M) was 
also added. It is suggosted that the difference between our 
recent and previous results on GP production may also 
have been due to the presence of heavy metal contamina- 
tion under the previous experimental conditions. If the 
production of GP by the post-mitochondrial fractions 
(Table 1) is compared with the GP dehydrogenase activi- 
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ties, a correlation is found in the case of the transplanted 
hepatomas, but not in that of liver. In the absence of 
potassium cyanide the specific activities of the BY 252 
and B Y 448 enzymes amounted to 30-70 mgumoles NADH, 
oxidized/mg protein/min. Those of hepatoma BY 448 
and liver amounted to 140-200 and 200—400 mumoles 
NADH, oxidized, respectively. The much lower or zero 
activities of the hepatoma enzymes, which may also be 
found!, could, in some of our experiments, be increased to 
the former activities by addition of cysteamine or EDTA, 

In summary, our results show that rat hepatomas may 
contain the soluble NAD-linked o-glycerolphosphate 
dehydrogenase and that thesé tumours produce appreciable 
quantities of GP from glycolytic intermediates. These 
results are contrary to those obtained by Boxer et al.°-8, 
It should, however, be noted that, using the Ehrlich-Lettré 
ascites tumour, Boxer et al. wero unable to demonstrate 
GP production, whereas Wenner and Cereijo-Santalo? 
have boen successful. 
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Low Molecular Weight y-Globulins of Urine 
and Plasma and their Relation to 7S yz Globulin 


Ix tho work recorded here, 1-38 Y-globulins from human 
urinet, human plasma 3S Y-globulins?, human plasma 7S 
Yrglobulin and the S and F fragments obtained by 
papain hydrolysis of the 7S Yz-globulin? were compared 
immunochemically and by means of poptide patterns. 

Human 78 y-globulin (lot No. 330-2, Squibb) was 
dissolved in 0-1 M potassium chloride containing 0-01 M 
cysteine and 0-002 M ethylenediamine tetraacetate and 
hydrolysed with twice crystallized papain at pH 7-0 in 
an enzyme to globulin ratio of 1 : 1,000 by weight for 
30 min in a pH-stat at 37° C4, The papain hydrolysate 
was resolved into three protein peaks, I, II and III, by 
DEAE-cellulose chromatography using gradient elution 
from 0-01 M phosphate to 1-0 M phosphate concentration 
at pH 7.6. Protein peak I was further resolved into two 
peaks I-l and I-2 by stepwise DEAE-cellulose chroma- 
tography at pH 7-6, first using 0-01 M phosphate and then 
1:0 M phosphate; with columns of ‘Sephadex G—100' 
(Pharmacia, Uppsala, Sweden), the S fragment in I-1 was 
separated from a protein that appeared to be relatively 
undigested 7S v,globulin. Peak II was rechromato- 
graphed in DEAE-cellulose columns by stepwise elution 
at pH 7-6, first with 0-01 M phosphate and then with 
1-0 M phosphate: two components wore obtained, IT-~1 
and II-2. Using columns of ‘Sephadex G—1 00’, another S 
fragment (S’) and the F polypeptide fragment were 
isolated from a pool of I-2 and II-2. As previously 
reported®, a crystalline polypeptide fragment appeared 
during dialysis of the original 7S Y2-globulin hydrolysate 
at pH 5-5; using ‘Sephadex G—100', the crystalline poly- 
peptide was separated into two components: an F 
fragment and a smaller amount of the & fragment. 

1-3S y-globulins were isolated from pooled human 
urine by pervaporation and lyophilization of the urine and 
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chromatography through columns of DEAE-cellulose 
using 0-0175 M phosphate at pH 6-3 for elution; the first 
protein peak was then separated into 4 protein peaks 
using ‘Sephadex G-100°: the 1-38 urine y-globulins were 
isolated in the third peak. A crude preparation of human 
3S plasma y-globulins was obtained from pooled Cohn 
Fraction VI as described by Takahashi and Schmid’: 
filtration of this preparation through a column of ‘Sepha- 
dex G-75’ layered over ‘Sephadex G-100' yielded five 
protein peaks and the second peak contained purified 3S 
plasma y-globulins. The sedimentation coefficients of the 
low molecular weight urino and plasma y-globulins were 
verified by analytical ultracontrifugation. Since the 
y-globulins used in this study were from pooled plasma or 
pooled urine, all of the preparations contained myeloma 
type I and type II antigenic determinants as revealed with 
specific rabbit antisera. 

Electrophoresis of tho different y-globulins and poly- 
peptide fragments on paper and in acrylamide gel is 
shown in Fig. 1; it will be noted that the mobilities of the 
different y-globulins differed one from the other and that 
the human plasma 3S y-globulins could be resolved into 
2 proteins of different mobilities by paper electrophoresis. 
Two-dimensional agar diffusion with rabbit antisera 
specific for 7S y-globulin revealed that tho 1-3S urine and 
3S plasma y-globulins had antigenic sites similar to, but 
not identical with, those of S fragment and 7S y;-globulin 
(Fig. 24). No antigenic similarity was demonstrated 
between the F polypeptide from 75 y,-globulin and the low 
molecular weight plasma and urine y-globulins. It will 
be noted that the anti-7S y2-globulin antisera revealed 
several low molecular weight urine y-globulins, which was 
also recently reported by Takatsuki and Osserman’. 
Rabbit antiserum against urine y-globulins revealed the 
presence of four y-globulins in the 1-35 urine y-globulins 
as well as an antigenic constituent which was immuno- 
chemically unrelated to the y-globulins of either urine or 
plasma; adsorption of this antiserum with serum from a 
child with agammaglobulinsemia removed all of the anti- 
bodies against this unrelated component but not those anti- 
bodies against the remaining 1-38 urine y-globulins (Fig. 
20). With this anti-urine y-globulin antiserum, there was 
antigenic identity between one of the 1-38 urine y- 
globulins and the 3S plasma y-globulins (Fig. 2B), and 
confirmation was obtained of the similarity but non- 
identity between the low molecular weight Y-globulins, 
"S y-globulin and the S fragment. Urine myeloma 

-globulin has been found? to consist of L chains, and the L 
chains of all the y-globulins have been reported to be the 
same’; however, it will be noted from Fig. 2B that low 
molecular weight normal urine y-globulins have antigenic 
determinants not present in myeloma urine y-globulin. 
With this same antiserum, the antigenic determinants of 
the plasma 3S y-globulins were the same as those in 
myeloma urine y-globulin. 





Fig. 1. A-E, Electrophoresis in barbital, pH 8:6. on paper; F-K, 
electrophoresis in glyoine-tris-HC], pH 8:3, in acrylamide gel; A, 75 
ys-globulin; B, 85 plasma y-globulins; bars demarcate zones of the 
two 3S y-globulins; C, urine 1-3S y-globulins; D, S fragment; E, 
normal serum; F, F fragment from crystallized component; G, papain 
hydrolysate of 78 y-globulin; H, S fragment; J, urine 1-35 y-globulins; 
six bands could be discerned; J, crude plasma 3S y-globulin; K, frac- 
tion II-2 containing F fragment and S' fragment. Anode to the right 
of figure 
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Fig. 2. A, Double gel diffusion using rabbit anti-7S yaglobulin in 
central well (A); B, double gel diffusion using adsorbed rabbit anti- 
urine 1-25 y-globulins in central well (4); C, immunouleetrophoresis 
in 0-1 M borate pIL 8:6 of urine 1-35 y-globulins, reacted with adsorbed 
rabbit anti-urine y-globulin antiserum; arrows indicate the four 
specific urine y-globulins. Symbols: U, 1-8S urine y-zlobulins; F, 
plasma 3S y-globulins; 7, TS ya-globulins; S, S fragment; M, inyelema 
urine y-globulin 
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Fig. 3. Peptide patterns of trypsin hydrolysates of 7S yyrglobulin (1). 
S fragment (B), 1-35 urine y-globulins (C), and 38 plasina 7-debul.ns 


In Fig. 3, the ninhydrin stained peptide patterns of 
trypsin hydrolysates of the different y-globulins are 
compared: these patterns were obtained with high- 
voltage electrophoresis in the horizontal direction followed 
by ascending chromatography in the second direction“. 
The peptides in the patterns of the urine y-globulins could 
not be superimposed upon those of the other +-globulins 
and similarly the patterns for 3S plasma y-globulins were 
different from those of the other y-globulins: if tho 3S 
plasma y-globulins were identical to the urine y-globulins, 
then the peptides of one should be identified in the peptido 
patterns of the other even in the presence of contaminating 
proteins in one or both protein preparations, and this 
could not be done. Virtually all of the peptides in the S 
fragment wero identified in the 7S Ys-globulin. peptide 
pattern as expected. 

Recently it has been suggested that tho low molecular 
weight y-globulins of urine and plasma are freo L chains 
and that thoy aro the normal counterparts to Beneo-Jones 
protein. The work recorded here has demonstrated at 
least four low molecular weight urine y-globulins and two 
low molecular weight plasma y-globulins. Tho antigenic 
similarity between these low molecular weight y- globulins 
and 7S y,-globulin was confirmed; however. immuno- 
chemical differences betweon the low molecular weight 
y-globulins of normal urine and those of myeloma urino 
and those of normal plasma were also found. In addition. 
since S fragments contain L chains, if the low moleenlir 
weight y-globulins contained identical L chains, the pep- 
tide patterns should have areas of similarity; thoro was 
no apparent similarity between the peptide patterns of 
S fragment and those of normal low molecular weight 
y-globulins. The evidence as to the antigenic and peptide 
structure of the low molecular weight plasma and urine 
Y-globulins is by no means conclusive, but it would suggest 
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that they may not be derived from nor represent com- 
ponents of plasma 7S y.-globulin. 
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Effects of 17-?-cestradiol on the Production 
of Acid Mucopolysaccharides by Cell Cultures 
of Human Fibroblasts 


FrBROBLASTS from various tissues of origin have been 
shown to produce acid mucopolysaccharides (AMPS) in 
vitro for long periods of time up to several years. It has 
also been pointed out that cultured fibroblasts, regardless 
of their original derivation, secrete predominantly hyalur- 
onate and only small amounts of sulphated AMPS?. Only 
‘fibroblasts’ growing from explants of beef embryo carti- 
lage have been found to produce mainly chondroitin 
sulphate (A and C) in vitro’. This is somewhat at variance 
with what happens in vivo where different spectra of 
AMPS typify different tissues‘. Nevertheless, in spite of 
lack of qualitative differences in AMPS secreted in vitro, 
fibroblasts grown from different tissues of origin have been 
found to produce different amounts of AMPS*. The 
experiments recorded here are intended to show that 
fibroblasts of different origin produce different amounts of 
AMPS in vitro in response to cestrogenic stimulation. 

. Primary cell lines were prepared from skin and soft 
tissues of the trunk and extremities of a 9-week-old human 
embryo and from foreskin of human new-borns. The cells 
wore grown on plasma from primary explants until a good 
outgrowth developed. Cell suspensions were then obtained 
by trypsinization and used for replicate cultures. For 
each experiment equal aliquots of cells suspended in the 
medium were dispensed into several Earle 7-30 flasks 
previously coated with an extremely thin layer of chicken 
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plasma. Some of the flasks were kept as control and fed 
with a medium composed of Eagle HeLa medium (supple- 
mented with glutamine) 50 per cent; whole egg ultra- 
filtrate 20 per cent; human placental serum 20 per cent; 
medium from the previous feeding period 10 per cent. The 
other flasks were used a3 experimental cultures and fed 
with the above medium to which 17-8-cestradiol was added 
in various concentrations (0-Oly, 0-05y, 0-1y, 0-4y/ml.). In 
these circumstances, the addition of 0-01* of 17-B-cestradiol 
per ml. of medium represents approximately a 5-fold 
increase over the amount contributed to the medium by 
the placental serum. The cultures of each experiment 
were maintained for 10 days, during which time they were 
washed and fed twice. Tho growth increment (GI) was 
evaluated by relating the number of cells at the beginning 
and at the end of each experiment. The medium from 
each flask was pooled separately and the AMPS extracted 
using the method described by Prince and Castor’. No 
attempt was made to separate sulphated and non- 
sulphated AMPS. Their amount was estimated as uronic 
acid (UA~AMPS) with the method of Dische". The mean 
of the values for the various flasks was given as the final 
result of that experiment and was expressed in y per ml. 
of medium. These values were then adjusted to their 
GI=1. To estimate the production of UA-AMPS per 
cell, the total amount of UA-AMPS produced in 10 days 
by a culture was divided by the number of cells of that 
culture at 5 days. For the latter value, the mean between 
the total number of cells in the original inoculum and that 
at the end of the experiment was accepted as the closest 
approximation. Several experiments were carried out per 
each concentration of hormone. The amount of UA- 
AMPS present in fresh medium averaged 0-866 +/ml. 
(+ 0-179). 

The cells from both embryonal and neonatal tissues 
grew rapidly and maintained the morphology of fibroblast- 
like cells throughout this study. Cultures which exhibited 
degenerative changes were excluded. 

The results are summarized in Table 1. Preliminary 
results of some of these experiments have already been 
reported*. The control cultures of both embryonal and 
neonatal fibroblasts exhibited approximately the same 
GI and produced AMPS at about the same rate. The 
differences were so small as to be insignificant. The 
cultures of embryonal fibroblasts were exposed to 0-1 y ml. 
and 0-4 y/ml. of 17-8-cestradiol. With both concentrations 
the GI was consistently smaller than that of the controls 
to indicate that the hormone had exerted an inhibitory 
effect on the growth rate of these fibroblasts. The 
numerical reduction of the cells in these cultures appeared 
to be related to decreased mitotic activity inasmuch as no 
cell necrosis was demonstrabie. In contrast, the produc- 
tion of AMPS was significantly stepped up. To this end, 
the concentration of 0-1 y/ml. scemed to be slightly more 
effective. In this connexion, it is interesting to observe 
that under ordinary conditions larger amounts of AMPS 
are produced by cultures with higher growth ratet. 
l'i-B-cestradiol (0-Oly, 0-05y, 0-1-y/ml.) did not appear to 
exert any significant influence on either the growth rate 




















Table 1 
, 
Control cultures Experimental cultures | 
17-£-Qistradiol ———————— i 
(yjml.) GI UA-AMPS (y/ml. | Total UA-AMPS GI | UA-AMPS pn Total UA-AMPS |: 
per unit of Gi) (y}eell x 10°) per unit of GI) (y[eel] x 10°) 
Embryonal fibroblasts 
01 1:60 1-676 0-849 0-906 4-566 2-402 
(1-506-1-908) (1:5-2-136) (0:72-0-978) (0-763-1-049) (4-331—4-802) (2:260—2-538) 
0:4 1-69 1:676 0-840 0-975 . 1:801 
(1:506-1-908) (1:5- 2-136) (0-72-0-078) (0-95-1-00) (3-277~4-048) (15900-23327) | 
Neonatal fibroblasts ! 
0-01 1:455 1:533 1:152 1:302 1:36 0:07 l 
(1:238-1-073) (1:06-2-007) (0-838-1-466) (1:047-1-74) (0-891-2-277) (0-561-1-819) 
0-05 1:711 . 1:341 1:673 -63 1-16 í 
(1:164-2-288) (1:051—2-8528) (0°862-1-727) (0:822—2-482) (1:053—2-138) (0:837—1.:031) i 
0:1 1:59 2 1:009 E 1:348 "898 i 
(1-5-1-68) (0-862-1-157) (0-911~1-94) (0-97-1-715) 





(1-147-1-198) 





ge 
(0-831-1-088)  ' 
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of the neonatal fibroblasts or their AMPS production. 
Indeed, the production of UA-AMPS per cell in the 
experimental cultures appeared to be less than in the 
respective control cultures. However, it is difficult to say 
whether cestradiol in effect inhibited the production of 
AMPS by these neonatal fibroblasts since the differences 
between control and experimental cultures were very 
small. 

These results indicate a definite difference between these 
two groups of fibroblasts in their response to stimulation by 
17-B-cestradiol. The differences in GI and AMPS produc- 
tion when these cells are exposed to œstradiol are even 
better appreciated if one considers that the control cultures 
of both embryonal and neonatal fibroblasts have behaved 
in essentially the same fashion in regard to GI and AMPS 
production for several months of experimentation. 

It should be kept in mind that these two groups of cells 
differ from each other not only in developmental age but 
also in that they are derived from different regions of the 
body. However, whether the difference in AMPS pro- 
duction in vitro by fibroblasts exposed to cestrogenic 
stimulation is attributable to the difference in their age, or 
in their topographieal derivation or in both, is difficult to 
say at the present time and must wait for further investi- 
gation. 

In our opinion the results reported here lend support to 
the contention that, functionally, there are different kinds 
of fibroblasts? which exhibit different functional properties 
in the face of striking morphological similarities. In 
addition, they indicate that functional differences among 
fibroblasts exist in vitro as well as in vivo. 

This work was supported by the U.S. Public Health 
Service research grant CA-5417, from the National 
Cancer Institute. 
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Off-flavour of Dehydrated Carrot stored in 
Oxygen 2 

Wuen dehydrated carrot is stored in the presence of 
oxygen its colour, due to g-carotene, is destroyed? and 
simultaneously an off-flavour develops which has been 
described as having an odour similar to that of violets?. 
Although it was earlier suggested that the off-flavour was 
due to the formation of B-ionone’, no unequivocal proof of 
the nature of the product or products responsible has yet 
been put forward. 

The substances responsible for tho off-flavour of oxygen- 
Stored carrot dice, dehydrated by the accelerated freeze 
drying technique’, can be extracted with ether, and sepa- 
tated from the non-volatile fraction by high vacuum dis- 
tillation. This fraction, on gas chromatography, gives 
twenty-four components only nine of which have a violet- 
like odour (Table 1). A further twenty-three com- 
ponents are present in a low-boiling fraction obtained by 
head-space analysis’, but none of these smelled like 
violets. Of the compounds in Table 1, five, which account 
for more than 90 per cent of the total, have been isolated 
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Table 1. COMPONENTS WITH A VIOLET-LIKE ODOUR ISOLATED FROM 
OXIDIZED DEHYDRATED CARROT 
No. Percentage total Retention index Ideutity 
violet-like substances at 150? PEG A 
1 4 1,872 — 
2 11 1,907 — 
3 12 1,927 a-ionone 
4 17 1,996 B-ionone 
5 2 2,034 — 
6 21 2,059 — 
7 30 2,075 B-ionone 
5,6-epoxide 
8 2 2,204 — 
9 1 2,310 — 


by large-scale gas chromatography and their structures 
investigated. 

Fraction 2 had & molecular weight (Rast) and elemental 
analyses corresponding to C,4H;,0 with 2-1 methyl groups 
and 2-6 double bonds. From ultra-violet and infra-red 
spectroscopic data it contained a methyl ketone group 
isolated from two conjugated double bonds one of which 
was alkyl substituted. The infra-red spectrum also 
indicated the presence of an isopropyl or gem-dimethyl 
group. The nature of the carbonyl group was confirmed 
by the properties of the 2,4-dinitrophenylhydrazine (DNP) 
derivatives. Gas chromatographic retention data on 
fraction 2 and both its catalytic hydrogenation and 
lithium aluminium hydride reduction products confirmed 
the absence of polar groups other than the ketone and the 
conjugated double bonds. The substance did not corre- 
spond with any known compound but probably has an 
ionone-like structure. 

Using similar criteria, fraction 3 proved to be «-ionone; 
its infra-red spectrum was identical with that of a purified 
specimen of «-ionone and it was not separable from the 
authentic substance by gas chromatography using two 
different stationary phases at two temperatures. Lithium 
aluminium hydride and catalytic hydrogenation products 
were identical with those of the authentic specimen, as 
was the 2,4-dinitrophenylhydrazine derivative. 

Fraction 4 was similarly shown to be f-ionone. The 
infra-red spectrum, gas chromatographic properties, 
lithium aluminium hydride and catalytic reduction 
products and its 2,4-dinitrophenylhydrazine derivative 
were identical with those of an authentic sample of 
B-ionone. 

The data for fraction 6 corresponded best to C,,H440, 
with 1:6 methyl groups and 0-7 double bonds. The mole- 
cular weight, however, was high (253). The infra-red 
spectral data indicated the presence of an aldehyde, a 
substituted vinyl group and an isopropyl or gem-dimethyl 
group in the molecule. The ultra-violet absorption 
(Amaz 275 mp s 252) appears to indicate conjugation 
of the aldehyde and vinyl groups; but the infra-red 
evidence does not support this. The second oxygen atom 
is probably present as an epoxide. 

By the criteria above, fraction 7 was found to be 
identical, with a sample of f-ionone-5,6-epoxide syn- 
thesized by the method of Karrer and Stürzinger*. 

Fractions 1, 5, 8 and 9 were not isolated in sufficient 
quantities for full investigation of their structures. 

It would appear that the violet-like aroma of oxygen- 
stored dehydrated carrot is due to a number of compounds 
with ionone-like structures. The three of these substances 
which have been positively identified account for 60 per 
cent of the total substances with a violet-like aroma. 
These substances can be presumed to arise from the 
oxidation of carotenoids. Indeed, we have shown that the 
oxidation of B-carotene and f-ionone under similar con- 
ditions yields f-ionone-5,6-epoxide.  c-ionone, on the 
other hand, may be formed from «-carotene present in the 
carrot. The fact that the two ionone isomers are present 
in similar amounts, whereas the corresponding carotenoids 
occur in quite different amounts (75 and 20 mg/100 g dry 
weight of B- and «-carotenes, respectively), probably indi- 
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cates a difference in the stability of the «- and B-ionone 
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Purification of Pinguinain by Gel Filtration 


THE separation and characterization of macromolecules 
have been recently simplified by the introduction of a 
useful technique which has been variously termed gel 
filtration’, molecular sieve chromatography’, restricted 
diffusion chromatography?, or exclusion chromatography‘. 
The formulation of the mechanism of operation of these 
columns has been discussed by Ackers®. Since the 
presence of more than one protein component in protco- 
lytic enzymes isolated from plant tissue is not an unusual 
finding, this method should be useful in their separation. 
Recently, based on filtration experiments, alcohol frac- 
tionation techniques and free electrophoresis, Messing 
et al.*^* have identified two proteolytic components in the 
juice obtained from the Cuban variety of the fruit of 
Bromelia pinguin L. 

We were interested in the fractionation and purification 
of the enzyme or enzymes present in the Puerto Rican 
variety of the same fruit. For this purpose, wo used this 
typo of macromolecule fractionation technique. 

The juice was extracted from the fruit by squeezing the 
pulp in a cheesecloth. The debris was removed by centri- 
fugation at 25,000 r.p.m. in a Spinco model L preparative 
ultracentrifuge using a swinging bucket rotor S.W. 25.1. 
Macromolecular constituents were concentrated as follows: 
the pH of the juice (which has a pH range of 3-4) was 
brought to 7-2 with 1-0 M sodium hydroxide after addition 
of 3 g cysteine/l. juico. A dark precipitate containing high- 
molecular-weight impurities, mainly carbohydrates, was 
formed. After centrifugation for 5 min at 2,000 r.p.m., 
the precipitate was discarded, the supernatant removed 
and brought to 0° C. Enough acetone was added to the 
supernatant to bring the proportion of acetone to juice to a 
2:1 ratio. The precipitate formed, which contains the bulk 
of the enzymatic activity found in the juice, was allowed to 
settle for 15 min. The supernatant was discarded after 
centrifugation in the cold. The precipitate was redis- 
solved in distilled water and lyophilized. 

The material used for gel filtration was ‘Sephadex 
G-100’ obtained from Pharmacia Fine Chemicals, 
Uppsala (lot No. To 2594, particle size 140-400 mesh, 
water regain 10 + 1 g/g). Columns prepared had bed 
dimensions 1-0 cm x 25 cm. Acetate buffer (pH 4-6, 
0-1 M) was used as eluent. The flow of these columns was 
30 ml./h. 

Two-ml. samples were collected with the aid of an 
automatic fraction collector and analysed for protein 
contents and assayed for enzymatic activity. Protein 
contents were determined by measuring the absorption 
at 280 my in a Beckman DU spectrophotometer. ` Enzym- 
atic assays were performed as described previously®. 
Material for the assays, iodine-131 labelled human serum 
albumin and normal human serum albumin (25 per cent 
solutions), was obtained from Volk Radiochemical Co., 
Skokie, Illinois, and E. R. Squibb and Sons, New York, 
respectively. 

Experimental results indicate the presence of two 
macromolecules. One component appears with the void 
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Fig. 1. Separation of pinguinain by gel filtration. Proteol, 

was found in fractions 30-52, with a maximum in 

O, absorbancy at 330 my; 
at 280 my 


ic activity 
raction 40. 


x, Enzymatic activity; @, absorbancy 





Fig. 2. Ultracentrifuge pattern of purified pinguinain. Run performed 
at 59,780 r.p.m. Picture taken 80 min after obtaining full speed. 
Direction of migration from left to right 


volume indicating a very high molecular weight. This 
component is not precipitable by trichloroacetic acid, is 
not rendered insoluble by heat and does not show any 
enzymatic activity (Fig. 1). Although absorbing at 280 
my, its absorption maximum occurs at 330 my. The most 
abundant macromolecule shows the properties of a protein ; 
shows absorption maximum at 280; does not absorb at 
°330; is rendered insoluble by heat; is precipitable by 
trichloroacetic acid and shows enzymatic activity pro- 
portional to protein concentration (Fig. 1). A third peak 
obtained contains Jow molecular weight peptides and 
amino-acids, but shows no enzymatic activity. 

The most abundant macromolecule migrates as a single 
component in paper electrophoresis in acetate buffer 
(pH 4-6, 0-05 M). Ultra-centrifugal analysis of this com- 
ponent, performed in a Spinco model Æ ultracentrifuge at 
59,780 r.p.m. using 0-1 M phosphate buffer pH 7:3 as 
solvent, showed a single component with an S9, of 2-1 S 
(Fig. 2). The diffusion coefficient (Dio) caleulated for 
this purified preparation from steady state diffusion 
experiments using a Northrop-Anson cell was 14 + 1:0 
em? sec-l. The calculated partial specific volume for 
purified pinguinain was 0-746 ml./g. On the basis of these 
results and Svedberg’s equation® a molecular weight of 
14,700 + 1,000 was calculated. 

These results indicate that the Puerto Rican variety of 
the maya fruit contains just one proteolytic component. 
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It also shows that pinguinain is a protein having a small 
molecular weight. 
E. Toro-Goyco 
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Inhibitory Effect of Progesterone on Activity 
of Human Myometrial Adenosine Triphosphatase 


DURING the previous investigations! in this laboratory 
human myometrial strips were exposed to progesterone 
until all spontaneous activity ceased and the changes in the 
concentration of adenosine triphosphate (ATP) and. phos- 
phocreatine (PC) measured. Until such paralysis had 
existed for at least 40 min, no significant change in high- 
energy phosphate bonds (ATP and PC) could be docu- 
mented. It was, therefore, concluded that in the earlier 
stages of the myometrial inhibition progesterone might be 
exerting its effect in the utilization of ATP rather than in 
its synthesis. As a continuation of the investigations on 
this problem, the effect of progesterone was then determ- 
ined on the ATPase activity of the human myometrial 
strips. This communication deals with the results 
obtained. 

The method of DuBois and Potter? was used to determ- 


ine the ATPase activity in which human non-pregnant . 


myometrial tissue homogenate was incubated in the 
presence of calcium chloride, diethyl barbiturate (buffer) 
and ATP. The amount of inorganic phosphorus liberated 
in homogenate corresponding to 6 mg and 9 mg wet weight 
tissue in 15 min at 37° C as determined by the procedure 
of Rockstein and Herron’ was taken as a measure of 
ATPase activity. One microgram of phosphorus 
liberated was interpreted as one unit of ATPase activity. 
Ten to 300 ug of progesterone dissolved in 303 of propylene 
glycol was added to the homogenate to determine its 
effect. 

The two requirements: (a) that the rate of reaction is 
linear during the time of incubation; (b) that the rate is 
directly proportional to the amount of enzyme present 


in the test system, should be fulfilled if any enzyme, 


assay is to be found satisfactory. 

Propylene glycol used as a vehicle (302) did not alter 
the ATPase activity. Progesterone in concentrations of 
more than 10 pg (and up to 50y tested) per mg wet weight 
human myometrial tissue was found to inhibit the human 
myometrial ATPase activity on an average of 27-3 per 
cent (P « 0-001) based on 15 experiments as shown in 
Table 1. 

It is interesting to note that such high concentrations 
of progesterone were needed to inhibit the human myo- 
metrial ATPase activity. It may be that the smaller con- 
centrations of progesterone might inhibit the ATPase 


Table 1 
Average ATPase activity in units of human Average reduction 


No. of myometrial tissue/mg wet weight * in ATPase activity 
cases Control Progesterone treated (90-300 ug) by progesterone 
16 1:98 144 0°54 (27:3%)T 
+t ATEM unit = 1 ug phosphorus liberated. 

P < 0-001. : 
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activity when exposed to spontaneously contracting 
myometrial strip in muscle-bath preparation over a 
prolonged period of time. Such an investigation is in 
progress and the results will be reported later. 
This work was supported by grant HD-00523-04, U.S. 
Public Health Service. 
D. KUMAR 
P. R. ADAMS 
A. C. BARNES 
Department of Gynecology and Obstetries, 
Johns Hopkins University 
School of Medicine and Hospital, 
Baltimore. 
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Stimulation of Glucose Utilization by Insulin 
in Human Adipose Tissue Homogenates 


To date no effect of insulin on utilization of glucose in a 
cell-free preparation has been described. Indeed, the 
apparent ineffectiveness of insulin in cell-free preparations 
was a major clue to the discovery of the insulin stimulation 
of trans-membrane transport. We have been examining 
utilization of glucose in human adipose tissue and have 
observed a distinct stimulation of utilization of glucose by 
insulin added to homogenates of omentum. 

Omentum was obtained from subjects undergoing 
abdominal surgery being performed for reasons other than 
malignancy. Homogenization was achieved within 15 sec, 
using a ‘Vir Tis 23’ homogenizer in a Krebs-Ringer bi- 
carbonate buffer! gassed with O,: CO.(95: 5) to pH 7-4. 
The potassium chloride concentration of the buffer was 
doubled at the expense of the sodium chloride. A ‘defatted’ 
homogenate was obtained by removing the supernatant 
layer of congealed fat formed during centrifugation in the 
cold at 500g for 10 min. The homogenate was then 
supplemented to give final concentrations of 0-001 M. ATP, 
0.001 M TPN*, 0-005 M Mg** and 5:6 mM glucose. 
Incubation vessels containing 1 ml. of homogenate wero 
incubated for 1 h at 37? C with agitation at 60 cycles/min. 
Insulin was added to give a concentration of 0-1 unit/ml. 
homogenate. Glucose was measured by a micro adapta- 
tion of the glucose oxidase method of Sunderman and 
Sunderman?. 


Table 1. STIMULATION OY GLUCOSE UTILIZATION BY INSULIN IN HUMAN 
ADIPOSE TISSUE HOMOGENATES 
Glucose utilization Without insulin With insulin A Insulin 
ugímg tissue Ns/h 279. + 75 466 + 246 187 + 105* 
Values are means + S.D. in 11 experiments 


* P < 00l. 


As seen in Table 1, insulin produced a 67 per cent 
increase in glucose disappearance. ‘Though there is 
indirect evidence of an intracellular action of insulin on 
both carbohydrate* and protein metabolism‘, we believe 
that this is a direct demonstration of an intracellular 
insulin effect on utilization of glucose. Previous inability 
to show such an effect may have been due to the choice of 
tissue and incubation conditions. 

This work was supported by a grant from the Medical 
Research Council of Canada. 
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Presence of Carbonate in a Low-density 
Fraction of Diaphyseal Bone 


Usine a method of centrifugation in liquids progres- 
sively increasing in specific gravity!, it is possible to 
separate, from a sample of bone powder, fractions at vari- 
ous degrees of minerelization?. These fractions, which can 
be recovered quantitatively, can then be analysed by 
appropriate chemical and biophysical techniques. We 
used infra-red spectroscopy for the examination of the 
carbonate present in bone, comparatively for & low 
specific gravity fraction (1-7 g/c.c.) and & pool of the high 
specific, gravity fractions (1-8-2-3 g/c.c.) derived from 
diaphyseal bone samples of normal rats. It must be 
pointed out that less than 0-5 per cent of the samples 
belonged to the 1-7 gravity fraction. We used a Perkin- 
Elmer 221 infra-red spectrophotometer equipped with a 
sodium chloride prism. Potassium bromide pellets were 
prepared with various concentrations of whole unashed 
diaphyseal bone after separation. 
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Of the three regions of infra-red absorption by carbonate * 


groups?, two were satisfactorily demonstrated (860—875 
em-! and 1,400-1,500 em-1) in both the low and the high 
specific gravity fractions. No absorption was observed 
at 710 em-'. Table 1 gives the location and intensity of 
all the absorption bands and Fig. 1 shows the spectra 
recorded between 1,300 and 1,700 cm-?. In that region, 
three carbonate bands can be seen located at 1,506, 
1,433, 1,401 cm-? and 1,501, 1,433, 1,408 em-! respec- 
tively for the low and the high specific gravity fractions; 
but their relative intensity differs: in the low specific 
gravity fraction, the band located at 1,506 cm~ is more 
intense than the bands found at 1,433 and 1,401 cem, 
whereas the reverse is true in the high specific gravity 
pool. In both spectra, the band located at 1,639 cm-t 
can be attributed to adsorbed water. The band located 
at 866 cm- was poorly resolved and showed no apparent 
difference from one spectrum to the other. 

Two facts emerged from these results: (a) carbonate is 
present in both the early.caleifying and the fully mineral- 
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Table 1. FREQUENCIES OF THE ABSORPTION BANDS (0M-i) 
Origin of the band 7»; CO;= », CO,— POF H,0 
Material 
Low density 1,506 m 868 w ca 1,050 sb 1,634 8 
1,433 w 
1,401 
High density 1,501 vw 868 w ca 1,050 sb 1,639 
1433 W 
1,408 w 


ized parts of bone; (b) the change in the relative intensities 
of the three carbonate bands found in the 1,400-1,500 
cm- region indicates that carbonate is present in more 
than one chemical form and/or environment, the propor- 
tion of which differs in the low and the high specific 
gravity fractions*-°. 
Chemical analysis for carbon dioxide could not be 
carried out because only very small amounts of the low 
density material were available; this, however, appears 
to be critical before trying to propose any further inter- 
pretation of the infra-red data. 
This work was supported by a U.S. Public Health 
Service research grant (DE-01931-01) from the U.S. 
National Institute of Dental Research. 
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Action of Rifamycin on Incorporation of 
Amino-acids into Protein in Cell-free Systems 
from B. subtilis 


RIFAMYCINS are new antibioticsb? having a marked 
inhibitory effect on the growth of many Gram-positive 
bacteria, including staphylococci*®4, and have already 
been shown to affect bacterial respiration’. In this com- 
munication some results are reported concerning the 
effect of rifamycin SV and rifamycin M., on the incor- 
poration of amino-acids into protein by cell-free extracts 
of B. subtilis strain A.T.C.C. 6633. 

Rifamycins have no effect on amino acyl-adenylate 
formation as studied by measuring the ATP-*P pyro- 
phosphate exchange or on amino acyl-RNA formation. 
Results of these experiments are shown in Tables 1 and 2. 
Fig. 1 shows that rifamycin does not affect pyruvate 
kinase activity as measured by the method reported by 
Bücher et al.5. 

For the examination of the incorporation of r-isoleucine 
labelled with earbon-14 into proteins by cell-free extracts, 
B. subtilis strain A.T.C.C. 6633 was cultivated in a 
medium containing 1:2 per cent casamino-acid, 0-3 per 
cent glucose, 0:1 per cent yeast extract, 0-45 per cent 
KH,PO,, 0-12 per cent MgSO,, 0:81 per cent NaHPO,. 
Cells were collected during logarithmic growth phase and 
disrupted by grinding with alumina Norton. 

Results obtained using crude extracts prepared accord- 
ing to the method of Tissiéres’, and by using washed ` 
ribosomes and 105,000g supernatant (S-105) prepared 


Table 1.  AMINO-AOID-DEPENDENT ATP-**P-PYROPHOSPHATH EXCHANGE 
Percentage 
Additions exchange 
Complete mixture 55 
ü ” — amino-acids 25:5 
» » + 0:0015 umole/ml. rifamycin SV 56 
n" os + 0:015 umole/mi. rifamycin SV 55:4 
5 » + 0:03 umole/ml. rifamyoin SY 50-4 


The reaction mixture contained the following in umole/ml.: 50 tris-HCl 
pH 7-4; 10 MgCl; 10 ATP; 10 each of 20 L-amino-acids; 10 *!*P-pyro- 
phosphate (specific activity 14,000 c.p.m./umole); 1:6 mg/ml. homogenate 

rotein. ATP-**P pyrophosphate exchange was measured as described by 
Demoss e al. (ref. 9). Radioactivity was determined by a windowless gas-flow 
counter. 
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Table 2, I-ISOLEUOYL-SRNA. FORMATION 
Additions c.p.m.[mg sRNA 
Complete mixture 194 
n » + 0:03 umole[ml. rifamyein SV 188 
»n » + 0:03 umole/ml, rifamycin My, 186 


The reaction mixture contained tho following in umole/ml.: 50 tris-HCl 
pH 7-4; 30 MgOl,; 10 ATP; 4-6 L-isoleucine C (specific activity 2:68 x 10* 
c.p.m./umole); 500 ug/ml. sRNA prepared by the method of Boman et al. 
(ref. 10); 1-5 mg/ml. homogenate protein. Amino acyl-RNA formation 
was measured as described by Berg et al. (ref. 11). Radioactivity was 
determined by a windowless gas-flow counter. 


Table 3. ™O-L-ISOLBUCINE INCORPORATION INTO PROTEIN BY CELL-FREE 
B. subtilis PREPARATIONS 
Exp. Additions ep.m.jmg Percentage 
No. protein inhibition 
1 Complete mixture 880 
"E 5s + 0-03 umole/ml. 
rifamyeln SV 407 59 
» » + 0-15 umole/mi. 
rifamycin SV 347 76 
» » + 0-03 umole/ml. 
rifamyoin My 423 65 
33 $ Deproteinized at 
zero time 178 
2 Complete mixture 1,500 
i » + 0-03 umole/ml. 
rifamycin SV 1,020 40 
» » + 0:083 umole/ml. 
rifamycin Myu 036 72 
» A deproteinized at 
zero time 300 
The reaction mixture contained the following in umole/ml. In exp. 1: 


10 tris-HCl pH 7:4; 10 magnesium acetate; 40 KCl; 0-34 *4C-L-isoleucine 
(specific activity 2-08 x 10* c.p.m./umole); 0-2 GTP; 1 ATP; 10 phospho- 
enolpyruvate; 84 ug/ml. pyruvate kinase; 120 g/ml. DNA prepared by 
the method of Marmur (ref. 12); 2 m jml. homogenate protein prepared 
by the method of Tissiéres et al. (ref. 7). In exp. 2: 100 tris-HCl pH 7-4; 
12 magnesium acetate; 50 KCl; 6 mercaptoethanol; 0-05 each of 20 
L-amino-acids minus isoleucine; 0-17 1C L-isoleuelne (specific activity 
2-68 x 10* c.p.m./4mole); 0-03 GTP; 1 ATP; 5 phosphoenolpyruvate; 
20 ug/ml. pyruvate kinase; 120 ug/ml. DNA (ref. 12); 1-2 and 0:6 mg 5-105 
and ribosomal protein prepared following the method of Matthaei and 
Nirenberg (ref. 8). In both cases the reaction was stopped with perchloric 
acid by the method of Ofengand ef al. (ref. 13). Radioactivity was determined 
by a windowless gas-flow counter. 


according to the method of Matthaei and Nirenberg’, are 
given in Table 3. 

These results indicate that rifamycin is an offective 
inhibitor of MC-r-isoleucine incorporation into proteins 
at molar concentrations much lower than those which 
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produce the same inhibition by chloramphenicol or by 
other antibiotics active on protein synthesis*-**. 
Experiments are in progress to determine at which level 
the inhibition is effective. 
Lavra FRONTALI 
Luisa LEONI 
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Occurrence of Urinary Calculi in Rats 
exposed to High Concentrations of Oxygen 
with Added Carbon Dioxide 


Ix the course of an investigation! of the pulmonary 
responses of animals exposed to high concenirations of 
oxygen at atmospheric pressure (OAP) and to high con- 
centrations of oxygen at atmospheric pressure to which 
9—18 per cent carbon dioxide was added (OAP + CO), 
discrete, amorphous, non-crystalline masses were found 
in the urinary bladder at autopsy. . 

A total of 383 Sprague-Dawley male rats weighing 
200—250 g were used in nme experiments. In each experi- 
ment 15-20 rats were exposed to OAP, another 15-20 
to OAP + CO, and a third group of 8-12 were main- 
tained in air. Each group had the same food and environ- 
mental temperature. Specially constructed identical 
chambers were used. The animals were observed fro- 
quently and autopsied after 40-60 h. Bladder masses, 
if present, were weighed (11-6 mg average) and thcir 
amino-acid composition was examined in a few cases. 

The results of the observations of urinary calculi are 
presented in Table 1. 


Table 1 


Air OAP + 
controls OAP CO; 
Total No. of rats 85-0 162-0 136-0 
No. of rats in which masses were observed 4:0 32:0 61:0 
% of total number showing masses 47 19:7 448 


x? comparison of OAP with air controls P « 0-005 
z? comparison of OAP with OAP + CO, P < 0:001 


Two-dimensional chromatographic analysis of the 
calculi hydrolysed with 6 N hydrochloric acid indicated 
the presence of cysteine, histidine, arginine and/or lysine, 
aspartic acid, serine, glutamic acid, glycine, threonine, 
alanine, tyrosine, valine or methionine, proline, phenyl- 
alanine and leucine or isoleucine. 

These results show a significant increase in the occur- 
rence of urinary calculi after exposure to oxygen at 
atmospheric pressure for 2-3 days. Tho addition of carbon 
dioxide to the oxygen environment further significantly 
increased this tendency for calculus formation. 

Signs of oxygen toxicity devoloped in both OAP and 
OAP + CO, rats during these experiments. At autopsy 
these animals showed hemorrhagic and. cedematous lungs, 
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hydrothorax and a tendency for bleeding from the nose 
and mouth. These findings are typical of oxygen poison- 
ing. In the air controls 2 of the 4 rats showing calculi 
also presented gross evidence of pulmonary lesions. It 
appears reasonable, therefore, to relate the formation of 
the calculi to hypoxia and hypercapnia which may exist 
in the late stages of oxygen poisoning. Since addition of 
carbon dioxide was associated with an increase in the 
incidence of calculi it is possible that hypercapnia and 
the attendant respiratory acidosis with consequent 
alteration of urinary pH. predispose to the development 
of these urinary calculi. Anoxia as a cause cannot be 
ruled out since, at least in dogs exposed to OAP, severe 
anoxia develops immediately before death?. In these 
experiments autopsy of rats killed before the terminal 
stages of oxygen toxicity reveals bladder calculi both in 
OAP and in OAP + CO, animals. The significantly greater 
incidence of calculi in the latter case would argue in 
favour of hypercapnia as an aggravating condition sinco 
they are definitely hypercapnic but not necessarily 
hypoxic. In either case development of calculi is coinci- 
dent with evidence of respiratory distress. 

These findings are of interest in conjunction with the 
report by McGaughey? of excretion of unerystallized 
urinary calculi in dystrophic mice. Muscular dystrophic 
animals frequently have compromised respiratory mechan- 
ics; therefore the development of calculi may be associated 
with the hypoventilation. 
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Selective and Directional Transfer of 7S 
Y Globulin across the Human Placenta 


RABBIT y-globulin ean be hydrolysed by papain 
into three polypeptide fragments which are nearly 
equal in size: two of these fragments, I and II, each 
possess an active antibody site, whereas the third fragment, 
IIT, has no antibody activity!. Brambell et al. examined 
the maternofostal transfer of such fragments in the 
pregnant rabbit, and reported that the amount of fragment 
III to be found in the foetus after administration to the 
mother was 6-10 times the amount of fragments I or II 
and only a fourth the amount of the parent Ya-globulin?. 
It was concluded that the fragments pass from mother 
to foetus less readily than does the intact Y2-globulin 
molecule, and that the transmissibility of y-globulin 
from doe to fetus is attributable to that part of the 
moleeular structure represented by the non-antibody 
fragment. In the study reported here, this concept was 
reinvestigated as to its applicability to the metabolism 
of 7S y-globulin in man. 

Human 7S y,-globulin (Lot 330-2, Squibb) was hydro- 
lysed with papain!. The F fragment, which is analogous 
to fraction. III from rabbit y,-globulin, and the S 
fragments, or those components analogous to fractions I 
and II from rabbit y,-globulin, were isolated from the 
hydrolysate”. yu-Globulins having an average sedi- 
mentation coefficient of 1:55 were isolated from the 
pooled urine of normal adults‘. The S and # components, 
the parent 7S y,-globulin and the 1-59 y,-globulins were 
iodinated with iodine-131 as described elsewhere*. 

Normal women in the last month of pregnancy were 
begun on 100 mg of potassium iodide orally per day, 


July 4, 1964 VoL. 203 


and then each received a singlo injection of less than 
0-2 ue.[kg body-weight of one of the radioiodinated 
proteins at a given time prior to delivery. The con- 
centrations of radioactivity precipitable in 10 per cent 
trichloroacetic acid present in maternal sera at 10 min 
and again. during delivery of the infant were determined, 
as were the concentrations in umbilical cord sera and in 
amniotic fluid. The concentrations of unlabelled 7S 
Ya-globulin in maternal and foetal sera and in amniotic 
fluid were determined immunochemically’. 

In Fig. 1, the concentration of labelled protein found 
in the serum of the infant at birth, Cy, relative to that 
found in maternal serum, Cm, at the same time, or C;/Cm, 
is expressed as a function of time. It would appear that 
the transfer of S fragment, F fragment and yu-globulin 
from mother to foetus exceeded the maternofctal transfer 
of 7S y,-globulin and that S fragment as well as Y u-globulin, 
which is related structurally to S fragment, traversed 
the maternofcetal barrier as readily as did the F fragment. 
These conclusions are quite different from those reached 
by Brambell e£ al.?; but it must bo noted that the latter 
investigators related the amount of labelled protein 
found in the foetus to the amount which was placed in 
the uterine lumen 24 h earlier without regard to possible 
differences in the turn-over rates of the various proteins: 
although two labelled protoins may cross the materno- 
foetal barrier at the same rate, a differenco in thoir rates of 
catabolism will be reflected in differences in their con- 
centrations in the maternal circulation over any period 
of time and this in turn will result in differences in their 
concentrations in the foetus at any given moment. In the 
work recorded here, the half-lives for the difforent labelled 
proteins in the mother were found to be 20 days for 
"S y-globulin, 4 days for F fragment, 0-4 days for 
Yu-globulin and 0-3 days for S fragment. By relating 
the concentration of labelled protein in the fcetus to that 
in the mother at the same time, C;/Cm (Fig. 1), a correction 
was, in effect, introduced for the differences in the rates 
of disappearance of these proteins from the maternal 
circulation. 

The concentration of 7S y-globulin averaged approxi- 
mately 1-7 g/100 ml. in both maternal and foetal sera 
and 0-19 g/100 ml. in amniotic fluid. Amniotic fluid 
was obteined at delivery of fivo mothers given labelled 
7S Y»globulin. Of four amniotic fluids obtained 4 h 


o maternalserum 


(x 100 per cent) 


Concentration in cord serum relative t 
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Fig.1. Concentrations oflabelled proteinsin cord serum of theinfant at 

birth relative to the concentrations of these proteina in the maternal 

serum at delivery: 75 yaglobulin (triangles), § fragment (solid circles), 

F fragment (hollow circles, and yy-globulin (crosses). The half-lives of S 

fragment and y,-globulin were 0:3 and 0:4 days respectively in the 
mother 
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after injection, no labelled protein could be detected in 
2, while 2 had only 0-1 per cent of that in maternal 
serum; the corresponding cord sera contained 1-2-1-9 
per cent-of that in maternal serum. The remaining 
amniotic fluid, obtained approximately 23 days after 
injection, contained no detectable labelled protein, while 
the cord serum concentration was 125 per cent of that 
in the maternal serum. ‘Thus, the specific activity, or 
counts per mg of y,-globulin, in amniotic fluid was lower 
than that in cord serum and the primary site of transfer 
of 7S y-globulin to the foetus was not via amniotic 
fluid. The placenta would appear to be the probable 
site of transfer, therefore, as has been demonstrated in 
the rhesus monkey‘. 

The results also suggest that the permeability of the 
placenta to 7S y.-globulin in the direction of mother to 
foetus is greater than that in the direction of foetus to 
mother. The foetus at term does not synthesize 7S 
Y2-globulin?. Thus, the amount transferred from mother 
to foetus, Tms, must equal the amount degraded by the 
foetus, A, plus the amount, Tym, which passes from foetus 
to mother, or Tms =A+Z'ym. The half-life of 7S y2-globulin 
in the newborn infant in this work was found to be 
relatively constant from birth and avoraged 16 days; 
it would seem reasonable to assume that the foetus at 
term just prior to delivery also catabolized 7S y-globulin 
and that A is finite and significant. Therefore, T'my would 
appear to be greater than Tym. This directional difference 
in the permeability of tho placenta to 75 y.-globulin 
would seem to explain why the foetal serum concentration 
of this protein attains a lovel similar to that in the maternal 
serum despite foetal catabolism of the protein and despite 
absence of synthesis of the protein by the foetus. It also 
serves to explain why the serum concentration of 78 
y.globulin in the infant at birth may even be higher 
than that in the mother as is often found. 
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Flow of Blood to the Pineal Body of the Rat 


Nomerovs cytological and histochemical observations 
indicate a secretory function for the pineal body of higher 
vertebrates!?. Physiologically also, the pineal body of 
the rat satisfies most of the criteria for an endocrine 
organ?-*. Although anatomical evidence suggests that 
rat and mouse pineal vascularity is less than in some 
classical endocrine organs*^, in view of the relatively high 
blood flow rate to endocrine structures in general®, it is 
reasonable to expect the pineal to be similarly well 
perfused. We have found that the minimum rate of rat 
pineal blood flow per g exceeds that of most endocrine 
organs, equals that of the neurobypophysis and is sur- 
passed only by that of the kidney. 
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Pineal body blood flow was measured by a variation 
of Sapirstein's isotope indicator method which has been 
utilized successfully for other organs’.  Briofly, tho 
method depends on the fact that the quantity of radio- 
active rubidium or potassium indicator taken up by an 
organ is proportional to the blood flow through that organ, 
provided that the organ has the same extraction ratio 
toward the indicator as the body as & whole during the 
first minute after injection. This can be demonstratod if 
during this time uptake of the indicator by the organ 
remains unchanged, despite continuing recirculation; 
under such conditions, the ratio between organ uptake and 
body uptake of indicator is equal to the ratio betwoen 
organ blood flow and cardiac output. If, on tho other 
hand, the organ fails to retain its indicator aftor initial 
arterial delivery, as in the case of brain with respect to 
rubidium or potassium, then organ blood flow is under- 
estimated. When a part of the body is non-homogeneous, 
such that the indicator is rejected by one part and iaken 
up by another, there will be an initial peaking of the organ 
indicator content followed by a steady but lesser clova- 
tioni^!/, Blood flow fractions can be estimated from 
the peak value of indicator content, but may underestim- 
ato true flow values considerably. 

Fractions of the cardiac output perfusing the pineal 
body were independently measured as follows: In one 
laboratory (H. G.) rubidium-86 solution was rapidly in- 
jected through a chronically implanted femoral vein 
catheter in 185-225-g male and female Wistar rats 
anesthetized with pentobarbital. The animals wore 
decapitated 5 sec, 10 sec, 20 sec, or 60 sec later. In the 
other laboratory (R. W.) potassium-42 was rapidly in- 
jected through the tail veins of restrained, unanesthotized, 
female Sprague-Dawley rats weighing about 200 g. Those 
animals were decapitated 15 and 60 sec later. Tho pincal 
tissue was rapidly weighed and the organ fractional uptake 
of rubidium-86 or potassium-42 was measured in a 
v-sensitive well counter. 

The fractional uptake of rubidium-86 by the pineal 
body was very high at 5 sec after isotope delivery (Fig. 1). 
This indicates that no less than 0:0085 per cent of tho 
cardiac output, or 8 per cent/g, perfused the organ. 
Rubidium-86 content then fell precipitously by a half to a 
relatively flat plateau 15-55 sec later. The 5-sec value 
differed significantly from those at 20 sec or 60 soc at the 
0-001 level. There were no sex differences. A similar 
plateau (3-5 per cent/g) was found between 15 and 
60 sec after injection of a potassium-42 indicator in 
another strain of rat at rest and without anesthesia 
(Fig. 1). 

On the basis of the rubidium-86 plateau figure and 
cardiac output values determined in & separate but com- 
parable group of animals (about 250 ml./min/kg), the 
estimated minimum pineal body blood flow in the anasthe- 
tized Wistar rat is 2 ml./min/g. A closer approximation 
to the true blood flow, based on the peak figure, is 4 ml./ 
min/g; experience with similar peaks in nervous tissue 
leads us to believe that even this figure is below the true 
value. 

The pineal body and whole brain?! behave similarly 
toward alkali metal isotopes so far as the early time course 
of label is concerned. Later, the plateau value for whole 
brain is very low; that for the pineal body is about half 
the peak value. This suggests that the pineal is a two- 
compartment system. The first compartment loses its 
isotope content rapidly within 10 sec either by rejection, 
as in nervous tissue, or by shunting through arterio- venous 
anastomoses. The second compartment with a large and 
accessible reservoir captures its rubidium and retains 
it for a minute or longer, resembling non-nervous tissue 
such as thyroid or heart. Curve 1, an extrapolation of the 
peak figure, describes pineal isotope content as if it were 
composed entirely of nervous tissue. Curve 2, an extra- 
polation of the plateau, describes pineal rubidium content 
as if it were heart. A resultant curve closely resembling 
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Fig.1. Minimum pineal blood flow calculated from fractional uptake 

of “Rb or **K at different times after Injection presented as per cent of 

cardiac output per g wet weight+S.E. The numbers of animals in 

each group are in parentheses. Theoretical pineal behaviour towards 

"Rb based on all ‘nervous’ or ‘non-nervoue’ tissue composition is 
presented in curves 1 and 2, respectively 


our findings would be generated if the two tissue compart- 
ments were equally well perfused. 

The structural correlates of these two physiological com- 
partments are not yet clarified. An isotope peak, due to 
trapping in the blood vessels at the instant of death, 
indicates either rejection or A-V shunting. Since pineal 
body A-V shunts have not yet been described and a 
considerable mass of sympathetic nerve endings of extra- 
pineal origin terminates in the pineal perivascular 
spaces!?!?, the more reasonable hypothesis is that this 
sympathetic tissue constitutes at least part of a rubidium 
rejecting compartment. 
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Carbonic Anhydrase in the Mamilla of the 
Hen's Egg Shell 


Tue shell of the hen’s egg is formed in the oviduct of 
the hen within 19 h, and in this shell 5 layers can be 
morphologically differentiated. From the inner to the 
outer layer are, in consecutive order, the inner egg 
membrane, the outer egg membrane, the mamille, the 
matrix, and, finally, the cuticle. The egg which passes 
into the uterus is already covered by the inner and outer 
egg membranes; but whether the mamille are already 
formed in the isthmus or only later in the uterus has not 
been definitely established. "The mamillz and the egg shell 
matrix which are formed in the uterus are consequently 
incrusted with an inorganic substance which consists 
mainly of calcium carbonate. The porous cuticle finally 
surrounds the calcified egg shell on the outside. The 
CO,~ ion as well as the calcium is of equal significance in 
the calcification process of the egg shell. 

The observation that sulphonamides?- and CI- ions! 
which inhibit the carbonic anhydrase in vitro, and which 
also influence the quality of.the egg shell, has confirmed 
the supposition of Meldrum and Roughton’ that the 
enzyme carbonic anhydrase plays a part in the calcification 
of the egg shell. 

Carbonic anhydrase catalyses the reaction: CO, + 
H,O0=H,CO, and was demonstrated in the uteri of laying 
hens*. We were able to show that the enzyme is pre- 
dominantly situated at the apical pole of the epithelia 
of the tubular glands’. These glands release the Catt 
ions as well as the HCO; ions into the lumen of the 
uterus. - 

Robinson and King® have reported on the histochemical 
demonstration of carbonie anhydrase in the region of the 
mamille in the egg shell As the mamille which 
contain mucopolysaccharides are able to increase the 
concentration of calcium ions, the presence of carbonic 
anhydrase in these formations would be of extraordinary 
significance for the understanding of the calcification. 

So far extracellular localized carbonic anhydrase was, 
of course, never demonstrated, and we know from our 
owp experience that the histochemical demonstration 
of the enzyme is difficult and it must be very critically 
judged in respect to its specificity. Therefore it seemed 
justifiable to us to repeat the examinations of Robinson 
and King, and to submit the results to a test. 

For the tests, partly freshly laid eggs of White Leghorns 
were used, and partly uncalcified egg shells which had 
been taken from the uterus of the same breed. 

Decalcification proceeded according to Robinson and 
King* in disodium ethylenediamine, tetraacetic acid with 
pH 8-5 and at 4° C. We followed the progress of tho 
decalcification process by the use of a polarizing micro- 

*scope. 

The decalcified egg shells were torn up with pincers into 
pieces about 4 mm? large, a part of which was subjected 
to the periodic acid-Schiff reaction according to 
McManus’. The activity of the carbonic anhydrase was 
examined according to Hausler’s method!?. ‘Diamox’ 
(acetylamino-1,3,4-thiodiazole sulphonamide-5) or potas- 
sium cyanide was added to single incubating media: 


Incubating media: 
(a) According to Häusler 
CoSQ, (0:1 mol) 1 ml. 
SO, (0-05 mol) 6 ml. 
NaHCO, 1g 
Na,SO, (0-1 mol) 50 ml. : 
(b) Medium as above + 5 x 103 mol ‘Diamox’. 
(c) Medium as above + 4 x 10-? mol ‘Diamox’. 
(d) Medium as above + 1 x 10-* mol KCN. 
(e) Medium without NaHCO, (pH 7-5 was adjusted with tris buffer). 


After an incubation period of 1 h at room temperature 
the cobalt carbonate was ehanged in the usual way, after 
thorough watering, into cobalt sulphide. The preparations 
were dehydrated and mounted with ‘Entellan’. 
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After incubation for 60 min without the addition of 
inhibitors the preparations show a pattern of blackish 
brown, apparently enzymatic spots, distributed evenly 
across the outer egg membrane (Fig. 1). The pattorn of 
distribution of these spots and their size correspond to 
the picture of the periodic acid-Schiff reaction. It is a 
question of the mamille which on account of their higher 
mucopolysaccharide content are to be seen as red zones 
in the periodic acid-Schiff reaction (Fig. 2). 





Fig.l. Surface view of the decalcified egg shell. The mamille appear as 
black spots on the outer ogg membrane. Carbonic anhydrase according 
o Häusler ( x 60) 





Fig. 2. Periodic acid-Schiff reaction. The mamillm can be recognized 
as black spots by their higher mucopolysaccharide content (x 60) 





Fig. 3. Carbonic anhydrase according to Häusler. Addition of 4 x 10-? 
mol ‘Diamox’ ( x 60) 
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Fig. 4. Carbonic anhydrase according to Häusler. Incubation medium 
_ without sodium bicarbonate ( x 60) 


However, in contrast to Robinson and King, we could 
neither inhibit the enzymatic reaction by the addition of 
5 x 10- mol ‘Diamox’, which is sufficient to block com- 
pletely the carbonic anhydrase in kidnoy soctions and red 
corpuscles, nor suppress only partly the reaction by the 
addition of 4 x 10- mol ‘Diamox’ (Fig. 3). The same 
result followed the addition of potassium cyanide. 

These observations demonstrate that it is here a question 
of an unspecific, non-enzymatic reaction of the mamillz. 
For even with medium (e) the same reaction ensues in 
the mamille (Fig. 4). Consequently the reaction here 
also occurs in the absence of the substrate enzyme. 

Evidently cobalt ions are bound to the mucopolysac- 
charides of the mamille. In order to verify this, the 
following model experiment was carried out. 

l ml. of a solution of 0-1 mol cobalt sulphate was 
mixed with 20 ml. of othanol and added to 20 mg of chon- 
droitin sulphuric acid in the form of its sodium salt. This 
mixture was put in a centrifuge and the residue was care- 
fully washed out several times with altogether 100 ml. of 
ethanol. A sharp blackening effect which is due to iho 
formation of cobalt sulphide could be distinguished in the 
residue after staining with an aqueous or even alcoholic 
ammonium, sulphide solution. 

The mamille of the egg shell contain mucopolysacchar- 
ides® which probably consist of up to 40 per cent chon- 
droitin sulphuric &cid!?. These mucopolysaccharides can 
bind Co** ions as well as other double valued positive 
ions. So, in the course of a histochemical carbonic an- 
hydrase demonstration, enzymatic activity of the carbonic 
anhydrase is simulated by the Co** ions which aro bound 
to the mucopolysaccharides of the mamillz. 
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Fatty Metaplasia of the Filum Terminale of 
the Frog 


Tue following observations were made during a search 
for preparations which would permit assays of various 
enzymes in tissue samples containing glial cells only. 
Such an opportunity seemed to be provided by the filum 
terminale which is commonly considered a glial remnant 
of the foetal sacral cord’. Tobias, Clark, and Gerard? 
measured the respiration of the filum terminale of the cat 
and concluded that glial tissue had a rathor high rate of 
respiration, comparable to that of neurones. The filum 
terminale of Rana catesbiena was used in our work 
because of its unusual size. A smaller material of 8 speci- 
mens of Rana pipiens was also examined with the same 
results. 

Assays of the frog filum terminale indicated very little, 
if any, succinic dehydrogenase activity but extremely 
variable DPN-diaphorase activity per wet weight or per 
mg of protein. Searching for histological differences which 
might reflect this variability, we found that the filum 
terminale of normal frogs undergoes various degrees of 
fatty metaplasia. Although we have not found previous 
reference to this in the literature, fatty metaplasia of the 
filum terminale of the frog seems to be a physiological 
phenomenon; we could not relate it to the state of health 
or nutrition of the frogs; it did not seem to represent a 
pathological fatty degeneration because the fatty changes 
were confined to the filum and no fatty changes were seen 
in the spinal cord. All our frogs were studied during 
summer and autumn. The extent of fatty motaplasia was 
usually the same throughout any given filum, but it 
varied greatly among animals. The following observations 
were made in histochemical preparations for lactic 
dehydrogenase and DPN-diaphorase which were counter- 
stained with fat red; longitudinal and transverse sections 
of the filum were'used. 

‘Normal’ glial cells in the filum terminale of the frog 
showed intense lactic dehydrogenase and DPN-diaphorase 
activity throughout their cytoplasm and processes 
(Fig. 1). Compared with glial cells in mammalian brains, 
these cells could not be identified as being either astrocytes 
or oligodendroglia. A slight degree of fatty metaplasia 
was evidenced by a single fat droplet in the cell body. 
More advanced fatty metaplasia was indicated by various- 
sized large fat droplets, most of which by far exceeded the 
original volume of the cell (Fig. 2). The cytoplasm of such 
cells was stretched to a thin spherical shell and the peri- 





Fig. 1. Intense reaction for DPN-dlaphorase in the cells of the flium 
' terminale of the frog; no fat was found in this preparation 
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Fig. 2. Fatty metaplasia of flum terminale; DPN-diaphorase, counter- 

stained with fat-red. The fat droplets had been removed from some 

of the cells, which show only an empty shell of cytoplasm, demonstrated 

by enzyme activity. In the original preparation, fat is bright-red and 
the enzyme reaction dark blue 


karyon was flattened, as in adipose cells. The fat droplets 
had been removed. from some cells during cutting, and 
these cells appeared as empty, spherical vesicles (Fig. 2). 
It appeared that the amount of enzyme activity was in a 
crude inverse proportion to the fatty metaplasia in the 
cells. At early phases of fatty metaplasia, the enzyme 
activity in the cells was not visibly weaker than normal, 
but very little enzyme activity was present in the cells of 
fila with extreme fatty metaplasia. 

These observations offer no clues as to the possible 
causes of this type of fatty metaplasia which seems to 
represent a physiological process in the filum terminale of 
the frog. The ability to:store fat, much like adipose cells 
do, strikingly distinguishes the tissue. of the filum of the 
frog from that of any other portion of the central nervous 
system. It seems quite clear that the filum terminale of the 
frog is not suitable for examination of glial metabolism. 

This work was supported by U.S. Public Health grant 
B3250. 
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PATHOLOGY 


Effect of Colchicine on Human Tumours 
transplanted in Cheek Pouch of Syrian 
Hamster 


THE human tumour transplanted in the cheek pouch of 
the Syrian hamster has proved to be a useful tool for the 
examination of potential anti-bumour agents^?. What 
appears to be an obvious advantage in using transplantable 
human tumours over transplantable animal tumours in 
chemotherapy investigations lies in the fact that a given 
compound can be assayed on cells of human origin growing 
in an in vivo system. However, at least two conditions 
would have to be fulfilled prior to making such a com- 
parison: (1) transplented human tumours should not 
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. Mitotic indices after colchicine (1-2 mg/kg) in ME-1 tumour 
growing in the cheek pouch of Syrian hamster 
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Fig. 2. Mitotic indices after colchicine (1-2 mg/kg) in M FS-1 tumour 
growing in the cheek pouch of Syrian hamster 


undergo profound changes in their biological properties; 
(2) the host should not alter the effect of the tested agents 
on the human cells. 

Heterologous transplantation studies of human tumours 
in hamsters, mico, and rats, by several investigators have 
revealed that very little alteration in the general histo- 
logical appearance of human tumours occurs in the 





Fig. 3. Arrested metaphases, after colchicine treatment, in ME-1 tumour 


11 days after transplantation. (Squash preparation, Feulgen; x 800) 
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Fig. 4. Arrested metaphases, 
(Squash preparation, Feulgen. 


tumour 15 days after transplantation. 
x 800) 


new host?-5. Furthermore, immunological studies con- 
ducted by Korngold*:? have demonstrated that humen 
tumours transplanted in hamsters or rats retain, at leat 
partially, their original antigenic constitution, even aft: v 
undergoing repeated transplantations. It appears from 
these findings that no radical changes occur in tran .- 
planted human cells by serial passage in hamsters. 

In evaluating the effect of a given compound on huinan 
cells transplanted in the hamster cheek pouch, considere- 
tion must be given to the influence of the new environ- 
ment on tho transplanted colls, and on the compound 
itself. 

Tt has been known for some timo that the Syrian 
hamster differs from other mammals in its sensitivity to 
the stathmokinetic effect of colchicine’. Orsini con- 
sidered this animal to be completely resistant to the 
offect of this alkaloid*. In a recent investigation we havo 
been able to demonstrate that the Syrian hamster is only 

*partially resistant to the stathmokinetic effect of colehi- 
cine, In fact, Syrian hamsters injected with a doso of 
1-2 mg/kg colchicine, which is effective in causing metz- 
phaso arrest of dividing cells in other mammals. did not 
show any accumulation of arrested metaphases, whilo 
hamsters injccted with 2-4 mg/kg or higher doses showed 
metaphase arrest in only some bone marrow dividing 
cells. Midgley et al.1° observed that colchicine induce 
metaphase arrest in human testicular tumours trun-- 
planted in the cheek pouch of Syrian hamsters, in spit» of 
the resistance of the hamster to this alkaloid. 

The purpose of the investigation reported here was to 
study the effect of colchicine on other human tumours 
transplantable in Syrian hamsters, and to investigate 
whether such tumours were sensitive to the effect of the 
alkaloid during all phases of growth. 

Two human tumours, transplantable in the cheek 
pouch of the Syrian hamster, were used in these experi- 
ments: a myxofibrosarcoma (MFS-1) and an amelanotic 
melanoma (ME-1) (2). MFS-1 and ME-l tumours were 





. Leucocytic infiltration in an M.ES-1 tumour in regression. 
(Squash preparation, Feulgen; x 600) 


transplanted into two groups of 40 hamsters each, 5-8 
weeks of age, and of both sexes. The technique of trans- 
planting tissues to hamster cheek pouches is described 
elsewhere, On the fifth day following transplantation, 
hamsters bearing established tumour grafts were divided 
into groups of 5 animals each. At various time-intervals, 
starting from the seventh day after transplantation, a 
group of hamsters was killed 4 h after receiving, intra- 
peritoneally, 1-2 mg/kg of colchicine. Immediately after 
death, the tumour was removed from tho cheek pouch, 
minced with scissors, and fixed in 1:3 acetie/alcohol. 
Preparations for cytological study were made according to 
the Feulgen squash method. Mitotic indices wero determ- 
ined by counting at least 2,000 cells on cach preparation. 

In earlier experiments, it was observed that on the fifth 
day after transplantation, only a very few mitoses were 
present in the tumours; therefore. mitotic indices were 
determined at various time intervals from the seventh to 
the fifteenth day after transplant. In both ME-1 and 
MFS-1 tumours, arrested metaphases wore observed on 
the seventh day after transplantation. The number of 
arrested metaphases increased progressively in the follow- 
ing days, reaching the maximum on the eleventh day in 
-M E-1, and the fifteenth day on M FS-1 (Figs. 1, 2, 3, and 4). 
Post-metaphaso figures were practically absent in almost 
all preparations. The progressive increase of the mitotic 
index paralleled pretty well the increase in size of the 
tumours. Some of the tumours which, after initial growth, 
‘showed a tendency to regress were also studied. These 
showed a large number of degenerating cells and extensive 
leucocytic infiltration. Mitotic figures in these tumours 
were always rare, or very low in number (Fig. 5). 

Results obtained in this investigation indicate that 
human tumours growing in the cheek pouch of the hamster 
are fully sensitive to the stathmokinetic effect of colchicine 
during the entire period of growth. 

Tumour sensitivity exists in spite of repeated serial 
transplantation in the hamster. The experimental 
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evidence presented herein provides further strength for 
considering the hamsbter-human tumour system as & tool 
for assaying compounds as potential anti-tumour agents 
in man. Whether the hamster-human tumour system 
will indeed prove more suitable as a method for demon- 
strating human anti-tumour activity than the other sys- 
tems currently in use will await clinical trial and evalua- 
tion. 

This investigation was supported in part by research 
grants from the National Cancer Institute, National 
Institutes of Health, U.S. Public Health Service, Nos. 


CY-3335 and C-6516. 
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Proliferation and Maturation Defect in Acute 
Leukemia Cells 


PREvious in vitro investigations have shown that 
thymidine incorporation in acute leukemia cells is very 
low compared with that in hemocytoblasts and myelo- 
blasts of normal bone marrow or in chronio myeloid 
leukemia’. This was taken to be a sign of reduced 
proliferative capacity in acute leuksmia cells, in accord- 
ance with stathmokinetic investigations of Astaldi and 
Mauri‘. Lajtha and Craddock also noted & low degreo of 
tritiated thymidine incorporation in acute leukemia 
cells! and, by direct in vivo precursor administration 
Mauer and Fisher’ and Killman et al. were able to obtain 
direct evidence of the prolonged generation time of these 
cells. 

Further in vitro and in vivo work has been undertaken to 
define more exactly the extent and significance of the 
phenomenon. For this purpose it was decided to: (1) 
establish whether or not the defect in proliferative 
capacity of acute leukemia cells is related in some way to 
another defect long recognized as characteristic of these 
cells, namely, an absolute inability to mature; (2) define 
the significance of blast cell population heterogeneity, if 
any, in connexion with reduced proliferative capacity. 
To achieve the first objective we extended our investiga- 
tions to intermediate clinical conditions, such as the 
terminal myeloblastic crisis of chronic myeloblastic 
leukemia and the remission phases of acute leukemia. 
For the second objective it was necessary to divide the 
cell population of each case into different classes according 
to cell diameter, so that proliferative capacity could be 
evaluated for each class. 

In vitro investigations were conducted on 22 cases of 
acute leukemia, 11 cases of chronic myeloid leukemia, 
7 cases of chronic myeloid leukemia im various stages of 
terminal blastic crisis and 2 cases of acute loukmmi& 
exhibiting a hematological remission after a complete 
course of 6-mercaptopurine therapy. The technique has 
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(2) TEACHING 
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Fig. 1. Correlation between percentage of blasts and labelling index in 


the different leukemia conditions 


already been reported?. For the in vivo investigation, 0:15 
mo./kg of tritiated thymidine (specific activity 1-4 c./ 
m.mole) was injected intravenously into the acute leu- 
kemia patients and peripheral blood samples drawn at 
various intervals for 4 days. 

Fig. 1 shows the percentage of thymidine-labelled blast 
cells (or labelling index) of, respectively, chronic myeloid 
leukemia, intermediate conditions and acute leukemia. 
If the labelling index is correlated with the percentage of 
blast cells in bone marrow smears it is clear that the 
higher the percentage of blasts the lower their proliferative 
capacity. This is clearly seen in the individual cases of 
chronic myeloblastic leukemia in which the course of the 
disease could be followed closely up to the terminal myelo- 
blastic crisis. The phenomenon was also observed during 
hematological remission in a case of acute leuksemia. 

In 4 cases of acute leukemia and in 1 case of blastic 
crisis studied in vitro and in the 2 cases of acute leukemia 
examined in vivo the blast cell population was divided into 
different classes according to cell diameter. Hetero- 
geneity was evident in all cases, with larger blast cells 
containing a great number of nucleoli at one extreme and 
much smaller cells with few nucleoli (and often a lesser 
degree of cytoplasmic basophilia) at the other. The 
percentage degree of tritiated thymidine incorporation 
was determined for each class. Incorporation was highly 
heterogeneous between the different classes, those with 
greater cell diameter giving values of normal or chronic 
myeloid leukemia cells (Table 1). It should be borne in 
mind that a higher labelling index in larger cells may be 
due simply to the fact that cell diameter increases during 
the S-period?. An examination of blast cells of normal 
bone marrow (a homogeneous cell population) gave a 
mean diameter ratio of labelled to non-labelled blasts of 
1-1. Since the differences in incorporation between the 
various classes of leukemia cells are of the order of 20- to 
30-fold we may dismiss this factor of increasing cell 
diameter as having no appreciable effect on the findings of 
our investigation. 

Hale and Cooper recently reported an increased rate of 
DNA synthesis in larger blasts?®, 


Table 1. LABELLING INDEX IN THE DIFFERENT BLAST CELL CLASSES 
Patients: B.C, G.C. T.L. F.M. C.B.* FA.t 
b.m. pb b.m. p.b. b.m. p.b. p.b. b.m. 
Cell 
diameter 
(x) 39-0 
21 214 48-0 
19 50-0 29-3 47-8 76:6 46:2 
17 60-0 380 217 228 25:2 46:4 3777 
15 4600 52:0 302 205 153 17-0 13:3 23-9 
18 28:0 320 15:2 5:8 6-1 5:6 3-2 10-4 
11 T4 8-4 57 l6 3°8 0:8 1:3 6-2 
9 2:0 0-7 1:8 r8 19 18 3-7 
7 0:4 0:5 04 0-4 
b.m., bone marrow; pb. peripheral blood. 
* In vivo experiment. f Blastic crisis of chronic myeloid leukemia. 
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In two untreated cases of acute leukemia, tritiated 
thymidine was injected in vivo. Intravenous tritiated 
thymidine administration is known to correspond to a 
pulse-labelling process!!: for about 20 min the precursor 
is incorporated in all the cells which are in the phase of 
DNA synthesis. Thereafter, up to the ninety-sixth hour, the 
labelling index was evaluated on peripheral blood in each 
of the cell-diameter classes. In both cases the behaviour 
of the labelling index differed markedly according to the 
different classes. Fig. 2 illustrates the situation in one 
case (F. S.); that in the second case (C. B.) is very similar. 
In the larger cell-diameter classes the labelling index 
(initially very high) fell rapidly during the first 24 h; in 
the smaller cell-diameter classes the labelling index rose 
gradually from very low values (1-3 per cent) to high 
values (10-20 per cent). 

Comparative studies on cases of acute leukemia, inter- 
mediate forms of the disease and chronic myeloid leu- 
kemia point decisively to a link between the gradual 
increase in blast cell population and the fall in average 
proliferative capacity. However, a gradual percentage 
increase in the blast cell population also implies the 
appearance and progressive intensification of a maturation 
defect. Consequently, it is reasonable to assume that the 
existence of a maturation defect is connected with that 
of a proliferation defect. 

Is there a causal link between the proliferation defect 
and the maturation defect, both of which characterize and 
define every picture of acute leukemia ? An affirmative 
answer to this question is suggested by the findings of our 
second series of investigations, which provided evidence of 
different cell classes with strikingly different percentage 
degrees of thymidine incorporation both in acute leu- 
kemia cell populations and in those of leukemia in blastic 
crisis. Labelling indices ranged from near-normal or 
chronic leukemia, values to extremely low values. In 
vivo investigations undertaken to examine the fate of 
the various classes of thymidine-labelled cells have shown 
clearly that in a single population the larger cells are 
generally the less aged and that over subsequent divi- 
sions (altogether ineffective as regards maturation) these 
cells gradually become smaller in diameter, thereby 
swelling the ranks of the smaller cell-diameter classes. In 
both cases the significance of the finding was beyond 
question. Clearly, then, the reduction in proliferative 
capacity observed in leukemia cell populations is not a 
homogeneous phenomenon: the values obtained from the 
population as a whole are simply the mean values between 
the younger blast cells still in possession of a high 
proliferative capacity and the older blast cells which have 











CELL CLASSES 
(peripheral blood) 


diameter ( H ) 


= om cem cane. — 15-13 
TtRRREREA13-11 
— 43-8 


BLAST 


[^] 
eo 


% LABELLED 


ttt 
rtt Lt they 
vn Mte 






wibtlieresd) 


220000 


fetal 
1907000 
Fig. 2. atient F. S.). Tritiated thymidine labelling index in the 


different rast cell classes of peripheral blood after the intravenous 
administration of 0-15 me/kg precursor 


94 NATURE 


gradually lost their proliferative capacity. In other words, 
tho ageing of a population of blast cells lacking the capacity 
of differentiation involves the progressive loss of their 
proliferative capacity. Young blast cells are found in 
groater numbers in bone marrow than in peripheral blood. 
This explains the differences in the mean proliferativo 
capacity revealed by simultaneous analysis (Table 1)!*. 

In conclusion, the foregoing findings provide a basis for 
the postulation of a unitary theory on acute leukemia. 
In this disease there is only one major functional cell 
defect, namely, an absolute incapacity for differentiation 
and maturation. As the cells grow older without maturing 
they gradually lose their proliferative capacity. The 
existence of this defect in acute leukemia cells or its 
development during the blastic crisis in chronic cases 
probably indicates the existence or development of new 
lines of blast cells which have lost nuclear control over 
differentiation, so that the genetic information governing 
the synthesis of specific proteins is lost, inhibited or 
suppressed. As pointed out in a previous communi- 
cation’, this concept of acute leukemia suggests the need 
for developing new lines of approach to the rational treat- 
ment of the disease. 

This work was supported by contract 016-62-1 BIOI 
with Euratom. 
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J. L. Maurice for his revision of the English text. 
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BIOLOGY : 


A Haploid Tissue Culture from the Female 
Gametophyte of Ginkgo biloba L. 


HaP or tissue cultures of the female gametophyte of 
Ginkgo biloba L. have been obtained successfully for the 
first time. The tissues are green, show a considerablo 
degree of differentiation, and grow well on a chemically 
defined medium. 

The female gametophyte tissue is located in the seeds, 
and it develops in a definite pattern over a period of four 
months‘. It goes through a free nuclear stage, segmenta- 
tion, growth, archegonia formation, and finally, after 
fertilization, it matures as storage parenchyma. In its 
mature form it serves as food for the germinating embryo’. 

After investigating the female gametophyte for several 
years using a variety of media, it was found that the stage 
of development best suited for growth in vitro was that 
occurring at 11-13 weeks after pollination, that is, 
during growth and the formation of archegonia, but 
before fertilization and maturation took place. At this 
stage, the gametophyte tissue consisted of a green, egg- 
shaped structure about 10-15 mm in size surrounded by 
the hard and fleshy seed coats. The intact seeds were 
surface sterilized in a 1 per cent hypochlorite solution, 
washed in sterile water and then dissected on sterile paper 
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towelling. The seed was bisected at right angles to th 
median longitudinal axis; this divided the female gamete 
phyte into equal halves: an apical (archegonial) half an 
a basal (non-archegonial) half. The seed coats an 
nucellus were removed, and the apical and basal portion 
of the gametophyte grown in separate test tubes. Sinc 
it was known that archegonia sometimes occurred dis 
placed from the apical region!, the two halves wor 
cultured separately to reduce the possibility of archegonis 
tissue being included in the basal end. An examination c 
the neck canal cells of the archegonia in the apical end 
showed these cells to be turgid. This was evidence tha 
fertilization had not occurred. Moreover, fertilization wa 
very unlikely to have occurred, sinco it normally tool 
place 17-19 weeks after pollination, whereas excision wa 
carried out at 11-13 weeks. 

The apical and basal halves of the female gametophyt 
were initially cultured on White’s medium? supplemente 
with 6 p.p.m. 2,4-diehlorophenoxyacetie acid (2,4-D) anı 
18 per cent coconut water (v/v). On this medium th 
gametophyte proliferated at the junction of the tissue anc 
medium; the apical tissue also formed tissue outgrowth 
in the area surrounding the archegonia. After severa 
sub-cultures on this medium, the tissue masses wer 
removed and transferred to a medium with the followin; 
conposition (mg/l): KCl, 900; KNO,, 80; MgSO,-7H,0 
760; NaNOs, 1,800; Ca(NO,).-4H,O, 280; NaH,PO,H.O 
300; Na,SO,, 200; KI, 0-5; H;,BO,, 0-2; MnSO,H,0, 0:8 
ZnSO,7H,O0, 0-5; CuSO,:H;O, 0-02; MoO,, 0-01; CoCl, 
6H,0, 0-01; ferric citrate, 5-0; calcium pantothenate, 1-0 
pyridoxine-HCl, 0:5; thiamine-HCl, 0-5; nicotinic acid, 1-0 
sorbitol, 100; adenine, 10-0; kinetin, 0-5; naphthalene. 
acetic acid. 1-0; sucrose, 20,000; agar, 10,000; glutamine 
200; m-inositol 100; eytidylie acid, 100; guanylie acid 
100. The last four components: were filter-sterilized anc 
the pH of the medium was adjusted to 5-5. This medium 
was based in part on one used by Wood and Braun foi 
Vinca tissue cultures’, but was modified with respect tc 
the trace elements, vitamins, sorbitol, and adenine. Not 
all the constituents of this medium are known to be 
required for growth, hence this is not considered a minimal 
medium. The tissue has been maintained on this medium 
by transferring at monthly intervals for more than a year. 

Later experiments indicate that tho synthetic medium 
is adequate for starting the tissue cultures, but that the 
medium containing coconut water and 2,4-D is better. 


: Once good growth is initiated (after 2-3 months) the 


synthetic medium is better for continued proliferation of 
the tissue. The tissue is friable when young but becomes 
harder and more compact as it ages. Microscopic exam- 
ination shows a fairly abundant development of tracheid- 
like cells in the interior of tissue masses; chloroplasts are 
conspicuous in the younger cells. Chromosome counts 
show 12 chromosomes and confirm the haploid origin of 
the tissue. 

Newcomer? reported the parthenocarpic development 
of Ginkgo seeds and Favre-Duchartre! reported on tho 
abnormalities and the in vitro culture of the female gameto- 
phyte; but neither paper mentioned the development of a 
tissue or organs. Favre-Duchartre did observe some 
cellular growth and divisions in his cultures, but no 
tissue formation, continued growth, or organ develop- 
ment. In the cycads, however, apospory was described 
by Duchartre*; he noted the spontaneous formation of 
roots from the female gametophyte of Cycas thourarsii. 
LaRue’ noted the development of both roots and shoots 
on gametophytes of Zamia floridana and Cycas revoluta; 
he grew gametophytes for more than a year on culture 
media of sterile sand or coconut water and obtained whole 
plants. However, LaRue reported no tissue cultures from 
these plants. 

Tissue cultures have been obtained from tbe male 
gametophyte (pollen) of Ginkgo biloba L.9. These tissues 
are haploid and are made up of white, undifferentiated 
parenchyma cells which are derived from meristematic 
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centres and may be cultured continuously on a defined 
medium’. Thus, it is believed that this is the first case 
where tissue cultures of both the male and the female 
gametophytes of a higher plant have been grown in vitro. 

As a dicecious species, Ginkgo shows no phenotypic sex 
differences except in the production of male or female 
strobili. Hence, it is presumed that the genomes of the 
two haploid tissue cultures derived from the gametophytes 
of the male and female trees are identical in all respects 
except for sex-linked characters. The gross differences 
seen in vitro are the white, undifferentiated character of 
the male tissue and the green, differentiated character of 
the female tissue. Recent chromosome counts of both 
tissues show a basic haploid number of twelve, but nothing 
is known of the karyotype of the tissues: Previous 
reports!?:1 indicated the presence of a sex-linked satellite, 
but more recent investigations!? did not confirm these 
findings. 

It is suggested that the two haploid gametophyte 
tissues of Ginkgo provide an experimental system which 
may be useful for work on experimentally controlled 
regeneration, for investigations on the genetic and bio- 
chemical basis of sexual differences in higher plants, and 
perhaps for examination of conditions which affect 
chloroplast formation. In addition, the female gameto- 
phyte of Ginkgo is known to have growth-promoting 
properties similar to those found in coconut water, corn 
endosperm and Aesculus endosperm™; the tissue culture 
from the gametophyte may be useful in studying the 
nature of these substances. It has also been shown by Yih 
and Clark" that the male gametophyte tissue of Ginkgo 
has a boron requirement; it will be of interest to see 
whether the analogous green tissue of the female gameto- 
phyte of Ginkgo also has this requirement, in which case 
both tissues may be useful in examining the role of boron 
in cellular metabolism. 
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Cytoplasmic Inheritance in Amcebe: Nuclear 
Transfer Investigations 


INVESTIGATIONS into the molecular basis of cytoplasmic 
inheritance in the large, uninucleate amcebe, Amoeba 
proteus and Amoeba discoides, have shown that certain 
self-replicating cytoplasmically inherited determinants 
can be transferred from one strain to the other, by the 
micro-injection of relatively small quantities of non- 
homologous cytoplasm! *. 

In addition to characters determined by nuclear 
factors, A. proteus, 7P differs from A. discoides, 71D in 
several cytoplasmically influenced characters. Two 
characters selected as experimental markers were mean 
nuclear diameter? and streptomycin sensitivity’; qP 
having a higher mean nuclear diameter and greater 
streptomycin sensitivity. 

After the injection of relatively small quantities of 
TıD cytoplasm into whole p; P amcebe, 25 per cent of the 
receptor cells survived and formed flourishing mass 
cultures. Of these clones. approximately 20 per cent show 
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decreased mean. nuclear diameter and decreased strepto- 
mycin sensitivity. In normal amæœbæ mean nuclear 
diameter and level of streptomycin sensitivity are not 
associated. Some indication of the degree of assimilation, 
and presumably replication, of the foreign cytoplasm in 
these clones could be obtained by transferring nuclei from 
‘parent’ clones into injected cell lines and vice versa. 

In addition, these clones of ‘injected’ amcebe offered 
another means of investigating the incompatibility that 
exists between nucleus and cytoplasm of different strains, 
which is similar to that met with in transplantation experi- 
ments with other organisms, for example, Stentor* or 
Amphibia’, Thus when 7D nuclei are transferred into the 
enucleate cytoplasm of 7~P, the cytoplasm may be 
re-activated and divide several times, but a viable clone 
is very rarely obtained. Homotransfers, transfers between 
nuclei and cytoplasms of the same strain, that is, 
p,PagP, ate at least 90 per cent successful and give 
flourishing mass cultures. 

The viability of nuclei and the state of the cytoplasm 
of one of the ‘injected’ clones, namely, one obtained from 
TıP injected with 71D cytoplasm which was apparently 
assimilated, as judged by decrease in mean nuclear 
diameter and decreased streptomycin sensitivity, were 
investigated. Using the technique of nuclear transfer’, 
experiments were carried out in order to ascertain: 

(a) the viability of 7,D nuclei in the cytoplasm of the 
clone obtained from the injected cell (54D; P); 
(b) the viability of 7 P nuclei in the cytoplasm of the clone 
obtained from the injected cell (5,D7pjP)e; (c) the 
viability of nuclei from the ‘injected’ clone (pD; mE m 
in ps,P cytoplasm; (d) the viability of nuclei from the 
‘injected’ clone (p; D; 5; P), in 54D cytoplasm. 

These experiments were carried out on amœbæ separated 
by at least 50 cell divisions from the original injected 
cell, and the results obtained are given in Table 1. 


Table 1 


Actual 
Expected percentage 
Type of transfer Transfer percentage of clones 
of clones obtained 
Homotransfer n n Til 100 50 
Homotransfer nD, nD c 100 90 
Heterotransfer riPs 71D e <5 <1 
Heterotransfer nP n nf. e <5 «1 
Transfer int —, m> 
injected" « plang mPa (nD; n). <5 48 
Transfer into pr me =e 
‘injected’ clone nPar (nP are 100 0 
EIE EON 
‘Injected’ clone nuclei nP c ne Y, n c 100 9 
> — 
‘Injected’ clone nuclei (aP? n. Yn mP, e <5 0* 


* 30 per cent transfers divided to give more than 30 cells before death. 
— Nuclear transfer. --— Injection of cytoplasm. 


Results of transfer experiments using a clone of A. proteus which had 
received and assimilated an injection of A. discoides cytoplasm, compared 
with results obtained from homotransfer and heterotransfer experiments, 


From these results it was apparent that p; P nuclei were 
no longer viable in the cytoplasm of the ‘injected’ cells 
(that is, A. proteus which had received and presumably 
assimilated an injection of A. discoides cytoplasm). 
while the considerably increased percentage of viable 
clones obtained from the transfer of 7;D nuclei into these 
cells indicated the extent of the change in these formerly 
‘proteus’ ameesbe. The nuclei of the ‘injected’ clone were 
no longer viable in 71P cytoplasm, neither were they 
viable in 7D cytoplasm, although in the latter experi- 
ments many transfers divided to give 30 or more cells 
before death. The behaviour of ‘injected’ amcebe in 
these nuclear transfer experiments is a further indication 
of the successful assimilation of non-homologous cyto- 
plasm. 
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Nuclear transfers between more widely separated 
species, for example, A. dubia and A. proteus, have proved 
unsuccessful so far’. Prior injection of non-homologous 
cytoplasm and its successful assimilation, even in a very 
low percentage of cells, would be a means of obtaining 
clones of a mixed type able to accept foreign- nuclei. 
Experiments of this type are in progress. 

This work was supported by grants from the Royal 
Society. * 
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Moulting Frequency of a Deep-sea Crustacean, 
Euphausia pacifica 

Most of the observations on moulting in erustaceans 
have been confined to littoral animals kept in aquaria!. 
Because planktonic, deep-sea crustaceans are difficult to 
maintain in the laboratory there has been virtually no 
information available on moulting frequency in these 
forms. In connexion with experiments designed to 
determine filtering rates and the quantitative aspects of 
carbon metabolism in the deep-sea planktonic euphausiid 
shrimp, Euphausia pacifica?, observations were made on 
the moults and moulting frequency of this animal. 

E. pacifica is an important and ubiquitous component 
of the deep-sea plankton in a broad oceanic region ranging 
from. the north of J apan across the Bering Sea to Baja, 
California, Mexico?. In the laboratory É. pacifica has 
been kept alive for more than 7 weeks on a diet of the 
green flagellate Dunaliella primolecta and/or Platymonas 
subcordiformis. 

Each animal, ranging in dry weight from 1-2 to 4-8 mg, 
was kept in 11. of sea water and the water changed every 
three days. One drop of algal suspension was added 
daily, but no attempt was made to determine how much 
food was actually ingested by the euphausiids. All con- 
tainers were examined daily for cast moults. Recovered 
moults were rinsed in distilled water, dried at 80° C ona 
microscope slide and weighed with a Cahn electrobalance 
to +0-002 mg. Temperature was not rigidly regulated 
but normally held within narrow limits. Only those 
animals which had moulted more than once are included 
in this work. 

The results summarized in Table 1 show that within the 
range of experimental temperatures (9°—14° C) the moulting 
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frequency was 5 days with a standard deviation of o 
day (range 4—7 days). Each cast moult averaged 10 i 
cent of the animal's dry weight. There is no appare 
correlation of moulting frequency with temperature or a 
of the animal, although it is quite likely that furcilia a 
calyptosis stages have more frequent moults as do mc 
developing crustaceans}. Temperature may have had 
small effect, but because observations were made daily a 
not hourly these may have been masked. 

One animal lived 50 days in the laboratory and h: 
passed through 11 moults, while another of similar si 
(1-3 mg) went through 10 moults in 36 days. Ash weigh 
averaged 54-4 per cent of the moult dry weight (range f 
four determinations 52-9-56-9 per cent) and the organ 
components 45-6 per cent by difference. Nitrogen w: 
1:5—2-5 per cent of the moult dry weight or between 3 ar 
5 per cent of the ash-free moult dry weight. 

There are large populations of euphausiid shrim] 
throughout the deep oceans. If moulting occurs in ti 
sea as frequently as it has been observed in the laborator; 
the moults represent a tromendous amount of organ: 
material added daily to the rain of materials known € 
detritus in the sea. For example, each euphausiid cor 
tributes its full body-weight in cast moults every 50 day: 
The importance of organic detritus in the sea was discusse 
by Parsons and Strickland‘. The results presented her 
Show that the moults of planktonic erustaceans coul 
contribute a substantial portion of this material. 

REUBEN LASKER 

U.S. Bureau of Commercial Fisheries, 
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Body Temperature of Yellowfin and Skipjack 
Tunas in Relation to Sea Surface Temperature 


Tunas are frequently cited as the exception to the 
generality that fishes are poikilothermic. These references 
to temperatures higher in tunas than in their environment 
are mainly based on measurements made with mercury 
thermometers on isolated specimens at one or two sea 
temperatures’, circumstances which result in less-than- 
accurate temperature measurements, and which fail to 
describe adequately the body temperature—sea tempera- 
ture relation over the thermal range of the tunas. The 
single report? of tuna body temperatures over a wide range 
of sea temperatures is based on measurements made with 
the mercury thermometer. : 

In the course of other investigations, we had the oppor- 
tunity of measuring, with thermoelectric techniques, the 

















Table 1. MOULTING FREQUENCY OF Euphausia pacifica 
(S.D., standard deviation) 
Euphausiid Temperature Final animal No. of moults | Average weight | Time (days) alive | Average moulting Moults = percentage of 
range dry weight (mg) produced moult in laboratory frequency (days) animal weight 
1 9:5-12-5 2-333 2 "247 10 5 10-6 
2 9-8-11:2 2-143 2 0-182 14 7 8:5 
3 9-8-11:2 4-810 2 0-470 8 4 10:0 
4 9:8-18-7 4-800 3 0-416 18 6 8-7 
5 9:8-18-7 — 3 — 15 5 — 
6 10:8-14-5 1-541 2 0:198 10 5 12:9 
7 10:8-14-5 1:975 8 0-167 12 4 8-4 
8 10-8-14-5 — 2 0-187 14 7 — 
9 10:8—14-5 — 2 0:109 12 6 — 
10 J0:8-14:5 1:244 2 0-157 9 4 12-7 
11 12.3-13:2 — 3 0:240 13 4 — 
12 12.3-13:2 — 2 0-263 12 6 — 
13 12-5-13-2 4-798 2 0:327 9 5 6-8 
14 12-5-13:2 E 2 0-161 7 4 = 
15 12:6-14:8 1:300 11 0-128 50 5 9:8 
16 12-8-14-2 9:476 3 0-380 12 4 10-9 
17 15-4-17-5 — 2 0-146 8 4 — 
18 16:4-18:9 1:305 10 0-211 36 4 16-1 
19 i 15-4-18-9 1-326 8 0-121 40 5 9-1 
Av.b +1 (S.D.) Av. 10-4 + 2:4 (S.D.) 
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Relation of body temperature to sea surface temperature. 
@, Skipjack; O, yellowfin; A, yellowfin in sea 


Fig. 1. 
deep-muscle temperatures of 62 live yellowfin tuna 
(Thunnus albacares) (length-range, 530—882 mm) and 31 
live skipjack tuna (Katsuwonus pelamis) (length-range, 
467-555 mm) captured in the eastern tropical Pacific 
Ocean, at sea temperatures of 19-4°-30-6° C. Body tem- 
peratures were measured with either the YSI model 47 
telethermometer or the Electrotemp remote reading 
thermometer, both calibrated against standard mercury 
thermometers. The thermistor probes were inserted 
deeply into the lateral muscles, midway between the 
origins of the dorsal and pectoral fins. Most readings were 
taken on live fish within 1 min after being brought on 
deck, after capture by live bait methods’, by purse-seine, 
or by trolling; the remainder were made on hooked 
yellowfin swimming in the sea, at the end of a line. ` 

The plot of these results (Fig. 1) shows the linear least 
squares regression of body temperature of each species on 
the temperature of the environment at the time of capture. 
The equations are: 


yellowfin body temperature °C = 0-81 water temperature °O + 7:47 
and skipjack body temperature °C = 0:58 water temperature °C + 16:39 


The regression lines are significantly different in both 
slope and level. The correlation coefficients are 0-95 and 
0-87 for the yellowfin and skipjack, respectively. 

Over the size range of the fish tested, length was of 
minor importance in the body temperature-sea tempera- 
ture relation for the yellowfin (body temperature °C = 6-49 
+ 0-86 water temperature ?C-0-0002 body length mm, 
for the 53 fish for which length measurements were avail- 
able). In the skipjack, however, the small fish tended to 
have lower body temperatures than did the large (body 
temperature °C = 8-63 + 0-59 water temperature °C + 
0-015 body length mm). 

Although the effects of stimulation, handling, heat 
gradients within the fish, and fish size must be considered 
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in assessing these results, the similarity of the tempera- 
tures of yellowfin in the sea (Fig. 1, triangles) to those of 
yellowfin on deck immediately after capture (Fig. 1, open 
circles) suggosts that the line for the yellowfin is valid. 
No such confirmatory results are available for the skip- 
jack, but thero is little reason for suspecting the validity 
of the line. 

Examination of blood hemoglobin-levels!, musele 
glycogen content?, blood lactate accumulation, and 
mortalities after handling? and tagging" in both the yellow- 
fin and skipjack indicates that these two species live at a 
higher physiological rate than do other fishes which have 
been examined, the skipjack more so than the yellow- 
fin*7. The temperature results given here offer confirma- 
tory evidence of this. 

We thank the masters and crews of the motor vessels 
San Juan, Julia B. and Red Rooster for their help in this 
investigation. Mr. Ami Dolev, University of California 
at Berkeley, helped with the measurements aboard the 
M.V. San Juan. One of us (I. B.) was supported in part 
by funds from contract 14-17—001—844 between the UC Se 
Bureau of Commercial Fisheries and the Institute oi 
Marine Resources, University of California. 
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Another Giant Enteropneust from the Atlantic 


Tue largest known hemichordate is Balanoglossus gigas 
Fr. Müller. First discovered on the Atlantic coast of South 
America}, this member of the family Ptychoderidao 
was found afterwards in considerable numbers at Süo 
Sebastião, São Paulo, Brazil’. Spengel? estimated its 
maximum length as 2-5 m, but specimens collected 
recently*, although presumably complete, have not 
exceeded 2-3 m. The majority of the larger enteropneusts 
belong to this family. 

Recently, March 1962, and again on the Atlantic coast 
of South America, at Praia do Araca, São Sobastiào. 
Brazil, yet another giant enteropneust has been discovered. 
Unfortunately, the extreme fragility of the post-branchial 
region, especially when gorged with sand, has made it 
impossible to remove a complete specimen from its 
burrow. The largest and almost complete specimen 
obtained was 1:6 m long. A fully grown and fully 
extended specimen may well attain a length of 2 m, or 
even more. 

Preliminary investigations show that this is a new 
species and a member of the family Spengelidae. By 
comparison the spengelids are only moderately large 
animals, although Glandiceps talaboti (Marion), also found 
in the Atlantic, may exceed half a metre in length®. It is 
remarkable that the two largest known enteropneusts 
have been found at Praia do Araga. This shore is also 
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sparsely populated by Balanoglossus clavigerus Delle 
Chiaje. All three populations overlap one another and are 
confined to a region of the shore where the substratum 
remains saturated throughout the ebb-tide—a requirement 
common to many enteropneusts®:’. 

This is the first record of a spengelid from the South 
American coast, although Tornaria larve comparable to 
Tornaria dubia Spengel have been, recorded off the coast 
of Brazill. According to Stiasny-Wynhoff and Stiasny? 
T. dubia are the larvee of Glandiceps talaboti, and in conse- 
quence Bjórnberg? suggests that this spengelid may turn 
up on the Brazilian coast. It also seems probable that 
these dubia-like Tornaria may prove to bo the larve of 
the new spengelid species. Of the four specimens collected 
during March to August, one was a ripe female which 
released several hundred ova in an aquarium some hours 
after collection. 

It is also another record of a spengelid inhabiting the 
same shore with more than one species of ptychoderid!?:1, 
The remainder of the associated fauna included a large 
population of the lamellibranch Anomalocardium brasiliana 
Gmelin, the gastropod Olivella verreauxi Ducros, some 
burrowing decapod crustacea, a variety of small errant 
polychetes primarily Ammotrypane aulogaster Rathke, 
Arenicola sp., and numbers of very large Hunice rousseaui 
Quatrefages, commonly more than 1 m in length. This 
giant polychzte and the new spengelid lived at a slightly 
higher level on the shore than the Balanoglossus gigas. 

The presence of & deep median dorsal suleus on the 
proboseis, a small rudiment of a vermiform appendix on 
the buccal diverticulum and of peribuccal spaces, coupled 
with the absence of hepatic sacculations, lateral trunk 
septa and of synapticule, justify the identification of this 
spengelid as a new species of the little-known genus 
Willeyia Punnett 1906. This genus was first established 
by Punnett?, who described Willeyia bisulcata from 
fragments of two specimens collected at Zanzibar, where it 
is said to be abundant. His description was not very 
accurate or as extensive as it might have been, and so 
doubt existed concerning the validity of the genus, until 
Horst described W. delagoensis from a fragment of a 
single specimen collected at Inyack Island. This new 
discovery of several specimens in Brazil now makes it 
possible for us to corroborate Horst’s observations and 
establish beyond doubt the validity of the genus Willeyia. 

Little is known about the burrowing habits of the 
Spengelidae. The related genera Glandiceps and Spengelia 
are thought not to make permanent burrows. The new 
Willeyia species formed coiled casts on the surface, which 
were easily confused with those voided by the Arenicola 
sp. common in the same area. The burrows descended 
vertically from the cast to a depth of 30-35 em before 
turning and following a long sinuous course at 50—70 cm 
below the surface. One burrow penetrated to a depth of 
80 cm, They appeared to be devoid of any well-defined 
lining. No entrance holes were discovered. 
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Significance of Clutch-size in Swift and 
Grouse 


WywwE-EpWwARDs! has so misunderstood the problem: 
of clutch-size in the swift Apus apus at Oxford reported by 
Perrins? that further clarification seems desirable. First, 
he confused clutch-size (number of eggs laid) with brood- 
size (number of young at hatching). This is important 
because we often manipulated brood-size in the tower, as. 
Perrins stated for broods of four, while most broods of one 
were due either to our manipulation or to hatching: 
failures. Wynne-Edwards was, therefore, wrong in 
stating that clutches of four have been commoner in 
recent years, and that clutches of one, two and three have- 
been in the proportion of 24 : 61: 15. Theswifts at Oxford 
have normally laid either two or three eggs, and natural. 
clutches of one and four have been extremely rare. 

The most critical question is what restricts the clutch 
to three, and Perrins's experiments, far too lightly dismissed 
by Wynne-Edwards, show that pairs with broods of four 
raised, on the average, fewer young than those with broods. 
of three. In these circumstances, any tendency to lay 
four eggs will be strongly discouraged by natural selection, 
and this is sufficient to explain the extreme rarity of 
clutches of four. 

Since, on the average, each brood of three gave rise to 
more young than each brood of two, a second and more 
complex question is why any swifts should lay clutches of 
two. Wynne-Edwards omitted to discuss the three 
reasons which I advanced earlier** and which I still hold. 
First, in cold, wet summers such as 1948, 1954 and 1956, 
swifts found it difficult to bring enough food to raise even. 
two young successfully. Hence, in some years, birds with 
elutehes of two have probably been at a selective advan- 
tage over those with clutches of three, and therefore a 
hereditary tendency to lay two eggs may persist in the 
population. Secondly, clutches of two are unusual at the 
start of the breeding season, but become commoner 
later, and nearly all late clutches consist of two. This. 
regular seasonal decline could have been evolved through 
natural selection if, on the average, a late brood of two 
gives rise to more young than a late brood of three. The 
latter point has not been tested by experiment, and as no 
late swifts lay three eggs, observations alone are inade- 
quate. However, in late summer as compared with mid- 
summer, the hours of daylight available for feeding are 
shorter, and the weather tends to be wetter, when air- 
borne insects are sparser, so it seems likely that late 
broods are more difficult to raise. 

Thirdly, if cold weather occurs during the main laying 
period in May, those pairs which have not yet started are 
restrained, while it has been shown that those which have 
just started tend to lay their successive eggs three instead 
of two days apart, and often lay only two in all instead of 
three. This variation, unlike the others, is obviously not 
connected with the future raising of the brood. Instead, 
it is surely a consequonce of the physiological strain of 
egg-production on the female when food is sparse, under 
which conditions it will presumably be advantageous to 
lay two eggs rather than three, even though this eventuates 
in a rather smaller brood. 

Summing up, the normal clutch of the swift at Oxford 
can be satisfactorily explained through the operation of 
natural selection on hereditary variations, combined with 
two or three phenotypic variations, most of these 
variations being adaptations to the capacity of the parents 
to find food for their brood, and one to the physiological 
condition of the female at the time of laying. Several 
points in this explanation have not been proved, but all 
seem probable. Wynne-Edwards wrote that “on my 
alternative hypothesis that inter-group selection has fixed 
the fecundity range around the optimum level for recruit- 
ment to the population as a whole, the facts . . . seem 
reasonably intelligible". But he has provided no positive 
evidence for this statement, and in particular he hes 
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rven no supporting figures for correlated variations in 
ecundity recruitment or size of population. Hence 
ihere is no means of knowing whether recruitment is at the 
optimum level’. 

Turning more briefly to the red grouse Lagopus lagopus 
coticus, this bird does not bring food to its young in the 
1est, so it would be extremely unlikely that natural selec- 
ion would restrict brood-size for the same reason as in 
she swift. Instead, I would suggest that a factor of minor 
nfluence in the swift may be much more important in the 
zrouse, namely, the physiologieal condition of the female 
at the timo of laying. Jenkins e£ al.* showed that the 
aeather on which red grouse basically depend for their 
food was in good condition in the spring in 1957, 1960 and 
1961, in which years the average clutch was between 7:8 
and 8:1 eggs, but that the heather was in bad condition in 
the spring in 1958 and 1959, when the average clutch was 
only 6-9 and 6-1 eggs, respectively. It is reasonable to 
attribute this variation to the food available to the 
females prior to laying. Further, this agrees with the 
»arlier work of Siivonen? on other gallinaceous birds in 
Finland, where the partridge Perdix perdix, capercaillie 
Tetrao urogallus and Blackgame Lyrurus tetrix likewise 
have larger clutches in those seasons when food is more 
abundant prior to laying. The physiological condition 
of the female prior to laying may not be the sole factor 
determining clutch-size in gallinaceous birds; for one 
thing, in all species so far studied, the average clutch is 
smaller later in the season. But the food for the female is 
clearly important, and there is, once again, no evidence 
for Wynne-Edwards’s alternative view. Indeed, he has 
not yet produced any positive or quantitative evidence 
for it in any species of birds. 
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Dr. Lack’s communication clarifies some important 
points, among them the influence of weather at the time of 
laying in the swift, and the earliness or lateness of the 
laying date, on clutch-size. But, notwithstanding the 
errors in the figures I extracted on clutch-size frequencies, 
he does not challenge my statement that the mean clutch- 
size in the common swift both at Oxford and in Switzerland 
is well below the ‘most efficient’ clutch-size, this being the 
size that on average has yielded the largest number of 
surviving young. Lack outlines three suggestions as to 
how this situation could be accounted for on the basis of 
natural selection acting at the individual level. 

The first concerns the cold, wet summers, when broods 
of two (derived from clutches of two or more) can turn out 
as well as or even a little better at Oxford than broods of 
three. In fact, such summers are in the minority, and the 
margin is at most rather small, so that any transient 
selective effect would be outweighed by the more substan- 
tial advantage to be gained in average and good years by 
starting off with a clutch of three. The breeding life of 
common swifts averages something like 4-5 years'; those 
that consistently lay three will, therefore, always tend to 
leave more offspring than those that lay two. In the 
alpine swift (Apus melba), studied at Solothurn, Switzer- 
land’, a good many parallels were found to the common 
swift in breeding biology, including a distribution of 
clutch-sizes between 1 and 4 eggs; but the extensive data 
in this case do not reveal any parallel switch of advantage 
between good and bad years. 
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The second, that there is a selective advantage in 
reducing clutch-size as the season advances, is speculative 
with regard to the swifts at Oxford, not being supported by 
adequate evidence. In the alpine swift again, where 
there is a corresponding fall in the frequency of 3-egg 
layings as the season advances, the threes nevertheless 
appear to remain more productive than the twos, even 
after the latter have come to outnumber them’. 

The third suggestion concerns the relationship estab- 
lished in the swifts at Oxford between the weather just 
prior to laying and the number of eggs laid. As Dr. Lack 
says, this appears to be & short-term physiological effect or 
phenotypic variation, modifying the innate fecundity- 
level. Natural selection could promote this kind of 
adaptability if it were hereditary and advantageous, but 
would be unlikely in so doing to have any effect on the 
basic fecundity level. Even in years when cold weathor 
before laying depresses the average clutch-size, the threes 
that are laid can still be expected to do better than the 
twos. 

I have emphasized elsewhere the fact that fertility in 
animals is widely influenced by contemporary events. 
particularly by changes in population density and 
economic conditions. In view of this, experiments of the 
kind reported by Perrins? seem to me to assume far too 
simple a conception of what is involved in determining 
breeding success. Environmental stress can condition 
such responses as the number of eggs laid, the tenacity of 
the parents in incubation and food-getting, the eviction or 
desertion of eggs or young, and so on; and where a pair of 
birds have become physiologically conditioned to making 
a reproductive effort of a certain magnitude it is hardly to 
be expected that they will automatically adjust themselves 
to a larger one, if the experimenter presents them with an 
extra chick. If they then fall down on the job, what valid 
conclusion can be drawn ? 

Finality on the difficult problems discussed here is not 
likely to be attained by a further exchange of correspon- 
dence in Nature, however stimulating. It can reasonably 
be concluded that there are unresolved difficulties about 
establishing. Dr. Perrins’s objections? to the concept of 
intergroup selection?, which is where the correspondence 
started. Whether the concept itself has suffered at all in 
the discussion it is for others to judge. 

V. C. Wynnz-Epwarps 
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A Hermit Crab New to Britain 


IT is of interest to record the occurrence on the shores 
bf the Isles of Scilly of a hermit crab new to Britain. 
During the course of a collecting trip with my students to 
Porth Helliek, on the south-east corner of St. Mary's, in 
September of 1962 my attention was attracted by a small 
hermit crab with brilliant violet antenne. Being unable 
to determine it to my satisfaction, I sent it to Dr. I. Gordon 
at the British Museum (Natural History), who identified 
it as a male Catapaguroides timidus (Roux), & species 
which she knew well in the Mediterranean. I have now 
taken a second male of the species, confirmed by Dr. R. W. 
Ingle. of the British Museum, this time from a bay near 
Gulf Rock at the south-west tip of the island of Bryher 
(Isles of Scilly). The two records, from widely separated 
localities among the islands and at an interval of two years, 
coupled with the fact that no systematic search has been 
undertaken in the interim, suggest that the species is 
established there. 

The hitherto known localities are summarized by 
Bouvier! as the Atlantic at Roscoff and the Canaries, 
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perhaps as far as Angola, and the eastern Mediterranean 
as far as the Adriatic, between shallow littoral and 1,200 m. 
These two records, both from littoral waters between 
L.W.N. and L.W.S., extend the known range of this 
southern species by about 1° northwards. 


Hatherly Biological Laboratories, DE Maid 
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MICROBIOLOGY 


Identification of the Bacteriostatic Component 
of 'Scotch' Brand of Cellulose Adhesive Tape 


We have recently shown that the ‘Scotch’ brand of 
cellulose adhesive tape of the Minnesota Mining and 
Manufacturing (Australia) Pty., Ltd., contains a volatile 
component the antibacterial activity of which is virtually 
restricted to coagulase-positive strains of Staphylococcus 
aureus’. In view of this unusual specificity it seemed 
important to identify the active agent. ` 

The anti-staphylococcal component was extracted from 
the tape by a number of organic solvents, but not by 
water. For chromatography, approximately 30 g of tape 
was extracted with 100 ml. of boiling alcohol and the 
extract concentrated to a final volume of about 10 ml. 
About 0-2 ml. of extract was applied to strips of Whatman 
3 MM paper 4 cm wide and developed with a variety of 
solvents. After drying, the position of the active com- 
ponent was detected by cutting the strips into short 
lengths which were then placed in the lids of nutrient 
agar plates inoculated with Staphylococcus aureus E1691; 
the absence of growth on an incubated plate indicated the 
presence of the active component in that section of the 
paper strip. With all solvents used, the active component 
either remained at the origin or moved with the solvent 
front. 

Because of the apparent insolubility of the active com- 
ponent in water and its behaviour on conventional paper 
chromatograms, separation was attempted by reversed 
phase chromatography, using Whatman 3 MM paper 
impregnated with paraffin oil, and methanol/acetone/ 
paraffin oil (3: 1:1) as the mobile phase?. Under these 
conditions the active component was confined within Rp 
values of 0-4 and 0-5. Examination of strips under ultra- 
violet light revealed a fluorescent area extending for some 
distance before and behind the area within which the active 
component was confined. In order to remove this inter- 
foring fluorescent material, descending chromatograms 
were developed overnight with acetic &cid/butanol/water 
(the aqueous phase of a 1:4:5 mixture) in which the 
active component was immobile. After drying, the 
strips were impregnated with paraffin oil and then 
developed with the mothanol-acetone-paraffim oil solvent. 
Under ultra-violet light these strips showed only a slight 
fluorescence along the length of the paper, with an absorb: 
ing spot containing all the anti-staphylococcal activity 
having an Rp value of 0-46. The active spot gave no 
reaction with a number of detecting reagents. However, 
reducing activity was shown with both alkaline silver 
nitrate and a mixture of ferric chloride and potassium 
ferricyanide; these reagents showed brown and blue 
colorations, respectively, both streaking towards the front. 
In addition, strong oxidizing activity was shown with 
alcoholic leuco-methylene blue. These results suggested 
that the active component could exist in both a reduced 
and an oxidized state, forming a readily reversible oxida- 
tion-reduction system. 

Examination of patents? covering the manufacture of 
‘Scotch’ brand cellulose adhesive tape revealed that the 
adhesive layer of the tape contains, as an antioxidant, 
either 2,2’-methylene-bis (4-methyl-6-tert-butylphenol) or 
2,5-di-fert-amyIhydroquinone. When tested for anti- 
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staphylococcal activity by direct addition to the lids of 
inoculated plates, only the latter substance was active. 

Reversed phase chromatography of 2,5-di-tert-amyl- 
hydroquinone and 2,5-di-tert-amyl-p-benzoquinone (pre- 
pared by oxidation of the hydroquinone with silver oxide) 
gave major spots with Rr values of 0-9 and 0-5 respec- 
tively; both substances showed minor spots of the corre- 
sponding oxidized and reduced forms. These results 
suggested that the anti-staphylococcal activity of the tape 
was due to 2,5-di-tert-amyl-p-benzoquinone. This was 
confirmed by tests in which variants of Staphylococcus 
aureus E169 selected for resistance to either the tape or to 
2,5-di-tert-amyl-p-benzoquinone were found to be com- 
pletely cross-resistant. 

The lowest inhibitory concentration of 2,5-di-tert-amyl- 
p-benzoquinone for Staphylococcus aureus E169 was dis- 
covered by preparing serial dilutions of the inhibitor in 
nutrient agar; as little as 3 ug/ml. was sufficient to reduce 
the colony count to less than 0-01 per cent of that on 
control plates. In comparison, under similar conditions a 
concentration of 300 ug/ml. of p-benzoquinone was re- 
quired to produce the same reduction in colony count. 

Oxford and Raistrick! investigated the activity of 
several p-benzoquinones against a limited range of 
bacterial species; they found that strains of Staphylo- 
coccus aureus, Bacillus anthracis, and Vibrio cholerae were 
particularly susceptible. In view of the role of naturally- 


„occurring quinones in biological electron transport® and 


the inhibitory effect of p-benzoquinones on this system‘, 
it would be of interest to determine more precisely the 
‘spectrum’ of activity of p-benzoquinones in relation to the 
distribution of ubiquinone and menaquinone in bacteria. 

This work was supported in part by a grant from the 
National Health and Medical Research Council of 
Australia, 
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CYTOLOGY 


Chromosome Duplication and the Cell Cycle 


in Lens Epithelium 

PREVIOUS experiments have shown that a penetrating 
needle injury to the central area of rabbit lens epithelium 
in vivo produces a response in which a large number of 
cells synthesize DNA and divide!. This response begins 
characteristically at the site of injury and progresses 
farther and farther away from the wound with time. 
Experiments have indicated that DNA synthesis is 
initiated in the cells closest to the wound at about 12-14 h 
after injury*. Mitosis is first seen at about 24 h after 
injury. The rate at which the wave of DNA synthesis 
travels was calculated to be about 17 u/h. The typical 
picture obtained at 48 h after injury shows a band of cells 
which are synthesizing DNA and completely encircle the 
wound. Another band of mitotic figures is seen encircling 
the wound and lying between the DNA synthesis band 
and the injury but close to the DNA synthesis band. 
Frequently, when the injuries are larger (these can be 
obtained by using a larger needle) a ‘second wave’ of DNA 
synthesis and mitosis can be seen. 
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Tho classical experiments of Taylor et al.3, which demon- 
rated in plant material that the chromosomes duplicated 
| a semi-conservative fashion, indicated that examination 
f chromosomes with labelled precursors of DNA synthesis 
an be of great value. 

The present experiments 
sgarding the mode of chromosome 
nd the nature of the cell cycle of the 
ells after injury. 

Young American Dutch rabbits (1-5-2 lb.) were anæs- 
hetized with sodium pentobarbital and the eyes injured 
vith a fine steel insect needle (0 gauge) by inserting the 
ieedle through the cornea and into the lens at right angles 
o the corneal surface. Tritium-labelled thymidine (spec. 
ct. 3 c./mM), 5 uc./ml. in Eagle's basal medium, without 
orum or glutamine, was injected into the anterior chamber 
of the eye about 18 h after injury. Colchicine (1 pg/ml. in 
yasal medium) was injected into the anterior chamber at 
ipproximately 46 h after injury and the eyes enucleated ab 
t8 h. Chromosome spreads from lens epithelium were 
»repared for autoradiography according to the technique 
of Srinivasan and Harding*. 

Non-radioactive preparations in which well-spread 
chromosomes were observed showed that the rabbit lens 
epithelial complement consists of 44 chromosomes. 
Examination of many spreads did not reveal the presence 
of heteroploidy. When tritium-labelled thymidine was 
injected at 18 h after injury and the cells fixed at 28 h, 
radioactive chromosomes were observed’. A very high 
percentage of chromosome spreads were labelled and the 
label was present along the lengths of both chromatids of 
the chromosome. 

When tritiated thymidine was injected 18 h after injury 
and the eye fixed at 48 h, radioactive chromosomes were 
seen. Examination of the location of the label on some 
of the larger chromosomes revealed that the label was 
primarily localized on only one of the two chromatids of 
the chromosome. Taylor et al. exposed plant cells to 
tritiated thymidine and found that the chromosomes of the 
first division wero labelled on both chromatids. If the 
coll was allowed to divide once more in the absence of 
tritiated thymidine, the chromosomes of the second divi- 
sion showed label primarily on only one of tho two 
chromatids. 

Within the same preparation chromosome spreads 
varied in the intensity of label seen on them. This would 
be expected since the tritiated thymidine would have been 
incorporated by cells in different stages of DNA synthesis 
before the first division. There also seems to be 
asynchrony of DNA synthesis among the chromosomes in 
vivo since some of the chromosomes are not labelled at all. 

The fact that radioactive chromosomes have been 
demonstrated after a 30-h time-interval between the 
introduction of the labelled precursor and fixation may 
not necessarily be an indication that these cells are dividing 
for a second time. Indeed, in other systems S + G2 times 
of a much longer duration have been reported’. However, 
the segregation of label, 48 h after injury, on the chromo- 
somes of some cells is similar to that obtained by Taylor 
et al.? at the second division in cells of Vicia faba and also in 
human cells in culture’. This could be taken as strong 
evidence in favour of some lens epithelial cells dividing 
twice after injury. Earlier experiments by Harding et al.? 
showed that the cells around the injury were the first to 
incorporate labelled thymidine about 12-14 h after injury. 
The first mitotic figures appeared about 24h after injury. 
Harding and Srinivasan’, using tritiated thymidine, found 
that the time between the onset of DNA synthesis and cell 
division was about 10-12 h. Preliminary experiments 
indicate that the @2 period of these cells is 4 h or less. 
Therefore, the maximum time for DNA synthesis in these 
cells is about 8 h. When tritiated thymidine is injected 
into the anterior chamber at 18 h after injury, it would 
remain in the anterior chamber for about 2 h, since Maenza 
and Harding? showed that the concentration of tritium in 
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the aqueous humour after 2 h is negligible. Therefore, 
the tritiated thymidine would remain available to the 
cells until about 20 h after injury. During this period of 
time, cells which are in all stages of DNA synthesis would 
incorporate the labelled nucleoside. The range of time 
during which one would expect to see radioactive mitotic 
figures of the first division is between 24 and 32 h after 
injury. Assuming that the S + G2 timo remains the samo 
for the second division as woll, the generation time for 
the cells which divide for a second time would lie within 
the range of 16-24 h. 

These figures are in general agreement with the timings 
reported by Thomson et al.®, who examined tho cell cycle 
of germinative zone cells in lens epithelium from Dutch 
rabbits. They found that G2 was between 1 and 4 h. 
S + G2 was between 9 and 13 h. These results indicate 
that the germinative zone cells and the cells of the central 
area of rabbit lens epithelium after injury have approxim- 
ately the same S + G2 time. Similar findings have been 
reported for lens epithelium from very young rats!?. 

‘This work shows that there can be a redivision of cells 
near the site of injury. Such a redivision occurs within 
16-24 h after the first division and therefore corresponds 
to the timing of the second wave of stimulation of DN. 
synthesis. 
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Tetrad Analysis by Autoradiography 


Tur phenomenon known as ‘gene conversion”, which 
results in the production of tetrads in which a pair of 
alleles segregates in a 3 : 1 ratio, instcad of the usual 2 : 2 
ratio, has been explained on the basis of a copy-choico 
theory?. Such an explanation is unacceptable unless the 
conservative replication of chromatids, at least in part, is 
also hypothesized’. It is generally accepted that both the 
DNA double helix‘ and chromatids replicate semi- 
conservatively’. However, there exists evidence which 
suggests that the DNA double helix may replicate con- 
servatively®. 

Evidence for the mode of chromatid replication has been 
derived from mitotically dividing chromosomes® only: it 
is possible that chromatids may divide conservatively at 
meiosis’, but evidence on this point is lacking. We wish 
now to report the development of a simple system capable 
of providing information on chromatid replication at 
meiosis. 

Use is made of the flowering plant Haplopappus gracilis 
(2n = 4). ‘Tritiated thymidine is fed to the buds of tho 
intact plant at the time sporogenous tissue is in the 
premeiotic interphase. The method of feeding the radio- 
active isotope is based on the use of a cotton wick as 
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described elsewhere’. Following this treatment slides are 
made of cells in the tetrad stage; the incorporation and 
distribution of the label are followed by oxamining auto- 
radiographs of these preparations. The low chromosome 
number of the plant makes it possible to predict that 
semi-conservative chromatid replication at meiosis will 
always result in equally labelled nuclei within a tetrad; 
whereas the presence of tetrads with unequally labelled 
nuclei would suggest conservative replication of chroma- 
tids. f 

Figs. 1-6 are photographs of autoradiographs of some 
of the tetrads studied. These results indicate: (1) That 
it is possible to label tetrads by this method. Tho success 
of the method may partly be due to tho short length of 
time the cells take to go from premeiotic prophase to the 
tetrad stage in Haplopappus gracilis. (2) That chromosome 
replication at meiosis may be conservative. Figs. 2, 3, 4, 5 
suggest unequal labelling of the four nuclei within a tetrad ; 
Fig. 6 is the tetrad shown in Fig. 5, with the nuclei in 
focus, showing no other labelling than that in Fig. 5. 
Fig. 4 is of particular interest as it clearly shows that tho 
two nuclei nearest the emulsion have littlo or no labelling, 
whereas the two nuclei farthest away from the emulsion 
(out of focus) are heavily labelled. Thus Fig. 4 suggests 
against the possibility of differential labelling of nuclei 
reflecting the distance of nuclei from the emulsion. Fig.1 
shows a tetrad with equally labelled nuclei. 

We believe that with further refinements of our tech- 
nique we should be able to reach a conclusion as to 
whether chromatid replication at meiosis is conservative 
‘or semi-conservative. 


Figs. 1-6. Fig. 1 (x c. 1,260); Figs. 2-6, photographed under oil immersion ( x c. 1,7! 00) 
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GENETICS 


Balanced Combinations of Polygenes 


Thoday and Gibson! have criticized some points in my 
discussion? of their results? in relation to Mather's ideas!-* 
concerning the action of stabilizing seleotion on the genera- 
tion of “balanced combinations" of polygenes. 

First I will follow up their points: 

(1) Of course, it is possible to find some places where 
Mather mentions the possibility of pleiotropy of polygenes. 
But this is always followed by rejection of the importance 
of pleiotropy in quantitative genetics (for example, 
“Pleiotropy in the classical sense is therefore almost useless 
as a concept for application in biometrical genetics"). 
Especially there was no room for pleiotropy in Mather's 
theory of the origin of balanced combina- 
tions of bristle polygenes which was & main 
aspoct of my communication. 

(2) Tho question whether Thoday’s 
methods for the localization of polygenes aro 
biometrical or classical genetics is only an 
amusing side-track leading into the termino- 
logy of polygenes. The interested reader is 
referred to a paper where Thoday himself* 
contrasts his "more or less classical” geneti- 
cal analysis with the biometrical approach 
represented by quotations from Sheppard 
and Kempthorne, who emphasize the impos- 
sibility of recognizing individual polygenes. 
Thoday does not quote Mather hore, from 
whom the following statement could have 
been used: “. . . the methods of analysis, so: 
successful in the Mendelian genetics of dis- 
continuous variation, cannot be applied 
where variation is continuous, because... 
the single factor cannot be separated from 
its fellows and followed as an indivi- 
dual..." 

'(3) I do not think that Gibson ande 
Thoday? have proved pleiotropy of the genes 
affecting bristle number with regard to their 
viability interactions. Proving pleiotropy 
is clearly difficult in organisms with & pr 
number of offspring when the developmenta. 
effects of the genes concerned aro not known. 
But in view of the large number of genera. 
tions in Gibson and Thoday’s experimente 
and the large number of flies handled, apari» 
from pleiotropy only very tight linkago coula 
be responsible for the continued association» 
of bristlo and viability effects. Pleiotropy. 
then, seems the simplest explanation, only 
to be abandoned when further evidenc 
makes it necessary. 

It seems relevant to mention that Gibson 
et œl. claim that at least part of the.effect 
on bristle number of the very same chromo. 
somes under discussion here works via body 
size. : 
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Reasons for thinking that pleiotropy will be the rule 
ather than the exception in polygenie inheritance can be 
»und in Mayr's recent book??. . 

(4) When discussing my statement that differences in 
ristle number are neutral or almost so in relation to 
atural selection Thoday and Gibson clearly missed my 
eference to Waddington’s book?*, where the experiments 
nd conclusions of Clayton et al.! are discussed. In addi- 
ion they can be referred to Falconer™, where a lucid 
ummary of the arguments concerning the minor direct 
elective value of chaeta number can be found. There 
he results of the “extensive experiments” (there are 
everal replicates, a feature not found in other selection 
ixperiments on chaeta number) of Clayton et al. are one 
X the main arguments. uu 

Now we come to the main point of my communication, 
which was the interpretation of Gibson and Thoday's 
-esults in relation to Mather's theory of the role of stabiliz- 
ng selection in the origin of balanced combinations of 
oolygenes. 

Thoday and Gibson avoid going into this. They do not 
lispute my statement that Mather's theory involves 
stabilizing selection on chaeta number itself. According 
to this theory natural selection would favour animals with 
intermediate bristle numbers because deviation from the 
optimal mean value is disadvantageous. This would cause 
an association of plus and minus factors in balanced com- 
binations. 

In Gibson and Thoday’s experiments the association of 
plus and minus genes is not caused by natural selection 
on bristle number itself but by lethality, not related to 
bristle numbor, of certain combinations of their ‘factors’. 
This seems to me an essential difference. 

Therefore the statement that their experiments 'demon- 
strate and locate in a wild stock just such a repulsion 
linkage balance as Mather’ has argued should occur. ...” 
is not justified. 

W. ScHARLOO 
Genetisch Laboratorium der Rijks-Universiteit, 
Leiden, The Netherlands. 
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Ix the comment by Thoday and Gibson! on a communi- 
cation by Scharloo’, they quote a paper?, of which I was 
an author, in a way which seriously misrepresents its con- 
clusions on a point which is of importance in the theory of 
evolution. 

Scharloo had said “extensive experiments have shown 


that differences in this character (chaeta number) do not^" 


have much selective value”. In their reply, Thoday and 
Gibson say the ‘‘extensive experiments” are those of 
Clayton. Morris and Robertson, who only say that “it has 
been suggested that there is little direct connection 
between bristle number and fitness”, quoting an earlier 
theoretical discussion. ‘“They do not seem to have thought 
their evidence firm enough to justify a statement as strong 
as that required to support Scharloo’s thesis". 

They have chosen for quotation a sentence from a 
section on the theoretical aspects of the dominance 
relationships of the genes affecting bristle characters in 
Drosophila. Contrary to their final sentence, there are in 
our paper strong statements about our experiments which 
would justify Scharloo. On presentation of the results of 


NATURE 



































































108 


relaxing artificial selection, we say, “It seems from these 
results that many of the genes controlling bristle numbers 
must have little or no connection with fitness”. Again in 
the discussion, on the same page as the sentence quoted by 
Thoday and Gibson, we deal with the selective forces 
maintaining this genetic variation in our population in the 
following terms: ‘“The results of relaxation of selection in 
lines selected for five generations, which showed that the 
line means had returned only about one-third of the way 
back to the original mean after nineteen generations of 
relaxation, suggest that these forces are not very strong 
and that many of the genes controlling the character must 
be effectively neutral in their effects on reproductive 
fitness. We have sufficient evidence on the effects of 
relaxation to feel justified in relying on the results". 

Our last sentence would seem strong enough to support 
Scharloo’s thesis on this important point. 

ALAN ROBERTSON 

Institute of Animal Genetics, 
West Mains Road, Edinburgh, 9. 
1 Thoday, J. M., and Gibson, J. B., Nature, 201, 736 (1904). 


3 Scharloo, W., Nature, 200, 293 (1963). 
s Clayton, G. A., Morris, J. å., and Robertson, A., J. Genet., 55, 131 (1957). 


Our criticism of Scharloo’s publication has done its work 
in eliciting replies and demonstrating that whether, and 
if so when and where, polygenie balance arises through 
selection operating on effects of genes on bristle number, 
or on pleiotropic effects of those genes, through linkage of 
those genes to others with more drastic effects on fitness or 
through random effects, is a more open problem than 
Scharloo suggests. Prof. Mather points out to us that it 
has also shown the dangers of taking statemonts out of 
their context, for his comment, quoted by Scharloo, that 
“Pleiotropy in the classical sense is therefore almost 
useless as a concept for application in biometrical genetics" 
followed & discussion of the difficulty, general with a 
biometrical methodology as distinct from classical, of 
analysing into their ultimate units groups of linked genes 
(or effective factors as Mather called them) which might 
indeed be expected to show apparently pleiotropic action 
(just as they can show apparent over-dominance) even 
where the ultimate genes themselves did not. The 
effective factor is the finest unit whose properties bio- 
metrical genetics will normally reveal; but its pleiotropy 
cannot be held to imply pleiotropy of the genes which 
compose it, and indeed in cases which Mather has analysed 
demonstrably does not do so. 

We only wish to add two points. First, we had not 
believed Dr. Robertson attached so firm a conclusion to 
the results he refers to, because the conclusion can only 
follow on the assumption of a large number of genes none 
of large effect. That some of the relevant polygenes (or 
effective factors) are of relatively large effect is one thing 
we do claim to have demonstrated. Such genes might 

readily be fixed in some lines in short periods of selection 
and these lines could not return to the starting point under 
relaxed selection. Second. the two “genes”? we described!, 
‘and which Scharloo chose to discuss, clearly have extra- 
ordinary properties. They gives i 
an apparent 20 map unit posit, 
are polymorphic in populati- 
sive discussion of general: 
in relation to what ma: 
unwise. These two 
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Base Ratios in DNA in Male and Female 
Pseudococcus citri 


Tue mealy bug, P. citri, affords a unique opportunity 
for analysis of biochemical changes underlying chromo- 
some behaviour. In the male embryos, the entiro paternal 
set, that is, one half the total number of chromosomes, 
remains condensed in the non-dividing nuclei; this facul- 
tative behaviour is similar to that of typical heterochrom- 
atic elements such as sex chromosomes!?, Experiments 
with tritiated thymidine show that, like heterochromatic 
elements in other organisms?*, the paternal set in the 
males reproduces asynchronously from the maternal, or 
euchromatic, set’. As measured by dominant lethality? 
and mutant genes’, the paternal sot is genetically inert in 
the males, but some ‘residual’ influences can be demon- 
strated?) 

Except for a fow tissues, the paternal set maintains its 
heterochromaticity throughout the life of tho male; at 
spermatogenesis it is segregated from the maternal, or 
euchromatic, set, and is not included in the sperm. In 

pe tain related forms, however, the heterochromatic state 
reversed during spermatogenesis and the paternal 
omosomes are segregated, apparently at random, to 
sperm, to be transmitted to offspring of both sexes®. 

seems likely, therefore, that the chromosomal changes 

nsible for facultative heterochromatization are ones 

ich block rather than alter or destroy the genetic in- 

ation. As a beginning we have isolated DNA from 

le and female insects and determined the base ratios 

m melting temperature and buoyant density measure- 


hts 

Mealy bugs were grown on potatoes, Solanum tuberosum 
.; the large, gravid females containing both male and 
emale embryos provided abundant material for establish. 
ent of experimental procedures; the second instar, 
prior to the extreme sexual dimorphism of later states, was 
used for the comparisons of males and females. No 
attempt was made to separate a yeast-like symbiont, 
present to about the same extent in males and females of 
the second instar; the DNA isolated includes symbiont 
nucleic acid also. DNA was isolated from 1 g of mealy 
bugs by the method of Marmur!*. Phosphate was determ- 
ined by the method of Fiske and SubbaRow", scaled down 
for the analysis of 10 ug of DNA. The best preparation of 
DNA had an E(P) of 7,240. Chromatographic analysis 
was done on 1 mg of DNA from gravid females, hydrolysed 
2 h in 70 per cent formic acid at 175? C. No methyl- 
cytosine was detected by Wiyatt's procedure?, The 
average results from six analyses for base content are 

given in Table 1. : 


Table 1. BASE CONTENT OF DNA FROM GRAVID, FEMALE MEALY BUGS 










x Base Mole (95) 
j Adenine 342 + 07 
| Thymine ' 31:9 + 12 

i Guanine 102 + 07 

3 Cytosine , 178 + r3 
Mole (96) guanine-cytosine 340 + 11 


Table 2. MELTING TEMPERATURES OF DNA FROM MEALY Bucs 
Source Tm Mole (%) guanine-cytosine 
7 37-5 
"T 






i à heated cell compart- 
Š M sodium chloride- 
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Fig. 1. Melting temperature profile of DNA from male mealy bug. 
Solvent used was 0-15 M sodium chloride-0-015 M. sodium citrate, 


(Optical densities uncorrected for volume expansion) 
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The buoyant densities of DNA from both male and 
female second instar insects was 1-695 + 0-001, correspond- 
ing to 35-8 + 1-0 mole (per cent) guanine-cytosine™4, : 

The difference in base ratios by these three methods is 
not outside the variation reported in the literature. 
It may be concluded that thero is no evidence of a differ- 
ence in base ratios greater than 1 per cent between DNA 
from male and female mealy bugs. Although genetic 
information no doubt could be destroyed without produ- 
cing grossly detectable changes in base ratios, the fact that 
such cannot be demonstrated here is certainly in conformity 
with, rather than opposed to, the independent conclusion, 
from reversals of facultative heterochromatization, that 
the genetic information is masked rather than disrupted. 
Work is in progress to determine what differences may be 
found in other chromosomal components. 

Buoyant densities in Cs“Cl were determined by Dr. 
John Hearst, of the Department of Chemistry, University 
of California, at Berkeley. The à phage DNA used as a 
density standard was a gift of Dr. Monica Reilly, of the 
Department of Microbiology, University of California, at 
Davis. 

This investigation was supported in part by & research 
grant (GB413-Brown) from the U.S. National Science 
Foundation and (G-4236-MceLaren) from the National 
Institutes of Health, U.S. Public Health Service. 

Mary W. Logwus 
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A. D. McLaren 


' Department of Soils and Plant Nutrition, 


t University of California, Berkeley. 
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FORTHCOMING EVENTS 


Monday, July 6 


ROYAL SOCIETY OF MEDICINE ft 1 Wimpole Street, London, W.1), at 
p.m.—Prof. E, B. Chain, F.R.S.: “Some Contributions from Chemical 
q -terobiology to Medicine" (Jephcott Lecture). 


Tuesday, July 7 


ROYAL SOCIETY OF MEDICINE (at 1 Wimpole Street, London, W.1), at 
5.30 p.m.— Annual Meeting. 


APPOINTMENTS VACANT 


APPLICATIONS aré invited for the following appointments on or before 
the dates mentioned: j 

ASSISTANT LECTURER IN GEOGRAPHY—The Assistant Secretary, London 
school of Economics and Political Science, Houghton Street, London, W.C.2 


uly 8). 

‘ASSISTANT LEOTURER (with a good honours degree) IX GEOGRAPHY—The 
Pegiatrar, King’s College (University of London), Strand, London, W.C.2 

July 8). . 
S ASSISTANT CATALOGUER (graduate wlth good academio qualifications and 
experience or training in librarianship, and preferably with professional 
diplomas or experience) IN THB UNIVERSITY MEDIOAL LIBRARY—The 
Registrar, The University, Manchester, 13 (July 10). 

LECTURER IN THE DEPARTMENT OF MEDICINE at the Royal Infirmary, 
Edinburgh—The Secretary, The University, Edinburgh (July 10). . 
, LECTURER Or ASSISTANT LECTURER (with a special interest in inorganic 
chemistry and preferably some teaching and research ex erjence) IN THE 
DEPARTMENT OF CHEMISTRY— The Secretary (F), Chelsea College of Science 
‘and Technology, Manresa Road, London, S.W.9 (July 10). 

Sorn CHEMIST (with an honours degree or equivalent qualification), for 
duties which willinclude advisory work in soils and the supervision of routine 
soil analysis—The Secretary, School of Agriculture, West Mains Road, 
Edinburgh, 9 (July 11), : . 

ASSISTANT LECTURER (with a degree in mathematies or the physical 
Sciences and preferably some postgraduate experience) IN COMPUTING—The 
Registrar, University College of North Wales, Bangor, North Wales July 13). 

DEMONSTRATOR (with an honours degree in chemistry or bioche try and 
"prepared to engage in research in biochemistry with & view to obtaining a 
hig er degree in this subject) IN THE DEPARTMENT OF BIOCHEMISTRY— The 
Dean, St. Thomas’s Hospital Medical School, London, S.E.1 (July 13). 

SUB-DEAN (preferably with experlence as & university lecturer in science 
&nd also some administrative experience) IN THE FACULTY OF SCIENCE— The 
Registrar, The University, Liverpool, 3 (July 13). : 

IUESEAROH ASSISTANT (with a degree in pharmacology, physiology or a 
related subject), to join a team concerned with the identification of a urinary 
polypeptide which inhibits gastric secretion—Prof. H. O. Schild, Department 
of Pharmacology, University College, Gower Street, London, W.C.1 (July 15). 

GRADUATE RESEARCH ASSISTANT (with à degree in selence or engineering, 
and competent to set up experimental apparatus and equipment involving 
vacuum production and measurement, power supplies up to 100 kV, elec- 
trical circuits and controls, oscillographs and electronic measuring devices, 
and preferably some knowledge of optics or spectroscopy) IN THE RESEARCH 
SOHOOL OF PHYSICAL SCIENCES, to take part in the general field of the 
physics of ionized gases—The Registrar, Institute of Advanced Studies, 
Australian National University, Box 4, G.P.O., Canberra, Australia (July 17). 

ASSISTANT LECTURER IN GEOLOGY at Queen's College—The Secretary, 
University of St. Andrews, Queen’s College, Dundee, Scotland (July 18). 

SPECIAL RESEARCH ASSISTANT TO DR. J. W. SMITH IN THE DEPARTMENT 
OF CHEMISTRY, for work on the nature of complexes formed between acids 
and amines in aprotic solvents—The Secretary, Bedford College (University 
of London), Regent's Park, London, N.W.1 (July 18). 

ASSISTANT VETERINARY INVESTIGATION OFFICERS (men or women aged 23 
or over, ALR.C.V.S., and preferably with posteraduate research experience) 
for at least 10 posts (mostly in provincial towns in the southern part of 
England)—Civil Service Commission, Savile Row, London, W.1, quoting 
Ref. 266/64 (July 20). 

DEMONSTRATOR (with, or taking, an honours degree in botany, and either 
have studied or have an interest in bacteriology or microbiology) IN THR 
es ele OF BOTANY— The Registrar, The University, Nottingham 

y 20). 

LECTURER or ASSISTANT LECTURER (medically qualified or noun-medically 
qualified) IN THE DEPARTMENT OF BACTERIOLOGY—The Registrar, The 
University, Leeds, 2 (July 20). ; 

DEMONSTRATOR; 3ENIOR DEMONSTRATOR (with experience ín the flelds of 
geophysics, solid state physics, or optical spectroscopy) IN THE DEPARTMENT 
Ch Toe Registrar, The University, Newcastle upon Tyne, 2 

uly 22). 

ASSISTANT LECTURER or LECTURER (veterinary graduate) IN VETERINARY 
ANATOMY—The Registrar, The University, Liverpool, quoting Ref. No. 
SVIRDAIN (July 24). 


. R. GRACE CHAIR OF CHEMISTRY at the University of the West Indies, " 


Bt, Augustine, Trinidad—The Secretary, Inter-University Council for Higher 
Education Overseas, 33 Bedford Place, London, W.C.1 (July 28). 

LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF INORGANIO 

on SLSUUEUEAT CHEMISTRY— The Registrar, The University, Leeds, 2 
y B 

LEOTURER (preferably with research experience on polymerization reac- 
ions) IN THE CHEMISTRY OF HIGH POLYMERS IN THE DEPARTMENT OF 
TEXTILE INDUSTRIES—The Registrar, The University, Leeds, 2 (July 80). 

PoST-DOOTORAL FELLOW for research into the chemistry of hydrocarbon 
metal nitrosyl complexes—The Professor of Chemistry, The Royal College 
of Science and Technology, George Street, Glasgow, C.1 (July 31). 

RESEARCH FELLOW (médical or non-medical graduate) IN CANCER in the 
Cell Metabolism Unit—Dr. R. A. Holman, Department of Bacteriology, The 
Welsh National School of Medicine, 34 Newport Road, Cardiff (uly 31), 

READER (with a Ph.D. or higher degree in microbiology and have made a 
substantial contribution to research in some field of microbiology) IN MICRO- 
BIOLOGY at the University of Queensland, Australia—The Secretary, Asso- 
ciation of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, S.W.1 (London and Brisbane, August 7). 

CURATOR (with specialized knowledge of early scientific instruments and 
their history) OF THE MUSEUM OF THE HISTORY OF SOtENOE— The Registrar, 
University Registry, Oxford (August 81). 

LECTURER (graduate in any subject with an interest in any branch of 
educational studies) IN THE DEPARTMENT OF EDUCATION, University of 
Adelaide, Adelaide, South Australia—The Secretary, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S.W.1 (Australia, August 31). F 
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ASSISTANT DIRECTOR OF RESEARCH IN MECHANICS OF SOLIDS IN THE 
DEPARTMENT OF APPLIED MATHEMATICS AND THEORETIOAL Puvsics—Tho 
Secretary of the Appointments Committee, Faculty of Mathematics, The 
University, Arts School, Bene’t Street, Cambridge. 

ASSISTANT LECTURERS and LECTURERS (with & good honours degree or an 
honours diploma in technology in electrical engineering and sume industriel] 
experience) IN ELEOTRICAL ENGINEERING with opportunity to specialize in 
any branch—Head of the Department of Electrical and Electronic Engineer- 
ing, Northampton College of Advanced Technology, St. John Street, London, 

BorANIsT (Plant Pathologist) (national of the United Kingdum or the 
Republic of Ireland, with an honours degree in botany or agricultural botany 
and at least one year’s postgraduate training in plant pathology)in Uganda 
to diagnose the cause of crop diseases and to recommend control measures, 
to contro] trials on the comparison of methods for the control of crop diseases 
and to study the epidemiology of specific crop diseases and to relate any 
findings to fleld practices—A ppointments Officer, Room 301, Department of 
Technical Co-operation, Elan House, Stag Place, London, S.W.1, quoting 
Ref. RC 213/183/09. 

DEPARTMENTAL RESEARCH ASSISTANT (Physics/Engineering), to design, 
assemble and test electromagnetic flowmeter heads for measuring blood 
flow—Dr. D. G. Wyatt, Nuffield Institute for Medical Research, 43 Wood- 
stock Road, Oxford. 

EXPERIMENTAL OFYICER or SENIOR EXPERIMENTAL OFFICER (physicist or 
engineer with graduate or equivalent qualifications) IN ELECTRONICS, to set 
up a group responsible for the maintenance and design of electronic equip- 
ment used for teaching and researchin the Physics Laboratory—The Professor 
of Experimenta] Physics, Physics Laboratory, University of Sussex, Falmer, 

"USSex. 

HEAD OF THE DEPARTMENT OF ELECTRICAL ENGINEERTNG—Clerk to the 
Governing Body, Borough Polytechnic, Borough Road, London, S.E.1. 

JUNIOR HOSPITAL MEDICAL OFFICER (Psychiatry) The Physician Superin- 
tendent, Oakwood Hospital, Maidstone, Kent. 

LABORATORY INSTRUCTOR (graduate with suitable experience) IN THE 
DEPARTMENT OF INORGANIO AND STRUCTURAL CHEMISTRY, to assist in 
teaching modern inorganic and analytical chemistry at alllevels up to Final 
Honours Degreo standard— Prof. H. Irving, Department of Inorganic and 
Structural Chemistry, The University, Leeds, 2. 

LECTURER (national of the United Kingdom or the Republic of Ireland, 
training and experience in agronomy (arable crops), practical experience of 
soil conservation practices in arid, tropical or semi-tropical areas, and 
preferably cxporienee of practical demonstration and lecturing in these 
subjects) at Karaj Centre, Iran, to train students on soil conservation prac- 
tices in arid, tropical and semi-tropical areas—The Appointments Officer, 
Room 301, Department of Technica Co-operation, Eland House, Stag Place, 
London, $.W.1, quoting Ref. RC 213/86/01. 

MATREMATICIAN— The Director of Science Studies, Brock University, St, 
Catharines, Ontario, Canada. 

MATHEMATICIAN (well qualified) to teach mathematics to al] levels—The 
High Master, The Manchester Grammar School, Manchester, 13, 

PHYSIGIST or PHYSIOAL CHEMIST (degree standard, preferably with some 


obtain, the degree of Ph.D.) rx THE DEPARTMENT OF CHEMICAL ENGINEERING, 
to investigate dimensional changes occurring in Polyurethane foams con- 
sequent upon the sorption of water vapour—The Registrar, University College 


physical chemist) 
IN THE DEPARTMENT OF CHEMISTRY, to co-operate with Dr. A. J, Hyde on 
the determination of molecular space-time correlation functions in liquids 

a Hyde, Department of Chemistry, 
The Royal College of Science and Technology, Glasgow, C.1. 

RESEARCH ASSISTANT or RESEARCH TECHNICIAN (A.I.M.L.T. or equivalent 
or degree, and preferably experience of tissue culture, bacteriological or 
serological techniques), to take part in an investigation of the synthesis of 
antigens by cells growing in tissue culture system, and immunological and 
biochemical studies on cellular antigens—Department of Pathology, The 


t d gham, 4. 
"RESEARCH ASSISTANTS (eligible to register as full-time students for a higher 


Gods 


RESEAROH FELLOW or SENIOR RESEARCH FELLOW (social scientist with 


or (b) ability to abstract from Japanese or Chinese)— The Director. Comnion- 
wealth Bureau of Pastures and Field Crops, Hurley, near Maidenhead, Berks, 


(soils and plants) or a degree in chemistry with postgradunte experience in 
agricultural analysis (soils and plants), and preferably experience in scil and 
a Common Services Organization, to 
carry out and supervise soil and plant analyses and to help develop and 
ods— The Recruiting Officer, Room 301, Department 

of Technical Co-operation, Eland House, Stag Place, London, S. W.1, quoting 


TECHNIOIAN or SENIOR TECHNICIAN (preferably with experience in the 
handling of radioactive materials) IN CHEMISTRY—The Director, Scottish 
Research Reactor Centre, Fast Kilbride, near Glasgow. 


‘Annual Report of the Wool Research Laboratories, 1962-63. 
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University of Leeds, The Brotherton Library. Annual Report of the 
Librarian, Session 1962-63. Pp. 12. (Leeds: The University, 1904.) [55 
Abstracts of Papers published In The Journal of the British Institution of 
Radio Engineers, 1952-1963 inclusive. Seventh edition. Pp. viii--108. 
(London: Institution of Electronic and Radio Engineers, 1904.) 10s. 0d. [55 
University of Oxford. Ashmolean Museum—Report of the Visitors, 1983. 
(Supplement No. 8 to the University Gazette, March 1964.) Pp. 85. (Oxford: 
The University, 1904.) 28. [55 
Commonwealth . Mycological Institute. C.M.I. Descriptions of Patho- 
genic Fungi and Bacteria, Set 2, Nos. 11-20. Pp. 17. (Kew, Surrey: 
Commonwealth Mycological Institute, 1964.) 5s. 
fice of Health Economics. The Costs of Medical Care. 
(London: Office of Health Economics, 1964.) 2s. 5 
Commonwealth Institute. Annual Report of the Director to the Board of 
Governors, 1903. Pp. 52. (London: Commonwealth Institute, 1964.) [55 
Civil Engineering Science in the Twentieth Century. By Prof. T. M. 
Charlton. An Inaugural Lecture delivered before The Queen's University 
of Belfast on 15 April1964. (New Lecture Series, No. 17.) Pp.15. (Belfast: 
The Queen's University, 1904. [65 
Annual Report of the Sheffield City Museum for the year ended 31st 
March 1963. Pp.18--4plates. (Sheffield: City Museum, 1964.) [55 
The Ciba Foundation for the Promotion of International Co-operation in 
Medical and Chemical Research. Report for 1963. Pp. 70. (London: The 
Ciba Foundation, 1964.) [55 
The University of Leeds, Fifty-second Annual Report for the Academic 
Year 1962-63. Pp.144. (Leeds: The University, 1964.) 55 
National Unton of Teachers. The Reorganisation of Secondary Education 
—a Factual Report for the Guidance of Associations and Members of the 
National Union of Teachers. Pp.iii--12--5 appendices. (London: National 
Union of Teachers, 1964.) 2s. [55 
National Incomes Policy: a Democratic Plan. By Dr. Elliott Jacques. 
Pp. As (London: K-H Services, 162 Buckingham Palace Road, 1964.) 


25. net. [55 

Ministry of Health. The Central Health Services Council—The Scottish 
Health Services Council. Report of a Joint Committee of the Central and 
Scottish Services Councils on Health Education. Pp. 96. (London: H.M. 
Stationery Office, 1964.) 5s. 6d. net. [55 

Proceedings of the Royal Irish Academy. Vol. 63, Section A, No. 3: 
Hamiltonian Methods and Quantum Mechanics. By P. A. M. Dirac. Pp. 
49-60. 2s. Vol. 63, Section A, No. 4: The Interactions of 1-18 GeV/c K-— 
Mesons with Nucleon Pairs. By L. Culhane, A. Kernan, J. Losty and A. 
Montwill. Pp. 61-67. 2s. Vol. 63, Section B, No. 6: Further Studies on 
the Nature of the Physiological K-Carrier in’ Yeast. By E. J. Conwat, 
P. F. Duggan and R. P. Kernan. Pp. 93-102. 25. Vol. 63, Section B, 
No. 7: Lymphosarcoma in the Pike, Esoz lucius L., (Pisces; Esocidae) in 
Ireland. By Máire F, Mulcahy. Pp. 103-129 + plates 5 and 6. 7s. Vol. 63, 
Section B, No. 8: The Geology of the S.W. End of the Ox Mountains, Co. 
Mayo. By A.E.Currall. Pp. 131-166 + plates 7-9. 7s. Vol. 63, Section B, 
No. 9: Interglacial Deposits at Baggotstown, Near Bruff, Co. Limerick. 
By W.A. Watts. Pp. 167~190+ plate 10. 4s. 6d. Vol. 63, Section B, No. 10: 
Biliproteins of Cryptomonad Algae. By C. Ô. Heocha, P. ©. Carra and 
D. Mitchell. Pp. 191-200. 2s. (Dublin: Hodges, Figgis and Co., E 


1964.) 

General Register Office. Census 1961: England and Wales. County 
Report—Berkshire. Pp.xxiii--94. 20s. net. County Report—Buckingham- 
Shire, Pp. xxlii+€8. 19s. net. County Report—tast Suffolk. Pp. xxlii4- 
88. 19s. net. County Report—Lincolnshire, (Parts of Holland) Pp. 
xxii+ 44," 11s. net. County Report—Norfolk. Pp. xxiii+113. 23s. net. 
County Report—Oxfordehire. Pp. xxiii--80. 10s. net. County Report— 
Rutland. Pp. xxii+42. 11s. net. County Report—Shropshire. Pp. 
xxifi+76. 17s. net. (London: H.M. Stationery Office, 1964.) 55 

Department of Scientific and Industrial Research. Water Pollution 
Research 1963: The Report of the Water Pollution Research Board with the 
Report of the Director of the Water Pollution Research Laboratory. Pp. 
vi+ 142+ 4 plates. (London: H.M. Stationery Office, 1964.) 8s. 6d. net. [75 

The Edinburgh School of Agriculture. Experimental Work, 1903. Pp. 
vii+95+1 plate. (Edinburgh: The Edinburgh School of Agricultnre, 
1984.) : 


64. i 
Imperial College of Science and Technology (University of London). 
Postgraduate Courses and Research, 1964-65. Pp. xiii+ 173. (London: 
Imperial College of Science and Technology, 1964.) 75 
Institute of Personnel Management. Programmed Instruction. By 
D. Mackenzie Davey and P. McDonnell. Pp. 56. (London: Institute of 
Personnel Management, 1964.) 10s. 6d. (75 
National Association of British Manufacturers—Federation of British 
Industries—British Employers’ Confederation. Report on the Formation 
of a National Industrial Organisation. By Sir Henry Benson, C.B.E., ande 
Sir Sam Brown. Pp. vii--624-16 appendices. (London: National Asso- 
ciation of British Manufacturers —Federation of British Industries—British 
Employers’ Confederation, 1964.) [75 
Report to the Worshipful Company of Clothworkers of the City of London 
of the Advisory Co tteo on the Departments of Textile Industries and 
Colour Chemistry and Dyeing in the University of Leeds for the Session 
1962-63. Pp. 54. (Leeds:-The University, 1964.) [75 


Other Countries 


Mitteilungen aus der Biologischen Bundesanstalt für Land- und Forstwirt- 
schaft, Berlin-Dahlem. Heft 111: Aktuelle Fragen der Nematodenforschung. 
Vorträge gehalten auf der 1. Arbeitstagung über Gegenwartsfragen der 
Nematodenforschung vom 4. bis 6. Dezember 1962, in Münster (Westf). 
Pp.118. 23 D.M. Heft 112: Studien über Nebenwirkungen von Pflanzen- 
schutzmitteln auf die Bodenfauna. Von Dr. Karl Bauer. Pp.42. 9.50 D.M. 
(Berlin-Dahlem: Biologischen Bundesanstalt für Land- und quu 
schaft, 1964. g 

Annals d the New York Academy of Sciences. Vol. 113, Article 2: 
Leukopoiesis in Health and Disease. By Howard R. Blerman and 124 other 
authors. . 511-1092. (New York: New York Academy of Sciences, 
1904.) 8 dollars. [55 

Australia; Commonwealth Scientific and Industria] Research Organiza- 
tion. Annual Report of the Division of Building Research, 1962-63. g p. i 

p. 49. 
Mineralo hic Investigations—Annual Report, 1962-63. Pp. 11. Annual 
Report of the Animal Research Laboratories, 1962-63. Pp. 153. (Mel- 
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Commonwealth Scientific and Industrial Research Organization 


P 
ff 


bourne: 
1963. [5 

Metropolitan Life Insurance Company. Statistical Bulletin, Vol. 4 
(February, 1964): Frederick W. Ecker, 1896-1964. Hospitalization and 
Surgical Care of Children—Types of Surgery. The Problem of Acciderta) 
ine Pp. 12. (New York: Metropolitan Life Insurance Companys 


. . b 
Dedication of the Museum of History and Technology of the Smithsonian 
Institution, January 22, 1963. Pp. 26. (Smithsonian Publication No. 4531.] 
(Washington, D.C.: Smithsonian Institution, 1964.) [55 
American Meteorological Society. The Challenge of Meteorology. (Careers 
in a Far-Reaching, Fast-Moving, and Fascinating Field of Science and 
pee Pp. 16. (Boston, Mass.: American Meteorological Society, 


Australia: Commonwealth Scientific and Industrial Research Organization. 
Division of Forest Products—Programme of Work, °1964-65. Pp. 105. 
(South Melbourne: Forest Products Laboratory, C.S.I.R.0., 1964.) [55 

New Zealand Forest Service: Forest Research Institute, Forestry 
Research Notes, No. 35: An Accelerated Test of the Effectiveness of Pre- 
servatives Against Marine Borers. By A. J. McQuire. Pp. 16. (Wellington: 
Government Printer, 1964.) 55 

Australia: Commonwealth Sclentific and Industrial Research Organization. 
Diviston of Fisheries and Oceanography Technical Paper No. 17: Dino- 
flagellates in the Australian Region. 3: Further Collections, By E. J. F. 
Wood. Pp. 20. (Melbourne: Commonwealth Scientific and Industrial 
Research Organization, 1904.) [65 

Canada: Department of Mines and Technical Surveys. Geological 
Survey of Canada. Paper 63-4: Illustrations of Canadian Fossils—Jurarsic 
of Western and Arctic Canada. 
cnl Paper 63-15: Groundwater Potential, Blood 

erta. 


Paper 63-49: Field and Laboratory Methods used by the Geological Survey 
: Cold Extractable “Heavy 

. Y. Smith. Pp. i+7. 35 cents. 

(Ottawa: Queen's Printer, 1963 and 1964.) [55 
Department of National Development: 
1: 250,000 Geol- 
Sheet SD/53-9, Australian oe 
. 26-+map. ee 
F/53-10, Pa b 
Smith. 
town, 


Grid: Einasleigh, Qld. Compiled by D. A. White. 


p. 25+map. (Canberra City: Bureau of Minera Resources, 
Geology and Geophysics, 1962 and 1963.) [55 
Transactions of the American Philosophical Society, New Series, Vol. 54, 
Part 1: Rome and the City of God—an Essay on the Constitutional Relation- 
ships of Empire and Church in the Fourth Century. By Prof. Karl Frederick 
Morrison. Pp. 1-56, (Philadelphia: American Philosophical Society, 1964.) 
1.50 dollars. [55 
Australia: Commonwealth Scientific and Industrial Research Organization. 
Annual Report of the Division of Land Research and Regional Survey, 
1962-68. Pp. 78. (Canberra City: Division of Land Research and Regional 
Survey, C.S.I.B.0.. 1963.) [55 
Canada: Department of Mines and Technical Surveys. Geological Survey 
of Canada. Geological Maps. Index Sheet 62: Manitoba—Saskatchewan. 
Index Sheet 64: Manitoba—Saskatchewan. Index Sheet 74: Saskatchewan 
—Alberta. (Ottawa: Director, Geological Survey of Canada, 1963.) [55 
Institutt for Atomenergi, Kjeller Research Establishment. Kjeller Report 
No. 66: Quarterly Progress Report—October to December 1963. Pp. 30. 
(Getler, Norway: Institutt for Atomenergi, Kjeller Research Patblisnmerit, 
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The Resources Agency of California: Department of Fish and Game. 
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By John G. Carlisle, Jr., Charles H. Turner and Earl E. Ebert. . 93. 
Gaorimento; Calif.: Documents Section, Department of Fish and ame, 
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AIMS AND OBJECTIVES IN EXPANDING HIGHER EDUCATION 


N a talk “Educating Half Ourselves”, broadcast on 
the B.B.C. Third Programme and published in The 
Listener for March 19, Dr. G. H. Bantock suggested that 
noither the authors of the Robbins Report nor Dr. A. E. 
Sloman in his Reith Lectures, “A University in the 
Making” *, had appreciated the extent to which the 
crisis in education to-day arose out of a crisis in the level 
and in the range of consciousness. Accordingly, both 
‘the Robbins Report and the Reith Lectures were too 
much concerned with organization to the exclusion of 
cultural needs. Little thought was given to the cultural 
needs of the many students to whom the way to further 
education was now opened and whose home-life and 
surroundings did not equip them to oxploro it fully. 

Properly conceived, Dr. Bantock pointed out, a culture 

embraced the ways in which we structured and communi- 
cated our common world, intellectually and emotionally, 
and on it depended our ability to understand the world 
in its various guises; from it there stemmed the spiritual 
- stréAgth or weakness of a generation. It formed, he 
rightly maintained, an essential part of the human 
predicament in an advanced industrial society, and the 
dangers involved intensified as automation, for example, 
extended. Yet, on all these dilemmas and cultural needs, 
the Robbins Report and the Reith Lectures had little 
or nothing to say. Their conception of the service which 
the university should render to the community was that 
of community service, the supply of special skills, rather 
than of the development of human personality and the 
equipping of men and women to meet the demands of the 
age in which they live. 

Dr. Sloman did indeed suggest that a university should 
stimulate the curiosity of its students with subjects 
relevant to the social, cultural and sciontific realities 
of to-day and to their own personal lives, and provide 
both a specialized training in depth and a truly liberal 
education. While the University of Essex is to be re- 
stricted initially to the physical sciences, to social studies 
and to comparative studies, there is to be a centre for 
creative arts, though its nature is not made clear, and, 
in discussing what he called the “fulfilment of lives", 
Dr. Sloman was concerned with the physical conditions 
of residence rather than the psychological or cultural* 
needs stressed by Dr. Bantock. No more than the Robbins 
Report did he desiderate an education that would meet 
deeper requirements of individuals living in a civilization 
faced with a crisis of abundance, implying not only much 
more leisure in the near future but increased social 
mobility—in an age which from the cosmic to the personal 
level can fairly be characterized as an age of anxiety. 

In that context the failure of the Robbins Committee 
to consider at any length the purposes which the vast 
extension of higher education is to serve appears as an 
unmistakable weakness, and, for all his admission at 
the outset that a new university must decide at the start 
what kind of a university it is going to be, Dr. Sloman 
equally failed to ask the fundamental questions about 

* A University in the Making. By Dr. Albert E. Sloman. (The Reith 


EU A 1962.) Pp.90. (London: British Broadcasting Corporation, 1964.) 
28. 6d. 


education and society. Much indeed that ho said was 
sound and unexceptionable: on the relations between 
research and teaching; on self-government; and on the 
relations between the university and the community. 
including industry. Nevertheloss, his approach was too 
pragmatic and seemed to lead to a subservience to pro- 
fessional or industrial neods that overrides thoso of the 
individual or even the deeper needs of society itself, which 
the rising debate on automation and leisure is now tending 
to bring to the forefront. 

Dr. Bantock himself did not indeed ignore the require- 
ments of technological chango which a system of education 
must meet and for which proposals for expansion may 
reasonably be expected to provide. What he argued was 
that even those technical needs cannot be properly met 


- without a clear conception of the purpose of education— 


of university education in particular, and of what con- 
stitutes an educated man or woman. If higher education 
is indeed to be expanded essentially to increase product- 
ivity, then we are in grave danger of becoming en- 
slaved by the immediate necessities of our time, and 
unable to find the detachment which will permit a true 
perspective and the service of the deeper and onduring 
needs of society. Conceived and pursued in that way 
the expansion of higher education could indeed betray 
society, and the universities would fail to fulfil their 
most important function. 

Prof. P. M. 8. Blackett did not fall into this error in 
his Granada Lecture, "The Universities and tho Nation’s 
Crisis”, which he delivered in October 1963, just before 
the Robbins Report was published and later pub- 
lished in Advancement of Science (20, 379; 1964). Prof. 
Blackett saw the greatest act of communication in tho 
modern world in the passing on, to each new generation. 
the knowledge, wisdoms, skills and visions of tho older 
generation. Much of this act of communication takes 
place in the universities, and it was for the complete 
communication that Dr. Bantock pleaded. While. 
however, Prof. Blackett did not assume that a university 
education was always a good thing for all young people 
and actually urged expansion on 8 somewhat larger 
scale than, in the event, the Robbins Report recom- 
mended, he was more alive to the human aspect and ho 
urged as one reason for the expansion of the universities 
the contribution it could make to the progress and welfare 
of the newly independent nations. 

This would be rendered in three ways. First, by 
providing academic and other professional staff to work 
in these countries, at their request, on secondment 
from professional posts in Britain. Secondly, by providing 
still wider training facilities in Britain’s universities. 
mainly for postgraduate and post-doctoral work. Thirdly. 
by increasing Britain’s financial aid to: those emergent 
countries, within the limits set by the health of the 
British economy as a whole and its foreign exchango 
position in particular. 

In so far as Prof. Blackett sees university expansion 
as directed to the proper training and use of all the brains 
which Britain possesses, his approach could equally bo 
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described as pragmatic, but the distinction lies in the 
interpretation of ‘proper’ and the attention given to 
other elements than the acquisition of technical skills. 
Even at the pragmatic level the omission of the Reith 
Lectures or the Robbins Report to deal adequately with 
the purpose of university education is unfortunate. 
It leads to a tendency to disregard some of the changes 
in the gharacter of the university student now that in- 
creasing numbers are drawn from homes with little or no 
tradition of learning or culture. Some of these changes 
were discussed by Mr. D. Johnson. in a talk broadcast on 
the B.B.C. Home Servico and later published in The 
Listener (71, 185; January 30, 1964), and if serious 
attention is given to the purpose of a university education, 
such weaknesses as immaturity, irrelevance, or decreasing 
independence cannot be disregarded. 

Over the past ten years, Mr. Johnson: finds students 
becoming less independent and characterized by a great 
personal immaturity, surrounding an acquired and perhaps 
shallow intellectual maturity. As ho rightly observes, 
education should at least affect the character and outlook 
of the student and promote a link between a student's 
approach to the past and his or her approach to the 
present. Something of Mr. Johnson's mind would 
seem to be influencing the plans which Dr. Sloman out- 
lined for the new University of Essex, for those plans 
should encourage self-confidence among students, though 
they are not free, as already suggested, from somo danger 
of subservience to other interests. Only, however, such 
an understanding and sympathetic approach to the 
human problems of the student such as Mr. Johnson 
displays in this talk, however, will suffice to meet the 
fundamental need, but that found comparatively slight 
expression when the Conference of the Universities of 
the United Kingdom discussed the Robbins Report in 
December 1963. 

This is not to suggest that the Conference was un- 
mindful of such issues or obsessed with organization. 
There was no complacency, and Lord Robbins himself 
insisted that there was too much slack in Britain’s present 
organization—in the defective use of man-power, of 
obsolete teaching methods, etc.—and pleaded for a new 
and impartial outlook on many subjects, such as that of 
the teachor training college. Nevertheless, neither he 
nor other speakers raised the issue of the purpose of 
- university education. While the reference by Dr. B. V. 
Bowden (as he-was then) to the way in which the American 
universities and technological institutions recognized 
a fundamental obligation to try in every way possible 
.to help industry was not unreasonably pragmatic, that 
could not be said of Mr. D. R. O. Thomas’s endorsement 
of the paragraphs in the Robbins Report on education 
as an investment. These paragraphs formulate a view 
of education as a coldly calculated investment to promote 
national productivity such as to justify the hardest com- 
ments of Dr. Bantock: They completely overshadow the 
earlier reference in the Report to the transmission of a 
common culture and common standards of citizenship 
as among the aims of higher education—aims which 
Mr. Thomas described as magnificent in concept and 
clarity. 

For all the characterization of this particular objective 
in the Robbins Report as ‘fundamental’ and the ob- 
servation that universities and colleges have an important 
part to play in the general cultural life of the communities 
in which they are situated, there is unfortunately too 
much support: for Dr. Bantock’s belief that, in the ex- 
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pansion of higher education, there is too much conc 
with organization and that insufficient thought is be 
given either to its purpose or to the needs of the 
dividual student. Nor is concern on these points remo 
by the Godkin Lectures on the uses of the univer: 
delivered at Harvard University in April 1963 by 
Clark Kerr f, president of the University of Califor 
For, while Dr. Kerr attempts to describe and to evalu 
some of the significant new developments in Ameri 
higher education, particularly the rise of what he te 
the ‘multiversity’, it is rathor the problems of organiza 
and administration arising out of the sheer size of a uni 
sity of 50,000 or more students, the interrelations of 3 
universities with one another, the Federal Governrr 
and the community, with which he is concerned. E 
in discussing the future of the “City of Intellect” 
does nob discuss either the purpose of a university 
its contribution to safeguarding the cultural and spiri 
linkage of society. i 
Tho admission that undergraduate tuition must disco 
how to treat the individual student as a unique hur 
being in the mass of students, giving individual atteni 
ab that stage and not simply after graduation, is as r 
as Dr. Kerr gets to recognizing the range of problemsemp 
sized by Dr. Bantock. He does not pretend that sc 
paris of higher education are not poorly done, though 
maintains that the general test is how much is d 
superbly, as a good deal is, to the nation’s great bene 
He quotes A. N. Whitehead's words across almost ! 
a century: "In the conditions of modern life, the rul 
absolute: the race which does not value trained int 
gence is doomed”, and he proclaims the ends of the 1 
versity the preservation of the eternal truths, the creat 
of new knowledge and the improvement of sem 
wherever truth and knowledge of high order may se 
the needs of man. The means are ever to be impro 
in a competitive dynamic environment, and it co 
be argued that his third end would embrace much 
if not all, the human needs for which Dr. Bantock plet 
Nevertheless, this lucid but concise account of 1 
versity development in the United States, of the relati 
between universities and the Federal Government t 
of the forces which within the past two decades or 
have ranged those universities into three outstand 
clusters or concentrations of talent is essentially a sti 
of structure or administration. It is concerned with 
corridors of power and, while the idea of science to 
community is in the background, it is only in scale t 
the picture differs from that portrayed in the Re 
Lectures or the Robbins ‘Report. The same mena 


* are there, so also the same tempo. While the implicati 


of the factors may not always be the same and the patt 
unfolded by Dr. Kerr may be suggestive in the Brit 
context, and sometimes warn us of dangers we would 
wise to forestall, rather than indicate measures we mi 
adopt, the general impression is still that left by 
Robbins Report—of the university as a pfime instrum 
of national purpose. 

That is, above all, what needs to be challenged : 
re-examined, rather than accepted uneritically. * 
balance between the advancement of knowledge, y 
fessional education, general education and the dema: 
of the student has always been changing and will conti 
to change as society itself changes. To expand hig 
education in general, or university education in particu 


1 The Uses of the University. By Clark Kerr. Pp. vit140. (€ 
bridge, Mass.: Harvard University Press, 1963.) 2.95 dollars. 


No. 4941 July 11, 1964. 


» with no clear conception of the real purposes of university 
education is a sure way to frustration and to waste 
national resources and talent, rather than to achieve 
the return on investment urged by the Robbins Committee. 

_ Even though expansion is already beginning, we would do 
well to look at our real objectives and think deeply about 
the human needs of society, including the potential students, 
before committing irrevocably limited resources on a scale 
and in ways that are ill-judged to serve effectively the 
long-term needs of individuals or society, even of industry 
itself. 


EXPERIMENTAL PSYCHOLOGY 


Traité de Psychologie Expérimentale 

Sous la direction de Paul Fraisse et Jean Piaget. Fasci- 
cule 1: Histoire et Méthode. Par Jean Piaget, Paul 
Fraisse et Maurice Reuchlin. Pp. 191. 12 frances. Fasci- 
cule 2: Sensation et Motricité. Par Henri Piéron, René 
Chocholle et Jacques Leplat. Pp. 161. 12 francs. Fasci- 
cule 5: Motivation, Emotion et Personnalité. Par Joseph 
Nuttin, Paul Fraisse et Richard Meili. Pp. iv+226. 
15 francs. Fascicule 6: La Perception. Par Jean Piaget, 
Paul Fraisse, Éliane Vurpillot e$ Robert Francés. Pp. 231. 
15 francs. (Paris: Presses Universitaires de France, 
1963.) 


RAITE de Psychologie Expérimentale is the first 

treatise of its kind since the Harvard Handbook of 
Experimental Psychology, edited by 8. S. Stevens and 
published in 1951. In a way, it is a little odd that it 
should come from France, for although there has been a 
distinguished French psychological tradition, experi- 
mental psychology has never held a central place in it. 
Nor has the output of the French psychological labor- 
atories been large or, for that matter, particularly im- 
portant. It might seem, however, that imterest in 
experimental psychology is rapidly growing in the 
French-speaking countries and this treatise will un- 
doubtedly do much to shape its development. 

The complete work is to comprise nine volumes, 
covering the experimental psychology of sensation and 
perception, learning and memory, the psychophysiology 
of behaviour, intelligence, communication and decision. 
processes, motivation and personality, and experimental 
social psychology. Inevitably, the choice of topics 
reflects both contemporary fashion and the special 
interests of the Editors. It also reflects in some degree 
the availability of contributors, all of whom appear to 
have been drawn from France, Belgium and Switzerland. 
Whether this geographical limitation was altogether wise 
is debatable: in cultural as in economic matters national 
pride can be & potent source of inflation. 

The first volume, Histoire et Méthode, starts with an 


account of the evolution of experimental psychology by’ 


Prof. Paul Fraisse. Although perfectly adequate, it leans 
heavily on secondary sources (particularly Boring’s 
History of Experimental Psychology) and the judgments 
expressed are for the most part conventional. It is 
followed by chapters on experimental method by the 
same author and on psychological measurement by Dr. 
M. Reuchlin. These are quite well done, if unexception- 
able. More exciting, however, is Prof. Piaget’s discussion 
of explanation in psychology and the problem of psycho- 
physical parallelism. This is both lucid and original and 
it is interesting to note that the author expresses hope in 
the possibilities of a sophisticated isomorphism. This 
chapter will interest philosophers of science as well as 
experimental psychologists, and should be widely read. - 

The second volume, entitled Sensation et Motricité, 
opens with a long and detailed account of psychophysics 
by Prof. Henri Piéron, whose grasp has clearly been in 
no way impaired by age. Indeed, the author passes from 
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classical Fechnerian psychophysics to modern decision 
theory with masterly ease and detachment. Dr. R. 
Chocholle writes on reaction times, showing himself to be 
well acquainted with the ways in which information 
theory has been applied to their measurement. Dr. J. 
Leplat considers human gensori-motor performance; 
recent British work is particularly well represented in his 
survey. This whole volume is altogether of much interest 
to British experimental psychologists and can be warmly 
recommended to their attention. 

The fifth volume, Motivation, Emotion et Personnalité, 
is inevitably less satisfactory. As is well known, the 
topies with which it deals are fraught with snags, con- 
ceptual, linguistic and methodological, and have on the 
whole proved resistant to experimental analysis. How- 
ever, Dr. J. Nuttin surveys experimental investigations of 
drives and incentives with commendable balance, covering 
both animal and human enquiries. His knowledge of 
recent American work is particularly impressive. Prof. 
Fraisse writes on emotion; if he has rather little to say, 
this is due largely to the paucity of convincing oxperi- 
mental data. Finally, Dr. R. Meili outlines investigations 
of personality structure, mainly the large-scale, statistical 
variety which Prof. Eysenck and others have made their 
special province. (But he does have a kind word or two 
for psychoanalysis.) Although little positive emerges, the 
author concludes that thirty years’ work on personality 
has at all events led to a clearer conception of the problems 
and of the methods which might lead to their solution. 
Possibly. 

The sixth volume is concerned with perception. As 
might be anticipated, Prof. Piaget leads off with an 
account of the genetic development of perception, much 
of the material being derived from the work of his own 
laboratory. Prof. Fraisse writes on time perception, a 
topic to which he has himself devoted much study. Dr. 
E. Vurpillot writes on space perception; this chapter is 
impressive and might well justify translation as a mono- 
graph. Finally, Dr. R. Francés discusses form and object 
perception. This is a bit limited, no consideration being 
given to recent investigations of form perception in 
animals, which have given new impetus to the whole 
field of enquiry. Oddly, too, auditory perception is little 
discussed and tactual perception scarcely at all. but 
perhaps these omissions will be remedied in later volumes. 
Nor do neurophysiological aspects of perception receive 
their due. 

This treatise is comprehensive, scholarly and well 
balanced. Although drawing heavily on American (and 
to a lesser extent British) sources, it certainly cannot be 
regarded merely as an attempt to market Anglo-American 
psychology in a form appropriate for Continental con- 
sumption. It does distil a flavour of its own, critical, at 
times ironic, and above all lucid. It will have both 
impact and influence, and the Editors deserve con- 
gratulation on their enterprise. Psychologists everywhero 
will await the forthcoming five volumes with lively 
anticipation. O. L. ZANGWILL 


SOCIAL MISBEHAVIOUR 


Crime and the Social Structure 

By Dr. John Barron Mays. (Society Today and Tomor- 
row.) Pp. 256. (London: Faber and Faber, Ltd.. 1963.) 
30s. net. 


DE J. B. MAYS has in recent years made a significant 
contribution towards our understanding of some of 
the intractable problems of juvenile delinquency, notably 
in his investigation, published in 1959, appropriately 
called On the Threshold of Delinquency. It was. therefore. 
with keen anticipation that I looked forward to his latest 
book Crime and the Social Structure. 
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The central thesis of this investigation is that “society 
itself is in some respects criminogenic and to a considerable 
extent precipitates its own delinquency”. There is nothing 
really novel in this argument, but what is unusual is the 
extent to which Dr. Mays tries to prove that "criminal 
behaviour arises naturally enough out of the ordinary 
daily affairs in which all of us are engaged". But, does he 
provide the proof to validate his thesis? In my view he 
does not, despite the wide range of social factors associated 
with crime which he has examined. 

There is, of course, a real difficulty in making any 
attempt to put forward a particular thesis about the cause 
of crime, and that is the difficulty of finding, by scientific 
methods, supporting evidence. Dr. Mays has had to rely 
in the main on his own experiences as & youth club leader, 
and on the research he carried out among the boys of the 
youth club with which he was connected, and of course on 
the results of research carried out by others in Britain and 
the United States. Unfortunately, one cannot satis- 
factorily translate to Britain the results of research carried 
out in the United States, for as Dr. Mays admits “British 
society is in some important respects very unlike Ameri- 
can". Furthermore, much of the research carried out in 
limited areas of Britain has not been repeated elsewhere 
and therefore he has to rely all too often on ‘localized’ 
evidence, as, for example, when he argues that the offences 
of the youth club members he knew in Liverpool were 
caused essentially by the environment in which they 
lived. The interesting question is, would these same boys 
have committed offences had they been born and brought 
up in any other part of Britain ? Unlike the natural 
scientist the social scientist cannot easily repeat his 
experiment, and therefore that interesting question cannot 
readily be answered. i 

For anyone who is unfamiliar with theories of the causa- 
tion of crime and such facts as are known about crime in 
Britain this book provides a useful introduction. Dr. 
Mays, as always, writes extremely well and, unlike many 
writers on criminology, he avoids jargon. This is a very 
readable book, it stimulates thought about criminal 
behaviour and draws a useful distinction between ‘normal’ 
and ‘abnormal’ crime which helps the reader to see in 
perspective the alleged increase in criminal behaviour. 
With his plea that “we should take a hard long look at 
the nature of our society to see whether or not there are 
social and environmental forces which foster delinquent 
attitudes" one must agree whole-heartedly, but has he 
himself shown us what these forces are ? I’m afraid the 
answer must be no, and having finished reading this book 
I was left with the uneasy feeling that the claim made on 
the dust-jacket that Dr. Mays “reveals the relationship 
between long-established institutions and criminal atti- 
tudes and behaviour” is not substantiated. 

D. C. Marsa 


. THE WAYS OF SCIENCE 


The Nature of the Natural Sciences 


By Dr. Leonard K. Nash. Pp. xix+406. (Boston and 


Toronto: Little Brown and Company, 1963.) n.p. 


Philosophy of Science 

The Delaware Seminar. Vol. 1, 1961-1962. Edited by 
Bernard Baumrin. Pp. xvi+370. (New York and 
London: Interscience Publishers, a Division of John 
Wiley and Sons, 1963.) 75s. 


HE author of The Nature of the Natural Sciences 

is a professor of chemistry at Harvard University, 
and as a member of Conant’s Harvard General Education 
Programme for the teaching of science to non-scientists 
he has always beon particularly conscious of the need 
to give an answer to that most difficult of all questions, 
"What is science?". In this book he sets out to sketch 
such an answer, with refreshing simplicity of approach 
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and copious illustration from actual cases of our scientifio 
past and present. His objective, he explains;.is not to 
present the reader with some abstract ‘ideal science’ 
which may be found in logicians’ text-books, but to. 
attend closely to its dynamic aspects though all the time 
keeping attention directed towards the history, the 
philosophy, the internal organization of science, its 
social ties, and so forth. This is a formidable programme, 
and one will not, for that reason, expect a very searching 
enquiry at all levels; but, as an introductory exploration 
of & many-faceted field, the book has its value. Its 
examples are chosen so as to be comprehensible to the 
scientific amateur, but it should be noted that they 
turn out to differ not so very much from the stock-in-trade 
of the defamed logician: Boyle’s. Law, Archimedes’s 
Principle, the Kinetic Theory of Gases, Newton’s theory, 
Ptolemy and Copernicus spatter the pages, even though 
supplemented by such ‘modern’ representatives as 
Moseley’s law and Mendel. Again, for someone who sots 
out to offer us a fresh appraisal of an old subject from a 
working scientist’s point of view, the book is curiously 
cluttered up with quotations from the pens of a vast 
number of philosophers, chosen quite at random. This 
gives the enterprise a somewhat eclectic appearance, 
and a teacher should be warned to press the work into 
students’ hands only on condition that he is prepared , 
to supervise their reading himself. 

This said, I must nevertheless register my approval 
of the author’s attempt to present science neither as a 
straightforward enterprise of collecting facts followed by 
generalization and explanation, nor as a purely deductive 
and theoretical enterprise with only an occasional explor- 
ation into the laboratory. On the contrary, the two 
sides of science, intelligible explanation and theoretical 
approach on one hand, and the whole apparatus of 
instrumental contro! on the other, are presented with 
illuminating care. she element of ‘colligation by laws’ 
in the construction of scientific concepts is emphasized, 
as is the weight of certain ‘methodological principles’, 
such as those of parsimony, penury, clarity and analogy 
all acting as often unconscious devices in the day-to-day 
operations of the scientist, particularly when faced with 
the task of the choice between hypotheses. 

Prof. Nash is always concerned with exposing the 
many-sidedness of the scientist’s thinking. The almost 
dialectical way in which the demand for ‘intelligibility’ 
of explanation—misunderstood by the early scientists 
and philosophers as the request for 'self-evidence'— 
is checked by certain constraints, for example, eschewal 
of a total explanation of everything, the need for experi- 
mental control coupled with a rigidly deductive strat- 
ification. Other methodological principles discussed are 
those of continuity, determinism, corrigibility. Thero 
are the usual chapters on theories and models, sympathetic 
discussions of the claim (ultimately rejected) that there 
is “a scientific method”, and considerable attention is 
*directed towards psychological and social factors inherent 
in scientific research experience. For good measure, at 
the end we get also a discussion of questions that have 
exercised academic philosophers since the seventeenth 
century, such as the debate of ‘realism’ versus ‘phenomen- 
alism’, the author arguing for a particularly trivialized 
version of optimistic realism. 

Philosophy of Science is far headier stuff, with con- 
tributions by some of the most eminent of our contem- 
porary philosophers, mathematicians, biologists and 
physicists to the Delaware Seminar, a running colloquium 
intended to be indicative of work in progress in the 
philosophy of science. This is the first of a series. Here, 
issues are argued with greater caro and attention to 
detail, though, of course, with less relevance for the 
everyday concerns of the ‘working scientist. This is, 
however, a price that has to be paid by every branch of 
intellectual endeavour as soon as it comes of age: in 
this case, progressive depth in its searchings and the 
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establishment of an agreed forum of discussable ‘technical’ 
problems, however much these may originally’ have 
arisen out of the corpus of scientific activity itself, soon 
take on the aspect of a separate academic discipline; 
nor is it easy to see how an honest interest in truth could 
prevent such a splintering process from coming to pass. 
Philosophy of science, in this respect, is in the condition 
in which dynamics, geology, psychology, and most other 
scientific disciplines have found themselves at their 
own respective periods of gestation. The complication, 
however, in the present case is that philosophy of science 
is (and always has been) a tremendously composite 
hotchpotch of interests and influences; ranging from 
the extreme of the foundations of logic and mathematics— 
not to mention the metaphysical enterprises of the great 
classical philosophers, many of whom saw themselves 
primarily as writers on the foundations of science— 
to the investigations of the statisticians and probability 
theorists into the theory of games. 

The Delaware volume is evidence of a similar width of 
interests. Its six main parts include sections on “Scientific 


Explanation and Prediction”; “Philosophical Aspects of. 


the Foundations of Mathematics” ; “Philosophical Aspects 
of Biology” ; “Philosophical Aspects of the Social Sciences” ; 
and finally “Philosophical Aspects of Physics”. The 
section on the foundations of mathematics argues the 
virtues (and vices) of Platonism and Nominalism, through 
an explanation of the notion of ‘existence’, of sets, for 
example. Another article is concerned with the notion 
of mathematical truth. A. Landé, in “Causality and 
Dualism on Trial’, reiterates his thesis, already made 
in an earlier book of his, seeking an interpretation 
of the formalism of quantum mechanics primarily in 
terms of a particle model with an inbuilt statistical 
element from the start. Probabilistic theory is then 
considered a fundamental and irreducible element in 
all physical situations. . 

Naturally, as always in a co-operative effort, the value, 
thoroughness and relevance of the individual contribu- 
tions vary tremendously; but as an insight into the 
workshop of contemporary discussions on the logic of 
the sciences and mathematics this book can be strongly 
recommended. Gerp BucHDAHL 


























SCIENCE IN THE HISTORY 
OF CIVILIZATION 


Ancient and Medieval Science from Prehistory to 
A.D. 1450 

Edited and with a General Preface by René Taton. 

Translated by A. J. Pomerans. (A General History of 

the Sciences.) Pp. xvi+552+48 plates. (London: 

Thames and Hudson, Ltd., 1963.) 126s. 


rT HIS is the first volume of a series, published in 

1957 in French, which aims to bridge the gap between 
specialized papers in the history of science and general 
history written for the educated man. The apparatus of 
historical scholarship and critical discussion have been 
kept to the minimum, and extensive bibliographies have 
been included to enable readers to pursue particular 
interests. Each major section has been written by a 
specialist. This volume covers the period from prehistory 
to A.D. 1450, and covers not only the ancient civilizations 
which provide the first chapters of every general history 
of science—Egypt, Mesopotamia and Greece—but 
also China, India, ancient and medieval Jewish science, 
Byzantium and pre-Columbian America. Geographical 
unity is maintained not only by description of trans- 
cultural influences, but dlso by some comparative dis- 
cussion of method and scientific attitude. This is especially 
valuable in the case of Chinese science, which started 
o promisingly but scarcely came to theoretical fruition, 
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and is admirably done in the space of two short chapters 
by A. Haudricourt and J. Needham. 

The further subdivision of each cultural unit is 
generally into the various special sciences, with moro 
extensive attention to medicine than is usual in such 
works. In the case of the Greeks, the unity is rightly seen 
as one of philosophical school rather than of subject- 
mafter, and a sustained exposition in four chapters of 
Greek science and mathematics from Thales to Aristotle 
by P.-H. Michel provides a firm centre-piece for the book. 
for subsequent specialized developments took their 
origin from this period. Indeed, fundamental views of 
the nature of scientific knowledge, and theories of the 
structure of matter and the cosmos, continued until 
the seventeenth century to be directly indebted to the 
conflicting philosophies of Democritus, Plato and 
Aristotle. It is good to see in a volume of this kind a 
proper place given to philosophical influences, and 
particularly to the Platonic tradition, which has often 
been denigrated by historians of science. But since 
the monumental researches of Alexandre Koyré and 
other students of Renaissance and seventeenth-century 
science, no historian can ignore the vast influence of the 
Platonic mathematization of Nature, which can be 
regarded as one of the major sources of the science of 
Copernicus, Galileo, Kepler and Descartes. Within 
the book’s brief compass, full value is given to the con- 
tinuity discerned by recent historians between ancient 
and modern science. 

How successful is the volume ix its aim of introducing 
history of science into the general historical perspective 
of the educated man? In spite of many good things, 
one must still confess to some doubts as to whether the 
method of approach is the most suitable for this purpose. 
There is a sorious attempt in many of the sections to relate 
the details of scientific development to their cultural 
background, as well as to face squarely the question 
how far this was ‘science’ in any sense we would now 
recognize. A fairly coherent view emerges among the 
various authors as to what we do in fact recognize as 
the essentials of science. This is an empiricism somc- 
what modified by theoretical systematization: “The 
true scientist joins accurate knowledge of the facts to 
the demands of reason" (p. 258), and examples of mere 
observation or technique without rational system are 
condemned as pre-scientific. But there are still too many 
phrases which echo an earlier and less satisfactory style 
in the historiography of science: “In Galen's physiology 
we must distinguish between far-fetched biological theory 
and brilliant individual discoveries” (p. 359) is one 
example among many. The implication is that theorics 
ought not to be far-fetched, and that discoveries are 
independent of theories. But what could have been 
more far-fetched, in their historical context than Newton's 
action-at-e-distance, or Einstein's curved space-timo ? 
And what discoveries would have been made without 
the aid of these conceptions ? The historian’s besotting 
temptation is to condemn earlier science because it 
turned out to be “false’, instead of judging it according 
to the evidence available and the criteria recognized 
in its day. The brevity of the general discussion of 
historical background which is dictated by the scope 
and form of this book makes it difficult for many of tho 
authors to guard against such distortions. It is flattering 
to our self-esteem to look to the distant past and to 
think we recognize faint premonitions of our own science 
among much wrong-headedness in the best intelligonces 
we find there, but a deeper historical insight will often 
reveal that they shared few of our interests, criteria 
or values, and to a modest historical view they are not 
necessarily the worse for that. All of which leads one 
to wonder whether the cause of history of science is not 
better served by works of general history devoted to 
more limited periods and cultures, which show science. 
philosophy and technique as integral parts of a context 
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developed in terms. of its own values in more “detail 
than.is possible here. : 

If the project does not quite succeed in giving historical 
significance to the science of the distant past, it is never- 
theless a unique mine of information, beautifully illus- 
trated, and exceptionally well translated. 


TECHNIQUES IN ENDOCRINE 
RESEARCH 


7 Techniques in Endocrine Research 
Edited by Peter Eckstein and Francis Knowles. (Pro- 
ceedings’ of a NATO Advanced Study Institute held at 
Stratford-upon-Avon, England, under the auspices of the 
University of Birmingham.) Pp. xvi+319. (London: 
Academic Press, Inc. (London), Ltd.; New York: 
Academic Press, Inc., 1963.) 63s. 


I September 1962 a meeting on the techniques used in 
X endocrine research was held at Stratford-upon-Avon 
‘under the auspices of the North Atlantic Treaty Organiza- 
tion. Most of the papers which were read are now pub- 
lished in book form. 

The volume consists of communications dealing with 
the following topics: X-ray crystallography (D. C. 
Hodgkin); hormone-containing sub-cellular particles 
(U. S. von Euler); antibody staining techniques (F. A. 
Pepe); neurosecretion (F. Knowles); ultrastructure of the 
mammalian pituitary (R. L. Holmes); autoradiography 
(A. Fieq and J. Flement-Durand); chromatography 
(E. Lederer); hormones in blood (H. N. Antoniades); 
immunochemical methods (R. G. White); interpretation 
of biochemical techniques (R. B. Pennell); the experi- 
mental animal (W. Lane-Petter); the pituitary complex 
(J. M. Dodd); hormones and gene action (P. Karlson); 
transplantation (P. L. Krohn); preservation and storage 
of endocrine tissue (A. S. Parkes); purified protein 
hormones in human endocrinology (C. Gemzell); endocrin- 
ology of reproduction (M. OC. Shelesnyak); ovum 
implantation (G. Mayor); hormones in development 
(A. Raynaud); trends in methodology (M. Klein). 

Tt is unfortunate that not all the participants were 
able to present written accounts of their papers for 
publication. This omission is, however, not so important 
to the reader as the failure to include the discussion which 
followed each communication. In the form in which it is 
published, Techniques in Endocrine Research thus presents 
a series of discrete papors rather than an integrated 
account of the subject as a whole. The inclusion of the 
discussions might well have overcome this defect, as well 
as providing further insight into the problems associated 
with the methods discussed. A less-important factor, 
but one which detracts from the value of the book as a 
whole, is the inadequacy of the subject index. Thus, to 


give one example, in her paper Dr. Hodgkin discusses the . 


X-ray crystallography of insulin in some detail, but there is 
no mention of this m the index. This means that although 
the book can be used as a reference work, it will be of 
greater value to peruse the relevant chapters in detail. 
The value of the book lies in the fact that it consists of 
the description of a wide range of techniques at present 
used in endocrine research. In the introduction Sir 
Francis Knowles reminds us that “developments in physics 
and chemistry during the past thirty years have revolu- 
tionised biological research”. Approximately half the 
papers included in the volume are devoted to illustrating 
this point. The relevant communications generally 
consist of a brief historical introduction followed by a 
amore detailed discussion of the recent applications of a 
particular technique to endocrinology. Most of the 
remaining chapters deal with the interrelationship or 
application of a variety of procedures to a given problem. 
This is well illustrated in the chapter by Dr. Shelesnyak. 


NATURE 


Mary HESSE E 


July 11, 1964 | vo. 25s 


‘which deseribes the way in which biological and-chemi 
techniques have been used to investigate the mechani: 
of: nidation. 

Laboratory animals have been used extensively 
experimental work throughout this century. It is, ho 


'.ever, only relatively recently that the well-being: of t 


animal has been considered. Because of this fact, t 
inclusion of & paper by Dr. Lane-Petter on the éxpe 
mental animal in research is very welcome. 

A large number of different experimental techniques £ 
described and it would, therefore, be inappropriate 
discuss any particular method in detail. In view of t 
many specialized technical journals in which such metho 
are published, the value of the book to the chemist and 
the biologist is considerable, in that it provides descriptio 
of both recent and classical methods in endocrinolog 
This volume may, therefore, be recommended with co 
fidence for perusal by anyone interested in endocrinolog 

E. Trevor BELL 


RADIATIVE TRANSFER IN THE ^ 
U.S.S.R. AND THE WEST 


A Treatise on Radiative Transfer 

By V. V. Sobolev. Translated by Dr. S. I. Gaposchk: 
Pp. xi+319. (Princeton, N.J.: D. Van Nostrand Coi 
pany, Inc.; London: D. Van Nostrand Company, Lt 
1963.) 76s. l 


HE development of the theory of radiative transi 

during the years 1940-60 proceeded in the U.S.S. 
and in tho West along roughly parallel lines, but until t 
past fow years of the period contacts were few. Weste 
astrophysicists were strongly influenced by the work 
S. Chandrasekhar, while Russian astrophysicists f 
lowed V. A. Ambarteumian and V. V. Sobolev. 

It is sobering to read this translation of Sobole 
treatise, first published in 1956, and to realize th 
methods which were only then being developed in Weste 
journals had been in use in the U.S.S.R. for some yea 
The comparison and appreciation of results and metho 
were made more difficult by the use of different notatio 
for standard functions. Thus, Chandrasekhar a: 
Western writers used, and still use, H(u) X(u) Yt 
whore Sobolev and the Russians used o(q), gin), bin), 
notation which has been adhered to in the translation. 

For an experienced astrophysicist, A Treatise on Radi 
twe Transfer is an exciting book, but unfortunately it w 
be of little value to a beginner until a corrected version 
available. Many misprints have come from the origir 
Russian version, while others have been introduced by t 
translator or the printer. On p. 65, for example, the on 
formule without some sort of omission are (46) and (4 
The translation itself is sometimes misleading. Thus, | 
p- 110, in the sentence “‘Let us consider the transmissi 
coefficient only for the case of the spherical scatteri 
indicatrix", ‘only’ should be ‘also’ and ‘spherical’ should | 
‘non-spherical’. 

When the difficulties caused by misprints have be 
overcome, the reader will find much to interest hi 
Sobolev first develops most of the known methods 
dealing with transfer problems. Special mention mt 
be made of the so-called probabilistic method, d 
originally to Sobolev, which is based on the probabili 
that a quantum absorbed at depth + below the surfa 
wil leave the medium in a certain direction. The 
mothods are applied to various physical problems, su 
as the scattering of polarized light in planetary atm 
spheres and in the electron atmosphere of a star; t 
luminescence of a medium bounded by a reflecting surfac 
light seattoring when. there is a redistribution in frequen 
and the consequent effect on the contours of absorpti 
lines; and non-stationary radiation fields. 
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It is. in the detailed applications of general results that 
Sobolev'&:bóok will most delight the experienced reader. 
Besides applications to planetary atmospheres and nebule, 
one finds a discussion of the brightness of an overcast sky 
at sea allowing for reflexion of light by the sea, and the 
brightness of the sea itself allowing for both reflexion from 
the surface of the sea and Scattering of light in the sea. 
In the final chapter, Sobolev uses transfer theory to 
explain why a flat fish, in order to be nearly invisible, is 
white below and dark above! 

Much perplexity has been caused in recent years by the 
non-uniqueness of the solutions of some of the integral 
equations of transfer theory. These problems have now 
been cleared up, mainly through the recent work of 
T. W. Mullikin in the United States. Sobolev has nothing 
much to say about existence and uniqueness of solutions, 
but happily he has selected the best function whenever a 
family of solutions exists. This makes his book valuable 
as a basis for future work. 

Dr. 8. I. Gaposchkin is to be thanked for making 
Sobolev’s book available to Western astrophysicists. He 
has himself added to the book some of Sobolev’s latest 
articles, adapting them slightly so that they fit in with 
„the book. Thus the version in English is an enlargement of 
that in Russian. I. W. BusBRIDGE 


LAND AND WATER USE IN 
THE UNITED STATES 


Land and Water Use 

Edited by Wynne Thorne. (A Symposium presented at 
the Denver Meeting of the American Association for the 
Advancement of Science, 27-29 December, 1961.) (Publi- 
cation No. 73.) Pp. x +364. (Washington, D.C.: American 
Association for the Advancement of Science ; London: 
Bailey Bros. and Swinfen, Ltd., 1963.) 80s. 


Ie land and water resources in relation to 
present and future population is a problem which 
confronts not only Britain but increasingly other parts of 
the world. Not least of these areas is tho United States, 
and although the problems in this case aro on quite a 
different scale from those confronting Britain much can 
be learnt from the study of somewhat similar situations 
in other localities. This new publication of the American 
Association for the Advancement of Science is therefore 
especially welcome for it summarizes a symposium which 
took place at the Denver, Colorado, meeting which had as 
its objective a consideration of land and water as related 
resources with special reference to the mountain and plains 
region of the United States—wherein we find concentrated 
many of the United States’ most critical problems of land 
and water use. 

Whereas most of the plains region is now in private 
ownership, more than half the inter-mountain area remains 
in Government hands. Competition for the region's 
resources brings about pressures on both the private and 
publie sectors for courses of action which are often 
conflicting. The symposium was therefore largely con- 
cerned with a consideration of many of these conflicting 
claims and an attempt is made to evaluate the long-term 
consequences of the application of selected policies. 

Contributors to the symposium were drawn from many 
disciplines and organizations and were carefully selected 
as individuals who could talk authoritatively concerning 
these basic natural resources. The scene is set by an 
introductory chapter on “Land and Water Use” by Wynne 
Thorne, who edits the collection of papers. This is followed 
by a group of articles under the collective title of “The 
Resource Setting”, the topics included ranging from 
population demands on land and water, potential uses. 
livestock interests, public grazing, evaluations of dryland 
environments at differing technical levels, recreation as a 
competitive segment of multiple use, management and 
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vegetation of watershed areas, hydroelimatology, to 
methods of securing additional water supplies. 

Part 3 deals with “‘Criteria and Policies”, with chapters 
on economic priorities for water use in arid regions. 
management of wildlands, multiple use in the management 
of land and water, and criteria and planning for optimum 
uso. Part 4 covers the role of Government in secking 
solutions to the problems which lie ahead, with contri- 
butions on wilderness problems, public and private 
investment in development, and legal aspects of a national 
water programme and a concluding chapter on "Govern- 
ment Responsibility for Land and Water—Guardian or 
Developer ?”. 

It will be clear that the symposium is wide-ranging and 
comprehensive and that it touches on many points. 
Throughout, however, there is a significant repetition of 
references to the concepts of multiple-use and optimum- 
use. Specialists in tho field of resource management &rgue 
that the concept of multiple-use provides the most 
practical approach in seeking maximum benefits from 
land resources. Management for multiple-use is based on 
human value systems and fulfils human needs by increas- 
ing total useful production. It is argued that such policies 
should be flexible enough, however, to serve the future 
welfare of the nation. Recreational uses are vital but 
difficult to evaluate financially. 

Others have argued in favour of the concept of optimum- 
use since the concept of multiple-use has limited value 
as a basis for determining public and private policies in 
planning and management. But a determination of 
optimum-use requires extensive research on resources and 
better criteria for estimating exactly what would be tho 
optimum-use in particular cases. A complete inventory of 
all land resources would in fact be necessary before fool- 
proof decision-making on optimum-use becomes possible. 

It is the responsibility of Government to assure the 
maximum benefit to the country of the available resources 
with particular reference to the ‘public good’. But it is 
important to remember that financial statistics cannot 
always be used to evaluate competing interests. -^ 
recreational national park cannot be judged by its turn- 
over of “hot dogs, fishing tackle and gasoline sales"; its 
true worth cannot really be measured in any financial terms. 

Among the major recommendations which emerge from 
these papers are: (1) the need for a detailed inventory of 
water and land resources evaluating specific character- 
istics; (2) the need to place esthetic enjoyment and leisure 
time use in balance with economic demands; (3) the need 
for a clearer definition of governmental responsibilities 
and functions in relation to land and water resources: 
(4) the need for policy criteria to guide future govern- 
mental actions. 

It will be clear that most of the principles discussed in 
this important symposium are immediately relevant to 
the problems which Britain faces in the proper uso of land 
and water resources. The concepts of multiple-use and 
conservation are slowly gaining ground together with u 
need for & detailed inventory of water and land resources 
Government, however, moves but slowly and Britain ha- 
not yet reached the stage where land utilization survey 
has become a regular and official activity for the whole 
country. Meanwhile we have to rely on the private 
enthusiasm of dedicated geographers. Adequate data cn 
water resources should, however, be forthcoming once the 
Water Resources Act, 1963, has been brought into full 
force. As the pressure of population on both land and 
water amounts with increasing numbers and increasing 
leisure the community will be forced into undertaking 
more detailed inventories of both water and land resources, 
of rosolving the problems of multiple-use as against opti- 
mum-use, and of accepting the need for more Government 
action. This symposium from the United States makes 
valuable background reading for all those concerned with 
finding the solution to the problems that are approaching 
all too rapidly. W. G. V. BALOHIN 
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Annual Review of Nuclear Science x 
Volume 13. Edited by Emilio Segre. Pp. vi+590. 
(Palo Alto: Annual Reviews, Inc., 1963.) 8.50 dollars. 


HE mixture as before comes from Annual Reviews; 

one dozen assorted articles on various aspects of 
nuclear science. No one will want to read them all, but 
each will be interesting and usoful to many. This kird of 
review tends to remain a standard referenco for several 
years. 

In the field of nuclear reactions, Glendenning discusses 
stripping at considerable length, while Stelson and 
McGowan survey Coulomb excitation more briefly. In 
high-energy particle physics, Puppi and Dalitz deal with 
the pionic and strange-particle resonances, respectively. 
As usually happens with such reviews, several new 
particles have appeared while they were in the press, but 
Dalitz has partly insured against this risk by discussing 
the predicted Q-. Tho surprise particle of two years ago is 
edvered by Feinberg and Lederman, in a paper on the 
muon and the muon neutrino. 

* There are two correlated papers on tho slowing-down of 
charged particles in matter; Fano deals with protons, 
«-particles and mesons, while Northcliffe takes the rather 
different case of heavy ions. Cumming contributes a 
review of data and techniques used for monitoring high- 
energy proton beams. The automatic analysis of bubble 
chamber data is a new technology; Rosenfeld and 
Humphrey tell the inside story, full of evocative code- 
names—Franckenstein is a machine, Quest and Fake are 
computer programmes. 

Finally, there are three shortish surveys representing 
some other sciences in the nuclear field. Sayre summarizes 
the methods and uses of activation analysis, Bjérnerstedt 
and Edvarson describe some questions needing further 
research in the physics, chemistry and meteorology of fall- 
out, and Hutchinson writes about the effects of radiation 
on biological macromolecules. 

On the whole, these reviews are meant for serious 
students and research workers in the subjects concerned, 
but several of the shorter ones will interest the casual 
onlooker who simply wants to widen his horizons. This 
volume is a worthy continuation of a useful serios. 

R. J. N. PELLIS 


Atomic Structure and Chemical Bonding 

A Non-Mathematical Introduction. By Fritz Seel. Trans- 
lated from the Fourth German edition and revised by 
N. N. Greenwood and H. P; Stadler. (Methuen's Mono- 
graphs on Chemical Subjects.) Pp. vii+112. (London: 
Methuen and Co., Ltd.; New York: John Wiley and Sons, 
Inc., 1963.) 15s. 


r | ^H translation of Prof. Seel's Atombau und Chemische 
Bindung by Prof. Greenwood and Dr. Stadler makes 
readily available to English students a monograph whieh 
has proved very popular in Germany. It provides an 
introductory treatment in non-mathematical terms of the 
theory of chemical bonding, being concerned with the 
development of principles underlying the whole of chemis- 
try without arbitrary sub-division. Undoubtedly students 
will appreciate the clear synoptic view of the subject which 
it develops clearly and concisely. Not only are the more 
conventional aspects of bonding theory introduced descrip- 
tively but these ideas are also very widely applied. Having 
developed the theory underlying the formation of mole- 
cules and crystals the author provides a discussion, 
supported by pictorial models, of material ranging from 
stereochemistry and chemical reactivity, over inter- 
metallic compounds and electrical conduction to the 
“strength of materials and the olasticity of rubber. This 
coverage in a small book is achieved only as the result of 
a very concise style of writing. In places the material is 
condensed to the point of terseness, and a student will 
probably gain little here, if this is his first encounter with 
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the ideas, although he might well find it useful in- providing 
perspéctive in the area after making a more detailed 
investigation. 

Some parts of the book can be criticized for over- 
simplification. The directions of chemical processes are 
discussed without reference to entropy changes andtin one 
place relative rates of two reactions are accounted for by 
writing seven versus six resonance structures for the 
transition state. Ideas are frequently introduced rather 
loosely: “The electron in each cell traces out a particular 
pattern or orbital . . .”? serves to define an orbital; transi- 
tion state is introduced by referring to “the energy level 
of the transition state". 

More seriously, it seems a pity that some feeling for the 
relative strengths of chemical bonds is not developed. The 
book is weak generally on energetics; thero is little on 
lattice energies, almost nothing on solvation energies and 
bond energies are not mentioned. 

The great merit of the book is the way in which it 
rolates bonding theory to chemistry at a simple descriptive 
level. It can confidently be recommended as a stimulating 
introduction to the subject. D. J. MILEN 


Introduction to the Constructive Theory of Functions 
By Prof. John Todd. (International Series of Numerical 
Mathematics, Vol. 1.) Pp. 127. (Basle and Stuttgart: 
Birkhüuser Verlag, 1963.) 27.50 Sw. francs. 


HE constructive theory of functions deals with 

approximations to a given function in terms of simple 
elements, such as polynomial approximation to a con- 
tinuous function in a basic interval, or approximation to a 
periodic continuous function by trigonometric polynomials. 
It is, therefore, a well-defined field of mathematical 
analysis, which may serve as a theoretical basis to much 
recent work on numerical methods. 

Weierstrass’s fundamental theorem, that a polynomial 
can be found which will not differ from a given continuous 
function over a finite interval by more than a prescribed 
g, leads us at once to ask what may be meant by a ‘best’ 
polynomial approximation, and how, when defined, it 
may be found. Here the Chebyshev polynomials which, 
of all polynomials in (-1, 1) with leading coefficient 
unity, deviate least from zero become relevant, and this 
book gives a very concise but reasonably comprehensive 
table of the main formal properties of these and of other 
orthogonal polynomials arising from a suitable weighting 
of the mean square error. The Bernoulli polynomials are 
discussed so far as is needed for dealing with the Euler- 
Maclaurin summation formula. A brief chapter on inter- 
polation stresses, by means of exercises, the simplification, 
due to A. C. Aitken, which reduces n-point interpolation 
to successive linear interpolations. The concept of 
*bost approximation is generalized by the use of function 
spaces, enabling a discussion of existence and uniqueness 
to be given in economical form. Finally, numerical 
integration is briefly developed on a Gaussian basis. 

The text, apart from the solutions to the exercises, 
takes up only ninety pages, so the large amount of ground 
covered necessitates a terso exposition. The author 
demands full co-operation from the reader, but shows 
remarkable skill in emphasizing the key-points of am 
argument, so that the conscientious reader should never 
have any difficulty in filling in details. There are about 
100 exercises, with solutions; some develop more fully 
matters which are briefly sketched in the main text, 
others arise fairly from the text but seldom degenerate 
into points of routine drill. Obviously much care has 
gone into the construction of these problems, and e 
young student could scarcely fail to find his curiosity 
strongly stimulated. The book reads as if the author haoa 
thoroughly enjoyed writing it, which should encourag: 
many students to enjoy reading it. The new series o: 
texts on numerical mathematics is off to a flying start. 

T. A. A. BROADBENT 
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FOUNDATIONS OF QUANTUM MECHANICS 


` By Pror. P. A. M. DIRAC, F.R.S. 
St. John’s College, Cambridge 


[5 view of the profound diffieulties met with in quantum 
field theory the foundations of quantum mechanics, 
which were established more than thirty years ago, are 
under suspicion. Let us re-examine these foundations 
and see if they can be amended. 

Quantum mechanics, as introduced by Heisenberg in 
1925, involved dynamical variables u which do not obey 
the commutative axiom of multiplication and which 
satisfy the Heisenberg equation of motion: 

th du/dt = uH — Hu (1) 
where H is the Hamiltonian. These dynamical variables 
were first represented by matrices. Later it was found 
that they could be considered as operators operating 
on the vectors of a Hilbert space. It is convenient to 
denote the Hilbert vectors by symbols such as |A) and 
i result of applying a dynamical variable u to |A) by 
uA). 

Shortly after Heisenberg’s discovery, another quantum 
theory was discovered independently by Schrédinger, 
based on different ideas. Here the emphasis was on 
physical states, represented by wave functions. The 
wave functions may be considered also as vectors in 
Hilbert space, so they may also be denoted by symbols 
|A). They differ from Heisenberg’s Hilbert vectors in 
that they vary with the time, in accordance with Schrédin- 
ger’s wave equation: 


ih d|A)/dt = HA) (2) 


while Heisenberg’s were constant. 

For a while physicists had two quantum theories to 
work with; but it was soon proved that there was a simple 
connexion between them, resulting in their being equiva- 
lent. The Hamiltonian H is the same operator in both 
theories. The dynamical variables and the Hilbert vectors 
in the two theories are connected by a unitary transforma- 
tion: 

ug = ec iH ugoiBtl, |As) = e-iHtiň Ag) (3) 
where the suffixes S and H refer to Schródinger and Heisen- 
berg respectively. Thus there was just one quantum 
mechanics with two ways of looking at it, Heisenberg’s 
picture and Schrédinger’s picture. 

This quantum mechanics had enormous success when 
applied to the simpler problems of the atomic world, but 
ran into serious trouble when one tried to set up an 
accurate relativistic theory involving fields. The trouble 
was most acute for electrodynamics, because the other 
atomic fields were not very well known and one could 
ascribe the difficulties for them to our imperfect know- 
ledge of the forces involved. But electrodynamics was 
so well understood classically that it was most puzzling 
to find that quantum theory fails for it. 

To focus our attention on the trouble, let us put it in 
its simplest form. Let us confine our attention to electrons 
and positrons interacting with the electromagnetic field. 
Then it is not difficult to obtain the Hamiltonian H. One 
can be confident that this H is essentially correct because, 
when one uses it in the Heisenberg equations of motion (1), 
one gets sensible field equations in agreement with what 
one would expect from classical electrodynamics. How- 
ever, when one inserts this H into Schrédinger’s wave 
equation (2), one cannot find any solutions, not even 
approximate ones. Presumably solutions do not exist. 
Physically, one would expect there to be a trivial solution 


corresponding to the vacuum state, but there is not even 
this trivial solution. 

We have here the dilemma which has hindered the 
development of theoretical physics for three decades, 
There is a simple way out of it. Evidently the Schrödinger 
picture will not work at all, but the Heisenberg picture 
is not so bad. We may consider that: The Heisenbery 
picture is a good picture. The Schrödinger picture is a bad 
picture. The two pictures are not equivalent. 

The reader will immediately say, "What about the proof 
that the two pictures are equivalent ?”. Let us examine 
this proof and sce if it is sound. It involves a unitary 
transformation to connect the two pictures, in accordance 
with (3). The unitary transformation oxists, of course. 
only if the operators efHt/i, e—tHi/i exist. Now the H 
with which we are dealing is quite a complicated operator, 
and it is not immediately evident that exponentials of it 
should exist. We may check whether e-iH/h exists 
from first principles, taking a definite Hilbert vector 
|B), say, and seeing whether e-*#t/h|B) then oxists. If 
it did exist, we see at once that it would bo a solution 
of the Schrédinger equation (2). But such solutions do 
not exist. Hence the operator e-iHt/ does not exist nnd 
the proof of the equivalence of the two pictures fails. 

Let us make a closer examination of the two pictures 
to see the advantages of Heisenberg’s. In electrodyna- 
mics one may treat tho interaction between the particles 
and the electromagnetic field as a small perturbation, 
and can then seek a solution of the equations in powers 
of e?[hc. 

If one tries to solve the Schrédinger equation on these 
lines one gets an expansion, each term of which corresponds 
to & Feynman diagram. All the terms except the first few 
involve divergent integrals. Among the terms there are 
some that correspond to v-v (vacuum to vacuum) 
transitions with no external lines in the Feynman 
diagrams. These terms are the worst ones. They prevent 
one from getting a solution to represent the vacuum state. 
The divergent integrals in the remaining terms can be 
dealt with by the technique of re-normalization. 

One may try to solve the Heisenberg equations of 
motion by a similar perturbation method. Ono then gets 
an expansion, the terms of which again correspond to 
Feynman diagrams, with similar divergent integrals. But 
there are now no v-v terms. The reason for tho differonce 
is that, if one starts with zero in the Heisenberg picture. 
it remains zero, while if one starts with the vacuum in the 
Schrédinger picture, it does not remain the vacuum. In 
this way the Heisenberg picture avoids the worst difficul- 
ties of the Schrédinger picture. Thoso that aro left, the 
divergent integrals in the non-v—v terms, can bo tackled 
by limiting processes corresponding to re-normalization. 

In the Schródinger pioture the perturbation is so violont 
that, if one starts with a particular Hilbert vector to 
represent the initial state, it gets knocked right out of 
Hilbert space in any time-interval, however short. The 
v-v terms are responsible for this. With such a violent 
perturbation the Schrédinger picture is unworkable. 

In the Heisenberg picture there are no such violent 
reactions. However, the Heisenberg dynamical variables 
can no longer be taken to be operators in Hilbert space. 
They must be something more general, tho precise 
nature of which is at present unknown. We may call 
them g-numbers. All that is known about them is that 
they are non-commuting quantities satisfying definite 
commutation relations. Calculations in the Heisenberg 
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picture consist of algebraic deductions from the commuta- 
tion relations, which one performs without knowing the 
mathematical nature of the quantities with which one is 
working. 

'The foregoing discussion shows that one should establish 
quantum field theory entirely in the Heisenberg picture, 
with all references to the Schródinger picture cut out. 
We now have the big problem of setting up a method for 
the physical interpretation of the results of calculations 
in the Heisenberg picture. The usual interpretation of 
quantum mechanics involves the Schrédinger picture, 
the square of the modulus of the wave function being 
interpreted as a probability, and so cannot be used. I 
propose the following new interpretation. 

Each physical state throughout all time corresponds to 
a solution of Heisenberg’s equations of motion. This is 
a g-number, K;, say, a function of the Heisenberg dynami- 
cal variables at time ¢ containing ¢ also explicitly, which 
is a constant of the motion, so that: 


dK: _ 3E: 
dt at 


For each value of t, K: will be a function of the emission 
operators y; of various particles and the corresponding 
absorption operators 7; and also of £ explicitly. We 
suppose the g-numbers can operate on vectors |A) of a 
moro general kind than Hilbert vectors. For each time 
t we set up a vacuum vector |V:), satisfying e| Ve) = 0 
for all absorption operators 4. Then we can interpret 
Kıl Ve) like the wave function at time ¢ in the old theory. 
We may express K: as a sum of terms each having all the 
"s to the left of all the Ws. Those terms that contain 
"s will give zero when multiplied into | Vz). The coeffici- 
ents of the remaining terms will then be physically 
significant, the squares of their moduli giving tho probabili- 
tios of various particles being present at the time ¢. 

It will be seen that, so far as concerns conditions at one 
instant of time, tho now interpretation corresponds 
exactly to the old one, with | V+) representing the vacuum 
state and K:|V:) a general state. Under variations of 
t the new theory is quite different, since | Vz) is not a 


+ [K.,H] = 0 
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solution of the Schrödinger equation, nor is K| Vi). The 
most striking departure from the old theory lies in the 
fact that the quantity K:| V :), playing the part of the wave 
function at time t, does not fix the quantity K:'|V:^), 
playing the part of the wave function at time t’, since 
one may have K;|Vi;)- 0 for a particular ¢ without 
having K: = 0, and thus without having K;'|V/) = 0. 
There is no longer determinism for the wave function, as 
in the Schrédinger theory, but only determinism for the 
q-number Kz. 

The usual formulation of quantum electrodynamics is 
a set of working rules and is not a logical deduction from 
the general principles of quantum mechanics. It has had 
great success in giving correctly the Lamb shift and the 
anomalous magnetic moment of the electron. 

We may now formulate quantum electrodynamics as a 
logical deduction from Heisenberg’s quantum mechanics 
with the foregoing physical interpretation. This leads to 
the same results for elementary problems of radiative trans- 
itions, the calculations being essentially the same as 
before, except that the v-v terms of the interaction 
automatically drop out and no longer have to be arbi- 
trarily discarded. I have checked that the new theory 
leads to the correct Lamb shift and: anomalous magnetic 
moment for the electron, to the order of e?/Ac. Thus the 
successes of quantum electrodynamics can all be main- 
tained with the increased standard of logic that the now 
formulation provides. 

In conclusion, I would like to say that the development 
of quantum theory proposed here should not be con- 
sidered as detracting from the value of Schródinger's 
work. The Schrédinger picture is a very good one for all 
those problems in which only a finite number of degrees of 
freedom are effective, such as problems in which the 
electromagnetic interaction can be represented by 
Coulomb forces, and it will continue to be used extensively 
as it is then simpler and more convenient than Heisen- 
berg’s. Only when one goes to an infinite number of 
degrees of freedom does one find that the Schrédinger 
picture is inadequate and that the Heisenberg picture 
has more fundamental validity. 


GREY SEALS AND FISHERIES 
By Dr. E. B. WORTHINGTON 


Deputy Director-General (Scientific), Nature Conservancy, 
19 Belgrave Square, London, S.W.l 


N July 1955 the Nature Conservancy was asked by 
the Ministry of Agriculture, Fisheries and Food to 
advise on the problem of damage caused to fisheries by 
grey seals (Halichoerus grypus). The complaints were 
mainly from south-eastern Scotland near the mouth of 
the River Tweed, whereas the seals alleged to be trouble- 
some were assumed to come from the Farne Islands, 
south of the border. 

At that time there was not much scientific knowledge 
about the grey seal or its relation to fisheries. Several 
biologists had investigated aspects of its natural history, 
behaviour, breeding biology and population structure 
in Cornwall, Pembrokeshire and the XHebrides!'-*. In 
1951 Hickling? had begun marking young seals on 
the Farne Islands to trace their movements in the sea, 
but accurate counts of the breeding population there 
were not started until 1956. However, the challenge 
was accepted, and two years later Lockie? had made 
a preliminary investigation of the damage caused on the 
Northumberland and Berwickshire coast. With this 
rather scanty background, the Nature Conservancy 
advised that, in addition to initiating a programme to 
discover means of protecting nets against seals, the 
Ministry should, as an experimental and interim measure, 


limit further increase of the Farne Islands colony by 
conducting an annual cull of calves. gy 
Although population control on any significant scale 
was not in fact undertaken at that time, research on 
many aspects of the situation was augmented. In 
addition to continuation of work by Hickling on 
the Farnes, and by Lockley in Pembrokeshire, annual 
visits to North Rona were started by Boyd’ and his 
collaborators. In 1959 a Consultative Committee on 
Grey Seals and Fisheries was set up by the Development 
Commission and the Nature Conservancy. E. A. Smith 
was appointed as seal research officer and has already pre- 
sented results on a number of aspects of the problem, 
in the Committee’s Report!®. He has also investigated 
grey seals in other parts of their distribution range, 
during visits to north-east Canada, Norway and the 
Baltic. One of the few remaining areas where little is 
yet known about the status of the species, around the 
Irish Republic, will be studied in the next year or so. 
On the much-debated question of the influence of 
grey seals on fisheries, Rae described the kinds of 
damage caused. Seals are frequently seen near salmon 
nets and have been observed killing and eating salmon. 
Regular recordings of the presence of seals at fixed-net 
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fishing stations have been made over the years 1959-63; 
these results have been analysed by Rae and Shearer, 
of the Scottish Fisheries Department, who will soon 
publish their report. The records of a representative 
sample of salmon packing stations indicate that at least 
6 per cent of tho ‘total catch of salmon bear seal claw 
or tooth marks. Fish, evidently mutilated by seals, 
are frequently found in nets or washed ashore near by. 
Almost all fixed-net stations on the Scottish coast suffer 
damage to nets; during the period 1959-61, the average 
number of nets damaged, by seals was 10 per cent of the 
total fishing effort. 

The fishery for cod and other white fish also suffers 
damage from seals; but it is less easy to assess this 
quantitatively than in the fishery for salmon and sea- 
trout. However, the organization now exists for collecting 
data on seal damage in a form which is susceptible to 
statistical analysis. 

As a result of these investigations, many of which are 
still in progress, it can be claimed that there is a much 
better scientific background for attempting to solve the 
seals/fisheries problem to-day than there was nine years 
ago when it first came into prominence. Some of the 
salient results can be summarized as follows: 

The world population of grey seals is now estimated 
at about 46,000 all but 10,000 of which live around 
the British Isles. Recent censuses during the breeding 
season have shown some 10,000 to be based on Orkney 
and 3,500 on the Farne Islands. In the early years of 
the century, before the Grey Seal Protection Acts of 
1914 and 1932, the species was thought to be so rare 
as to be in danger of extermination, although valid 
evidence for that opinion is now difficult to find. 

The rate of increase of population is best illustrated 
by the Farne Islands, where there are several early estim- 
ates and since 1956 detailed counts of calf production”. 
These show an overall annual rate of increase since 1956 
of more than 7 per cent, which implies doubling of the 
population in less than ten years. Some of the Farnes 
breeding beaches are densely crowded, with calf mortality 
sometimes as high as 20 per cent; but there is no evidence 
as yet of a flattening of the population curve. In recent 
years small breeding groups have become established 
on the Scroby Sands and Isle of May. It may be signifi- 
cant that Scroby, where the colony would appear to 
be an overflow from the Farne Islands, is the only 
place where grey seals are known to breed on a sand 
bank. 

The grey seal population of North Rona seems also 
to have undergone a rapid increase. It is fairly certain 
that none bred there until the human population was 
evacuated in 1844. In the 1880’s, 100 or so were killed 
each year. In 1939 Fraser Darling estimated that 1,500 
pups were born there, which indicates an adult popula- 
tion of rather more than 5,000. Counts by Boyd and 
his collaborators put it at more than 9,000 to-day. No 
other colonies have records adequate to estimate increase 
in population, but Orkney in 1960, the first year of census, 
had far more seals than had previously been thought. 
The only major colony where it would seem that the 
population has not increased markedly is around Shetland, 
where a tradition of seal hunting has persisted throughout 
the years and the shore habitats are for the most part 
unsuitable. 

Longevity has been established through reading the 
age of seals from tooth sections. The oldest buil so far 
examined from British waters was 23 years and the oldest 
cow 35 years. Females are capable of conception from 
the age of 5 years and sexual maturity is attained in 
males at 6 years, although the successful maintenance 
of breeding territories appears to be restricted to bulls 
between the ages of 10 and 20 years. Facts such as these, 
observations and counts at breeding grounds, the study 
of post-mortem material, and comparisons with other 
species of pinnipeds the biology of which is better known 
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have enabled Hewer!? to prepare a provisional life-table 
of the species. 

Exaob information about the movements of grey seals 
in the sea is so far limited mainly to their first year, 
because no tag has yet been devised which will remain 
attached to the animal for much longer than that. In 
all some 3,300 young seals have been tagged on tbe 
breeding beaches of the Farne Islands, 1,700 on Orkney, 
1,100 on North Rona and 1,200 in Pembrokeshire, with 
smaller numbers in the Hebrides and Shetland. Occasional 
recoveries have come from as far away as north-west 
Ireland, Norway, Iceland, Holland and Spain, but the 
general pattern of returns shows a rather uniform dispersal 
from the points of origin with no obvious drifts or bias 
in particular directions. In the region where damage to 
fisheries is reported as most intense, from Durham 
northwards to Caithness, a large proportion of young 
seals come from Orkney or the Farnes. It seems probable 
that the older seals distribute themselves in a similar 
pattern to the young ones; definite information about 
them should become available before long, since a sub- 
stantial number of seals from North Rona and Orkney 
are now carrying brand marks which last much longer 
than tags. 

The food of grey seals is known at present only from 
about 200 stomach examinations. Animals eaten range 
widely, with salmon and sea-trout, cod, plaice. sand 
eels, squid and crab among the more prominent. Tt is 
clear that seals, like fishermen, are opportunists, so when 
fisheries are operating at a maximum, seal activity is 
also greatest in the same area. Hence the apparent 


- anomaly that complaints of damage are apt to be greatest 


when the fisheries appear to be most prosperous. 

The incidence of cod-worm (Porrocaecum decipieis) 
is a matter of concern to the white fish industry. Hac" 
has examined the incidence of the larve, of which the 
grey seal and to a lesser extent the common seal ave 
definitive hosts, and as such necessary for the worms’ 
full development. He presents much evidence that a big 
increase in the proportion of infested cod in some areas is 
associated with the increase in the number of grey seals. 

The Consultative Committee on’ Grey Seals and 
Fisheries'", having considered all this and other evidence. 
and taking all interests into account—the fishing industry, 
the naturalists and the seals themselves—reached the 
conclusion that some control of the seal population was 
necessary. The Committee recommended, however. 
that such control should be limited to the two colonics 
which, from the marking experiments, were suspected 
of doing a large proportion of the damage to the vulnerable 
fisheries of the east coast of Scotland and northern 
England. It would not be sufficient to take froni these 
two colonies an annual crop equivalent to the estimated 
annual gain, but some inroads should be made into the 
future breeding potential, provided such could be achieved 
without endangering the continuation of these colonics 
in flourishing condition. 

It was decided that the aim should be to reduce the 
breeding potential of both these colonies by 25 per cent 
in the course of five years. Assuming that the Orkney 
colony has been increasing at approximately the same 
rate as that on the Farnes, such a reduction would bring 
the numbers of each colony down to what they wero in 
1959. It was appreciated, of course, that such a reduction 
would not meet the demands of the fishermen; but the 
Committee thought that a modest reduction in the 
number of seals, coupled with continued efforts to scare 
seals away from the fishing centres and the use of more 
resistant nets, was likely to reduce the damage to tolerable 
limits in years to come. 

This general recommendation by the Consultativo 
Committee, which is supplemented by detailed proposals 
made from year to year in the light of experience and of 
continuing research, was endorsed by the Nature Con- 
servancy and accepted by the Ministry of Agriculture, 
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Fisheries and Food and the Secretary of State for Scotland. 
After the appropriate orders had been laid before 
Parliament, the proposed culling operation was carried 
out by the Ministry of Agriculture, Fisheries and Food on 
the Farnes during the seal breeding season of 1963, and 
the operation in Orkney was arranged by the Department 
of Agriculture and Fisheries for Scotland in 1962 and 1963. 
It is important to note how this unpopular work was 
carried out, because in the process evidence was collected 
which will help to ensure the sensible management of 
grey seal populations in future years. In the Farnes the 
culling was done during three days in December 1963 
by agents of the Ministry in a well-planned operation. 
The number needed to achieve the object was 85 adult 
cows with their calves, or, failing that, 360 female calves, 
or a combination of the two. In the circumstances 
prevailing, with a good many onlookers, it was difficult 
to take adults cleanly and safely, so the cull was limited 
almost entirely to calves, the bodies of which were removed 
immediately for disposal of the products. An important 
result was that the operation was performed without 
any hint of cruelty and the survivors took remarkably 
little notice, as described by Hickling’®. This, together 
with comparable experience from Orkney, provides a 
reassurance that management of these seal populations 
can be undertaken without the risk of upsetting the 
breeding biology through disturbance. . 
In Orkney, licences were issued by the Department 
to a number of local men. Since under such arrange- 
ments it would be impossible to limit killing to females, 
substantially larger numbers would be needed to achieve 
the object. The calculations showed that approximately 
1,800 calves would be required annually, four calves 
being the equivalent in this context to one adult. How- 
ever, since there were unknown factors in this operation, 
the Committee thought it wise to err on the safe side and 
recommended that the numbers killed in each of the two 
seasons 1962 and 1963 be limited to 750. In 1962 the 
returns did not exceed this figure, but in 1963 the number 
had reached 974 before licences could be withdrawn. 
Following a wide ventilation of the pros and cons of 
controlling the numbers of this species, in the newspapers, 
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on television, and in sections of the scientific Press, we 
now move forward to the third year of the proposed 
operation on Orkney and the second year on the Farne 
Islands. . 
The philosophy of controlling populations of wild 
animals, even those living in nature reserves, has been 
well described by Fraser Darling!*. There are numerous 
examples where this has proved necessary in the interest of 
the species concerned as well as of other species, including 
man; deer and wapiti in North American national parks, 
red deer on the island of Rhum, hippopotami in the 
Queen Elizabeth National Park, elephants in the 
Murchison Falls and Tsavo National Parks. The effects 
of population pressure are somewhat different in large 
herbivores, such as these, from a predator such as the 
grey seal; but the implications are similar. If we protect 
a species from its normal hazards, in the case of grey 
seals by providing sanctuaries and an Act of Parliament, 
we must expect an increase in population. Indeed, this 
is the purpose of protection. The consequences may 
become severe in time, either to the species itself or to 
others, and in such cases a re-introduction of the hazards 
to survival may be desirable, especially if they can be 
kept under scientific control. Such a case is that of 
the grey seal in the north-east parts of Britain. 
1 Backhouse, K. M., and Hewer, H. R., Nature, 178, 550 (1956). 
: Daring: F. Fraser, Natural History in the Highlands and Islands (Collins, 
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SECOND PARLIAMENTARY AND SCIENTIFIC CONFERENCE 
By Sia WILLIS JACKSON, F.R.S. 


Department of Electrical Engineering, Imperial College of Science and Technology, 
London, S.W.7 


N March 1961 & Parliamentary and Scientific Con- 
ference was held in London under the joint auspices of 
the Council of Europe and the Organization for Economic 
Co-operation and Development (O.E.C.D.), and afforded 
an opportunity for parliamentarians and scientists from 
several countries to discuss matters of common interest 
and concern. Since this Conference the subject of scien- 
tific policy has been receiving increasing attention, and 
no doubt its meaning and scope have become more 
clarified. An important contribution towards clarification 
was made by a report entitled “Science and the Policy of 
Governments” prepared in 1963 by an international com- 
mittee set up by the Sccretary-General of O.E.C.D., the 
publieation of which was followed by 2 meeting of 
Ministers of the member countries of the Organization in 
Paris in October of that year. This meeting revealed a 
growing recognition that s scientific policy has become an 
essential component of national and international policy, 
but also the widely differing steps which the various 
countries have taken to cater for its formulation and 
implementation. An interim committee set up by the 
Ministers is now preparing material for a further meeting to 
be held probably during next year. 


In varying degrees the scientist, technologist, economist, 
sociologist, employer, Trade Union official and parlis- 
mentarian all find themselves involved increasingly in the 
consideration of, if not in the taking of decisions on, such 
questions as the place which scientific research and techno- 
logical development must occupy in national affairs, the 
resources which should be devoted to them, how these 
resources should be allocated and balanced in the light of 
overall national policy, and how to deal with their socio- 
logical consequences. The role of the parliamentarian in 
these matters is, or should be, a particularly important one. 
Yet all too fow of them possess a sufficient knowledge and 
understanding of science to permit their effective par- 
ticipation in the discussion of many matters of major 
national and international importance. Correspondingly, 
however, many scientists are not good at communicating 
with the non-scientists, nor at appreciating the complexity 
of the issues, involving science, which fall to the parlia- 
mentarian for ultimate resolution. 

The decision of the Council of Europe and of O.E.C.D. 
to organize a second Parliamentary and Scientific Con- 
ference, held in Vienna during May 23-27, was, therefore, a 
welcome one. Its objectives were stated to be to enable 
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legislators to gain a better understanding of the problems, 
the needs and tho perspective of science; to estimate better 
its offect on the national economy and on the development 
of the State; and to onablo scientists to partake more fully 
in considerations which may give rise to political decisions. 

The formal papers prepared for presentation at the 
Conference were a review of the aforementioned O.E.C.D. 
report and of the scientific situation in European countries 
and the United States by Mr. Kenneth Lindsay, & past 
Member of Parliament for the English Universities; and 
addresses by Prof. Gerhard Hess, President of the German 
Research Association; Mr. Quintin Hogg, Secretary of 
State for Education and Science in the United Kingdom; 
Mons. G. Palewski, French Minister of State for Scientific 
and Atomic and Space Research ; and Mons. Karl Czernetz, 
Member of the Austrian Parliament. 

Prof. Hess surveyed the history and philosophy of 
European science; the main theme of Mons. Palewski’s 
address was that a national policy for scientific research 
had become essential to the independence of a country in 
the broadest sense, namely to retaining the possibility of 
a voice in world affairs and of expressing its own national 
gonius; while the essence of Mons. Czernetz’s contribution 
was concentrated in his statement that parliamentary 
democracy is in great danger if parliament is not asked to 
take part in the formulating of scientific policy, and where 
such policy is devised only by scientists and the govern- 
ment. The substance of Mr. Quintin Hogg’s address follows. 

It would be an over-statement to claim that the Con- 
ference made much progress towards its defined objectives, 
notwithstanding the many distinguished participants from 
twenty countries, due mainly to the generalized and diffuse 
character of much of the discussion, and to the way in 
which it alternated somewhat uncontrollably between the 
two themes, which Mr. Hogg tried at an intermediate 
stage to soparate, of ‘science for policy’ and ‘policy for 
science’. It is to be hoped that in similar future con- 
ferences an effort will be made to direct attention, and to 
sectionalize preliminary discussion, on a limited number 
of specific topics falling within these two aspects of 
scientific policy. 

The communiqué which was approved at the conclusion 
of the Conference drew particular attention to the value of 
joint Parliamentary and Scientific Committees within 
individual countries; to the supplementary possibility of 
regular committees for scientific policy as part of parlia- 
mentary machinery; to the desirability of directing inter- 
national’ co-operation in science to those aroas in which 
international effort offers advantages as compared with 
national effort; and to the fact that the growth of scicn- 
tific policy needs the support of an informed public 
opinion, involving much increased attention to scientific 
matters in the Press and other media of mass communica- 
tion, and closer collaboration between journalists and 
scientists. 


SPECIFIC PRESENT AND FORESEEABLE 
IMPACTS OF SCIENCE ON POLITICAL 
LIFE 


By The Ricur Hon. QUINTIN HOGG, Q.C., M.P. 


Lord President of the Council and Secretary of State 
for Education and Science 


The impact of science on politics, and even the field of 
international affairs, has grown out of all recognition 
during the past seven yoars in which I have been respon- 
sible for the conduct of civil scientific research and develop- 
ment in the United Kingdom. 

I propose to avoid, partly bocause it will be dealt with 
by others, and partly because I do not wish to traverse 
again ground which I myself covered last October, the 
specific questions of scientific organization and policy 
with which Parliaments and Ministers are increasingly 
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concerned in their day-to-day life; not even the fascinating 
&nd increasingly important field of international, and 
specifically European, co-operation in the scientific field, 
exemplified among other things by the development of 
C.E.R.N., E.L.D.O., and E.S.R.O. in the field of space 
research, and Dragon in the field of applied nuclear science. 


The Scientific Revolution 


My task is to survey the specific present and foresocable 
impact of science on society and political life. By ‘science’ 
I mean nothing less than thought systematically applied 
to the results of systematic measurement and observation. 
This is the specifically new factor in our modern civiliza- 
tion. Many ancient civilizations developed highly sophisti- 
cated and complex systems of thought which flowered as 
religions or philosophies. Some also indulged in a limited 
field in systematic observation and measurement with 
results which have left traces in modern astronomy and 
mathematics. But over a wider range and in the field of 
applied science, in the sense of the application of mechan- 
ical power to production and exchange, the achievements 
of the ancient world were. by modern standards, rudi- 
mentary. Genuine experimentation as distinct from the 
collection and classification of material was raro, and, so 
long as the individuals remained isolated, systematic 
enquiry in the modern sense (which is distinctively 
collective in character) was scarcely possible. Tho true 
scientific revolution began when scientists devoloped a 
corporate sense and when the era of collection and 
classification gave way over an extended field to data 
acquired by systematic experimentation. : 

My task, therefore, is to assess the impact of this revolu- 
tionary development in human thinking on society. Of the 
extent of this impact there can scarcely be any question. 
It is trite that we live in an era of change, rapid, cumula- 
tive, and accelerating. It is beyond question that these 
changes affect the size and viability of political organisms. 
the relations between classes and nations, the whole 
organization of society for production, the standards and 
distribution of education, property, wealth, hygiene and 
comfort, religious and moral beliefs, methods of waging 
war, the structure of the family, and the expectation of 
life. Moreover, it is beyond question, too, that tho pre- 
disposing cause of all this change has been precisely the 
scientific revolution of which I speak. I would go so far 
as to claim that, in the wider sense in which I am accepting 
the subject set for me, the impact of science on society 
and political life is precisely the one question which, above 
all others, scientists and parliamentarians must set 
themselves to answer. 


Expectation of Life 


Perhaps the most fundamental change which scienco has 
brought about has been in the physical life and environ- 
ment of the human species itself. I place these two factors 
above even the application of mechanical power to 
production, and communications. With the advent of 
surplus farming and modern hygiene in the nineteenth 
century, followed by the conquest of infectious disease 
and by modern surgery in the twentieth, the expectation 
of life has rocketed. Populations starting with those of 
the developed countries have exploded in size, an increase 
which shows every sign of intensifying as longer expecta- 
tion of life extends, as it is already doing, to the less- 
developed parts of the world. 

The productivity of agriculture and industry has in 
general kept pace with the rise in the expectation of life. 
but has not risen at such a pace as wholly to discredit the 
neo-Malthusians, who continue to predict food shortages 
on an immense scale by the end of the century and claim 
that the limits of agricultural productivity are visibly 
at hand. That this is a serious problem no one would 
doubt; indeed, it is something of a surprise to me both that 
it is so little discussed and that its effects are so little 
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noticed. It is foreseeable, predictable and specific. Its 
Impact on the society and politics of the latter half of the 
twentieth century may well be the major theme of the 
future political histories of our time. Nevertheless, I 
doubt the pessimistic views which are sometimes expressed. 
—particularly in the West (but less in the East, since 
Marxism is traditionally anti-Malthusian)—as to tho limits 
of possible increases in production. I would myself 
expect that we can immeasurably develop the food 
resources of Asia, Africa and South America. I suspect 
that we may soon be able to desalinate sea-water on a 
commercial scale and so irrigate the deserts. I would 
not put it beyond the bounds of possibility that we may 
discover means before long of actively cultivating the 
hitherto trawled but still unharvested sca. 

I do not propose at this stage to raise the ignis fatuus, 
usually discussed ad nauseam on those occasions, of the 
perfect contraceptive as the complete answer to the 
problems of over-population in the developing countries. 
For aught I know this magic potion is just around the 
corner; on the other hand, its existence is not yet proved 
and even though it were found to exist its use in the 
conditions of Indian, African or Amer-Indian village life 
is problematical. What is certain to my mind is that the 
high birth-rate in the developing countries is less the 
product of the absence of such methods (since cruder 
methods of control have existed since the dawn of history) 
as of the simple desire for children in a society not yet 
used to low infant mortality rates and accustomed to 
regard a quiverful of offspring as a poor man’s old age 
pension, a personal bodyguard or the answer to the servant 
problem. Social insurance, monogamy, later marriage, 
improved living and housing conditions, and a higher 
degree of personal security will, in my judgment, do more 
in the long term to lower the birth-rate than all the contra- 
ceptive pills in the world. These conditions will, I believe, 
follow on the development of agriculture and industry 
and an intelligent social policy. 


Confrontation of Races 


Perhaps the most spectacular and dramatic of the effects 
of modern science has been the confrontation between 
races, nations and classes. The scientists tell us that man 
has been on this planet for a few hundreds of thousands 
of years—even more if some interpretations of recent 
discoveries be accepted. By far the greatest part of this 
time we have spent our lives in isolated groups, removed 
from one another by countless generations of separation, 
behind insurmountable geographical barriers or untravers- 
able distances, and such groups have remained for the 
most part innocent of elaborate political or social 
organization. y 

But modern communications make light of oceans, 
mountains, forests and deserts. Races, previously almost 
complete strangers, are now near neighbours. It is 
perhaps not surprising that in this new reunion of the 
human family, there have been heightened tensions and 
unedifying incidents. Modern methods of production have 
altered no less long-established relationships within 
communities, and as a result of developments in military 
science the nature of the relationships between established. 
sovereign states is also in a state of near flux. 

The process of confrontation will continue to occupy 
the front of the stage as the Earth becomes surrounded by 
an increasing number of orbiting satellites, continents 
conjoined by an ever larger number of radio networks and 
airlines, and individual countries laced by growing 
numbers of motorways. Served by large numbers of 
mechanically propelled vehicles, with towns sprawling 
ever wider, and expanding into vast densely populated 
conurbations utilizing ever-increasing quantities of water 
(the ono natural product universally necessary for which 
there is no effective substitute), man is becoming more than 
ever & social creature and is becoming conscious more 
and more of a common destiny. 
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Environmental Problems 


So much, for tho moment, for the species. Now let us 
look at our physical environment. Not tho least of our 
political problems arises from its increasingly artificial 
nature. This constantly presents new problems to the 
town planner, the traffic engineer and the social scientist. 
Complaints are made by all the developed countries of the 
depopulation of the countryside. But the centres of large 
towns are empyting, too. An American airline pilot is 
reported in a recent book as saying that as he flew across 
the American countryside now at night there were large 
black spaces which, not many years ago, were colourod 
with the lights of farms, but that the formerly discrete 
patches of light which showed the towns has broadened 
into great bands of lighted streets and suburban villas. 
This is happening in Britain, too. The population of the 
countryside is converging. But the population of the centre 
of cities is moving out. The population of Central London 
is less than it was fifty years ago in my boyhood. In the 
south-east of Great Britain great urban regions are 
developing into a regionalized subtopia. But the subtopia 
itself is not one of suburban villas and Manhattan sky- 
scrapers. In the modern city high buildings are no longer 
allowed to form the artificial canyons of New York streets, 
but are spaced to reconcile the requirements of space and 
light with density. A new type of urban, or rather subur- 
ban, civilization based on the high building and the 
internal combustion engine is clearly on the way. 


Our Natural Surroundings 


Our natural environment is changing, too. Man has 
always, within the limitations of his technology, been 
more or less destructive of his natural surroundings. But 
his powers in this regard have changed in scalo, and, 
therefore, in kind as well as in degree. Environmental 
problems are not confined to the growth of the cities and 
aro not merely due to the lack of understanding of rural 
ecology shown by those nurtured in towns. New sporting 
—or unsporting—weapons, new methods of agriculture, 
and new industrial products presont an increasing hazard 
to wild life and our natural biological environment. The 
large scale of modern scientific and military experiment 
also presents hazards to the wider physical surroundings 
in which we are placed. The rainbow bomb may have 
permanently altered the radiation belts in our immediate 
surroundings; bipole curtains outside the atmosphere 
could blanket out radiation from outer space. Military 
operations with nuclear weapons—or even renewed 
atmospheric tests if persisted in—would affect beyond 
human tolerance the actual physical environment in 
which we live. All these have a clear social and political 
implication calling for active effort on our part. 


The Motor-car and Society 


Scientific methods of transport and building stand 
among the major environmental influences at work. The 
automobile itself is a product of scientific achievement. 
Increasing ownership and use are a result of rising pros- 
perity and increased leisure. Science has created a new 
problem here—how to obtain the benefits of the motor-car 
without losing the amenities of a modern urban society. 
To solve this problem we must use the resources of a | 
whole rango of scientific disciplines. Computer techniques 
enable us to analyse and apply vast quantities of inform- 
ation in the study of urban problems, and there is a role 
for mathematicians, statisticians and engineers in develop- 
ing the use of new techniques. But, in the last resort, this 
is a human problem—there is vast scope for workers in the 
social sciencos, as well as for planners and architects. This 
field is a good example of the need for bringing together the 
skills of many different disciplines to ensure that the 
benefits from scientific achievement are appliod to the 
true advantage of society. 
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Construction Industries 


A result of what has been happening has been an 
immense outburst of building and construction. But the 
ability of the construction industries in almost every 
country to carry the load required for the physical recon- 
struction of our urban and industrial environment is 
beyond its present means, man-power or methods. 
For the construction industry has been one of the last 
even to be industrialized, let alone automated. But 
this is clearly moving fast ahead. Modular construc- 
tion, standardized and factory-built components, and new 
building materials are rapidly becoming standard practice, 
and new on-site methods and layouts are rapidly appear- 
ing. The architects’ profession, once regarded as one of 
the fine arts, seems to be developing rapidly into a branch 
of civil engineering; the management and construc- 
tional design of buildings, once split up between the 
surveyor, the architect, and the builder, is rapidly becom- 
ing the task of an integrated team of professionals; while 
various methods of handling materials to and on the site 
are slowly taking the place of traditional habits. 


Recreation and Leisure 


One of the main results of the scientific revolution has 
been to bring adequate leisure and facilities for recreation 
within the reach of the masses. Catering for recreation 
and leisure is becoming a vast industry, but the 
emphasis is less exclusively on the traditional games. 
Sea, rivers, lakes, mountains, canals are becoming, and 
even further afield, the desert and the ice-cap may become, 
the playgrounds of the masses where formerly they pro- 
vided the fields of exploration or of sports for the wealthy. 
Indoor entertainment and sport reach new elaboration 
and expense. It is also a mistake to think that the 
scientific age is contemptuous of the traditional arts end 
culture. Whatever we may think of popular standards of 
taste, enjoyment of literature, music and painting has 
never been more widely spread. The use of leisure in 
all its forms is part of the scientific and social revolution 
of our times. Yet the picture is not all bright. To win the 
constructive interest—and thus engage some of the leisure 
time—of the less talented and imaginative in worthwhile 
pursuits or social service is a common problem whether 
we are dealing with the ‘stilyage’ of the U.S.S.R., the 
hoodlums of New York or the meds and rockers of 
London’s East End. 


Energy Requirements 


Cheap power is one of the main spearheads of the 
scientific revolution. The relative economics of nuclear 
and fossil fuels appear to vary from year to year, but it is 
still expected that nuclear stations will, at base load, 
provide the most economical means of gonerating 
electricity by the 1970’s. By the end of the century we 
can surely expect that nuclear generation will be far 
cheaper than any of the older methods and that means 
will be found of consuming the plutonium which is a 
by-product of uranium-fuelled stations. Soon after it is 
possible that nuclear fusion processes will be contributing 
to energy supplies. But it is also, I would have said, 
certain that other new methods of generation, the fuel 
cell and perhaps heat convectors using cæsium vapour, 
will have been developed. 


Advent of Automation 


I now turn from the broad prospect of man and his 
environment to the more specific issue of methods of 
industrial production. We are already beginning to 
enter the age of automation and to feel the political 
and social effects of control engineering. As the century 
progresses this series of technological changes will 
produce important social and political consequences. 
The industrial methods of production of the nineteenth 
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century created the urban working class, the miner, tho 
factory worker, the railwayman, the clerk in the city 
office. It is possible that the control engineering of the 
twentieth century may end by destroying this class 
and substituting others more highly trained, better 
educated, with different economic functions. The com- 
puter and automatic processes of production, inspec- 
tion, packaging and despatch will take the place of 
much unskilled Jabour. The demand is for new skills with 
different applications. I have some doubt whether this 
change need cause the structural unemployment which is 
said to have occurred in the United States. I cannot help 
feeling that a little more foresight in diversifying industry, 
& more careful phasing of redundancies and perhaps a moro 
vigorous attitude to re-training, might at least have been 
worth trying. In the long run, however, the age of auto- 
mation will produce its own demand for labour. Main- 
tenance and other services can absorb the skill and 
labours of a population whose rising wages and improving 
educational standards and higher degrees of discrimina- 
tion constantly increase levels of effective demand. 


New Skills 


The advent of automation, however, brings new prob- 
lems to management, labour and educationists. While the 
nineteenth century created a network of highly specialized 
craft skills superimposed on an unskilled proletariat, 
and the early twentieth brought into being a huge 
army of semi-skilled factory operatives, the autom- 
ative age calls for skills of a higher, more flexible, and less- 
specialized type. Where automation brings unemploy- 
ment, it strikes the under-educated and unskilled earlier 
and several times more severely than the skilled. This 
means that the age of automation demands a higher 
general level of education and can do with far fower 
specialized craftsmen trained by the traditional methods 
of apprenticeship to a single trade. It also throws up 8 
special problem of adult training and re-training in fresh 
skills or in a higher degree of accuracy and perfection in 
old skills. 


Management 


It is, however, in the field of management and of 
decision-making that automation may effect the greatest 
social change. It is not simply that the computer elimin- 
ates the black-coated clerk from the processes of record 
keeping and calculation. It is that much that previously 
depended on hunch and flair in the realm of decision- 
making has proved to be capable of precise calculation 
by feeding a sufficient number of carefully programmed, 
variables into an ‘electronic brain’. This does not, of 
course, mean that there is less scope for scientific manage- 
ment, but far more. With such a flexible and sophisticated 
tool at his command, the modern business manager 
needs greater understanding exactly in proportion as he 
can pursue his predictions into ever greater accuracy. 


Transport 


It is quite certain that new methods of transportation 
will link countries even more together and lead to even 
more intimate economic interdependence. Not merely 
water, oil, and gas, but solids, possibly encapsulated, or in 
suspension, will be transported by pipeline. It is probablo, 
though not certain, that new methods of land transport 
will have evolved. No one knows at present the future of 
the monorail, the hovercraft, or the hydrofoil. Ships will 
have automated engine rooms, and will probably be 
designed for automatic loading and unloading at the port. 
It is uncertain whether they will be served by nuclear 
reactors. Aircraft will be supersonic with perhaps vertical 
take-off and landing and fully automatic landing for 
passenger aircraft. Radio and telephone communications 
will almost certainly be increasingly by satellite. 
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Agriculture 


The movement towards subtopianism already indicated 
will be intensified by modern agricultura] methods. 
The agricultural industries of Europe will continue 
to produce more food with fewer employees. This 
process continues in Britain, but in Germany and France 
it will have even more drastic effects. Fertilizers, pesti- 
cides, and intensive methods will continue to boost 
output. It is probable that new pesticides will continue 
to create ecological problems needing prohibition and 
control. It may also be that the introduction of biological 
controls and more selective chemical pesticides will 
diminish the hazards which at present exist. 

The primitive methods of agriculture in other parts of 
the world will gradually become mechanized. As tho 
chemical industries contribute increasingly to the produc- 
tion of new materials, more land should become available 
for food production. One hopes that tobacco culture will 
gradually become a thing of the past. 

The food-producing industry will make further advances 
in freeze-drying, packing and processing. It is possible 
that irradiation techniques will be widely used to prevent 
or delay spoilage from bacteria. 


Medicine 


Recent medical advances will clearly accentuate the 
problems attendant on old age. The doctors can prevent 
us dying, but there is no sign yet that they have learned 
how to keep us young. Further virus diseases may 
well be conquered by vaccines or new chemical inocula- 
tions. A surgery may possibly be developed to overcome 
the difficulty of engrafting spare organs and for utilizing 
electronically controlled artificial limbs. With the increas- 
ing numbers in society who will live on to a green old age, 
it seems that medicine will concern itself increasingly with 
the conditions and diseases attendant on old age and with 
mental health. Meanwhile social and preventive medicine, 
sanitation and human genetics are already coming to the 
fore as fields of study. 

In the hospital world, the impact of new scientific 
advances, and especially of automation, is requiring 
much consideration in the context of the designing of new 
and improved hospital facilities. Equipment is becoming 
even more complex and varied and this has its impact on 
the staffing of our hospitals. 


Education 


The varying effects of the strange changes through 
which we havo passed have already brought the question 
of the education of the young very much to the fore. A 
generation ago it would have been almost unthinkable 
even for a society modern by the standards of that time to 
afford a secondary education for all and a university 
education for all who can make use of it and desire to do so. 
This, and nothing less, is the proclaimed object and almost 
the accomplished achievement, of a number of European 
States, Great Britain among them. In the meantime the 
growing tempo of technical change makes the refresher 
course for adults in the more technical professions, medi- 
cine, management, engineering, teaching, and soon, 
perhaps even law, virtually a necessity, while tho propor- 
tion of students going on to do postgraduate work and 
research, or attending schools of advanced Study, is steadily 
increasing. If the age of automation makes this economi- 
cally possible, it is also à technical requirement of the ago 
of automation, and probably & condition of its success. So 
far from being the century of the common man, the 
twentieth may well become the age in which tho qualified 
man holds the reins of political and economie power and 
adequate specialized qualifications may become within the 
reach of all. The uneducated tycoon of plutocracy, and 
the anonymous mass of the uneducated, may well be on 
the way out. 
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The ‘Sixty-four Thousand Dollar’ Question 


Having said all this, I am conscious of having saic 
almost nothing at all in the sense of answering the ques 
tions we all ask and to which we must all find answers if wi 
are to survive. Most of the conditions of our futur 
existence are all discernible in the present, and, thougl 
there may, and almost certainly will be new scientific 
discoveries which are not discernible in present trends, J 
know of no method short of the necromancer's crystal bal: 
to enable me to predict them. 

The real issues, however, are altogether different. What 
has all this to say about peace or war, about life and death, 
freedom or enslavement, the abolition of poverty, the 
possibility of civilized amenities for the vast under- 
developed areas in Asia, Africa and South America, the 
relationship between ‘East’ and ‘West’, or the organiza- 
tion of our society? 

These are not questions to which science as such can 
provide an answer. Yet it is precisely the development 
of the scientific revolution whieh I have been attempting 
to describe which presses the necessity for an answer 
upon us. 

I do not think that politics is likely to become a purely 
scientific occupation. Let anyone who thinks the con- 
trary consider the number of parameters to be identified 
and the extent to which human purposes are incapable 
of being settled by agreement. Yet can we be satisfied 
with a negative answer? In one specific direction the 
politician must become a scientist—a social scientist—or 
he will become a demagogue and a charlatan. 

It is 2 commonplace, which nevertheless has some truth 
in it, that society has not grown up as fast as technology. 
We have not yet learnt how to live on tolerable terms with 
many of the new tools it has put in our hands. For 
Governments this situation presents the particular difficulty 
that, alongside all the quasi-certainties which the physical 
sciences present to them, there is a large area of uncer- 
tainty and ignorance about human nature and human 
behaviour, both individual and in society. It is largely 
this uncertainty which makes political decisions so 
hazardous and difficult. A Minister must work with, 
through and for the benefit of human beings. I think this 
means at least that far greater attention should be directed 
to the social sciences, and the necessity of Parliamentar- 
ians knowing something about them and the arts of 
decision-making as well as of the traditional humanities 
and physical sciences. 

My visit to the U.S.S.R. last summer convinced me that, 
contrary to the official doctrine of both sides, tho effect of 
technical and scientific change will be to drive the eco- 
nomic and social systems of developed nations more closely 
together. The environmental problems of developed 
industrial society aro driving the free-enterprise nations 
into heavier and heavier investments of social capital 
despite their continued emphasis on private-consumer 
choice. The rising standards within the U.S.S.R. are 
driving the Soviet Government to produce a wider range 
of consumer goods in the shops. It is doubtful how far 
the former can be indefinitely accommodated within the 
previously accepted assumptions of capitalist society. But 
I also feel certain that a wide range of consumer choice 
available to the individual is quite inconsistent with the 
hitherto accepted norms of socialist planning. Indeed, it 
is not without significance that the Soviet doctrine is that 
Communism, that is, the phase at which Socialism with 
the State itself according to orthodox Marxism withers 
away, is coming within the next twenty years. Should it 
come, I fancy that it may not turn out to be so different 
from the American way of life as the inhabitants of the 
Kremlin or the White House might expect. 

Moreover, under the impact of increasing wealth, the 
level of education is rising everywhere. On the whole this 
must favour freedom of speculation in the East and in the 
West. University graduates, whether in the sciences or the 
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arts, are kittle cattle. But at least it is difficult to keep 
them to a rigid orthodoxy of any kind, or to prevent them 
from asking themselves, or ono another, the questions, 
perhaps insoluble, which have haunted the human race 
wherever their standard of living has risen above the level 
of poverty. A scientific friend of mine was being shown 
round a scientific institute library by his Soviet host, 
when they passed the political section filled with the 
orthodox literature of Marxism-Leninism. ‘This is our 
theological section,” said the Russian to my friend, and 
while the remark undoubtedly illustrates the absence in 
both of orthodox religious belief it is a scarcely less- 
convincing argument for the lack of any real conviction 
about the official ‘political theory. A Soviet scientist 
visiting Britain was asked in a university common room 
what changes he had seen in Britain since he was last in 
this country more than thirty years ago. His astonishing 
reply was that Britain had travelled further on the road 
to Socialism than the Soviet Union. I do not profess to 
understand, far less agree, with this judgment; but at 
least it goes to show that the preconceived. categories of 
opinion among the Soviet intelligentsia are less rigid than 
might be supposed. 

With the capitalist and the socialist worlds converging 
towards each other from opposite directions and each 
competing for the favours of the politically developing but 
economically undeveloped nations, what in the end can we 
foresee as the impact of the scientific revolution for 
mankind? 


Need for a Common Culture 


We see, I believe, the urgent need for a common culture, 
& generally accepted standard of social and political 
values, a commonly enforced and recognized ethical and 
political code between men, between nations, between 
races, between classes. We see also the necessity for an 
international mechanism more effective than that provided 
simply by diplomatic contacts, functional organizations, 
military alliances, or even the United Nations. 

Iam well aware of the dangers of advocating, in any era 
of ideological struggle, anything which even savours of the 
co-existence of ideas as distinct from the co-existence of 
people. But if we are to co-exist as people, and if our 
mutually incompatible ideas are to lock in the dialectic of 
history, it is above all things necessary that races, classes 
and states—yes, and individuals—should work out, under- 
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stand, and observe some objective rules of behaviour 
mutually acceptable and universally understood if only 
for the conduct of the struggle. For this purpose there 
must be communication, there must be established 
dialogue, and those who seek to explore, each with loyalty 
to his own people, the minds of the other side must not be 
condemned. as revisionists or fellow travellers. The logic 
of history demands that human beings, as well as being 
the masters of their environment, should also learn to 
control and mitigate the violence of the very forces which 
make for conflict. I myself was proud last summer to 
play, with others, æ part in the negotiation of the limitod 
test ban agreement later signed in Moscow. It caused me 
real pain to see some of those who had taken part with mo 
in the negotiation, which seemed to me a logical political 
corollary of the scientific revolution, condemned by 
doctrinaire and sectarian extremists of their own camp as 
traitors to their own side. 

To my mind, the necessary corollary of the scientific 
revolution, the urgent necessity of our time, is to break 
down cultural, political and racial barriers and espocially 
to break down the barriers between East and West, 
between the developed and the developing, and all tho 
other remaining psychological barriers which, after all, are 
the relics of an age when we could afford to ignore races and 
nations who were not our immediate neighbours, and could 
afford without ultimate disaster to go to war with those 
who were. These days the scientific revolution has 
brought to an end. I do not mean that, in the world of 
the future, differences of language, culture, personality, 
colour should cease to exist. Freedom under the law does 
not extinguish—perhaps it even enhances—a variety of 
individual and national expressions. That at least has 
been our experience of it in Europe, where we have been, 
for upwards of four thousand years, at once the guardians 
and the heirs of the slowly evolving and dynamic tradition 
of freedom under the law, self-disciplined freedom under a 
law carrying moral as well as positive authority. But the 
need for such a system of law and morality acceptable to 
the different races and creeds of the re-united human 
family is perhaps the most specific question which tho 
scientific revolution eompels us to face. Unless we face it, 
not all the increased control of our physical environment 
will save us from disaster. If we do, there is, perhaps, 
2head of us an age of magnificence and splendour equalling 
the rosiest dream of poets, prophets and philosophers. 


OBITUARIES 


Prof. Ø. Winge, For.Mem.R.S. 


Pror. Quvixp Wma, director of the Physiological 
Department of the Carlsberg Laboratory, Copenhagen, 
died on April 5, after a long illness at the age of seventy- 
Seven. 

Some years ago, at a ceremony in memory of the 
founder of the Carlsberg Laboratory, the brewer J. C. 
Jacobsen, Prof. Aksel Tovborg Jensen expressed that 
he felt he had a right to say that the men of the Carlsberg 
Laboratory have always administered the founder’s 
rich endowments well; and he continued: ‘Emil Chr. 
Hansen’s and Joh. Kjeldahl's successors — Johs. Schmidt, 
S. P. L. Sorensen, Kaj Linderstrom-Lang and Øjvind 
Winge—stand as leading lights of their sciences in 
Denmark and in the wide world as the equals of the 
greatest. They have done credit to their country and 
to J. C. Jacobsen, Denmark's great son." 

A finer monument can scarcely be imagined, and with 
this as a background we shall remember Prof. Winge's 
achievements in genetics and brewing science. 

Øjvind Winge was born in Arrhus in 1886; he started 
his career as an assistant to Prof. Johs. Schmidt at the 
Carlsberg Laboratory, and in 1921 he was appointed 
professor in genetics in the Royal Veterinary and Agri- 


cultural High School in Copenhagen. During this period 
he wrote a most outstanding text-book on genetics. 

After the death of Johs. Schmidt in 1933, Øjvind 
Winge succeeded him as director of the Physiological 
Department of the Carlsberg Laboratory. He immedi- 
ately took up research on yeast and here introduced the 
breeding of new hybrids by crossing and by the combin- 
ation method, and contributed largely to our knowledge 
of the sex-life of yeast, its meiosis and its fertilization 
mechanism. The micromanipulation technique, elabor- 
ated by Winge and Laustsen as a necessary new micro- 
scope technique, is now commonly used in heredity 
investigations and yeast breeding. 

Theoretical investigations of yeast first of all comprise 
the heredity conditions of the fermentation enzymes, 
and they have contributed to a knowledge of the nature 
of the gene and its mode of operation. Inheritance of the 
morphological properties has also been thoroughly 
investigated, and of heterosis, even to & pronounced 
degree, in certain crossing combinations of yeast, has 
been demonstrated. 

Degeneration phenomena of normal brewer’s bottom 
yeast, poor formation of spores, and low fertility in the 
spores have resulted in the fact that the combination 
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breeding could not be utilized in the brewing industry. 
With the production of baker’s yeast, on the other hand, 
both breeding and heterosis effect have been utilized. 

In the science of brewing, Prof. Winge will be specially 
remembered from his breeding work with barley and 
hops. The plant-growing part of the work was carried 
out at 'Nordgárden', the experimental farm belonging 
to the Carlsberg Breweries, where Prof. Winge was the 
scientific leader during 1938-62. With regard to barley, 
the variety Carlsberg II, on the market in 1953, attained 
a wide distribution as a high-yielding and acknowledged 
malting barley. Its outstanding qualities have left their 
marks on the European barley-breeding, often being used 
as crossing material in many European countries. 

Winge's work on breeding of hops is especially familiar 
to specialists, but here it is highly esteemed. We are 
grateful to Prof. Winge for his review last year in Comptes 
Rendus des travaux du Laboratoire Carlsberg of his experi- 
ences: “Fifty Years of Hop Breeding at the Carlsberg 
Laboratory and Nordgárden". 

Prof. Winge received many scientific honours, among 
those many honorary doctorates, and he was elected a 
member of numerous scientific academies all over the 
world. For several years he was chairman of the group 
of natural scientists in the Royal Danish Academy of 
Science and Letters. He was an inspiring teacher, and 
his researches have been in front ranks both in connexion 
with yeast and with barley and hop breeding. 

BIRGER TROLLE 


Prof. R. McKay 


Rosert MoKay, who died on May 4 at the age of 
seventy-five, was emeritus professor of plant path- 
ology in University College, Dublin. Born in County 
Antrim, he received his early education there. He 
entered the Royal College of Science for Ireland in 1912, 
but his studies were interrupted from 1915 until 1919, 
during which time he served with the Royal Army 
Medical Corps in France. In 1920 he became an Associate 
of the Royal College of Science, and after a short period of 
service with the Seed Propagation Division of the Depart- 
ment of Agriculture, he joined the Plant Disease Division 
as Assistant to the late Prof. Paul A. Murphy. Following 
the death of Prof. Murphy in 1938, McKay became head 
of the Plant Pathology Department, which had been 
transferred to University College, Dublin, in 1926. In 
1940 he was appointed to the post of lecturer and in the 
same year was awarded a D.Sc. degree of the National 
University of Ireland. He was appointed professor of 
plant pathology in 1945. 

Prof. McKay’s earliest work, in collaboration with 
Prof. Murphy, was concerned mainly with investigations 
on potato virus diseases. The technique worked out by 
these investigators of testing nucleus stocks of potatoes 
in the glasshouse and propagating such stocks under 
conditions of good isolation and rigid inspection has been 
largely responsible for the high repute in which Irish seed 
potatoes are held. 

Onion mildew was probably the first of the fungal 
diseases worked on by Prof. McKay. With Prof. Murphy, 
he demonstrated the presence of hibernating mycelium in 
bulbs from diseased plants and that such mycelium could 
be killed by heat treatment. This is one of the first 
references to control of a fungus disease by heat treatment. 
Prof. McKay was the first to observe the germination of 
the oospores of the onion mildew fungus, and he showed 
that such spores could remain viable in the soil for up to 
twenty years. His work on diseases of cereals, particu- 
larly on Septoria leaf spot of barley, Helminthosporium 
leaf spot of oats and diseases of wheat caused by Gibberella 
has added much to our knowledge concerning these 
maladies. During the Second World War, flax growing 
was an important industry in Ireland, and Prof. McKay 
made a study of the diseases occurring on that crop. With 
his co-workers, he was the first to demonstrate clearly 
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that the fungus causing the pasmo disease of flax was 
seed-borne. He carried out spraying trials on the control 
of apple scab over many years and he pointed out the 
importance of bud scale infection as a source of the apple 
scab fungus under Irish conditions. He ‘studied beet 
diseases, and it was mainly due to his advice to the Irish 
Sugar Company that the practice of growing stecklings 
and sugar-beet crops in isolation was adopted many years 
ago. This practice has resulted in considerable reduction 
in such diseases as virus yellows and downy mildew in 
these crops. Among other diseases which he investigated 
were blight and scab of potatoes. 

As adviser in plant pathology to the Department of 
Agriculture, he came in contact with most of the diseases 
occurring on commercial crops in Ireland. The knowledge 
thus gained he committed to writing in a series of mono- 
graphs on diseases of individual crops. These monographs, 
so well and so profusely illustrated, are of immense value 
to growers, advisers and students of plant pathology. 

His monographs on diseases were subsidized by the 
Irish Sugar Co. (sugar beet diseases), the lrish Potato 
Marketing Co. (potato diseas2s), Messrs. Guinness (cereal 
diseas2s), and the Flax Development Board (flax diseases). 
He was honoured by the Royal Horticultural Society 
of Ireland by the award of the Medal of Honour in 1948 
and by the Royal Dublin Society by the award of the 
Boyle Medal in 1957. 

Prof. MeKay's work covered a wide field of research, 
but it was always carried out with thoroughness and 
perseverance. Whether fundamental or applied, all of 
it is sound and reliable. : 

As a teacher, Prof. McKay is remembered with affection 
and respect by hundreds of graduates in agriculture. As 
a lecturer he was painstaking in keeping up to date with 
his subject and in delivery he was clear and lucid. His 
lectures were often interspersed with witticisms, for he 
had a lively sense of humour. Under the auspices of the 
Royal Dublin Society he lectured on plant diseases to 
growers in almost every county in Ireland. His practical 
approach to the subject, and his awareness of their needs, 
earned him the appreciation of growers throughout the 
country. J. B. LoUGHNANE 


Miss EH. Ekins, O.B.E. 


Miss E. H. Ems died at Hitchin, Hertfordshire, on 
June 4. She was eighty-four. 

Emily Helen Ekins, daughter of A. E. Ekins, public 
health analyst for Hertfordshire, was educated at St. 
Albans High School, the University of Birmingham and 
Studley College, Warwickshire. She joined the staff of 
Studley College as a lecturer in horticulture in 1911, 
became acting warden in 1922 and principal in 1924, . 
which position she held until August 1946. She was 
awarded the O.B.E. in recognition of her services to 
agricultural education in 1934. 

Miss Ekins will long be remembered as one of the 
pioneers of agricultural and horticultural education for 
women. During the twenty-two years she held office as 
principal of Studley College she put her whole-hearted 
energy into consolidation of the administrative and 
educational sides. Building developments began in 1925; 
two appeals were launched, one to purchase tho freehold 
of the property from the Warwick Estate and the second 
for the building of science laboratories and study bed- 
rooms, and despite difficulties and frustrations, all-round 
progress in the history of the College was evident, brought 
about by her integrity and single-mindedness. She will 
also be remembered by hundreds of students who recognize 
and appreciate the vast amount of service which she so 
generously gave; she was the chief link in binding 
together each generation of students throughout her long 
association with the College, and many of them will re- 
member with gratitude the help ‘and encouragement sho 
gave during their training and early days of their career. 
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NEWS and VIEWS 


International Meteorological Organization Prize for 
1964 : Dr. F. W. Reichelderfer 


Dr. F. W. REICHELDERFER, formerly chief of tho 
National Meteorologieal Service, U.S. Weather Bureau, 
has been awarded tho International Meteorological 
Organization Prize for outstanding work in meteor- 
ology and international collaboration. 

Dr. Reichelderfer was born on August 6, 1895, in Har- 
len, Indiana. He obtained a B.A. at the Northwestorn 
University and joined the U.S. Naval Roservo Flying 
Corps in May 1918. After meteorological studios at the 
Harvard Meteorological Observatory he was appointed 
chief of Naval Aerological Service from 1922 and con- 
tinued in that capacity until 1928. From 1928 until 
1938 he served on U.S.8 s Oklahoma and Lexington, and 
as executive officer on board U.8.S. Utah and in the naval 
air station at Lakehurst, New Jersey, for lighter-than-air 
craft. In this latter capacity he participated in a flight 
of the German zeppelin Hindenburg from Lakehurst to 
Rio de Janeiro and Frankfurt and back in 1936. He was 
appointed chief, United States Weather Bureau, in 1938, 
and retired from office in 1963. Dr. Reichelderfer actively 
participated in international meteorological work both 
in the International Metoorological Organization (1938— 
51) and the World Mctoorological Organization (1951- 
64). He participated in preparing the International 
Convention adopted in Washington in 1947 which created 
the World Meteorological Organization. He served as 
the first president of the World Meteorological Organ- 
ization, after the Convention ontered into force, from 1951 
until 1955. He was a member of the Organization’s 
Executive Committee from 1951 until his retirement in 
1963. He also participated in the international scientific 
activities in meteorology undertaken by the International 
Union of Geodesy and Geophysics. Dr. Reichelderfer 
is still active in a large numbor of scientific bodies in the 
United States, such as the National Academy of Sciences, 
the American Association for the Advancement of Science, 
the Institute of Aeronautical Sciences, the American 
Geophysical Union, the American Meteorological Society, 
over which ho presidod during 1945-46, and was a 
member of the National Advisory Committee for Aero- 
nautics for many years. 


Physical Chemistry in the University of Exeter : 
Prof. M. L. McGlashan 


Dr. M. L. MoGLASHAN, reader in chemistry in the 
University of Reading, has been appointed to the newly 
established chair of physical chemistry in the University 
of Exeter as from October 1. Dr. McGlashan was born in 
New Zealand. He graduated with a first in chemistry from 
the University College (now University) of Canterbury, 
Christchurch, and joined the teaching staff there. In 
1949 he entered the University of Reading with the first 
Sims Empire Scholarship and obtained a Ph.D. degree 
for his work on theoretical chemistry, which he carried 
out with Prof. E. A. Guggenheim. He returned to Christ- 
church and was made senior lecturer; but in 1954 he 
joined the staff of the University of Reading. At Reading, 
Dr. McGlashan has won a reputation for his theoretical 
and, experimental research in the ficld of intermolecular 
forces. He collaborated with Prof. Guggenheim on a 
variety of problems in statistical mechanics, and he built 
up an important rescarch group making measurements of 
the thermodynamic properties of liquid mixtures and of 
gases. He was awarded a D.Sc. degree of the University 
of Reading in 1962 and in that year was given the title 
of reader. He is an enthusiastic mountaineer and is 


keenly interested in the theatre. His three Shakespearean 
productions for the University Drama Society aro well 
remembered. 


Department of Pure and Applied Chemistry: 
University of Strathclyde 
Tux granting of a charter to the University of 
Strathclyde, formerly the Royal College of Scicnes and 
Technology, Glasgow (Nature, 199, 1137; 1963), has 
approximately coincided with the completion of a new 
building to accommodate the University’s chemical activ- 
ities. The opportunity has been taken to reorganizo these 
activities within a new framework by the formation of a 
Department of Pure and Applied Chemistry from the 
former separate Departments of Chemistry and of Chemical 
Technology. The new Department will be headed by & 
committee of professors, initially consisting of Profs. P. D. 
Ritchie (chemical technology), P. L. Pauson (organic 
chemistry) and M. Gordon (physical chemistry). Prof. 
Ritchie will be chairman of this committee for tho 
academic year 1964-65. The Organic Chemistry, Physical 
Chemistry and Chemical Technology Sections of the 
Department have now moved into the new building on 
Cathedral Street, which provides greatly incroased 
facilities for both teaching and research. Part of tho old 
George Street building is being retained for the Inorganic 
Chemistry Section, and for the use of first-year classes. 
The staff has been augmented by the appointment ta 
lectureships of Drs. S. R. Logan (physical chemistry), -\. 
McAuley and G. A. Melson (inorganic chemistry). Dr. D. 
Pugh has been appointed to an assistant lectureship in 
theoretical chemistry, and Dr. W. E. Watts to a tem- 
porary lectureship in organic chemistry; and Dr. S. 
Affrossman has been promoted from assistant lecturer to 
lecturer in physical chemistry. 


The Morecambe Bay Barrage 


Ix reply to a question in the House of Commons on 
June 1l, the Parliamentary Secretary to the Board of 
Trade, Mr. D. Price, said that Mr. E. Heath had asked 
the North-West Study Group to make a thorough assess- 
ment of the material already available about the proposals 
for a Morecambe Bay barrage. Under the scheme, & road 
and rail link would be incorporated enclosing the estuaries 
of the Loven and Kent and the waters would be used for 
public supply and for cooling locally sited power stations. 
Tho assessment was to be made in order that the Minister 
might dotermine whether a survey was needed and, if so. 
on what lines it should be undertaken. He would willingly 
receive any further information on tho proposals, and 
proposals for such projects as a barrage and road links 
across the Solway Firth would also be readily received 
by the Study Group. Tho Ministry conceived it as part 
of the Group’s duties to take these into its general 
reviews. 


Aid to Developing Countries 


Iw reply to a question in the House of Lords on June 18. 
the Chancellor of the Duchy of Lancaster, Viscount 
Blakenham, said that aid to developing countries from 
British public funds in 1963 was £158 million, compared 
with £150 million in 1962. For the financial year 1963-64, 
expenditure was £175 million compared with £148 million 
in 1962-63 and £160 million in 1961-62. These figures 
did not include the substantial flow of private investment, 
nor the £24 million of military aid provided in 1963 or 
the £30 million of military aid made available in 1963-64. 

The Minister of State for Commonwealth Relations and 
for the Colonies, the Marquess of Lansdowne, said that, 
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according to a joint statement issued by the British and 
Southern Rhodesian Governments on June 4, the latter 
Government had now agreed to assume responsibility for 
maintaining and developing the University of Rhodesia 
and Nyasaland as an independent institution open to all 
races. The British Government agreed to contribute 
£750,000 towards recurrent expenses up to 1967; a 
capital grant of £800,000 for building the teaching hos- 
pital; and some £300,000 towards general capital expendi- 
ture. 


‘Commonwealth Bursaries Scheme 


THE tenth annual report of the Royal Society and 
Nuffield Foundation Commonwealth Bursaries Scheme 
covers the year ended December 31, 1963, in which 24 
bursaries were awarded, five for visits from the United 
Kingdom (two to Australia and one each to Canada, the 
Falkland Islands and Uganda), 15 for visits to the United 
Kingdom (four from Australia, five from India, and one 
each from Canada, Jamaica, New Zealand, Nigeria, Sierra 
Leone and Singapore), and four for visits between coun- 
tries of the Commonwealth other than the United King- 
dom (Pp. 8. London: The Royal Society and the Nuffield 
Foundation, 1964). Of the 56 applications considered, 43 
were for visits to and 8 for visits from the United King- 
dom. During 1963, besides the £5,000 from the Nuffield 
Foundation and the Parliamentary grant-in-aid to the 
Royal Society of £4,000, funds available included £1,200 
from Canada, £796 165. 3d. from Australia, £561 10s. 5d. 
from Pakistan, £500 from India, £400 from New Zealand, 
£150 from Sierra Leone and £100 from Ceylon. 


Southern Hemisphere Telescope 


Four British astronomers, led by the Astronomer 
Royal, Sir Richard Woolley, have just left for Australia 
for exploratory discussions with Australian astronomers 
of a proposal to build a 150-in. optical telescope there. 
These discussions may then enable the Royal Society and 
the Australian Academy of Science to put proposals to 
the United Kingdom and Australian Governments for the 
support of a full design examination for the telescope. At 
present there are 74-in. telescopes at the Radcliffe 
Observatory, Pretoria, South Africa, and at Mount 
Stromlo, Australia, but a larger telescope would improve 
ability to explore the southern sky. Such a telescope 
could examine such interesting objects as the Magellanic 
clouds and the centre of the Milky Way, which is not 
easily observed by existing telescopes in the Northern 
Hemisphere. It would also supplement the superb 
facilities for radio-astronomy already established in Aus- 
tralia. Funds for this exploratory visit are being provided 
by the Department of Scientific and Industriel Research. 
The other members of the party are: Prof. R. O. Redman 
(University of Cambridge) and Dr. A. Hunter and Mr. 
J. D. Pope, both of the Royal Greenwich Observatory. 


Expenditure on Research and Development in France 


EsrrwATES of French expenditure on research and 
development given in a pamphlet issued by the French 
Embassy, Service of Press and Information, indicate that 
the French Government expended some 4,000 million 
francs on research and development in 1962, or about 
4 per cent of the budget (France’s Expenditure on Research 
and Development. Pp. 17. London: Ambassade de 
France, Service de Presse et d'Information, 1964). Of 
this expenditure, 1,973 million franes went on civil and 
military atomic research and investigations and 1,519 
million francs on military research, designing and proto- 
types. Of the total, 1,327 million francs were distributed 
through the Minister of State for Scientific Research and 
Atomic and Space Questions and 784 million francs through 
the Ministry of Education. Research expenditure by 
business firms in 1962 amounted to 2,300 million francs, 
or some 3:5 per cent of the turnover. This represented 
an increase of about 24 per cent on the previous year, 
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and of it 40 per cent was in the engineering sciences 
(excluding electronics and electro-techniques), 28 per 
cent in electronics and electro-techniques, 15 per cent in 
chemistry and 10 per cent in physics other than elec- 
tronics. Two-thirds of the industrial expenditure on 
research was borne by some fifty firms. 


Railway Services in France 


A FURTHER note issued by the Press and Information 
Service of the French Embassy describes the Société 
Nationale des Chemins de Fer and the French Railways, 
including its general organization, the magnitude of the 
traffic and the changes made since the Society was estab- 
lished in 1938 (Pp. 16. London: Ambassade de France, 
Service de Presse et d'Information, 1964). While the 
Staff was reduced from 515,000 in 1938 to 348,500 in 
1962, the productivity of staff increased by 160 per cent, 
the productivity of engine units by 360 per cent and that 
of passenger-carrying vehicles by 240 per cent, together 
with a relative drop of some 70 per cent in the consump- 
tion of energy compared with that prior to the Second 
World War. 'There are now 7,780 km of electrified track 
compared with 3,340 in 1938, and some 1,100 Diesel rail 
car units are in operation together with about 900 slip 
coaches, providing about 40 per cent of passenger train 
runs. 


Society for Developmental Biology 


THE inaugural meeting of the new Society for Develop- 
mental Biology was held on June 20 in Oxford. The 
programme consisted of scientific papers given by bio- 
chemists, botanists and zoologists. Dr. J. Gurdon (Depart- 
ment of Zoology, Oxford) discussed the significance of 
differences in the ribosomal RNA of haploid and diploid 
embryos of Xenopus laevis and described some changes 
resulting from nuclear transfer experiments. Prof. O. W. 
Wardlaw (Department of Botany, Manchester) then gave 
2 general review of recent work on plant embryos, and 
Dr. E. Huehns (Department of Biochemistry, University 
College, London) concluded the morning session with a 
summary of his work on the structure of human embryonic 
hemoglobins. In the afternoon, Dr. P. Burch (Department 
of Medical Physics, Leeds), in a paper entitled “The 
Molecular Basis of Self-recognition and Mitotic Control”, 
speculated that the same genes may encode for both these 
types of control mechanism. His ideas provoked some 
discussion, which was continued after Prof. W. S. Bullough 
(Department of Zoology, Birkbeck College, London) had 
described the effects of adrenaline on mammalian epidermis, 
where & constant cell population appears to be maintained 
by parallel changes in mitotic rate and rate of cell death. 
The next two papers, given by Dr. K. R. Ashby (Depart- 
ment of Zoology, Durham) and Dr. J. M. Ioannou (Depart- 
ment of Anatomy, Birmingham), were concerned with the 
development of gonads and germ cells. Dr. R. M. Gaze 
(Department of Physiology, Edinburgh) discussed the 
development of neuronal connexions after combinations of 
two temporal or two nasal halves of tho eye in Xenopus 
laevis. After toa, Dr. P. R. Bell (Department of Botany, 
University College, London) described histochemical and 
autoradiographic investigations of the distribution of 
DNA. in fern eggs, then Dr. Webster (Department of 
Zoology, King's College, London) discussed enzyme 
activities in normal and regenerating Hydra. At a business 
meeting immediately after the scientific proceedings, the 
Society’s constitution was adopted and its officers and 
committee elected, and it was planned to arrange two or 
three meetings each year in the future. 


British Food Manufacturing Industries Research 
Association 
THE annual report for 1963 of the British Food Manu- 
facturing Industries Research Association has recently 
been published (Pp. 68. Leatherhead: The British Food 
Manufacturing Industries Research Association, 1964). 
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The topics in the research programmo covered work on a 
wide range of matorials, including cocoa and chocolate, 
sugar confectionery, bakers’ prepared materials, jam, 
pickles and sauces, meat and fish products, oils and fats. 
During the year, the Association published and distributed 
to members six research reports, two scientific and tech- 
nical surveys, one review of research and twenty-eight 
technical circulars. Members of the staff also contributed 
to fourteen other sciontifio and technical publications 
during the year. Both the Analytical and the Bacterio- 
logical Services report an increased number of samples 
examined for Association members. The Information and 
Library Services report that the number of abstracts 
published during 1963 rose to 2,306 (1,844 in 1962) and 
their value to members is shown by the fact that the 
Association received requests for a sight of the original 
article for one-third of this number (excluding patents). 
The Director reports that the Association is now prepared 
to accept ‘sponsored’ work, provided that the results are 
likely to be of interest to a substantial number of members. 
Special projects already in progress at the beginning of 
1963 included two “Public Law 480" contracts for the 
U.S. Department of Agriculture on the biochemistry of 
bacon curing and the glyceride composition of cotton- 
seed oil. This should assist the Association in many ways, 
not least in aiding in the procurement of some of the more 
expensive items of equipment that are becoming increas- 
ingly necessary in food research to-day. 


Immunochemistry 


Ir is a sign of the deep interest that is now being shown 
throughout the scientific world in the chemical aspects of 
immunology that a distinguished group of scientists 
should have launched a new scientific publication—a 
journal of immunochemistry—under the title Immuno- 
chemistry (1, No. 1; April 1964. Annual subscription 
rates: (A) for libraries, government establishments, 
research laboratories, etc., £15 (40 dollars); (B) for 
individuals who place their orders directly with tho 
publisher and certify that the journal is for their per- 
sonal use, £5 (15 dollars) London and New York: 
Pergamon Press, 1964). The editor-in-chief is the 
eminent American immunochemist, Prof. Dan Campbell, 
of the California Institute of Technology, who is sup- 
ported by three regional editors and a distinguished 
honorary editorial board of international character. The 
remarkable increase in the number of scientific publica- 
tions falling within the field of immunochemistry has 
obviously stimulated the production of this new pub- 
lication by the editors and the Pergamon Press. With 
the passage of time, no doubt the size of the volumes 
issued will increase so as to justify, on physical grounds 
alone, the segregation of immunochemistry from the 
broader subjects of -immunology and biochemistry, of 
which it must remain & part and which, at the present 
time, are already covered by numerous national journals 
completely or largely devoted to the subject. Past 
experience has shown repeatedly that a new specialist 
journal, when once launched by a competent editorial 
board and an established publishing house, is assured of 
success because the appropriate scientists cannot afford 
to be without the new journal, and university libraries 
and research institutes must see to it that it is available 
for consultation. It is probable that the many inter- 
national journals of biochemistry and/or immunology 
could easily contain the present output of papers on 
immunochemistry for some years to come. However, if 
in future papers are to be published in full, one could 
hezard a guess that the number of papers in this exciting 
field will increase considerably within the next few years. 
In order that they should not be buried in the great mass 
of biochemical and immunological publications, the 
editors have shown real foresight in starting a new 
journal at this phase in the development of immuno- 
chemistry. 
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An Engineering Buyers’ Guide 

The Engineer Buyers Guide, 1964, gives particulars of 
nearly 2,000 firms which advertise in The Engineer or in 
the Guide, and covers chemical plant, electrical equipment, 
engines, machine tools and accessories, shect metal 
machinery and a wide range of general products (Pp. 
1016. London: The Engineer, 1964. 10s.). Firms are 
listed under the headings of the products and, in addition, 
an address section gives the various addresses, tolephone 
numbers and codes for each firm. Details of trade and 
technical associations, national undertakings and ex- 
hibitions are also given. There is also a list of United 
Kingdom agents for foreign firms. This Guide will bo a 
useful addition to the reference books in any workshop 
or laboratory. 


Seismology at Eskdalemuir Observatory 


Iw July 1910, Prince Galitzin himself supervised the 
installation of Galitzin seismographs at Eskdalemuir 
observatory, Dumfriesshire, the Observatory having 
been established two years before, primarily so that 
geomagnetic recording could be obtained free from the 
artificial disturbances, mainly from electric trams and 
trains, increasingly affecting Kew Observatory. When 
geomagnetic recording finally ceased at Kew, in 1925, 
the Galitzins were transferred from Eskdalemuir to the 
basement of the main building at Kew from whence, to 
eliminate disturbance due to wind shaking tho building, 
they were transferred, in 1937, to a new vault in the 
grounds. In recent years, owing partly to an increased 
interest in the science of seismology and partly to the 
need for distinguishing between man-made nuclear 
explosions and natural earthquakes, more sonsitive 
seismographs have been devised and thus vaults in 
quiet localities with solid rock foundations are required. 
The Eskdalemuir area proved to be one of the best in 
the British Isles and was adopted by the U.K. Atomic 
Energy Authority as the site of their seismic array which 
is centred 4 km north-east of the Observatory. Following 
a recommendation of the International Seismological 
Survey that all countries work towards the ideal of a 
world network, having stations at.intervals of about 
1,000 km, and after a recommendation by the Council 
of the Royal Society, the Meteorological Office decided 
that Eskdalemuir Observatory should be developed 
as its main seismological recording base, with research 
facilities, in the United Kingdom. A start has now been 
made by the building of a new vault in the hill-sido near 
the observatory and the installation therein of the 
standard seismograph system being presented by the 
U.S. Coast and Geodetic Survey to some 125 stations 
over the world. The equipment was installed in time 
to record the large Alaskan earthquake of 28 March 
1964. It is appropriate that Eskdalemuir, the field 
station, is near to Edinburgh where there is tho Royal 
Observatory Seismic Research Group and where there 
is also to be the International Seismological Research 
Centre and the International Seismological Summary 
Unit. There is space in the new vault for research 
workers generally to install seismic apparatus under 
test, and there will be available a shielded cable from the 
vault to a planned new surface laboratory where data 
recording and processing equipment can be located. 
It is expected that routine seismological recording with 
the older instruments will cease at Kew at the end of 
1964, and that the Kew Seismological Bulletin will then 
be replaced by an Eskdalemuir Bulletin. 


Memorial Lectures of the Institute of Physics and the 
Physical Society 
Tux Institute of Physics and the Physical Society has 
announced the following arrangements for its memorial 
lectures during 1964: 1963 Guthrie Lecture, the postponed 
1963 Guthrie Lecture entitled ‘Magnetic Processes in 
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Weak and Moderate Fields" will be delivered by Prof. 
L. F. Bates (University of Nottingham), in the Physies 
Department of the University of Nottingham on 
September 9; 1964 Rutherford Memorial Lecture, Dr. P. H. 
Fowler (University of Bristol) will give the 1963 Ruther- 
ford Memorial Lecture entitled ‘Pi-mesons versus 
Cancer ?” in the School of Physical Sciences, the Univer- 
sity of Sussex, on September 9; 1964 Guthrie Lecture, the 
1964 Guthrie Lecture entitled “Radio Telescopes” will 
be delivered by Prof. Martin Ryle (University of 
Cambridge) in the Physics Department of the University 
of Keele, on October 1. All three lectures will be held in 
conjunction with conferences, and for those not attending 
the conferences admission will be by ticket, obtainable 
from the Administration Assistant, the Institute of 
Physics and the Physical Society, 47 Belgrave Squaro, 
London, S.W.1. 


Senior Fellowships for Short-term Visits to Australia 


THE Australian Academy of Science, from its J. Ellerton 
Becker Fund, is to provide substantial assistance to 
senior scientists to make short-term visits to Australia. 
Great flexibility is intended in the administration of the 
fellowship scheme; no restrictions are imposed with 
respect to nationality, occupation of the men to be 
appointed, or subject (within the natural sciences). The 
Academy welcomes enquiries from scientists of professorial 
standing or the equivalent who may wish to visit Australia, 
in connexion with their own. scientific researches or to 
confer with Australian scientists. Applicants are expected 
to have had prior correspondence with the relevant 
laboratories in Australia to ensure that their visit would 
be of advantage to scientists in Australia, as well as to 
the applicant. Fellows would normally be expected to 
participate in colloquia, and to deliver a limited number 
of lectures in one or more of the major cities of the 
Commonwealth. They would, however, largely determine 
their own programmes. A brief report is expected at the 
end of the visit. Maximum support will be on the basis 
of economy class return air fare and a subsistence allow- 
ance at the rate of £45 per day. A minimum period of 
six weeks is desirable for any visit, and visits of longer 
duration would be welcomed. In special circumstances a 
minimum period of four weeks might be considered. 
Application forms for fellowships can be obtained from 
the Executive Secretary, Australian Academy of Science, 
Gordon Street, Canberra City, A.C.T., Australia. Applica- 
tions will be considered and awards made quarterly; 
applications closing on January 31, April 30, July 31 and 
October 31 each year. 


University News : London 


Ar his request, Prof. P. M. S. Blackett will stand down 
as Pro-Rector of the Imperial College of Science and 
Technology at the end of the presont academic year. 
Prof. O. A. Saunders has been appointed in his place as 
from October 1. Prof. Blackett will continue to hold a 
chair of physics. Promotions to senior lectureships at the 
Imperial College of Science and Technology are as follows: 
Mr. L. R. Barrett (chemical engineering and chemical 
technology); Mr. C. J. Carpenter (electrical engineering) ; 
Mr. R. G. Davies (zoology and applied entomology). 
Appointments to lectureships in the College are as follows: 
Dr. D. W. G. Ballentyne, Mr. R. S. Sidorowiez and Mr. 
R. W. Wilde (electrical engineering); Dr. D. E. Newland 
(mechanical engineering); Dr. J. M. Charap and Dr. S. 
Doniach (physics). 

Newcastle upon Tyne 


Mr. J. W. Hovsz, who is at present directing research 
schemes on “Rural Problems in North East England" for 
the Development Commission and “Migration and 
Mobility of Labour in North East England" for the 
Ministry of Labour, has been appointed to the second 
chair of geography. Appointments to lectureships are as 
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follows: Dr. A. J. McComas (physiology); Dr. R. H. 

Stobbart (zoology); Dr. P. Gray (theoretical physies in 
the Department of Physics). 

Southampton 

Pror. J. E. G. Raymonz, who has held the chair of 

zoology at Southampton since 1946, has been appointed 

to the chair of biological oceanography. Prof. Raymont 


‘will be head of the new Department of Zoology and 


Oceanography. Appointments to lectureships are as 
follows: A. F. E. Zagni (civil engineering); G. J. Rogers 
(electrical engineering); H. A. Kemhadjian and Dr. R. C. 
Smith (electronics); D. Harding, R. C. King and Dr. G. 
Lederer (mathematics); Miss P. Rothwell (physics); Dr. 
J. D. Burton (zoology and oceanography). 


Announcements 


Dr. HENRI-PAUL Koxrnie, at present a member of the 
staff of the National Research Council of Canada, has been 
appointed Scientific Counsellor at the Canadian Embassy 
in Paris. Dr. Koenig was previously professor of physics 
at Laval University and a past vice-president of the 
Canadian Association of Physicists. Dr. Koenig succeeds 
Dr. J. Gordon Malloch, who is returning to Canada and 
will retire shortly. 


Tae Department of Scientific and Industrial Research 
has awarded a grant of £142,000 to the University of 
Southampton towards the cost of research on sound and 
vibration under the direction of Prof. E. J. Richards, 
professor of aeronautics and astronautics and director of 
the Institute of Sound and Vibration Research, for the 
four years ending July 31, 1967. 


'THE summer congress of the Univorsities Federation 
for Animal Welfare will be held at Redland College, 
Bristol, during September 4-11. Further information can 
be obtained from the Universities Federation for Animal 
Welfare (Summer Congress), 7a Lamb's Conduit Passage, 
London, W.C.1. 


A symposium on “High Temperature Inorganic Chem- 
istry”, arranged by the Inorganic Chemistry Division of 
the Chemical Institute of Canada, will be held at Carleton 
University, Ottawa, during September 2-4. Further 
information can be obtained from the Chemical Institute 
of Canada, 48 Rideau Street, Ottawa 2, Ontario. 


AN international summer course on “Some Physical 
Aspects of Oceanology in Shallow Seas", arranged by the 
Netherlands Universities Foundation for International 
Co-operation and sponsored by the North Atlantic Treaty 
Organization, will be held at Lunteren during September 
1-18. Further information can be obtained from the 
Registrar, Netherlands Universities Foundation for Inter- 
national Co-operation, 27 Molenstraat, The Hague. 


AN international seminar for research and cducation in 
physics, sponsored by the Swedish Agency for Inter- 
national Assistance, the International Atomic Energy 
Agency and Unesco, will be held at the Institute of 
Physics, University of Uppsala, for one year commencing 
September 1. Forms of application and further in- 
formation can be obtained from International Seminar, 
Institute of Physics, University of Uppsala, Uppsala. 


A SUMMER school in “Organic Spectroscopy”, organized 
by the Royal Institute of Chemistry in collaboration with 
the Society for Analytical Chemistry, will be held at the 
School of Pharmacy, University of London, during 
September 6-12. The school will provide an organized 
and concise presentation of infra-red and nuclear mag- 
netic resonance spectroscopy in terms of organic struc- 
tures. Emphasis will be placed on fundamental principles 
and basic techniques. Further information can be obtained 
from the Royal Institute of Chemistry, 30 Russell Square, 
London, W.C.1. ` 


July 11, 1964 


No. 4941 


NATURE 


129 


GAS CHROMATOGRAPHY 


A informal symposium organized by the Gas Chroma- 
tography Discussion Group of the Institute of 
Petroleum was held on April 7 at the Shell Centre, Water- 
loo, London, with Mr. C. S. G. Phillips in the chair. The 
symposium was proceded by the annual general meeting 
of the group followed by an introduction, on behalf of 
Shell, Ltd., by Lord Rothschild. 

The first paper was given by Mr. J. C. Hawkes on “The 
Use of the Gas Density Meter for Process Monitoring and 
Control” in which he described the use of this detector 
for following the progress of vapour phase oxidation 
processes such as the production of maleic anhydride from 
benzene. Mr. Hawkes first listed the factors affecting 
the design of an instrument for applications of this sort. 
These were: (1) accuracy; (2) ease of calibration; (3) 
stability; (4) ease of maintenance; (5) facility for sample 
handling; (6) reliability; (7) provision of an output 
suitable for the control of the process. Passing on to a 
consideration of the detector itself, he said that the 
diameter of the orifice leading to the anemometer had an 
effect on the linearity of the detector. Enlargement of 
this orifice over a limited range increased both the linear 
range and the sensitivity. Increase of the carrier gas 
flow-rate through the cell, on the other hand, gave greater 
linear range without affecting the sensitivity, and by 
adjustment of these two parameters a detector having 
suitable characteristics could be obtained. A plot of gas 
flow-rate against thermocouple output rose sharply at 
first and then levelled out and, from a stability point of 
view, it was best to work in the level region where small 
changes in flow-rate would not affect the detector response. 
Other factors controlling the output of the detector were 
the nature and pressure of the carrier gas and its moisture 
content. i 

Mr. Hawkes next described a complete plant control 
system in which two density balances were utilized. 
The first of these was used alone as an on-stream detector 
to monitor continuously the input benzene concentration. 
In oxidation plants of this type the hydrocarbon reactant 
is carried through the system in a stream of air and this 
could be passed through the sample cell of the density 
balance to give a signal proportional to the benzene 
concentration. Process air from the same source, but 
containing no hydrocarbon, was used as reference gas, 
thus eliminating any response due to water in the carrier. 
The second detector was used with a column and sample 
loop to messure input hydrocarbon, output product and 
impurity concentrations. Use of a single chromatograph, 
with suitable valve system, for all these purposes avoided 
difficulties due to differences in sensitivity which might 
arise with more than one detector. Sample lines from the 
plant to the chromatograph were steam heated right up 
to the column oven. This was electrically heated with 
forced convection in order to achieve control to within 
0-1? C with no temperature gradient. Pneumatically 
controlled solenoid valves were used for gas stream switch- 
ing and these were normally automatically cam-operated 
by 2 programme unit. Results could bo displayed on a 
recorder either as normal chromatograms or in compressed. 
‘bar-graph’ form. Concentrations were measured by peak 
height and, in order to obtain an accuracy within 0-1 
per cent, it was necessary to maintain variables to within 
the following limits: gas flow-rate 0-3 ¢.c./min; oven 
temperature 0-1? C; gas pressure 0-4 mm; bridge current 
0-002 amp. In order that sample switching and result 
presentation could be automatic it was also important 


that retention times of components did not vary by more 
than 1 sec. This required control of carrier flow-rate 
to within 1 c.c./min, column temperature within 0:3? C, 
and column pressure within 7mm. Mr. Hawkes concluded 
by saying that he had had a number of instruments using 
density meters working for some timo and had found this 
detector very satisfactory from the point of view of vase 
of calibration and stability. Other detectors, such as 
flame ionization, would, of course, give greater response, 
but for most of their applications the sensitivity of the 
density balance was quite adequate. 

The second paper was given by Dr. C. S. F. Pine or 
the subject of On-line p.p.m. Analysis by Gas Chromato- 
graphy”. He commenced by defining his field as that of 
direct measurement of substances present in vapour or 
liquid process streams at concentrations usually less than 
100 p.p.m. Preconcentration techniques were generally 
unsuitable for on-line applications, but their use had 
become largely unnecessary due to the advent of ionization 
detectors. 

On the use of in-line instruments by Imperial Chemical 
Industries, Lid., Dr. Pine said that the first one had been 
installed in 1955 and used a katharometer detector for 
the determination of percentage amounts of mixed gaseous 
hydrocarbons. Their first p.p.m. instrument, installed 
in 1959, monitored hydrocarbons in oxygen over the range 
0-3 p.p.m., sounding an alarm if the concentration roso 
above 2 p.p.m. This instrument used an argon ionization 
detector. Since this time instruments had been installed 
at the rate of about two per year, the earlier ones being 
home-made, but more recently some commercially pro- 
duced instruments had also been used. The greatest 
advance in the development of in-line instruments during 
this time was the use of reliable automatic sampling valves 
for injection of liquids and gases. Tho type now widely 
employed was the linear movement sliding face valve 
developed by Imperial Chemical Industries, Ltd. Reasons 
for the spread of in-line instrumentation included its 
speed of analysis which was ideal for process control. 
Prevention of the formation of off-specification products 
had economic benefits in reducing the amount of re- 
purification necessary. In the intermediate stages of 
production, on-line analysis detected impurities which 
might be undesirable or dangerous in later stages. 

Discussing the ways in which on-line chromatographs 
differ from their laboratory counterparts, Dr. Pine listed 
the following characteristics of control instruments: 
(a) fixed volume samples are used so that the recorder 
trace can be calibrated in terms of peak height; (b) 
multiple columns with switching and by-pass valves aro 
used to reduce analysis time to a minimum; (c) column 
materials must be stable over a period of at least 12 
months; (d) electrical circuits are arranged to show only 
signals from components of interest; (e) attenuators are 
used to adjust the scale range for each component and the 
recorder is usually started and stopped to give compact 
‘bar-graph’ presentation; (f) programming units perform 
all the repetitive operations, thus necessitating stability 
of peak elution times; (g) lay-out and housing of the units 
are designed for easy sample handling and to comply with 
factory safety regulations; (k) on-line chromatographs 
must be designed to operate for long periods with a mini- 
mum of maintenance. 

On-line p.p.m. analysis could be applied to most organic 
substances boiling below 300° C, but analysis of permanent 
gases was not practicable at the moment due to lack of a 
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satisfactory detector. Concerning the problem of sample 
injection, Dr. Pine said that satisfactory sliding valves 
were now available from W. G. Pye, Ltd. With samples 
in the 1-20 ul. range the valve had sufficient heat capacity 
to act as an efficient flash vaporizer. Realizable peak 
height reproducibility was within about 1-5 per cent 
although the actual volumetric reproducibility of the 
-valve was known to be better than 0-1 per cent in 5 ul. 
Failure of the sample to evaporate as & compact plug, 
among other factors, was thought to be responsible for this 
discrepancy. It would be preferable to work always with 
vapour samples, but if these were condensable complica- 
tions arose with accurate pressure and temperature con- 
trol. The sliding valves were also used, connected in & 
different manner, for other functions such as back- 
flushing and column switching. Difficulties often arose 
in the choice of a suitable stationary phase and in some 
cases multiple columns using different stationary phases 
were necessary. The greatest trouble usually arose from 
the large tailing peak due to the major constituent. If 
this was the last substance to be eluted time could often 
be saved by back-flushing it from the column after all 
the impurities had gone through. When some impurities 
followed the major constituent and were contaminated 
by its tail the position was more difficult. The best solu- 
tion found was to collect the eluent over the period 
when it contained the impurities and to re-chromatograph 
this material on another column. The impurity peaks 
were then often completely resolved from that due to the 
now much reduced amount of major constituent. Prepara- 
tion of columns for on-line p.p.m. work required that great 
care be taken to ensure as complete a removal as possible 
of volatile impurities and residual solvent. All the 
columns in present use were of the packed type as capillary 
columns had been found to lack sufficient long-term 
stability. In setting up these analysers all carrier gas 
pipework required to be thoroughly degreased and then 
baked out in situ, sometimes for some weeks, until 
contamination was reduced to a very low level. 

Surveying the present position, Dr. Pine put forward a 
plea to manufacturers to provide more equipment for this 
field at & reasonable cost. Application engineering, 
normally supplied by the manufacturer, might well be 
left for at least the larger users to provide for themselves 
with consequent reduction in purchase price. The 
position was, he said, improving at least so far as American 
and Continental manufacturers were concerned. He 
concluded his paper by suggesting that future develop- 
ment might be aimed at increasing speeds of analysis, 
improving liquid handling techniques, collecting and 
publishing adequate retention data and developing linear 
‘and stable detectors which would extend the applicability 
of this field of gas chromatography. 

Owing to the absenco of Mr. J. Mawson, the paper on 
“Some General Aspects of Process Control with G.L.C. 
Analysers” could not be given, and it was left for Dr. H. J. 
Noebels of Beckman Instruments to put forward the view 
of the manufacturers in a contribution entitled ‘‘Applica- 
tions of Industrial Gas Chromatographs to Process 
Monitoring and Control”. He said that they had con- 
siderable experience in this field and that analysis of their 
instruments sold over the past year showed that 1 in 4 
"were equipped for continuous control of plant. The first 
chromatographs of this type were made in 1957, and since 
then about 2,000 instruments of all manufacturers had 
moved into the process field. Some six months ago 
Beckman produced an instrument which incorporated 
some new and important features. A major difference 
between process and laboratory instruments was that the 
latter were controlled by a competent operator who 
could take into account a number of factors such as vary- 
ing base-lines. Control instruments, on the other hand, 
had to work completely alone practically continuously 
with perhaps, at the most, 2-h maintenance per month. 
The instrument must therefore be exact, automatic, 
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dependable and capable of providing as short an analysis 
time as possible. 

The last point became even more important when, as 
sometimes occurred, 5 min was taken for the sample to 
travel from its point of extraction from the plant stream 
to the analyser. A process instrument, Dr. Noebels said, 
must handle complicated streams and often was required. 
to produce results expressed in a number of different ways. 
I5 might, for example, be required to estimate Cs, C, and 
C, compounds separately but to give a combined figure 
for C,-C,, compounds. For this reason & considerable 
amount of stream switching was necessary. The valves 
utilized for this purpose were similar in design to those 
described by Dr. Pine and, when used for sample injection, 
had a lower limit of 1 ul. ‘Teflon’ was used in their 
construction for applications below 225° C, and they could 
be used at pressures of up to 350 lb.in.*. Two types of 
detector were normally used: (1) four-element katharo- 
meter having a sensitivity such that full-scale deflexion 
was obtained with 50 p.p.m. of acetylene in ethylene; 
(2) flame ionization detector giving full-scale deflexion 
for 1 p.p.m. of acetylene in ethylene. Difficulby had been 
experienced in introducing flame detectors for plant control 
particularly in refineries, but their high dynamie range 
made them of great value for process monitoring applica- 
tions. Dr. Noebels said that it was desirable to keep the 
number of controls on the front of the instrument as small 
as possible. Those which required occasional adjustment 
were mounted inside the case and pre-set, while repetitive 
operations such as gas flow switching, attenuation adjust- 
ment, etc., were carried out by a programme unit. This 
was normally of the type using magnetic tape but 
could be roplaced by a cam-operated unit for those opera- 
tors who desired a visual indication of the progress of the 
control cycle. Columns were heated by circulation of pre- 
heated air and required to have a life of at least six months 
with only a very slow change in retention times. 

Eight basic column configurations were used: (1) single 
column; (2) single column with back-flush; (3) single 
column with back-flush and stripping: this elutes light 
compounds individually and the heavier ones as @ group; 
(4) dual column: low boiling materials go through to a 
second column while high boiling compounds are detected 
after the first; (5) dual column with back-flush; (6) dual 
column with back-flush and stripping; (7) heart cut 
column: this was similar to the system described by 
Dr. Pine for chopping out a portion of the tail of a major 
peak; (8) ‘flip-flop’ column. This system comprised three 
similar sections designated the pre-splitter, storage and. 
regrouping columns which Were connected in series in 
the order given. It could be used for recombining & 
number of peaks when it was desired to estimate these 
together. Thus a sample containing substances eluting 
normally in the order A, B, C, D, ete., could be put on the 
column and allowed to run for a caleuleted time such 
that it was known that substance B had just entered the 
regrouping section. At this time fractions C, D and E 
could be at various points in the centre storage section, 
and if the flow through this part of the column were now 
reversed they would pass from it to the regrouping section 
in the reverse order (E, D, C). Fractions A and B would 
therefore emerge normally as separate peaks, but 0, D 
and E, having the same distance to travel to the end of 
the oolumn as they had each already travelled from. the 
starb, would recombine and would emerge as a single 
peak. 

On presentation of results, Dr. Noebels said that “bar- 
graph’ readings were often insufficient and that a steady- 
state signal was useful for conversion to a pneumatic 
output for control of the plant. Such a signal could be 
obtained by amplification of the detector output and 
storage in capacitors, one for each component. Of actual 
analysis, 90 per cent was accomplished by peak height 
measurements, but integration was sometimes necessary. 
Features which made the gas chromatograph an ideal 
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instrument for plant applications were its great speed 
(three components could be estimated in less than 1 min) 
and its high sensitivity. Applications had included such 
things as: (1) estimation of 0~50 p.p.m. of acetylene in 
benzene; (2) control of phthalic anhydride production; 
(3) determination of hydrochloric acid, chlorine and 
phosgene from ‘Fluolube’ on ‘Teflon’; (4) determination of 
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hydrogen in water in the range 0-5 p.p.m. ; this estimation 
could be carried out in 5 min on a 50-ul. sample; (5) heart 
cut analysis of ethylene; (6) cascade control of distilla- 
tion columns. He concluded by saying that generally 
a pay-off time of one year could be considered a good 
application of instrumentation. 

C. D'Ovry-WATKINS 


" PLACE OF BIOCHEMISTRY IN THE NEW UNIVERSITIES 


A the Middlesex Hospital Medical School on April 16, 
the Biochemical Society held an evening discussion 
on "The Place of Biochemistry in the New Universities", 
a topic which aroused considerable interest and not a 
little feeling. In framing the discussion it had been agreed 
not to limit it-strictly to the new universities but to 
inelude all universities in which biochemistry had only 
recently been introduced or was about to be taught. 

Sir Rudolph Peters took the chair and, in the course of 
his opening remarks, pointed out that nowadays many 
aspects of biochemistry masqueraded under other titles. 
The new term ‘molecular biology’ had been introduced by 
Astbury and was, perhaps, valuable for getting money, 
but the claim that biochemistry only dealt with small 
molecules was just not true—we had always dealt with 
substances like proteins. With the present ramifications 
of biochemistry it was especially pertinent to discuss its 
role in the new universities. 

Prof. R. A. Morton (Liverpool), under the title of 
“Biochemistry—Past and Present", traced the develop- 
ment of biochemistry with special reference to universities 
where the subject is now firmly established. The first 
department of biochemistry in Great Britain was founded 
at Liverpool in 1906, the inspiration of the department 
and of biochemistry in general at that time being derived 
from work on vitamins and nutrition. This and other 
departments were first set up in faculties of medicine, for 
it was from this direction that the need for teaching and 
research first arose. Very few honours courses in science 
faculties were started before 1939, but since the War 
the number of such courses had multiplied rapidly so that 
to-day most reeruits to the subject have been trained as 
biochemists. 

Over the years, the courses for medical, dental and 
veterinary students have changed and continue to do so. 
Although in the teaching, applications are not forgotten, 
they are subordinated to the need to expound the basic 
principles of biochemistry so that, for example, the 
clinical aspects of the subject come later from special- 
ists. 

Prof. Morton stressed that the biochemist should be 
competent in chemistry but must also have biological 
training and insight. Much had been achieved in the past, 
and no doubt would be in the future, by those who had 
detected, isolated and determined the structure of meta- 
bolites. Theories, for example, of photosynthesis or 
oxidative phosphorylation could be elegant even with an 
incomplete roll-call, but truer theories follow a full muster 
of the molecular species engaged—whether in biosynthesis 
or enzymatic mechanisms. 

Biochemistry is now a central part of many curricula in 
biology. The sharp boundaries between sciences have 
gone; trespassing invokes only a shrug and territories are 
‘invaded’ without apology. Chemistry, biochemistry and 
microbiology interpenetrate, and terms like genetics, 
biochemical pharmacology, neurobiochemistry and bio- 
chemical systematics all point to unification within 
diversity. This calls for psychological readjustment and 
reconstruction of teaching, organization and administra- 
tion, on & scale easier to realize in & new university than 


an established one. There must be flexibility, perhaps, 
especially in M.Sc. courses. Prof. Morton emphasized 
that there is, however, a hard core of biochemistry which 
cannot safely be watered down. 

In a period of expansion the penury of the past was 
easily forgotten, but it may be more difficult to sustain 
the peculiar excellence which raises university studies 
above the trivial. 

In the subsequent discussion, Prof. J. N. Davidson 
(Glasgow) pointed out that biochemistry has tended 
always to suffer from being & hybrid subject. It grew up 
under the wing of physiology in most universitios (occa- 
sionally under pathology) and only within recent years 
has begun to lead an adult independent life as & scientific 
discipline in its own right, rather than merely as a sub- 
division of some other subject. However, there aro now 
disturbing trends. The chemists, who used to despise 
it, are now beginning to realize its importance and are 
tending to say that biochemistry should certainly be 
developed in all universities, but only as part of the 
chemistry department. 

The biologists are belatedly taking an interest in 
biochemistry and are tending to follow the same unfor- 
tunate course as the chemists. By showing less interest 
in taxonomy and ecology and a greater interest in cell 
biology, they have realized that they cannot go very far in 
any biological discipline without biochemical help and 
they are therefore tending to say biochemistry must 
certainly be developed, but only as a part of a biological 
department. 

Prof. Davidson went on to say that he was all in favour 
of breaking down barriers between sciences and of having 
the utmost collaboration between representatives of 
different disciplines, but was utterly opposed to the trend 
that biochemists may develop into mere laboratory 
assistants helping ‘big brother biologist? to solve his 
problems. 

Prof. E. A. Dawes (Hull) then presented the results of 
a survey he had made on present and future developments 
in Britain with particular reference to the place of bio- 
chemistry in the development of biological sciences in the 
new universities. There are seven new universities in 
England of which five have either planned or already 
initiated biological studies, and a sixth has it under active 
consideration. In Scotland, at the new University of 
Strathclyde, existing biology departments of the Glasgow 
Royal College of Science and Technology are to become 
part of a School of Biological Sciences, housed together 
in a separate new building and offering honours degroes in 
biochemistry, food science, biology, microbiology and 
general biological sciences. 

The development of biological sciences in the new 
English universities has, without exception, followed the 
suggestion of the ad hoc Committee of the Royal Society 
(Ann. Rep. Advisory Council on Scientific Policy, 1961-62, 
H.M.S.O., 1963) that multi-professorial departments be 
created and under the one roof a variety of different 
biological disciplines be represented. Hast Anglia, at 
present, is the only school to have started teaching 
along these lines; Sussex and York both commence 
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operations in October 1965, while Kent expects to do so 
in 1966. 

At Sussex advanced teaching and research are being 
arranged round a number of research groups each headed 
by a senior member of staff; the units at present envisaged 
include animal physiology, biochemistry, microbiology 
and plant physiology, and the research activities of most 
of them will be strongly biochemical in outlook. The 
three-year honours course in biology will precede a fourth- 
year course of advanced study leading to an M.Sc. degree. 
‘At York fairly close co-operation between the departments 
of biology and chemistry is planned and the three-year 
honours course in biology will include specialization in 
the third year; biochemistry may be selected as one of 
the topics for this. Clearly, courses in the new departments 
are in the process of evolution and present information is 
of & provisional nature. It was evident, however, that 
belief in the necessity for a fourth-year M.Se. course was 
universal in the new universities offering degrees in 
biology. To conclude, Prof. Dawes mentioned the nowly 
created professorial departments in universities which 
do not have a medical school—Leicester, Southampton 
and Hull—and gave a brief description of the honours 
course in his own Department which includes a one-year 
course in cell biology, two years of chemistry and bio- 
chemistry in all three years. 

In discussion, Prof. J. F. Sutcliffe amplified the plans 
for Sussex and emphasized the importance of the bio- 
chemistry unit to their scheme. Other speakers expressed 
misgivings on the brevity of the basic chemistry courses 
in many of the biological sciences syllabuses and pointed 
to the flimsy foundations on which the biochemical con- 
tent of the course would have to be built. The chairman 
stressed that all biochemists should be taught to work 
with small amounts of substances. 

Prof, H. L. Kornberg (Leicester) outlined the develop- 
ment of biochemistry within the framework of a three-year 
course leading to a degree in cell biology, and discussed 
the reasons for this approach rather than the more con- 
ventional honours course in biochemistry. At Leicester 
it was felt that, at the undergraduate level, biochemistry 
might be most effective as the central theme of an inter- 
departmental degree course jointly planned and executed 
chiefly, if not exclusively, by specialists in biochemistry, 
genetics and physiology, but that chemistry to an 
advanced level, and other physical and biological speciali- 
ties to less-advanced levels, would also form indispensable 
parts of the degree structure. Such a course would provide 
graduates suitable for teaching at the secondary modern 
school level, Civil Service experimental officer grade, or 
the equivalent level in hospital or industry. More able 
students would take one-year M.Sc. courses in the particu- 
lar speciality that has aroused their interests and this 
would be a prelude to the orthodox three-year period lead- 
ing to a Ph.D. The flexibility which this proposed course, 
planned for 1967, would confer, by virtue of the wide 
biological interests of the academic staff concerned, was 
emphasized. 

Prof. Kornberg then described plans for the new 
School of Biology at Leicester, which, with more than 
90,000 sq. ft. of usable space, will house not only all the 
existing biological science departments but possibly also 
biological specialities as yet unborn. A department of 
genetics has recently been established and similar develop- 
ments in general physiology are to occur, while the 
appointment of Dr. E. R. Redfearn to a second chair of 
biochemistry at Leicester had just been made. 

The development of biological chemistry in the Univer- 
sity of Manchester was described by Prof. A. J. Birch. 
‘An honours school of biological chemistry was established 
in 1961 in the Faculty of Science with studies extending 
over three years and with considerable emphasis on 
chemistry and biology. At present, this is achieved by 
exclusion of biochemistry from the first-year courses, 
and the intermediate examination at the end of the first 
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session includes chemistry, physiology and either botany 
or zoology. The first two terms of the second year are 
divided equally between chemistry and biochemistry, 
both of which are inchided in the Part I,examination held 
at the end of the Easter vacation of the second session. 
Biochemistry occupies the whole of the students’ time 
during the summer term of the second year (this being & 
full teaching term) and throughout the third year, with 
the exception that during the third year students attend 
short ancillary courses chosen from a wide range. 

A full tutorial system is operated during the summer 
term of the second year and throughout the third year, 
and less frequently in the earlier parts of the course. lb 
is hoped in future to extend the full tutorial system to all 
three years. Further developments planned for the future 
include an introductory biochemical course in the first 
year and it is hoped that a single, fully integrated course 
in biology may be established. 

In planning the courses for the new honours degree, the 
aim has been to give students a thorough understanding 
of the chemical and biological bases of the subject and a 
good appreciation of general biochemistry without 
emphasizing any one specialized aspect. Dr. G. R. 
Barker elaborated on some aspects of the course. 

The final speaker was Prof. T. A. Bennet-Clark (Nor- 
wich), who discussed the role of biochemistry within 2 
school of biology and described developments at East 
Anglia, where a special feature is being made of the 
biological sciences. Biochemistry is fundamental and 
must be incorporated in the courses, but this could only 
be achieved by elimination of dead wood from the more 
classical aspects of the biological parts of the curriculum. 
A critical problem is that of recruitment, for the ideal 
aspirant should have a good background of mathematics, 
physics and chemistry in addition to his biology; this 
poses almost insuperable difficulties in the schools and 
forces tho university school of biology to teach in the 
first year appropriate aspects of mathematics and physics. 

A three-year undergraduate course is operated at 
Norwich which provides during the firs& two years, in 
addition to chemistry, mathematics and physics, a back- 
ground having a general physiological and genetical basis. 
The third year permits specialization in which three 
options are selected from a present list of eight, of which 
(1) biochemistry and (2) biophysics and biophysical 
chemistry are two. A fourth-year M.Sc. course permits 
further specialization: a course in biophysics is run by 
Prof. J. Dainty and, in the future, a course in food 
science will be available. Prof. Bennet-Clark made the 
point that a three-year first degree course is by no means 
an adequate training for any career and. hence the desir- 
ability of having a fourth-year M.Sc. course. 

Sir Rudolph Peters then declared the meeting open for 
general discussion and some lively comments ensued. 
Concern was expressed that the plans for the new universi- 
ties did not include strong biochemistry departments in 
which the teaching was securely based on chemistry. 
Latent fears for the emergence of a breed of ‘tame bio- 
chemists’ were in evidence. 

Dr. G. R. Barker aroused much interest and support 
for his proposal that & new advanced-level subject 
‘Physics with Mathematics’ should bo instituted by the 
examining boards. Such a paper would go a long way 
towards solving the problem of university entrance 
requirements for the biological sciences. The meeting 
passed a resolution that the Committee of the Biochemical 
Society consider whether the Society might approach 
the examining boards in this connexion. Prof, Morton 
said how important it was that faith should be kept with 
the school teachers so that they knew precisely what the 
university biologists wanted of their pupils. 

The meeting was universally adjudged to have been. a 
timely and instructive one, and the large attendence 
reflected the widespread interest in developments in the 
new universities. E. A. Dawzs 
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AGRICULTURAL SOIL SCIENCE 


"S years have elapsed since the popular Easter 
School in Agricultural Science was inaugurated at 
the School of Agriculture in the University of Nottingham. 
The eleventh meeting, which was held during March 23-26. 
was marked by a symposium and colloquium on ‘‘Experi- 
mental Pedology". Some 130 scientists, experts in a wide 
range of disciplines and assembled from the British Isles, 
Europe, Israel, the British Commonwealth and the 
United States, testified to the general interest in soil 
science and to the particular concern for that aspect of 
the subject dealing with the genesis, properties and 
classification of the soil profile. 

After a welcome to the University from Mr. B. L. 
Hallward, the vice-chancellor, the delegates settled down 
to a programme developing logically from organic geo- 
chemistry and the chemistry of rock surfaces through 
the organic and inorganic agencies of soil profile develop- 
ment studied in situ, in the laboratory and by model 
simulating processes, to the final analysis of experimental 
pedology in relation to soil classification. 

The assessment of release and redistribution of major 
and trace elements in weathering rocks, in the soil profile 
and of their loss in drainage water has always been at 
the basis of soil research. The construction of a rough 


balance sheet from such data can be instructivo and 
informative, but its value is greatly enhanced when the 
agencies responsible for the changes can bo identified 
qualitatively and quantitatively. 

The symposium not only illustrated the enormous 
wealth of information that exists on the results of soil 
changes but also the dearth of precise knowledge of the 
processes and their dynamics. Too little is known of the 
movement of either simple ions or of more complex sub- 
stances, nor do we yet know enough about the natural 
processes of clay formation or of the precise roles of living 
organisms or their products in the development of soils. 
Discussion of the kind provided by this School serves an 
excellent purpose by directing attention to these neods 
and should serve in turn to kindle the fire of frosh ideas 
and extend the mind to further effort. 

This stimulating and provocative symposium was noto- 
worthy for its unobtrusive yet skilful organization, tribute 
for which must be paid to Prof. Hallsworth and his many 
helpers. His forthcoming departure to the Commonwealth 
Scientific and Industrial Research Organization (Nature, 
199, 1237; 1964) carries both our good wishes and 
thanks for his inspiration of the Schools. 

i R. I. DaviES 


BRITISH COAL UTILIZATION RESEARCH ASSOCIATION 


"L5: annual report for 1963 of the British Coal 
Utilization Research Association*, which includes 
a list of publications and of staff, records a total staff at 
the end of the year of 67 scientists, 109 research officers 
and research assistants, 47 in clerical and administrative 
grades, and 90 in industrial grades. An extensive survey 
was completed of the behaviour of a variety of types of 
coals with a wide range of ash-fusion characteristics, in 
an attempt to relate coal type and ash composition with 
the formation of clinker and slag in shell boilers. There 
was very little clinker formation with any of the coals 
but sufficient slag on the ignition arch to attempt co- 
relations. The opportunity was taken to investigate the 
formation of deposits on end-tube plates which, with 
some coals, can ‘be very troublesome. 

In domestic heating, the first of four main programmes 
was to try to improve the amenities and performance 
of the conventional central heating boiler fired with 
smokeless fuel. The second programme is to try to 
devise a means of burning bituminous coals smokelessly 
in a central heating boiler; the third, to design a reliable 
and cheap heat meter; and the fourth, to obtain reliable 
information on the amount of smoke emitted from 
domestic appliances for a range of fuels. Investigations 
of mineral deposits and corrosion in water-tube boilers 
are increasingly directed to problems which may arise 
in future in the large power-station boilers operating 
at very high steam temperatures and pressures. Four 
proprietary alloy steels of different composition have 
been tested above 600° C in the biggest of the three 
laboratory: combustors when using a range of coals 
including the normal test fuel of high chlorine content, 
and further extensive trials have been carried out on the 
town-gas-fire combustor. 

Much work on slagging gasification during the year 
has been concerned with filing gaps in the knowledge 
of slag formation and behaviour and other facets of the 
operation of the slagging fixed-bed process. Confirmatory 
laboratory tests in the high-temperature viscometer 


* The British Coal Utilization Research Association. Annual Report, 
1903. Pp. 92. (Leatherhead: The British Coal Utilization Research 
Assoctation, 1964.) 


have shown that, where refractory mineral matter is 
being dissolved in a slag, the apparent viscosity may 
attain a value several times that of the viscosity of the 
homogeneous slag that is finally formed. Investigations 
have been made into the changes of the chemical com- 
position of slags under particular operating conditions, 
and particularly of the volatilization of silica and of the 
loss of iron. Systematic investigation of the slagging 
properties of the ashes of British coals was comploted 
during the year, and some attention was also directed 
to the crystallization properties of the slags. 

Basic investigations, during the year, of combustion 
and gasification were directed at exploring the phenomenu 
of pre-ignition heating and the devolatilization of pulver- 
ized fuel particles in the laminar flow furnace. Measurc- 
ment of the thermal conductivities and diffusivities of 
coals of temperatures up to 900° C has been completed. 
In observing the structure and reactivity of reactor 
graphites, comparisons have been made of the porous 
structure parameters measured at high and at room 
temperatures, and the structure of graphites has been 
further examined before and after their oxidation. 
More fundamental investigations of the chemical structure 
of coals have thrown further light on the distribution 
of groups containing hydrogen, and particularly the differ - 
ences in fractions of aromatic hydrogen and of hydrogen 
in methylene groups in coals of different ranks. A two- 
pronged attack on the mechanism of decomposition in 
the coking temperature range has been further advanced 
and, from now on, basic investigations of the physical 
and chemical structure of coal will be directed more to 
understanding the reactions that occur in various com- 
bustion systems. 

Fundamental investigations of simple breakuges in 
commercial mills have been greatly advanced during the 
year. The examination of the stress distribution in thin 
particles loaded in a model of a ring-mill using photo- 
elastic techniques shows that the primary failure occurs 
along lines of maximum tensile stress. The distribution 
of mineral matter in samples of pulverized fucl has also 
been examined. 
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THE ARTHUR D. LITTLE RESEARCH INSTITUTE 


N the annual report for 1963 of the Arthur D. Little 

Research Institute, Dr. F. N. Woodward, the director, 
reviews some of the outstanding developments in the 
first seven years operation of the Institute *. These include 
the work on interaction between certain metals and 
water at very high temperature, hydrogen embrittlement 
investigations, which appear to be revealing at least one 
pickling method which could safely be applied to very 
strong steels after heat treatment, and tempering without 
causing hydrogen embrittlement. 

Fundamental investigations of the release of corrosive 
vapours from wood under tropical conditions have given 
& technique which appears to be capable of reducing 
significantly the corrosiveness of kiln-dried woods. 
Observations on the chemical modification of cotton have 
given a technique for increasing crease-resistance, and 
work on the chemistry of ethylene sulphide has also 
yielded patentable techniques and products. Two 
basic investigations of potential long-term significance 
are concerned with the crystallization and properties of 
high polymers and with gaining an understanding of 
photoeonduetivity in organic compounds generally 
and polymers in particular. 

In the Biochemistry and Biophysics Division, wheat 
proteins and anti-tubercular factors in milk whey received 
considerable attention, while the work on peat isolates 
of industrial value was expanded and preliminary work 
on the fractionation of inorganic polyphosphates carried 
out. In carbohydrate chemistry, several promising 
new polymers were prepared, from glucose and its deriv- 
atives and the principle of co-polymerizing smali amounts 


* Arthur D. Little Research Institute. Annual Report for 1903. Pp. 48. 
(Inveresk, Midlothian: Arthur D. Little Research Institute, 1964.) 


of carbohydrate with cheap, readily-available monomers. 
to give reactive co-polymers, has been demonstrated, 
These afford an easy route for introducing reactive groups 
to improve the dyeing properties and hydrophilic groups 
to improve the water-adsorptive power of conventional 
man-made fibres. The investigation of the emission 
of corrosive vapours from wood continued for a third 
year and methods for the analysis, by gas liquid chromato- 
graphy, of the volatile acids and neutral compounds of 
wood have been worked out and applied to the assay 
vapours arising from the exposure of wood-shavings to 
high humidity and tropical temperatures. 

In sulphur chemistry, white crystalline polymers have 
been prepared from ethylene sulphide; mercaptans 
have been found to react with ethylene sulphide to give 
products which are also mercaptans and which further 
react with ethylene sulphide. In physical-organic chem- 
istry, an extensive search has been made for high-tempera- 
ture-resistant materials in organic, organo-metallic and 
inorganie chemistry, while the physical chemistry section 
has been mainly concerned with the crystallization and 
properties of polymerie materials. 

Recently, facilities have been developed for investig- 
ating the electrical properties of materials. In metallurgy, 
the reaction between metals and water vapour up to 
1,500° C and above has been further investigated for 
aluminium and aluminium-uranium alloys and zircaloy-2. 
The investigation of the adhesion between molten glass 
and metals has been continued in order to improve 
understanding of the fundamental principles governing 
sticking between hot glasses and a metal mould while 
the glass is being blown to shape during manufacture of 
glassware. 


LUMINESCENCE OF ENSTATITE ACHONDRITE METEORITES 
By C. J. DERHAM*, Dr, J. E. GEAKE and G. WALKER 


Department of Physics, Manchester College of Science and Technology 


E recently reported the red luminescence of three 

meteorites of the enstatite achondrite type under 
proton excitation, and are now able to give some further 
information, including revised estimates of the radiant 
efficiency. 

Our published spectrum for each meteorite shows a 
weak blue peak at about 4000 A and a strong red peak 
at about 6700 A (for example, Fig. 1), but with different 
red/blue peak intensity ratios for the three meteorites; 
we afterwards found that the differences were just as 
great between different samples of the same meteorite as 
between the three different ones. This suggested that 
two separate constituents of an inhomogeneous mixture 
were giving the red and blue luminescence, respectively. 
We thon concentrated mainly on the Bustee meteorite, 
and a crushed sample was separated, by visual appearance 
under a microscope, into its main constituents. ‘These 
were identified as follows: white enstatite (MgSiO;), the 
main constituent; diopside (CaMgSi,O,), present as grey 
grains showing exsolution lamelle of enstatite; brown 
erystalline oldhamite (CaS); and finally osbornite (TiN), 
present as a few minute golden octahedral crystals T. The 
latter two minerals are only known in meteorites, and do 
not occur in terrestrial rocks. These observed minerals 

* Now at Barnet College of Further Education. 


agree with the known constituents of this meteorite? 
We then investigated the luminescence behaviour of each 
constituent separately, under proton excitation. The 
enstatite part was found to give a spectrum like that 
already found for samples of the mixture. The diopside 
luminesced weakly, if at all—it was difficult to free it 
from enstatite, and the resulting spectrum was a weak 
version of the enstatite one, with no additional features. 
It was, therefore, probably just the spectrum of the 
enstatite contamination. The oldhamite constituent, 
which was only present in small quantities, also showed 
the spectrum of residual enstatite, but with an additional 
yellow peak at about 5800 A. This peak is not usually 
evident in the spectrum of the mixture, probably because 
of the small amount of this substance present. Also, this 
constituent was found to damage very quickly, and 
would not contribute for long to the spectrum of the 
mixture. A laboratory sample of CaS was found to show 
the same yellow peak, and also to damage rapidly. There 
was insufficient osbornite to obtain a spectrum, but when 
a few crystals of it were observed visually under proton 
excitation no luminescence was seen. 


+ We also found osbornite crystals in a sample of the Bishopville meteorite; 
this mineral has not, 80 far as we know, previously been reported anywhere 
exoept in the Bustee meteorite and its presence further emphasizes the great 
similarity between these two meteorites. 
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Fig. 1. The luminescence emission spectrum of a dust sample from the 
Bustee meteorite under 40-keV proton excitation 
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Fig.2. The spectrum of the "blue' constituent of Bustee 
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Fig.3. The luminescence emission spectrum of Bustee under ultra-violet 
excitation 


We conclude that the enstatite is probably responsible 
for all the observed luminescence. It is interesting to note 
that Garlick? has suggested, from a study of the published 
luminescence spectra of synthetic phosphors, that the red 
peak of the luminescence we observed was probably due 
to MgSiO, with manganese present as an impurity. The 
blue peak has not yet been explained. 

However, it appeared that the enstatite was producing 
both the red and the blue peaks, whereas the variability 
of the red/blue peak intensity ratio suggested that two 
separate constituents were responsible. In an attempt to 
resolve this we then observed visually a mixed sample of 
the crushed meteorite, under proton excitation. It was 
seen that there were indeed some grains luminescing red 
and a smaller number luminescing blue (and some with 
a mixture of these colours). By noting their positions, 
the most distinctly ‘red’ and ‘blue’ grains were then 
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separated out; the luminescence spectra of a crushed 
‘red’ grain and a crushed ‘blue’ grain were then obtained 
separately. The ‘red’ grain gave a spectrum which was 
much the same as that for an average sample of the 
meteorite as a whole, with a slightly weaker blue peak; 
the spectrum of the ‘blue’ grain is shown in Fig. 2. The 
two spectra thus show red and blue main peaks, respec- 
tively, but each shows a certain amount of the other 
colour. The efficiency of the ‘blue’ constituent is about 
the same as that of the ‘red’ one, but its contribution to 
the total emission is small because it is only present as a 
small proportion of the mixture. X-ray powder analysis 
showed both grains to be orthoenstatite. 

Later these observations were reinforced by obtain- 
ing a thin section of the Bustee meteorite, so that it 
could be observed visually under proton excitation with 
its constituents in their original configuration. It was found 
to luminesce red over most of its area, but with one small 
zone bright blue. When the section was transferred to & 
microscope, this ‘blue’ area appeared to be part of an 
enstatite region, but with no consistent differences in 
appearance as compared with its ‘red’ surroundings. 

We conelude that while the enstatite constituent of 
this meteorite is responsible for its luminescence, ib may 
luminesce either predominantly red or predominantly 
blue, depending on some factor as yet unknown. Investi- 
gation of this continues. We find, however, that samples 
of the meteorite as a whole always luminesce predomin- 
antly red, because the blue part is only present as a small 
proportion. i 

In our earlier communication! we gave a rough estimate 
of 20 per cent for the radiant efficiency of the meteoritic 
material, by comparing it with a readily available phos- 
phor—ZnCdS—Ag, in the form of ‘Sirius’ screen. We have 
since been able to test this by comparison with other 
known phosphors, kindly supplied by Prof. G. F. J. 
Garlick. These include ZnS—Ag which emits in tho blue. 
Zn,SiO-Mn a green emitter, and MgSiO,-Mn, the red 
emitter mentioned above. Efficiency figures for these 
phosphors under proton excitation do not seem to be 
available, but Bril and Klasens* give efficiencies under 
excitation by 20-keV electrons as follows: ZnS-Ag, 
21 per cent; Zn,SiO,-Mn, 8-5 per cent; MgSiO,-Mn. 
6 per cent. We have now compared these phosphors with 
each other and with the meteoritic material under 40-keV 
proton excitation, with the same beam conditions. Tho 
relative emission efficiencies have been calculated from the 
relative intensities and integrated areas of the corrected 
spectra; we find them to be related as follows: ZnS-Ag: 
Zn,SiO,-Mn:MgSiO,-Mn = 2:1:}. ‘The first two of 
these are relatively in rough agreement with the 
electron figures, whereas the MgSiO,-Mn is low by & 
factor of about 3 compared with the other two. This 
may be because the relative efficiencies of these phosphors 
really are different under proton as compared with elec- 
tron excitation, or because of sample variability. 

The efficiency of the meteoritic material was found to 
be about one-sixth of that for MgSiO,-Mn, which gives 
an efficiency ranging from just under 0-5 to about 
I per us depending on which phosphor one compares 
it with. 

Of the meteoritic material we now find samples of Khor 
Temiki to be generally more efficient than Bustee or 
Bishopville, although variation by factors 2 or 3 from 
sample to sample is common. The brightness of the 
emission. is also seen to vary from place to place on the 
dust samples, and the brightest parts may well have an 
efficiency consistent with its identification as MgSiO;- 
Mn?, which is itself one of the most efficient of the known 
red-emitting phosphors. - The meteoritic material differed 
from this phosphor in showing no visible afterglow, 
presumably’ due to impurities. 

We now conclude that although our original comparison 


"with ZnCdS-Ag was instrumentally correct, the figure we 


quoted for the efficiency of this phosphor was too high. 
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The discrepancy seems to be due to the rapidity with 
which this material damages under proton bombardment. 
We find other phosphors to damage slowly, and we allow 
for this; however, the efficiency of ZuCdS-Ag is found to 
fall by a factor of 10 in the first 90 sec, for a typical beam 
energy and current (40 keV, 0-2 pamp). This was only 
revealed when we completed a sample-holding turret 
which enables four samples to be loaded at once and 
irradiated alternately without disturbing the vacuum 
or the proton beam. The intention was to permit more 
reliable comparisons of sample efficiencies; but it aiso 
means that the beam can be set up on one target, and the 
luminescence emission of the others can then be recorded 
right from the instant of first exposure. Any rapid initial 
damage is then easily seen. We conclude that previously 
our ZnCdS-Ag samples had always been appreciably 
damaged while the beam was being positioned and 
adjusted, and that the efficiency by the time we came to 
make measurements was usually less than 1 per cent. 
One of the other; comparison phosphors, ZnS—Ag, was 
also found to damage rapidly, and it has already been 
mentioned that the CaS constituent of the meteoritic 
material damaged rapidly. It is interesting that all three 
of these materials are sulphides. In contrast to this very 
rapid damage, we find that the main material of the Bustee 
meteorite takes about 4 h, under the same beam con- 
ditions, for its efficiency to drop by a factor of about 10. 
We also find that it is possible to produce almost complete 
recovery of Bustee samples by heating. Investigation of 
this recovery process continues, as it is clearly of mterest 
in considering the possibility of phosphors continuing to 
work on the lunar surface. 

In considering the relevance of this meteoritic lumin- 
escence to that of the Moon, it is of interest to know the 
effect of different types and energies of excitation on the 
luminescence emission. Samples of Bustee dust were 
therefore excited in several different ways. 
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In our apparatus we can irradiate samples with protons 
of energies from 5 keV to more than 100 keV. We find 
the spectral profile of a sample of Bustee dust to be the 
same over this renge of energies (Fig. 1), with an overall 
intensity roughly proportional both to accelerator voltage 
and to beam current. However, under ultra-violet 
excitation (mainly 2537 A) the luminescence is quite 
different; it is almost white in colour, with the spectral 
profile shown in Fig. 3, and a very low efficiency—about 
1/100th of that for proton excitation. The relative 
effectiveness of different ultra-violet wave-lengths in pro- 
ducing luminescence is shown in Fig. 4; this was found 
by recording, with a photomultiplier, the total lumin- 
escence emission from a sample under excitation by the 
output of a calibrated monochromator which was scanned 
in wave-length. The source was a deuterium lamp, and a 
Wratten 2B filter in front of the photomultiplier absorbed 
any ultra-violet reflected by the sample. The peak of 
effectiveness appears to lie below 2000 A. 

We have also been able to observe visually the lumin- 
escence produced by several other sources of excitation ; 
in each case it was red, and we estimated that both the 
colour and the relative efficiency appeared, to be about the 
same as that seen under excitation by our low-energy 
proton beam. The excitation sources tried were: (1) pro- 
tons at 2 MeV and 4 MeV froma Van der Graaff generator ; 
(2) electrons from 5keV to 40 keV; (3) X-rays, from a tube 
with a copper anode, run at 40 kV, giving a peak at about 
15 A and a continuum extending to a few A. There 
appears to be an energy threshold in the region we are 
unable to investigate, between 2000 A and & few A, at 
which the low-effieiéney white luminescence changes to 
high-efficiency red luminescence. 

We thank Prof. W. S. MacKenzie for his geological help 
and advice and for carrying out the X-ray powder analysis. 
We also thank the British Museum (Natural History) for 
the loan of the meteorite samples; also Dr. J. M. Calvert 
for the use of the Van der Graaff generator, Mr. J. B. 
Shopherd for help with the electron excitation, Mr. W. 
Hughes for help with the X-ray excitation, and Mr. J. 
McConnell for help in constructing the apparatus. This 
work was sponsored by the U.S. Air Force Cambridge 
Research Laboratories, under contract AF 61(052)-379 
through the European Office of Aerospace Research, U.S. 
Air Force. 
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AN ELECTRICALLY CHARGED TORQUE PENDULUM 


By Dr, ERWIN J. SAXL 
Pin Hill, Harvard, Mass. 


LT precisely timed parts of each period of an 
oscillating torque pendulum, a determination of 
individual short-time events was made in sequence. 

The disk of the torque pendulum with which the sub- 
sequent observations were made is suspended from an 
isoelastie wire, the modulus of which is constant to 0:5 
parts in l09/deg. C. Within the multiple enclosures, the 
temperature was maintained to + 0-5 deg.C. The elastic 
restoring force of the wire remains, therefore, constant; 
only the difference is shown that is produced due to the 
slight winding-up and winding-down of the rotating 
pendulum. The pendulum oscillates in a Faraday cage 
which can be charged electrically together with the pen- 
dulum. 

The disk is set automatically for each swing by attracting 
it electro-magnetically against a stop and holding it there 


by means of a time-delay for a pre-set length of time prior 
to release. This rest period frees it from the influence of 
ambients such as parastic oscillations of mechanical 
nature, eliminates the influence of the Earth's precession 
and restores the potential mechanical energy of the pen- 
dulum quantitatively for each swing. A mirror is attached 
to the mounting of the disk in a manner similar to a 
galvanometer. 

Part of each period was timed by photoelectrically gating 
the output of a crystal controlled oscillator (which is 
precise to 3-5 parts in 10-* sec) after the release from the 
stop and while the disk rotates at a position about midway 
between release and return where the speed of the disk 
approaches maximum. The time is measured during a 
part of the total cycle and includes both clockwise and 
counter-clockwise rotation. The beam of light starts the 
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electronic counter on its clockwise motion and stops it 
on its counter-clockwise return. Direct digital printing is 
obtained without analog-to-digital conversion since the 
readout constitutes elapsed time. This ‘simplifies rapid 
and accurate recording and facilitates input into data- 
handling systems. 

Unexpected phenomena were noted as follows: 

(1) When the pendulum was charged electrically with 
' different, carefully controlled electro-static voltages 
(together with its equipotential shields), it was observed 
that positive and negative charges caused different delays 
(Fig. 1). A positive charge caused the pendulum to rotate 
slower, as & rule, than when the pendulum was charged 
negatively. The grounded pendulum swung fastest. 
(There are exceptions to this rule at times.) 

(2) The time of swing follows in first approximation 
a square law (Fig. 2) with a small, negative bias. In view 
of this asymmetry there must exist, therefore, effects 
in addition to the usual eddy current damping since the 
latter would cause a symmetrical time delay. 

(3) There exist differences between the influence of 
voltage on the pendulum at different times. While 
consistent within themselves, there may be one time- 
delay in spring and another one in mid-summer. Diurnal 
as well as seasonal variations were found.. 

(4) Unusual variations of the pendulum period were 
noted particularly during solar and lunar eclipses (Fig. 3). 

In the foregoing precise determinations the influence 
of seisms, microseisms and changes in the Earth’s mag- 
netic flux was eliminated as was the influence of tempera- 
ture, barometric pressure (and thus weight of the mass of 
air), humidity and other ambients. Possible variations 
in the electric supply voltage are limited to less than one 
part in 10,000. 

The signal-to-noise ratio of the instrumentation (as 
shown in Fig. 1) is but a small fraction of the observed 
significant values. 

The phenomena described here seem to go beyond what 
could be legitimately calculated from an extrapolation 
of present theory. 

Referring to Fig. 1, it should be noted that the automatic 
cycle of observations, taken at the different voltages and 
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Fig. 1. Time delay of a pendulum when eger and when charged 
positively and negatively with 5,000 V d.c. 
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Fig.3. Record of timing of the grounded torque pendulum during lunar 
eclipse of March 13, 1960 


ground, took place according to the following schedule: 
positive, ground, negative, ground, positive, ground and 
so forth in rotation. Each observation constitutes an 
individual determination. It is separated from the next 
one by the period of dwell (about 20 sec) on the resetting 
location, during which time all the cycling and voltage- 
changing operations occur automatically. 

It is significant, therefore, that the deviations shown 
on the recordings, as made with the +, ground and — 
potentials, show a high degree of synchronicity despite 
the fact that one measurement is separated from the next 
one by more than 1 min. Whatever factors influenced the 
delay in the pendulum’s period, they repeated themselves 
independently on consecutive measurements. ‘Noiso’ 
would not do so. 

Each point of the voltage-versus-period curve (Fig. 2) 
was determined at least 50 times and least squares taken 
for each point shown. The accuracy of the readings 
taken for each point therefore exceeds changes of the timo 
of the pendulum oscillation due to its electro-static charge. 

Consideration should also be given to such facts as, for 
example, those shown in the recordings taken during the 
lunar eclipse (Fig. 3). Herein the points of registration 
lie repeatedly on a harmonious curve with reference to 
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their preceding ones as well as the subsequent ones there- 
after. This exceeds the probability of a random occur- 
rence. 

The physicist hesitates to form a working hypothesis 
for such observations. Having accounted carefully, 
however, for all other influences, he is driven reluctantly 
to the conclusion that there may exist variations in g even 
if such cannot be noted with grounded, quasi-stationary 
instruments. These new effects may become noticeable if 
geo-gravitic flux-lines are cut dynamically and electrically 
charged apparatus is used. 

When working as a post-doctoral student with Einstein, 
we discussed the possibility that there were interrelations 
between electricity, inertial mass and gravitation. These 
experimental results make me wonder whether they may 
properly be so interpreted. 

Thousands of careful observations made under repro- 
ducible conditions, and records taken for more than ten 
years, indicate the possibility of significant short-time 
variations when measured dynamically with a conductive 
object rotating at an angle of 90° to its suspension which 
latter coincides with the geo-gravitic vertical. 

These deviations were found with a torque pendulum 
but not with conventional pendulums of Kater’s type and 
the usual gravity meters operating under equivalent 
conditions. 

Apart from the foregoing phenomena, the precise torque 
pendulum has many other applications. One of them is 
a seismograph of ultra-long period. When charged electric- 
ally, it constitutes also a means for the recording of other 
phenomena the electric parameters of which have scarcely 
been investigated so far. 
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Among others, the electric pendulum is a powerful 
analytical tool for the indication of electrical events 
that are co-variant with major geophysical phenomena. 
Preliminary recordings seem to indicate that an electrical 
disturbance can be noted not only during but also preced- 
ing earthquakes, volcanic eruptions and hurricanes. It is 
submitted as a working hypothesis that changes of geo- 
electric currents may precede the major mechanical 
stress-relief that appears afterwards in the form of an 
earthquake. The electric pendulum under the proper 
conditions may be capable of sensing such changes in 
the electronmagnetic conditions ahead of time. Data 
found here occasionally offer a fascinating possibility 
although they are not conclusive at this time since such 
work can be done only by around-the-clock observations 
and requires also other refinements. ; 

The electrical phenomena apparently associated with 
major perturbations are of such a nature that further 
work seems to be indicated. This includes also man-made 
events such as nuclear detonations which are known to 
cause electric disturbances. These, together with other 
sensors, offer the fascinating possibility of an additional 
sensing means of high sensitivity, specificity and resolving 
power together with an increased signal-to-noise ratio. 

I thank the Rev. Fr. Daniel Linehan, S.J., director of 
Weston Observatory, who, after inspection of my instru- 
ments and recordings, co-ordinated their comparison 
with his records for the elimination of seismic and magnetic 
disturbances from the observations shown. 

I also thank Prof. Edwin B. Wilson for his advice and 
Prof. Hans Thirring, who put on record the original form 
of these findings before the Austrian Academy of Sciences. 


REACTION BETWEEN PORTLAND CEMENT CLINKER AND WATER 
By A. K. CHATTERII and T. C. PHATAK 


Central Building Research Institute, Roorkee, India 


T has been recently suggested that the reaction between 

Portland cement clinker minerals and water (hydraulic 
action of cement) may be an ‘acceptor’-type semi- 
conductor surface reaction!. To verify this suggestion 
one has to find if individual clinker minerals are semi- 
conductors and, if so, their type of semiconductivity. 
Further, and, this is more important, it is necessary to 
seo if the electrical conductivity of individual clinker 
mineral is related with its hydraulic action. This is to 
be expected, if the foregoing suggestion is correct, as 
the electrons responsible for electrical conduction are 
also the electrons which take part in this type of reaction. 

As individual minerals in the clinker (di- and tri- 
calcium silicate, tri-calcium aluminate, tetracalcium 
alumino ferrite) suitable for semiconductor studies were 
not available, experiments were carried out with ordinary 
Portland cement clinker, which consists of a mixture of 
the aforementioned minerals and of some lime (removed 
later) and MgO. 

The clinker was powdered and the fraction passing 
B.S. 300 mesh sieve was made free of lime by repeated 
washing with absolute alcohol, and the material thus 
obtained was used in these experiments. Within the 
limitation imposed by the material, the results indicate 
that the amount of hydration of Portland cement clinker 
in a given timo and its electrical conductivity change 
in opposite direction (anti-parallel). This means that 
the hydraulic action of Portland cement clinker is a 
semiconductor surface reaction. Since the type of semi- 
conductivity of clinker is unknown, it is not possible 
at this stage to specify the ‘type’ of the reaction (‘acceptor’ 
or ‘donor’). 


To examine the semiconducting property of the clinker, 
variation of electrical conductivity with temperature 
was the only measurement which could be undertaken. 
To correlate electrical conductivity of clinker with 
hydration, it is necessary to change the electrical con- 
ductivity of the clinker, and this was effected (1) by 
heating the clinker at 1,000° C for 4 h and (2) by 
heating the clinker in a similar manner after thoroughly 
mixing it with 1 per cent (by weight of clinker) of each 
of these oxides individually: (a) CrO., (b) ZnO, (o) 
MoO (possibly so, the material was actually heated with 
ammonium molybdate), (d) MnO;, (e) CoO and (f) NiO. 
As no sintering was observed, the surface area was taken 
io have remained unchanged. Both fired and unfired 
materials were made into tablets under a total pressure 
of 3,500 lb. as done previously!. Electrical resistance of 
the tablets was measured at room temperature, without 
a conducting layer. The variation of electrical conduct- 
ivity of the tablets with temperature (rising by steps 
of 25° C up to 950° C) was also measured in tho manner 
described earlier’. 

For hydration, fresh tablets, made from both fired 
and unfired materials, after measuring their resistances 
at ordinary temperature and their weights, were put for 
hydration at ordinary temperature over water in a 
moist atmosphere (vapour hydration) in a closed con- 
tainer for 3 days. The tablets were then dried at 110° C 
for 24 h and weighed and their increase in weight found. 
These were then allowed to hydrate for a further period 
of 7 days by immersing them in de-ionized distilled water. 
Three tablets, of the same treatment, were placed in 
50 c.c. water at ordinary temperature. These were dried, 
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Fig. 1. Gain in weight due to total hydration and electrical conductivity 
of clinker 


and gains in weight noted. Gain in weight per gramme 
of clinker was calculated for vapour hydration and for 
both vapour and water hydration combined (total 
hydration). The gains in weight were corrected for the 
weight of calcium hydroxide formed during the hydration 
of diealeium and tricalcium silicates on the basis of the 
equations given by Hansen’. This correction covers 
about 76 per cent of the clinker. Correction for reaction 
products other than the cementitious hydrates for the 
rest of the material was neglected. Loss of lime during 
water hydration was also neglected. 

When logarithms of electrical conductivities of the 
treated and untreated clinker at different temperatures 
are plotted against l/T (T in deg. K), the conductivity 
is seen to fall up to 200° C and then rises continuously 
except for those heated without any addition and heated 
with ZnO and MoO. In these, a slight rise in conductivity 
up to about 50° C is observed, which then falls to a minimum 
at about 200° C and then rises continuously with temper- 
ature. Variation of electrical conductivity with tem- 
perature indicates that the material may be behaving 
as a semiconductor, and, since these measurements do not 
yield any information regarding the type of semiconduct- 
ivity of these materials, the curves are not produced. 

Electrical conductivity at ordinary temperature of 
the treated and untreated cement clinker and the gain 
in weight on hydration through vapour hydration and 
total hydration, corrected and uncorrected, are given 
in Table 1. Results of hydration of 23 tablets are given; 
one, with MnO, added, was broken during experiment. 
There is no relationship between the (corrected) gain 
in weight by vapour hydration and electrical conductivity. 
This is apparently due to all minerals not taking part 
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Table 1. ELECTRIOAL CONDUCTIVITY AND HYDRATION OF PORTLAND 
CEMENT CLINKER 


Corrected Corrected 


Elec- Gainin Gainin gainin gainin 
trical weight, weight, weight, weight, 

Serial conduc- vapour total vapour total 
No. Treatment tivity hydra- hydra- hydra- hydra- 

(x10° tion tion tion tion 

5 ohm-om-?) (g/g) (g/g) (g/g) (g/g) 

1 Heated alone 1:36 00387 0-1121 0-0217 0-0628 
2 Heated with CoO 1:52 00414 01098 00232 00615 
3 Sk » CrO, 170 00510 01099 00286 00615 
4 m » CoO 173 00402 01316 0-0225 007837 
5 » » ZnO 1°73 00576 01388 00823 00777 
6  Hented alone 177 00827 01163 0-0183 0-0651 
7 Heated with NiO 1:988 00489 0:1236 0-0274 0-0692 
8 » » CrO, 194 00470 0-1452 00268 — 0-0813 
9 Clinker untreated 2°08 00397 0-1079 00222 0-0604 
10 » » 2-08 00386 01198 0-0216 0-0668 
11 Heated with MnO, 2-11 00377 01279 00211 0:0716 
12 Clinker untreated 220 0:0396 01052 0-0222 0:0589 
13 Heated alone 2-90 0:0421 01104  0-0230 0-0618 
14 Heated with ZnO 2-42 00551 0-1329 0-0309 0-0744 
15 » » ZnO 240 00503 013490 00315 00755 
16 » » NiO 2:51 0:0492 0:1202 0:0276 0-0673 
17 7 » On0, 252 00476 0-1006 0:0267 0-0563 
18 ^" » Cod 9-73 00413 01096 0-0231 0-0614 
19 m » NiO 3-05 0-0457 0-1264 0:0256 0:0708 
20 i » MnO, 308 0-0367 00933 00205 0-0522 
21 E » MoO 7-12 00413 009090 0:0231  0-0509 
22 » » MoO 813 00417 01245 00234 0:0897 
23 x » MoO 931 00402  0-0900 00225 0-0504 


in hydration during this part of the hydration while con- 
ductivity takes into consideration the entire muss. 
However, when the corrected gain in weight after total 
hydration is plotted against electrical conductivity some 
of the points fall along one straight line and a few along 
another with a different slope (Fig. 1). Such behaviour 
is quite possible. There is considerable dispersion of 
points also. This is expected when one takes into con- 
sideration the state of inhomogeneity of the material 
together with the fact that the change in the electrical 
conductivity produced in individual minerals on treat- 
ment cannot be uniform. 

The nature of the curves indicates that the amount of 
hydration of Portland cement clinker, in a given time, 
is related to its electrical conductivity in an anti-parallel 
way. This means that the reaction between Portland 
cement clinker and water (hydraulic action of cement) 
is a semiconductor surface reaction. It may either be 
‘n’ type reaction on ‘p’ type semiconductor or ‘p’ type 
reaction on ‘n’ type semiconductor. Taking into con- 
sideration the arguments given earlier’, and also the 
similarity in the hydration of lime and cement, and, as 
the reaction between lime and water may be an ‘n’ type 
reaction, it appears that the hydraulic action of Portland 
cement clinker is ‘n’ type reaction on ‘p’ type semi- 
conductor, that is, the clinker material is behaving 
as a ‘p’ type semiconductor. 

1 Chatterji, A. K., and Phatak, T. C., Nature, 197, 656 (1963). 
2 Hansen, W. C., Materials Research and Standards, 2, 490 (1962). 
3 Chatterji, A. K., Phatak, T. C., and Dharlyal, K. D., Nature, 203, 61 ( 1964). 


ALPHA-RADIOACTIVITY OF PLANKTON 


By R. D. CHERRY 
Department of Physics, University of Cape Town, Rondebosch, South Africa 


N recent years considerable attention has been directed 

to the problem of radioactive contamination of the 
marine environment, and several measurements of arti- 
ficially produced radioactive isotopes in plankton have 
been reported (for example, Osterberg et al.1). By com- 
parison, the naturally oceurring radioactivity of plankton 
has received scant attention. The activity due to the 


mixed B-y emitter potassium-40 has been the subject of 
some discussion, and Rama e£ al.* have made brief mention 
of lead-210. The «-activity appears to have been almost 
totally neglected since the early work of Evans et al.* 
and Føyn et al.? on the radium contents. A recent report 
by Marsden’, which indicated high a-activities and inter- 
esting problems associated with possible disequilibria 
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in the radioactive series, has revived interest in this 
problem, and as a result of this report a programme 
for investigating the «-radioactivity of plankton has 
been started here. 

So far, only ‘total’ «-counting plus thorium-series ‘pairs’ 
measurements have been made. The experimental set-up 
is based on that of Turner et al.". This consists of a sealed 
phosphor-sample system of high sensitivity and simplicity. 
This type of system has been used with success in several 
investigations’ of samples from the natural radiation 
environment, and it provides: (a) a measurement of the 
total a-activity; (b) an estimate of the percentage of this 
activity which is due to the thorium series. The particular 
set-up used in these experiments utilized Levy—West 
G 86 ZnS(Ag) as phosphor, E.M.I. 9530 B photomultiplier 
tubes and low cathode-to-first dynode resistor values’. 
This combination resulted in the low background value of 
less than 1 count/h for a 44-in. diameter phosphor. It is 
perhaps worth mentioning that, on such a phosphor, one 
sample count/h above background will correspond to less 
than 0-1 pe./g a-activity in the sample, or to a thorium 
content of less than 0-1 p.p.m. in a hypothetical sample 
containing only the thorium series in equilibrium. 

Sample preparation is very simple.. The plankton is 
dried at 105° C, finely ground and then packed on the 
Seoteh tape-'Perspex' ring-ZnS phosphor system as 
described by Turner et al.°. The sample is sealed on top 
with additional tape. No emanation problems arise 
provided that the sample is left for 2-3 weeks after pre- 
paration in order to allow radon to regain equilibrium. 
Ashing of the sample was avoided in order to prevent loss 
of the volatile element polonium; in any event, the extra 
concentration provided by ashing was not required. 

Results have been calculated using the usual ‘thick- 
source’ «-counting formula (for example, Finney and 
Evans’, Turner e£ al.*, Cherry!*). This requires a know- 
ledge of the range of the «-particle in the sample material, 
and the formula which assumes proportionality to Z2/3 
has been used in the present work. The range problem 
has been discussed previously!! by mo; here it will suffice 
to mention that lack of consistent experimental lmow- 
ledge concerning «-particle ranges in solids results in an 
inherent uncertainty in the absolute values of results 
obtained by thick-source «-counting techniques. Should 
Some recent «-particle range data (for example, those of 
Kamke and Kramer!) be substantiated, then all the 
activity values in the present article might have to be 
lowered by about 25 per cent. Z?/ has, of course, to be 
calculated on the usual ‘atomic fraction’ basis. For dry 
zooplankton & composition of major elements with an 
atomic ratio of 212 : 176 : 106 : 16 : 1 for oxygen : hydro- 
gen : carbon : nitrogen :phosphorus has been assumed. 
These values give Z?!* = 2-81. The phytoplankton 
samples measured are mostly diatomaceous, and atomic 
ratios of 191:158:95:38:15:4:2:1 for oxygen: 
hydrogen : carbon : silicon : nitrogen : calcium : iron : 
phosphorus have been used to calculate Z?/? = 3-11. 
The compositions used are based on data given by 
Sverdrup et al, and might be subject to some error. 
Fortunately, however, Z?/ is a slowly varying function, 
and the resulting error in Z*!? is likely to be unimportant 
at this stage; the 10 per cent difference between the 
zoo- and phyto-plankton values of Z?/* is probably indica- 
tive of the order of magnitude of the most serious dis- 
crepancy which is likely to arise from this source. 

The five sections of Table 1 represent different groups of 
samples. Section 1 comprises samples consisting pre- 
dominantly of zooplankton which were collected at various 
dates from 1899 until early in 1962. With the exception of 
the last sample listed (No. 6) all these specimens were 
obtained from the collections of the South African 
Museum, Cape Town, and were supplied by Mr. J. G. 
Grindley of the Museum. Sample No. 6 and those in 
Sections II and III were collected by the University of 
Cape Town research vessel John D. Gilchrist. The Section 
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TI samples are also zooplankton; they are being collected 
at approximately monthly intervals from tho ‘Slangkop 
Station’. Section IIT comprises phytoplankton data; 
these samples are collected at the same time as the 
zooplankton specimens of Section IT, but with a different 
net. Finally, Section IV gives data for phytoplankton 
collected either during the 1958 International Geophysical 
Year cruises of the S.A.S. Natal or during the 1962 
International Indian Ocean Expedition cruises of the same 
vessel. The John D. Gilchrist and the S.A.S. Natal 
samples were provided by Messrs. J. Stone, F. J. R. 
Taylor and P. Zoutendyk of the Council of Scientific and 
Industrial Research Oceanographic Research Unit at the 
University of Cape Town. The solitary sample in Section 
V represents the only pre-war phytoplankton specimen 
so far obtainable. It came from the same source as the 
samples of Section I. 

Results are also given in Table 1. Total «-activities are 
quoted in picocuries per gram (that is, uuc./g). Relative 
standard deviations due to counting statistics are in all 
cases 5 per cent or less, and are generally of the order of 
3 per cent. The most serious errors will probably arise 
from the «-range problem already discussed ; as previously 
indicated, it is possible that this could result in all the 
values quoted being too high by as much as 25 per cent. 
Percentage contributions to the total «-activity by the 
activity due to the thorium series alone are also quoted. 
These are obtained by counting the ‘pairs’*-!° due to the 
successive a-decays of the isotopes emanation-220 and 
polonium-216. Since these ‘pairs’ rates are, typically, 
lower by a factor of about 40 or 50 than the total count- 
rates, the errors due to counting statistics are appreciably 
larger than for the total «-activities. A standard devia- 
tion of about 20 per cent would be average. A further 
uncertainty is caused by the fact that it is not known for 
certain whether the thorium series activity is in complete 
equilibrium from the isotope thorium-232 downwards. 
This has been assumed to be the case in calculating the 
percentage quoted; should either radium-228 or thorium- 
228 prove to be the true parent of the ‘pairs’ activity, 
the quoted values would have to be lowered by a factor of 
about 0-9. 

The data in Table 1 require to be supplemented by 
some comments about the time-dependence of the counting 
rates of samples. All the data quoted in the table were 
obtained from ‘counts during the period December 
1963-March 1964. Samples in Sections II and III were, 
if possible, counted about óne month after collection (and 
about three weeks after drying and mounting); in some 
cases, however, the interval between collection and count- 
ing was as greab as ten weeks. In addition to the results 
quoted, additional counts, separated in time by varying 
intervals, have been made on several of the samples listed. 
The project has not been under way for a sufficiently 
long time for definite conclusions to be drawn, but the 
results so far obtained can be summarized thus: 

(1) None of the phytoplankton samples has exhibited 
any time-dependence in the «-activity within the limits 
of statistical error. 

(2) Several of the zooplankton samples in Section II, 
which are all recent samples, have shown slight decreases 
(of up to 25 per cent) when re-counted two to three months 
after the original count. 

(3) With the exception of sample No. 6, which will be 
discussed separately, none of the zooplankton samples in 
Section I has exhibited any time-dependence over a period 
of about six months. 

(4) None of the samples has exhibited a rise in a- 
activity with time, apart, of course, from the small rise 
sometimes observed due to radon build-up if the samples 
are counted too soon (within two or three weeks of 
drying). 

(5) The pairs rates statistics are at present too poor to 
permit of any serious conclusions on variations with time. 
It is, nevertheless, worth mentioning that, within the wide 
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limits of statistical error, no time-dependence in the pairs 
rate has been observed for any of the samples. 

(6) Sample 6 (zooplankton) is worthy of special mention 
since its «-activity has been followed intermittently over 
a period of two years. A month after preparation its 
a-activity was as high as 19 pe./g. This declined steadily, 
until eighteen months later (in September 1963) the level 
was down to 2-1 pe./g. In January 1964, the value was 
as given in Table 1 (2:1 poe./g) indicating no significant 
change during the intervening four-month period. The 
rate of fall-off between March 1962 and September 1963 
as measured by a set of six readings fitted an exponential 
decay with a half-life of about 140 days. It is difficult 
to see how this can be ascribed to anything other than the 
presence of the well-known  «-emitter polonium-210, 
which has a half-life of 138 days. The experimental 
facts support the hypothesis that the sample initially 
contained about 17 pe./g of unsupported polonium-210 
plus a ‘long-lived’ (half-life > 2 years) «-activity of about 
2 pe./g. No statistically significant variation in the pairs 
rate was observed between March 1962 and January 
1964; the percentage contribution of the thorium-series 
activity has thus risen from about 2 per cent to the 
present value of 22 per cent. 

Total «a-activity of plankton. The results presented 
indicate that fresh plankton contains in general (if the 
samples tested are typical) upwards of 4 pe. «-activity/g 
dried sample. The means for the ‘routine’ samples of 
Sections II and ITI are in fact 6-7 po./g for zooplankton 
and 5:1 pe./g for phytoplankton. It is clear, moreover, 
that for the zooplankton some of the initial activity is 
often of ‘short-lived’ (< 2 years) duration, and that this 
short-lived activity can, as in the case of sample 6 and 
possibly GIL 526 as well, contribute an activity consider- 
ably in excess of the ‘basic’ 4 pe./g. No such short-lived 
activity has been observed in phytoplankton samples; 
but this may merely be a reflexion on the relatively small 
number of samples thus far tested. Some phytoplankton 
samples, on the other hand, do show almost sensationally 
high values of «-activity, and this high level seems to 
persist for a time of five years or more—see the Inter- 
national Geophysical Year samples in Section IV. 

It is of interest to consider the foregoing comments 
in relation to the radiation dosage received by the living 
planktonic organism. The range of a typical «-particle 
in living plankton will be about 10-15. If we consider 
a plankton specimen with dimensions very much larger 
than this figure (true for most zooplankton), then to a 
good approximation all the «-particles emitted by the 
specimen will be absorbed in the specimen itself. This 
will, of course, not be true if the «-particles are distributed 
on the surface alone, but even in this event only & small 
correction factor of the order of 2 or 3 will be involved. 
Suppose that the plankton contains 4 pe. a-activity/g 
dried material. The concentration factor between ‘wet’ 
and dry plankton will be about 16 (ref. 13), thus giving 
us a concentration of about 0-25 pe. «-activity/g living 
plankton. If we next assume that the average «-particle 
energy is 5 MeV, then we find that the radiation dosage 
to the organism from its own inherent «-activity is about 
(2:6) (10-3) millirads per hour or about 23 millirads per 
year. Furthermore, a-radiation is generally considered 
to have a relatively high biological efficiency ; if we use 
the usually quoted relative biological efficiency (R.B.E.) 
of 10 for naturally occurring alphas, then we end up with 
a dosage of about 230 millirem per year. Folsom and 
Harley!^ quote radiation doses in millirads per year in 
“eleven radiological domains”. They estimate tho radia- 
tion dose to a micro-organism near the sea-surface to be 
about 39 millirads per year from external sources ; since 
most of this is due to minimum ionization radiation, this 
ean be considered to be equivalent to about 39 millirem 
per year. It is thus apparent that the radiation dose to 
our plankton specimens will be derived very largely 
(80 per cent or more) from internal «-radioactivity. Con- 
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trast this with the situation in human body tissue: 
Eisenbud!* quotes tissue dose rates of between 120 and 140 
millirem per year to various body tissues, and tho con- 
tribution of internal «-activity to these figures varies 
between 4 and 15 per cent. Furthermore, it should bo 
emphasized that the ‘basic’ figure of 4 pe./g is definitely 
at the lower limits of tho «-activity concentration in 
fresh plankton so far as the present samples are concerned, 
Consider the phytoplankton sample NGY 16, with about 
96 pc. c-aetivity/g dried plankton. This suuple hus 
been identified by Mr. F. J. R. Taylor as a mixed bloom 
with the relatively large diatom Rhizosolenia hyalina 
Ostenfeld predominating. The diatoms in this samplo 
have typical dimensions of about 300u long and 355 
diam., and with typical a-ranges of about 1U- dy it is 
reasonable to assume that something liko half tho 
«-energy is internally absorbed. A simple caleulntion 
then shows that the «-radiation will deliver a dose ot 
about 2:8 rems per year to the diatom. This is exception- 
ally high, and bears comparison with the large (external) 
radiation doses received by the human population living 
on the thorium-bearing sands in Kerala, India. Most 
phytoplankton are, of course, smaller and will thus tend 
to ‘lose’ more of their «-particle energy to the surrounding 
sea. What has been said will nevertheless suffice to indi- 
cate that at least some plankton must carry an abnormally 
high internal radiation burden of natural origin. It is 
perhaps relevant to compare the dried plankton figure of 
4 pe./g with the reported «-activities of foodstuffs. Thus 
Turner e£ al.?* quote values of up to 0-005 pe./g for meats. 
0-04 pe./g for fish and 0-6 pe./g for cereals. Only in 
exceptional cases (for example, Brazil nuts, 17 po./g) do 
the activities rise above the dried plankton figure. Another 
interesting ‘high’ a-activity is that reported by Hill!5 in 
lemb's kidney, namely, about 2 pe./g wet tissue. 

a-Emitting elements in plankton. The results pre- 
sented here involve no chemistry or «-spectroseopy, and 
do not therefore permit definite identification of the nuclei 
responsible for the «-particle emission. However, tho 
use of the ‘pairs’ technique, the measurements of time- 
dependence of the «-activity and the fact that a few 
measurements have been made on relatively old samples 
do allow of a few reasonable deductions. We shall con- 
sider the figure of 4 pe./g dried material to be ‘basic’ for 
fresh plankton, as in the previous section. Jt must, 
however, be borne in mind that this figure is probably 
on the low side, and is certainly subject to very wide 
variation. We shall discuss elemental abundances as 
follows: 

(1) Polonium. As already suggested here, thero is 
strong evidence that the 138-day isotope polonium-210 
can in some cases be responsible for a substantial portion 
of the initial activity of plankton specimens. This is not 
surprising: polonium-210 is, after all, a ‘natural fall-out’ 
product, and HillU and others have measured this 
nuclide in grass, various tissues and other environmental 
samples. It is interesting that the measurements on 
sample 6 and on some of those in Section II seem to 
indicate that the polonium is, in part at least, unsupported 
by its parent lead-210. Lead-210 has a 22-year half-lifo, 
and is generally considered to be an important contributor 
to natural fall-out. Since the residence time of lead-210 
in the atmosphere is estimated to be of the order of a 
few weeks!*.?8 it is unlikely that polonium-210 will accom- 
pany fall-out lead-210 in amounts approaching equilibrium 
activity. In fact, Burton and Stewart? found an average 
lead-210 to polonium-210 activity ratio of 10 in rain- 
water samples. After fall-out lead-210 will. of course, 
decay to polonium-210, and one would therefore expect an. 
exponential increase of «-activity with the 138-day 
polonium-210 time constant if the plankton samples at 
the time of collection contained appreciable amounts of 
fresh, unsupported, lead-210 fall-out nuclei. No such 
increase has been observed in any of our samples, although 
increases in activity with time have been reported by 
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Marsden*. Factors such as the residence times of polonium 
and lead in the upper layers of the ocean must also be 
taken into account; but it is possible that the results 
quoted here might be construed as indicating preferential 
intake of polonium-210 by planktonic organisms. Obvi- 
ously many more results are required before the situation 
ean be clarified. It is perhaps worth directing attention 
to the fact that polonium-210 radioactivity appears to be 
assuming increasing biological importance; thus Hill!’ 
states that “‘in bone and many of the soft tissues of normal 
unexposed human subjects, polonium-210 appears to be 
responsible for a large part of the total natural activity”. 
He quotes polonium-210 concentrations in various human 
tissues which are typically of the order of 4 x 10-? po./g of 
wet tissue, and in another paper!* finds that the «-activity 
of 2 po./g in lamb's kidney previously quoted is due 
almost entirely to polonium-210. If we assume (see 
Sections I and II, Table 1) that about half the ‘basic’ 
4 pe./g in dry zooplankton is due to polonium-210, then 
a typical value would appear to be of the order of 125 x 
10> pe./g ‘wet’ plankton—considerably larger than for 
human tissue. The ‘concentration factor’ for polonium- 
210 from sea-water to zooplankton is also of interest. 
Rama e£ al.* quote a lead-210 concentration in surface 
waters of about 0-1 disintegrations/min/l, or about 
5 x 10-5 pe./g. Picciotto!® quotes a radium-226 con- 
centration in sea-water of about 9 x 10-5 pe./g. Both 
these nuclei are parents of polonium-210, and it seems 
reasonable to assume that the polonium-210 content of 
sea-water will not be more than 10-4 po./g. Comparing 
this with our figure of 250 x 10- po./g in wet plankton 
implies a concentration factor of more than 2,500; oven 
this figure is likely to be a conservative estimate. 

(2) Thorium series isotopes. The thorium series comes 
into equilibrium rapidly after the 1-9 year nuclide thorium- 
228, and it is plain that the thorium series activity in the 
plankton must be supported by either thorium-228 or its 
precursors, 6.7 year radium-228 and/or 1-4 x 10! year 
thorium-232. The fact that the 1899 and 1904 samples 
still show considerable thorium-series activity indicates 
that the long-lived thorium-232 is probably at least 
partially responsible. For the purposes of the present 
discussion it seems safe to assume that the thorium series 
will contribute, typically, upwards of 0-4 pe./g of dried 
plankton to the «-activity. This is equivalent to about 
0-025 pe/g of wet plankton. Calculations based on 
Pieciotto's!? results (which give 1-2 x 10-7 d.p.s./ml. for 
thorium-228 in sea-water) give a thorium series contribu- 
tion to the sea-water a-activity of about 2 x 10-5 pe./g. 
This gives a concentration factor of about 1,250, and again 
this is likely to be a conservative estimate. 

Rama et al.* have suggested in their paper on lead-210 
in the ocean that “the marine biosphere is responsible for 
the conveyance of lead from surface to deeper waters". 
The results just discussed indicate that the same may be 
true for the nuclides at the head of the thorium series, 
although, of course, the ferric hydroxide precipitation 
mechanism suggested by Pettersson®® to account for 
the deficiency in sea-water of ionium (that is, thorium- 
230, a uranium series nuclide) might also operate. 

(3) Uranium and radium. After allowing for short- 
lived activity and for the thorium series contributions 
of (1) and (2) we are left with upwards of 1-2 po./g of 
-activity unaccounted for. This must presumably be due 
to the uranium-series, and is probably supported by 
1,620-year radium-226 and/or one or both of its uranium 
parents. 1-6 pe./g dry plankton would give about 0-1 
pe./g wet plankton; Picciotto’s sea-water data give us a 
concentration of just under 0-002 po./g sea-water for the 
uranium series contributions, implying a concentration 
factor of the order of 50. It is interesting to note that 
the pre-war measurements of Evans et al.* on a single 
zooplankton sample gave a concentration factor of about 
100 for radium, while those of Feyn et al.? on a phyto- 
plankton sample gave a factor of 1,000 for the same 
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element. The results we have quoted do not enable us to 
distinguish between the uranium and the radium contribu- 
tions, but the approximate agreement with the sample of 
Evans et al.? is interesting. It would, of course, be easy to 
match the Feyn et al.? sample with one of the more active 
phytoplankton samples from Section III of Table 1. It 
is perhaps worth stating that Evans e£ ai.? quoted a con- 
tent of 0-04 x 102? g radium/g dry zooplankton, while 
Feyn et al. obtained 2 x 10-3? g radium/g dry phyto- 
plankton. If we assume radium-226 to be the head of the 
uranium series contribution, and assume radioactive 
equilibrium from there downwards, then 1 po./[g of 
radium-supported «-activity corresponds to 0-2 x 10-1: g 
radium/g dry plankton. 

Locality of sample collection. Since relatively few 
samples have been measured in this preliminary survey, 
very little emphasis has been placed on the question of 
sample locality. For record purposes, we can divide 
the collection sites as follows: 

(a) All the samples in Sections II and III of the table 
were obtained at the ‘Slangkop Station’, situated about 
7 miles offshore west of the Cape Peninsula. 

(b) Samples No. 3, 4, 6 and ‘Robben Island’ were also 
obtained in the vicinity of the Cape Peninsula. 

(c) Sample No. 5 was obtained from Lambert’s Bay, 
about 120 miles north of Cape Town. 

(d) Sample No. 1 was from Mossel Bay, about 250 
miles east of Cape Town. 

(e) Sample No. 2 and the International Geophysical 
Year and Indian Ocean Expedition samples in Section IV 
were obtained off the south-east coast of South Africa 
between Port Elizabeth and Durban. N@Y 16 and 
NIOE 7 are the only two of these samples which were 
obtained at points clearly off the continental shelf. The 
International Geophysical Year samples in Section IV 
have been described in detail by Zoutendyk?!. 


Table 1. a-ACTIVITIES OF DRIED PLANKTON SAMPLES 
Totala- Thorium 
Section Date activity series 
and Sample of in pe./g contri- 
type No. collection drie bution 
material (%) 
Section I 1 1899 18 29 
Zooplankton 2 1904 3-6 28 
3 1947 25 32 
4 1950 2:0 46 
5 1957 2-5 14 
6 1962 2:1 22 
Section II GIL 526 2/10/63 12-0 17 
Zooplankton GIL 527 29/10/03 3-9 13 
GIL 528 26/11/63 0:7 22 
GIL 537 18/12/63 5:3 91 
GIL 536 29/1/64 57 14 
Section III GIL 526 2/10/63 7-7 20 
Phytoplankton GIL 527 29/10/63 3-4 84 
GIL 528 26/11/03 3-6 17 
GIL 687 18/12/63 44 16 
GIL 536 29/1/04 6.8 29 
Section IV NGY 8 2/3/58 183 35 
Phytoplankton NGY 16 3/3/58 95-5 8 
NGY 25 18/5/58 16:5 14 
NGY 29 19/5/58 28-6 8 
NGY 33 21/5/68 314 18 
NGY 38 22/5/58 5-5 29 
NGY 42 24/5/58 6-3 26 
NIOE7 8/4/62 40 83 
NIOE 18 12/4/62 65 36 
Section V ‘Robben 7/7/35 3-8 24 
Phytoplankton Island’ 


It is tempting to associate the higher activities of the 
Section IV samples with the warmer waters of the eastern 
side of the sub-continent, but this is not justified on the 
basis of the data presented here. Additional information 
is obviously required. 
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INCONSTANCY OF RENAL CLEARANCE VALUES WITH 
CHANGING PLASMA CONCENTRATIONS 


By Dr. REX B. CONN, iun., ALEX J. SABO, DALE LANDES and JAMES Y. L. HO 


Department of Pathology and Department of Theoretical and Applied Mechanics, West Virginia University, Morgantown, 
West Virginia, U.S.A. 


O% of the basic tenets in the concept of renal clearance 
is that clearance (the calculated volume of plasma 
which is cleared of a substance per unit time) is inde- 
pendent of plasma concentration, provided that tubular 
saturation does not occur. In experiments which utilized 
a fraction collector to obtain frequent urine specimens 
we have found that clearance of o-iodohippurate sodium 
("Hippuran') does not remain constant following a single 
intravenous injection, but on the contrary it declines 
as the plasma ‘Hippuran’ concentration declines!. Since 
this finding is in gross conflict with the constant clearance 
concept which has proved so valuable over the past 30 
years, we have sought to develop a mathematical model 
of the kidney which will reconcile our findings with those 
of other investigators. At the same time we have 
attempted to provide explanations for two observations 
regarding renal clearance which we believe to be thus far 
inadequately explained. The first is the observation that 
extraction ratios of substances excreted by tubular 
secretion rarely exceed 90 per cent. This has been 
attributed to the passage of 10 per cent of the renal 
blood through non-excretory renal tissue?. Such pro- 
fligacy in the distribution of myocardial work appears 
unlikely. The second observation is that of Mitchie 
and Mitchie’, who found that following rapid attainment 
of a constant p-aminohippurate plasma concentration 
about 20 min are required before its clearance becomes 
constant although it appears in the urine within a much 
shorter time. 

Published data of other investigators indicated that 
clearance of p-aminohippurate and of ‘Hippuran’ may 
change with changing plasma concentrations; however, 
the lack of urinary excretory data permitted these investi- 
gators an alternative explanation for their findings. The 
overall excretion of any substance should follow first 
order. kinetics if clearance is calculated in the usual way. 


UV 


P 
where C, clearance; U, urine concentration; V, volume 
of urine exoreted per unit time; P, plasma concentration. 
Because of the technical difficulties involved in measuring 
clearance by the sustaining infusion technique many 


attempts have been made to determine renal clearance by 
following the disappearance of exogeneous substances 
from the plasma after a single intravenous injection. 
Although these attempts have not been entirely successful 
in their original purpose, the plasma disappearance 
curves indicated that something more than simple first 
order kineties was involved. 

With first order kineties, assuming extra-renal losses are 
insignificant and clearance remains constant, the plot of 
log P versus time should yield a straight line since UV in 

dP 

dT/ 
where Vp is the volume of distribution of the substance, 


the equation for clearance can be equated to Vp 


and is represents change in plasma concentration with 


time. 
aP 
C 2 -aT 
z P 
C dP 
Kar- fs 
$T = — nP + 0, 
p 


The plot of log P versus T' will give a straight line of 
slope — 2303 5,- . Such disappearance curves have beon 
p 


obtained for mannitol*-°. Deviations from this equation 
for inulin have been attributed to a barrier to free diffusion 
between intravascular and extravascular spaces’. Plasma 
disappearance curves of p-aminohippurate® and ‘Hip- 
puran'?? deviate markedly from this equation, however, 
and such deviations have been ascribed to a distribution 
throughout a two-compartment system’. Another ex- 
planation for these findings is that clearances of p-amino- 
hippurate and ‘Hippuran’ do not conform to the foregoing 
equations because clearance changes as the plasma 
concentration declines. More direct evidence for the 
latter may also be found?!:22, 
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The requirements for our mathematical model of the 
kidney may therefore be described as follows: 


(1) If plasma concentration remains constant, clearance 
is independent of plasma concentration for all concentra- 
tions (if tubular saturation does not occur) and for all 
substances whether excreted by glomerular filtration or 
tubular secretion. 


(2) For substances excreted by glomerular filtration 
alone clearance remains constant even with a varying 
plasma concentration. 


(3) For substances excreted by glomerular filtration 
alone the plasma concentration will decline logarithmic- 
ally with time following a single intravenous injection 
(assuming extra-renal losses are insignificant). 


(4) For substances excreted by tubular secretion, 
clearance will not remain constant if the plasma, concen- 
tration varies. 


(5) For substances excreted’ by tubular secretion, the 
plasma concentration will not exhibit a logarithmic 
decline following a single intravenous injection (assuming 
extra-renal losses are insignificant). 


(6) Experimentally determined extraction ratios must 
be explained by some mechanism other than passage of 
renal blood through non-excretory renal tissue. 


(7) It must not conflict with the experimental finding 
that following almost immediate attainment of a constant 
plasma p-aminohippurate concentration clearance will 
attain a constant value later than the material appears 
in the urine. 


Previous discussions of the kinetics of renal tubular 
secretion have apparently overlooked an important 
anatomical fact. Substances which are secreted by the 
tubules must pass first from the capillaries into the renal 
interstitial fluid from which the tubule cells may then 
remove them for transport into the lumina of the tubules. 
Thus the tubule cells cannot act directly on the material 
within the capillaries. If & substance were to be com- 
pletely removed from the capillary plasma in one passage 
through the excretory tissue of the kidney (the concept at 
present held for substances with high extraction ratios 
such as p-aminohippurate), the requirements of the 
diffusion process are such that the tubular excretory 
processes must maintain the interstitial fluid concentra- 
tion at virtually zero concentration. The latter appears 
unlikely. It is probable that active tubular secretion can 
reduce the interstitial fluid concentration of certain 
substances to a low, but appreciable, level. This would 
result, therefore, in incomplete extraction of all sub- 
stances passing through the renal excretory tissue and 
would provide an acceptable alternative to our present 
explanation for maximum extraction ratios of 90 per 
cent. If this explanation proves correct it will require 
certain changes in our concept of effective renal plasma 
flow. Probably all substances which are freely diffusible 
across the capillary endothelium attain concentration 
equilibrium between interstitial fluid and capillary plasma 
before the latter leaves the kidney. 

In a model of the kidney six processes which are in- 
volved in renal excretion of any substance must be con- 
sidered: R,, the rate at which it enters the kidney via the 
renal arteries; E, the rate at which it leaves the kidney 
via the renal veins; A, the rate at which it is filtered by 
the glomerulus; R,, the rate at which it diffuses through 
the capillary endothelium; R,, the rate at which it is 
transported from the interstitial fluid into the lumen of 
the tubule; Ra, the rate at which it is excreted into the 
ureters. The dimensions of all these rates are i): 
These processes are depicted in Fig. 1. 

General equations. Let K, be the total renal plasma 
flow (which remains constant under experimental condi- 
tions). P is plasma concentration. 
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R, = K,P (1) 


Let N equal the concentration in renal interstitial 
fluid. Assuming the concentration in efferent renal 
plasma is the same as that in the renal interstitial fluid 
and disregarding that small fraction of renal plasma water 
which is excreted as urine: 


R, = K,N (2) 

Let K, be the glomerular filtration rate (which remains 
constant under experimental conditions). The rate at 
which any filtrable substance is removed by glomerular 
filtration is: 


R; = KP (3) 

Let Q be the amount of material removed from tho 
plasma at time T through both glomerular filtration and 
tubular secretion: 


dQ 


qf = #1 Ra = R; + R, (4) 


RE, is the rate at which a substance is secreted into the 
tubules from the renal interstitial fluid. Since this is an 
enzymatic reaction its rate at low substrate concentration 
should be proportional to tho substrate concentration 
which is the concentration in the renal interstitial fluid: 


(5) 


It is recognized that concentration may not be the same 
throughout the interstitial fluid, and R, and N can repre- 
sent the mean reaction rate and mean concentration 
respectively. Let V, be the volume of the renal inter- 
stitial fluid space. The change in interstitial fluid con- 
centration may be defined by the following equation: 


R; = K,N 


— Rs (6) 


Let M be the amount of material excreted into the 
ureters in time T through both glomerular filtration and 
tubular secretion. 


dM 


dT = R; + R; = Re 


(7) 


Since clearance is the rate of excretion divided by the 
plasma concentration: 


aM 
teas e e T (8) 
clearance = "P = UP 
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From equations (3), (5), (7) and (8): 


dM 
dT N 
clearance = Tp K, + pes (9) 


These equations must fit all situations outlined above 
in the requirements for a model of the kidney. In the 
following sections these various situations will be con- 
sidered. 

Clearance values for glomerular filtration without tubular 


secretion. If there is no tubular secretion E, = 0 and 
from equation (9): 
aM 
T 
Tx 


The rate of excretion will be proportional to plasma 
concentration and clearance will remain unchanged at all 
values for P whether it is constant or changing. . 

Olearance values for excretion by both glomerular filtration 
and tubular secretion. If excretion occurs by both glomeru- 
lar Altration and tubular secretion E; # 0 and: 


dM 
am N 
sp eat hs 

The following equations will show in the model that if 
plasma concentration remains constant throughout the 
experimental period clearance will be the same for all 
plasma concentrations. If plasma concentration varies, 


however, clearance will not remain constant. 
From equation (4): 


clearance = 





R, = Ri- R- p (10) 
From equations (6) and (10): 
daN 
VaT = R, — R, — R; — R; (11) 
From equations (1), (2), (3), (5) and (11): 
Vana K,P — K,N — K,P — KN (12) 
dN 
VaT = (K, — K,)P — (K, + K) N (13) 
daN 
i K, + K; 
am 
1 Zar 
clearance = -p = 
aN 
KK Lan -K) | Vaar | (18) 
s+ Kei (K, +K) PUE) 


If plasma concentration is constant throughout the 
experimental period the interstitial fluid concentration 
will attain an equilibrium condition in which it also is 


constant and i^ = 0. In these circumstances: 
K, SA x] 
clearance = K, + K; [zv (16) 
Thus clearance is independent of plasma concentration 
dN 
if the latter remains constant and dr — 0. If P changes, 


dN 
however, N will vary also and dT #0. In these cir- 
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cumstances it can be seen from equation (14) that N 
is not a linear function of P and equation (9) shows that 
clearance will, therefore, not remain constant. 

The model can thus reconcile the observations that, for 
substances excreted by tubular secretion, if P is constant 
clearance is independent of P and remains the same for 
all values of P (provided tubular saturation does not 
oceur). If P varies, however, clearance will not remain 
constant, but will vary as a function of P and N. This 
effect is due to the accumulation of material in the renal 
interstitial fluid, & factor which has not beon considercd 
in previous discussions of the kinetics of tubular secretion. 
Tt is of interest to note that such accumulation within the 
renal interstitial fluid may be partly responsible for the 
‘second phase’ in radioisotope renograms'’. 

Plasma disappearance curves and slope clearance. Wo 
have mentioned that numerous attempts have been made 
to calculate renal clearances using plasma disappearance 
curves, and that it was necessary to hypothesize a two- 
compartment distribution for p-aminohippurate and 
‘Hippuran’ to explain the data obtained. Tho following 
equations will concern the disappearance curves of sub- 
stances excreted by glomerular filtration alone and of 
substances excreted by both tubular secretion and 
glomerular filtration. In these derivations it is assumed 
that extra-renal losses are negligible and the material 
is distributed throughout a single homogencous plasina 
compartment. Probably neither of these assumptions is 
strictly true; however, it will be shown that tho two- 
compartment hypothesis is not necessary to explain why 
plasma disappearance curves of substances secreted by 
the tubules fail to show a logarithmic decline. 

Q is the quantity of material removed from the plasma 
at time T. V,jP is the quantity of material remaining in 
the plasma at time T' where V; is the volume of distribu- 
tion. Let D be the quantity of material administered at 
zero time by a single intravenous injection. 


VpP =D-Q (17) 
Differentiation gives: 
dP dQ 
Vp at at (18) 
From equation (4): 
dP 
VA —Sp)= B+R. (19) 
From equations (3), (5) and (6): 
aP aN 
Vo(~ Sq) = EP + Vagy t EN (20) 


If a substance were excreted by glomerular filtration 
alone very small quantities would diffuse into the renal 
interstitial fluid and, as the plasma concentration declines, 
would diffuse back into the plasma. R, would be very 
small in comparison to the other rates and R, = 0. 


If R, œ 0, then: 


Ae a) = R; = K,P 


Y, P 
K 
wb ed e. (23) 


Thus a plot of log P versus T would result in a straight 


line of slope — 2.3035, 
Vp 
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For substances excreted by both glomerular filtration 
and tubular secretion R, + 0 and Rs #0. Equations 
(20) and (13) are two simultancous first-order differential 
equations of variables P and N. By solving for P we 
obtain the following second-order differential equation: 


d?P dP 
Va Vo am + [Ut + K) Vo + K, Va| SE + 
K (K, + K) P — 0 (24) 
The general solution will be: 
P = Hel 4 Eyes. (25) 
where: 
x Aa ccm 
Sm =< VERO EB. pF. (26) 
2B, 
B, = Valp 
B: = (Kı + K;)Vp + K, Vn (27) 
B, = K,(K;  K;) 
E, and E, aro constants depending on the boundary 
conditions. 
P = ehil [E oF:T + E,e- AT] (28) 
InP = F,T + In [E,eFT + E,e-F.T] (29) 


Since the second term of the right side of equation (29) 
is not a constant, a plot of log P versus T would not result 
in a straight line. Equation (28) shows that the declina- 
tion of P is a double-exponential function of T which 
conforms to experimental data on the disappearance of 
p-aminohippurate® and of ‘Hippuran’!? following a single 
intravenous injection. 

Delay in attainment of constant clearance. The last 
condition to be explained by the mathematical model is 
the observation of Mitchie and Mitchie? that, following 
almost immediate attainment of a constant p-amino- 
hippurate concentration, a delay is noted bofore clearance 
becomes constant. 
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The material to appear in the ureters first would be 
that which is excreted by glomerular filtration. There 
would be some delay, of course, in passage of the material 
through the collecting tubules, the calyces and the ureters. 
Tubular secretion will not occur until the material diffuses 
into the interstitial fluid and N #0. Clearance will not 


attain a constant value until a = 0 when the inter- 


stitial fluid concentration attains a steady equilibrium 
concentration. The rate at which this occurs is dependent 
on the rate at which the material enters the kidney, the 
rate at which it diffuses into the renal interstitial fluid, 
the size of the renal interstitial fluid compartment, and 
the rate at which the tubular secretory processes remove 
it from the latter compartment. In any event, these 
processes will require a longer time than the time required 
for material to be filtered by the glomerulus and to 
appear in the urine. 

The described model of the kidney proposes nothing 
which is not already known about the actual structure 
of the kidney. We believe that consideration of the renal 
interstitial fluid space in the excretory processes can 
explain several experimental observations which appear 
to be thus far inadequately explained. 
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PLASMA DIAMINE OXIDASE TITRES OF NORMAL AND PREGNANT RATS 
By Dr. YUTAKA KOBAYASHI 


Worcester Foundation for Experimental Biology, Shrewsbury, Mass. 


HE rise in the plasma-level of diamine oxidaso during 
"qu pregnancy was first reported by Marcou et al.1. 
Attempts to find a similar change during animal pregnancy 
have been unsuccessful?. Ahlmark? reported that rat 
plasma showed a small rise in diamine oxidase during 
pregnancy, but this observation was attributed by Anrep 
et al.* to bacterial contamination. It has thus been 
assumed that the rise in plasma-level of diamine oxidase 
was peculiar to human pregnancy*45, With the use of a 
new assay method for diamine oxidase developed by 
Okuyama and Kobayashi‘, it has now been found that rat 
plasma also shows a rise in diamine oxidase during 
pregnancy. 

Female Holtzman rats were used in these investigations. 
Day one of pregnancy was determined either by the 
observation of a vaginal plug or by the presence of sperm 
in a vaginal smear. The rat diet of ‘Purina’ laboratory 
chow was supplemented with parsley during the experi- 
ment as a source of dietary iron. 

2.5 ml. of blood was withdrawn by hearb puncture 
under ether anesthesia. The blood was oxalated, centri- 
fuged in an International clinical centrifuge at maximum 
r.p.m. for 15 min, and the plasma removed. The plasma 


was heated at 50° O for 15 min to activate the diamine 
oxidase’. Then 0-75 ml. of plasma was diluted with 1-25 
ml. of saline in & serew-cap culture tube and 5 ug of 
putrescine labelled with carbon-14 was added. The 
reaction mixture was incubated in a Dubnoff metabolic 
shaker at 37? C in air for 2 h, and tho reaction product 
was extracted with toluene twice, according to the method 
previously described®. The amount of end-product was 
assayed in a liquid scintillation counter (either a Packard 
Tricarb, model 314 EX or a Nuclear Chicago, model 7258). 


Table 1. AVERAGE DAILY TITRES or PLASMA DIAMINE OXIDASE IN C.P.M. 
OF 12 FEMALE RATS MEASURED FOR 20 CoNSROUTIVD DAYS 
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Table 2. | AVERAGE PLASMA DIAMINE OXIDASE TITRE IN O.P.M. OF 12 FEMALE 
RATS BASED ON 20 CONSECUTIVE DAILY MEASUREMENTS 


Rat No. Mean + S.D. 
1 271 114 
2 230 129 
3 167 94 
4 214 109 
5 339 142 
6 193 122 
7 249 104 
8 278 156 
9 163 95 

10 301 150 
11 143 80 
12 320 128 
Mean 240 119 
S.D. 65 


The relative activity of the enzyme was expressed as 
c.p.m. corrected for background corresponding to putres- 
cine reaction product. The counting efficiency was 
approximately 50 per cent. 

14C putrescine dihydrochloride (New England Nuclear 
Corp.) was diluted with non-isotopie putrescine dihydro- 
chloride to contain 5 ug putrescine (base)/0-1 ml. with an 
activity of 20,000 d.p.m./ug. 

An ‘estimate of the normal, non-pregnant plasma 
diamine oxidase titre for female rats was obtained by 
following the daily plasma titres of twelve rats for twenty 
successive days. The daily average plasma titres observed 
are presented in Table 1. It can be seen that tbe values 
ranged from 155 c.p.m. to 363 c.p.m. with about a 50 per 
cont standard deviation. The average diamine oxidase 
titres of each rat over the twenty-day period are presented 
in Table 2. These values ranged from 143 c.p.m. to 339 
c.p.m., again with a standard deviation of about 50 per 
cent. These data established a frame of reference for 
three pregnant rats which was similarly analysed during 
the gestation period. These data showing the pattern of 
plasma diamine oxidase titres during the gestation period 
are presented in Fig. 1. It can be seen that there was a 
marked rise in the plasma diamine oxidase titre from 
day 9 reaching a maximum at day 13, 14 or 15, depending 
on the rat, and then rapidly decreasing towards parturi- 
tion. Two of the three rats showed a second rise in diamine 
oxidase at day 19. One rat delivered at day 21 while the 
other two delivered at day 22. Allrats had normal litters. 

An analysis of variance of the results in Table 1 showed 
there was a significant difference among the daily average 
diamine oxidase titres (P<0-001). A similar analysis of 
Table 2 showed there was a significant difference between 
rats (P < 0-001). However, in spite of these statistical 
differences in the normal plasma titres among the rats 
and the relatively high standard deviation associated with 
each determination, the maximum change in the plasma 


21,000 
18,000 
15,000 
12,000 


9,000 


Relative plasma diamine oxidase-level (c.p.m.) 





Days 


Fig. 1. Pattern of plasma diamine oxidase titres during pregnancy of 


three rats. Arrows indicate parturition 
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titre of this enzyme during pregnancy was 50-100 times 
the non-pregnant levels. The development of diamine 
oxidese during rat pregnancy, thorefore, is an easily 
recognized event. 

The pattern of diamine oxidase activity during the rat's 
gestation period may be correlated with the data presented 
by Kameswaran et al. and Kahlson et al. Kahlson uud 
his group have reported an increase in urinary excretion 
of free histamine by the mother rat from the fiftcenth to 
about the twentieth day of gestation. At about tho 
twentieth day, there was a sharp drop in the urinary 
excretion of histamine which was followed by parturition. 
The urinary histamine has been reported to be of fustal 
origin?. Kameswaren et al. have reported that the 
pregnant rat’s uterus loses its sensitivity to histamine from 
about the tenth to the fifteenth day of gestation followed 
by a gradual recovery to full histamine sensitivity at 
about the nineteenth or twentieth day. If we focus our 
attention on the last six days of the gestation period, we 
can postulate that the three events—the drop in plasma 
diamine oxidase activity, the increasing sensitivity of the 
uterus to histamine, and the increasing excretion of free 
histamine (which is indicative of a higher circulating titre 
of histamine)—may act together to effect a histamine- 
dependent mechanism associated with parturition. ‘Tho 
decreasing circulating titre of diamine oxidase would 
favour longer biological existence of the circulating hista- 
mine of fetal origin in the mother. When the animal 
approaches term the sensitivity of the uterus to histamino 
returns so that the histamine may participate in the 
parturition process. It is unlikely that histamine and 
diamine oxidase can explain the complete mechanism of 
parturition, however, especially in view of tho known 
action .of progesterone and oxytocin*.”*. It has been 
woll established that a fall in progesterone titre during 
gestation initiates parturition in the rat. It should be 
recalled, however, that a fall in progesterone olone will 
not cause uterine tissue to contract and also histamine in 
the rat antagonizes myometrial contraction. Therefore, 
in view of the evidence presented here, it appears likely 
that histamine and diamine oxidase may be participants 
in the process of parturition in the rat. 

Although there is general agreement that the rat 
placenta is & likely source of diamine oxidasc?’, tho 
stimulus required for the production and maintenance of 
plasma diamine oxidase is urknown. In the foregoing 
discussion it has been suggested that plasma diamine 
oxidase-levels are somehow associated with the level of 
circulating histamine. However, it is possible that the 
observed rise in plasma diamine oxidase may not, in fact, 
be associated with circulating histamine but with some 
other diamine. 

I thank J.. Kupelian and J. C. Dickinson for their 
assistance. 

This work was supported, in part, by grant E-11 35 from 
the National Institute of Allergy and Infectious Diseases. 
U.S. Public Health Service, and contract .4T(30-1) 2085 
with the U.S. Atomic Energy Commission. 
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SIMULTANEOUS ELECTROMAGNETIC MEASUREMENT OF BLOOD FLOW 


~~ 


IN THE MAJOR CORONARY ARTERIES 


By Pror. A. KOLIN, G. ROSS, P. GAAL and S. AUSTIN 


Departments of Biophysics and Surgery, University of California, Los Angeles 


ORONARY artery disease is now the leading cause 

of death in the western hemisphere, and in the 
United States during the decade 1951-61 its incidence 
increased from 219-5 to 274-6 per 100,000 population. 
Furthermore, the percentage of all deaths from major 
cardiovascular-renal diseases attributable to coronary 
artery disease increased from 43 to 54 during this 
period}. 

These facts emphasize the need for a thorough under- 
standing of the hemodynamics of the coronary circulation. 
Until recently, however, most direct methods of measuring 
coronary arterial flow involved cannulation of the artery, 
the use of anticoagulants and variable trauma to the 
artery and surrounding tissues. Moreover, the measuring 
devices themselves often increased the resistance to the 
flow of blood. These shortcomings were largely overcome 
by the non-cannulating electromagnetic flowmeter?, which 
has, in the past five years, been increasingly used in 
physiological investigations of the coronary circulation’. 
However, in all the reported work, flow in only one coron- 
ary artery at a time has been measured, and so only 
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Fig. 1. Phasic blood flow in the left circumflex, left anterior descending 
and right coronary arteries of the anæsthetized open-chest dog. The 
lowest trace shows phasic arterial pressure recorded from the aortic root 
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Fig. 2. Phasic blood flow in the left circumflex and left anterior 

descending coronary arteries and in the ascending aorta of the anesthe- 

tized open-chest dog. The lowest trace shows phasic arterial pressure 
recorded from the aortic root 


partial information has been obtained. The simul. 
taneous measurement of flow in all the major coronary 
arteries would provide data on the total coronary flow 
and its distribution and the effects of occlusion of one 
major branch on flow through the other branches could 
readily be determined. A study of the simultano- 
ously recorded patterns of phasic flow would also 
provide information regarding the strength and pattern 
of contraction in different parts of the myocardium. A 
more complete picture of the effects of drugs of pharmaco- 
logical and therapeutic importance would also be possible. 
This article reports the successful use of the gated sine- 
wave electromagnetic flowmeter! to measure simul- 
taneously blood flow in the right main coronary artery 
and in the anterior descending and circumflex branches 
of the left coronary artery in the anesthetized dog. Flow 
in the anterior septal branch of the left coronary artery 
which carries approximately 15 per cent of the loft 
coronary flow® was not determined, and since there were 
a, few small branches proximal to the probes the combined 
flows measured in this investigation probably represent 
some 80 per cent of the total coronary inflow. 


No. 4941 


July 11, 1964 


H qm E: 


































































































NATURE 








149 


Fig. 1 shows the phasic flows in tho three 














coronary arteries. The general pattorns are 





























































































































similar to those published by Khouri and 
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for the more prominent peaks in systole and 
early diastole. Fig. 2, which shows simul- 
taneous flows in the two main branches of 
the left coronary artery and at the root 
of the aorta, indicates that the upstroke of 
the systolic peak coincides with the begin- 
ning of aortic ejection while the upstroke 
of the diastolic peak corresponds to the 
beginning of aortic back flow. 

These flow peaks are much less prominent 
in the absence of rigid cuffs around the 
aorta, such as the flow probe recording blood 
flow at the aortic root. 

Table 1 summarizes some of the data 
obtained from Fig. 1. It will be noted that, 
unlike other arteries, flow in tho coronary 





















































































































































































































































vessels is greater during diastole than 
during systole due to the impediment to flow 
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2 = through intramural vessels by the contract- 




















ing myocardium. This impediment varies 




























































































































































































































































































| : : 
+ E +f E R: 


H EUER 

EEEH HHE i d Hi H 

Control 9 seo 11 sec 
A B C 





e 
e 






















































































REI 






























































































































































































































































Blood pressure 
(mm Hg) 
[d 
e 
e 
[71 
d 










































































mi 








1-0:5sec^| 


Fig. 3. Phasic aortic root pressure and phasic blood flow in the left circumflex, 
left anterior desconaing and right coronary arteries of the ancsthetized open- 
chest dog. A, control records immediately preceding the intravenous injection 
of 2 mg acetylcholine; B, C, D, record obtained 9 sec, 11 sec and 30 sec after 


this injection 


Animals weighing 20-30 kg were anesthetized with 
intravenous pentobarbitone sodium. A median sternotomy 
was performed and respiration was maintained with a 
Bird Mark 8 respirator. After opening the pericardium, 
1-2 em of the right coronary and left anterior descending 
coronary arteries were freed from the surrounding tissue. 
Access to the left circumflex coronary artery was obtained 
through an incision in the left fifth intercostal space. Flow 
probes were then placed on all three coronary arteries. 
Pressure at the root of the aorta was measured by a 
Sanborn physiological pressure transducer via a poly- 
ethylene tube introduced through the carotid artery. In 
some experiments a flow transducer was placed on the 
aortic root and flow in this vessel and in two coronary 
arteries was recorded. The flow probes and flow channels 
have been previously described*-*. In these experiments 
all three channels were energized by a common oscillator 
to avoid the possibility of frequency heterodyning. Cali- 
bration was performed at the end of the experiment using 
saline delivered by a gravity feed. 


BLOOD FLOW IN THE MAJOR CORONARY ARTERIES OF A 21-KG 
ANZASTHETIZED OPEN-OHEST DOG 


Heart weight 160 g, rate 150 min. Blood pressure 115/85. 
systole, 0-14 sec; duration of diastole, 0-26 sec 


Table 1. 


Duration of 


Ratio 
Stroke flow (ml.) Minute flow (ml.) systolic: 
Systolic Diastolic Systolic Diastolic Total diastolic 
ow 
Left circumflex 0-07 0-24 10-5 36 46-5 1:834 
Left anterior 
descending 0-04 0-15 6 22-5 28:5 1:38 
*Total left 
coronary 0-11 0-39 16-5 58:5 74 1:35 
Right coronary 0-07 0-09 10-5 13-5 24 1:13 
*Total 
coronary 0-18 0:48 27 72 99 1:27 


* Excluding flow in anterior septal artery. 





























; in different parts of the heart, as shown by 
| the different systolic/diastolic flow ratios. 
Fig. 3 shows the profound effect of an 
intravenous injection of 2 mg acetylcholine 
on the simultaneously recorded coronary 
flow patterns. After 9 sec, flow in late 
diastole is increased in all the coronary 
arteries, indicating that vasodilatation has 
occurred. The percentage increase in tho 
stroke systolic flow in the right coronary 
artery and in the left anterior descending 
coronary artery is similar to the percontage 
increase in diastolic flow. A disproportion- 
ately large systolic flow increase has ocurred 
in the left circumflex coronary artery, 
however, indicating a considerablo de- 
crease in systolic extravascular resistance in the vascu- 
lar bed of this artery. At 30 sec, vasodilatation is 
lessening but the stroke systolic flows have still further 
increased. It will also be noted that while late diastolic 
flow has returned to approximately the pre-injection 
levels in the right coronary artery and in the left anterior 
descending coronary artery, it remains elevated in the 
left circumflex coronary artery. Table 2 summarizes 
these changes. 

The fact that the stroke systolic/diastolic flow ratio 
varies among the different coronary arteries in the control 
state and that this ratio varies to a different degrce in 
each artery in response to a drug indicates that tho 
coronary vascular bed is not uniform. This fact is of 
great importance since it means that flow changes 
observed in one artery following certain stimuli do not 
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Table 2. CHANGES PRODUOED BY INTRAVENOUS ACETYLOHOLINE 2 MG 
Numbers in parenthesis indicate percentage of control values 


9 sec 30 sec 
Before after after 
d injection injection injection 
Aortic pressure 85/65 75/55 55/30 
Heart rate 150 150 143 

Duration of 
Systole (sec) 0-14 0-14 0:14 

Duration of 
diastole (sec) 0:26 0-26 0:28 

Lt. circ. Stroke systolic: 

coronary diastolic flow ratio 1:13-2 1:4 1:21 


Late diastolic 
flow (ml./min) 40 


Lt. ant. desc. Stroke systolic: 


80 (200%) 53 (133%) 


coronary diastolic flow ratio 1:52 1:56 1:33 
Late diastolic 
flow (ml./min) 32 50 (157%) 27 (8895) 
Right Stroke systolic: 
coronary diastolic flow ratio 1:1-8 1:18 1:13 
Late diastolic 
flow (ml./min) 19 24 (121%) 19 (100%) 
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always reflect the behaviour of the entire coronary cir- 
culation as has sometimes been assumed. It is anticipated 
that the simultaneous recording of flows in the major 
coronary arteries will lead to greater knowledge of myo- 
cardial function and coronary flow behaviour in different 
parts of the heart. 

We would like to thank Mr. D. Ryan and Mr. P. Cox for 
assistance. 
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POLYMERASE FROM RAT TESTIS 


By P. BALLARD and Pror. H. G. WILLIAMS-ASHMAN 


Ben May Laboratory for Cancer Research and Department of Biochemistry, 
University of Chicago 


N enzyme which catalyses a DNA-dependent incor- 
poration of nucleotides into RNA, and requiring 
the presence of all four major ribonucleoside triphosphates, 
was first detected by Weiss? ? in association with insoluble 
nucleoprotein gels prepared from rat liver cell nuclei. 
Afterwards, such RNA polymerases were demonstrated in 
other mammalian’ and plant tissues, and in various 
mioro-organisms*-16, But extensive purification of 
enzymes of this class, and thorough examination of their 
properties, has been achieved as yet only with certain 
bacterial polymerases*9/, which can be readily freed 
from DNA. Most investigations of the DNA-dependent 
RNA. polymerase activity of animal tissues have been 
conducted with 'aggregate' enzyme! preparations derived 
from cell nuclei. These gels contain firmly bound DNA 
which cannot be removed from the RNA polymerase 
protein in a manner which allows unequivocal direction 
of polyribonucleotide synthesis by exogenous DNAt?:u, 
There is evidence that RNA synthesis by such aggregate 
enzyme preparations may be limited more by the priming 
ability of the bound DNA than by the catalytic activity 
of the RNA polymerase protein. This complicates 
interpretation of changes in the RNA polymerase activity 
of nuclear aggregates from various tissues which have 
been reported to follow from hormonal!!-4 and othert*:16 
treatments. 

We report here & simple procedure for isolation of 
a soluble RNA polymerase from rat testis. The enzyme, 
which is probably derived from the nuclei of various 
cellular elements, exhibits an absolute requirement for 
DNA, and is virtually devoid of DNA. polymerase and 
ribonuclease activities. DNA clearly directs the synthesis 
of complementary polyribonucleotides by this testicular 
enzyme. Recently, Furth and Loh?’ described the partial 
purification of a soluble DNA-directed RNA polymerase 
from chicken embryos. 

Testes were excised from Sprague-Dawley rats (250— 
400 g) and the capsules and arteries removed. The tubules 
were homogenized in a Waring blender at low speed with 
two volumes of ice-cold 0-05 M tris(hydroxymethyl)- 
aminomethane (pH. 75) containing 0-001 M. B-mercapto- 
ethanol. The homogenate was centrifuged at 20,000g for 
20 min at 2°. The supernatant fluid was centrifuged at 
98,000g for 1 h. The resulting supernatant fluid was 
fractionated by addition of solid ammonium sulphate 
at 0°. The material precipitating between 20 and 42 per 
cent saturation was collected and dissolved in a solution 
of the buffered B-mercaptoethanol containing glycerol at 
a final concentration of 30 per cent (v/v). Further frac- 
tionation was carried out on columns (30 em x 2 cm) of 
diethylaminoethylcellulose, previously equilibratod against 
the buffered mercaptoethanol-30 per cent glycerol solution. 


Approximately 750 mg of protein was run on to the 
column at 25°, and washed through with the same medium 
until the absorbancy at 280 my of the eluant was less 
than 0-1. The flow rate was about 30 ml. /b, and fractions 
of 5 ml. volume were collected. A second fraction was 
eluted with buffered mercaptoethanol-30 per cent glycerol 
made 0-15 M. with respect to ammonium sulphate. This 
material possessed considerable RNA polymerase activity, 
but it was contaminated with DNA polymerase. When 
the optical density at 280 my of the eluant resulting from 
application of tho latter fluid reached a value of less than 
0-1, further elution was accomplished with buffered 
mercaptoethanol- 30 per cent glycerol made 0-3 M with 
respect to ammonium sulphate. This material was pooled, 
and the protein precipitated at 2° by addition of solid 
ammonium sulphate to 60 per cent saturation (assuming 
its solubility in water rather than the aqueous glycerol 
solution actually present). This protein material was 
dissolved in 0-05 M tris pH 7-5, 0-001 M B-mereapto- 
ethanol containing glycerol at a final concentration of 
50 per cent (v/v). The ratio of the absorbancy of this 
protein solution at 280 mu to that at 260 mu was in the 
vicinity of 1-5. The fraction was devoid of DNA poly- 
merase activity!5, and failed to degrade highly radio- 
active E. coli RNA labelled with phosphorus-32 to 
acid-soluble products?. 

Some features of the RNA polymerase activity of the 
partially purified testicular enzyme are summarized in 


Table 1 
GMP-4C 
Experiment incorporated 

No. Reaction system into RNA 
(uumoles) 

1 Complete 72:0 

Omit CTP 0-7 

Omit UTP 3-0 

Omit CTP and UTP 07 

Omit CTP, UTP and ATP 0:5 

Omit DNA 0-6 

Omit MnCl, 0:0 

Add 2 umoles spermidine 121:0 

Add 2 moles spermine 111-0 

2* Complete 81:5 

Omit 2-mercaptoethanol 37-0 

Add 2:5 ug actinomycin D 11-0 

Add 10 ug actinomycin D 2:0 

Add 2 umoles phosphopyruvate 
and 20 ug pyruvate kinase 80:0 


Cofactor requirement for soluble testicular RNA polymerase. The 
complete reaction system contained: 100 „moles íris buffer of pH 7:7; 
3 umoles of MnCl,; 5 »moles of 2-mercaptoethanol; 0:5 &moles each of 
ATP, CTP and UTP; 53 ugofcalfthymus DNA; 0-078 umoles of G'TP-8-4C 
(4-2 x 10* c.p.m. per molo); and 280 ug protein of material eluted from tho 
diethylaminoethyl-cellulose column by 0-3 M ammonium sulphate. The 
final volume was 1-0 ml. The vessels were incubated for 40 min at 37? C. 


* The complete system in Exp. 2 was identical to Exp. 1 except that 
0-04 umoles GTP (8 x 10* c.p.m./umole) and 375 ug protein were added. 
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2 4 6 8 
Metal concentration (mM) 
The requirement of divalent cations for incorporation of 
GTP-8-4C. The reaction vessels contained: 100 moles of tris buffer 
of pH 7-3; 0-5 «moles each of UTP, CTP and ATP; 2 emotes of PEP; 
20 ug of pyruvate kinase; 5 “moles of 2-mercaptoethanol; 27 wg of 
salmon sperm DNA; 0-048 moles of GTP-8-9C (8-06x10* e.p.m.j 


Fig. 1. 


Amole); and 470 xg of testicular enzyme. Tho divalent cations were 
present in the concentrations indicated. The total volume was 1:0 ml. 
Incubation proceeded for 40 min at 37° 


Table 1. A virtually complete requirement for all four 
ribonucleoside triphosphates, for DNA, and for Mn** ions 
was observed. The DNA-primed synthesis of RNA was 
also supported by Mg** and Cot ions as depicted in 
Fig. 1, but Mn++ ions were the most efiective, ospecinlly 
at low levels. The incorporation of nucleotides into RNA 
was stimulated by B-mercaptoethanol and by polyamines. 
In experiments of short duration, no enhancement of 
nucleotide entry into RNA was observed on addition of 
phosphopyruvate and pyruvic kinase, suggesting thet 
degradation of ribonucleoside triphosphates did not limit 
the rate of reaction. The RNA polymerase activity was 
inhibited by low concentrations of actinomycin D and 
inorganic pyrophosphate. The corresponding deoxyribo- 
nucleoside triphosphates could not substitute for the 
ribonucleoside triphosphates. Substitution of one ribo- 
nucleoside diphosphate for the corresponding triphosphate 
decreased the labelled nucleotide incorporation by about 
50 per cent. The optimal pH for RNA polymerase activity 
was 7.7. The nucleotide incorporations were linear with 
respect to enzyme concentration and to time of incubation 
over an initial period of 40 min. Incorporation of all four 
labelled ribonucleoside triphosphates into RNA was 
observed. The system was saturated with all the four 
nucleoside triphosphates at a final concentration of about 
0-12 mM. Maximal rates of reaction occurred at 37°. 
When DNA isolated from calf thymus, salmon sperm, 
Micrococcus lysodeikticus, and T2-bacteriophage was used 
as a primer, the RNA polymerase activity was optimal 
in each case at a final concentration of approximately 
50 ug DNA per ml. of reaction mixture. Heat-denatured 
DNA was much less effective as a primer. In marked 
contrast to the RNA polymerase activity of mammalian 
nuclear ‘aggregate’ enzyme preparations, which exhibit 
highest activity at high ionic strengths??:, the incor- 
poration of nucleotides into RNA: by the soluble testicular 
enzyme was markedly depressed on raising the ionic 
strength above 0-1. 

That the reaction product with various labelled ribo- 
nucleoside triphosphates as precursors was RNA was 
suggested by the fact that the acid-insoluble radioactive 
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material was rendered acid-soluble by treatment with 
ribonuclease (but not with deoxyribonuclease), and also 
after hydrolysis in 0-3 N potassium hydroxide at 37° for 
18h. Radioactivity was detected in all four of the 2/(37)- 
mononucleotide products of the base hydrolysis when any 
single «-**P-labelled nucleoside triphosphate was used as 
precursor in the presence of the three. complementary 
ribonucleoside triphosphates. When three DN A's of widely 
different base compositions (M. lysodeikticus, calf thymus, 
and T'2-bacteriophage) were used as primers with either 
«abelled ?*P.GTP or uniformly labelled *C-UTP as 
substrates, the extent of GMP and UMP incorporation 
was & reflexion of the composition of the DNA added 
to the system; and nearest neighbour base frequency 
investigations?” with ester-labelled *P-GTP or -UFP 
provided strong evidence for direction of complement- 
ary RNA synthesis by DNAs from several differont 
sources. 

Similar testicular enzyme preparations, in a systom 
containing the requisite ribonucleoside triphosphate pre- 
cursors and Mn*, failed to catalyse any polyribonuclectide 
synthesis in the presence of either tobacco yellow mosaic 
virus RNA, polyuridylic, or polycyticylic acids as primer. 
Such experiments were carried out under conditions where 
tates of reaction equivalent to 5 per cent of those found 
with DNA’s as primers could have been readily dotected. 
These findings are in marked contrast to those obtained 
with certain refined bacterial RNA polymerases. which 
readily catalyse RNA-directed as well as DNA-directed 
RNA synthesis! ?°, 

When rat testis tubules were comminuted in hypotonic 
solutions as described here, considerable quantities of the 
RNA polymerase were found in the supernatant fluid 
resulting from ultracentrifugation of the homogenate. 
But if the testicles were homogenized in isotonic sucrose 
containing 1 mM magnesium chloride, then considerable 
amounts of RNA polymerase, later extractablo with 
hypotonic buffers, were associated with the ‘nuclear’ 
fraction which sedimented on centrifugation at 600g. 
Application, of the methods recorded here to rat prostate! 
failed to render soluble any appreciable RNA polymerase 
activity. The factors which permit the facile solubilization 
of the RNA. polymerase from testis and embryonic tissue?” 
as compared with certain other mammalian colls* 
remain obscure, but the presence of a relativoly large 
number of dividing cells may be important in this 
respect. 

This work was supported by a pre-doctoral traince 
fellowship (P. B.), a research grant (C.4—06545) and a 
research career award (H. G. W.-A.) from the U.S. Publie 
Health Service. 
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RESISTANCE OF INFECTIOUS RNA AND TRANSFORMING DNA TO IODINE 
WHICH INACTIVATES f, PHAGE AND CELLS 


By Pror. YU-CHIH HSU 


Environmental Microbiology Laboratory, Department of Sanitary Engineering, School of Hygiene and Public Health, Johns Hopkins 
University, Baltimore, Maryland 


HE greater stability and general utility of iodine 
do certain of its organic derivatives compared to its 
chlorine counterparts are probably responsible for their 
use as sterilizing agents in hospitals, surgical areas, and 
for the disinfection of drinking-water, swimming-pool 
water, and eating utensils. The effect of elemental 
iodine on viruses, however, is not consistent. Two 
apparently opposite results were reported on enteric 
viruses and on tobacco mosaic virus (TMV). Elementary 
iodine was found to destroy the infectivity of enteric 
viruses including polio, coxsackie and echo virus}, yet 
TMV? and, recently, TMV-ribonucleic acid‘! were 
resistant to iodine. 

Since the iodide ion concentration in a reaction mixture 
significantly influences the rate of iodination of tyrosine 
in proteins it would not be surprising if the apparent 
discrepancy in the viricidal action of iodine were due to 
differences in the iodide concentration in the reaction 
mixtures. 

In the present investigations, the iodide concentration 
in reaction mixture was appropriately considered as the 
bactericidal and viricidal action of iodine was examined. 
Despite its powerful bactericidal and viricidal action in 
minimal iodide ion concentration, iodine did not produce 
appreciable destruction of either infectious RNA or DNA. 

Infectious RNA from iodinated phage. The RNA 
bacterial phage was kindly supplied by Dr. N. D. Zinder 
through Dr. T. Fukasawa. The purification of phage was 
essentially the same as described by Loeb and Zinder’. 
In order to test the biological activity of infectious RNA 
from phage inactivated with iodine, partially purified fe 
phage, having 1 x 10!? per ml. of plaque-forming unit, 
was treated with 0-2 mM of iodine containing 0-24 mM 
of potassium iodide for 20 min. The phage survival 
was 0:0018 per cent, or about 5 logs of inactivation. After 
reduction of the residual iodine by sodium thiosulphate, 
the RNA was extracted and compared to that extracted 
from un-iodinated phage. The RNA extraction procedure 
used was similar to that described by Paranchych® with 
a slight modification. It was found that the infectivity 
of the RNA extracted from these two ` 
preparations was the same, that is, the 
inactivated phage yielded, infectious RNA 
in quantity indistinguishable from that of 
normal phage (Table 1). Such a result 
suggests that either the protein coat of 
the phage is so compact that iodine cannot 
reach the RNA or that the RNA is insensi- 
tive to iodine, or both. 

Lodine resistancy of infectious RNA. To 
test the sensitivity of infectious RNA to 
iodine 2-6 x 10° plaque-forming unit of f, 
RNA. was treated with 0-4 mM iodine 
containing 0-48 mM potassium iodide for 
10 min at room temperature (27° C). The 
iodine colour persisted even at the end of 
the reaction. As shown in Table 2, the 
infectious RNA activity was completely 
resistant to treatment with iodine. 

From these results it is quite clear that o 10 
inactivation of phage by iodine in minimal 
amounts of potassium iodide may be 
attributed to its action on the protein coat 
of the phage. The reaction of iodine with 
protein is well known, and includes 
oxidation of sulphydryl groups or substitu-- 


‘FRACTION OF NON-IODINATED TYROSINE 


KI 3x107?M 


KI 6x107 4M 





Table 1. IODINATION OF INTAOT PHAGE AND INFECTIVITY OF ITs RNA 
Infectivity (PFU per ml.) 
Aft 


Iodination . Before r Survival Infectious 
iodination iodination (96) RNA found 
0-2 mM for 20’, at 
room temperature 10x103 1:8 x 108 0:0018 9:25 x 10° 
Control 10x103 10x102* 100 3-65 x 10* 


* Control was treated with thiosulphate only. 

Partially purified fa phage in pH 7 of PBS was iodinated with 0-2 mM 
(50 mg/l.) of iodine which, containing 0-94 Of potassium iodide, at 
room temperature for 20 min, at the end of reaction residual iodine was 
reduced by sodium thiosulphate. The infectious RNA of both iodinated 

hage and control of non-treated phage was extracted and assayed for 
infectivity by the method described in the text. 


Table 2. RESISTANCE OF INFECTIOUS fa RNA TO IODINE 


Infectivity 
Nod (PFU/nl.) 
Iodination by 0:4 mM I, 
containing 0:48 mM KI 
at room temperature for 
10 min 2:42 x 108 
Control 2-55 x 10* 


The infectious RNA extracted from 1013 PFU/ml. was diluted with PBS 
and iodinated with 0-4 mM of iodine containing 0-48 mM of potassium iodide 
at room temperature for 10 min. At end of reaction, residual iodine was 
reduced with sodium thiosulphate and activity was measured. 
tion into the tyrosyl or histidyl moieties”. Since f; phage 
has no histidine residue in its protein coat?, reaction of 
iodine with the sulphydryl and tyrosyl growps need not 
be considered, although tryptophanyl residues could be 
involved. Para-chloromorcuribenzoate (PCMB), a sul- 
phydryl attacking agent, in 10-3 M solution did not 
inactivate f, phage in pH 8 tris buffer in 60 min contact at 
room temperature, in contrast to E. coli which was 
inactivated completely within several seconds by the 
same concentration of this agent. This leaves the reaction 
of iodine with tyrosyl and perhaps tryptophanyl residues 
as responsible for the loss of infectivity of f, phage. 

Comparison of iodination of tyrosine to iodine inactiva- 
tion of phage. Tyrosine is the amino-acid residue most 
likely to be attacked by iodine at neutral pH, and room 
temperature. In examining the action of iodine on 
tyrosine, Li? noted that the iodide ion retards the reaction. 
In the present investigation the iodination of tyrosine was 
performed under conditions comparable to those used 
for inactivation of phage. r-Tyrosine (Calbiochem) was 
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Fig.1. Effect of varying amounts of potassium iodide on iodination of tyrosine in 0-05 M. 
PBS (pH 7) at room temperature us 


Fig. 2. Effect of potassium iodide concentration on rate of phage inactivation with 
0-04 mM of iodine in 0-05 M PBS (pH 7) at room temperature 


g 1:26 x 10“ M of 1-tyrosine and 5 x 10— M iodine 
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Fig. 3. Effect of iodine, chlorine and bromine on transforming DNA. 

The number of transformations per 0-01 ug of DNA remaining after 

reaction with different halogen is plotted against the initial halogen 
concentration 


dissolved in pH 7, 0-05 M. phosphate buffer, containing 
0-14 M. sodium chloride (PBS). lodotyrosine was determ- 
ined from the absorbancy at 312 mp of wave-length”. 
As shown in Fig. 1, iodination of tyrosine was very rapid 
in 0-6 mM potassium iodide with 0-5 mM iodine, whereas 
in 100 mM of potassium iodide and the same level of 
iodine, only 5 per cent of tyrosine is iodinated. Thus the 
conditions which inhibit iodination of tyrosine (Fig. 1) 
also inhibit the inactivation of phage by iodine as shown 
in Fig. 2. 

Action of halogen on transforming deoxyribonucleic acid 
(DNA). The purified transforming DNA containing less 
than 1 per cent of protein was extracted from strains of 
Haemophilus influenzae resistant to streptomycin (ST), 
cathomyein (Or) erythromycin (Er) and kanamycin 
(Kr), and in addition, a strain which utilized proto- 
porphyrin (PP-) in the dark in place of hemin™ was used. 
The DNA was dissolved in 0-1 M. phosphate buffer-saline 
(PBS), and mixed with the halogen under different condi- 
tions of time, pH, temperature and concentration. 
Samples of the reaction mixture were stopped by diluting 
into 10- M. solution of sodium thiosulphate. The residual 
transforming’ activity in these samples was then determ- 
ined by incubating with competent H. influenzae, and then 
plating in agar containing individual antibioties!? or with 
protoporphyrin instead of hemin and cultured in the 
dark. 

Summarized in Fig. 3 are the results of a series of experi- 
ments in which the number of transformations per 0-01 pg 
of transforming DNA remaining after reaction with differ- 
ent halogens is plotted against the initial halogen con- 
centration. It is clear from these results that the trans- 
forming activity was destroyed by chlorine and bromine, 
but not by iodine. Even after 4 h of contact at 37? C 
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with 2 mM (500 mg/l.) of iodine in 2-4 mM potassium 
iodide, all five genetic markers (S*, Cr, Er, Kr and. PP) 
were almost fully active. In some experiments DNA 
survived reaction with iodine at 45? C and pH 8-5. Heat- 
denatured DNA. was also resistant to iodine. Dialysis of 
DNA. after treatment with iodine-131 left no detectable 
iodine bound to the nucleic acid, so thero could have 
been no addition or substitution reaction of iodine. 
The iodine also failed to change the ultra-violet absorption 
of the nucleic acid which was in contrast to tho effect of 
chlorine which flattened the ultra-violet absorption curve. 

High concentrations of a commercial organic iodine 
(Wescodyne) acting for several hours failed to reduce 
appreciably the transforming activity of DNA. 

Tn a manner resembling somewhat the work on phage, 
it was found that fully active transforming DNA was 
extracted from H. influenzae which had been treated with 
100 lethal doses of iodine (2 mM or 500 mg/l.). 

Since iodine and its organic derivatives are commonly 
used as disinfectants, RNA and DNA resistanco to 
iodine may have special significance. Inactivation of 
viruses by iodine might merely mean modification of its 
protein coat, and the genetic properties—particularly the 
replicability—could be preserved. 

Evidence has been presented indicating that f; phage 
inactivation by iodine is due to its action on the protein 
component. Conditions which affect the phage inactiva- 
tion also change the iodination of tyrosine in & comparable 
manner. It was shown by Anson et al.? that, oven in high 
concentrations of potassium iodide, iodine oxidized -—SH 
groups of protein or viruses. Choppin et al. and Allison 
et al. ^ have reported that some viruses are resistant to some 
—SH reacting agents. The following cases may indicato 
an explanation for this effect: (1) —SH groups are buricd 
deep in the molecule and are not accessible to iodine. 
(2) Protein coat of virus does not contain —SH groups 
such as myosin!5. (3) —SH groups are not essential for the 
virus infection and multiplication, as the case of TMV?*. 

Only 10 per cent of f, phage activity was recoverable 
after a few seconds of contact with iodine even in 0-5 M 
concentration of potassium iodide. In this concentration 
of potassium iodide, iodine reaction with tyrosino would 
not have been detected for hours. It does not appear 
likely that 90 per cent loss of activity was due to iodination 
of tyrosine residues in the protein coat. No oxplanation 
for this result can be offered at this time. 

These investigations were sponsored by the Committee 
on Environmental Hygiene and supported in part by the 
U.S. Army Medical Research and Development Command 
and a U.S. Public Health Service training grant in 
environmental science. ` 

I thank Dr. R. M. Herriott and Dr. C. W. Krusé for 
thoir advice, Dr. S. Nomura for her co-operation, and 
Misses Annabel Lindley and Carole Beach for assistance. 

Note added in proof. Work at present being carried out 
in our laboratory by Dr. Nomura indicates that infectious 
polio RNA is fully resistant to iodine as the fg RNA. Also. 
the disinfection of the polio virus by iodine is inhibited 
by the presence of the iodide ion. 
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Para-O-METHYLATION OF DOPAMINE IN SCHIZOPHRENIC AND 
NORMAL INDIVIDUALS 


By FREDERICK A. KUEHL, jun, MARTIN HICHENS, ROBERT E. ORMOND, Dr. M. A. P. MEISINGER, 
PAUL H. GALE, VINCENT J. CIRILLO and Dr. NORMAN G. BRINK 


Merck Sharp and Dohme Research Laboratories, Division of Merck and Co., Inc., Rahway, New Jersey 


epe, recent publications have concerned the 
unique occurrence of 3,4-dimethoxyphenethylamine 
in the urine of schizophrenics!-. Although suggestions 
have been made that this might be of dietary origin, there 
remains the possibility that ib represents the product of an 
&bnormal metabolism of dopamine, and may be intim- 
ately involved in the etiology of the disease. In the 
concluding stages of the present work, Friedhoff reported: 
that di-O-methylation of dopamine occurs in vitro when 
the substrate is incubated with a liver biopsy homogenate 
obtained from a schizophrenic patient known to excrete 
dimethoxyphenethylamine, and further that di-O- 
methylation of administered labelled dopamine can be 
demonstrated in vivo. Thus the question of dietary origin 
seems to have been settled. There has, however, been no 
report of results of similar tests made with normal 
individuals. 

Axelrod et ai.5 have noted that “successive replacement 
of phenolic hydroxyl groups of sympathomimetic amines 
is known to shift the pharmacological activity from the 
peripheral to the central nervous system"; Michaux and 
Verly* have reported 3,4-dimethoxyphenethylamine to be 
2 more potent catatonic agent than the 3-methoxy-4- 
hydroxy derivative; and Ernst? has noted the catatonic 
activities of dimethoxy and 3-hydroxy-4-methoxyphen- 
ethylamine, finding the 3,5-dimethoxy-4-hydroxy deriva- 
tive inactive in cats. Methylation in the 3-position repre- 
sents & normal pathway of catecholamine metabolism 
in vivo, these derivatives (and catabolites) appearing in 
urine. However, in vitro, catechol-O-methyl transferase 
(COMT) affords a mixture of the 3- and 4-O-methyl 
derivatives. 'The latter, however, have not been found in 
urine except in the cases of arterenone, adrenalone and 
dihydroxyacetophenone*. It is possible that the presence 
of 4-O-methyl derivatives of epinephrine, norepinephrine 
and dopamine could have been missed since no chromato- 
graphic system has been reported which adequately 
resolves a mixture of the 3-hydroxy-4-methoxy and 
4-hydroxy-3-methoxy compounds. Resolution of the 
derivatives formed by coupling with any of several diazon- 
ium salts did not prove completely satisfactory in our 
hands’. Daly. et al.? have oxidized normetanephrine and 
norparanephrine to vanillin and isovanillin for identifica- 
tion purposes. The object of the present work was to con- 
firm Friedhoff's initial observations, to look for evidence 
of 3-hydroxy-4-methoxy catecholamine metabolites in 
urines, and to examine COMT products for di-O-mothyl- 
ated materials. 

Using Friedhoff’s techniques!, we were unable to obtain 
unequivocal evidence of the presence of dimethoxyphen- 
ethylamine in schizophrenic urines, due to the presence of 
other materials in the same region of the papergram, nor 
did we find two-dimensional systems similar to that 

- described by Takesada? as satisfactory as the technique 
afterwards developed. Further, our methods effect 
excellent resolution of basic urinary metabolites including 
the isomeric 3-hydroxy-4-methoxy and 4-hydroxy-3- 
methoxy analogues of dopamine, epinephrine and nor- 
epinephrine. 

Urine samples were hydrolysed with acid and passed 
over a column of ‘Dowex 50(H*)’ at pH 5. After washing 


successively with water, 0-1 N sodium acetate and water 
again, the basic compounds were eluted with 1 N ammonia 
in 65 per cent ethanol, concentrated, adjusted to pH 5 and 
taken to dryness’. The residue, in water, was divided 
into aliquots equivalent to an amount of urine containing 
l g of creatinine, adjusted to pH 10-3 and each aliquot 
(2 ml.) extracted with four 2-ml. portions of isoamyl 
alcohol-toluene (3 : 2). The organic layer was re-extracted 
with 0-05 N hydrochloric acid, and the extract dried under 
nitrogen. The bases in the residue, which include the 
3-hydroxy-4-methoxy and 4-hydroxy-3-methoxy ana- 
logues of dopamine not separable by Friedhoff’s pro- 
cedure, were chromatographed as described here for 
separation and identification. To obtain a cleaner chromat- 
ogram for dimethoxyphenethylamine estimation, the 
mixture was further purified by extraction into chloroform 
from an aqueous solution adjusted to pH 9-5. The 
material was applied in methanol to one corner of a 20 cm 
x 20 cm silica gel (‘Silica Gel G^, E. Merck Acc. Stahl 
7731) thin-layer plate, and chromatographed in 1-butanol- 
acetic acid—water (4: 1: 1) and air dried. The plate was 
then developed in a direction at right angles to the first, 
using l-butanol-ethyl acetate-15 N aqueous ammonia 
(3:1:1). For estimation of the dimethoxy compound, 
200 mg creatinino equivalent of material was used per 
chromatogram, while half this quantity was used for 
identification of other metabolites. To aid in identifica- 
tion and quantitation, appropriate amounts of known 
compounds were applied outside the limits of the solvent 
fronts. Identity and the almost quantitative recovery of 
the compounds of interest from urine were established by 
adding known amounts of these to urine prior to the isola- 
tion procedure, and comparison with isolates from un- 
adulterated urine after two-dimensional chromatography. 
Catecholamine metabolites having a 3-hydroxyl group 
were detected by spraying first with 0-1 per cent alcoholic 
2,6-dichloroquinone-chlorimide, and then with 0-2 per cent 
ninhydrin in pyridine — acetic acid — acetone (1: 4: 95). 
For quantitation, the first spray alone was used. Di- 
méthoxyphenethylamine was better estimated on plates 
sprayed only with ninhydrin, 1 ug being readily detectable. 
As may be seen in Fig. 1, compounds of interest were 
separated and zones well defined. 

Dimethoxyphenethylamine was not detected in any 
of ten normal urines. Of a group of twelve schizophrenics *, 
five excreted this compound, and in another group, two 
of tent. The higher percentage in the first group may 
reflect the larger proportion of acute cases. The quantity 
of this metabolite varied from 10 to 3 ug/g urinary 
creatinine. The rather lower incidence of this compound 
in our limited study, as compared with previous reports 
(57 of 62 (ref. 2), 15 of 19 (ref. 1) ), we attribute at least 
partly to a more selective isolation and chromatographic 
procedure, eliminating false positive results. 

Sen and McGeer* found a new urinary metabolite, 4- 
methoxyphenethylamine, in eleven of twenty-two schizo- 
phrenic urines, but no examination of normal urines was 


* We are indebted to Dr. Arnold J. Friedhoff, of the New York University 
School of Medicine, for these specimens. 


t We are indebted to Dr. Nathan Kline, of the Rockland State Hospital, 
for these specimens. 
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n-BuOH : NH,OH : EtOAc (3:1:1) 





n-BuOH : HOAc: H0 (4 :1:1) 


ii-BuOEH : NH,OH : EtOAo (3 : 1:1) 





n-BuOH : HOAc : H,0 (4:1:1) 


Fig. 1. Thin-layer chromatograms of urine extracts 


(A) sprayed with ninhydrin; (B) sprayed with dichloroquinone-chlor- 
jmide. In both cases the sample was applied at the lower right-hand 
corner. Numbered spots are: compound isographio with but not 
identical to 3-hydroxy-4-methoxyphenethylamine (1), 3-methoxy-4- 
hydroxyphenethylamine (2), 3,4-dimethoxyphenethylamine (3), para- 
pepe ine (4), norparanephrine (5). Spots represented as dotted circles 
did not appear in unadulterated urine extracts. Colours designated 
are: grey (G), black (BK), blue (BL), brown (B), purple (P), yellow (Y) 


reported. We found a compound isographic with 3- 
hydroxy-4-methoxyphenethylamine, and reacting simi- 
larly with dichloroquinone-chlorimide and ninhydrin. 
However, by eluting this compound from the thin-layer 
plate and re-chromatographing in methanol-1-butanol- 
benzene—water (2:1:1:1) on Whatman 3 MM paper 
pretreated with 2-5 per cent sodium carbonate, it was 
shown that our tentative identification was incorrect. 
The compound was not further identified, nor was it 
peculiar to the schizophrenic urines. We were unable 
to detect the 3-hydroxy-4-methoxy analogues of dop- 
amine, epinephrine or norepinephrinef in any of the 
urines examined. 

In our investigations with purified rat liver COMT, the 
alkaline solvent described in our thin-layer separation 

+ We are indebted to Dr. Marvin D, Armstrong, of Fels Research Institute, 


and Dr. S. Archer, of Sterling-Winthrop Research Institute, for the samples 
of paranephrine and norparanephrine. 
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was used. to confirm earlier findings? that dopamine ıs 
converted to both 3-hydroxy-4-methoxyphenethylamino 
and 4-hydroxy-3-methoxyphenethylamine. Both pro- 
ducts were visualized by spraying the plate with Folin's 
reagent and wero isographic with the authentic materials 
both on silica gel and paper. Quantitation was achieved 
by use of S-adenosyl-L-methionine-methyl-“C. The 
ratio of 3-hydroxy-4-methoxy to 4-hydroxy-3-methoxy- 
phenethylamine was found to be 4: 1, and this ratio did 
not change significantly throughout the duration of 
incubation for 1 h with measurements at 5, 10, 15, 20 and 
60 min. Nor was the ratio different when a crude COMT 
preparation from rat liver or brain was used. This may 
suggest that a single enzyme gives rise to both products. 
Although formation of the di-O-methyl derivative cannot 
be completely ruled out, we were unable to find definito 
evidence for its formation, by rat liver, using either 
dopamine or one of the mono-O-methyl derivatives as 
substrate. Incorporation of radioactivity occurred when 
3-hydroxy-4-methoxy or 4-hydroxy-3-methoxyphenethy!- 
amine was incubated with the enzyme and S-adenosyl- 
L-methionine-methyl-4C, more in the case of the latter 
substrate. In each case, partial conversion to the isomer 
occurred. Interconversion of some O-methyl catechols 
has been demonstrated in vivo, and O-demethylation has 
been demonstrated in vitro®; however, the interconversion 
with purified COMT does not seem to have been reported 
previously. 

In conclusion, we have developed an improved method 
for the separation and identification of some catechol- 
amines, have used it to confirm the unique occurrence of 
3,4-dimethoxyphenethylamine in the urine of schizo- 
phrenic patients and noted the probable greater frequency 
of excretion in acute patients. There is no indication in 
our investigation that 3-hydroxy-4-methoxy analogues of 
catecholamines are formed in vivo by COMT, since no 
such derivative of dopamine, epinephrine or norepin- 
ephrine was detected in urine. Our experiments with rat 
COMT in vitro indicate that this enzyme does not cause 
di-O-methylation. On the other hand, interconversion 
of the 3- and 4-O-methyl group of hydroxy-methoxy 
phenethylamine by COMT and S-adenosyl-L-methionino 
is reported for the first time, and the absence of 3-hydroxy - 
4-methoxy metabolites of catecholamines in urine may 
reflect this interconversion in vivo, although there is 
evidence in rats that administered paranephrine is excreted 
without change?. 

We must emphasize the fact that our enzyme experi- 
ments were performed with COMT from rats. Takesada 
et al.? were not able to detect dimethoxyphenethylamine 
in the urine of rats dosed intramuscularly with dopa. 
dopamine, or norepinephrine. Friedhoff?! has commented 
on this, and has used schizophrenic patients for his meta- 
bolite studies’, but the methodology differs from that of 
the Japanese authors in that smaller quantities of labelled 
dopamine were given by intravenous infusion. His 
in vitro experiment also differed from our rat liver experi- 
ments in that a homogenate of a biopsy specimen from 
a schizophrenic known to excrete the corresponding 
phenethylamine was used, and dimethoxyphenylacetic 
acid rather than the amine was detected. 


1 Friedhoff, A. J., and Van Winkle, E., Nature, 194, 897 (1962); J. Nervous 
and Mental Diseases, 185, 550 (1962). 


Eric M., Kakimoto, Y., Sano, I., and Kaneko, Z., Nature, 199, 203 


2 Sen y” and McGeer, P. L., Biochem. Biophys. Res. Commun., 14, 227 


* Friedhoff, A. J., and Van Winkle, E., Nature, 199, 1271 (1903). 

5 Axelrod, J., Senoh, S., and Witkop, B., J. Biol. Chem., 233, 697 (1958). 
‘Michaux, R., and Verly, W. G., Life Sciences, 175 (1963). 

7 Ernst, A. M., Nature, 193, 178 (1962). 

* Daly, J. W., Axelrod, J., and Witkop, B., J. Biol. Chem., 285, 1155 (1960). 


* Senoh, S., Daly, J., Axelrod, J., and Witkop, B., J. Amer. Chem. Soc., 
81, 6240 (1959). 


10 Kakimoto, Y., and Armstrong, M. D., J. Biol. Chem., 237, 208 (1962). 
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CYTOLOGICAL DETERMINATION OF THE HOMCEOLOGY OF 
CHROMOSOMES OF Triticum aestivum 


By Dr. RALPH RILEY and VICTOR CHAPMAN 


To 42-chromosome hexaploid wheat of agriculture, 
Triticum aestivum, arose through allopolyploid evolu- 
tion by the combination of the chromosome sets of the 
three related diploid species, Triticum monococcum, 
Aegilops speltoides and Aegilops squarrosa (all 2n = 14). 
In the karyotypically primitive forms of T. aestivum, like 
the variety ‘Chinese Spring’, the chromosomes of the 
original diploid ancestors are structurally unchanged. 
Moreover, the original genetical equivalence of corre- 
sponding, homoeologous, chromosomes derived from 
different diploid ancestors is still retained to a consider- 
able extent. 

This was demonstrated by Sears!, who showed that all 
the 40-chromosome nullisomies of T. aestivum, deficient 
for each chromosome pair in turn, have pronounced 
phenotypic abnormalities. By contrast, the phenotypes 
are normal for plants that, in certain combinations, are 
simultaneously nullisomie for one chromosome and tetra- 
somic for a second. Apparently the chromosome in extra 
dosage compensates for the disturbances normally caused 
by nullisomy, indicating similarities in the genetic activ- 
ities of the two chromosomes concerned.  Nullisomic- 
tetrasomic compensation permits the classification of the 
21 pairs of chromosomes into seven groups each of three 
pairs. Within each group there is good compensation in 
any nullisomic-tetrasomic combination, but between 
groups there is little, or no, compensation. Moreover, 
within each group one pair of chromosomes falls into 
each genome and was thus derived from a different 
diploid ancestor of the hexaploid?. Pairs of chromosomes 
in the same group are therefore homceologous, being 
gonetically corresponding derivatives of the ancestral 
diploid species. This correspondence of homceologues 
may be presumed to be due to their origin from the samo 
chromosome of a remote common progenitor of all three 
ancestral diploid species. 

Only bivalents are formed at meiosis in T'. aestivum, 
‘and there is disomic inheritance. Each chromosome 
therefore pairs only with its single fully homologous 
partner and there is normally no meiotic association 
between homceologues. The absence of homcologous 
pairing has boen shown to be due to a genetic activity of 
& single chromosome, number 5B (refs. 3, 4, 5). In plants 
deficient for this chromosome homoeologous pairing 
occurs, although the deficiency of no other chromosome 
produces similar changes in the course of meiosis. 

In most hybrids between T. aestivum and 14-chromo- 
some diploid species in the genera Aegilops, Secale and 
Agropyron there is little chromosome pairing at meiosis, 
presumably because homceologous synapsis is precluded 
by the unmodified effect of chromosome 5B. By contrast, 
in hybrids between T. aestivum and the diploid species 
Aegilops speltoides or Aegilops mutica there is considerable 
meiotic pairing, indeed cells occur in which all 28 chromo- 
somes have undergone synapsis and chiasma formation’. 
Bivalents, trivalents and quadrivalents are common, and 
Riley, Unrau and Chapman’ were led to propose, from 
pairing of this nature, that the activity of chromosome 
5B is suppressed in the presence of the genotype of A. 
speltoides. On this hypothesis the pairing is homm@ologous 
and the largest configurations—quadrivalents—result from 
the association of all three chromosomes of some homceo- 
logous groups of T'. aestivum together with, in each case, 
the corresponding chromosome of A. speltoides. 


Plant Breeding Institute, Cambridge 


The work recorded here was designed to determine the 
relationships of the chromosomes of T. aestivum, which 
pair meiotically in the presence of the genotype of A. 
speltoides. It was further anticipated that if, as was 
expected, the paired chromosomes proved to be homeo- 
logous, information would be gained about the structural 
equivalence of individual arms of the homcologues 
compared. 

Since, at meiosis, it is impossible to distinguish the 
chromosomes of T. aestivum morphologically, it was 
necessary to mark those examined by introducing dis- 
tinctive structural conditions. For this purpose use was 
made of the set of lines, produced by E. R. Sears in the 
variety ‘Chinese Spring’, in which each chromosome in 
turn is represented by a pair of telocentrics for one arm, 
the other arm being completely deficient. Plants with 
disomic telocentric conditions for different known chromo- 
somes were crossed together to produce derivatives in 
which two pairs of chromosomes each consisted of one 
normal and one telocentric member. These derivatives 
were pollinated by A. speltoides to produce 28-chromosome 
hybrids which were selected for the presence of two telo- 
centric chromosomes. Such T. aestivum x A. speltoides 
hybrids carried telocentrics of two different, and known, 
chromosomes of T. aestivum. 

Emphasis in this first exploration of the technique was 
concentrated on simultaneously marking two chromo- 
somes of homceologous group 5, or one of the chromosomes 
of group 5 and one of those of either group 3 or group 6. 
Before naming the chromosomes concerned it should be 
interpolated that, in the designation of the chromosomes 
of T. aestivum, the number represents the homeceologous 
group and the letter the genome to which each belongs. 
The chromosomes of homeologous group 5 are thus 54, 
5B and 5D, while those of groups 8 and 6 are respectively 
3A, 3B, 3D and 6A, 6B, 6D. T. aestivum x A. speltoides 
hybrids were produced with the following two Triticum 
chromosomes simultaneously marked by being telocentric: 

(a) Within homeeologous group 5 


5A-5B 5B-5D 
(b) Between homeologous groups 
34-54 3B-5B 6B-5B 
3A-5B 3D-5D 6D-5B 
3B-5A 6B-5A 6D-5D 


The behaviour of the two telocentrics, relative to each 
other, was investigated at first metaphase of meiosis in 
all these hybrids using permanent Feulgen-propionic 
orcein squashes of pollen mother cells. In hybrids, in 
which the telocentries were in different homcologous 
groups, the marked chromosomes never participated in 
the same configuration. Either one or both of them 
occurred in bivalents, trivalents or quadrivalents in the 
many cells examined, but they were always associated 
with complete chromosomes and never with each other 
(Fig. la). 

By contrast, in the hybrids in which chromosomes 54 
and 5B or 5B and 5D were simultaneously marked, the 
telocentries associated together in the same configurations. 
In some cells both telocentries were not paired, and in 
others both paired with a complete chromosome in 
separate bivalents (Fig. 1b). They also participated 
together in configurations that were similar whether the 
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First metaphase of meiosis in 7'. aestivum x A. speltoides hybrids with two chromosomes cf T. aesticum simultaneously tela niic. 


(a) Three trivalents, seven bivalents and five univalents, telocentrics of 5D and 6D in different trivalents (arrowed); (5) one trivalent, «> ven 

bivalents and three univalents, telocentrics of 5B and 5D in separate bivalents (arrowed); (e) cne trivalent, ten bivalents and five unit UIS, 

telocentries of 5B and 5D paired together in a bivalent (arrowed); (d) cell partly out of focus, but in focus a trivalent containing the loc rics 
of 5A and 5B and a complete chromosome (arrow cd) 


telocentries wore 54 and 5B or 5B and 5D. Tho following 
patterns of association occurred: 

(a) Tho two telocentrics paired together to form a rod- 
shaped bivalent (Fig. lc). 

(b) The two teloeentrics were associated with a com- 
plete chromosome to form a triradial trivalent (Fig. 1d). 

(c) The two telocentrics were associated with two com- 
plete chromosomes to form a quadriradial quadrivalont. 

(d) The two telocentrics associated with two completo 
chromosomes to form a chain-of-four quadrivalent, in 
which the telocentries wore at opposite ends of the chain. 

If the initial classification. into homoeologous groups, by 
the use of gonetic criteria, is accepted, these observations 
can be interpreted as confirming that in the presence of 
tho genotype of A. speltoides homceologous meiotic pairing 
occurs, presumably because of tho suppression of the 
restrictive activity of chromosome 5B. Alternatively the 
capacity of chromosomes 54, 5B and 5D to pair at 
meiosis may be regarded as demonstrating their cyto- 
logical homeeology independently of any preconcoived 
notions of their relationships. By the determination of the 
chromosomes, which although not strictly homologous 
are capable of meiotic pairing, an unequivocal recognition 
of homeeology is possible in cytological terms. 
, Moreover, the use of the present technique permits a 
further refinement in tho understanding of the cyto- 
genetic structure of T'. aestivum. The telocentrics used, 
of chromosomes 5A, 5B and 5D, are revealed to represent 
equivalent arms of all threo homcologues, because they 
are capable of pairing together directly. The arm of 54 
present as a telocentric carries the genes Q, causing spol- 
toid suppression, and b, causing awning; the arm of 5B 
carries the gene pss, causing the suppression of homeo- 
logous pairing; while the arm of 5D carries tho prime 


factor for spring habit of growth. Tho charace:-risties 
associated with these genes, or their alleles. are no. shown 
to be determined by equivalent arms of home olovous 
chromosomes. The acquisition of similar info. mation 
about the arm relationships of the chromosome. cf other 
homeeologous groups would clearly provide useful 
extension in the understanding of tho genetic svucime 
of wheat. 

The aspect of this first investigation, however, thu ny 
offer the most promise for further work is tho obs ‘vation: 
of differential pairing between the homologues es mined. 
Thus, when chromosomes 5B and 5D were simu!t + OU SIN 
marked they paired together, usually as a rod b valent, 
in about 50 per cent of cells. By contrast. when : hroiun 
somos 54 and 5B wero simultaneously market tuv 
paired together comparatively rarely, in ouly about 3 per 
cent of cells, and then often as a triradial trivalen’ which 
also incorporated a complete chromosomo (Fig. 141 ‘Whos. 
distinctive behaviours indicate a closer reler onship 
between chromosomes 5B and 5D than between ol and 
5B, which may imply rolatively greater cevolntonen 
divergeneo in detailed structure and possibly e: gone 
content between some homceologues than other. The 
extension of evidence of this kind to other homeowlogous 
groups, and its quantitative evaluation, should ]r mit a 
reassessmont of the evolutionary adjustinent of 7. 
aestivum to its polyploid status. 

This first description of a technique for 1h «4 UL oga! 
evaluation of chromosome homeology has outius d the 
possibilities made available in P. aestivum.  Clesi'e the 
technique is feasible and offors considerable oppori vitio 
for the further genetic and cytogenetic investiga:.on of 
the species; but its use need not be confined to ;ntra- 
specific examinations. Provided that. in alien chromo. 


158 


Some addition lines, one wheat and one alien chromosome 
ean be simultaneously marked, the determination of tho 
precise relationships between Triticum chromosomes and 
those of the alien species becomes possible through the 
suppression of the 5B effect by the A. speltoides genotype. 
Knowledge of these relationships would not only be of 
considerable interest in evolutionary investigations of the 
wheat group but might assist in shaping programmes for 
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the improvement of wheat by the introduction of alien 
genetic variation. 

1 Sears, E. R., Hes. Bull. Mo. Agric. Exp. Sta., 572 (1954). 
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‘Riley, R., Heredity, 15, 407 (1960). 

* Riley, R., and Kempanna, C., Heredity, 18, 287 (1963). 
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MORPHOGENESIS 


By Dr. O. A. SCHJEIDE, R. G. McCANDLESS and R. J. MUNN 


Laboratory of Nuclear Medicine and Radiation Biology, Department of Biophysics and Nuclear Medicine, 
School of Medicine, University of California, Los Angeles 


a vide mitochondrial morphogenesis has inter- 
ested many workers in cell biology, including Roul- 
lier’, Faucett?, Hoffman and Grigg’, Green’, Ross, 
Kilarski*, MeAlear?, Luck®, Robertson? and, more recently, 
Berger and Sjostrand, no such compelling evidence has 
been forthcoming that the presentation of still another 
perspective on this complicated problem is precluded. 

In a series of earlier publieations!-31? we described a 
Sequence of morphological steps which seem to character- 
ize the assembly of ‘mitochondria-like organelles’. These 
bodies are formed in the follicular cells surrounding the 
early oocytes of the hen. They are of about the same 
size as conventional mitochondria (about 0-5u x 2-Op). 
They possess a double external envelope with membranes 
of about 50 À each (the dimensions of the membranes in 
conventional mitochondria is also about 50 A) and what 
appear to be rudimentary criste (Fig. 1). They are 
synthesized in large numbers at the surfaces of the follic- 
ular cells and bud into the intercellular spaces whence 
they pass into the oocyte. Here they appear to participate 
in the organization of yolk (at least they are present in 
groups within the developing yolk granules), an association 
that is fulfilled by conventional-appearing mitochondria 
in the oocyte of the frog"! and the turtle. It is not known 
if they contain succinic dehydrogenase or other enzymes 
associated with the Krebs cycle. 

The earliest feature which has been definitely linked 
with their morphogenesis is the swelling of a vesicle 
(adjacent to the plasma membrane, suggesting that it has 
newly entered the cell) and the elaboration from this 
vesicle of a number of sub-vesicles which eventually 
spread about its entire inside surface. These sub-vesicles 
then stand out more darkly (in osmium-fixed material) 
and while in this state elaborate ‘micro-vesicles’ about 
their surfaces which fuse or elaborate furthor to form the 
two unit membranes of the envelope of the ‘mitochon- 
drion-like organelle’ and also the rudimontary criste 
which are spaced about one sub-vesicle apart!*. 

We feel we should be remiss if we did not at this point 
give some indication of our ideas regarding the origin 
and the nature of the vesicle that serves as a precursor 
for the formation of this organelle. 

Our hypothesis is that the vesicle, or at least some of 
the material in it, may have originally arisen in the nucleus. 
Particularly in the oocyte, the nuclear membrane is heavily 
studded with so-called ‘annular pores’. In the early 
chicken oocyte these ‘pores’ are, however, not wide open 
holes. An electron-dense granule appears to be firmly 
fixed in the centres of most of these and it has been found 
in Drosophila that the magnitude of the potential across 
the nuclear membrane is independent of the number of 
‘pores’15, 

One way in which larger units appear to traverse these 
‘pores’ is by reduction in size and in the case of vesicles 
by reassembly of micro- to sub- to ‘mature’ vesicles on 


the cytoplasmic side of the ‘pore’ (Fig. 2). The ‘mature’ 
vesicles very closely resemble the ‘kinetosomes’ of unicel- 
lular organisms. Although in Paramecium their origin , 
has not been shown, Ehret and De Haller! and others 
have indicated that they appear to be involved in forma- 
tion of cilia. They further point to their presence in 
certain vacuolated mitochondria of this organism. 
Close inspection of the vesicles both in Paramecium and 
the oocyte of the hen (Fig. 2) reveal that they are bounded 
by single ‘membranes’ with bristled surfaces and that, at 
least in some cases, they contain centrally located rods or 
granules. Although they vary considerably in size and 
shape, the mature vesicles, when spherical, measure 
about 1500-2000 A in diameter. They possess an inherent 
density which is characteristic of nucleic acid. Their 
failure to bleach on application of periodic acid and 
silver methenamine further attests to such a character. 
They (or vesicles resembling them) travel freely from cell 
to cell, going through the aforementioned process of 
dissolution and reassembly in order to traverse the two 
plasma membranes. Often, very similar appearing vesicles 
(commonly referred to. as pinocytotic- or absorption- 
vesicles) form by a process of simple invagination of the 
plasma membrane. Our view is that the latter may be 
essentially similar in nature to the vesicles derived directly 
from the nucleus—that at least some of their materials 
are products of the nucleus and that the vesicles, whatever 
their immediate origin, carry some sort of information or 
scheme of organization provided by the genetic centre 
and destined for different expressions in the cytoplasm. 

Some of the factors leading to our suspicion that the 
mitochondria-like organelles are formed in association 
with such nuclear precursors include: (a) a cohesive parcel 
of repeating organizational and/or informative units 
would appear to be a logical precursor for the synthesis 
of a radially organized structure such as a ‘mitochondrion- 
like organelle’; (b) sub-vesicles and micro-vesicles are seen 
to contribute to—and elaborate from—the precursor 
vesicles, processes that are strongly reminiscent of the 
character of the ‘kinetosomes’ elaborated from the nuclear 
‘pores’ (Fig. 2); (c) the precursor vesicles often present 
bristled exterior surfaces (micro-vesicles ?) relating them 
to 'kinetosomes'; (d) ‘kinetosomes’, including central 
granules, are observed within the fluid interiors of many 
mature ‘mitochondria-like organelles’. 

Although conversion of ‘mitochondria-like organelles’ 
into more conventional appearing mitochondria has been 
entertained by us, we are now of the opinion that this 
occurs rarely. 

Observations have recently been made on mitochondria, 
appearing in cells of early chicken embryos (18-24 h 
incubation) and on mitochondria of developing livers. 
As in the case of the ‘mitochondria-like organelles’ of the 
follicular cells, the ontogenesis of these bodies is intimately 
related to vesicles that exhibit at least two of the charac- 
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Fig. 1. Mitochondria-like organelles from an intercellular sinus between 

follicular cells. Note closely adherent plasma membrane (PM), double 

membraned mitochondrial envelope (M) and rudimentary criste 

(arrows). A rudimentary crista at point labelled (M V) consists of 2 micro- 
vesicles, (x c. 28,350) 


Fig. 2. This vesicle (or kinetosome) (X) is being assembled on the 
cytopiammnie side of the nuclear pore from a number of smaller vesicles. 
Chicken oocyte: N, nucleus; C, cytoplasm. Inset shows fine structure 
of more no differentiated vesicle. Note dense centre streaks. It is 
possible that the ‘bristles’ are actually the joined surfaces of micro- 


vesicles. (x c. 21,750) 


Fig. 3. Cytoplasmic bud (C) with sub-vesicles (SV) projecting into 

lumen of expanded 'kinetosome' in chicken embryo co l. This is the 

earliest form in which a prospective mitochondria can be recognized at 
present. (x c. 39,000) 


Fig. 4. ‘Dense body’ stage of mitochondrial morphogenesis in chicken- 
embryo liver cell is depicted here. Sub-vesicles (SV) are present at 
base and to side (SV’). Observations indicate that some of sub-vesicles, 
elaborating from the sides of the kinetosome (K) and spilling out into 
the evtoriamn (SV'), are destined to form endoplasmic reticulum. 
No distinct membrane or envelope hasformed about the bud. ( x c. 28,350) 


teristics of the above-mentioned ‘kinetosomes’, namely, 
bristled or ‘fuzzy’ limiting membranes and a propensity 
to convert to—and from—sub-vesicles and micro-vesicles. 

An initial event appears to be the expansion of a ‘kineto- 
some’ into a larger vesicle and the projection into it of 
a bud consisting of: (a) vesicular membrane; (b) sub- 
vesicles; (c) cytoplasm, including ribosomes (Fig. 3). 
This step in morphogenesis has also been observed by 
Berger’, who makes the identification at the bases of the 
photoreceptors in the guppie where there is very little 
chance that it can be mistaken for another organelle. 
Thus, in contrast to the mode of formation of the rudi- 
mentary criste of the ‘mitochondrion-like organelle’, 
elaboration of an extensive system of cristæ apparently 
requires ‘the presence of a substantial quantity of cyto- 
plasmic material. 

A later stage in the development of a mitochondrion is 
presumably represented by a bud that more nearly fills 
the lumen of the original vesicle (Fig. 4). Note that, 
except for the sub-vesicles at its base, it has become darker 
but retains a single limiting membrane. In some cases 
the bounding vesicle will dissolve away into smaller 
vesicles or the bud will break through it to lie in the 
ground substance of the cytoplasm. In this form it is 
recognizable as a ‘dense body’ long claimed by Roullier! 
to bo a precursor form for mitochondria. It is, of course, 
possible that all mitochondria do not pass through this 
stage. However, elaboration of micro-vesicles is often, if 
not always, accompanied by & darkening in osmium-fixed 
tissues. 
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By the time the bud has become less dark again the 
beginning of eristze formation appears to have taken place 
(Fig. 5). Some micro-vesicles can be discerned in it 
(arrows) and the large vesicle in which it lies has usually 
begun to dissociate into smaller vesicles some of which 
contribute to the newly forming endoplasmic reticulum 
in the case of chicken embryo and liver cells. Berger’? 
indicates that the double membrane which constitutes 
thé limiting envelope is formed by delamination from 
the original vesicle. That this is not so in all 
mitochondria described by us is indicated in Fig. 6. 
Hero it appears that the limiting envelope of the mito- 
chondrion, as well as its criste, is being formed by a 
fusion of—or elaboration from—micro-vesicles which 
have formed from the sub-vesicles of the bud. Further 
support for the existence and role of micro-vesicles in 
giving rise to cristz is given in Fig. 7, which wo think is an 
example of a mitochondrion which has for some reason 
failed to fuse—or keep fused—its micro-vesicles into criste 
(note that the organelle is bounded by a vesicular external 
envelope). A summary of proposed steps involved in 
morphogenesis of a mitochondrion in the tissues examined 
is given in Fig. 8. 

Tt is, of course, precarious to select morphogenic steps 
from a sories of photographs not sequentially related and 
in tissues where morphogenesis, though rapid. includes 
various organelles. The extent to which artefact may 


obtain is another consideration. However, the foregoing 





Fig. 5. In this later stage the prospective mitochondrion has become 


lighter again. The original vesicle (K) is dispersing into sub-vesicles 
(SV) (at several points) which do not appear to be contributing to the 
new mitochondrion. The bud is limited by a single membrane and is 
seen to contain sub-vesicles (S) and micro-vesicles (MV) which have 
contributed to the purus formation of at least one crista (C). The 
sub-vesicles at the lower right (SV) will form endoplasmic reticulum. 
The limiting membrane of the bud is thickened, suggesting that it may 
$ be doubling. (x c. 28,350) 


Fig. 6. A nearly mature mitochondrion in chicken embryo cell suggesting 
that elaboration of limiting envelope as well as criste (C^) is by virtue 
of dissemination of micro-vesicles (44 V) from sub-vesicles originating in 
cytoplasmic bud (Fig. 3). Although it is possible that these micro- 
vesicles are artefacts due to degeneration, osmotic—or other—factors, 
the general manner in which 'guidance' of detailed morphogenesis i8 
accomplished is still indicated. Sub-vesicles labelled (SV) are fiom 
original vesicle. They are probably forming endoplasmic reticulum here 
since they are spaced the usual] distance from the mitochondrion for such 
formation. (x c. 38,000) 


Fig. 7. This body observed in a somatic cell from an early chicken 

embryo is thought to be a mitochondrion that has failed to assemble 

its cristw (C’) from the micro-vesicles seen here or the cristo» of which 

have disassociated into such micro-vesicles, It is possible that it is a 

cistern of a Golgi apparatus, but such usually contain large sub-vesicles 

with well-defined centre granules. These, too, elaborate membraner 
by dissemination into micro-vesicles. (x c. 28,350) 
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Fig. 8. Self-explanatory figure summarizing proposed morphogenic 

steps in’mitochondrial development. V, vesicle ; R, ribosomes; B, bud; 

SV, sub-vesicle; BZV, micro-vesicle; ER, endoplasmie reticulum; 
M, mitochondrion 


concepts are based. on a large number of observations of 
different organelles; they develop a logical scheme of 
nuclear control over cytoplasmic differentiation and thus 
provide some new perspectives that may prove usoful in 
this regard. 

Although we have not attempted to demonstrate the 
existence of the micelles advocated by Sjostrand!’ as 
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constituting the unit membranes of mitochondria, his 
concept is in complete accord with a scheme of morpho- 
genesis by vesicular assignment. Some of the phenomena 
which may be associated with the transition of micro- 
vesicles to membrane sheets, including the micelles, may 
be revealed by future electron microscopy at higher 
resolution. 

Before the wider concept of vesicle complexes originating 
in the nucleus, passing to the cytoplasm and there aiding 
in (or actually directing) the elaboration of mitochondria 
(or other organelles) can be unconditionally accepted, 
supporting data of an experimental nature must be forth- 
coming. It should also be shown to apply to other 
species?#19, 

This work was supported by contract AT (04-1) GEN- 
12 between the Atomic Energy Commission and the 
University of California. 
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EXERCISE OF MATING PREFERENCE BY A MERINO RAM 


; By R. H. HAYMAN 
F. D. McMaster Field Station, C.S.. R.O., Liverpool, New South Wales, Australia 


ME G preference has long been postulated as one 
of the mechanisms concerned in the development 
of new spocies^?, It does not appear, however, to have 
been observed in operation in wild-bype or quasi-wild- 
type populations, although Thoday and Gibson? and 
Parker* havo inferred that it occurred during the course 
of their experiments. 

It is the purpose of this article to describe what appears 
to have been the exercise of mating preference by a 
Peppin Merino ram. 

During the past twenty-five years a number of families 
of inbred Merinos have been developed on the C.S.I.R.O. 
McMaster Field Station at Badgery’s Creek, New South 
Wales, Australia. Each family was founded by mating a 
single ram with a number of ewes. He was then mated 
to his own daughters and, provided that he survived, 
to his inbred female offspring from them. On his death or 
retirement for senility, his most inbred son replaced him 
as head of the flock, and the breeding programme was 
continued. P 

Two families of Peppin Merinos in particular, designated 
B323 and B464, were founded by sons of a sire known as 
A991 in 1942 and 1944 respectively. Our immediate 
concern is with the behaviour of two sires in these families, 
namely, K68 and K504, during the mating seasons of 
1959, 1960 and 1961. Including 4991 and K68 six 
generations of sires were used in the B323 family (Fig. 1), 


the pedigree of the sires thernselves being shown in 
Fig. 2. The ancestry of K504 follows a similar pattern. 

No selection was practised in these families except 
that each sire used was the most inbred young animal 
of mating age available at the particular time. All 
females born were introduced to the breeding flock at one 
and a half years of age and, provided that they remained 
physically sound, were retained therein as long as they 
lived. During mating each ram and his particular family 
of ewes were run together in a small paddock as a breeding 
group. The ram was marked on the brisket with coloured 
grease raddle, some of which he transferred to the rump 
of any ewe with which he mated. The flock was inspected 
daily, the ear-tag numbers of raddled ewes recorded, 
and fresh raddle applied to the brisket of the ram. On 
the seventeenth day the colour of the raddle was changed. 
The duration of each mating period was two clear oestrus 
cycles (34 days). Except at mating time all ewes on the 
Station were run together as a single flock. During 
lambing the flock was inspected daily, and new-born 
lambs were caught, ear-tagged and identified with their 
mothers. 

Numbers of ewes in the two families were never great, 
and their reproductive efficiency declined as the level of 
inbreeding increased. Two young rams, K68 and K504, 
were brought in to head the flocks in 1959, by which time 
ewe numbers had become so low that recourso was had 
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(a) Matings of 4991 and B323 
A98 
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digo and B3234 and B4646 
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sland B399 and D1078 


(b) Matings of D107 ` 
D1073—_______ 4?, 48, and B2, B3ļẸ 





A4 and B499 and 13063 


(c) Matings of T306 
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(d) Matings of K68 
K08g. 43, A4, AB and B3, B4, B5,99 
| and "Introduced" 99 
| 
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Fig. 1. Matings in the B323 family. A1, foundation ewes; B1, ewes 
by A991 ex Al females; 42, ewes by B323 ex Al females; B2, ewes 
by B323 ex B1 females; 48, ewes by B323 ex A2 females; B3, ewes 
by B323 ex B2 females; 44, ewes by D107 ex A2 and A8 females; 
B4, ewes by D107 ex B2 and B3 females; A5, ewes by T306 ex 42, 
A3 and A4 females; B5, ewes by 7306 ex B3 and B4 females; A6, ewes 
by K68 ex 43, A4 and 45 females; B6, ewes by K68 ex B3, B4 and 
B5 females 


(a) A991 Unknown 


(b) B323 
A91 ——— —A19(B98) 
B323 
(c) D107 
AQIS A19(B48) 
B3234 l Q(B841) 
B3234. Joins 
pii 


(d) T306 and K68 
A99IG____A19(B5) 





S 

B3288 P2007) 

CENE. 9(D410) T3064 
T306 xbs 


Fig. 2. Pedigrees of sires used in family B323 
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to the Peppin flock from which the foundation stock 
was originally purchased, and forty cast-for-ago ewes 
were obtained. These were divided between the two 
families at random, twenty to each, and were described 
as the ‘introduced’ ewes to distinguish them from the 
inbred ewes already present. 

The mating performance of each ram with both inbred 
and introduced mates for the seasons 1959, 1960 and 
1961 are shown in Table 1.. 


Table 1. ANNUAL SUMMARY OF MATINGS IN THE D323 AND B464 FAMILIES 
DURING 1959-61 INCLUSIVE 














, Type of mate 
Family Sire Year Inbred Introduced 
Not No 
Mated mated Total Mated mated Total 

B323 | K68 1959 22 0 29 5 14 1e 
X68 1900 20 6 26 4 14 Is 
K68 1961 24 3 27 4 14 1s 
Totals, 3 years 66 9 75 13 12 » 

B464 K504 1959 12 2 14 19 1 20 
K504 1960 11 4 15 20 0 20 
-K504 1961 29 0 29 16 0 18 
Totals, 3 years 52 6 58 35 1 56 


The results show no heterogeneity between years. and 
the behaviour of the two rams may be comparet on their 
total number of matings over the throe-year period. 

The comparisons show that differences between the 
two sires in their matings with inbred ewes were not 
statistically significant (y? = 0-89, P<0-50> 0-30), but 
that they differed greatly in their behaviour towards 
their introduced mates (y? = 62-454, P< 0-001). Thus 
K68 favoured his inbred mates above his introduced ons 
(x2 = 39-462, P<0-001), while K504 exhibited no 
preference (x? = 3-662, P<0-10> 0-05). 

Further, as shown by the results in Table 2. Kös 
consistently favoured a fow females among his introduced 
mates, to the almost complete exclusion of the others. 


Table 2. RECORDS OF MATINGS OF INTRODUCED EWES TO E683 DURING 
1959-61 INCLUSIVE 


Ewe Year 

No. 1959 1960 1961 
225 + + + 
327 + = - 
338 + + + 
834 + + + 
330 T - - 
340 * T T 


* Ewe No. 340 was in-lamb when purchased and was not able to mate 
for this reason. 

+ Ewe mated by ram. 

— Ewe not mated by ram. 


The results strongly suggest that mating preference 
has been displayed by K68. Both rams wore maidens 
at their first joining in 1959, and their behaviour could 
not have been conditioned by previous experience. The 
introduced ewes, being cast-for-age from a breeding flock. 
were known breeders themselves; they were divided 
between K68 and K504 at random, and it is most un- 
likely that those joinod to K68 wero in any wey incapable 
of mating with him. It has already been stated that all 
ewes were run together as a single flock except at mating 
time, so there is no possibility that K68 avoided his 
introduced mates because they differed from the inbred 
ewes as the result of some artefact. 

Three possible physiological reasons appear to exist for 
this mating phenomenon. K68 failed to recognize the 
usual olfactory signs of cestrus in the introduced ewos; 
he recognized them and avoided them; or the ewes 
avoided him. The last possibility is considered 
improbable as ewes in estrus are known actively to 
seek tho ram (ref. 5 and our own general observations). 
Of the two possibilities remaining, the first is eonsidered 
most likely. Merino rams possess considerable libido and 
will occasionally try to mate ewes whether they are in 
cestrus or not; in fact, the raddling of ewes number 
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327 and 339 by K68 in 1959 could have been due to such 
attempts at mating, as neither ewe was recorded as 
either becoming pregnant or returning to service after 
17 days. Because of this, it is concluded that he failed 
to recognize when the majority of the introduced ewes 
were in season. 

lf it is accepted that the mating preference exercised 
is under physiologieal control, it is necessary for the 
control itself to have a genetic basis, and that isolation 
and selection should have operated before the behaviour 
.of K68 in relation to his inbred and introduced mates 
can be considered in relation to speciation. The common 
origin of the inbred families and the introduced ewes, 
together with the presence of a proportion of animals 
among the latter with which K68 could regularly mate 
(and from which he produced offspring) support the 
proposition that there is a genetic background. Isolation 
was provided by several generations of inbreeding in 
his relatively small one-sire family, such conditions being 
optimal for the increase of homozygous recessives. The 
phenomenon being considered is one in which, if the 
homozygous recessive is characterized by mating prefer- 
ence, natural selection against the heterozygote and 
homozygous dominant would be complete and rapid. 
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If K68's mating preference was due to his having ` 
been a homozygous recessive for some physiological 
peculiarity which caused him to respond selectively to 
certain of the olfactory stimuli provided by ewes in 
estrus, the fact that he mated with virtually all his 
related ewes indicates that one of his near ancestors 
was also homozygous. 

For this explanation of the origin of the mating 
behaviour shown by K68 to be correct, three stages of 
mating behaviour should be evident in the B323 family 
records. During the first period they should be normal, 
during the second many ewes should appear to have 
aberrant records, and the third period should be character- 
ized by a return to normal. A preliminary examination of 
the mating records for the entire family since its inception 
suggests that this course of events may have happened. 
Results of the detailed examination of the data will 
appear elsewhere. 


* Mayr, E., Systematics and Origin of Species (Columbia Univ. Press, 1942). 
* Mather, K., Evolution, 9, 52 (1965). 

? Thoday, J. M., and Gibson, J. B., Nature, 193, 1164 (1962). 

* Parker, J. E., Poultry Sci., 40, 1214 (1901). 
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IMPORTANCE FOR RADIO-PROTECTION OF THE REACTION OF CELLS 
TO SULPHYDRYL AND DISULPHIDE COMPOUNDS 


By Pror. Z. M. BACQ 


Laboratoire de Pathologie et Thérapeutique Générales, and Laboratoire de Recherches pour la Protection des Populations 
Civils, Université de Liege 


AND 
Dr. PETER ALEXANDER 


Chester Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital, London, S. W.3 


Ce protection by certain sulphydryl com 
pounds and their disulphides against the lethal 
effects of ionizing radiations is a well-established pheno- 
menon seen in nearly all biological systems. Evidence 
that radio-sensitivity can be increased by treatment with 
substances capable of reacting rapidly with SH groups 
under physiological conditions (called ‘thioloprives’ by 
Bacq'?) is being found for a variety of cells? and some 
indications for sensitization have been found even with 
intact mammals‘. Since experiments with isolated cell 
constituents such as proteins and nucleic acids as well as 
with viruses have shown that radiation damage of vital 
macromolecules can be protected against by SH com- 
pounds it seemed that protection in vivo could readily be 
accounted for by the fact that the SH protector diffuses 
into the cell and thereby raises the intracellular SH levels. 
Conversely, sensitization by thioloprives could be seen as 
the direct consequence of the reduction of the number of 
intracellular SH groups by direct chemical combination 
with reactive chemicals’. Recent investigations have 
shown that the actual situation in mammals (and certain 
types of isolated cells) is much more complex and that tho 
SH protectors and the thioloprives may exert their action 
by shifting physiological processes within the cell. These 
agents exert a rather specific ‘biochemical shock’ which 
initiates a sequence of intracellular changes that then 
alter the radio-resistance of cells in either direction. It 
remains probable that the changes in radio-sensitivity 
are due to differences in the extent of protection offered 
by SH compounds to essential macromolecules—as 
demonstrated in model experiments’—but the level within 
the cell of SH and —S—S— protectors is determined 
im vivo by biological factors. 


Intracellular concentration of protective agents. Pihl 
and Eldjarn* showed an impressive correlation between 
radio-protection in mice and the ability of some thirty 
—SH and —S—S— compounds to combine in vitro with 
proteins by a disulphide exchange reaction. As a conse- 
quence of this, and possibly other reactions, protective 
sulphydryl and disulphide compounds become bound to 
cellular components in tissues extremely rapidly. In 
rats injected with the —SH or S—S protectors one sees 
exactly the same pattern, as was found by Pihl and 
Eldjarn’ in vitro, namely, that the protectors are bound to 
proteins in a few minutes. This rapid combination at the 
cellular level has been most clearly demonstrated for 
cysteamine and its disulphide, but related substances 
behave similarly. A number of investigations? have 
shown that the concentrations of non-protein —SH and 
—S—S— substances * within cells are not raised immedi- 
ately after injection of SH protectors, but that at this 
time these substances are found bound to protein in the 
radio-sensitive organs. On standing, the non-protein SH 
levels rise in these tissues and part of this increase has 
been found to be due to the reappearance of the radio- 
protector itself (Fig. 1). In mice, Shapiro et al.?° observed 
that 20 min after injecting mercaptoethylguanidine 
(MEG) all this substance is no longer bound to protein, 
but that some of it is present in a free form. The physio- 
logical state of the cells must have undergone a profound 
change to make it possible for these reactive sulphydryl 
compounds (that is, MEG and cysteamine) to remain 
uncombined with proteins. Revesz and Bergstrand! 


* The action of reductases and the occurrence of accidental oxidation 
make it technically very difficult to differentiate whether the non-protein 
bound protective agents are presentin the —SH or —S—S form within the cell 
and for this reason they are expressed as the combined value. 
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Fig. 1. Free and protein-bound cysteamine-cystamine in fresh splenic 
tissue of rats after intraperitoneal injection of 100 mg/kg of cystamine 
(drawn from results of Betz e¢ al., ref. 8) 


find with ascites cells in vitro that the concentration of 
intracellular non-protein SH substances is considerably 
increased at 15 min after exposure to a solution of cysteam- 
ine. It seems likely that the protector will be bound 
rapidly even to isolated cells suspended in cysteamine- 
containing medium and the increase in intracellular free 
—SH substances may also here be partly indirect. The 
‘biochemical shock’ produced by thioloprives may also 
cause a delayed change in the level of free intracellular 
—SH substances. Many of the thioloprives combine 
extremely rapidly under physiological conditions with 
—SH groups!?, yet changes in cellular —SH levels are 
only seen some time after injection!?. 

If the protective action of the —SH and —S—S— 
substances relies on producing physiological changes in 
the cell, then optimum protection should not be seon 
immediately after irradiation. In mice, maximum 
protection with cysteamine and cystamine is found within 
10 min of administration”, but in rats Patt et al.14 found 
cysteine to be fully effective 1 h after administration. 
Smoliar! showed that cysteamine is almost ineffective 
in rats 2 min after injection and that maximum protection 
against X-rays occurs 45 min post injection. The optimum 
period of protection does not coincide either with the time 
when binding of the protector to the proteins is at a 
maximum (which is very soon) or with the time when the 
protector exists free in the cell following a physiological 
release process (Fig. 1). 

For protection against alkylating agents such as nitro- 
gen mustards it has been generally observed?19.3" that 
the maximum effect is seen if the sulphydryl compounds 
are given a considerable time before the poison and the 
protection cannot therefore arise as a direct consequence 
of binding to proteins. The necessity for the long time 
interval also makes it most unlikely that the injected 
sulphydryl substances protect by themselves competing 
for the alkylating agent and it seems most plausible that 
the changes consequent on the ‘biochemical shock’ 
(possibly release of free SH substances) are also the 
actual cause of the protection against chemicals. 

Nature of the ‘biochemical shock’. The concept that the 
injection of the —SH and —S—S— protectors produce 
profound physiological alterations does not depend only 
on the finding that there are changes in the proteins of 
the cell which allows cysteamine (or its disulphide) and 
MEG to reappear and to remain unbound. Evidence for 
a ‘biochemical shock’ is also revealed by the observations 
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that, within minutes after injection of cysteamino, ascorbic 
acid and other unidentified reducing substances are 
liberated in the plasma!*, glycogenolysis occurs in the 
liver!* and the glutathione content falls in the liver and 
kidney”. Cystamine has an immediate and pronounced 
effect on the respiration of coells?!, 

A series of observations by Neubert and Lehninger? 
may help in the elucidation of the mechanism by which the 
protective agents produce the ‘biochemical shock’. 
Various —SH and —S—S— compounds induce a discharge 
or leakage from rat liver mitochondria of contraction 
factors which cause the mitochondria to undergo a peculiar 
type of swelling which is not reversed by the addition of 
adenosine triphosphate. There is a correlation between 
the ability of substances: (1) to bring about this change in 
mitochondria; (2) to protect against radiation in vivo; 
(3) to undergo disulphide exchange (for example, cysteine, 
cysteamine and glutathione are active while penicill- 
amine, ergothionine and mercaptoethanol aro inactive). 
Mercaptoethanol is particularly interesting since this 
substance protects bacteriophage and isolated nucleo- 
protein—presumably by a direct physicochemical mechan- 
ism'—but is quite inactive as a protector in mammals 
and its disulphide reactivity as well as its action on 
mitochondria is also poor. 

As a result of disulphide exchange, the activity of intra- 
cellular enzymes will be affected and bound -—-SH com- 
pounds will be set free. This, however, can only be a first 
step since the delayed release of protein-bound protective 
agents is indicative of extensive alterations of some pro- 
teins in the cell. One might speculate about changes 
following disulphide exchange in the activity of gluta- 
thione reductase and peroxidase which displace the 
—$.8—8H equilibria and increase the concentration of 
—SH groups in the cell available for physico-chemical 
methods of protection. Inhibition of enzymes by thiolo- 
prives could act in the opposite direction and via metabolic 
processes decrease the concentration of —SH groups 
available for protection. The place at which the injected 
protectors and sensitizers act in the cell need not therofore 
be the same as the site of the radiation induced primary 
lesion which initiates the processes that lead to the 
death of the cell. It is also quite possible that some 
treatments which change the radio-sensitivity of mammals 
and which do not initially involve reactions with -SH 
or —S—S— groups may bring about changes in intra- 
celluar —SH levels. In this way quite unrelated com- 
pounds may alter radio-sensitivity through a common 
pathway. The failure** of animals which have received 
repeated injections of cysteine over a period of weoks to be 
protected by a further dose given before irradiation can 
be explained as inability (possibly by exhaustion) to 
respond in the normal way to the insult of an injection 
of a massive dose of —SH or —S——S— substance. 

On general biochemical grounds it is obvious that the 
—SH = 8—$— equilibrium (free and protein-bound) in 
the vegetative cell is a carefully balanced System. If 
disturbed by the introduction of extraneous —SH and 
—S—S— substances the physiologically active cell is 
bound to respond to this change. In retrospect it is 
clear that a direct extrapolation to the whole mammal 
of mechanisms clearly identified in less complex systems 
is illogical. We still incline to the view that the 
mechanism of protection of mammals at the molecular 
level involves interaction of SH groups with radicals 
and that processes such as instantaneous repair of the 
primary lesion by hydrogen transfer’ are ultimately 
responsible for the observed increase in radio-resistance. 
The —SH groups responsible for such reactions are. 
however, not necessarily directly related to the protective 
agent that has been injected. The possibility that the 
‘biochemical shock’ produced by the protective agents 
raises the post-irradiation repair capacity of the cell 
cannot be excluded, but the ‘universality’ of chemical 
protection makes this mechanism rather unlikely. Before 
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any of the suggestions about the mechanism of protection 
at the molecular level can be considered as more than 
speculation, much more basie information must be obtained 
about the biochemical changes which follow on the intoxi- 
cation of mammals with —SH and —S—S— substances. 
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LIPID DEPOSITION IN INTERCELLULAR SPACE 
By Pror. FLORA MURRAY SCOTT 


Department of Botany and Plant Biochemistry, Los Angeles, California 


6 ees physiological anatomy of wound healing by 
suberization and cork formation was investigated 
comprehensively by Haberlandt. The wound hormone 
postulated as the stimulating agent has been isolated, 
analysed and tested physiologically in recent years?-^, 
The experimental work of Priestley indicated that causal 
factors in cork formation include the presence of oxygen 
in the air and a supply of food material’. In higher 
plants the development of intercellular spaces and 
deposition of lipid material on the limiting cell walls 
appear to confirm this theory. The breaking of plasmo- 
desmata during cell expansion is virtually a wounding of 
the protoplast. Air enters the intercellular space, and 
apparently simultaneously lipid deposition begins on 
the wounded cell. The lipid is extruded presumably 
through the plasmodesmata. The elaboration of traumatin 
and of lipid is presumably the first reaction of the wounded 
protoplast and is followed by the microscopically visible 
deposition of lipid. 

In the past 30 years the structure and composition of 
cellulose, the principal component of the plant cell wall, 
have been intensively investigated by light and electron 
microscopic techniques, and by chemical and physical 
methods*-!°, Chemical analyses of other wall components, 
the cutin and the suberin of epidermis and cork respec- 
tively, also of lignin and the non-cellulosie polysaccharides, 
indicate variation in different species. In the present 
article, the deposition of a non-cellulosic lipid layer on the 
cell walls limiting the intercellular spaces and extending 
therefrom to the walls of adjoining idioblasts is discussed. 

The term ‘internal suberization’ was first used to 
connote a non-cellulosic lipid layer which lines all inter- 
cellular spaces in the leaf of the orange, Citrus sinensis, 
This layer resembles cutin and suberin in its micro- 
chemical behaviour in testing for cellulose by treatment 
with I,KI-H,SO,. The cellulose swells, turns blue and 
eventually disappears, but the suberin remains intact, 
or fragmented in situ if in young tissue. The reaction may 
be slowed or stopped for recording on ‘Kodachrome’ by 
irrigation of the section with glycerin. Since later work 
showed that all intercellular spaces in stem and root apices 
and in other meristematic tissues are also lined with a 
pellicle similar in microchemical reaction to that seen 
in mature leaves, the term lipid layer appears preferable 
to suberin layer}. 

In the higher plant the meristematic cells of shoot and 
root tip, of leaf, flower and fruit primordia, are polyhedral 
and approximately isodiametric. All cell faces are pitted 
ubiquitously. During growth and cell expansion the 
cell corners round off, certain of the marginal plasmo- 


desmata are broken and these broken ends contract into 
the cell wall. The first intercellular spaces, minute but 
visible under the light microscope because air-filled, 
occur within about 20 microns of stem and root apices". 

The cell walls limiting these intercellular spaces are 
already lined with a thin film of non-cellulosic lipid material. 
As differentiation of parenchyma such as cortex and pith 
proceeds, the polyhedral cells become spherical, ellipsoidal 
or cylindrical!*, Theintercellular space forms a continuum, 
a network throughout the entire axis, also through leaves, 
flowers and fruits. On the end walls of the elongate cells, 
the pit pattern remains as in the meristematic cells, the pits 
small and ubiquitous. In contrast, on the lateral walls, 
the pits are larger in diameter, fewer in number and are i 
aligned in vertical series. Through them the plasmodes- 
mata maintain connexion with the surrounding cells, 
5-7 in number. During growth the lipid pellicle either 
thickens to a well-defined layer around the now con- 
spicuous intercellular spaces, or it may remain tenuous. 
The thickness varies in different species, is conspicuous 
in xerophytes, while in the hydrophytes examined it is 
thin as in meristematic tissues. 

It seems probable that the long-lasting quality of 
flowers may depend on the thickness of the lipid layer 
in the intercellular spaces. In the petals of Camellia sp., 
in orchids such as Cypripedium sp., and Cymbidium sp., 
also in the spathe of Anthurium sp., the lipid layer is 
thick as in xerophytic leaves. In contrast, in Primula 
sp., where the flowers, cut or uncut, last for a day or less, 
the pellicle is tenuous as in the hydrophytes. 

It is generally stated in text-books that intercellular 
spaces are absent in the vascular tissues of the higher 
plants. In Ricinus communis, however, in living material, 
minute air-filled spaces occur around differentiating spiral 
vessels!. These spaces are lined with lipid pellicles visible 
under light and electron microscopes. In vessels which have 
reached their full diameter, but in which the walls are not 
yet lignified, the cylindrical cellulose wall and the spiral 
thickening disintegrate during microchemical treatment 
with I,KI-H,SO, A cylinder, or in sectioned material 
a ring, remains which is marked by projecting ridges, 
equal in number to the intercellular spaces between the 
surrounding cells. This lipid cylinder is evidently formed 
during vessel differentiation by the lateral extension of 
lipid pellicle from the intercellular spaces along the plane 
of the middle lamella. 

The endodermis has long been recognized by the 
suberization and, generally also, the lignification of the 
Casparian strip.  Lipid-lined intercellular spaces occur 
between the inner zone of the cortex and the outer face 
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Phylogeny and Form in the Plant Kingdom 


H. J. DITTMER, Professor of Botany, University of New Mexico 


After an introduction to taxonomy, the book proceeds systematically from blue-green algae to angiosperms. 
The treatment of lower plants is unusually full, and there are special chapters on ecology of the algae, the origin 
of vascular plants, and problems of plant evolution. Besides questions and references at chapter ends, there 1s a 


large glossary. 
Illus., 6 X 9, 650 pages, 87s. 6d. net 


Biology and Its Relation to Mankind 


(3rd Edition) 
A. M. WINCHESTER, Professor of Biology, Colorado State College, Greeley 


For this third edition,’a new double-column format has been combined with page-by-page revision to heighten 
clarity of presentation. Descriptions of photosynthesis, meiosis, genetics, etc., have been completely re-done, 
and many chapters are reorganised, with added illustrations. The new format allows superior reproduction of 


the nearly five hundred illustrations, always a strong feature of the author's books. 
(July 1964), 450 illus., 53. X 94, 648 pages. 66s. net 


Quantum Mechanics 


G. L. TRIGG, Brookhaven National Laboratory, Upton, New York 

st, to show how soundly the theoretical structure is based on 

iverse and our modes of observing it; and second, to 

tational as well as conceptual aspects of the theory. 

for a full year course at the graduate level. 
Hlus., 6 X 9,400 pages, 76s. net 


It accomplishes its two primary purposes: fir 
reasonable assumptions about the physical nature of the un: 
introduce some of the more involved and elaborate compu 
including the complications of relativity. This book is written 


. Principles of Random Walk 


F. SPITZER, Professor, Dept. of Mathematics, Cornell University, New York 


This book, the only one of its kind, is concerned with the mathematical theories underlying the principles of 
random walk, on the integer lattice points of d-dimensional Euclidean space. The author's object is to connect 
random walk with potential theory, and, to a lesser extent, with boundary theory. By confining himself to the 


case of random walk, he gives a clear account of these matters within a simple framework. 
(July 1964), illus., 6 X 9, 420 pages, 97s. net 


Smoking and Health 
e Advisory Committee to the Surgeon General of the United States Public 


This is the complete report of th 
Health Service, which has been so much discussed recently in the press, on radio and television. 


SMOKING AND HEALTH contains full results of the scientific investigation of this human dilemma. 
387 pages (London bound edn. in cloth boards), 27s. 6d. net 


New Biochemical Separations 


_A. T. JAMES, Unilever Research Laboratory, Sharnbrook, Bedford, and 
L. J. MORRIS, Unilever Research Fellow, Brune? College of Technology, London. 


This reference and laboratory handbook for chemists, biochemists, clinical analysts and medical research 
workers presents the most up-to-date account (with extensive bibliography to 1963) of new and important 
methods for the separation of biochemical compounds. All contributors are acknowledged authorities who have 


themselves developed the methods they describe. 
To be published in September 1964, approx. 845 net 
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PHOTOMULTIPLIERS 


SPECTRAL RESPONSE CURVES 
Trialkali 150 pA/Im 
Caeslum Antimony 70 uA/1m 





The 9558 has an end window trialkali cathode giving high res- 
ponse at wavelengths up to 0.8 microns, as shown in the curve. 
The high quantum efficiency at wavelengths between 0.6 and 
0.8 microns, compared with other types of cathode, makes the 
tube of great interest to spectroscopists and astronomers and 
workers in the laser field. The dark current from the trialkali 
cathode is very low and is around 500 electrons per second per 
cm? (at room temperature). Characteristics of the 9558 are given 
below: 

Dimensions Cathode diameter 44 mm min. Seated height 140 + 3 mm. 

Bulb diameter 51 5 mm max. 

Photocathode Trialkali—Caesium Sodium Potassium Antimony. 

Window 9558B—Pyrex (0.390.854) 9558Q—Fused Silica (0.16—0.85p). 

Dynodes 11 Venetian Blind, SbCs coated. 

Photosensitivity 140 uA/Im typical 100 pA/Im min. 

Voltage for 200 A/Im* 2000V max, 1450V typical 

Dark current at 200 A/lmT 108 A max. 2 x 10° A typical 

*Measured with 2870°K Tungsten lamp; 150V C-D1, uniform 
dynode chain thereafter. 200 A/Im corresponds to a gain of 
circa 1.5 x 10° in a median tube. 

1At 20°C, measured after one hour operation in dark. 

Data sheets and application information may be obtained from: 


EMI ELECTRONICS LTD 


LEADERS IN PRACTICAL ELECTRONICS 
VALVE DIVISION - HAYES - MIDDX. + ENGLAND - HAYES 3888 EXT. 2542 
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COPLAND-DAVIES 
ELECTRODE 


Stainless steel polished wire forms a self-retaining clip, 
2 cm in length, by which subdermal connections are 
simply, firmly and painlessly made, for recording heart 
rate and myography during exercise or encephalography. 
Price per set of 3 with flexible connection wires 32/6. 





Pitman 


PHYSICS 
IN 
BOTANY 


J. A. Richardson, M.Sc., Ph.D., A.Inst.P. 











Spectacular advances have been made in biological studies 
through the adoption of extraneous scientific skills. The 
aim of this book is to illustrate the wide range of 
botanical problems where, through the application of the 
techniques and ideas of modern physics, a fuller under- 
standing of the functioning of the living plant has been 
achieved. Comprehensive in scope yet lucidly written, 
“*Physics in Botany” will be of great value to ‘A’ level 
students and undergraduates. 

42s. net. 
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MANSFIELD OIL-GAS PLANT 
FOR LABORATORIES' GAS SUPPLY 
? Reliable * Simple to Operate * Safe 


Provides a gas supply at a constant calorific value of 1,350 
B.T.U.'s per cu. ft. produced from Light Diesel Oil, Gas Oil, 
Paraffin, or other suitable oils available at low cost. 

Enables the efficient use of a full range of modern gas 


burning appliances in any part of the world. Ideal for glass 
blowing and gives perfect oxidizing or reducing flames with 
ordinary atmospheric burners. 

For full particulars send details of estimated number of 
burners to be used. 


MANSFIELD & SONS LTD. 


62 HAMILTON SQUARE, BIRKENHEAD 





NYLON © P.T.F.F. 
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H. ROLLET & CO. LTD., 
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MIGROSGOPE PROJECTION 
you need a with 
Enbeeco 
S i N H ER Profile 
FULLY PATENTED Projectors 


MICROMANIPULATOR 


Singer micromanipulators are used in 
most laboratories all over the world. 
Three types available: 7 


Mk 1 Low power for magnifications 


Most models can 
now be supplied 
with surface 
illumination attach- 
ment which makes 





x1 to x200 
Mk II For magnifications x1 to our instruments 
x 500 : very versatile 


MODELS: 
Mark IIIA Magnifications: x 10, x 15, x 20. 
Series II Magnifications: x 25, x 50. = 
Series IIA Magnifications: x 25, x 50, x 100. 
Series IIB Wide Field, Magnifications: x 10, x 20. . 


Mk III High power for magnifications 
x100 to x1,000 plus 

The most advanced instruments for 
micromanipulation. As described by 
Barer and Saunders-Singer with further 


improvements. ; 
Full details and demonstrations upon For inspection by Projection invest in the economically 
request to: ? A priced Profile Projectors manufactured by: 


SINGER INSTRUMENT CO. LTD., 
Fountain Court, 83 London St., 
Reading, Berkshire, England. 
Telephone: Reading 53613. 
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Newbold & Bulford Ltd 


Manufacturers and Exporters of Scientific Instruments 
ENBEECO HOUSE, ROGER ST., GRAY’S INN RD., W.C.1 
TELEPHONE: CHA 5614 (3 lines) 
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Part of our Extensive Service to Biologists 


EFFICIENT MICROPROJECTION 
with the F. & G. No. 1 Microprojector 












Brilliant image 6 ft.- 8 ft. diameter in a fully 
l darkened room 


Magnification x 20 - x 6,000 







Ideal for drawing and projecting living pond 
and marine organisms 


Attachments for polarized light, 2 in. x2 in. 
slide projection, etc. 


See catalogue 


“An indispensable teaching aid for Biology” P/10n 


Designed dud made by: . 
FLATTERS & GARNETT L™ 309 Oxford Road 
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STAINS AND REAGENTS 
FOR MICROSCOPY, ETC. 


Over 3,000 available, including : 


Acetylated Sudan black. Acridine orange.  Aesculin, FS. 
Alcian blue. Amido black xoB. Amylases. Aurantia. 
Astrazone red. Auramine. Azo violet. Azur, A, B, C, etc. 
Carmine. Canada balsam. Celestin blue. Celloidin flakes. 
Chlorantine fast red. Chlorantine fast green. Chlorazol fast 
pink. Chlorazol paper brown. Chromosome red. Chromo- 
trope F4B, Chromotrope 2R. Coriphosphine O. Cresyl fast 
violet. 'Crocein scarlet. Crystal violet. Cyanin. Cyanol FF. 
Cytase. Cyanol blue. Dahlia. Dark room red. Deltapur- 
purin. Deoxyribonucleic acid. Deoxyribonuclease. Dich- 
loro Fluorescein, 


Diazo blue salt B. Dextrose, bact. Diazin green. Diazonium 
salts. Digitonin. Dicyanin. Di-iodofluorescein. Dimethyl 
yellow. Dinitroresorcinol. Disulphine blue. Echt gelb tusch. 
Elastin stains. Emicellulase. Erie garnet. Eriochrome 
black T. Erythrosin. p-Ethoxychrysoidin. Euchrysin. Fast 
black salts. Fast blue salts. Fast red salts. Fat red 7B. 
Fettrot. Field's stain. Fluorescein. Fuchsin acid. Fuchsin 
basic. Fuchsin neutral. Gallamine blue. Gallein. Gallo- 
cyanin. Garnet GBC salt. Giemsa stain. Glucose 
phosphates. Gold chloride. H-Acid. 


Hansa yellow. Hofmann’s violet. Haematein. Haematoxylin. 
Hickson’s purple. Indigo, Haplos. Indigocarmine. Indo- 
phenol. Inositol, bact. Isamine blue. Janus black. JSB 
stain. Jenner stain. KH Stains (for keratin). Lacmoid. 
Leishman stain. L-Leucyl-b-naphthylamine HCl. Lignin 


pink. Lipase. Lipid crimson. Luxol fast blue. Malt 
extract. Manchester blue. Mannitol, bact. Marshall red. 
Maxilon blue RL. Mercury orange. Methyl green OO. 
Methyl orange. Methyl red. Methylene green. Methylene 
violet. MF/4 stain (for keratin). MMT. Naphthalene violet. 


Nuclear fast red salts B& R. Naphthazurin. Naphthols, AS, 
etc. Naphthol violet. Naphthyl acetate. Naphthyl phos- 
phate. Neutralred. Neutralviolet. New blue R. Neococcine. 
Neotetrazolium chloride. New fuchsin. Nile Blue. 
Nitrazine yellow. Nitrotetrazolium blue. Oil blue N. Oil 
red O. Orcein. Panchromatic green. Papanicolaou stains. 
Pararosaniline. Paraldehyde fuchsin. Patent blue V. Pectin. 
Phloxine. Phthalocyanin. Pinacryptol yellow. Polyvinyl 
alcohol. Ponceau S. Propyl red. Pyoktannin. Pyronin Y (G). 
Rapid filter blue. Ribonucleic acid. Ribonuclease. 


RSR reagent. Rosaniline sulphate. Rose bengal. Rosolic acid. 
Salicin, bact. Shorr’s stain. Sienna orange. Sodium thio- 
Blycollate. Sodium taurocholate. Sodium deoxycholate. 
Sudan black. Sudan green. Sudan violet. Sun yellow G. 
Tetrazolium blue. Tetrachlorofluorescein. Tetrazolium 
violet. Tetranitrotetrazolium blue. Titan yellow. Toepfer’s 
reagent. Toluidine blue. Trypaflavin. Trypan blue. Trypsin. 
Turquoise blue. Urease. Variamine blue. Victoria blue. Vital 
red. Waterwax. Wool green S. Wright’s stain. p-Xylenol 
blue. Yeast extract, bact. 


Other ' Michrome' specialities include : 


For Histology, etc. 


RHODANILE BLUE, an entirely new type of basic dye recently discovered in the Michrome Laboratories. 
Rhodanile blue is a one-dye differential stain with unusual properties, References: MacConaill & Gurr 


(1964), Irish F. Med. Sc. (June); Gurr, E. (1964), 


London). 


Rational Use of Dyes in Biology (In Press, Leonard Hill, 


CRISTALITE, CLEARMOUNT, and DPX (Kirkpatrick and Lendrum): synthetic, colourless neutral, xylene 


miscible mountants. 


FLUOROIL and FLUORMOUNT : synthetic immersion oil and mountant for fluorescence microscopy. 
OPTOIL, synthetic, non-sticky, non-drying immersion oil for microscopy. 


For Bacteriology : 


PEPTONE, bacteriological. PEPTONE, ashless, bacteriological. 
PEPTONE, proteose. AGAR AGAR, powdered, bacteriological. 


GELATINE, powder, bact. TRYPSIN, bact. 
For Electrophoresis and Chromatography : 


AQUAMOUNT, LIPID CRIMSON, MATAMOUNT, LAKTOSEAL, TRIFALGIC ACID. 
(See Ivor Smith’s Chromatographic & Electrophoretic Tech., Vol. 2 (1960).) 


x04-page Catalogue available cn request 


New books by Dr. Edward Gurr, F.R.I C., F.I.Biol., F.S.D.C. 


Now ready : 


STAINING, Practical and Theoretical, 637 pp., 84/—. 


ENCYCLOPAEDIA. OF MICROSCOPIC STAINS, 500 pp. Roy. 8vo., 95/-. 
METHODS OF ANALYTICAL HISTOLOGY and HISTOCHEMISTRY, 335 pp. Roy. 8vo., 70j-. 


Ready about September 1964: 


RATIONAL USE OF DYES IN BIOLOGY and GENERAL STAINING PROCEDURES, about 400 pp. 
Roy. 8vo., about 80/-. Publishers: Leonard Hill (Books), London. 


A limited number of the following, by EDWARD GUR, are available 
MICROSCOPIC STAINING TECHNIQUES, No. 3 and No. 4, each 64 pages, each 6/-. 


EDWARD GURR LTD. 


42 UPPER RICHMOND ROAD WEST, LONDON, S.W.14 


Cables: Micromlabs, London 


Telephone: Prospect 8051 and 7606 


UNIFORM HIGH QUALITY, SERVICE, RELIABILITY and IMMEDIATE DELIVERY 
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NEW LABORATORY APPARATUS 
from The Northern Media Supply Ltd. 


includes: 


x THE "PHEROGRAPH" 
—The Refrigerated High Voltage Electrophoresis Apparatus 


x "TI-TRO-STOP" Semi-Automatic Titration Apparatus 

x THE HORMUTH SPRAY GUN for Thin Layer Chromatography 
x A ROTARY FILM EVAPORATOR with Teflon connections 
x SILENT SHAKING MACHINES 

x HEIDELBERG COLLOID BALI MILLS 


Further details on request 
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80/20 Nickel-Chrome — gives 
best results in all high tempera- 
ture applications. 
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Nickel-Chrome-Iron — lower 
priced but excellent for use at 
slightly lower temperatures. 


SUSSEX 


All correspondence—despatch of goods, etc. 
(hitherto handled from London)—will henceforth 
be dealt with from Gerrard House. From these 
new laboratories we shall be operating a far more 
extensive service. 


Copper-Nickel—low tempera- 
ture coefficient alloy for use at 
low temperatures. 


We shall be happy to see both old and new cus- 


tomers at GERRARD HOUSE. High and uniform temperature 


coefficient alloy. 


The best available material for 
super precision resistors. High- 
est specific resistance and 
lowest temperature coefficient. 


LONDON 
For customers’ convenience we are retaining our 
London Office and Showroom at 4 Angel House, 
where a representative selection of our products 
may be seen. 


London Office & Showroom Laboratories, Showroom & * For complete data GILBY-BRU NTON LTD 





4 Angel House, Pentonville Offices on aH our resistance 


Road N.1. Gerrard House, Worthing Road, Head Office & Works: 
(Angel Tube Station 3 min.) East Preston, Nr. Littlehampton alloys and stainless steel — se amiLL, MUSSELBURGH, SCQTLAND 


Tel.: TERminus 8006 Tel.: Rustington 4151 (PBX) wire, write for a copy Telephone: Musselburgh 2369 
of our Resistance Hand- — | ondon Office : 47 WHITEHALL, S. W.4 
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GS 315 


Maximum Resolution 
Minimum Effort 


This new instrument is based on the well-known EMG. Extensive redesign has made it particularly suitable for 
biological work, the object being to combine high performance on transmission specimens with extreme 
simplicity of operation. 

The electron optics are based on a new high performance objective lens. Particular attention has been paid to 
ease of operation. The number of controls—the panels are shown above—has been reduced to less than half 
those on any other high performance electron microscope. The specimen holder can accommodate three samples 
at one loading to speed the rate of examination; and specimen contamination has been drastically reduced. 
The accelerating voltage can be selected from the range 30, 40, 50, 60, 80 Kv as desired. Magnification, ranging 
from X1000-X250000, is controlled by a single switch. 

In spite of the unprecedented simplicity of control, this instrument has consistently achieved a resolution of 

5 angstrom units. 


AEI ELECTRON MICROSCOPE EMe6B 


Write to: AE] INSTRUMENTATION DIVISION, SCIENTIFIC APPARATUS DEPARTMENT, BARTON DOCK ROAD, URMSTON, MANCHESTER 


Associated Electrical Industries Limited 
Instrumentation Division 
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of the endodermis. Minute intercellular Spaces are also 
seen along the inner face of the endodermis and the adjacent 
vascular parenchyma. Suberization of the Casparian 
strip probably begins at the time when the air enters the 
abundant intercellular spaces formed during the expansion 
of the cortical and other cells. Suberization of the strip 
frequently more or less blocks the pits in the radial walis 
of the endodermal cells, as is seen under the electron 
microscope’. To what extent this suberization interferes 
with intercellular transport in the young root is not known. 

The ovary of the dicotyledons, in its early stage of 
development, consists of a papilla of meristematic colls in 
plasmodesmatal connexion. During growth, as seen, for 
example, in Ricinus, differential expansion. occurs in the 
inner wall of the carpel and the outer integument of the 
seed. Tho differentiated epidermal walls of the carpel and 
the seed become separated by an air space and the 
cutinized surfaces of both are already stainable with 
sudan 3. 

The embryo of the higher plant is at first surrounded 
by nucellus and endosperm. When plasmodesmatal 
connexions between embryo and nutritive tissues even- 
tually break, the epidermis of cotyledons, radicle and 
plumule becomes cutinized. It is probable that, by this 
time, a film of air surrounds the embryo. The cutinization 
of the epidermis is retained in the primary root!*. 

In the seed coat of the xerophyte, palo verde (Cercidium 
macrocarpa, family Leguminosae), the epidermal cells, 
palisade-like in outline, are enveloped in a lipid sheath. 
In the same seed, tbe mucilage zone of the inner integu- 
ment consists of stellate cells. In the living material, 
examined at various stages of growth, no air has been 
observed in the intercellular spaces at any time. The spaces 
between the radiating cell arms are filled with an amor- 
phous mass of mucilage. Nevertheless, in these spaces a 
thin pellicle of lipid material occurs which parallels the 
cellulosic pitted arms at a distance of a few yu. It is 
' considered probable that, in the mucilage mass, a gradient 
in oxygen content exists which stimulates the localized 
deposition of the lipid layer. 

Intercellular spaces, lipid-lined, are ubiquitous in the 
mesocarp of the avocado, Persea americana, fruit. They 
appear between parenchymatous cells, and around the 
characteristic oil idioblasts!*. Differentiation of the oil 
idioblast includes the thickening and suberization of the 
pitted wall and the impregnation of the delicate cellulosic 
oil sac membrane with a certain amount of lipid material. 
The penetration of aqueous stains such as neutral red, 
Janus green, thionin, and anilin blue into the developing 
idioblasts is retarded at an early stage of growth and is 
eventually inhibited in the ripe fruit. To what extent, if 
at all, the suberization of the pitted idioblast wall affects 
the transport of precursor reserve materials through the 
plasmodesmata into the oil sac is unknown. 

Under the electron microscope, the layers of suberin 
isolated from Cercidium, Ricinus and Persea are similar 
in appearance. They resemble in texture a very fine, 
porous, artificial rubber or plastic sponge. With the 
isolation techniques used at present, clearing and ultra- 
sonic treatment, these layers vary in thickness in younger 
and older tissues but are indistinguishable morphologio- 
ally11:17,18, 

The deposition of lipid on cell walls bordering inter- 
cellular spaces appears to be similar to the reaction of the 
epidermis on wounding, for example, in the fruit of the 
orange, Citrus sinensis”, The epidermis of Citrus fruits 
of various species consists of tabular cells, polygonal in 
outline, interrupted by stomata and sub-epidermal oil 
glands. In young fruits, 1-3 em in length, the epidermis 
may be strained to cracking point and minute slits torn 
between adjacent cells. The plasmodesmata are broken at 
least temporarily. The wounds appear to be healed simul- 
taneously by cutin deposition, indicated by irregular 
thickenings in the radial cell walls. which are stainable 
with sudan 3. These occur occasionally near stomata 
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or oil glands, but more generally between unspeecialized 
epidermal cells. The inherent weakness of the epidermis 
of Citrus is & factor in the pathology of water spot. In 
the ripe fruit, cracks are caused presumably by physio- 
logical variations of internal pressure, and at this timo 
the epidermal cells are no longer able to keep pace with 
the elaboration of cutin necessary to heal the cracks. 
The ensheathment of the epidermal cells of the seod 
coat of Cercidium may originate in a similar way by the 
healing of epidermal cracks which develop during soed. 
growth. 

The causal factors of the intracellular deposition of 
lipid material, cutin or suberin, in calcium oxalate 
crystal idioblasts appear to differ from those hitherto 
discussed in this article. Calcium oxalate crystals develop 
in living cells and the form of the crystal, solitary or druse, 
depends on the pH of the cell?°. The crystals are onclosed 
in a cellulose sheath. In mature idioblasts tho crystals 
may fill almost the entire cell cavity, while the proto- 
plasm with nucleus and organelles, although now parietal 
in position, appears normal as seen under the light micro- 
scope. The cellulose sheath, however, is now impregnated 
with lipid, and a similar layer lines the inner surface of 
the idioblast. At no stage in the development of those 
idioblasts has air been observed within the coll caviby?!. 

In conclusion, lipid distribution on the cell walls which 
bound the intercellular space system of the highor plant 
may be considered to be a wound reaction. The wounding 
of the protoplast occurs during cell expansion when tho 
interconnecting plasmodesmata are brokon. Tho proto- 
plast reacts by elaboration of wound hormones and lipid 
precursors. The lipid layer deposited on the cell wall is 
the first microscopically visible reaction. Tho presence 
of air is, in general, essential for the deposition of lipid. 
During growth, the lipid layer thickens, and in many cases 
may extend in any direction from the initial intercellular 
space along the plane of the middle lamella of adjacent 
cells. The factors which control this extension are un- 
known at present. 

The deposition of lipid in mucilage-filled intercellular 
spaces of the inner integument of the seed of Cercidium 
is interpreted, at present, by postulating an oxygen 
gradient in the amorphous mucilage mass which is extru- 
ded from the many armed cells of the tissue. 

The intracellular cutinization or suberization of calcium 
oxalate crystal idioblasts apparently follows a pattorn 
different from that in the intercellular spaces since the 
presence of air has not been observed in any of the 
material examined. 

It is expected that, in the near future, the techniques 
of ultra-thin sectioning will clarify some of the innumer- 
able problems of lipid deposition on, and in, the cell wall. 
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ISOLATION FROM SPINACH CHLOROPLASTS OF PARTICLES 
CONTAINING DIFFERENT PROPORTIONS OF CHLOROPHYLL a AND 
CHLOROPHYLL b AND THEIR POSSIBLE ROLE IN THE 
LIGHT REACTIONS OF PHOTOSYNTHESIS 


By Dr. N. K. BOARDMAN and Dr. JAN M. ANDERSON 
C.S.I. R.O. Division of Plant Industry, Canberra, Australia 


[o ENOE in favour of the concept of two distinot 
primary photochemical reactions in the process of 
photosynthesis in the green plant has been reviewed 
recently’. These primary reactions are thought to be 
driven by light absorbed by two pigment systems which 
have been denoted system 1 and system 2. System 2 
absorbs more light of the shorter wave-lengths than does 
system I, but the pigment composition of the two systems 
is unknown?. There is evidence from spectrophotometric 
investigations to support the hypothesis that light 
absorbed by system 1 causes the reduction of NADP 
and the oxidation of a, cytochrome, while light absorbed 
by system 2 causes the reduction of the cytochrome and 
the oxidation of water to oxygen. The products of the 
light phase of photosynthesis, NADPH, ATP and O, 
result from the co-operation of the two systems. 

The photoreduction of NADP by isolated chloroplasts 
coupled to oxygen evolution is inhibited by 3-(p-chloro- 
phenyl)-1 : 1-dimethyl urea (CMU)*4, which is thought 
to act on system 2, and prevent the reduction of the 
cytochrome’. The inhibition of NADP reduction can bo 
overcome by the addition of the electron donor, sodium 
ascorbate plus an indophenol dye, suggesting that reduc- 
tion under these conditions results from light absorbed 
solely by system 1. 

The aim of the work reported in this communication 
was to fractionate the ehlorophyll-protein complex of 
the spinach chloroplast in an attempt to obtain a physical 
separation of the two pigment systems. 

Spinach chloroplasts, prepared in an isotonic sucrose 
medium, were fragmented by incubation at 0° in 0-05 M 
phosphate buffer, pH 7-2, containing 0-01 M potassium 
chloride and 0-5 per cent digitonin. The resulting chloro- 
phyll-containing particles were separated by differential 
centrifugation. The first centrifugation was for 10 min 
at 1,000g and this was followed by centrifugations at 
10,000g for 30 min, 50,000g for 30 min and 144,000g for 
60 min. The pellet from each spin was resuspended in 
0-05 M. phosphate buffer, containing 0-01 M. potassium 
chloride. The chlorophyll content of each fraction was 
determined by taking suitable aliquots, making them 
80 per cent with respect to acetone, clarifying by centri- 
fugation and analysing spectrophotometrically. The 
equations of Vernon? were used to calculate the contents 
of chlorophyll a and chlorophyll b. Each fraction 
was tested for the following photochemical activities: 
(1) reduction of o-chlorophenol-2,6-dichloroindophenol 
(TCIP); (2) reduction of NADP; (3) reduction of NADP 
- with sodium ascorbate and TCIP as the electron donor 
couple. i 

Previously, Wessels? had reported that chlorophyll- 
containing fragments, prepared by ineubation of Spinach 
chloroplasts with digitonin, followed by centrifugation 
between 5,000g and 50,000g were capable of cyclic phos- 
phorylation, and of NADP reduction if provided with a 
suitable electron donor. 

The results of an experiment in which the incubation 
time in digitonin was 30 min are shown in Tables 1 and 2. 
A significant finding was the different proportions of 
chlorophyll a and chlorophyll b in the various fractions. 
The (0—1,000g) fraction (later designated 1,000g fraction) 
and (1,000g-10,000g) fraction (10,000g fraction) had 
lower chlorophyll a/chlorophyll b ratios than the chloro- 


Table 1. CHLOROPHYLL CONTENT OF FRAOTIONS ISOLATED FROM SPINACH 


CHLOROPLASTS 

Chlorophyll A663 Chi. a 

Fraction content (ug) A647 Chl. b 
Chloroplast suspension 8,120 2:31 3-0 
1,000g 580 2:12 2:4 
. 10,000g 1,874 2-14 2:5 
50,000g 373 2°68 4:6 
144,000g 259 2:91 6:2 
144,000g supernatant 336 2:80 6-4 


Table 2. PHOTOOHEMICAL ACTIVITIES OF FRACTIONS ISOLATED FROM 
SPINACH CHLOROPLASTS 


Rate of reduction (umoles/mg 


ehlorophyll/h 
NADP T 
(ascorbate 
Fraction TCIP* NADP? plus TCIP 
as electron 
donor) 
Chloroplasts in phosphate 
buffer 195 109 58 
Chloroplasts in digitonin 92 13 . 85 
1,000g 116 20 14 
10,000g 56 14 12 
50,000g 4 0 39 
144,000g 0 0 117 
144,000g supernatant 0 0 84 


* The reaction mixtures contained (In 3 ml.) chloroplast fraction equivalent 
to 7 ug chlorophyll and (in zmoles) tris-HC] buffer pH 7-8, 40; sodium 
chloride, 70; TCIP, 0-08. "Thereaction rates were measured by the decreases 
in absorbancy at 620 my after illumination for 45 sec at 40,000 Iux. 

t The reaction mixtures contained (in 3 ml.) chloroplast fraction equivalent 
to 25 ug chlorophyll and (in umoles) tris-HCl buffer pH 8-0, 40; sodium 
chloride, 70; magnesium chloride, 10 ; NADP, 0-0; and spinach PPNR 
sufficient to saturate the system. Where sodium ascorbate and TCIP were 
added, the amounts were (in umoles) sodium ascorbate, 6-0; TCIP, 0-02. 
The reaction rates were measured by the increases in absorbancy at 340 mu 
after an illumination time of 2 min at 40,000 Iux. 


plasts whereas the (10,000g-50,000g) fraction (50,000g 
fraction), the (50,000g-144,000g) fraction (144,000g frac- 
tion) and the high-speed supernatant (144,000g super- 
natant) had higher ratios. The difference in the propor- 
tions of chlorophyll a to chlorophyll b between the 10,000g 
and 144,000g fractions was evident also from absorption 
curves of the fractions (Fig. 1). The in vivo absorption 
band of chlorophyll b at 650 my. (ref. 7) was clearly visible 
in the 10,000g fraction. The main absorption maximum 
of the 10,0009 fraction was shifted slightly to the blue 
(about 2 mp) as compared with the 144,000g fraction. 

A comparison of the figures in Table 2 for the photo- 
reduction of NADP and TCIP by intact chloroplasts and 
chloroplasts treated with digitonin shows that there was 
& greater percentage loss in the rate of NADP reduction. 
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Fig. 1l. Absorption spectra of fractions obtained from spinach chloro- 


plasts by incubation with digitonin and differential centrifugation. . 
—— 10,0009 fraction; — — — — 144,000g fraction 
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Table 3. EFFECT OF ADDING FERREDOXIN OR A CRUDE PREPARATION OF 
PPNE ON THE RATE OF NADP REDUCTION 


No. 4941 


Rate of NADP 
reduction 
Fraction Addition (umoles/mg 
ehlorophyll/h) 
Chloroplasts in 
phosphate buffer None 1 
n » Ferredoxin 88 
ý n PPNR 97 
50,000—144,000g None 0 
35 Ferredoxin 9 
3» PPNR 110 


Reaction mixtures as given for Table2. Saturating amounts of ferredoxin 
or PPNR were added. Sodium ascorbate and TCIP were added to the 
144,000g fraction only. 


The 1,000g fraction reduced both TCIP and NADP at a 
faster rate than the digitonin-treated chloroplasts, the 
10,000g fraction was less active than the 1,000g fraction 
and the other fractions were either inactive or had very 
low activity. Sodium ascorbate and TCIP had an 
inhibitory effect on the rate of NADP reduction by un- 
treated chloroplasts or by the 1,000g and 10,000g fractions, 
but it stimulated greatly the rate of reduction by the 
50,000g and 144,000g fraction and the 144,000g super- 
natant. In fact, the rates of reduction of NADP by the 
144,000g fraction and the 144,000g supernatant in the 
presence of ascorbate and TCIP were of the same order as 
the reduction rate by intact chloroplasts with NADP alone. 

Impure photosynthetic pyridine nucleotide reductase 
(PPNR) as obtained by an acetone fractionation of a 
spinach leaf extract? may be separated by chromatography 
on DEAE cellulose into a flavoprotein enzyme, and & non- 
hæm, iron-containing protein, named ferredoxin?. Plasto- 
cyanin™, a copper-containing protein, also may be 
separated from ferredoxin on columns of DEAE-cellulose. 
In the present work, it was found that NADP reduction 
by the 144,000g fraction was restored by adding crude 
PPNR, but not by ferredoxin, whereas with chloroplasts, 
crude PPNR or ferredoxin restored activity (Table 3). 
It is assumed, therefore, that the flavoprotein or plasto- 
eyanin!! or both had been lost from the small particles. 

After incubating chloroplasts for 30 min in 0-5 per cent 
digitonin, about 25 per cent of the total chlorophyll of 
the chloroplast was associated with chlorophyll-containing 
particles which were capable of photoreducing NADP 
at a high rate if they were supplied with an electron donor. 
This approximate estimate was obtained by summing 
the chlorophyll contents of the 144,000g fraction and 
the high-speed supernatant and adding one-third of the 
chlorophyll content of the 50,000g fraction. (The 50,000g 
fraction is only one-third as active as the 144,000g 
fraction.) Increasing the incubation time in digitonin to 
21 h resulted in a small increase only (to 30 per cent of 
the total chlorophyll) in the amount of chlorophyll 
associated with particles which were able to reduce 
NADP at a high rate. After 72 h in 0-5 per cent digitonin, 
the amount was 37 per cent, but after 72 h in 2 per cent 
digitonin, the figure was 49 per cent. 

Irrespective of the time of incubation or concentration 
of digitonin, the chlorophyll a/chlorophyll b ratios of the 
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144,000g fraction and the high-speed supernatant remained 
about the same, whereas the ratios of the 1,000g and 
10,000g fractions decreased slightly with time of incuba- 
tion. Thus, in an experiment where the incubation 
time in 2 per cent digitonin was 72 h, the chlorophyll a, 
chlorophyll b ratios of the 1,000g and 10.000g fractions 
were 2-18 and 2-08, respectively. 

These experiments provide evidence for the suggestion 
that the chlorophyll of the spinach chloroplast is associated 
with two different particles. One type of particle with a 
chlorophyll a/chlorophyll b ratio of approximately 6 is 
rendered soluble by digitonin. The other particle appar- 
ently is attached much more strongly to the structural 
proteins of the chloroplast grana, since it is not ‘solubilized’ 
by the digitonin treatment. It has a chlorophyll a/ 
chlorophyll 6 ratio of approximately 2, compared with 
3-0 for intact chloroplasts. The total chlorophyll of the 
chloroplast appears to be divided about equally between 
the two particles. 

Since the chlorophyll-containing particles which are 
rendered soluble by digitonin have a high proportion of 
chlorophyll a/chlorophyll 6 compared with intact chloro- 
plasts and are able to photoreduce NADP only if provided 
with an electron donor, it is tempting to speculate that 
these particles belong to system 1, whereas the chlorophyll 
which is not rendered soluble by treatment with digitonin 
for long periods is an integral part of system 2. If this 
hypothesis is correct, then chlorophyll a and chlorophyll b 
are associated with both pigment systems. 

Arnon et al.!? have suggested that the pigment of system 
2 is chlorophyll b, since an action spectrum for oxygen 
evolution by chloroplast fragments, using an indophenol 
dye as oxidant and in the presence of ferricyanide. showed 
a peak of 644 my. Müller, Fork and Witt" isolated 
system 2 from system 1 in a similar way to Arnon et al., 
but instead of oxygen evolution they measured absorption 
changes at 515 mp, which are thought to be due to the 
reaction of plastoquinone with the pigments of system 2. 
Their action spectrum showed a peak at 674 mu and a 
shoulder at 650 my, implicating both chlorophyll a and 
chlorophyll 6 in system 2. 

Further work is in progress to determine the structure, 
composition and function of the chlorophyll-containing 
particles. 
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INCIDENCE OF THETA RHYTHM PRIOR TO AWARENESS OF A 
VISUAL STIMULUS 


By Dr. N. F. DIXON 
Department of Psychology, University College, London 


AND 
Dr. T. E. LEAR 
Department of Psychological Medicine, University College Hospital, Gower Street, W.C.I 


T5 the course of an investigation of the EEG correlates 
of awareness for, and recognition of, verbal stimuli 
(Dixon and Lear)!, we carried out an indeper.dent analysis 
of changes in:the theta component of the EEG. 


In this investigation the EEG was recorded from the 
occipital area during the gradual increase in intensity of 
visually presented words. Four emotional and four neutral 
control words of equal length and frequency, selected 
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Normals—first presentation 


E words 






No. of words 


N 
O N words 


2:5-35. 4-5. 
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Fig.1. Distribution of threshold ranks for emotional (E) and neutral 
N) words 


on the basis of results from a word association test, were 
presented twice each in a random order to each of fifteen 
subjects. Of these subjects eight were psychiatric patients 
of University College Hospital, and seven normal adults 
of approximately the same age and intelligence quotient 
levels as the patients. Of the patients four presented with 
predominantly paranoid features while four were pre- 
dominantly depressed. 

EEG and threshold data were recorded on magnetic 
tape prior to frequency analysis by a Muirhead low- 
frequency analyser. The EEG was quantified over 6-sec 
epochs by passing the output from the analyser through 
a low-inertia motor-driven counter. 

Three general hypotheses were investigated: (1) Thres- 
holds for emotional words would be higher or lower than 
those for neutral words. (2) Differences in theta abund- 
ance between emotional and neutral word presentations 
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recorded prior to awareness of these words would exceed 
those recorded for a control group to whom words were 
not in fact presented. (3) Changes in theta abundance 
between stimulus onset and awareness would be greater 
during those presentations in which high or low thresholds 
were recorded than in those for words in the middle of 
the threshold range. 

Stimulus emotionality and awareness threshold. The 
eight words shown to each subject were ranked in 
order of the intensity at which they first became per- 
ceptible. 

The following curve shows the distribution of rankings 
for emotional and neutral words in respect of normal 
subjects on the first presentation. Similar curves were 
obtained for patients and for normals on the second 
presentation. The main finding that thresholds tended 
to be high or low for emotional words and clustered round 
the centre of the threshold range for neutral words is 
significant on the first presentation, for normals and 
patients combined, at the 0-6 per cent level of confidence 
(sign test). On the second presentation results for 
normals are significant at the 0-8 per cent level of con- 
fidence and for normals and patients together at the 5 per 
cent level. They may be taken to imply some discrimina- 
tion of meaning prior to awareness of the stimulus 
items. 

Experimental versus control group. To control against 
the possibility that observed differences in EEG, as 
between presentation of emotional and neutral words, 
might be artefactual, recordings from the experimental 
group were compared with those from a group of six normal 
controls. These subjects were given a treatment identical 
with the others except in so far as no words were presented. 
As with the experimental EEG’s, each control record was 
broken down into 6-sec epochs and each trial designated 
‘emotional’ or ‘neutral’ according to the paradigm ENNE 
NEEN. Each trial was approximately 1 min in length, 
equivalent in the case of the experimental subjects to the 
period between stimulus presentation and verbal recogni- 
tion. The following mean differences in integrator scores 
between ‘emotive’ and ‘neutral’ word trials were obtained 
for the two groups of subjects over all eight trials. 

Theta abundance and the awareness threshold. The 
following curves, for patients on the firat presentation, 


Patients—first presentation 
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6-sec epochs up to awareness for high to low threshold words 


Fig. 2. Theta abundance as a function of threshold 
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show the incidence of theta, in 6-sec epochs 
between onset of the stimulus and awareness, 
as a function of the awareness threshold. Com- 
parable curves showing the same generally 
‘U-shaped relationship between theta activity 
and threshold were obtained for the patients’ 
second presentation and for normals on the first 
presentation. 

(Since the length of time between stimulus 
onset and awareness varies from subject to 
subject the convention was adopted of labelling 
the first 6-sec epoch after stimulus onset as S, 
and the last epoch before awareness as S4; Ss 
and S, represent means over two 6-sec periods 


Differences in theta abundance 
(8$,- 84) 


of the intervening epochs.) 9 
From these results the following observations 
may be made: a 
(1) For the first 6 sec after presentation of the AEG 
stimulus there was a general tendency for theta 2 6 
to riso. For the patients in the first presentation 8 65 
this rise in theta, shown by all but one subject, $ 4 
was significant at the 2 per cent level of confid- S. 
ence by a two-tail test (¢ = 3:22). a 3 
The normals as & group, showed the same $2 
general effect but to an insignificant extent. 3 i 
However, a breakdown of the normal group into E 
those with higher and those with lower thresholds g 
for emotional as opposed to neutral words $-1 
revealed an interesting fact. Whereas the high- &-2 
threshold group showed a large rise in theta, the Bg 
low-threshold group showed an almost equally —4 


large fall. The difference between these groups 
was significant at the 2 per cent level of confid- 
ence by a two-tail test (¢ = 3-64). A. breakdown 
of the patient group into high- and low-threshold 
subjects revealed the same tendency at work 
though not to a statistically significant extent. 

As with the patients, the normals showed a 
greater riso for the four words for which they had the high- 
est threshold. For normals that word for which they had 
the highest threshold evoked arise in theta which was signi- 
ficant by a two-tail test at the 2 per cent level of confidence 
(t = 3-49). For normals and patients combined this 
result was again significant at the 2 per cent level of con- 
fidence by a two-tail test (¢ = 2-86). 

(For both patients and normals this rise in theta during 
the first 6 sec of the stimulus contrasts with a fall in 
abundance of the alpha component. In the case of the 
patients this difference between alpha and theta change is 
just not significant at the 5 per cent level by & two-tail 
test (£ = 2-3). Like the patients the normals also showed. 
a fall in alpha which was greater for the low-threshold 
words than for the high-threshold words.) 

(2) Between the first epoch after the stimulus was 
presented and the awareness threshold there was a fall 
in theta (S,-94), which was greater for the two words 
with the highest threshold and the two with the lowest 
threshold than for those four words in the middle of the 
threshold range. 

Over all subjects on tbe first, presentation this finding 
is significant at the 5 per cent level of confidence by a 
one-tail test (¢ = 1:78). Nine out of the fifteen subjects 
showed this effect. 


Table 1. DIFFERENCES IN THETA ABUNDANOE BETWEEN EMOTIONAL AND 
NEUTRAL WORD PRESENTATION 


First presentation Second presentation 
Experimental Control Experimental Control 
subjects subjects subjects subjects 
23-5 5T 10:3 5 
6:3 0-7 10-0 6 
"5 41 13:0 0 
22-5 T 117 6-3 
45-0 0-4 81 0-9 
6-9 0-7 11-4 0-3 
9:3 19-0 


By the Mann-Whitney ‘U’ Test these scores differ significantly from each 
other at high levels of confidence (P; < 0-002, Py< 0-001). 
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Fig. 3. Differences in theta abundance between first epoch after 


stimulus presented and last epoch prior to awareness as 2 function of 


the awareness threshold 


(3) On the second presentation, six of the eight patients 
showed the same tendency. This result did not reach 
statistical significance. 

The normals, however, on this presentation did not, 
as they had previously done, show a ‘U’-shaped relation- 
ship between theta and threshold. Whereas they showed 
a fall in theta for high-threshold words they showed a 
progressive rise for the two low-threshold words. Within 
this group the difference in theta change between high- and 
low-threshold words was significant at the 5 per cent level 
of confidence by a two-tail test (t = 2-7). 

The difference between patients and normals in this 
respect on the second presentation was also significant 
at the 5 per cent level of confidence by a two-tail test 
(t = 2:27). 

(4) As with the analysis of the alpha component reported 
in a previous paper, subjects in each group wero divided 
into sub-groups depending on whether or not their average 
threshold was higher for E words as opposed to N words. 
Applying this breakdown to the relationship between 
theta change from stimulus onset to awareness (Si S4). 
and thresholds for the individual words, it is apparent 
that the a/m *U'-shaped relationship holds most markedly 
for those normals and patients who had lower thresholds 
for "E" words than for ‘N’ words. For those subjects with 
higher thresholds for ‘Æ’ words, however, there is the sug- 
gestion of a difference between patients and normals. 
Whereas the former again showed a ‘U’-shaped relation- 
ship-between theta fall and threshold the normal group 
showed a relationship between theta and threshold that 
was negatively correlated (rho = — 0-79) with that recorded 
for the normal low-threshold group. 

It is interesting to note that this difference between 
the normal subjects with higher thresholds for ‘E’ words, 
and all other subjects, was very much more marked in the 
case of the alpha component. In the case of the high- 
threshold normals only, there was a significant tendency 
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for alpha to fall more during the presentation of medium- 
threshold words than for those words for which these 
subjects had either a high or a low threshold (¢=5-17 
P<0-05 2-tail). In this respect these subjects differed 
significantly from both the high- and low-threshold patient 
groups at 1 and 5 per cent levels of confidence respectively 
(£— 5:6 and 3-11) by two-tail tests. 

First and second presentations. (1) Whereas the patients 
showed the same ‘U’-shaped relationship between theta 
fall (S,-S4) and awareness threshold on both presenta- 
tions, the normals only showed this tendency on the first 
presentation. 

(2) For both normals and patients there was a 
significant relationship between thresholds on the first 
presentation and theta abundance on the second pre- 
sentation. 

It is apparent from Table 2 that those subjects with a 
higher mean threshold for emotional than for neutral 
words on the first presentation showed a greater theta 
abundance for emotional words than for neutral words, 
in the last epoch prior to awareness, on the second 
presentation. 


Table 2 


First presentation Second presentation 


Awareness threshold Abundance prior to awareness 
6E> ON 6E«0N 
AE> AN 6 1 
AE«AN 0 -* 8 


Similarly, those with a lower threshold for emotional 
words on the first presentation showed less theta for these 
same words than for neutral words on the second presen- 
tation. z 

By the Fisher-Yates test this finding is significant at the 
1 per cent level of confidence by a two-tail test (computed 
P for a two-tail test = 0-0028). 

The recognition threshold. Above the awareness thres- 
hold stimulus intensity continued to rise until the subject 
reported recognition of the stimulus word. An analysis 
was made of: 

(1) The relationship between the recognition threshold 
and the emotionality of the stimulus. For the normals a 
‘U-shaped relationship similar to that for the awareness 
threshold still held. On both presentations emotional 
words tended to be recognized earlier or later than neutral 
words. For the patients, however, the emotional words 
appeared to result in high thresholds only. Over both 
normals and patients the tendency for the highest emotive 
word threshold to exceed the highest neutral word thres- 
hold and the lowest emotive word threshold to be lower 
than the lowest neutral word threshold was significant 
at the 2-5 per cent level of confidence. 

(2) The relationship between the recognition threshold 
and theta abundance in the epoch immediately prior to 
the recognition threshold. Here, there was a general 
tendency for theta to be less for an emotional word than 
for a neutral word, irrespective of the actual threshold 
value. In this respect theta behaved differently from 
alpha. For alpha it was found that whereas those subjects 
with higher thresholds for emotional than for neutral 
words showed more alpha for emotional than for neutral 
words, subjects with lower thresholds for emotional 
words showed the opposite effect. This finding is 
significant at the 5 per cent level of confidence by a 
one-tail test. It supports our main hypothesis that 
threshold regulation depends on control of cortical 
activation. 

Conclusions. The findings described in our previous 
article provided some support for the hypothesis that high 
or low thresholds for visually presented words depend, 
respectively, on decreased or increased activation of the 
occipital cortex. This conclusion was based on the fact 
that subjects with raised thresholds for ‘emotional’ words 
showed less desynchrony in the pre-awareness EEG than 
did those with lowered thresholds for emotive material. 
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Implicit in this finding was the fact that at some level 
of stimulus intensity below the awareness threshold a 
differential response to the meaning of the material must 
have occurred. It was tentatively suggested that short- 
term changes in alpha abundance observed immediately 
after onset of the stimulus reflected this initial dis- 
crimination. 

Our present analysis of changes in slow-wave abundance 
suggests that stimulus emotionality and slow-wave 
activity bear a ‘U’-shaped relationship to both the aware- 
ness and recognition thresholds. In the light of the 
relationship between slow waves and emotional arousal 
reported by other workers it is thought that the rise and 
fall of theta abundance prior to awareness of high- and 
low-threshold words reflect the emotional arousal occa- 
sioned by these words. The problem remains as to why 
this arousal should sometimes initiate cortical activation 
with consequent lowering of the visual threshold and at 
other times a lack of activation with a heightened aware- 
ness threshold. 

One possible explanation is that these results reflect 
successive stages in what is really a single process. 

The reception of an emotionally arousing stimulus 
initiates an immediate burst of slow-wave activity accom- 
panied by suppression of alpha. With this suppression 
there occurs & momentary lowering of the cortical 
discrimination threshold and possibly awareness of the 
stimulus. 

If the awareness threshold is not reached, however, 
because of insufficient emotional arousal, a second stage 
of reception occurs wherein the temporarily heightened 
cortical discrimination brings about a progressive inhibi- 
tion of the recticular activating response. The direct 
consequence of this would be a raising of the visual 
threshold. In terms of the EEG this raising of the 
awareness threshold would be accompanied by’ a 
return of synchronous alpha activity and, along with 
the lowering of emotional arousal, a disappearance of slow 
waves. 

(These hypotheses are consistent with the curvilinear 
relationship between threshold and anxiety found by 
Bruner and Postman, De Lucia and Stagner', and 
McClelland and Liberman’. 

They are also consistent with relationships between the 
EEG and emotion that have been described by Hoagland®, 
Jost?, Sherman and Jost’, and Grinker and Serota®, while 
data on EEG changes in pre-conscious stages of the 
perceptual process have been provided by Ricci and 
Collatina!^. 

Finally, some evidence for the fact that a momentary 
lowering of the visual threshold precedes its raising by a 
visual stimulus comes from a previous experiment", in 
which it was found that during the 30-sec subliminal 
presentation of an emotive stimulus to one eye the 
threshold of the other eye fell before rising to a level 
above that occasioned by the presentation of neutral 
stimuli.) 

However, these are mere conjectures which anyway fail 
to account for several of our post hoc results such as the 
differences between patients and normals, and between 
first and second presentations of the stimulus. 

This work was supported by a grant from the Mental 
Health Research Fund. 
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LETTERS TO THE EDITOR 


RADIO ASTRONOMY 


Detection of Fine Structure in the Crab Nebula 
at 38 Mc/s 


SEVERAL observations of the distribution of radio 
brightness across the Crab Nebula have been reported over 
a wide range of frequencies!?!-*. The results indicate 
that the distribution, while slightly elongated, has an 
approximately Gaussian profile. There is some evidence 
that the angular diameter increases at the lowest frequen- 
ciest, but no fine structure has been detected. Kuz'min 
and Salamonovich*, observing at a wave-length of 8 mm, 
noted a small source slightly displaced from the centre of 
the nebula which they ascribed to an independent source of 
thermal origin. 

During the course of an investigation of the scattering 
of radio waves in the solar corona and the interplanetary 
medium’, new information has become available on the 
angular diameter of the Crab Nebula at a frequency of 
38 Mc/s. These results show that fine structure is present 
which has not been detected at higher frequencies but give 
no evidence of a significantly increased angular diameter. 
Further results derived from a recent lunar occultation of 
the nebula support these conclusions (see following com- 
munication). 

The observations at 38 Mc/s were made with phase- 
switching interferometers on an east-west baseline. The 
arrangement of the aerials for spacings of 200 and 560 
wave-lengths has been described elsewhere*. For spacings 
of 903 and 1,290 wave-lengths a system of higher sensi- 
tivity was devised which incorporated grating arrays to 
produce a reception pattern having a triple response. One 
array was a corner reflector 3,000 ft. in length containing 
dipole elements spaced by 1-4 wave-lengths and the other 
was a similar array 800 ft. in length. Signals from the 
distant array were conveyed to the receiver by a direct 
cable link. The Crab Nebula was observed at meridian 
transit, corresponding to an east—west aerial separation of 
1,290 wave-lengths, and also at times displaced by 
+ 3b 20m from the meridian transit, which gavo projected 
spacings of 903 wave-lengths. 

The different systems were calibrated with reference to 
the source 3C 123, which is known to have an angular 
diameter < 12". At the larger aerial spacings 3C 123 and 
the Crab Nebula yield comparable fringe amplitudes so 
that calibration is simple and direct. No attempt was 
made to determine the absolute phase of the fringes. 
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Fig. l. The fringe visibility curve derived from observations of the 
Crab Nebula at 38 Mc/s. The broken line indicates corresponding 
results at 960 Mo/s - 


The fringe visibility curve derived from our measure- 
ments is shown in Fig. l. The two points at a spacing of 
903 wave-lengths correspond to different position angles 
of the fringes as indicated. By comparison with the results 
of Maltby and Moffett, also shown in the figure, it is cloar 
that observations at 38 Mc/s indicate fine structure which 
is not present at higher frequencies. The simplest model 
which may be chosen to fit the observed visibility curvo 
comprises two Gaussian sources having east-west angular 
diameters of 37 + 0-5 and 30" + 15". The flux densities 
of the two components are in the ratio of approximately 
4:1. This result has been confirmed by recent observa- 
tions of a lunar occultation of the nebula at 26 Mc/s which 
suggest that the small diameter component becomes oven 
more pronounced at lower frequencies (following communi- 
cation). 

A. HEWISH 
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Radio Observations of the Crab Nebula 
during a Lunar Occultation 


On April 16, 1964, a lunar occultation of the Crab 
Nebula was observed at Cambridge at 408, 178, 81-5 and 
26-5 Mc/s. East-west interferometers were usod at all 
frequencies and strip brightness distributions were ob- 
tained across the nebula in two directions. 

The path of the radio source relative to the Moon is 
shown in Fig. 1. Immersion and emersion of the optical 
centre of the nebula occurred at position angles, measured 
on the Moon from north positive to east, of 43° and 295° 
respectively. The directions OB and OA (Fig. 1) corre- 
spond approximately to the major and minor axos of the 
optical object, the size of which is about 6’ are by 4' arc in 
these two directions. The Moon crossed the source at the 
rate of 22” are per minute of time perpendicular to the 
limb during immersion and emersion. 





Fig. 1. 


Path of the Crab Nebula relative to the Moon 


At 408 Mc/s the source was tracked continuously using 
two 60-ft. diameter paraboloids at a separation of 225). 
The 178-Mc/s observations were made with two 82 corner 
reflector aerials separated by 1302. It was necessary to 
move these aerials in azimuth between immersion and 
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Fig. 2. Records obtained at immersion and emersion 
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emersion. At 81:5 Mc/s, two 24 x 22 broadside arrays 
130A apart were used to observe both events, and the 26:5- 
Me/s aerial consisted of two arrays of 30 full wave dipoles 
at a separation of 52. 

At the three higher frequencies information was recorded 
on punched tape for computer processing, while the 26-5- 
Mc/s records were analysed by band. Receiver time 
constants of 2 sec were used at all frequencies and the 
systems were calibrated by trial runs on at 
least one other day. 

The immersion and emersion records are 
shown in Fig. 2; the 26-5-Me/s records have 
been smoothed with an effective time con- 
stant of 12 sec. The predicted times of 
disappearance and reappearance of the 
optical centre of the Crab Nebula are shown 
by vertical dotted lines; comparison records 
for the unocculted source are also shown, 
indicating the variation of receptivity with 
those systems using fixed aerials. 

The occultation curves were analysed 
to obtain strip brightness distributions along 
the two directions OX and OY (Fig. 3). The 
curves in Fig. 4 show the variation along 
XOX’ and YOY’ of the relative intensity 
of the slightly curved strips perpendicular 
to these directions. The analysis was based 
on strips 11” are in width. The curves are 
normalized so that each encloses the same 
area. 

At immersion the ‘strip brightness distri- 
butions at 408 Mc/s and 178 Mc/s are similar, 
but the 81:5 Mc/s distribution shows a 
greater central condensation (Fig. 4a). The 
26-5 Mc/s curve is significantly different with 
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a much more localized source, as is evident from the faster 
disappearance of the source (Fig. 2). At emersion, the 
three higher frequency strip distributions are noticeably 
flattened across the central region (Fig. 4b). This fact, 
when combined with the immersion distributions, suggests 
emission from a cylindrical or ellipsoidal shell. At 26-5 
Mc/s much of the radiation is again seen to originate in a 
small region of the nebula. 


Immersion 


21° 69-6" 


Declination 


Emersion 





05h 32m 20s 
Right ascension 


Fig. 3. Outline of Crab Nebula showing directions of travel of the 
Moon’s limb. The position is given in 1964-3 co-ordinates 


It is seen from Fig. 4b that there is a systematic move- 
ment of the radio centre along the major axis towards the 
east with decreasing frequency; this movement is too 
great to be attributed to refraction in the lunar atmo- 
sphere. The position of the localized region at 26:5 
Me/s is 1-2' arc east of the optical centre along strip b 
(Fig. 3). This position is near a prominent filament in the 
nebula. Í 

The localized strip of intense emission observed at 
26-5 Mc/s on both immersion and emersion indicates the 
presence of an area having an angular diameter of about 
20” are which contributes 30-50 per cent of tho total 
emission from the nebula at this frequency; its brightness 
temperature must exceed 10° °K. 

In order to examine the spectrum of the emission from 
different parts of the source, the contributions from each 
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Fig. 4. Strip brightness distributions across the Crab Nebula. 
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Spectra of the strips a to f shown in Fig. 3. (a) Immersion; 


neem b) emersion 
of the six strips shown in Fig. 3 have been determined at 
each frequency and plotted in Fig. 5; the spectrum of the 
omission from the whole source can be approximated very 
well by a straight line having a gradient of — 0-27 (refs. 3 
and 4), and this is shown by the dotted line. It can be seen 
that except for the strips (b) and (f), which contain the 
localized low-frequency source, there is little variation 
in the spectrum from different parts of the nebula; the 
well-defined reduction in the emission at frequencies 
below 50 Me/s suggests that there may be a cut-off in 
the electron energy spectrum. 

A further investigation of the nebula was made at 
408 Mo/s using an interferometer with spacings up to 
1,4501; these observations showed the presence of a 
localized source having an intensity of about 2 per cent 
of the total. 

The position of the source is shown in Fig. 3, and agrees 
within the limits of error with the position obtained at 
26-5 Me/s. 

The spectrum of the localized source is shown in Fig. 6. 
The 26-5-Mc/s points were obtained from the strip bright- 
ness distributions (Fig. 4) at immersion and emersion. At 
81:5 Mc/s the intensity of the central condensation at 
immersion is shown together with the limit detectable at 
emersion for a source of similar diameter. At 178 Mc/s and 
408 Mc/s upper limits for the emission from the localized 
source are shown. Also included are the 38-Me/s point 
obtained by Hewish and Okoye (preceding communica- 
tion) and the 408-Mo/s value of 2 per cent discussed above. 
It is seen that the spectrum of the small region is straight 
with the very steep gradient of — 1:2. 

The physical naturo of this small source is unknown. 
Woltjer* has shown that models for emission from the 
Crab Nebula cannot be constructed in terms of electron 
energy spectra uniform throughout the source. It seems 
significant that a source containing two regions with such 
unusual spectra should have a resultant spectrum which is 
so remarkably straight. A possible interpretation could 
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Fig. 0. Spectrum of the small diameter source 
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be that electrons with a differentia! energy spectrum of 
the form: 
N(E) dE a E-» dE 


are produced, but the low-energy electrons are trapped in 
the localized region while the high-energy electrons escape 
into the rest of the nebula. 

The general form of the observed radio spectra for tho 
main body of the nebula resembles that produced by an 
electron energy spectrum with a low-energy cut-off. Using 
the formule given by van der Laan‘, and assuming a 
magnetic field of 10-? gauss’, the spectra of the nebula 
suggest a value of y ~ 1:6 and a low-energy cut-off at 
~ 100 MeV. 

We thank Prof. M. Ryle and Dr. P. F. Scott for their 
assistance with the observations, Miss J. A. Bailey for 
undertaking the numerical analysis, and Mr. W. Nicholson 
of H.M. Nautical Almanac Office for providing details of 
the circumstances of the occultation. 
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RADIOPHYSICS 


Spectrum of the Galactic Radio Emission 
between I-5 and I0 Mc/s as observed from a 
Satellite 


Tue Alouette satellite (19628 & 1) carries an iono- 
spheric sounder in a nearly-circular orbit at a height of 
about 1,000 km. This experiment provides data on the 
electron number density at and below the satellite, and 
on the local magnetic field strength'. In addition, 
since the automatic-gain control voltage of the sweep- 
frequency receiver is telemetered to the ground, simul- 
taneous measurements are also made of the background 
radio noise. (The receiver is inactive during the pulse 
transmission, and the included integration circuit essen- 
tially removes any effects of the echo pulses from the 
recordings of the automatic-gain control voltage.) 
Accordingly, for frequencies below those which can penc- 
trate the ionosphere, these background noise data contain 
information on extra-terrestrial radio sources; the 
accompanying ionosonde data help to describe the 
propagation and reception of such cosmic radio waves 
by the satellite. In this communication tho results of 
the galactic noise measurements as a function of frequency 
are outlined; they will be discussed in more detail else- 
where, as will the observations of other extra-terrestrial 
sources. 

Essential features of the receiving system are the two 
orthogonal dipoles on the satellite, of length 150 ft. and 
76 ft. Impedance matching networks broaden and shape 
their frequency response, and the two outputs are applied, 
in parallel, to the receiver. In the range 1:5-12 Mc/s 
the transmission losses in the antenna system vary 
between about 1 and 9 decibels (for the antennæ in 
free space), but below 1:5 Me/s the system response 
drops very rapidly. In the presence of an ionized plasma, 
this antenna system response is altered somewhat; 
nevertheless, 1-5 Me/s is still a practical lower limit for 
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observations. of the background noise. A practical 
upper limit for such observations is set by the #-layer 
critical frequency at the particular time and location. 

The receiver gain was calibrated before launch, but 
absolute power calibration could not be provided in 
flight. Equipment voltages in the satellite are stabilized, 
as is the vehicle temperature to a considerable extent, 
so that changes in the gain of the receiver are expected 
to be minor. In fact, the data for the 19-month period 
since launching are consistent enough to suggest that no 
significant gain changes have yet occurred. Moreover, 
the computed absolute brightness temperatures for 
frequencies greater than 4 Mc/s are in fairly good agree- 
ment with ground-based measurements when allowances 
are made for differences in antenna apertures. 

In-flight frequency calibration of the records is carried 
out automatically, and for each recording (one sweep 
through the frequency range takes approximately 12 sec) 
an ionogram is available to describe the surrounding 
plasma. The plane of the satellite orbit precesses about 
‘I degree per day in space, and records are now available 
that cover all regions of the celestial sphere. Records 
are also available for a variety of ionospheric conditions 
and the antenna performance can be assessed quantit- 
atively by comparing data obtained under these 
differing conditions. 

In sealing records, data are not used below 1-5 Me/s 
because of poor sensitivity, nor are they used for 
frequencies that lie too close to the ionospheric reson- 
ances? This means that those spectral regions are 
avoided in which the propagation conditions and antenna 
performance are most difficult to assess: this procedure 
also limits the effective aperture to half-cone angles 
greater than 50°. In general, records have been selected 
so as to omit the regions toward the centre of the Galaxy. 
although with the broad effective antenna aperture 
used this distinction is not always meaningful at the 
higher frequencies. The relative received power as a 
function of frequency was scaled from the recordings 
for a wide range of local electron number densities and 
for different local magnetic field strengths. No apparent 
dependence on the orientation of the satellite antenne 
was found in the data, nor was there any significant 
dependence on the local magnetic field strength except 
when the observing frequency approached close to the 
ionospheric resonances. A dependence on the local electron 
number density, however, was noted in the data. Accord- 
ingly, the values of the received power for a particular 
observing frequency were compiled and plotted as a 
function of the local electron density. This process 
was repeated for a number of other frequencies throughout 
the range of interest. A family of ‘best fit’ curves—one 
curve for each particular frequency—was drawn through 
these plotted data and extrapolated to zero electron 
density. Since each curve was drawn with a shape 
closely similar to that of its adjacent member, the errors 
involved in the extrapolation process are thought to be 
relatively small in at least half the cases. The resulting 
intercept values of the relative power for the particular 
frequencies are taken as corresponding to free space 
conditions; when combined with the known free space 
impedance for the antenna system they give values of 
the relative galactic brightness temperature. The 
relative temperature values so obtained are plotted in 
Fig. 1 as a function of frequency, together with error 
limits that allow for scatter in the observations as well 
as for uncertainties in the extrapolation process. This 
curve is to be taken as representative of medium and high 
galactic latitudes, and any fine detail in these regions has 
been smoothed out because of the large antenna aperture. 

From Fig. l it can be seen that the most accurate 
results are obtained for the lower half of the frequency 
range. Above about 5:5 Me/s only one accuracy limit 
can be given for each data point, and the indicated curve 
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Fig. 1. 


has been extrapolated from lower frequencies with & 
gradual increase in slope such as would bring it into 
agreement with the results of ground-based measure- 
ments at frequencies greater than about 15 Mc/s. It 
should also be noted that the indicated uncertainties 
do not include a provision for changes in the receiver 
characteristics after launch, if any occurred. 

A comparison of this spectrum with that obtained 
by Ellis, Waterworth, and Bessell from ground-based 
equipment shows a significant difference, as may be 
seen in Fig. 2. Here the solid curve represents the 
results of Ellis et al. for high galactic latitudes, and the 
dashed curve has been obtained from Fig. 1 by con- 
verting relative brightness temperatures to relative 
flux densities. The two curves have been normalized 
at 4:8 Mc/s, where the present data are thought to be 
quite reliable. Between 4 and 10 Mc/s there is reasonable 
agreement between the two curves, but this is seen not 
to be so for lower frequencies; the discrepancy increases 
with increasing wave-length. This dependence on 
wave-length, together with the fact that the solid curve 
has a terminal slope of about +2 as one would expect 
for radio wave absorption, suggests that absorption 
occurs below the satellite height—that is, below 1,000 km. 
In other words, it is thought that a large part of the 
discrepancy between the two curves of Fig. 2 can be 
attributed to ionospheric absorption. Since there is no 
description as to how Ellis et al. evaluated and removed 
the effects of ionospheric absorption from their data, it 
has been assumed that they underestimated the effects. 
Generally accepted values for the D-region electron 
number density are such that there should always be 
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Fig. 2. The relative flux density for the galactic noise as a function of 
frequency; as determined from the Alouette data (dashed curve); and 
as obtained by Ellis e£ al. (solid curve) 
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observable absorption at these frequencies. Differences 
in antenna aperture in the two cases may also be im- 
portant in so far as iris effects and deviative absorption 
are concerned in the ground-based measurements. 

The importance of radio wave absorption in the Ellis 
et al. results has already been recognized by Hoyle and 
Ellis‘, but they attributed all the absorption to the 
galactic gas. This interpretation led them to’ a ‘sur- 
prisingly high value’ for the electron density in the 
Galaxy. If, as suggested here, the Ellis e al. galactic 
noise spectrum still includes a contribution from iono- 
spheric absorption, the computed galactic electron 
densities should be reduced accordingly. 

Because of the lack of in-flight equipment calibration, 
absolute data have been considered somewhat less 
reliable than relative data. Nevertheless, values for the 
brightness temperature have been obtained for represent- 
ative regions of the celestial sphere; these suffer from 
the poor antenna resolution, and only the very crudest 
mapping is presently possible. The brightest region in 
the Galaxy is centred approximately on the south galactic 
pole and at 2-3 Mc/s has a temperature of approximately 
1:8 x 10' °K. The comparable region containing the 
north galaetie pole has a temperature at this same fre- 
quency of 1-1 x 107°K. This differential, if it can be 
substantiated by further observations at such low 
frequencies, would seem to substantiate the asymmetrical 
location of the solar system with respect to the plane of 
the Galaxy. The lowest temperature, approximately 
5:0 x 10° °K at 2-3 Mc/s, has been obtained for a region 
centred on R.A. 9 h, dec. + 75°. 

The contributions of the many people and agencies 
that were involved in the various stages of the Alouette 
project and who continue to gather and reduce the data 
are gratefully acknowledged. 

T. R. Harrz 


Radio Physics Laboratory, 
Defence Research Telecommunications 
Establishment, 
Defence Research Board, 
Ottawa 4, Ontario. 


1 Warren, E. S., King, J. W., Knecht, R. W., and Van Zandt, T. E., Nature, 
197, 636 (1963). 


! Calvert, W., and Goe, G. B., J. Geophys. Res., 68, 6113 (1963). 
* Ellis, G. R. A., Waterworth, M. D., and Bessell, M., Nature,196, 1079 (1962). 
‘Hoyle, F., and Ellis, G. R. A., Austral. J. Phys., 16, 1 (1903). 


ASTRONOMY 


Gravity and Rotation 


Ir is possible to show mathematically that a particle 
which is located on a rotating object is attracted by all 
the particles of the object according to the inverse square 
law. Several important consequences follow as a result 
of this theorem. One of the most important is that 
Newton’s second law of motion and the law of universal 
gravitation are not laws apart; one can be deduced from 
the other. Another is that gravity is due to the rotation 
of the Galaxy, and from this the following verifiable 
conclusion is obtained. 

Jf p is the average density of the Galaxy, w its angular 
velocity and y the constant of universal gravitation, then 


2rye = o? 


The present values for p and y are in c.G.s. units 
7 x 10- and 6-8 x 10-*. Using the foregoing formula 
o is 1-7 x 10-15 radians/sec. The present value for the 
angular velocity of the Galaxy is given by astronomers as 
10-15 radians per sec. 

R. CAPILDEO 

Department of Mathematics, 

University College, 
London, W.C.1. 
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Fracture of Liquids in Shear 


Iw a recent article on melt fracture of silicone polymers 
under shear! Hutton reports that the critical shear stress 
for fracture in a cone and plate viscometer is independent 
of polymer molecular weight but dependent on cone 
diameter. He further suggests a criterion for predicting 
the onset of melt fracture. It is the purpose of this com- 
munication to discuss these poinis. 

(1) The phenomenon of extrudate distortion in capillary 
flow, originally observed by Spencer and Dillon for 
polystyrene’, was ascribed to ‘melt fracture’ by Tor- 
della?-* on the basis of visual observations of polymer flow 
into the capillary. In their original work Spencer and 
Dillon found that the critical shearing stress for melt 
fracture, «a, was dependent on molecular weight, tho 
product of ta and weight average molecular weight, for 
a series of polystyrenes, being constant. This constant 
was later shown to be proportional to the product of 
temperature, polymer density and recoverable shear 
strain at fracture’. It was found empirically that the 
recoverable shear strain at fracture is always about 
7 + 2 units for linear polymers, independent of polymer 
type. Thus the critical shear stress measurement can be 
used as a means for determining molecular weight*-°. 
The results entered in Table 1 of Hutton’s paper! are thus 
seen to be at variance with those earlier reported results. 

The results in Table 1 of ref. 1 suggest a dependence of 
the critical shearing stress for melt fracture on the cone 
geometry, a point which is elaborated in the author's 
theoretical approach to the melt fracture phenomenon. 
Here again inconsistency with earlier capillary flow data 
seems evident, since in this earlier work it was estab- 
lished?:!? that the critical shearing stress for onset of melt 
fracture in extrusion investigations is independent of the 
geometry of the extrusion system. The geometry of the 
system does, however, influence the macroscopic effects 
of melt fracture*??, thus often leading to a conclusion 
which we believe to be erroneous that the two factors are 
fundamentally interdependent. Certainly the interpreta- 
tion of the melt fracture phenomenon given in reference 6, 
and implied also by Spencer and Dillon?, would require 
that ta be independent of system geometry. 

The explanation of these discrepancies may lic in the 
possibility that the effects observed by Hutton are not 
due:to melt fracture but to some other phenomenon. 
Certainly in capillary extrusion of polymer melts effects 
are noted which are not attributable to melt fracture as 
usually defined?!:!? but to other complex flow characteris- 
tics. This suggestion is reinforced by the fact that only 
two of the silicone fluids used by Hutton have molecular 
weights above the critical molecular weight for entangle- 
ment of this polymer? (~ 30,000). Except at very high 
rates of shear, non-Newtonian flow would not be expected 
for polymers with molecular weights lower than the 
critical weight for entanglement, Further, at these 
low molecular weights it has been suggested that elastic 
effects should not be observed either!*. Tho results 
reported by Hutton for samples 14S8200/12.500 and 
MS200/30,000 therefore raise the question whether un- 
known effects are not complicating the experimental 
evidence, and contributing to an incorrect assessment of 
the critical shearing stress in terms of polymer molecular 
structure. 

(2) In addition to these purely experimental points of 
difference some discussion is warranted of the model 
postulated by Hutton, wherein the fracture will occur 
only when the total elastic energy is at least sufficient 
to supply the energy requirements of the new surface 
formed. This is the criterion applied by Griffith?” to 
brittle fracture of glasses; where the work to form the 
fracture surfaces is a function of the surface tension of 
the material. Thus the fracture stress, c, is related to 


try 


176 


E, « and c, the modulus of elasticity, specific surface free 
energy and defect length in the sample, by: 


[d 


oz (1) 
Application of this criterion in reference 1 leads to the 
prediction that surface work and shear stress for melt 
fracture are independent of polymer molecular weight. 
It is unlikely, however, that the surface tension term. is 
at all significant in fracture of liquids, or even of metals. 
In most cases of fracture the work of forming new frac- 
ture surfaces is probably dependent primarily on tho 
plastic work occurring in the brittle fracture zono ahead 
of a growing crack!*-??. This plastic work must depend 
on 2 viscosity term and hence on molecular weight. 

By analogy with the brittle fracture of steels one may 
suppose that there are three stages in the process of melt 
fracture?3-5, 

(i) The formation of a crack of atomic dimensions is the 
initiation phase. The initial crack may be pre-existing, 
such as dirt, microgel or agglomerates of filler or pigment, 
or it may form initially as a result of shear stress on the 
flowing melt?»". We are unable to distinguish between 
these alternatives on the basis of our present information. 

(ii) The initial microcrack must grow to the critical 
dimension for cleavage fracture. This is the growth phase. 
Persistence of the crack at the dimensions required for 
stability could result from the piling up of minor cracks or 
voids at an obstacle such as a very long, entangled polymer 
chain. Detailed speculation must await further relevant 
experimentation. However, the polymer melt stream does 
fracture and a flaw must grow through the dimensions 
corresponding to the crack initiation and growth phase. 

(iii) The final phase is crack propagation. The modified 
Griffith criterion for crack propagation in a polymer melt 
is that the elastic energy, E, released by the melt as the 
crack advances is at least equal to the work, P, to form 
two new crack surfaces. This work involves at least two 
terms: (a) the surface-energy work; (b) the plastic work. 
The surface-energy work will be minor.compared with the 
plastic work. Further, the plastie work, which will 
depend on viscosity of the melt and the velocity of crack 
propagation, should depend markedly on molecular weight 
if only because of the viscosity dependence of molecular 
weight. ; 

The elastic energy per unit volume at fracture is given 
by”: 


feud (3) 


where y. is the shear modulus of the melt. This relation is 
valid for a polymer which obeys Hooke's law in shear 
and which relaxes, after melt fracture, to zero shear stress. 
The problem in applying the criterion E > Pis to cal- 
culate P, the non-recoverable fracture work. This 
should be given by the product of a viscosity and a shear 
rate, both of which may depend on the velocity of crack 
propagation and crack size and geometry. It is worth 
noting, however, that an interesting result is obtained if 
the plastic work is taken as given by: 


P= Nmax Y ` (3) 


whére 7) max is the “inelastic viscosity" and y the shear rate. 
This ymax is defined by’: 


2 SR 
NERIS (4) 


where Spr is the recoverable shear strain. 
The condition for the Griffith criterion for melt fracture 
thus becomes: 


— Z max Ya (5) 
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Tt is interesting to observe in Fig. 1 that & plot of 7; 


versus 4/2 nmax Ya is linear for a wide range of both 
linear and branched polyethylenes, and that the slope of 


the curve is 4/2. The data are therefore consistent with 
the Griffith criterion, when the plastic work is given by 
equation (3). 
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ta (dynes/cm*) x 10-5 true shear stress at the wall 
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V H Nmax Ya x10-5 
Fig. 1. The critical shearing stress for fracture, Tg, versus 





Vu "max Ya 
The linearity of the plot in Fig. 1 is, however, to be 


expected. For Se > lequation (5) can be rewritten as: 
2 
"i > rg SR (6) 


which for equality is Hooke’s law in shear. It was already 
known from end correction investigations of the resins in 
Fig. 1 that this was true, so that Fig. 1 is merely a re- 
statement of our results. . 
E. B. BAGLEY 
A. RUDIN 
H. P. ScHREIBER 
Central Research Laboratory, 
Canadian Industries, Ltd., 
McMasterville, Quebec. 
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Tur first and major point raised by Bagley, Rudin 
and Schreiber is that when they compare my results! for 
the onset of flow instability in cone-and-plate viscometers 
with those for the onset of flow instability in capillary 
extruders they observe discrepancies. For example, the 
critical shear stress in the first type of instrument is inde- 
pendent of molecular weight and dependent on geometry, 
whereas in the second type it is dependent on molecular 
weight and independent of geometry. They have chosen 
the conclusion that what I have observed and measured 
is some other phenomenon than the one observed in 
capillaries. While this may be a correct conclusion it 
certainly does not follow from their argument about 
effects of ‘geometry’, and I think it is an incorrect con- 
clusion for the following reasons. 

An increase in the radius of a capillary tube is, in a sense, 
a change of geometry, but it is not the same sort of change 
as that between a capillary and a cone-and-plate visc- 
ometer: and, because it has been observed that the shear 
stress at the onset of melt fracture is independent of tube 
radius, it does not follow that the stress is independent of 
other sorts of geometrical changes. In the theory I 
give for fracture I take into consideration the total 
elastic energy in the sheared liquid. This is the integration 
of elastic energy through all variations in shear field and 
throughout the volume of liquid. For the cone-and-plate 
viscometer, in which the rate of shear is everywhere 
constant, this integration is very simple. Since the final 
expression contains certain dimensions of the cone-plate 
system, geometrical factors are important, and I stated 
this clearly in the final sentence of the article. A similar 
calculation for a capillary tube extruder cannot possibly 
contain the same geometrical factors, and a facile trans- 
ference of critical shear stress data from one geometry 
to another is therefore not permissible. On the other 
hand, a theory which, when applied to geometrically 
completely different shearing devices, gives results in 
agreement with experiment will probably be correct. 
The application of the total elastic energy concept to the 
case of a capillary tube does in fact lead to the prediction 
that the shear stress at the onset of flow instability for 
silicone fluids and other ‘power law’ liquids is independent 
of tube radius. This and similar calculations are to be 
published. 

The second major point concerns the approach to frac- 
ture through the elastic energy concept. I agree that the 
concept is a direct descendant of Griffith’s theory’, but 
it is considerably modified to avoid a crack length in the 
final expression and to find application to liquids. 
Griffith’s own discussion of liquid fracture is more to do 
with cavitation than fracture, and the method of calculat- 
ing the elastic energy from the components of stress was 
not available to him. A puzzling feature of the analysis 
given by Bagley, Rudin and Schreiber is the failure to 
introduce a fracture criterion. There seems to be no 
reason why their final expression, equation (4), should 
not apply at any pair of values of shear stress and rate of 
shear and not just at the values at melt fracture. In 
fact the whole analysis appears to comprise a set of 
dimensionally consistent identities, and agreement with 
experiment, as they state, is to be expected. 
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A further point should not go unanswered. Bagley, 
Rudin and Schreiber, using a dubious argument about 
entanglements, conclude that some of the silicone fluids 
I studied ‘would not be expected’ to have non-Nowtonian 
properties and ‘should not’ have elastic properties. 
However, these theoretical predictions are not borne out 
by my own measurements on silicones in the 10*-2 x 10? 
poise range or by the measurements of J. J. Benbow 
and E. R. Howells? in the 102-3 x 105 poise range, of 
A. J. Barlow and J. Lamb‘ in the 8-2:6 x 10? poiso range, 
of A. J. Barlow and G. Harrison? in the 1—10? poise range, 
and of C. C. Currie and B. F. Smith* in the 30-10? poise 
range. 

J. F. Hurron 
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*Hook Effect! in the Analysis of X-ray 
Diffraction Line Profiles 


In the analysis of X-ray diffraction line profiles by tho 
Warren and Averbach method! a hook has often been 
observed in the particle size coefficients (Aj) versus 
distance (D) plots. In a recent work? on tho analysis of 
X-ray diffraction line profiles due to cold-worked silver 
obtained by Geiger counter X-ray diffractomoter, no such 
hook was observed, while in another work? on the analysis 
of X-ray diffraction line profiles of cold-worked molyb- 
denum by & photographie method, the hook was quite 
pronounced. In order to investigate as to why the hook is 
produced in the photographic method and not in the 
diffractometer method, the 111 and 222 reflexions of 
cold-worked aluminium were examined by photographic 
as well as diffractometer method. 

The aluminium examined was spectroscopically pure 
and was supplied by Johnson Matthey and Co., Ltd., 
London. Spectroscopic examination revealed that alumin- 
ium rod contained an estimated amount of 0-0002 por cent 
of silicon, 0-001 per cent of magnesium, 0-0005 per cent of 
iron and copper and less than 0-0005 per cont of tin, 
cadmium, sodium and calcium. Filings from an aluminium 
rod were allowed to pass through a sieve of 325 mesh/in.? 
and the samples for the Geiger counter diffractomoter 
were prepared in the form of flat-faced briquettes with a 
binder. The X-ray diffraction patterns of the cold-worked 
and annealed materials were measured with a Geiger 
counter diffractometer. To avoid the asymmetric broaden- 
ing and shift of the peaks by rate moter recording the line 
shapes were recorded manually and fixed-count moasure- 
ments were made of the diffracted intensity, at intervals in 
20 varying from 0-5? in the background to 0:01? in the 
lines using an electronic scaling unit and an EIT olec- 
tronic counter. For a photographic method, an 11:46 cm 
diameter camera was used. All the films were processed 
under the same conditions. The line intensity measure- 
ments were carried out by an Adam Hilger non-recording 
type of microphotometer. The intensity scale was cali- 
brated through suitably prepared standard wedges. 

The Fourier coefficients for 111 and 222 reflexions 
were determined by Beevers—Lipson strips. For com- 
parison of the Fourier coefficients of the line profiles 
determined by two methods, the coefficients of pure X-ray 
diffraction line profiles were determined by eliminating 
the geometrical broadening by the method of Stokes’. 
For eliminating the instrumental broadening the line 
profiles from fully annealed specimens were used as 
standard. 
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The high-order Fourior coefficients ob- 
tained by film as well as diffractometer 
method agree within 6 per cent. The 
agreement in the case of low-order Fourier | 
coefficients is, however, very poor. The | 
values of the low-order Fourier coefficients  ! 
obtained by film method are less than those | 
obtained by counter method by 12 per cent. 
The decrease of Fourier coofficients is | 
perhaps due to the assumption of a high ! 
background in the film method which `À 
amounts to taking the lower area of the | 
peaks. This decrease in area essentially | 
affects the low-order Fourier coefficients | 
while the effect on high-order coefficients i 
is within tho limits of experimental 
accuracy. The appearance of the hook in 
the AP versus L curves in the analysis of 
X-ray diffraction line profiles, therefore, 
seems to be due to the inability of the photographic method 
to record properly the tailings of the X-ray diffraction line 
profiles. 
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the award of a senior research fellowship. 
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GEOPHYSICS 


A Possible Interpretation of the Fast 
Regular Fading observed on Satellite 
Transmissions 


Frihagen and Tróim! have already observed a deep 
and nearly sinusoidal type of fading on fast amplitude 
records at 108 Mc/s. The effect only lasted for a few 
periods and a time delay between similar features on 
records taken at two spaced aerials indicated that it was 
introduced in the ionosphere. They proposed that this 
phenomenon was caused by diffraction at a single ‘blob’ 
in the ionosphere and that it is similar to that which was 
observed in radio-star scintillation by Wild and Roberts?. 
Apparently the same kind of amplitude variations were 
observed on several occasions at Kiruna (67-8? N., 20-4? 
E.) (ref. 3) on records of Transit IV A at 54 Mejs which 
showed intense scintillation. The phenomenon was usually 
more persistent than that observed by Frihagen and 
Tróim and often lasted up to a hundred periods. The 
fading periods varied between 50 and 500 msec, but there 
was a predominance of periods of about 100 msec. Fig. 1 
gives an example of persistent regular fading lasting about 
10 sec. Some cases of the phenomenon of short duration 
(about l sec) which exhibit monotonically 
increasing (or decreasing) amplitude and 
period may be explained by diffraction 
at single ‘blob’ in the ionosphere. However, 
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Fig.1. An example of fast regular fading observed on rev. No. 7192. One division of 


the scale is 0-5 sec 


The plot of sub-satellite positions at times when the 
regular fading was observed at Kiruna (Fig. 2) shows that 
in most cases the phenomenon occurred to the east or 
west of the observing station. Measurements made using 
spaced receivers usually exhibited a time delay between 
patterns observed at different aerials. 

The following explanation of the phenomenon. is pro- 
posed. The frequency of the satellite signal received at 
the aerial is different from the transmitted frequency, f, 
by an amount Af, given by: 


ote odo f — adr 
Az -Taeit[a-we (1) 
where c is the velocity of light in a vacuum, and o is the 
time derivative of the geometrical length of ray path. 
Theo first term represents the Doppler effect in a vacuum 
and the second term is a ‘correction term’ which takes 
account of the effect of the dispersive medium between 
the transmitter and the receiver and where n is the re- 
fractive index of the medium and the integration is per- 
formed along the propagation path. When the trans- 
mitted frequency is high, then, using the usual notation 








Tig. 2. Sub-satellite positions at times when the regular fading was 
observed at Kiruna. The diameter of circles is proportional to the 
duration of the fading 





it is difficult to explain long lasting, regular 
fading in this way. 

The phenomenon was intensively investi- 
gated at Kiruna during the second half of 
1962 using recording equipment described 
by me’. It was found that it occurs most 
frequently at rather large zenith dis- 
tances, with a maximum between 40° 
and 50°. 


(rev. No. 1208 of 1963-490). 








Fig. 3. An example of a record where three closely spaced frequencies are present 


One division of the scale is 5 sec 
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of the magnetoionie theory and rationalized M.x.s. units, 
the second term of equation (1) may be rewritten: 
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where the integration is performed along the propagation 
path up to the satellite. When the satellite signal pro- 
pagates along two different paths 1 and 2, then at the 
aerial these two components differ in frequency by an 
amount: 


[sce] + 98 (8) - (50 - 
-E apa Sam (3) 


where Ap is the difference between radial velocities and 
a(S is the difference between the time derivatives 


of the slant electron content for each propagation path. 
If these components have amplitudes of the same order 
of magnitude, the resultant signal received will be modu- 
lated by the frequency F given by equation (3). ‘Thus, 
for a frequency of 54 Me/s: 


F= ~ 0180p + 2485 x 10.0 (ZA (ay 
It is clear that both terms contribute significantly to 
F even if the propagation paths are only slightly different. 
The only condition is that both propagation paths must 
exist for a period large compared with 1/F. It is obvious 
that larger frequencies F are more probable for large 
zenith distances when the influence of ionospheric refrac- 
tion and slant electron content is greater. On the other 
hand, the amplitude of any scintillation which may 
obscure the regular fading also increases with zenith 
distance. The observed distribution of the fast regular 
fading is a result of these two effects. 

The path difference between the two components reach- 
ing the observer, and the difference between their temporal 
variations when the satellite moves, may be caused in 
two different ways: (a) passage through irregularities in 
the total electron content; (b) reflexions between iono- 
spheric layers or irregularities in the presence of sufficiently 
large gradients of electron density. It may also be caused 
by other, not purely ionospheric, effects, as abnormal 
tropospheric refraction or ground backscatter. There is 
still no experimental evidence about the magnitude of the 
difference in arrival angles of the two rays, so that many 
mechanisms are possible. 

The result shown in Fig. 2 suggests that the effect 
occurs mainly in the auroral zone. Furthermore, radio- 
interferometer measurements made in Kiruna show that 
the effect is purely an amplitude modulation. 

In one case, probably three propagation paths were 
present on the transmission from 1963-49C at 54 Me/s. 
Tho observation was made on March 4, 1964, during a 
very disturbed period. The amplitude record given in 
Fig. 3 shows the presence of three closely spaced frequen- 
cies beating together. The fade-out of signals at the 
end of the period of fast fading is probably due to the 
interference between two waves of almost the same 
frequency in antiphase. 
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Origin of Lake Bosumtwi (Ghana) 


Mr. S. O. Bawro's recent report on the “Kumasi 
Conference on the Lake Bosumtwi Crater’! raises a fow 
questions. 

In the summary of his own talk, which is part of the 
report, the author refers to certain deposits near Morontuo 
as ‘brecciated conglomerates’, ‘conglomerates’ and 
‘breccia’; but, in fact, only the term breccia is appro- 
priate. Morontuo, sometimes spelled Morawtuo, is a 
village south-west of the Lake. The rocks concerned mainly 
consist of angular and subangular fragments of vesicular 
glass and of the surrounding Birrimian country rock with 
its intrusives. Junner? identified these deposits, which 
are evidently considerably younger than the underlying 
Precambrian rocks, as pyroclastics. This has been the 
main argument for the assumption by him and Rohleder? 
that the Bosumtwi depression is of (crypto-) volcanic 
origin. Mr. Bampo seems to consider a slight difference in 
composition between the glassy material from the Lake 
Bosumtwi breccias and dacitic pitchstone from Scotland 
as an argument against the voleanic theory for the first. 
However, variations in composition between similar 
voleanic rock-types from different areas are normal and 
form no criterion in the present discussion. 

Although the passage is not very clear, it scoms that 
Mr. Bampo suggests that only large deposits of volcanic 
material around a structure of the type under review 
provides sufficient evidence for a voleanic origin of the 
structure. This is not so, for any deposit of this kind, 
however small, indicates volcanic activity and, if clearly 
confined to the area of the structure, represents at least 
2 very strong argument for & belief in such an origin. 
Explosive voleanie activity without lava outflow, but 
resulting only in the ejection of pyroclastics, is well known 
in geological history. In the case of Lake Bosumtwi its 
isolated position outside areas of contemporaneous 
volcanic activity is indeed a problem, but the main problem 
is an alternative interpretation of the ‘volcanic breccias 
and tuffs’ near the depression as products of meteorite 
impact (‘impactites’). This suggestion has been raised 
after the discovery of coesite in the glassy constituents 
of the breccias‘. At present much attention is being 
directed to this particular question. 

It may be mentioned that during the post-conferenco 
excursions Prof. Gentner and Dr. Lippolt of the Max 
Planck Institut fiir Kernphysik, Heidelberg, Prof. Monod 
of the Institut Frangais d'Afrique Noire, Dakar, and I 
examined Junner’s ‘type’-localities and some of the 
glass containing material was collected. This matorial 
is now being investigated. 

It is not clear what relevant conclusion Mr. Bampo wants 
to draw from his statement that there is “an elliptical dis- 
tribution of alluvial carbonado type diamonds in Ghana 
which are associated with recent conglomerate deposits 
and also with deep valleys, including the Bosumtwi 
Crater”. As emphasized by the director of the Geological 
Survey of Ghana, Mr. Cudjoe, during the discussion at the 
conference, the alluvial diamond occurrences in Ghana 
are known to be river concentrates from Precambrian 
source rocks. Diamonds have been found in the Bir- 
rimian. It is difficult to see how these occurrences could. 
be related to the origin of the relatively young Bosumtwi 
structure. So far, no diamonds are known from the 
structure itself and its immediate vicinity. 

Mr. Bampo suggests that attention be directed to the 
changes in level of the Lake. These changes have been 
considerable in the past as can be seen from the occurrence 
of terraced lacustrine deposits up to about 150 ft. above the 
present Lake level. It seems likely that climatic variations 
are the cause of these changes? 5. Further investigation 
into this matter is desirable, as it may contribute to the 
solution of the problems of the age and origin of the Lake. 
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Mr. Bampo mentions the numerous iron slags which 
occur in Ghana, including the Lake Bosumtwi area, as 
well as in many other places in Africa. They always seem 
to be associated with archzological sites in laterite-covered 
regions and it is beyond doubt that they are produced by 
human activity’. If it is suggested that tho Slags are the 
result of meteorite impact, then it is unlikely that they 
would have resisted weathering since the early Pleistocene, 
which is probably the age of the Bosumtwi structure. 

The dense vegetation and scarcity of outcrops make it 
difficult to trace Rohleder’s ‘Drucksuturen’-locality, 
which is the only place where features in rocks have been 
interpreted as percussion marks”. The few outcrops of 
quartzite examined by us in the area during the post- 
conference investigations did not show anything that 
responded to Rohleder’s description. So far as I know, no 
undoubted shatter cones have been found by any geologist 
who has searched for them in recent times, and I have 
never seen anything that could be interpreted as shatter 
cones in my visits to the site. 


A. FE. J. Surr 


Department of Geology, 
University of Ghana. 
! Bampo, S. O., Nature, 198, 1150 (1963). 
° Junner, N. R., Gold Coast Geol. Surv. Bull., 8 (1937). 
* Rohleder, H. P. T., Geog. J., London, 87 (1936). 


* Littler, J., Fahey, J. J., Dietz, R. S., and Chao, E. C. T., Abs. Ann. Meeting 
Geol. Soc. Amer., Cincinnati (1961). 


* Smit, A. F. J., Ghana J. Sci., 2, No. 2 (1962). 
* Ozanne, F. C., Dept. Archeology, Univ. Ghana (personal communication), 
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New Zealand Mid-Tertiary Stratigraphical 
Correlation 


Dr. D. G. JENKINS recently averred! that, consequent 
to the discovery of Globorotalia kugleri in rocks of Otaian 
age in New Zealand, our? correlation between the mid- 
Tertiary stages of New Zealand and the Cipero Formation 
globigerinid. zones of Trinidad is ‘completely wrong’. 

We agree with Dr. Jenkins that G. kugleri is an impor- 
tant short-ranging species in the well-documented 
Trinidad Oligo-Miocene section, but his assumption that it 
is so in New Zealand remains to be confirmed. The period 
of overlap of ‘Catapsydrax’ dissimilis and Globoquadrina 
dehiscens, also well documented, is, in the Trinidad suc- 
cession’, indicative of the stainforthi zone, two zones later 
in time than Globorotalia kugleri; in New Zealand ‘C. 
dissimilis and. Globoguadrina dehiscens are known to occur 
together in the Otaian‘ and underlying Waitakian (that is, 
U. Landon to L. Pareora). In Trinidad the overlap of these 
two species is within the range of Globigerinoides ‘trilobus’: 
which, in New Zealand, ranges down to the lower Pareora; 
hence our approximate equation (a triple concurrent- 
range zonal equivalence) of the Pareora with the stain- 
forth? zone. 

This triple concurrence, of ranges occurs, in Trinidad, 
after the extinction of Globorotalia kugleri, so Dr. Jenkins's 
record of this species "from Otaian samples from North 
Auckland" raises problems surprisingly ignored in his 
communication. If it is assumed that the planktonic 
zonal sequence is the same and that the ranges of the 
species are effectively isochronous in Trinidad and New 
Zealand, then either: (a) the samples from North Auckland. 
containing G. kugleri are older than the stainforthi and 
dissimilis zones and. hence pre-Pareora in age, or (b) the 
samples are Otaian and another species has been mis- 
identified as G. kugleri. On the other band, if it is accep- 
ted that the planktonic zonal sequence is similar, but that 
ranges of all species are not essentially identical in 
Trinidad and New Zealand, then either (a) G. kugleri 
ranges up to the stainforthi zone (as delimited by the 
dissimilis/dehiscens overlap), or (b) G. dehiscens ranges 
down to the kugleri zone, or (c) the ranges of both kugleri 
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and dehiscens are such that they produce mutual overlap 
in the dissimilis zone in New Zealand. 

Dr. Jenkins's simple assumption that his record of 
G. kugleri (unfigured) in samples attributed to the Otaian 
stage (but the age of which he does not confirm on faunal 
evidence) shows our suggested correlation to be “com- 
pletely wrong" is clearly not warranted; instead his 
equally simple equation of the New Zealand stages and 
Trinidad zones in his Fig. 1, far from correcting a previous 
mid-Tertiary correlation, only poses more problems, the 
solution of which has yet to be advanced. In this context 
it is unfortunate that Dr. Jenkins, so quick to quote our 
suggested correlation, seems to have overlooked our con- 
clusion in the same paragraph? that the faunas of the 
interval concerned were not sufficiently known to give 
more than an approximation. 

The published occurrences and known ranges of the 
planktonic foraminifera!-* indicate a correlation on the 
lines set out in Fig. 1, in which, however, Globorotalia 
kuglert appears to be misplaced. It is possible, on the 
other hand, that Hornibrook’s 19584 interpretation of 


: Globoquadrina dehiscens includes the sub-species G. 


dehiscens praedehiscens, which is known to occur from the 
ciperoensis to low stainforthi zones in Trinidad, and which 
we have recorded from New Zealand? in samples believed 
to be Waitakian. Taking this into account, and accepting 
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Jenkins’s record of G. kugleri as being from low in the 
Otaian, & scheme of correlation such as that set out in 
Fig. 2 would be possible: its confirmation by the observa- 
tions of New Zealand workers would, of course, be 
necessary. 

We note that his more recent work’ has served to 
indicate that the type Aquitanian at Moulin de Bernachon, 
near Soucats, includes kugleri and/or stainforihi zones, as 
shown by the fauna of his sample from 3 metres above the 
exposed base of the section at that locality. This is 
especially interesting, since in 1962 woe? demonstrated the 
presence of the Globigerina ouachitensis ciperoensis zone 
in the type Aquitanian and had, inter alia, assigned an 
Aquitanian age to the kugleri and stainforthi zones. 

The foraminiferal faunas of the five younger samples 
from Aquitaine studied by Dr. Jenkins aro relatively 
undiagnostic: of the nine identified species in them none 
is restricted to any particular zone or zones within the broad 
kugleri-fohsi robusta zonal interval and, with the exception 
of Cassigerinella chipolensis (only in sample 4), all range 
up to younger zones. The absence, from these poorly 
fossiliferous samples, of diagnostic, planktonic, zonal 
species tends to vitiate his correlation of these younger 
samples with the planktonic zonal scheme of Bolli; his 
very selective emphasis solely on the absence of one form 
(Orbulina) as being significant appears highly tendentious, 
as would be the suggestion that Jenkins's samples 5-8 are 
post C. chipolensis, and, therefore, post fohsi robusta zone’, 
an. equally valid assumption on the inadequate evidence ! 

Further work on the Tertiary planktonic Foraminifera 
is still required to clarify their zonal equivalences and in 
New Zealand to “establish a more accurate correlation of 
the Tertiary with rocks elsewhere". 


F. E. Eames 
F. T. BANNER 
W. H. Brow 
W. J. CLARKE 


BP Research Centre, 
Sunbury-on-Thames, 
Middlesex. 
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3 Eames, F. E., Banner, F. T., Blow, W. H., and Clarke, W. J., Funda- 
PU um of Mid-Pertiary Stratigraphical Correlation (Camb. Univ. Press, 


3 Bolli, H. M., U.S. Nat. Mus. Bull., 215, 97 (1957). 
* Hornibrook, N. de B., Micropalæontology, 4, 25 (1958). 
^Jenkins, D. G., Cushman Found. Foram. Res. Contrib., 15, 28 (1964). 


In a previous communication! I provided evidence for 
correlating at least part of the Otaian Stage rocks in New 
Zealand with the Globorotalia kugleri zone of Trinidad and 
concluded that Eames et aj had incorrectly correlated 
the Waitakian-Awamoan Stages with the Catapsydrax 
stainfortht zone of Trinidad. 

After the discovery of Globorotalia kugleri Bolli from the 
North Auckland roeks, specimens were sent to Dr. H. M. 
Bolli for examination. He confirmed the identification in 
a private communication and it was then decided to 
publish the information. This should satisfy Eames et al., 
who suggest in their reply that G. kugleri has been mis- 
identified. 

Eames et al. have apparently missed a previous publi- 
cation by me* in which I attempted to explain the dis- 
crepancy in the stratigraphic ranges of G. dehiscens 
between Australia, and Trinidad. In Australia? and New 
Zealand’ the initial stratigraphic appearance of G. 
dehiscens is well before that of G. trilobus, whereas in 
Trinidad Bolli* records its initial appearance after that of 
G. trilobus and G. kugleri. It is assumed that the initial 
appearance of G. trilobus was simultaneous in the two 
areas (that is, within the range of @. kugleri) and that 
G. dehiscens, which was first described from the Miocene 
rocks of Australia, originated in the Australasian region 
and later spread into the Trinidad area. 
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The quadrate nature of the early form of G. dehiscens 
from Australia, soon after its initial appearance, has 
already been illustrated’. 

In a more recent publication Blow and Banner? have 
suggested that G. praedehiscens was the ancestor of 
G. dehiscens. This hypothesis is difficult to follow because 
G. dehiscens, which is a much more quadrate species, 
existed in Australasia at the time its supposed ancestor. 
Q. praedehiscens, existed in Trinidad. ‘Therefore, the 
initial appearance of G. dehiscens should not be used in 
any attempt to correlate the Australasian rocks with the 
Trinidad sequence. 

In their reply Eames et al. have had two further 
attempts at correlating the New Zealand Stages with the 
Trinidad zones. It is noted that in their original dis- 
course Eames e£ al.? stated “but we know from our own 
observations that G. trilobus occurs at the base of the 
Pareora and ranges up” and this fact is repeated in their 
reply (Fig. 2). The exact locations of these basal Parcora 
rocks in New Zealand need to be published so that they 
may be examined for ‘G. trilobus’ by other workers. 

Recent detailed investigation by Mr. N. de B. 
Hornibrook (personal communication) on New Zealand 
species has now shown that: (1) Orbulina suturalis (Blow 
emend, 1956)! starts at the base of the Lillburnian Stage 
and not at the base of the Clifdenien Stage as previously 
published*; (2) The level of extinction of G. dissimilis in 
New Zealand is still uncertain because it occurs rather 
sporadically. A previous record of dissimilis in the 
Altonian Stage* was based partly on its occurrence in 
rocks which are now known to be Otaian. The New 
Zealand Geological Survey has only one or two records of 
dissimilis in rocks definitely of post-Otaian age, but they 
are in fault zones and the specimens are possibly alloch- 
thonous; (3) The one known occurrence of G. insueta in 
New Zealand is near to the boundary of the Altonian- 
Clifdenian Stages in Hawkes Bay. An up-to-date range 
chart is given of 6 species of planktonic Foraminifera in 
the New Zealand rocks and a correlation is attempted with 
the Trinidad zone (Fig. 1). It should be noted that these 
ranges are based on the work of the New Zealand Geo- 
logical Survey and differ from those given by Eames et al. 
in their reply (Figs. 1 and 2). 

It is gratifying to note that Eames e£ al. in their reply 
have not reasserted the “considerable disconformity” 
originally proposed by them between the Duntroonian and 
Waitakian Stages’. The overall faunal succession of 
planktonic Foraminifera in New Zealand from this 
interval shows no evidence for this “considerable dis- 
conformity”. 

My recent remarks’ concerning the post-Burdigalian 
entry of Orbulina in the European Tertiary rocks were 
intended to be tendentious, as Hames et al. suggest. The con- 
clusion that “the initial appearances of Globigerinoides 
bisphericus Todd — Orbulina universa. d'Orbigny lineage 































3 8 
3 3 
New Zealand 3 E | Tiida | 
aa a 8 - 8 zones 
eries ages 8 3 - 
$ a445 $| Je 
Lillburnian ss = B Y 
| Ek 
Southland | Clifdenian HE- qu d 
E SIS SIS | insueta 
Altonian T Sls ş 
Zale & eos 
Awamoan S 8/5 8 stainforthi- 
= i8 BIE 3 dissimilis 
Pareora Hutchinsonian | |©, $ 3 , 3 
LLTMÁ IL VLL 3 © fx i 
Otaian Š k kugleri — | 
Landon Waitakian s ciperoensis | 











Fig. 1 


182 


must occur in post-Burdigalian rocks”? was reached after 
an examination of the type Aquitanian—Burdigalian plank- 

_tonic foraminiferal fauna. Eames et al. state that the type 
samples are poorly fossiliferous, but this is not truc. More 
than 100 specimens of planktonic Foraminifera have been 
extracted from each of the 5 youngest samples and the 
uppermost Burdigalian sample has innumerable planktonic 
foraminiferal specimens. 

My “more recent work" on the type Aquitenian- 
Burdigalian fossils was undertaken in order to try and 
break the deadlock of opinion regarding the entry of 
Orbulina in European rocks which has retarded efforts at 
mid-Tertiary stratigraphie inter-continental correlation. 
The ‘British School’? advocate the entry of Orbulina in the 
Upper Aquitanian and the ‘Continental School’’*-*° have 
apparently proved its entry in the Helvetian—Tortonian. 

If Eames et al. maintain that the initial stratigraphic 
appearance of Orbulina occurs in the Upper Aquitanian, 
then more convincing evidence must be presented to 
substantiate this theory. If Orbulina wore found in the 
type Upper Aquitanian-Burdigalian rocks it would pose 
the problem of the double entry of the lineage in European 
Miocene rocks and two well-separated Orbulina datum 
lines. 

D. GRAHAM JENKINS 

New Zealand Geological Survey, 

Lower Hutt, New Zealand. 
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OCEANOGRAPHY 


Evidence of a South Equatorial Counter- 
current in the Atlantic Ocean in July 1963 


An eastward-flowing current of speeds of 4-7 cm/sec 
has been indicated in the Atlantic Ocean between 5° and 
12-5? S. at about 14° W. longitude. 

"The evidence lies in the calculations of geostrophic 
flow at the sea surface with respect to the 1,000-decibar 
surface. The results for these calculations were collected 
during June 29-July 7, 1963, aboard the Argo on the 
seventh leg of the Lusiad expedition. A line of 13 oceano- 
graphic stations was made extending from 14° 54:5’ S., 
019° 22’ W. to 05° 0’ N., 012° 39-5’ W. It is the first 
such section made across the equator in that season. 
The eastward flow between 5° S. and 12-5? S. averaged 
4-5 cm/sec; the greatest speed of the eastward flow was 
about 7-4 cm/sec and was observed between the two 
stations at 12-5? S. and 10° S. 

Flow to the east at this latitude is not indicated by 
any of the various atlases in any season! ?; instead, the 
flow in the area south of 6° S. is indicated as westward but 
very much weaker than that in the area north of 6° S. 
(ref. 1). It is not impossible that a weak eastward flow 
(4-7 cm/sec) could prevail in this season in all years 
without being detected from the ordinary set and drift 
observations. The set from such a current might easily 
be masked by the effect of the south-easterly trade winds 
that average more than Beaufort Force 4 (5-5-8 m/sec) 
in June and July’. Furthermore, the major shipping 
routes do not cross this area, and the few transits are on 
nearly north-south courses‘; vessels would spend only a 
short time in the area of this eastward flow; they would be 
subject to a total current-drift of only about 7-8 km even 
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if they required 48 h to cross the area. This is within the 
error of celestial navigation, and is probably smaller than 
the effect of the winds in that area. 

There is no other sort of evidence available to examine 
the existence of this current. The other hydrographic 
data in the area are few and isolated and are not enough 
to confirm or deny such a current’; those measurements of 
density that lie near the Argo data are in agreement with 
them, however, and suggest that the Argo was not observ- 
ing an unusual condition. It is interesting that this 
easterly flow was observed at the same season when the 
(North) Equatorial Countercurrent prevails in the 
Atlantic, and at the same season that the South Equatorial 
Countercurrent has been most clearly observed in the 
Pacific®. 

JosEPH L. REID, JUN. 
Seripps Institution of Oceanography, 
University of California, 
La Jolla, California. 
1 M.O. Misc. 371, Marine Div. (Meteor. Off., Air Ministry, London, 1942). 
2U.S. Navy Hydrographic Off., No. 10,689 (1948). 
3 U.S. Dep. Agric., W.B. No. 1247 (1938). 
1 Somerville, B. T., Ocean Passages for the World (Admiralty, London, 1960). 
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CHEMISTRY 


Nature of the Iron- Oxygen Bond in 
Oxyhamoglobin 


J. J. Wesst has proposed that oxyhsmoglobin is a 
hemoglobin peroxide, with the iron atom in the ferric 
state and the oxygen molecule present as an Og ion, 
which is then taken up in the co-ordination shell of the 
ferric ion. He states that such an assumption accounts 
for the properties of oxyhzemoglobin. 

Oxyhemoglobin is, however, diamagnetic’, and the 
generally accepted definition of oxidation number? 
requires that the iron atom in any diamagnetic molecule 
or complex containing one iron atom (no iron-iron bond) 
has an even oxidation number. It is accordingly not 
possible for an iron atom in oxyhæmoglobin to be described 
as ferric (oxidation number +3) unless a definition of 
oxidation number different from the usually accepted one 
is used. 

The problem discussed by Weiss, the nature of the 
iron-oxygen bond in oxyhemoglobin, was given a thorough 
discussion by me in two communications published about 
15 years ago’®. It is now possible to amplify the dis- 
cussion Somewhat, in part because of further development 
of the theory of the chemical bond’ and in part because 
of the increased knowledge about the structure of oxy- 
hæmoglobin and related molecules that has been obtained 
by the X-ray diffraction investigations of Kendrew” and 
Perutz?. 

Weiss has illustrated his proposal by writing the fol- 
lowing equation: 
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electron but some sort of bond. 
The structural formula which I proposed for oxyhæmo- 
globin®* is the following: 
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In this structural formula the iron atom is shown as 
forming a double bond with the first oxygen atom, which 
forms a single bond also with the second oxygen atom. 
(The iron atom then has two unshared electron pairs in 
its outer d5sp? shell.) There is a formal charge +1 on the 
first oxygen atom and a formal charge —1 on the second 
oxygen atom. The difference in electronegativity of iron 
and oxygen is 1-7, which corresponds to 51 per cent of 
ionic character’. The electric charge assigned to the first 
oxygen atom is accordingly reduced to 0, whereas that of 
the outer oxygen atom remains —1. Except for the outer 
oxygen atom, the assigned structure is accordingly in good 
agreement with the principle of electroneutrality™. 

The negative charge assigned to the outer oxygen atom 
of oxyhemoglobin can now be accounted for by the 
structure of myoglobin, as determined by Kendrew?. In 
the myoglobin molecule there is a residue of histidine 
adjacent to the iron atom on one side of the ham group, 
and another residue of histidine constrained by the con- 
figuration of the polypeptide chain to a position a few 

gstróms removed from the iron atom on the other side 
of the hem. These two residues of histidine are those 
that were proposed originally by Conant, in order to 
account for the observed hem-linked acid groups of 
hæmoglobin, and their positions relative to the iron atom 
are those postulated by Coryell and Pauling!* in their 
detailed discussion of the mechanism of change in acid 
strength of hemoglobin on oxygenation. It has been 
pointed out that the positive electric charge of the 
imidazolium side-chain of the second histidine residue 
probably serves, through its electrostatic interaction with 
the iron atom, to stabilize the bipositive state and assist 
in preventing oxidation of hemoglobin to ferrihemo- 
globin?. We see, also, that for oxyhemoglobin the 
structure assigned above places an oxygen atom with a 
negative charge in close approximation to the positively 
charged imidazolium group and, indeed, in such a 
position as to permit hydrogen bonding with the nega- 
tively charged oxygen atom, thus further stabilizing the 
structure. 

Similar structures, involving iron-earbon double bonds, 
were formerly assigned to carbonmonoxyhemoglobin and 
the ferrohemoglobin alkylisocyanides*. We may now 
recognize, however, that the arguments of the preceding 
paragraph strongly suggest that these molecules have 
structures in which the iron atom forms a triple bond 
with the carbon atom, and the outer oxygen atom or 
nitrogen atom has a negative electric charge: 
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I conclude that oxyhemoglobin and releted hemo- 
globin compounds are properly described as containing 
ferrous iron, rather than ferric iron, that their electronic 
structure involves essentially the formation of a double 
bond between the iron atom and the near-by oxygen atom 
in oxyhemoglobin (with the iron-oxygen-oxygen bond 
angle about 120°) and a triple bond to the carbon atom 
in carbonmonoxyhemoglobin and the hemoglobin alkyl- 
isocyanides (with iron-earbon-oxygen or nitrogen bond 
angle 180°). The iron-oxygen and iron-carbon inter- 
atomic distances in these compounds are predicted to 
have the values corresponding to these multiple bonds. 
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THE essence of my suggestion was that there is a charge 
transfer from the hemoglobin to the oxygen molecule, 
that is, some delocalization of one of the d-electrons of 
the ferrous towards the oxygen. This was meant as a 
starting approximation, the details to be settled by some 
physical measurements concerning the electronic struc- 
ture. There are no obvious grounds why the resulting 
structure could not be diamagnetic. If this would not 
agree with & certain conventional definition of oxidation 
number then this would only show that this definition is 
no longer useful in this case. This is perhaps not sur- 
prising, because the Og ion has itself an unpaired spin 
unlike the common anions such as OH-, CN-, which are 
all diamagnetic. This does, therefore, involve the more 
complicated problem of the interaction of the two mag- 
netic ions when thay come close together. 

The charge-transfer complex and the structuro proposed 
by Prof. Pauling have two prominent features in common 
as, according to Pauling, there also is (1) & charge of — 1 
on the oxygen, and (2) the iron-oxygen bond has a large 
percentage of ionic character. The difference lies essen- 
tially in the disposition of the third positive charge, which 
Pauling does not associate explicitly with the iron. It 
might be expected, in any event, that there will be some 
delocalization of the positive charge over the porphyrin 
ring. It will be of interest to see whether Prof. Pauling’s 
much more specific proposals can be confirmed. 

The reasons for my suggestion were given previously}, 
one of these being the observation that oxyhemoglobin 
can act as a strong oxidizing agent; for this it would be 
difficult to give a simple explanation on the basis of the 
conventional structure. 


JOSEPH J. WEISS 


School of Chemistry, 
University of Newcastle upon Tyne. 
1 Weiss, J. J., Nature, 202, 83 (1964). 


Molecular Orbital Evidence for Weiss’s 
Oxyhamoglobin Structure 


WE have read with interest the recent paper by Weiss! 
concerning the electronic structure of oxygenated hemo- 
globin. From a consideration of: (1) magnetic properties, 
(2) absorption spectrum and (3) acid dissociation constant 
of oxygenated hemoglobin, Weiss has proposed that the 
iron has a +3 charge. Therefore, iron is essentially in 
the ferric state. His paper has prompted us to give 
additional evidence in support of his idea. 

The charge on the iron atom can be derived from the 
coefficients of the molecular orbitals of the complex. 
The molecular orbitals used were calculated for a general 
examination of the structures and properties of oxygen 
metal complexes. The calculations included a total of 17 
atomic orbitals with 18 electrons in these orbitals. The 
orbitals considered were the 2s and three 2p on each 
oxygen atom and the five 3d, one 4s and three 4p orbitals 
on iron. The general method of the calculation is that of 
Ballhausen?, but the details and a discussion of the results 
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will be given at a later date. Equation 1 (ref. 3) was used 
to calculate the charge on iron: 


Qqg= Lin, C27 + UD UU Ny Cr; Cri Sji 
r j r ji£j 


datom = Q — Zas (1) 
where gatom = the signed charge of the atom in question; 
Q = number of electrons on the unperturbed. atom; 
qi = electron density in the jth atomic orbital; n, 
number of electrons in the rth filled energy-level; C,; = 
wave function coefficient of the jth atomic orbital in the 
rth energy-level ; Sj; = overlap integral value between 
the ith and jth orbitals of the system. The index j is 
over the orbitals of the atom in question, whereas index i 
is over all the orbitals of the system. Index 7 denotes 
only the filled energy-levels. 

The result of our calculation is girn = + 2-02 based 
on the Pauling structure’ for oxygenated hemoglobin. 
The Pauling theory of the oxygen-iron complex is that an 
electron pair (probably sp*) is donated from oxygen to 
an empty d?sp? orbital of iron as a normal octahedral 
chelate is formed. Then there is back donation from a 
dx orbital of iron into a higher m, orbital of oxygen. 
Essentially Weiss predicts that this back donation is 
quite large. If the first electron pair is shared equally 
between ferrous iron and oxygen, and if there is no back 
donation, the calculated charge would be giron = + 1. 
However, if back donation is so large that the iron is 
essentially ferric, and if the first electron pair is again 
equally shared, giron would be ~ + 2. Thus the cal- 
culated value of g = + 2-02 shows that back donation is 
very largely in agreement with the theory proposed by 
Weiss. ` 

This work was supported by the U.S. Public Health 
Service grants /R-00009 and RG 08285. 

One of us (R. O. V.) received financial support through a 
National Science Foundation graduate fellowship. 
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> Muller, Norbert, Pickett, Lucy W., and Mulliken, Robert S., J. Amer. 
Chem. Soc., 70, 4770 (1954). 5 n is i 
‘Pauling, L., in Roughton, F, J. W., and Kendrew, J. C., Joseph Banero: 
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Sequence Specificity in Synthetic 
Polydeoxyribonucleotides 


KORNBERG has shown that enzymatic synthesis of 
polydeoxyribonucleic acids from mononucleotides is 
possible even in the absence of a primer DNA. molecule!:?, 

When mixtures of the two deoxyribonucleoside-5’-tri- 
phosphates, the heterocyclic bases of which were thymine 
and adenine, were used, Kornberg found that the poly- 
nucleotide formed after an initial time-lag was copolymer 
(Poly GAT) in which the bases alternated!. When the 
same procedure was carried out with the corresponding 
nucleotides containing the bases, guanine and cytosine, 
the product was a mixture of the two homopolymers, 
Poly dG and Poly dC, not always in equal amounts. 

In both cases, in which exactly equimolar amount of the 
two mononucleoside triphosphates were used, there was 
evidence for double helix formation with base-pairing of 
the Crick-Watson type?. 

In order to determine how far this sequence specificity 
is a result of enzyme stereochemistry or simply a result of 
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the molecular configurations of the nucleotides themselves, 
we have repeated the polymerization using equimolar 
amounts of the thymine and adenine deoxyribonuoleoside- 
5’-phosphates, the thymine derivative being labelled with 
phosphorus-32 and a chemical condensing agent (dicyclo- 
hexylearbodi-imide)?. 

In syntheses leading to deoxyadenosine polynucleotides, 
Khorana found it necessary to acylate the 6-amino group 
of the purine. In our work, however, we have avoided 
the use of this blocking group in order that the molecular 
configurations should be as close as possible to those in the 
unprimed enzymatic synthesis. Parallel experiments aro 
planned with systems incorporating the acylated nucleo- 
tide to determine the influence of these protecting groups 
on the sequence specificity. 

The nearest neighbour analysis method was used on the 
polymeric product which had been freed from small 
molecules by dialysis and afterwards degraded by the 
action of spleen phosphodiesterase and micrococcal DNase 
producing nucleoside-3’-phosphates. Thus the labelled. 
phosphate which enters the polymer as thymidine-5’- 
phosphate appears in the hydrolysate as the 3'-phosphate 
of the nucleoside which was next to the thymidine in the 
polymerie chain. 

The nucleotides were separated by paper chromato- 
graphy; thespots were cut out and their activity measured. 

If homopolymers are formed (for example, of the Poly 
dG—Poly dC type), all the activity should be found in the 
originally labelled nucleoside, thymidine, in the form of 
the 3’-phosphate. If, however, there is co-polymerization 
with a perfect alternation of bases, all the activity should 
be transferred to tho initially unlabelled nucleoside, 
deoxyadenosine. Co-polymerization with a random 
sequence of bases should lead to both nucleoside-3’- 
phosphates having equal labelling. : 

In our experiments, we have found that the polymeric 
material, on degradation, yields a mixture of nucleoside-3’- 
phosphates in which approximately 20 per cent of the 
labelled phosphate has been transferred to the 3'-position 
of the deoxyadenosine. 

Thus it is clear that there is some co-polymerization, but 
that there is neither a perfectly alternating sequence nor & 
completely random sequence. 

Further experiments, in progress, using labelled 
deoxyadenylic acid should indicate how far the result may 
be explained by loss of deoxyadenylic acid from the poly- 
merizing system as a result of the unprotected amino 
group. 

We thank the Department of Scientific and Industrial 
Research for a grant for equipment and Unilever, Ltd., for 
a research studentship (G. R. B.). We also thank the 
Radiochemical Centre, Amersham, for a gift of P- 
labelled thymidine-5’-phosphate. 
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A Flow Method for Determining the Thermal 
Conductivity of Gas Mixtures 


Tue thermal conductivity of a mixture of two gases 
does not, in general, vary linearly with the composition of 
the mixture. For two gases of similar molecular weight 
the degree of non-linearity is small, while for systems of 
widely different molecular weight, linearity rarely extends 
beyond 0-05 mole fraction from either pure component. 
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Mixtures containing appreciable amounts of both com- 
ponents are of interest experimentally, and in the theory 
of transport phenomena. The collection of such con- 
ductivity data is usually time-consuming. 

During some experiments on the dispersion of gases 
in Jaminar flow through a circular tube, anomalous 
results were obtained, as expected, for pairs of gases of 
widely differing thermal conductivity when a katharo- 
meter was used to determine the tracer gas concentration 
profile. It is possible, however, to explain quantitatively 
the discrepancies between the theoretical predictions and 
the experimental results in terms of the non-linearity 
described previously. This provides a method of obtain- 
ing, in a few minutes, a continuous curve of the variation 
of thermal conductivity with composition. 

Assuming that the operation of the katharometer 
depends only on thermal conductivity’, and that the 
recorder trace is a linear representation of the thermal 
conductivity difference, AK, then the introduction of a 
step change from gas A to gas B will produce a plot of 
the thermal conductivity of the mixture, ranging from 
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pure Á to pure B, as & function of time. 
Such a trace, which will be a distorted con- 
centration profile, is given diagrammatic- 
ally in Fig. 14. 

For a given mean velocity, à, which may 
be found from the volume flow rate, and 
the molecular diffusion coefficient for the 
system, .D4pg, the true concentration 
profile corresponding to Fig. 1B, may be 
calculated from equations (1) and (2), 
since for a tube, radius a, the offective 
dispersion coefficient is D, (ref. 2). 


ELVES 


1 
48D 4p 2 


D, = Dap + 


This has been verified by us to hold to & 
high order of accuracy, and details will be 
published shortly. The mean concentra- 
tion across the tube, as a function of time, 


t, is: 
nipa) e 


when the tracer has travelled a length L. 

These equations imply that the value of the molecular 
diffusivity is independent of concentration. To a first 
approximation this is true. 

Equation (2) may be plotted on the same time-scale as 
the recorder trace, as in Fig. 1B. By projection, given by 
the broken lines, as many points as may be required can be 
found for the curve of thermal conductivity against com- 
position (Fig. 1C). 

The method was tested experimentally by injecting & 
Step change of helium into flowing argon. The apparatus 
consisted of a straight steel tube 17-29 m long, mounted 
horizontally in a room maintained at 19-5°40-5° C. A 
twin cell katharometer, forming part of a Wheatstone 
bridge, monitored the concentration profile. The use of 
two hot wires eliminated the effect of small velocity 
fluctuations, and presented, on the recorder, the profilo 
in terms of the difference AK, in thermal conductivity 
between carrier gas A with tracer B, and pure A. The 
katharometer is specially designed to have a negligible 
volume (0-5 ml.), and to present as little disturbance to 
gas flow as possible. Tracer injection is carried out by 
means of an ‘O’ ring, annular valve’. 

The results are given in Fig. 2, in which are also plotted 
theoretical values, and some experimental results of 
Wachsmith*. The literature values refer to 0? C, whereas 
the experimental values were obtained at 20° C. Since the 
difference between the thermal conductivities of the pure 
components at these two temperatures is relatively slight, 
the conductivities of the pure components at 0° C were 
assigned (for purposes of comparison) to positions C and 
D in Fig. 1C. 

It can be seen that the degree of fit is good. In an 
accurate determination, the thermal conductivities of the 
pure components would have to be known at the mean 
System temperature. 


E. V. Evans 
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Acid-labile Ribose as an Indicator of 
Ribonucleic Acid Base Composition 


Tue lability to acid of purine ribomononucleotide N°- 
glycosidic linkages, as opposed to the stability of pyrimid- 
ine ribomononucleotide N?-glycosidic linkages, is well 
documented (for example, ref. 1). It has, however, been 
noted that the latter linkage is not completely resistant, 
in the cases of cytidylic and uridylie acids, under the 
conditions of the Bial reaction of their pentose moieties 
with orcinol?. 

The acid lability of purine mononucleotides has been 
used to estimate the purine/pyrimidine ratios of yeast 
whole-cell ribonucleic acid? by recalculation from the molar 
ratios of acid-labile ribose/nucleotide phosphorus. The 
validity of this method depends on the freedom of the 
examined RNA from extraneous, non-nucleic acid 
phosphorus and the hydrolytic release only of purine 
ribose and its reaction with orcinol. The first condition 
was satisfactorily achieved; an examination of the second 

_is reported here. | 

Approximately 1 mM. aqueous solutions of mixed 9/ 
and 3’ isomers of GMP, AMP, CMP and UMP (Sigma) 
were prepared. Quadruplicate aliquots of 1 ml. were used 
in estimating acid-labile ribose by a modification? of the 
method of Ceriottit. The results, presented as the molar 
ratios of acid-labile ribose/orthophosphate (estimated by 
the method of Boltz and Mellon), are shown in Table 1. 


Table 1. MOLAR RATIOS OF AOID-LABILE RIBOSE TO ORTHOPHOSPHATE 
IN RNA MONONUOLEOTIDEXS 


Molar ratio 
Nucleotide Expected Found 
GMP 1-0 0-985 + 0-011 
AMP l0 1:000 + 0-020 
CMP 0 0-0097 + 0-003 
UMP 0 0-062 + 0-008 


Under the conditions of ribose estimation (final concen- 
tration of hydrochloric acid, 5 N) hydrolysis of GMP 
and AMP is virtually complete. Only UMP of the 
pyrimidine nucleotides contributed significant colour. 

Acid-labile ribose was similarly estimated in artificial 
mixtures of the four nucleotides. Ribose/phosphate 
ratios, recalculated to purine/pyrimidine ratios, are shown 
in Table 2. ‘Expected’ ratios were based directly on molar 
proportions of nucleotides, given 100 per cent purine 
mononucleotide hydrolysis and no pyrimidine mono- 
nucleotide hydrolysis, while ‘corrected’ ratios included 
allowances for 98-5, 100, 1 and 6 per cent hydrolysis, 
respectively, for GMP, AMP, CMP and UMP. 


Table 2. PURINE/PYRDODINE RATIOS OF ARTIFICIAL MIXTURES OF RNA 


MONONUCLEOTIDES 
Molar proportions Purine/pyrimidine ratio 
pec- Correc- 
GMP AMP CMP UMP ted ted Found 
24-7 26-0 20-8 22-5 1:03 1:08 1:08 
29-6 29-2 20:4 20-7 1:43 1:49 1-49 
24:0 21-0 25-0 30-0 0-82 0-88 0:88 


Agreement between corrected and experimental values 
of ‘purine/pyrimidine’ ratios was good. Consistent over- 
estimate of the true value, of the order of 0-05—0-06 unit, is 
apparent, so that precise estimates of purine/pyrimidine 
ratios must still depend on separation of the four nucleo- 
tides in hydrolysates of RNA. However, the method 
provides a useful guide before the more time-consuming 
separations are undertaken. z 

D. I. Eppy 
M.B.T. Research Laboratory Pty., Ltd.,* 
Darlinghurst, 
New South Wales. 
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? Eddy, D. I., Biochim. Biophys. Acta, 80, 873 (1964). 
* Ceriotti, G., J. Biol. Chem.,214, 59 (1955). 
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Oxidation of g-Carotene by Hydroperoxides 


Ir is generally believed that bleaching of B-carotene 
concurrent with lipoxidase catalysed oxidations of fixed 
oils occurs by reaction with intermediates of the autox- 
idation process. This view, which appears to be based 
originally on the observation that loss of colour proceeds 
only very slowly in the presence of previously peroxidized 
fatt, has led to a general conclusion that hydroperoxides 
do not oxidize carotenoids readily?. Recent investigations 
of the action of tetralin hydroperoxide, concerned with 
product analysis, have again emphasized that the reaction 
proceeds only very slowly?. 

We have now been concerned with rates of oxidation of 
B-carotene by tert-butyl hydroperoxide over a series of 
concentrations—using hydroperoxide/pigment molar ratios 
of 5-200/1.—and find that loss of B-carotene occurs in a 
regular manner for each amount of hydroperoxide used. 

To 0-1 per cent (0-0186 mole per cent) solution of 
B-carotene in chloroform (2 ml.) was added the required 


amount of pure tert-butyl hydroperoxide and the mixture, 


diluted to constant volume (2-5 ml.) with more chloroform, 
kept at 25? in the dark. The small flasks were flushed 
with nitrogen and access of oxygen prevented so far as 
possible during handling. Residual Q-carotene was 
separated from oxidation products by chromatography 
on alumina using light petroleum (b.p. 60°-80°) for devel- 
opment, and estimated spectrophotometrically. Results 
are illustrated in Fig. 1. 
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Fig. 1. Oxidation of -carotene by tert-butyl hydroperoxide in chloro- 
form at 25°. Moles hydroperoxide por mole of pigment: I, 6; II, 10; 
III, 20; IV, 50; V, 100; VI, 200 


It will be observed that even with the lowest concentra- 
tion of hydroperoxide used (5 molar ratio), loss of B-caro- 
tene is recognizable after 10 min. Indications are that the 
initial reaction is first order with respect to the B-carotene 
but stepwise increase in the concentration of hydroperoxide 
used does not lead to a proportional increase in the rate 
of loss of pigment. Although all solutions ultimately 
are completely bleached, due to the continued action of 
hydroperoxide on the initial products, nevertheless the 
early losses of B-carotene are masked by a darkening and 
change in shade of colour of the solution. This is easily 
visible to the eye, but the trends of change are better 
revealed by the Lovibond readings of Table 1. 

While the intensity of colour precludes use of the 
readings other than as indicating the general trend of 
change, nevertheless they provide a moro adequate 
representation of the process than vaguer descriptions of 
appearance visually. In particular the introduction, rise 
and gradual subsequent fall in blue components should be 
noted. 
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Table 1.  LOVIBOKD TINTOMETER READINGS DURING OXIDATION OF 
B-OAROTENE BY Yert-BUTYL HYDROPEROXIDE (1/20 MOLAR RATIO) IN 
CHLOROFORM AT 25° 
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Lovibond units Lovibond units 

Time Time 

(min) Yellow Red Blue (min) Yellow Red Blue 
10 18 143 0-0 100 26-0 14.5 70 
20 18 14:3 1-0 110 270 13-3 6-0 
30 19 19:3 1:0 120 19.0 11:8 48 
40 21 21:3 2:2 130 19-0 11:8 48 
50 24 22:3 5:0 140 25:0 10-8 48 
60 24 22:8 5:0 150 26-0 9-9 42 
70 24 19.3 6-0 160 26-0 9-9 42 
80 24 18:3 70 170 26-8 9:6 40 
90 26 14:5 7-0 180 27-8 8-6 3-0 


Over the first 60 min there is an increase in red and 
yellow components together with the introduction of a 
not inconsiderable blue component, which is reflected 
by a change in visual appearance to slight off colour from 
the cleaner reddish-yollow of the original solution. As 
oxidation proceeds over the next 60 min a change in the 
balance of colour occurs, with increases, at a reduced rate, 
in the yellow and blue components coupled with loss of 
red. At this stage the solution darkens considerably to 
the eye, reflecting the continued increase in blue values. 
The outstanding feature of the third hour is the maintained 
loss of red units now accompanied by loss of blue, that is, 
visually the solution becomes a cleaner yellow of reduced 
overall, depth of colour. 

lb is not unlikely, thereforo, that similar effects in fats 
may have been responsible for early statements, which 
appear to be based on colour observation alone, suggesting 
that no immediate reaction occurs. 

Explenations offered for the ultimate bleaching action 
of linoleate hydroperoxide appear in the main to have 
been concerned with the initiation of radical decomposition’ 
without consideration of the possible superimposed more 
direct effects of low concentrations in the early stages of 
the process. Present results therefore indicate that, for 
oily solutions, more attention might be given to the pos- 
sible role of preformed fatty acid hydroperoxide in 
directly attacking 6-carotene. 


Manzoor ELAHI 
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BIOCHEMISTRY 


A New Steroid found in the Urine of 
Children but not Adults 


DURING a longitudinal investigation of the changes with 
age in steroid excretion in healthy children, we have found 
a new steroid substance!. It was present in 11 out of 19 
healthy children aged 8-12 years; in all of 7 healthy 
3-year-old children; and in none of about 100 adult men 
and non-pregnant women. Twelve of the 8-12-year-old 
children have been examined repeatedly at six-monthly 
intervals, for 18 months-2 years. Six were initially 
exeretors and six non-excretors, and none showed any 
chenge in status. Four adults with Cushing's syndrome 
were all non-excretors, but both of two pregnant women 
tested excreted the substance. Two children with the 
rare disease of lipodystrophy and accelerated growth and 
one 3-year-old child with progeria showed a markedly 
greater excretion than anybody else we have seen. 

The substance does not appear to be dietary in origin 
since it was excreted by three children under strict 
dietary control in the metabolic ward of the Hospital for 
Sick Children. Furthermore, we have followed two non- 
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excretors and one excretor during ACTH response test 
given for other reasons. Both non-excretors produced the 
substance on stimulation together with a general increase 
in oxosteroids and corticosteroids. Tho excretor failed to 
respond to ACTH, and the excretion of the substance 
remained unaltered. It seems, therefore, that this steroid 
may be regarded as a normal constituent of healthy 
children’s urine, at a certain stage of growth. 

The substance was excreted as a glucuronide salt only. 
After extraction of the urine, hydrolysis with B-glucuron- 
idase and preliminary separation on Whatman 3 MM 
paper, it appeared as & Zimmermann-staining spot near to 
the 11-oxo-17-ketosteroids in the modified two-dimension:l 
system of Edwards?. 

In the modified Bush B3 system? it ran with 11-hydroxy- 
androsterone but was distinguished from it by absorbing 
ultra-violet light. It was eluted from the modified B3 run 
on No. 2 paper, as used in our usual procedure‘, und iso- 
lated by re-running on a slower-moving chromatogram 
for 24 h. It was then purified by passage through « 
‘Sephadex’ column!. 

It then showed the following reactions: (1) under ultra- 
violet light a peak at 223 mu; (2) blue colour with 
Zimmermann reagent; (3) ultra-violet fluorescence when 
treated with sodium hydroxide and a small amount oí 
triphenyl tetrazolium chloride; (4) after reaction with 
20 per cent orthophosphorie acid a weak pinkish colour 
after dipping, and strong ultra-violet fluorescenco; (5) a 
pink colour when refluxed with selenium dioxide in acotic 
acid and benzene (Fieser reaction); (6) sulphuric acid 
spectra in various modifieations'-? gave peaks at 410. 
408 (470) and 370 (480) my respectively whereas un 
authentic sample of a A5-9-hydroxy compound (dehydro- 
epiandrosterone) gave peaks at 410, 408 (490) and 390 
(470) mp (the figures in parentheses indicate minor 
peaks); (7) Menini-Norymberski? reaction with tert-butyl 
chromate on paper! positive with strong ultra-violet 
fluorescence; (8) reaction with phosphomolybdic acid 
gave a similar speed to dehydroepiandrosterone. Reac- 
tions 5-8 indicate that the substance has a A* structure: 
(9) Ey value of + 0-72 on a modified Bush B3 system paper 
chromatogram (approximately equal to 11-OH-andro- 
sterone). £y values of formates, acetates and propionates 
in several modified Bush B3 systems were compared with 
similar esters made from mono-, di- and tri-hydroxy 
reference steroids. From this it was evident that the 
substance contained one hydroxyl group, most likely at 
C3; (10) Ey of the acetate and its CrO, oxidant product und 
the NaHCO, hydrolysate of the oxidation product were 
all the same; (11) the infra-red spectrum (carried out by 
the Cambridge Instrument Co.) revealed the presenco of 
single free OH group. Reactions 9-11 indicate a single 
hydroxyl group, at C3: (12) reaction with blue tetrazolium 
reagent positive, but much slower than cortisol, deoxy- 
corticosterone or compound S; (13) positive reaction wil h 
silver diamine reagent!!; (14) reaction with 2,4-dinitro- 
phenyl hydrazine and thiosemicarbazine was positive: 
(15) after treatment with Girard reagent, the substance 
was recovered from the ketonic fraction with Ray value 
unchanged; (16) reaction with hydroxylaminic acid 
reagent and FeCl, gave a pink colour; (17) Schiff's 
reaction positive; (18) infra-red absorption at 1,076 cm-t; 
reactions 12—18 strongly suggest an aldehyde group. at 
C17. 

The ultra-violet spectrum and selenium dioxido reaction 
suggest a diene structure, and treatment with osmitun 
tetroxide gave a compound with a much larger Rm value 
than the original substance. The placement of the second 
double bond must await further study of synthetic coin- 
pounds, but the infra-red spectrum and ultra-violet 
absorption suggest that it may be at C16. Oxidation with 
CrO, and NaBiO,; and reduction with a borohydride were 
not very successful. The first gave ‘streaking’ on paper. 
the second ‘streaking’ and several Zimmermenn-reacting 
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materials with Ry values of 0-72, 0-31 and —0:36 in 
modified Bush B3 system. 

The pattern of the infra-red spectrum indieates & 
steroid structure. Though large numbers of reference 
standards including A!*-androsternol, 4-6-dienes, 16-OH- 
pregnenolone, A!5 pregnenolone, 6-OH testosterone, 11- 
ketotestosterone, 2-OH testosterone, 7-keto and 7-OH 
dehydroepiandrosterone, kryptogonin, diosgenin, 38-ol- 
chol-5-enic acid were compared with the substance none of 
them showed an identical pattern. 

From the results so far obtained, we may conclude that 
the new substance is probably a steroid with a hydroxyl 
group at C3, one double bond at C5, another possibly at 
C16, and an aldehyde group at C17. 

The substances observed in the urines of new-born 
infants by Dr. Bierich!? and Dr. Cathro et al., may well 
be the same compound as ours. At present its physio- 
logical significance is unknown. Possibly it represents an 
intermediate or alternative product of the adrenal andro- 
gen system, characteristic of some or all children at a 
stage prior to the maturation of some unidentified enzyme 
system. As it seems likely to be something which occurs 
in children’s urine, disappearing at some time, yet to be 
determined, before maturity, we suggest ‘childhood 
steroid’ as a strictly temporary descriptive label until its 
full chemical structure is known. 

We thank Prof. I. E. Bush and Dr. R. W. H. Edwards for 
their advice, Prof. W. Klyne for a supply of reference 
steroids, Dr. Barbara Clayton, Dr. John Davis, Dr. Eades 
and Dr. D. Shaw for allowing us to study their patients, 
Dr. Chamberlin, of Merck, Sharpe and Dohme for a gift of 
ergosterol-D, Dr. B. W. L. Brooksbank for a gift of 
androst-16-en-3-ol, Mrs. Anna Cole for assistance and 
critical suggestions, and Mrs. A. V. Bagnall for the collec- 
tion of urine specimens. This work was supported by a 
grant from the Medical Research Council. 
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Pure Chlorogenic Acid not Allergenic in Atopy 
to Green Coffee: a Specific Protein Probably is 
involved 


Recent articles! have reported that chlorogenic acid 
(3-caffeoylquinic acid) is the principal allergen in green 
coffee, oranges, other fruits and vegetables, and castor 
beans. Figley and Rawlings? and Coulson et al." have 
shown that apparent cross-reactions to green coffee and 
castor beans are due to traces of castor bean proteins 
present as a contaminant in commercial green coffee. 
Layton ef aL? have shown that primary allergy 
to castor beans involves neither chlorogenic acid nor any 
other natural constituent of the coffee bean. Recent 
reports by Freedman, Sehon e£ ai.*:5 have reaffirmed their 
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view of the allergenic nature of chlorogenic acid and of 
its involvement in atopic hypersensitivity to coffee, 
castor beans and oranges. Chlorogenic acid is a ubiquit- 
ous component of higher plants, and if it should prove to 
be an allergen then this becomes a matter of major 
concern to both medicine and agriculture. 

We were conducting clinical and laboratory investiga- 
tions on several hundred French patients with allergy to 
castor beans and had found 29 patients who showed strong 
skin reactions to greon coffee. Hence, we decided to 
investigate this newly reported aspect of atopy to a com- 
mon component of plant materials by utilizing the allergic 
serum transfer test in monkeys®® and relating the results 
to the clinical tests on the serum donors. 

50 g of green coffee beans were freed of dust by rinsing 
with cold water. The coffee was dried at room tempera- 
ture and then ground in a coffee mill. The ground green 
coffee was extracted with 250 ml. of distilled water at 
room temperature; the lyophilized crude extract weighed 
9-4 g. 2 g of the dried crude extract was dissolved in 
40 c.c. of water and dialysed for 18 h through 23/32 
Visking * seamless cellulose tubing against two changes 
of water of 600 c.c. each. The lyophilized diffusate 
weighed 1-57 g, and the non-diffusible ‘retentate’ weighed 
0-4 g. Ultra-violet absorption spectra indicated that 
almost all the chlorogenic acid was in the diffusate, and 
very little in the retentate. 

‘Crude’ chlorogenic acid was prepared from green coffee 
by the method of Sondheimer, Szymanski and Corse’, 
which involves extraction of the green coffee with 70 
per cent isopropanol (aq.) followed by several recrystal- 
lizations of the potassium osffeinate-chlorogenie acid 
complex. A sample of chlorogenic acid was also obtained 
from Nutritional Biochemicals Corporation*. Pure 
chlorogenic acid was prepared from the erude acid by 
counter-current distribution between ethyl acetate and 
10 per cent sodium chloride (aq.) in a 200-tube counter- 
current distribution extraction apparatus. 

Clinical skin-scratch tests were conducted on 200 French 
patients most of whom were allergic to castor bean dust 
and house dust. Twenty-nine of the patients tested 
showed a high degree of sensitivity (2+ to 4+ reaction)? 
to a 1 per cent solution of crude green coffee extract. 
None of the patients showed significant sensitivity to a 
1 per cent solution of chlorogenic acid. We used blood 
sera from the 29 French patients, and Dr. S. O. Freedman 
of Montreal, Canada, provided sera from 12 of his coffee- 
allergic patients. All these coffee-allergio sera were 
tested in macaque monkeys by the allergic serum transfer 
tests of Layton??. The monkeys were intradermally 
sensitized in skin sites with all 41 of the French and 
Canadian sera. 48 h after passive sensitization the mon- 
keys were given intravenous injections of Evans blue 
dye solution. Each was challenged at 20-min intervals 
by intravenous injections of 25-mg samples of each of 
the materials being tested for allergenicity, beginning with 
the most highly purified and ending with a 5-mg injection 
of the crude retentate of green coffee. The blue lesions 
(extravasation of dye) resulting from reaction between 
reagin and green-coffee atopen were evaluated and photo- 
graphed in colour. 

Of the French patients clinically tested with coffee 
components, all 29 reacted to crude extract of green. coffee 
but none reacted to chlorogenic acid. In the passive trans- 
fer tests, none of the 41 reaginic sera reacted with chloro- 
genic acid purified by counter-current distribution. All 
the Canadian sera reacted with 25 mg of one preparation 
of crude chlorogenic acid, but few of the French sera 
reacted with this material. 25 mg of another sample of 
crude chlorogenic acid prepared in our laboratory caused 
all sera to react. When the passively sensitized animals 
were challenged with 25 mg of 8-h and 18-h dialysates 

* Reference to a company and/or product name does not imply approval 


or recommendation of the product by the U.S. Dept. of Agriculture to the 
exclusion of others that may be suitable. 
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(diffusates) of green coffee there were no reactions; 
however, diffusate from a 72-h dialysis of green coffee 
caused reactions in one French and one Canadian serum- 
sensitized site. The 5-mg sample of non-diffusible reten- 
tate of green coffee contained very little chlorogenic acid, 
but caused all 41 sites to react strongly (8+ to 5+ 
lesions). Coffee beverage prepared from roasted coffee 
was found to contain considerable chlorogenic acid but to 
be non-allergenic when tested in the passively sensitized 
monkeys. 

From these results of clinical tests and passive transfer 
in monkeys, it appears that the 12 Canadian patients, all 
of whom work with green coffee, are more sensitive than 
are the French patients whose sources of green coffee- 
sensitization are as yet unknown. The clinical tests 
clearly indicate that chlorogenic acid is not a significant 
factor in allergy to green coffee among the French patients. 
The passive transfer tests indicate that the atopic reagins 
of both the Canadian and French patients react primarily 
or exclusively with a higher-molecular-weight non- 
diffusible component of green coffee. This atopen is 
probably & protein. Chlorogenic acid is obtained from 
green, coffee and most samples probably are contaminated 
by traces of protein from the coffee. Coffee beverage 
prepared from roasted coffee is non-allergenic. 
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Utilization of Adenine by a Mutant of 
Candida utilis 

Previous work has shown that Candida utilis (strain 
IMI 23311) efficiently utilizes exogenous adenine for the 
synthesis of RNA During the course of subsequent 
investigations’, fresh cultures obtained from, the Common- 
wealth Mycological Institute were found to have under- 
gone mutation. The mutant had a longer generation time 
than the original strain when grown in rich medium, and 
failed to grow satisfactorily under conditions used in 
tracer experiments, Since no culture afterwards supplied 
by the Commonwealth Mycological Institute was found 
to have the characteristics of the original strain, experi- 
ments were continued with C. utilis strain NCYC 321. 
This strain had been maintained since 1951 from an 
original culture of strain JAI 23311 (ref. 3) and was found 
to have similar growth characteristics to those of the 
original culture of strain IMI 23311 used in these labora- 
tories. The mutant has now been found to differ from 
strain NCY C 321 with respect to the utilization of exogen- 
ous adenine, and it is desirable to record that strain IMI 
23311 no longer has the metabolic characteristics of the 
organism used in our previous work. 
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C. utilis strain NCYC 321 had a generation time of 
120 min under the conditions previously described’. 
Under the same conditions, the generation time of the 
mutant of strain IMI 23311 varied between 7 aud 12 h. 
Growth of the mutant was somewhat stimulated by 
addition to the medium of biotin (0:01 mg/l). thiamin 
hydrechloride (i mg/l.) or myo-inositol (1 mg 1) the 
generation time ranging from 3-5 h to 4-5 h under these 
conditions. Addition of all three of the above vitamins 
to the medium produced no greater increase of growth 
than that produced by each added singly and no preciso 
growth requirement for the mutant can be given. Addition 
of the above vitamins to the medium did not stimulato 
the growth of strain NCYC 321. 

Celis were allowed to grow logarithmically for one 
generation in presence of adenine labelled with carbon-14, 
collected, and RNA was isolated as previously described}. 
In cultures of C. utilis strain NOYC 321, 98-7 + 3-6 per 
cent of the radioactivity of the added adenine was re- 
covered in the RNA; in cultures of the mutant of strain 
IMI 23311 recovery amounted to only 37-6 + 1:9 per 
cent. This was raised to 53-4 + 0-87 per cent by addition 
of biotin, thiamin hydrochloride and myo-inositol to the 
medium, presumably due to the greater requirement for 
adenine under conditions of higher growth-rate. 

Cells collected towards the end of logarithmic phase 
were suspended in buffer at pH 7-5 (ref. 4), and broken 
in the Mickle disintegrator. The cell-free extract was 
centrifuged at 0° at 20,000g for 1 h and aliquots of the 
supernatant (2 ml.) were incubated at 37° with nM. 
adenine (0-15 pc.; specific activity 0-15 me./mg). tetra- 
sodium fructose 1,6-diphosphate (0-3 ml., 10 per cent 
w/v) and protemine sulphate (30 ug). After varying 
intervals of time, enzymic reactions were stopped by the 
addition of 10 per cent (w/v) trichloroacetic acid and, after 
removal of protein by centrifugation, the supernatant 
was freed from trichloroacetic acid and submitted to 
paper electrophoresis at pH 3-5. Radioactive spots were 
located either by autoradiography or by means of the 
radioactive chromatogram counter (Baird and Tatlock, 
Ltd., London). Radioactive material was eluted from 
appropriate areas of the paper and identified by paper 
chromatography in two solvent systems. After incuba- 
tion for 30 sec, highly radioactive spots corresponding to 
adenine and hypoxanthine were identified in extracts of 
both strains of C. utilis, no other radioactive materials 
being present on the paper. After incubation for 5 min 
or longer, extracts of strain NCYC 321 resulted in radio- 
active spots corresponding to adenosine and inosine in 
addition to adenine and hypoxanthine. With cxtracts 
of the mutant of strain IMI 23311, a radioactive spot 
corresponding to adenosine was produced after incubation 
for 5 min or longer, but no spot corresponding to inosine 
was identified up to incubation for 30 min. It was 
estimated that radioactivity as low as 0-08 per cent of 
that present in the adenine- or hypoxanthine-containing 
spots would have been detected by autoradiography under 
the conditions used. 

These results indicate that, in both strains, hypoxanthine 
is the earliest recognizable metabolite of adenine. The 
absence of detectable amount of radioactive inosine from 
cell-free extracts of the mutant strain is believed to be 
due to its formation from hypoxanthine being blocked; 
the alternative explanation, namely, that inosine can be 
utilized more rapidly than it is formed, is not in agreement 
with the poor utilization of the radioactive adenine by this 
strain. On the basis of the present experiments, it cannot 
be decided whether adenosine and inosine arise directly 
from the corresponding bases or whether they are formed 
by dephosphorylation of nucleotides. In either event. it 
appears probable that the conversion of adenine inio 
hypoxanthine is the first reaction in the major route in 
the utilization of exogenous adenine for RNA synthesis 
and that loss of ability to form nucleotides from hypo- 
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xanthine is responsible at least in part for the poor growth 
of the mutant of C. utilis in simple medium. 

We thank Dr. A. H. Cooke for the gift of cultures. 
This work was supported by the British Empire Cancer 
Campaign. 
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Some Physical Properties of Interfering 
Substances associated with the Alkaline 
Hydrolysis of RNA from Plant Leaf Tissue 


PREVIOUS investigations! in our laboratory indicated 
that treatment of de-fatted, dechlorophyllized leaf tissue 
with alkali would hydrolyse the RNA into spectrophoto- 
metrically measurable nucleotides. Other studies? showed 
that RNA was preferentially eluted with 0-12 N hydro- 
ehlorie acid from a column of ‘Dowex 1-8X' on which 
mixtures of RNA and DNA had been adsorbed. This 
shortened exposure to alkali and recovery of RNA from 
mixtures of nucleic acid suggested the possibility of direct 
estimation of RNA in neutralized leaf hydrolysates by 
passage through a column of Dowex and subsequent 
elution with 0-12 N hydrochloric acid. Such eluates, 
however, invariably possessed greater absorption at 260 mu 
than comparable material treated according to Diener 
and Lasheen?*. The lower maxima/minima (Ma/Mn) 
ratios (Azeo/Aes,) for the neutralized material indicated 
that this higher absorbance was due to substances other 
than RNA. It was found that acidification of these 
alkaline hydrolysates followed by addition of an equal 
volume of ethanol and 2 drops of 1:0 M magnesium chloride 
would precipitate these substances absorbing at 260 mu. 
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Fig. 1. Absorbance of 0:33 N potassium hydroxide digest. Area 

between curves 1 and 4, water-soluble impurities, pH 7-0; area between 

curves 2 and 4, 50 per cent ethanol soluble impurities, pH 7:0; area 

between curves 3 and 4, 50 per cent ethanol plus Mg**-soluble im- 

puritics, pH 7:0; area between curves 4 and base, absorbance of 
hydrolysate adjusted, pH 5-0 
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Absorbance of impurities not adsorbed by, ‘Dowex’ resin. 
CO 
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Fig. 2. 

Area between curves 3 and base, absorbance of acid alcohol impurities, 

pH 5-0; area between curves 1 and 3, absorbance of water-soluble 

impurities, pH 7-0; area between curves 2 and 3, absorbance of alcohol- 
soluble impurities, pH 7:0 


Several portions of the hydrolysates, after removal of tbe 
extraneous material by centrifugation, were adjusted to 
pH’s of 5:0, 6-0 or 7:0. Equal volumes of water, alcohol, 
and alcohol plus 2 drops of magnesium chloride were 
added to duplicates at each pH. and stored for at least 2 h 
at 2? C. These were then centrifuged to remove the 
precipitated substances and brought to volume with water 
and then 10-ml. portions were passed through the column. 
After washing the column with 5 ml. of double distilled 
water, the RNA was eluted with 0-12 N hydrochloric acid. 
The results of a typical experiment are given in Table 1. 

These data showed good reproducibility in the recovery 
of RNA for pH 5-0 for the treatments involving ethanol 
and ethanol plus magnesium chloride. Ma/Mn ratios 
for both treatments were greater than 2, values similar to 
those observed by Reddi‘ for solutions of tobacco mosaic 
RNA. Nearly as good recoveries.of RNA were found in 
the other alcohol treatments, although those involving 
magnesium chloride indicate some loss at pH 6:0 and 7-0. 
Whenever water was added, the results were erratic and 
showed Mz/Mn ratios less than 2, indicating the presence 
of material other than RNA. It appeared that substances 
contributing to the high absorbance of the neutralized 
hydrolysates were water-soluble but were eliminated by 
the addition of alcohol. This is depicted in Fig. 1, where 
absorbance of the hydrolysates at 7-0 and of the alcohol- 
treated solutions at pH. 5-0 are shown. 

As indicated in Fig. 1, the addition of water to the 
neutralized hydrolysate solubilized substances with 
absorbance at 260 my of about 1-75. At this same pH 


Table 1. EFFECT OF pH AND WATER, ALCOHOL OR ALCOHOL AND MGOr, ON 
THE RECOVERY OF RNA IN ALKALINE HYDROLYSATES OF LEAF TISSUE 


(Absorbance of purifled yeast RNA at 200 myu—reference standard) 


Sample pH Solvent RNA (mg/g* Mz|Mn 
dry wt.) 
1 5-0 Ethanol 9742 2:12 
2 50 Ethanol and MgCl, 7,748 2:09 
3 5-0 Water ,299 1:70 
4 6-0 Ethanol 7,637 2:22 
5 6-0 Ethanol and MgCl, 7,442 2-22 
6 6:0 Water 7,822 1-61 
7 7-0 Ethanol 7,094 2:14 
8 7-0 Ethanol and MgCl, 7,317 2:02 
9 7-0 Water 834 1:66 


7, 
*1 ug RNA = 0:0225 A at 260 my. 


July 11, 1964 


the treatments involving ethanol and ethanol plus mag- 
nesium showed absorbances at 260 my of about 1-4 and 1-1 
respectively. All except the magnesium chloride had 
high absorbance at 230, part of whichw as contributed by 
the column. The differences in the alcohol and alcohol 
plus magnesium chloride seem to be due to another 
fraction which is not adsorbed on the column (Fig. 2). 
The base curve (3) represents the absorbance of the 
alcohol_pH 5-0 treatment and is identical with the absorb- 
ance of the alcohol plus magnesium chloride at pH 7-0. 
The area between curves 2 and 3 in Fig. 2 is roughly 
equal to the area between curves 2 and 3 in Fig. 1. 

These observations indicate the presence of interfering 
substances that are soluble in water but precipitated by 
50 per cent alcohol in hydrolysates of leaf material to be 
analysed for RNA. These substances, if not removed by 
alcohol precipitation, give high absorbance at 260 mu. 
Further, the addition of magnesium ion as magnesium 
chloride and adjustment of the pH to 5-0 aid in the precipi- 
tation of these and other substances which do not pass 
through the column, thereby decreasing its efficiency. 


D. F. MiLLIKAN 
E. E. PICKETT 
Departments of Horticulture and Agricultural Chemistry, 
Missouri Agricultural Experiment Station, 
Columbia, Missouri. 
1 Millikan, D. F., and Pickett, E. E., Nature, 200, 470 (1963). 
? Zawadzka, B., and Millikan, D. F. (unpublished results). 
3 Diener, T., and Lasheen, A. M., Proc. Amer. Soc. Hort. Sci.,©75, 195 (1960). 
* Reddi, K. K., Biochim. Biophys. Acta, 28, 208 (1957). 


No. 4941 


PHYSIOLOGY 


Effect of Season and Environment on the 
Retinal Pigments of Two Fishes 


DARTNALL et al.* have shown that in the paired-pigment 
species Scardinius erythrophthalmus (visual pigments based 
on vitamin A, and on vitamin A,) the retina is dominated 
by the vitamin A,-based pigment in the winter and by the 
vitamin A,-based pigment in the summer (in England at 
latitude 52° N.). The present report concerns a similar 
investigation on two species of fishes living in their natural 
habitats at lat. 25° N. in Florida, U.S.A. One species, 
the poeciliid Balonesox belizanus Kner, was caught in an 
area of saline canals (average salinity about 10 parts per 
thousand), while the other, the cyprinid Notemigonus 
crysoleucas boscii Valenciennes, was caught in two environ- 
ments separated by some 60 miles from each other. One 
of these, the ‘Cutler Rd. location’, was an area of drainage 
canals completely isolated from any other body of water 
throughout the period of the investigation (18 months), 
whereas the other, the (Loop Rd. location’, was part of 
the canal, lake and swamp system covering most of south 
Florida and known as the ‘Everglades’. Both these 
environments were fresh water (average salinity below 1 
part per thousand). 

Methods of extraction and analysis have been fully 
described elsewhere??. Notemigonus has pigments with 
Amax at 529 (vitamin A;-based) and at 502 my (vitamin 
A,-based)?; Balonesov has pigments with Amax at 521 
(vitamin A,-based) and at 498 my (vitamin A,-based). 
The results of analyses of retinal extracts from these fishes 
taken during October 1962—March 1964 are summarized 
in Fig. 1. (It is now known that the proportions of vitamin 
A- and vitamin A,-based pigments may vary considerably 
from fish to fish? ; consequently the data of this figure 
refer to the mean composition of separately analysed 
extracts from individual fish in each batch.) Common to 
all three sets of data (those of Balonesox and those of 
Notemigonus from the two locations) is the result that the 
proportion of vitamin A,-based pigment is at a minimum 
during the summer and at a maximum during the months 
of January and February. These positions virtually corre- 
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Fig. 1. Seasonal variation in the proportion of vitamin A,-based pig- 

ment in the retine; of Balonesoz and of Notemigonus batches from two 

different locations. Where no points are shown at the angles in the 
diagrams, the flgures from other years have been transposed 


spond to those found for Scardinius by Dartnall et al.*. 
Corresponding extract Amax for the August minimum 
and for the January—February maximum are listed in 
'Table 1, showing that, according to the time of year, mean 
extract maxima may change by as much as 13 my in 
the Cutler Rd. Notemigonus, ll mg in the Loop Rd. 
ones and 14 my in Balonesoz. 

Whatever the physical causes of this variation (seo, for 
example, refs. 1 and 4), it must be assumed that it has 
very considerable consequences from the point of view of 
the fishes’ visual sensitivity. These consequences are 
likely to be even greater at the red end of tho spectrum 
than a consideration of the Amax alone would suggest. 
At 660 mu, for example, the vitamin A,-based pigment of 
Notemigonus has a photosensitivity some 25 times that of 
its vitamin A,-based pigment. 

The function of individual variation has been dealt 
with elsewhere?: that is, it may serve to ‘broaden’ the 
spectral sensitivity of fish schools. The consistent differ- 
ence found between groups of Notemigonus from the two 
locations may be related to the observation that the 
highest proportion of red-sensitive (vitamin A,-based) 
pigment occurred in the fish inhabiting waters which wero 


Table 1 
Date Notemigonus Amax (mz) JBalonesoz 
Cutler Rd. Loop Rd. Amax (My) 
August 1963 508* re ou — 501 (0 520 
January 1964 521 (018-526 514 {pA 521) 508 (504-516) 
February 1964 517 (514-522) 511 (507-514) 515 (510-519) 


March 1964 509 (505-515) 


* Mean Amax of extracts (corrected 0-2 mg for Dmin/Dmex). 
T1 Range of Amax observed in the extracts of each individual fish in the 
group. 


505 (503-509) 506 (501-512) 
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generally turbid. The other group, from the Loop Rd., 
were always found in clear waters. Thus we find, in a 
paired-pigment freshwater species, a possible parallel 
with the results of Munz‘, who reported that the fishes 
of turbid coastal waters possessed pigments with Amax 
displaced towards the red end of the spectrum when 
eompared with those from fishes of more clear marine 
waters. 

With regard to seasonal variation, there is a striking 
similarity between the visual pigment changes observed 
in a cyprinid living in temperate English fresh water at 
lat. 52° N. (ref. 1), a poeciliid living in subtropical Florida 
saline water at lat. 25? N. and a cyprinid living in sub- 
tropical Florida fresh water also at lat. 25° N. Clearly, 
it is necessary to seek some varying requirement of visual 
sensitivity which is common to fishes living in those very 
different environments. 

In conclusion, it should be pointed out that no direct 
measurements of the spectral sensitivities of these fishes 
have been made. While it may be justifiably supposed 
that scotopic sensitivity approximates to the summed 
light-absorbing properties of the two extracted pigments 
mixed in their appropriate proportions, it is pertinent to 
enquire whether the photopic sensitivity of winter fishes is 
near 620 my (as in the vitamin A,-dominated retina of 
Tinca?) and whether that of summer fishes is near 550 mp 
(as in animals possessing vitamin A,-dominated retine®). 
Information of this kind would contribute considerably 
to our knowledge of rod and cone photochemistry. 

This work was supported by the U.S. National Science 
Foundation (grant GB 186) and the U.S. National Council 
to Combat Blindness (grants G—268 and G—268 (C2) ). 
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Free c-Amino-N Content of Peripheric and 
Hepatic Venous Blood of Normal Adults 


ALTHOUGH the «-amino-N content of human peripheric 
venous blood in health and liver disease is well known, 
the amino-acid content of the hepatic venous blood has 
been investigated only in the lower animals. Comparative 
quantitative analyses of peripheric and hepatic venous 
blood of human beings have not boon carried out. Such 
analyses could clarify the protein synthesis in the liver. 
The differences between. the inflow of amino-acids by the 
portal vein and hepatic artery, and as an analogue to this, 
peripheral circulation on one hand and the excretion of 
amino-acids by the hepatic vein on the other, are a partial 
measurement for the protein synthesis from amino-acids 
by the liver. 

The quantitative determination of free «-amino-N 
was carried out according to the colorimetric ninhydrin 
method of Müting and Kaiser. The advantage of this 
method is that one needs only 0-1 ml. of sorum or plasma. 
The sensitiveness of amino-acids is very high at a concen- 
tration of 0-5y. As a standard we used a 0-1 per cent 
aqueous solution of glycine (5y-100y). The normal 
range of error of this method is about +2-0 per cent. 

In 60 healthy adults the v. femoralis was punctured. 
Over a leading wire a ‘Teflon’-catheter was inserted 
forward for about 10 cm. At this position the sample of 
peripherous venous blood was obtained. Then a cathe- 
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terization of the v. hepatica was carried out. With suffi- 
cient practice the catheterization of the v. hepatica 
from the v. cava inferior is relatively easy. In most 
cases the right lobe of the liver was catheterized. Then the 
blood-sample of v. hepatica was taken. No complications 
were observed in any of these cases. Most of our patients 
suffered from congenital or acquired heart diseases. For 
the pre-operative diagnosis, a catheterization of the heart 
was necessary. In these patients no signs of cardial 
decompensation were found. Clinical and biochemical 
investigations revealed no damage of liver parenchyma. 
For those 60 adults not suffering from liver disease, the 
average free «-amino-N in the peripheral venous blood 
was 4:15+ 0-12 mg per cent. This result is similar to most 
of the values found in the literature by colorimetric or gaso- 
metric ninhydrin-method!. In contrast, the free «-amino-N 
of the hepatic venous blood of these patients was 3-45 + 
0-11 mg per cent. There is a difference of 0-61 mg per cent, 
which has been proved statistically (P <0-0001)}. 
Normally, the liver circulation is about 1,530 + 300 ml./ 
min (ref. 3) to 2,500 ml/min (ref. 4). Taking the first 
value of 1,530 ml./min and a hematocrit of 40 per cent, 
the daily protein synthesis from amino-acids in the liver 





1,5 : 
= 0-61 mg x pa ml x 60 min x 24h in blood or in 
60 : 
senum de qd 8.04 g nitrogen. Supposing a liver 


circulation of 2,500 ml./min, the daily protein production 
from amino-acids in the liver is about 14 g nitrogen. This 
value corresponds with the daily exeretion of urea- 
nitrogen in urine (7-15 g in normal adults). Therefore, 
it will be supposed, the difference from 0-61 mg per 
cent a-amino-N is caused only by the protein synthesis 
from amino-acids. 
D. MóTING 
L. BETTE 
Medical Department, 
University Hospital, 
Homburg (Saar), 
Germany. 
z Me Der Biweissstoffwechsel bei Leberkrankheiten Encke (Stuttgart, 
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^/ Electrical and Mechanical Activity of 
Isolated Vascular Smooth Muscle of the Rat 


SeowvANEOUS electrical and mechanical activity of 
smooth muscle from the portal vein of the rat were re- 
corded simultaneously for the purpose of determining the 
relationship of membrane potential to tension develop- 
ment. 

A helical strip, 0-5 mm wide and 3 mm long, was cut from 
the portal vein of a rat, exsanguinated after being stunned 
by a blow on the head. Smooth muscle of these strips was 
found by one of us (S. F.) to show conspicuous spontaneous 
contractions when suspended in a physiological salt 
solution (NaCl, 118.0; KCl, 47; KH,PO,, L2; MgSO,, 
1:2; NaHCO,, 14:9; dextrose, 5:6; CaCl, 1-5; sucrose, 
49-9; and calcium versenate, 0-026 in mM.) at 35?-37? C. 
The muscle strip was mounted in a narrow 2-c.c. bath 
connected at either end, via polyethylene tubing, to a 
20-c.c. syringe. The two syringes were synchronously 
driven so that one would withdraw bath solution at the 
same rate (2 c.c./min) that it was injected by the other, thus 
keeping the surface of the bath at a constant level. High- 
resistance micro-electrodes (50-70 M) filled with 3 M 
potassium chloride solution were used to record trans- 
membrane potentials; an  electro-mechanotransducer 
(Grass, model FT 0-03) recorded muscle contractions. 

The insertion of micro-electrodes into the smooth 
muscle fibres was carried out with a Peterfi-type micro- 
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Fig. 1. 


failed to fire at the last contraction 





Fig. 2. This record illustrates the irregularity of spike potentials based on slow waves 
fluctuating at higher amplitude during higher muscle activity. Note the prolonged 
after-hyperpolarization of the slow waves and the single spike arising from the trough 


between two waves. Time marks, 5 sec 
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Tig. 3. 
indicates administration of adrenaline (20 ug/1.). 
of adrenaline. 
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Fig. 4. Effect of acetylcholine on an inactive muscle and the transmembrane potential. 
Arrow indicates administration of Mere (50 ug/l.), which caused a remarkable ` 
contractions. Note the low resting potential 


hyperpolarization and a summation o: 


of a muscle cell in the inactive muscle. Time marks, 5 sec 


manipulator, under binocular mieroseope with incident 
illumination. When the tip of the micro-electrode entered 
a single muscle cell the transmembrane potential always 
showed a negativity against the external medium, 
ranging from 30 to 65 mV. The potential sometimes 
‘showed, slight rhythmic fluctuations or slow waves at 
various intervals, rarely with an after-hyperpolarization, 
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Simultaneous records of spontaneous electrical and mechanical activity. Upper, 
middle and lower records are of changes {n muscle tension, zero potential and electrical 
activity, respectively. Note double spike potentials. The particular muscle cell impaled 


Effect of adrenaline on electrical and mechanical activity. 
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which resembled those in visceral smooth 
muscle!?, Transmembrane potentials were 
measured at maximum polarization during 
both spontaneous activity and the inter- 
vening pause, because, as in visceral smooth 
muscle, the membrane potential is con- 
stantly changing and this is the most 
readily identifiable value. During rhyth- 
mic contractions the changes in muscle 
tension were preceded by single or double 
spike potentials arising from the shoulders 
or summits of slow potentials (Fig. 1). The 
mechanical activity often formed regular 
sine waves, especially when contractions 
occurred at a high frequency (Fig. 4). 
Individual contractions of the muscle 
developed about 5 mg tension and lasted 
only 1-3 sec. This contractile response is 
much more rapid than any we have 
observed in other vascular smooth muscle. 

Slow waves having an amplitude of 20 
mV or more and & duration of 5-10 sec 
(Fig. 2) were observed. Spike potentials 
were common on the crests of these slow 
waves but occasionally occurred in the 
troughs. Spike duration was 50-100 
msec, much shorter than that observed in 
vascular smooth muscle of the turtle’. 
When spikes occurred in pairs the interval 
was at least 90 msec. Spike potentials 
varied from 8 to 30mV and never displayed. 
æ reversal of the membrane potential 
(overshoot). This again differs greatly 
from the large potentials, with overshoot, 
observed in amphibians^*. Using an in 
situ preparation of rat mesenteric vessels, 
Trails observed single and paired spike 
potentials, followed by after-hyperpolar- 
ization, similar to those that we have seen 
in the isolated bath. 

During the present work the effects of 
certain agents on the muscle’s activity 
were examined (Fig. 3). Administration of 
adrenaline, in concentrations of 1—50 ug/l., 
always increased muscle activity; this 
effect was accompanied by progressive 
depolarization of the membrane and 
increase in spike frequency, in proportion 
to the concentration of the stimulant. In 
the initial stage of the process there was 
an increase in spike potentials associated 
with an increase in both frequency and 
amplitude of individual contractions. As 
depolarization progressed the spike poten- 
tials became smaller and more irregular 
and there was a gradual reduction in 
tension development. 

Acetylcholine in concentrations of 10 
ug-200 mg/l. had a diphasic effect on the 
smooth muscle activity. It caused an 
increase in membrane potential for a period 
of 20 or 30 sec up to 2 min, depending on 
its concentration, accompanied by an 
increase in spike height and a slight increase 
in spike frequency. This period of hyper- 
polarization was followed by the second 
phase of gradual depolarization, during 
which there was an increase in spike frequency and 
the mechanical activity formed regular sine waves. 

Some preparations were studied in which membrano 
potentials were abnormally low and which displayed no 
action potentials or mechanical activity. Acetylcholine 
administration to such & preparation caused a remarkable 
hyperpolarization and initiated frequent rhythmic action 


Arrow in A 
B is 4-6 min after the administration 
Note progressive depolarization of the membrane and change in muscle 

ension 
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potentials and & summation of contractions (Fig. 4). The 
increase in membrane potential and the initiation of 
action potentials are probably due to two different 
actions of acetylcholine. 

These observations indicate that in vascular smooth 
muscle there is a direct relationship between the spike 
potential and the individual contraction. 

This work was supported by grants from the National 
Institutes of Health (H.E—03756—06 and HE-077 50—01) and 
carried out at the Department of Physiology, the Univer- 
sity of Michgan. 

S. FUNAKI 

Department of Physiology, 

Osaka Medical College, 
Osaka, Japan. 
Davip F. Bour 

Department of Physiology, 

University of Michigan, 

Ann Arbor, Michigan. 


2 | s E., Burnstock, G., and Holman, M. E., J. PAysiol., 142, 420 


2 Gillespie, J. S., J. Physiol., 155, 69, P (1961). 
* Roddie, I. 0., J. Physiol., 168, 188 (1962). 
*Funaki, S., Nature, 191, 1102 (1961). 

* Trall, W. M., J. Physiol., 167, 17 (1968). 


PATHOLOGY 


Transformation of Embryonic Human Cells 
by Rous Sarcoma Virus 
Ir was established in 1957 and 1958 that Rous sarcoma 


virus (RSV) is pathogenic for mammals and induces 
hemorrhagic cysts and sarcomas in rats and fibromas in 





Fig. 1. Cell of infected culture treated with labelled antibodies to Rous 
virus: specific luminescence of cytoplasm; vacuolization of cyto- 
plasm; enlargement of nucleus (x 720) 





Fig. 2. Foci of multi-layered growth in infected culture after 65 days 
following infection ( x 80) 
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Fig. 3. Infected culture on the s 
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Control culture during the same period as Fig. 8 (x 80) 


rabbits'4. These results have been confirmed and 
expanded by numerous authors, and the pathogenicity of 
RSV for many other species of mammals has been 
demonstrated in various laboratories. 

The neoplastic transformation of cells by RSV (strain 
Prague) was also successfully reproduced in tissue culture 
of rat fibroblasts. The transformed culture was inoculated 
intoratsin which tumours developed. These tumours can be 
transplanted into chicks by the cells but not by the filtrates*. 
Similar results were obtained with the Bryan strain‘. 

In other investigations, the formation of foci of round 
granulated cells in cultures of rats, mice, guinea pigs 
fibroblasts infected with Schmidt-Ruppin strain was 
demonstrated’:®, 

We have examined the possibility of transformation of 
embryonic human tissue by RSV. For this purpose, we 
used the Schmidt-Ruppin strain which Prof. Ahlström 
kindly sent us since it proved to be more oncogenic in 
comparison with others. 

Our technique was as follows. Extracts of Rous 
sarcoma tissue were added to the fresh suspension of 
embryonic cells of a human embryo in relation 1 : 2. 
This mixture was placed for a night on a magnetic stirrer 
at temperature + 4? C. The activity of this viral extract 
was tested by titration in 2-3 day chicks, and it was equal 
to LD,, = 5 x 10-35 in I ml. The same suspension, but 
without the virus, was placed under the same conditions 
also for a night. 

The next day the examined suspension was washed out 
with nutrient medium under double centrifugation, and 
explanted in flasks with the medium of the following 
composition: 40 per cent Medium 199, 15 per cent bull 
serum, 15 per cent human serum and 30 per cent bovine 
amniotic liquid. The control suspension was washed ‘out 
in the same manner. Renewal was carried out twice a 
week. Cultures were cultivated at 37° C. 
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One-and-a-half months later, the cultivation was con- 
tinued on Medium 199 with the addition of 20 per cent 
bull serum and 0-1 per cent yeast extract. The passages 
of cells were made at intervals of 2-3 weeks. 

The character of cell growth in the examined and control 
cultures was identical for 2 months, and the cells in these 
cultures did not differ from one another under the micro- 
scope. Infectious virus was not detected in nutrient 
medium on the twelfth, twenty-eighth and thirty-third 
days of cultivation by infection of chicks. 

On the thirty-fifth day of cultivation we discovered in 
infected cells the viral antigen with the help of antibodies 
to RSV-labelled isothiocyanate fluorescein using Coons’s 
method. 

We observed very clear fluorescence of cytoplasm of 
infected cultures and also considerable vacuolization of 
cytoplasms and enlargement of nucleus in cultures infected 
by RSV (Fig. 1). We did not observe such a picture in 
contro] cultures not infected with RSV. 

At the beginning of the third month of cultivation 
the foci of intensive cell multiplication in the flask were 
noted in the infected culture. 

Fig. 2 demonstrates the foci of multilayered growth 
appearing during the following days. Gradually, the cell 
growth became irregular, forming the multilayered cell 
mass that grew in different directions (Fig. 3). In control 
cultures we did not. observe any signs of transformation; 
their growth remained monolayered and became very 
poor (Fig. 4). 

The same results were obtained by Koprowski, Jensen 
&nd Girardi (personal communication). 

The afore-stated character of transformation gives 
some evidence to suppose the malignization of our cultures, 
but further experiments are needed to draw a definite 
conclusion. 

L. ZILBER 
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Acidophilia of Aortic Elastin in the Child 


Iw a previous note: some results were presented to 
show that if 5—7-u sections of human aorta were exposed 
to 0-025 per cent bromphenol blue (B.D.H. indicator) 
in pH. 8-2 Sorensen buffer, then left in distilled or ordinary 
tap water, aortæ from young subjects retained the dye 
in the elastic lamine considerably better than those 
from the old. 

As the maximum resistance to leaching appeared in 
the young child, a further series has been collected, 
concentrating on this particular age group. In all, 259 
aortæ of children under 7 and 261 aorte of older individ- 
uals, a total of 520, have now been examined. In each 
case, & portion of descending thoracic aorta was fixed 
in 10 per cent formol-saline buffered with chalk, embedded 
-in paraffin and cut at 5—7u. 

The method of reading the results has been simplified, 
and is now more accurate and reproducible. We stain 
for 20 min in the dye solution, leave overnight (20 h) 
in water, and grade the residual laminar colour in water 
under the low power of the microscope: no colour = 0, 
detectable colour = +, definite colour = + +, strong 
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colour = +++. The overnight reading seems to be 
the most consistent as readings at shorter intervals are 
more affected by minor variations in technique. 

In aorta from subjects older than 7 years, the brom- 
phenol blue is invariably leached by overnight immersion 
in water. Up to 7, resistance of the dye to leaching 
develops (Table 1) and regresses (Table 2). 


Table 1. ANALYSIS OF 184 AORTE UNDER 1 MONTH SOMATIC AGE 

Weight ofinfant Aort# arranged in groups according to laminar 

in grams eolour remaining after overnight leaching in water 

+ ++ ttt 
60-500 5 10 1 -- 
500-1,000 5 19 3 4 
1,000-2,000 4 14 11 16 
2,000-5,000 2 9 13 68 

Table 2. ANALYSIS OF 336 AORTM FROM SUBJECTS AGED 1 MONTE TO 

95 YEARS 

Somatic age of Aortz arranged in gromps according to laminar 

Bubject in colour remaining after overnight leaching in water 

years 0 + ++ Tug 
1/12-2 — — — 59 
2-3 — — 1 2 
$-4 m 5 = S 
47 2 4 — -~ 
7-20 17 — — — 
20-95 244 — — — 


The results may be summarized as follows. During 
gestation end the neonatal period, bromphenol blue 
retention in aortic lamine is roughly proportional to 
the weight of the subject, reaching a maximum level at 
about the age of one month. That level is retained until 
the age of 2 years, when it begins to fall. There is little 
left at 4 years, and the maximum somatic age which 
has shown any degree of bromphenol blue retention is 
6 years 10 months. 

We thank the City Morgue, the Royal Children’s 
Hospital, the Royal Melbourne Hospital and the Royal 
Women’s Hospital for help in collecting the aorte used 
for this investigation. 
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Metabolic Activity of Neural Crest Tumours 
in Tissue Culture 


NUMEROUS reports have described the raised urinary 
excretion of metabolites of norepinephrine, and its 
precursors, by children with tumours of neural crest 
origini-. It has also been observed that many of these 
patients show increased norepinephrine production but 
produce little or no physiological evidence of increased 
secretion of this potent catecholamine. Some possible 
explanations for this apparent paradox are as follows: 
(1) There might be an adaptation to increased blood- 
levels of norepinephrine. (2) The norepinephrine might 
be inactivated within the tumour before release into the 
blood. (3) A combination of the foregoing two mech- 
anisms might be acting. (4) The rate of inactivation 
of norepinephrine in tissues other than the tumour 
(liver, kidney, etc.) might be increased. In & previous 
investigation, La Brosse and Karon have presented 
evidence that neural crest tumours contain catechol-O- 
methyltransferase (COMT) activity*. Since the 3-0- 
methylated product of norepinephrine has been shown 
by Evarts et al.? to be physiologically inactive in compar- 
ison with norepinephrine, the finding that COMT activity 
existed within the tumour indicated that, at least in 
some cases, norepinephrine may be inactivated before 
being released into the blood. 














a b 


Fig. 1. Radiograms of culture media 48 h after adding 7-"H-noradren- 

aline hydrochloride. a, Radiogram of medium from tube containing & 

neural crest tumour; b, radiogram of medium from tube containing only 

medium and plasma clot. Abbreviations of reference compounds are: 

VMA, 3-methoxy-4-hydroxymandelic acid; NM, normetanephrine; 
MHPG, 3-methoxy-4-hydroxyphenylglycol 


In an attempt to obtain further information bearing 
on these questions, tritium-labelled norepinephrine was 
incubated with isolated, living neural crest tumours 
in tissue culture. 

Tumour tissue was obtained at operations from 12 
patients with neural crest tumours; on histological 
examination eight tumours were diagnosed as neuro- 
blastomas, three as ganglioneuroblastomas and one 
as a mixed tumour. The tumour tissue was explanted 
to plasma clot in tubes containing Hagle’s medium!" 
and 30 per cent pooled human plasma (or & mixture of 
15 per cent pooled human plasma and 15 per cent calf 
plasma). A mixed cellular outgrowth appeared usually 
within the first 48 h after explantation. Nerve cells 
emitting typical neuritic filamentous ramifications were 
accompanied by fibroblast-like cells and some macro- 
phages. p,L-Norepinephrine-7-*H (*H-NE) (7:8 pe., 1-7 ug) 
was added to the culture medium (about 1-5 ml.) at 
2-6 weeks after explantation; the cultures have always 
shown the presence of differentiated nervous cells at the 
time of addition of the lebelled compound. For com- 
parison, the labelled norepinephrine was also added to 
tubes containing plasma clot and culture medium but 
without tumour. The tubes were incubated at 37° C 
for 48h, the culture medium was removed and portions 
of it were chromatographed on strips of Whatman No. 
3MM filter paper in the following solvent systems: 
(1) n-butanol/acetie acid/water (4:1:1), (2) n-butanol/ 
ethanol/water (4:1:1) (3) n-butenol/ethanol/water/ 
acetic acid (80:20:20:1), (4) benzene/propionie acid/ 
water (1,000 : 700: 41), (5) isopropanol/l-& N ammonia 
(4:1) and (6) butanoljethanol/ammonia (4 : 1 : 1). Prior 
to chromatography, reference compounds were added to 
each strip. After development, the strips were dried and 
scanned for radioactivity. Finally, they were sprayed 
with diazotized p-nitroaniline. The radiograms of 
culture medium alone and of culture medium from a tube 
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containing one of the tumours are shown in Figs. 1a an 
b. Comparison of these chromatograms reveals that thei 
are three radioactive areas on the chromatogram of ti 
medium from the tube containing the tumour whic 
are not present on the chromatogram of the cultu 
medium alone. Areas of radioactivity were found | 
correspond to 3-methoxy-4-hydroxyphenylglycol ar 
normetanephrine in all the solvent systems teste 
In addition, hydrolysis studies on eluates of the materi: 
which has an Rp of 0-24 in the No. 2 solvent syster 
already indicated here that this compound is the sulpha 
conjugate of normetanephrine. In the case of one-tumo 
there was also a tritium-labelled metabolite whi 
migrated farther than MHPG; the migration characte 
istics suggest that this compound may be 3-methox 
4-hydroxymandelaldehyde. 

The formation of the metabolites mentioned he 
indicates that these explants of tumour contained catech« 
O-methyltransferase (COMT), monoamine oxidase (MAC 
aldehyde reductase (AR) and sulphate conjugase (S 
activities. The presence of COMT activity in tumor 
of this type has been previously reported*, and t 
other enzymatic activities are bemg investigated. 

When  D,L-3-methoxy-4-hydroxymandelie  acid-7-' 
or D,L-3-methoxy-4-hydroxyphenylglycol-7-"H were add 
to the culture media as above, there was no evidence 
further metabolism. 

Further work is in progress to establish, beyond reasc 
able doubt, the identity of the metabolites of 3H- 
which appeared under the conditions described hei 
additional investigation is also required bofore it is possil 
to state whether the metabolic transformations witl 
the tumour are stereospecific since only the racen 
norepinephrine-7-"H was available to us. 

These resulis indicate that neural crest tumours 
tissue culture, particularly those from patients who 
not show signs of excessive norepinephrine secreti 
but who excrete elevated amounts of norepinephr 
metabolites in the urine, are capable of metabolizi 
p,t-norepinephrine-7-H. to 3-O-methylated compoun 
This finding provides additional evidence that metab 
ism as well as synthesis of norepinephrine may oc! 
within neural crest tumours. 
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IMMUNOLOGY 


Rejection of Isogeneic Murine Skin Grafts 
following Exposure to Allogeneic Ribonucle 
Acid 
Tissue grafted between non-identical individual 
ordinary circumstances is recognized as foreign 
rejected by the host. This rejection is an immunolo; 
phenomenon which is determined by multiple domi 
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histocompatibility genes. The genes are ultimately 
responsible for the synthesis of lipoprotein histocompati- 
bility antigens!. This probably occurs by means of a 
mechanism which transcribes coded information to 
messenger ribonucleic acid (RNA), and the subsequent 
translation of this information determines the specific 
proteins’. 

The experiments described here were based on the 
hypothesis that messenger RNA contains the information 
for the determination of specific histocompatibility 
antigens; thus the introduction of allogeneic RNA into 
the cells of a graft could theoretically determine a new 
protein foreign to the graft. It has previously been 
reported that cells exposed to foreign RNA can synthesize 
protein not ordinarily produced by these cells“. Since 
multiple genetic differences exist in the usual donor—host 
homograft relationship, these experiments did not attempt 
to alter all the incompatibilities. Rather, a system was 
selected that is sensitive enough to detect any change in 
one or more histocompatibility antigen(s). This was done 
by observing the fate of isogeneic mouse skin grafts 
following their exposure to RNA derived from another 
inbred strain. 

The C3H/TB and. BALB/c/7'B inbred strains were used 
throughout our experiments. They are genetically 
different at a minimum of 12 histocompatibility loci 
including Histocompatibility-2. Induetion of acquired 
tolerance between the strains by neonatal inoculation of 
allogeneic cells has not been possible. Both factors 
indicate a wide genetic disparity between the lines’. 

RNA was isolated from the livers of the inbred mice by a 
modification of the phenol method*. The interphase of the 
phenol extract was re-extracted with 0-5 per cent sodium 
dodecylsulphate containing 0:001 M K,PO, and after- 
wards extracted with phenol. This was done because the 
experiments of Georgiev e£ al.” and Sibatani et al.* suggest 
that messenger RNA is retained in the interphase. All 
extractions were carried out at 5° C. The final RNA 
solution was made up in 0-9 per cent sodium chloride. 
Concentrations of RNA and proteins used in our system 
are listed in Tables 1 and 2. RNA concentration was 
determined by the orcinol method? and the protein con- 
centration by the method of Lowry et al.. 
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Table 1 
Source of 

No. of Host Skin liver RNA Conc. Conc. No. 

animals strain donor in incuba- RNA Prot. rejected % 
strain tion media (peg/e.c.) (ugic.c.) 

4 C3H 08H C3 260 0-3 0 0 
10 BALBjc BALBje C3H 260 0-3 9 90 
5 BALB/c BALB/e BALB[c 700 13-5 0 0 


Grafts were incubated in RNA plus balanced salt solution at pH. 6-5 for 
4h at 37? O prior to grafting. 


Table 2 
No. of 
animals Host Donor skin No. of 
each with strain strain Composition of media grafts % 
two grafts rejected 
5 BALB/c BALB/c Balanced salt solution 0 0 
(graft Ni 
ALB[c C3H liver RNA in 
(graft No. 2) balanced salt solution * 4 80 


5 BALB/c | BALBlc Hydrolysed C8H liver 
(graft No.1) RNA in balanced salt 


solution t 0 0 
BALBIe C3 liver RNA in 
(graft No. 2) balanced salt solution * 4 80 


* RNA concentration = 813 ug[c.c. and protein concentration = 8-1 ug/c.c. 


1 RNA hydrolysed in 1 N hydrochloric acid at 100° G for 1h. pH re- 
adjusted with 1 N sodium hydroxide to 6°5. 


Donor mice were anxsthetized, skin for incubation was 
taken from their abdomen, and the adhering fat was 
removed, The pelts measured approximately 2-5 em x 
3:5 cm and provided skin for 2 grafts after their flotation 
on the incubation media in sterile glass Petri dishes. The 
incubation media was either Hanks’s or Earle's balanced 
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salt solution. RNA was added after the pH of the media, 
had been lowered to 6-5 with concentrated hydrochloric 
acid. Incubation was carried out for 4 h at 37? C. The 
grafts were then removed from the solution, placed on 
filter paper to drain excess fluid, and sutured on to a full 
thickness bed on the dorsum of host enimals. Tho 
animals were caged individually, observed for gross signs 
of graft rejection, and several grafts biopsied on day 7. 

Table 1 shows the results obtained in the first experi- 
ment. Nine of ten grafts incubated in the allogeneic 
RNA were destroyed while all control grafts were accepted. 
The observation that BALB/c skin incubated in RNA 
from BALB/c was not rejected by BALB/c hosts indicates 
that a non-specific sensitivity of BALB/c skin to RNA was 
not a factor in the outcome of the experiment. C3H 
grafts incubated in RNA from C3H mice were accepted by 
O3H hosts, which indicates that a non-specific toxicity 
did not influence these results. This does not exclude the 
possibility of specific toxicity of RNA from C3H mice on 
BALB/c skin. 

Table 2 shows results from two groups of 5 BALB/c 
mice, each animal with two grafts. The first group of mice 
had one of its grafts incubated in balanced salt solution 
without any RNA and the other graft was incubated in 
C3H liver RNA. The second group of animals had ono 
of its grafts incubated in acid hydrolysed C3H liver RNA 
and its second graft was incubated in C3H liver RNA. 
This was done to eliminate the possibility of rejection of 
grafts on the basis of incompatibility due to factors other 
than our incubation mixtures. In each of these groups, 
four of five RNA-incubated grafts were destroyed whilo 
all control grafts were accepted. 

In both experimental groups, a total of 20 animals 
showed 17 (85 per cent) that rejected their isogeneic grafts 
over a period of 10-27 days. Eighteen days was the 
median and modal time of complete rejection. Gross 
evaluation prior to the complete destruction and neorosis 
of the tissue was difficult, but the end result of scarifica- 
tion was obvious. Biopsy of the grafts incubated with 
allogeneic RNA on day 7 showed an cedematous dermis 
heavily infiltrated by mononuclear cells and some degree 
of epidermal atrophy, but no epidermal destruction, at 
that time. The grafts incubated with isogencic RNA 
showed little cellular infiltration. Four BALB/c animals 
that rejected their C3H—-RNA-incubated isogeneic skin 
grafts were regrafted with C3H skin, and these grafts were 
grossly rejected by day 7 in two cases and by day 14 in 
the other two cases. This suggests induction of strong 
immunity in 2 of the 4 animals. The mean rejection time 
determined by total graft destruction between the C3H and 
BALB[e strains is 12-5 days. Other controls included 
the subcutaneous injection of RNA from C3H mice into 
4 BALB/c graft sites followed by BALB/c skin grafts. 
and this failed to affect the take of the grafts. Also, the 
intraperitoneal injection of RNA from C3H mice failed 
to induce accelerated rejection of C3H allogeneic skin 
grafts on BALB/c hosts. 

These results indicate that it has been possible to alter 
the antigenic specificity of skin following incubation in 
allogeneic RNA, when measured in a system of isogencic 
grafts. Abolition of the effect by acid hydrolysis of tho 
extract suggests that RNA itself is responsible; however, 
the presence of specifically active polypeptides is not 
excluded. 

The evidence that the observed offect was due to a 
change in histocompatibility antigens is suggested hy 
isogeneic graft rejection, accelerated rejection in 2 of 4 
animals regrafted with allogeneic skin, and a histological 
picture at 7 days resembling a homograft reaction. The 
possibility that the isogeneic rejection is due to the 
alteration or induction of proteins other than histo- 
compatibility antigens is also recognized. If, however, 
the change in antigenicity is due to new histocompatibility 
antigens, it will be important to determine whether or not 
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these replace or add to the existing antigenic complex. 


This appears to be a fundamental problem when consider- ' 


ing the possible clinical applicability of this approach. 
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Gamma-globulin Synthesis in Hormonally 
Bursectomized Chickens 


Iw previous investigations it has been found that the 
normal development of the bursa of Fabricius in chickens 
is essential if the bird is to develop fully its potential 
antibody-forming eapacity!-. In these investigations? 
the development of the bursa was partially or completely 
inhibited by the intra-embryonic injection of testosterone 
propionate. When the inhibition of bursal lymphoid 
tissue was complete, no antibody production could be 
detected after challenge at 4-6 weeks-of age with 5 
different antigens®. Providing the thymus in these 
chickens was morphologieally normal, there was no 
detectable reduction in splenic lymphoid follicles, peri- 
pheral blood lymphocyte-levels, or homograft immunity to 
solid grafts’. A marked reduction in cells of the plasma- 
cytic series has been observed in the spleens of both horm- 
onally? and surgically* bursectomized chickens. As these 
chickens resembled patients with agammaglobulinemia‘ 
in their inability to produce circulating antibodies, physi- 
cochemical studies on the serum immunoglobulins were 
commenced and form the basis of this presentation. 

Long and Pierce: have previously reported that there 
was a reduction in the y-globulin level of a pool of sera 
from hormonally bursectomized chickens, as determined 
by electrophoretic and immunoelectrophoretic analysis. 
Similar work on the sera of thymectomized rats? with an 
impaired antibody response to bovine serum albumin has 
failed to reveal any abnormality in the 8-2M. or y-globulin 
bands, although a third immunoglobulin line termed IgX 
(perhaps analogous to Q-2X-globulin) was absent or 
reduced in most of the rats. 

It is necessary to raise birds to an age of at least 4-5 
weeks or older before assessing their globulin patterns, 
since previous studies? have shown that the y-globulin level 
declines in normal young chickens, reaching a minimum at 
about 4 weeks of age, and it is, therefore, impossible to 
make a statement on newly synthesized y-globulin prior 
to this age. Since complete absence of the bursa seems to 
be incompatible with survival beyond 3—4 months of age, 
the majority of birds were between 1 and 2 months of age. 

All chickens used were outbred White Leghorn ‘Austra- 
lorp’ hybrids, and hormonal bursectomy was performed by 
the intraembryonic injection at 12 days of incubation of 
4 mg of testosterone propionate (B.D.H.) in corn oil. 
The ability to produce circulating antibody was tested by 
intramuscular challenge with 8 mg of bovine serum 
albumin after 4 weeks of age. Serum titres were determ- 
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Fig. 1. Immunoelectrophoretic patterns of sera from two birds pro- 

ducing no detectable antibody to bovine serum albumin. The lower 

pattern shows a normal line while the upper pattern shows a reduced 
y-globulin line 





Bursal remnant of a 5-week-old hormonally bursectomized 
showing sub-epithelia] plasma cell accumulation (Unna 
Pappenheim stain, x 400) 


Fig. 2. 
ran 


ined 7 days after challenge by the tanned cell hæmagglut- 
ination technique. Microimmunoelectrophoresis was 
performed with a 0-025 M veronal buffer at pH 8-2, the 
precipitation lines being produced with a rabbit anti-whole 
chicken serum. Analytical ultracentrifugation was per- 
formed at 20° C in a Spinco model E ultracentrifuge, using 
a schlieren optical system equipped with phase plate. 

The sera from 28 1-2-month-old hormonally bursectom- 
ized chickens were taken one week after immunization with 
bovine serum albumin and 17 of the birds were also killed 
for histological examination. The results in Table 1 show 
that the y-globulin line was apparently normal in 14 birds 
in which antibody production could not be detected, and 
in 5 birds producing low but significant antibody titres. 
The B 2M-line was present in all but 3 of the 28 sera. A 
typical immunoelectrophoretic analysis is shown in Fig. 1 
of two sera from birds producing no detectable antibody to 
bovine serum albumin, one with a normal line, and one 
with an apparent reduction of the y-globulin line. 

Ultracentrifugal analysis of 4 normal sera and 7 sera 
from non-antibody-producing bursaless chickens was per- 
formed. The calculated values of 5S, 7S, and 19S frac- 
tions (Table 2) revealed a significant reduction of 7S 
material, and a slight reduction of 19S proteins. As most 
of the bursaless birds used in this group were 1-2 weeks 
younger than the normals, this difference in 7S proteins. 
could be actually less for birds of exactly comparable ages. 
Since each of these two fractions contains several com- 
ponents the reduction could be due to a slight fall in all or 
a more marked reduction of a single component. In the 
light of the immunoelectrophoretic result it is probable 
that the reduction in 7S is due to y-globulin. 

Tissues from 17 of the birds were examined histologically 
for the presence of plasmacytie cells. In 12 birds no anti- 
bodies to bovine serum albumin could be detected and im 
all but one of these birds no lymphoid follicles were seen im 
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Table 1. COMPARISON OF ANTIBODY TITRE WITH y-GLOBULIN PRODUCTION 
IN HORMONALLY BURSECTOMIZED BIRDS 


»-Globulin titre Antibody titre (normal mean 640) 
<10 10—1,280 
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Normal (8-16) 14 5 
Low (4-8) T 2 


Table 2, ULTRACENTRIFUGAL ANALYSIS OF NORMAL AND BURSALESS 
CHIOKEN SERA 


5S 7S 198 

Normal 2-70 1-44 0-35 
(2:41-2-91) (0-08—1-77) (0-22-0-58) 

Bursaless 2 - -20 
(2-04-3-21) (0°19-0-83) (0-13—0-32) 


The values are the mean calculated amounts of protein sedimenting in 
the respective fractions expressed in g per cent. The range of values is 
shown in parentheses, 


any of several sections examined of each bursal remnant. 
However, in all cases, variable numbers of plasma cells 
were found in the bursal remnants, cecum, and occasion- 
ally in spleen. The numbers in the latter two tissues were 
below normal levels, although in some birds, as shown in 
Fig. 2, plasma cells were plentiful in the bursal remnant, 
and were nearly always located directly beneath the 
epithelial lining. In the remaining 5 birds, low but sig- 
nificant antibody titres to bovine serum albumin were 
detected after challenge, and in all cases at least a few 
typical bursal lymphoid follicles were seen in the bursal 
remnant, and plasma cells were plentiful in the spleen, 
cecum and bursal remnant. No correlation was evident 
between the intensity of the y-globulin line and the 
approximate numbers of plasma cells present. Although 
it is unlikely, other cell types may be responsible, at least 
in part, for the y-globulin production observed. 

The basic finding presented in this article is that, 
although antibody production has been depressed to at 
least below detectable limits, in most hormonally bursec- 
tomized chicks, y-globulin production and plasma cells are 
quite readily detectable. Studies with sera from normal 
1-2-month-old chicks at dilutions of 1/4, 1/8, 1/10 and 
1/16 indicate that the y-globulin line is not usually detect- 
able at dilutions greater than 1/10. Since the sera from 
most of the non-antibody-producing bursaless chickens 
contain detectable y-globulin in dilutions of at least 1/4 
(in many cases 1/8), it can be stated that the bursaless 
chickens synthesize at least 40 per cent of the normal 
amount of y-globulin at this particular age. A comparison 
of antibody titres in normal and 14 bursaless chickens 
immunized with bovine serum albumin (Table 1) shows 
that no more than 1 per cent of the normal level of anti- 
body has been produced in the bursaless chickens. 

These results imply that in the absence of the bursa of 
Fabricius, although specifie antibody production is not 
detectable, some form of y-globulin synthesis is still 
occurring. Either most of this y-globulin is ‘non-anti- 
body’ y-globulin or else it represents a summation of small 
amounts of many antibodies which are present individually 
in amounts too low to detect. 

The question of the possible formation of non-antibody 
y-globulin has arisen previously in regard to the small 
amounts of y-globulin formed by patients with agamma- 
globulinzemia and in several experimental systems. It 
has frequently been noted that stimulation of specific 
antibody production is accompanied by a rise of y-globulin 
production which is well in excess of all detectable anti- 
body synthesis. Furthermore, in rabbits subjected to 
400 r. whole-body irradiation 24 h prior to immunization 
with bovine serum albumin, even though no specific 
antibodies could be detected, an increased production of 
y-globulin similar to that found in immunized unirradiated 
rabbits was observed!!. In both these situations such an 
increase has been attributed to non-specifie y-globulin, 
the nature of which is quite unknown. The possibility has 
recently been raised that this may represent the non- 
specific stimulation of many other antibody-producing 
clones??. 
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At the present time we can only speculate as to the 
precise defect in the chain of specific antibody synthesis in 
these bursaless birds. The development of the specific 
receptor site for the specific antigen, the correct mechan- 
ism of antigen binding to this site, or correct handling of 
the antigen by macrophages may in some way be under 
bursal control, and therefore render these birds incapablo 
of specific antibody production. .The rapid restoration of 
immunological competence to bursectomized birds by a 
humoral bursal product would be strong supportive 
evidence for these types of explanations, and is at present 
under investigation. 

We thank Mr. J. Pye for performing the ultracentrifugal 
analysis described, and Dr. R. Fowler, jun., for his 
advice. This work was supported by research grants 
from the Anti-Cancer Council of Victoria, and the National 
Health and Medical Research Council, Canberra. 
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RADIOBIOLOGY 


Long-life Radioactivity in Occasional 
Thyroids 


In January and February 1964 radioiodine-131 in 
cattle and sheep thyroids of the northern hemisphere 
reached the lowest concentrations (<0-5 uuo./g) and for 
the longest time in the past 10 years (see ref. 1 for previous 
results). The lack of interference by iodine-131 and 
improved instrumentation have permitted y-spectroscopy 
of small amounts of long-life radioactive substances in 
thyroids and some of these could mistakenly be cou- 
sidered iodine-131. In the first two months of 1964, 
1-10 per cent of 520 cattle thyroids were detectably 
radioactive; the glands were received, unselected, from 
slaughterhouses in several countries, and the source: 
reported here were (number radioactive/number not 
detectably radioactive): Cali, Colombia (10/95); Tokyo. 
Japan (6/94); South Central United States (2/250). 

Specimens were screened for radioactivity by a single- 
channel pulse height analyser which accumulated the 
0-3-0-4-MeV y-radiation, detected by a 2-in. diameter 
sodium iodide (Tl) crystal with a sample well lin. dia- 
meter; this was shielded by 4 in. of lead. The samples. 
preserved with paraformaldehyde, weighed 15-18 g 
each and radioactivity was measured for 60-200 min. 
Occasionally radioactivity was found to be 50-100 per 
cent greater than the 4:5 c./m background. Repeated 
measurements of samples containing the most activity 
showed there was no detectable reduction in the radio- 
activity after two to four months, therefore the radio- 
active source was not iodine-131 (half-life = 8 days). Two 
or three samples from each of the above countries were 
investigated by a 200-channel pulse height analyser 
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Fig.1. Outputof multichannel y-spectrometer; 180 channels are shown, 
covering equivalent y-energies of 0-13-0-70 MeV. Measurements were 
made for 10° min (16-66 h). ‘The letter T is adjacent to the curves 
obtained from thyroid glands, B is adjacent to a 10°-min background 
measured immediately before or after the sample, R in the top graph 
shows a spectrum obtained from a radium dial watch shielded by 1 cm 
water and measured for 10 min; therefore, for R curve, the ordinate 
represents 10? greater numbers than for other samples. <A technical 
artefact appears on U.S.A. curve T at 0:24 MeV 


connected to the 2-in. sodium iodide well scintillation 
detector. Radioactivity of each sample was accumulated 
for 16-66 h and Fig. 1 compares three of the results with 
background and with the radiation from radium (for 
calibration). 

The thyroids from Japanese cattle showed a continuous 
distribution of y-energies from the lowest energy to some- 
what greater than 0-45 MeV; such a phenomenon is con- 
sistent with the Compton continuum to the maximum 
Compton edge, 0:48 MeV (ref. 2), which should appear ina 
thin sodium iodide crystal exposed to the 0-66 MeV 
radiation emitted by the Japanese glands. The glands from 
Colombia showed a small increase above background in 15 
channels between 0-35 and 0-40 MeV; this was analysed 
by comparing the differences between the means of the 
15 paired observations of sample and background counts 
in the 15 channels; the difference was highly significant 
(£— 41 and P< 0-01). The energy coincides with the 
predominant y-radiation of iodine-131, but the half-life in 
excess of two months excludes the possibility of iodine- 
131. The thyroid from the United States had well- 
defined y-energies near 0:35 and 0:24 MeV, both of 
which were suggestive of lead-214, which has a 14-min 
half-life and is a radioactive daughter of long-life 
radium-226 (which emits a small amount of 0-19 MeV 
y-radiation). 

Three thyroids from Colombia had y-spectra lines like 
the gland from the United States in Fig. 1, but muscle 
from the same animals showed only background. Two 
samples of cattle muscle from Japan contained easily 
measured 0-66 MeV y-radiation (probably cæsium- 
137), but no characteristic y-peak at 0-3-0-4 MeV was 
observed. 
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At least three types of long-life radioactivity in thyroids 
of grazing animals are reported here: two of them are 
tentatively identified as cesium-137 and radium-226; 
the third is still unidentified. Radium may concentrate 
in the thyroid and cxsium-137 is widely distributed, but 
their interference between 0-3 and 0:4 MeV can give a false 
indication of the 0-364 MeV y-ray of iodine-131. A serious 
mistake could result if 0-3-0-4 MeV y-radiations were 
measured many months after exposure to iodine-131 and 
if the observed activity were erroneously ‘corrected’ for 
radioactive decay of iodine-131. For example, if the 
gland from Colombia in Fig.’1 were tested 80 days after 
slaughter, the small amount of radioactivity above 
background would be multiplied by 1,024 to ‘correct’ for 
ten half-lives of iodine-131 decay. Logically, it follows 
that several different observations might be necessary to 


prove the existence of iodine-131 in thyroid glands. 


Thyroids were kindly sent to our laboratory every 3-14 
days from Dr. Palyo Correa, Cali, Colombia, R. Tanaka, 
Ibaraki-Ken, Japan, and Mr. John Anthony, Memphis, 
Tennessee. This investigation was supported by research 
grant At(40-1)-1643 from the U.S. Atomic Energy Com- 
mission and Am-K6-40 from the U.S. Public Health 
Service. 
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Modification of the Radiation Effect on 
Ascitic Tumour Cells by Pharmacological 
Agents injected intravenously 


THE modification of the effect of radiation on a murine 
ascitic tumour irradiated in vivo by pharmacological 
agents has been previously reported!-*. In those investi- 
gations the effect of radiation on the reproductive capacity 
of ascitic tumour cells was modified by direct injection of 
the pharmacological agent into the peritoneal cavity, the 
site of tumour growth. The experiments reported here 
were performed with intravenous injection of the agent to 
utilize physiological processes in the host (tumour bearing) 
animal to transport the pharmacological agent to the site 
of the tumour. It was our belief that although the con- 
centration of the agent at the site might be limited, the 
technique would more closely simulate clinical situations 
where it is frequently not possible to achieve high concen- 
tration of a drug at the site of the tumour. The modifica- 
tions of the effect of radiation on the tumour cells could 
be measured quantitatively by changes in radiation 
survival curve parameters. 

The tumour used was the ascitic P-388 murine lympho- 
cytic leukemia of the DBA/2JN strain. Female mice 
3-4 months of age were used exclusively for the routine 
serial weekly transplants of 10° cells injected intraperi- 
toneally in 0-1 ml. volume of Tyrode’s solution. The 
donor mice used in the experiments were also females 
injected in the same manner; the mice used for the 
bioassay of the cells after any given treatment were either 
male or female but of one sex only in each individual 
experiment. 

The irradiations consisted of whole-body exposures of 
cobalt-60 y-rays in an enclosed cylindrical irradiation 
chamber. The techniques have been described previously*. 
The exposure rates during the period of time over which 
the experiments were performed ranged from 266-3 r./min 
to 246-5 r./min. E 

The tumour-bearing donor mice were routinely 
irradiated 48 h after tho intraperitoneal inoculation of the 
tumour. At this stage of growth the radiation survival 
curve parameters (Do = 195 + 15.2; n = 2-2 + 1-1) (ref. 
5) correspond reasonably well with an oxygenated popula- 
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tion, therefore oxygen diffusion gradients and transport 
mechanisms across the peritoneal membrane are assumed 
to be physiological. Peritoneal invasion by tumour is not 
demonstrable at this stage of growth. 

Three types of pharmacological agents were tested: (1) 
an alkylating agent (nitrogen mustard); (2) a combina- 
tion of two sulphydryl compounds (AET + glutathione); 
(3) a halogenated pyrimidine (BUdR). The injections 
were made into the tail veins of the tumour-bearing mice 
with a tuberculin syringe through a 26-gauge needle, and 
the volumes injected ranged between 0-05 to 0-20 ml. 
The nitrogen mustard was injected 24 h prior to irradiation 
of the donor mice in doses of 3:0 mg/kg, 0-1 mg/kg, and 
0.03 mg/kg. The AET (S, 2-aminoethylisothiuronium - 
Br- Hbr) + glutathione mixture in a 1:3 ratio was 
injected 10—15 min prior to irradiation in doses of 45 mg/kg 
of AET and 135 mg/kg of glutathione. This dose fre- 
quently caused convulsions and loss of consciousness but 
was followed within 3 min by apparent full recovery. 
Higher doses (60 mg/kg of AET and 180 mg/kg of gluta- 
thione) caused rapid death following intravenous injection. 
The powdered AET and glutathione were dissolved in 
distilled water and neutralized with sodium hydroxide to a 
pH of 7-4 immediately prior to injection which converts 
the AET to MEG’. The BUdR was injected in two doses 
of 200 mg/kg each at approximately 44 and 24 h before 
irradiation. The bioassay was performed immediately 
after the irradiation of the donor mouse using the dilution 
techniques described previously’»*, and the recipient mice 
developing ascitic tumours within 40 days were scored as 
positive. 

Fig. 1 illustrates the radiation survival points obtained 
after combined treatment with the pharmacological agent 
and radiation exposure. The survival curve of 2-day- 
growth tumour following radiation alone’ is included for 
comparison. The survival points following treatment 
with BUdR as well as low. doses of nitrogen mustard 
(0-1 and 0-03 mg/kg) do not deviate significantly from the 
control curve. No cytotoxic effect was demonstrated due 
to drug alone with these low dose-levels of nitrogen 
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Fig. 1. Survival points of 2-day growth P-388 murine ascitic tumour 


irradiated in vivo after intravenous injection of pharmacological agents 

into the donor mice. The 2-day growth radiation survival curve (ref. 5) 

is reproduced for comparison (solid line). O, AET 45 mg/kg + gluta- 

thione 185 mg/kg; A, HN, 3:0 mg/kg; A, HN, 0-1 mg/kg; W, HN: 
0-08 mg/kg; W, BUdR 200 mg/kg x 2 
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mustard or with the BUdR. The radiation survival points 
following treatment with a greater dose, 3-0 mg/kg of 
nitrogen mustard, fall at lower levels of survival than the 
control curve, but do not indicate a significant change in 
slope from that of the control curve, which suggests 
additivity of effect. The survival points obtained after 
irradiation of the cells treated with AET and glutathione 
are located above the control curve at the higher radiation 
exposures, indicating a radioprotective effect. The limited 
amount of the data, particularly at the lower exposures, 
makes it difficult to ascertain whether the effect is 
expressed by a change in slope (less steep than the control), 
by & change in extrapolation number (greater than the 
control), or a combination of both. 

Potentiation of radiation effect has been readily 
demonstrated with 5-bromodeoxyuridine in vitro*:1"; 
however, it has been difficult to demonstrate similar effects 
in vivo in spite of direct injection of the compound into the 
site of tumour growth, the peritoneal cavity, and over a 
longer period of exposure to the drug than was feasible in 
our experiments!?. On the other hand, previous pharma- 
cological investigations with halogenated pyrimidines 
including BUdR have shown that these compounds 
undergo rapid dehalogenation, principally in the liver, 
and only a small amount is incorporated into the DNA of 
normal tissue cells or tumour cells®11:12, We assume this 
to be the reason for the fact that no potentiation of radia- 
tion effect was demonstrated with BUdR administered 
intravenously in our experiments. 

The use of P-388 murine lymphocytic leukamia in the 
ascitic form has been used to explore a system for quanti- 
tatively investigating the effects of combinations of 
pharmacological agents injected intravenously and irradi- 
ation while also demonstrating modification of the radia- 
tion effect. The system which we have used has the 
potentiality for development into such a quantitative 
combined therapy evaluation system. An additive effect 
with nitrogen mustard and a protection against radiation 
effect by AET + glutathione were demonstrated. No 
potentiation of radiation effect was observed with BUdR. 

We thank Miss Marion Matthews, Mr. Bruce Weed. and 
Mr. Claudius Walker for their assistance in performing 
these experiments. 


José N. CoRREA 
J. RoBERT ANDREWS 
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BIOLOGY 


Graft Transmission of the Flowering Stimulus 
from a Wild Beta Species to a Line of Beet 
selected for Resistance to Bolting 


SUCCESSFUL transference of the flowering stimulus 
from a bolting beet stock to a scion bred for resistance 
to bolting has been reported previously’, In tho work 
recorded here grafts of similar bolting-resistant scions 
were made to other species of Beta ready to flower. The 
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plants were grown in a glasshouse where long days (16 h) 
and controlled temperatures (21°C day, 10°C night) 
were maintained. 

In November 1963 early cotyledon stage scions of a 
line inbred for bolting résistance were inserted into leaf- 
axils of six-inch flowering scapes of Beta trigyna. Six 
B. trigyna stocks, grafted with three scions each, were 
kept in a humid atmosphere for three weeks, by which 
time the scions on three stocks had established them- 
selves. In one, the lowermost scion (at the third node) 
showed stem elongation ten weeks after grafting (Fig. 1) 
and flowered eight weeks later. The uppermost scions 
remained dormant and were removed in the tenth week. 
In the other two stocks all scions prospered to produce large 
vegetative crowns with swollen stems about two to three 
centimetres in diameter. Adventitious budding in the 
stock was suppressed. Control scions inserted in veget- 
ative stocks of Beta vulgaris and B. trigyna gave no 
indication of bolting under these growing conditions. 

In an experiment in 1959, 65 seedling scions of a bolting 
resistant B. vulgaris line were grafted to members of the 
Patellares group (33 B. patellaris, 20 B. webbiana and 
12 B. procumbens). No scions flowered even though the 
plants were kept from April to December in long-day 
conditions. Similarly, in 20 reciprocal grafts (10 B. 
webbiana, 7 B. procumbens and 3 B. patellaris grafted 
on B. vulgaris stocks), although the scions prospered 
and flowered freely, no flowering was induced in the 
stocks (Fig. 2). 

Any internal flowering stimulus, if such exists, in B. 
trigyna must be the same as, or very similar to, that in 
B. vulgaris, but although the Patellares group are annuals 
in that they flower freely after producing four or five 
leaves, the stimulus to do so is either unnecessary and 
presumably lacking, or is incapable of being substituted 
for that in B. vulgaris. 

Flowering can. be induced in scions which are actively 
assimilating’. It was suggested that the difference in 
physiological age of the stock and scion might account 
for the difference between this and previously published 
observations. In the case of the grafts of B. vulgaris 
on B. trigyna there is further evidence that the degree 
of dominance of stock over scion may be important. 
In those grafts where the shoot of the stock became 
dormant, the scions remained vegetative. In another 


Stem of scion 





Fig.1. Stem elongation of scion of B. vulgaris bred for bolting resistance 
ten weeks after grafting to developing scape of B. trigyna. Flowers 
formed eight weeks after photograph was taken 
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Fig. 2. Inter-specific grafts of wild species on B. vulgaris stock (top) 
and B. vulgaris on wild species stock (bottom) 





Fig.3. Flowers produced 6 faye: after defoliating a scion which had not 
0 


graft of bolting-resistant B. vulgaris on flowering B. 
vulgaris the scion flowered only after complete defoliation. 
Six days after the operation flower buds had formed 
and were beginning to open, although no stem elongation 
took place (Fig. 3). The last observation is in agreement 
with Stout?, who assumed that the flowering stimulus 
could only affect scions where the translocation stream 
ran from stock to scion. In view of the flowering of 
actively growing scions, however, it seems that the domin- 
ance need not be related to the direction of translocation 
stream. On the other hand, it supports the theory of 
the production of a flowering suppressor in the leaves 
of the scion. 


G. J. CURTIS 
Plant Breeding Institute, 
Cambridge. 
7 Curtis, S J., Hornsey, K. G., and Campbell, G. K. G., Nature, 202, 1238 
64). 


? Stout, M., Bot. Gaz., 107, 86 (1045). 
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Infection of Wheat Roots by Ascospores 
of Ophiobolus graminis 


Iw 1933, Samuel and Garrett! published their observa- 
tion that ascospores are violently ejected from the peri- 
thecia of the fungus Ophiobolus graminis (Sacc.) Sacc. and 
thus become air-borne; it had previously been supposed 
that these spores were merely washed down into the soil 
by rain. Samuel and Garrett, therefore, suggested that 
the association between outbreaks of the take-all disease 
of wheat in its whiteheads form and seasons of good 
spring rainfall in South Australia might be connected 
with the occurrence of suitable conditions for liberation and 
dispersal of ascospores, and for subsequent infection of 
wheat roots by them. Later, however, Garrett? reported 
that he had been unable to secure infection of wheat seed- 
ling roots by inoculation with ascospores when the seed- 
lings were growing in unsterilized soil or sand. Infection 
was readily obtained, however, by inoculation of seedlings 
growing in completely sterile soil or sand. Garrett 
explained his results by postulating that the food reserves 
of an individual ascospore were insufficient for establish- 
ment of a progressive root infection, unless supplemented 
by the microbial nutrients liberated by soil sterilization, 
or by those provided by root excretions, which would be 
wholly available to the germinating ascospores in sterile, 
but not in unsterile, sand. 

Garrett, therefore, concluded that infection by asco- 
spores of O. graminis was unlikely to play any significant 
part in the epidemiology of the take-all disease. He 
pointed out that this disease can be satisfactorily con- 
trolled by starving the fungus out of the soil through the 
practice of crop rotation; this result would not be expec- 
ted if crops grown on clean land could be regularly and 
widely infected by air-borne ascospores. In 1946, how- 
ever, Garrett? was shown outbreaks of take-all in wheat 
crops grown on the recently drained soils of the Noord- 
Oost polder of the former Zuider Zee in the Netherlands. 
As described by Bosma', the freshly drained soil of & new 
polder is at first colonized by a sward of grass (and 
especially by species of Agrostis, which are known to be 
susceptible to infection by O. graminis). After ploughing 
up the grass sward, several crops of wheat are taken in 
succession; the first may show some patches of the take- 
all disease, and the second and third crops are often quite 
severely affected. It is virtually certain that the soil of 
any new polder, when first drained, is free from the 
presence of O. graminis, so that these observations by 
Bosma on the Noord-Oost polder once more raised the 
question as to whether the take-all disease could be 
spread to clean land by air-borne ascospores. 

Although the negative results reported by Garrett in his 
ascospore inoculation trials seem convincing, several 
queries can be raised in the light of subsequent work. 
The dose applied by Garrett was generally 3 x 10 
ascospores, applied in 1 ml. suspension; this suspension 
was either poured on to the surface of the soil around an 
established seedling, or added to the planting hole before 
sowing. Although this may seem a large dose, it is now 
known’ that some fungal spores have individually a very 
low probability of infection, so that a massive ED, is 
required. Secondly, it is known that soil exercises a 
strong filtering effect on spore suspensions, and it is also 
possible that placement of spores and timing of spore 
germination in relation to root emergence and growth 
may be critical for the occurrence of ascospore infection. 
With these considerations in mind, it was deemed worth 
while to make some fresh attempts at obtaining ascospore 
infection, directing particular attention to placement of 
spores and timing of spore germination in relation to root 
emergence. 

Perithecia of O. graminis for these experiments were 
obtained both from naturally infected cereal stubble and 
from the roots of wheat seedlings grown over maizemeal- 
sand inoculum of the fungus in glass jars exposed to 
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diffuse light. Wheat seedlings (var. ‘Cappelle Desprez’) 
were planted on the surface of moist, unsterilized soil or 
quartz sand in covered glass containers. After 6 days, the 
first three seminal roots of each seedling had emerged and 
were beginning to penetrate the soil; at this time the 
exposed surface of the proximal part of each root was 
inoculated with one drop (0:024 ml.) of a suspension con- 
taining approximately 16 x 10‘ ascospores/ml. After a 
further period of 7 days, the exposed and inoculated parts 
of the seedling root systems were covered with unsterilized 
soil or sand similar to that on which the seeds had been 
sown. After 3 weeks from the time of inoculation, all 
seedlings were washed out for examination of the root 
system. Most of the inoculated roots showed infection 
characteristic of the take-all disease; the vascular cylinder 
was discoloured, and the surface of the root carried 
dark-coloured runner hyphe of O. graminis. From these 
inoculated roots, O. graminis was isolated in pure culture. 

These experiments have shown that, at least under 
optimal conditions, ascospores of O. graminis can infect 
the roots of wheat seedlings. This finding, taken in 
conjunction with the observations of Gregory and 
Stedman‘ on the occurrence of these ascospores in the air 
spora, suggests the most probable explanation for the 
appearance of the take-all disease in wheat crops grown on 
the newly drained polders of the former Zuider Zee. 

I thank Dr. 8. D. Garrett for suggesting this problem to 
me. The work was carried out during my tenure of a post- 
graduate studentship given by the Agricultural Research 
Council. 

D. H. BROOKS 
Botany School, 
University of Cambridge. 
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Gynodiecy in New Zealand Gentiana 


Ix March 1964 the junior author noticed that popula- 
tions of Gentiana bellidifolia Hook. f., a perennial alpine 
species, were hetercecious in several places in South 
Island, New Zealand, mountains. Closer investigation 
revealed that the populations were gynodicecious. We 
sampled a population in Rough Creek basin, Arthurs 
Pass, at 5,000 ft. by taking one flower from each plant 
along & transect of some 500 ft. and found the following 
numbers and proportions of the sexes. 


Hermaphrodite Female 


Number 82 27 
Proportion 3 : 1 


Some ‘intersexes’—flowers with one stamen and four 
staminodes—were also present. There is no doubt of the 
functional gynodicecy of these populations. The propor- 
tions of hermaphrodite flowers setting Beed were not 
established because the collection was made too early in 
the season; but some individuals, both females and 
hermaphrodites, bore ripening fruit full of seed.- Indica- 
tions are that most hermaphrodites set seed, although a 
few hermaphrodite flowers with withered gyncecia were 
seen. No conclusions can yet be made about the mechan- 
ism for maintenance of the proportions of the sexes found 
in the sampled population (see ref. 1 for a brief discussion 
of the significance of the gynodiascious breeding system). 

The differential expression of sex in flowers of gynodi- 
ecious species is often accompanied by size differences and 
other heteromorphie differences in floral parts. This 
pattern is followed by Gentiana bellidifolia although there 
is overlap in flower size between plants of different sex. 
Fig. 1 illustrates typical flowers of both types and Fig. 2 
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shows the measurements of corolla length for 25 individuals 
of each sex. 

So far as we are aware, this is the first time that 
gynodicecy has been reported. for members of the family 
Gentianaceae. (New Zealand gentians are not close 
congeners of northern hemisphere species. They belong 
to a natural group, possibly & distinct genus, found in 
New Zealand, Tasmania, Australia and South America.) 
Investigation of possible hetercecy in other members of 
the family is warranted, since most Floras describe 
the perfect flower as a family characteristic in the 
Gentianaceae. 

C. J. Burrows* 
J. F. HOBBS 
Department of Botany, 

University of Canterbury, 

Christchurch, New Zealand. 

* E. L. Hollaby Research Fellow. 

1 Burrows, C. J., Trans. Roy. Soc. N.Z., 88, 1, 29 (1960). 


THE observations of Burrows and Hobbs (preceding 
communication) direct attention again to one of the 
peculiarities of the New Zealand flora. As far back as 
1880, Thomson! had observed that "species, genera aud 
families which are characterized by hermaphrodite 
flowers in other parts are frequently unisexual here”. 
Later work has brought to light & number of examples of 
gynodicecy and other sex forms in New Zealand plants 
that were unknown to Thomson. In December 1961 I 
noted another in Ranunculus, a genus in which gynodic- 
eig had not hitherto been reported. A large colony of 
R. limosella F. Muell. ex Kirk consisting of many thousands 
of plants occupying several acres of the dried-up bed of 
Lake Forsyth on the Banks Peninsula was inspected and 
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a pad of the lake mud was removed to observe the plants 
in detail Some of the flowers in this sample were without 
stamens, and observations over the next few days on 
freshly opened flowers established that some purely 
female plants were present with the normal hermaphro- 
dite form. A week later, the site was revisited with 
Dr. E. J. Godley and a search was made for female plants. 
None was found until the site of the original sample was 
rediscovered. At this point there was a small colony of 
female plants. It is evident that the proportion of female 
plants in the Lake Forsyth population as a whole was 
extremely small. A search for female plants in other 
localities established their presence over a wide area in 
Canterbury so that gynodiccism appears to be a normal 
feature of this species. 

According to Parsons’, the proportion of dicecism in the 
South Australian flora is significantly greater than in 
European floras. This he attributed to climatic factors. 
Comparison with New Zealand, which has a widely 
different climate and a high incidence of sex forms, does 
not suggest that climate is of major importance. It is 
more probable that the important factors are biological 
and concerned with the pollinating organisms. In 
Australia brilliantly coloured flowers are abundant and 
are associated with a high frequency of bird pollination 
and a numerous fauna of large Lepidoptera. The few 
brilliantly coloured flowers in New Zealand are bird 
pollinated, while the majority are small, white or pale 
yellow in hue and adapted for pollination by flies and 
beetles; large Lepidoptera are scarce. One factor in 
common between Australia and New Zealand is the 
absence of any native large colonial Hymenoptera. 
Colonial bees in the northern hemisphere are a major 
factor in effecting cross-pollination, and many floral 
mechanisms in hermaphrodite plants help to ensure that 
outbreeding takes place. In the absence of colonial bees, 
the advantages of outbreeding can be obtained to various 
dogrees by partial or complete separation of stamens and 
pistils. Conditions in Australia may be expected to favour 
the evolution of such sexual forms, while in New Zealand 
the small number of species of bird pollinators and of large 
Lepidoptera should tend to shift the balance even more in 


their favour. R. Meu s 
Royal Botanic Gardens, 
Kew, Richmond, Surrey. 


1 Thomson, G. M., Trans. N.Z. Inst., 13, 241 (1880). 
2 Parsons, P. A., Nature, 181, 1673 (1958). 


Free Sugars in Spores of Pithomyces 
chartarum 


Very few analyses of free sugars have been reported 
in fungal spores. Owens et al.* found 9-3 per cent hot-water 
soluble carbohydrate in conidia of Neurospora sitophila 
but only 0-06 per cent free sugars, principally glucose. 
Other authors? have found higher amounts of free sugars 
in fungi. Sussman and Lingappa* found 10 per cent 
trehalose in ascospores of Newrospora tetrasperma, while 
other fungi* and yeasts‘ also contain trehalose, often as 
the main carbohydrate reserve. The conidia of Neurospora 
sitophila, however, apparently contain nonet. Irani and 
Ganapathi? found free glucose, ribose and a trace of galac- 
tose in the mycelium of Penicillium chrysogenum. This 
report gives results of a study of the free sugars in the 
spores of Pithomyces chartarum (Berk. and Curt.) M. B. 
Ellis. 

Spores were collected from rye-corn cultures’ after 
drying at 40° for several days. Extraction of sugars from. 
the spores by the usual method with hot 80 per cent 
(v/v) ethanol was found to be unsatisfactory. Despite 
thorough desalting, all paper chromatograms streaked 
badly. Extracts were therefore prepared by disrupting 
a suspension of spores (1 g in 5 ml. water) in & Hughes 
press®. After centrifuging the resulting homogenate, 
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the cell debris was resuspended in water and recentrifuged, 
and the combined supernatants were ultrafiltered®. A 
small portion (A) of the ultrafiltrate was retained and the 
remainder (B) desalted with ‘Biodeminrolit’ (Permutit 
Co.) and concéntrated. 

The extracts were analysed by paper chromatography, 
using the solvent systems (1) ethyl acetate—pyridine— 
water (2:1:2, top layer), (2) ethyl acetate-acetic acid- 
formic acid—water (18:3:1:4), and the sprays!’ (1) 
silver nitrate-sodium hydroxide, (2) aniline hydrogen 
phosphate, (3) p-anisidine hydrochloride, (4) diphenyl- 
amine-aniline-ortbophosphorie acid, (5) urea-orthophos- 
phoric acid, (6) naphthoresorcinol-hydrochloric acid, 
(7) diphenylamine-urea-orthophosphorie acid", The 
monosaccharides were best resolved by two-dimensional 
paper chromatography in solvents 1 and 2. Sugars on 
the chromatograms were measured quantitatively by 
the method of Wilson’? using aniline hydrogen phosphate 
spray Teagent. Fructose was estimated by comparing 
the intensity of its silver nitrate sport with those of known 
amounts of fructose. 

Of the silver nitrate-reducing substances present in 
(B) seven were chromatographically identical with 
glucose, galactose, mannose, fructose, ribose, arabinose 
and xylose. Concentration ranges (mg/g) were: glucose 
5-14, ribose 0-5-2-0, mannose 0-7, fructose 0-3, galactoss 
0-1-0-15, arabinose and xylose trace only (<0:1). These 
sugars were present in approximately the same pro- 
portions in two extracts of spores grown on rye-eorn 
and in two extracts of samples of spores grown on glucose 
and xylose respectively as sole carbon source. The only 
oligosaccharide present in measurable quantity was identi- 
fied chromatographically as trehalose, which occurred 
up to about 0-25 mg/g spores. Its identity was confirmed 
by its non-reducing reaction with silver nitrate, and the 
appearance of a substance chromatographically indistin- 
guishable from glucose as its sole hydrolysis product. 
Other neutral reducing substances present in the extracts 
did not react with specific sugar spray reagents and were 
not examined further. 

Chromatography of the undesalted extract (A) revealed 
several silver nitrate-reducing substances, but only one 
was present in significant quantity. This latter substance 
was acidic, and gave colour reactions typical of sugars. 
Its constitution is as yet undetermined. 

The present report extends the number of free sugars 
known to occur in fungal spores. In total, the sugars 
identified constituto approximately 1 per cent of the 
dry weight. In contrast to findings in some other fungii-* 
trehalose was found to be only a minor constituent of 
P. chartarum spores. Studies on the polysaccharides aro 
in progress and will be reported elsewhere. 

Failure of the ethanol extraction, the classical method 
of extracting sugars from plant material was entirely 
unexpected and is as yob unexplained. I thank Dr. R. W. 
Bailey for his advice. 

Ian G. ANDREW 
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Effect of Hydrogen Sulphide on Bullia 
(Gastropoda) 


Tae toxicity of hydrogen sulphide to mammals and 
certain other vertebrate animals is well known, and it is 
generally considered that the lethal effects of this substance 
are due in part to direct combination with the animal’s 
hemoglobin, leading to the formation of choleglobin and 
sulphemoglobin, as well as to the inhibition of several 
enzyme systems associated with heavy metals. Inverte- 
brate animals do not appear to have been investigated in 
this respect, excepting only Arenicola marina, the hemo- 
globin of which does not combine with hydrogen sulphide 
but is a very active catalyst of sulphide oxidation’. By 
means of this, and possibly other, mechanisms, the worm 
is able to tolerate high concentrations of sulphide for 
lengthy periods. i 

The production of sulphides in marine sediments has 
been examined by Bruce*, Galliher? and other workers, 
while a review of the subject is provided by Perkins’. 
Marine ecologists have noted the absence of macro- 
organisms from regions so affected and have tended to link 
this with the lack of oxygen in the ‘black layers’, The 
present observations on Bullia were initiated by the 
disappearance of B. lagvissima and B. digitalis from the 
Harbour Beach and the North Beaches respectively of 
Hout Bay, beaches on which these sand-burrowing 
prosobranchs were previously abundant (vide Brown). 
The gradual disappearance of these molluses coincides 
with the increasing organic pollution from the outlet of a 
fish-meal factory to which the Hout Bay beaches have 
been subjected in recent years. At the present time the 
northern beaches of the bay are virtually devoid of 
macro-organisms between tide-marks, the sand is black- 
ened and disturbance of the substratum releases small 
quantities of hydrogen sulphide gas. Conditions are not, 
however, as extreme as have been observed in many 
relatively unpolluted South African estuaries®’. 

Individuals of B. laevissima and B. digitalis were kept 
in jars of sea-water through which hydrogen sulphide was 
bubbled. From time to time individuals were removed 
and placed in fresh, aerated sea-water. All those removed 
after 0-5 h or longer of this treatment appeared dead and 
did not recover. Animals removed within 15 min all 
recovered, though movement had ceased, Of the animals 
removed at intermediate stages some recovered completely, 
others did not, and some appeared to recover but were 
found dead the next day. In a subsequent series of 
observations, jars of sea-water were bubbled with hydrogen 
sulphide, an animal placed in each, and the jars then 
closed without trapping any air. The controls were five 
individuals of each species placed in identical jars and 
similarly protected from the air, in water through which 
nitrogen gas had been bubbled. The test animals ceased 
all movement within 0-5 h, but those removed within 1 h 
and 10 min recovered completely. Six individuals removed 
after 2 h were already dead and of eight removed after 
1:6 h only one recovered completely. The control animals 
were still active after 2 h and were only released the 
following day, after some 18 h. AN showed complete 
recovery despite having been deprived of oxygen. Hydro- 
gen sulphide is thus lethal to Bullia quite apart from 
oxygen lack, though the animals may be more resistant 
than are mammals. They do not, however, display a 
resistance comparable with the polychaxte Arenicola which, 
according to Patel and Spencer!, can survive up to 24h 
under the foregoing conditions. 

Hemolymph was extracted from the cephalopedal 
sinuses of three B. laevissima and after being allowed to 
stand for a moment was placed in a Thunberg tube 
connected to an exhaust pump. On evacuation of tho 
tube the usual colour change associated with deoxygena- 
tion of hemocyanin was noted. The blood was then 
shaken in an atmosphere of hydrogen sulphide, left to 
stand, and again connected to the exhaust pump. I 
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thought I could again detect the change from blue to 
colourless, but could not be certain due to the obscuring 
effect of precipitated sulphur. The tube was therefore 
connected to a Barcroft—Verzar respirometer immediately 
after allowing the air to rush in. The control tube con- 
tained an equal amount of gastropod Ringer of pH 7:8, 
which had been treated in the same way. The blood 
absorbed over six times as much oxygen as the control. 
On repeating the experiment with fresh hemolymph the 
ratio was 7-5. Thus contact with sulphide does not appear 
to interfere permanently with the oxygen-carrying ability 
of Bullia hemocyanin. On the other hand, I bave not 
found any evidence to suggest that the animal is protected 
by the enzymatic oxidation of sulphide. When hydrogen 
sulphide is allowed to interact with Bullia hamolymph, 
using the methods described by Patel and Spencer}, a 
large amount of oxidation does, in fact, take place, but I 
find that this is not greater than occurs in controls 
consisting of gastropod Ringer of pH 7-8. 

A. final observation which may well be of some con- 
siderable ecological significance is that Bullia can detect 
quite small quantities of hydrogen sulphide and tends to 
avoid such pollution. When ten individuals of B. digitalis 
were placed in a tank, haif of which had & substratum 
composed of sand which had had hydrogen sulphide 
bubbled through it while wet, all buried thernselves in the 
other half of the tank, where the substratum had not been 
treated. This was repeated four times (with the same 
snails) with the identical result. If the entire substratum 
was treated or if hydrogen sulphide had been briefly 
bubbled through the water itself, the snails refused to 
burrow and eventually turned on to their backs and spread 
their feet, a position which, in the field, encourages 
transport by waves and water-currents®. Such behaviour 
might well account for the absence of Bullia on the beaches 
mentioned. The detection of hydrogen sulphide is not 
confined to the osphradium or some other specific chemo- 
receptory organ, for if a piece of cotton-wool is soaked in 
sea-water through which hydrogen sulphide has been 
bubbled, and then applied to any part of the head or foot 
of a snail which has been removed from the water, violent 
brushing-off movements are initiated and the proboscis is 
often everted and extended towards the affected region. 
The same reactions are used as a defence mechanism 
against would-be predators, but do not occur if cotton-wool 
soaked in unadulterated sea-water is applied to the foot. 


A. C. BROWN 
Department of Zoology, 
University of Cape Town. 
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Adhesive Disk of Echeneis naucrates 


RECENTLY, Raghbir Singh*, director of fisheries, 
Madras, sent me & specimen of Echeneis naucrates for 
study. Having suggested’? the presence of a pump at 
the hind end of the sucker, 1 dissected it under the 
binocular microscope and discovered two pairs of longi- 
tudinal pigmented canals one of which is broader and 
overlaps the basal plates on their ventral side towards their 
outer margins. The other is still further towards the 
outside, closely bordering the outer tips of the lamellar 
bars. Having no other specimens for study, I recently 
re-examined the two specimens sent to me by Dr. Mees, of 
the Western Australian Museum, Perth, and found that 
they had not been transferred to the preservative fluid after 
T had examined them last, so that they had become dried 
up. But on examining them now I noticed that grooves 
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had formed on the disk in the position in which the outer 
pigmented canals are present internally. 

Some time ago I gave a specimen to a local biological 
model maker to prepare a plaster of Paris impression of 
the sucker. He found that it adhered to the plaster and 
therefore tugged at the tail to get it off. While doing so 
the lamellar plates were partially opened, just as it happens 
when a live fish which is attached to a glass plate is pulled 
by the tail. I noticed no other change at the time in the 
specimen, which had dried up as the result of the heat 
produced in the plaster of Paris. 

On further scrutiny of the Australian specimens the 
lateral grooves were intercepted at the hind-end by the 
presence of the pear-shaped pyriboss, but in the third 
the groove was continuous posteriorly without any 
interception. On trying to find out the cause of the 
difference I noticed that the pyriboss had shifted forwards 
and, was fully accommodated in the posterior chamber 
exactly as I had pictured, ref. 2. 

B. BoNNELL 

‘Bonanza’, Agaram Road, 

Tambaram, Madras 45. 
* Since deceased. 
1 Bonnell, B., Nature, 191, 403 (1961). 
2 Bonnell, B., Nature, 186, 1114 (1962), 


Pigmentary System of Diadema antillarum 
Philippi 

Tue echinoid Diadema antillarum Philippi shows both 
morphological and physiological (reversible) changes in 
colour^?; the former is far more complex than previously 
supposed and the intimate mechanism of the latter may 
be, in part at least, of a type hitherto unsuspected. 

Several kinds of pigment are involved, reddish or 
purplish hydroxynaphthaquinone? and pigment ranging 
in colour from golden yellow to black. The letter is 
chemically heterogeneous. Some shows the properties 
claimed to be characteristic of melanini-*, some appears 
to be chromolipoid, part is & newly discovered, iron- 
containing pigment of nuclear origin and part may be 
derived from the naphthaquinone*. 

Pigment accumulates, but not in a simple way. In the 
skin, the proportion of the various kinds alters: naphtha- 
quinone becomes relatively more conspicuous. There is a 
turnover of melanin, some of which is discharged directly 
from effete pigment cells, some is excreted by amoebooytes* 
and much disappears in an unknown fashion. Such pig- 
ment is replaced, but not necessarily by the same kind; 
moreover, not all the melanin has the same origin. It 
appears in the young in finely granular form in the cyto- 
plasm of epidermal chromatophores, but the melanin, 
which accumulates later, arises in association with charac- 
teristic spheroids, in the cytoplasm of amoebocytes con- 
taining phenolases’, tyrosine® (the presumed substrate) as 
well as 3-indolyl compounds*. The existence of the last 
hints at the presence of ommachromes, but none was 
found. 

Amesbocytes distribute the pigments widely. Much is 
egested, or left behind by their disintegration, as inter- 
stitial pigment in the connective tissue of the test, spines 
and viscera’, as well as in the hæmal vessels of the axial 
organ’. 

Most of the skin pigment is contained in an extensive 
network of intercellular channels, with walls pervaded 
by a well-developed system of fibrils which appear elastic 
in living preparations. Such pigment is aggregated in 
chromatophores, apparently of the conventional type, 
which assume appearances varying from punctate to 
stellate, according to the prevailing lighting’. In reality 
the situation is very different. Only in the very young is 
cutaneous melanin wholly contained in cells (chromato- 
cytes). They are located at the intersections (nodes) of 
the channels, along which their processes extend. Most of 
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the chromatocytes soon degenerate, though they persist in 
some adults to varying extents, particularly in the vicinity 
of the pattern of iridophores®. Degeneration sometimes 
reveals a remarkable pattern of fibrils spanning the nodes 
formerly occupied by chromatocytes (Fig. 1). 

The pigment in the shrivelled cytoplasm of degenerated 
chromatocytes becomes compacted to form large rounded 
masses of melanin constituting the primary pigment 
(Fig. 2), around which secondary pigment (S) accumulates 
progressively, due to the activities of amcebocytes. Such 
aggregations, cast in the mould of their cellular precursors, 
may be called ‘chromatoglyphs’ (yAvgic). They embody 
all the varieties of pigment. Hydroxynaphthaquinone is 
often predominant, though it is discharged on fixation, 
and escapes when the channels in living skin are pierced 
by a micromanipulator. 

As secondary pigment accumulates, the roversible 
colour change, so characteristic of the young, becomes 
obscured, though it may persist in adults in the vicinity of 
the iridophores?. 

In preparations of living skin, pigment undergoes con- 
tinual movement so that parts of chromatoglyphs may 
become separated and later rejoin. Under the influence 
of light, pigment is dispersed from the nodes of the net- 
work until the tongues extending from adjoining nodal 
centres meet. When the pigment concentrates again in 
darkness, it may redistribute itself so as to flow into 
different nodal centres. Chromatophores may be cut 
across, and the separate pigment masses can continue to 
disperse and concentrate under appropriate lighting. The 
mechanism of movement is obscure. Since the chromato- 
cytes lie free in the nodal centres of the channels, they 
could extend processes along them in amoeboid fashion, 
but such a possibility would not explain the movement of 
the ‘dead’ chromatoglyphs, in which no active streaming 
movements could be seen during their change of shape. 
It is possible that the walls of the channels may produce 
the movements by exerting localized pressure on their 
contents. 

Certain features of the observed movements recall those 
elegantly revealed by Yoshida in Diadema setosum 
(Leske)?°-}2, in which the precise nature of the chromato- 
phores is unknown, though they were assumed to be 
cellular. If, as in D. antillarum, there are chromatoglyphs 
forming part of an extensive network of channels, progress 
might be made in explaining some of the observations 
reported, which have proved difficult to interpret in con- 
ventional ways. Thus, the effect of minuto light spots on 
pigment-free areas of skin!” might be due to motor effects 
in the channel walls. The apparent re-union of separated 
portions of chromatophores to form a functional unit", 
and the displacement over considerable distances of 





Fig. 2 
Fig. 1. D. antillarum—a section of the skin in the aboral region of an interambulacrum, 
cut tangential to the surface, showing an early stage in the formation of a chromatoglyph. 
The central nucleus and surrounding fibrillar mass is left behind by the degeneration 
of a chromatocyte. Secondary pigment such as melanin has not yet invaded this region. 
Heidenhain's Susa fixative, Mallory’s triple stain. Magnification as in Fig. 2 


Fig. 2. D. antillarum—portion of a chromatoglyph as seen in a Sonvential section of 


skin, showing the compacted residual cytoplasm of a chromatocyte whic! 
ary. 
by Yi e's ferrous iron method for melanin, ti 


Scale: 8:0u 
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hich forms the prim- 
ent (P) surrounded by secondary pigment (S). The pigment is selectively stained 
o biasug being counterstained in Van Gieson. 
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pigment en masse", are at least easier to envisage were 
there chromatoglyphs, rather than chromatocytes, in 
fixed locations. 

The investigation is being continued, and a full account 
will be published later. The early part of this work was 
undertaken in collaboration with Dr. Brenda Manly, whom 
I thank. I also thank Dr. M. Yoshida for comment and 
criticism. i 

N. MILLOTT 
Department of Zoology, 
Bedford College 
(University of London), 
Regent’s Park, London, N.W.1. 
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Phyletic Significance of Some Insect Muscle 
Pherograms 

.Txz analysis of insect hemolymph proteins has been 
shown to reflect relationships among species in several 
insect groups. We have been unable to apply this 
technique to the bees because the quantities of hemolymph 
in adult bees are too meagre to permit analysis. The 
knowledge that muscle extracts have been shown to be 
species specific in fishes? and are distinct between the 
lobster and earthworm? led us to examine tho electro- 
phoretic properties of muscle extracts from several species 
of bees. Since the thorax of bees is occupied predomin- 
antly by muscle, only this tissue was used. 

Seven species, representing 5 genera of bees, were 
collected in the late summer and chilled in an ice chest 
to immobilize them until they could be quick frozen 
and stored at -18° C. The cockroach, Periplaneia 
americana L., was used as a standard because of its 
availability and was obtained from an inbred culture 
maintained by the department. The frozen bees were 
removed from the freezer and all of the body parts 
severed from the thorax. The thorax was opened, rinsed 
with distilled water and the muscle tissue immediately 


removed. The tissue was pre-minced with a scalpel and 


then macerated in a small-volume Potter- 
Elvehjem type tissue grinder with three 
times its volume of chilled 0-25 M. sucroso 
for 10 min by hand. The homogenate 
was then centrifuged at 9,000g for 10 min. 
15-18 pl. of the supernatant was removed 
and mixed with large pore sample gel which 
in turn was applied to the sample tube of a 
' ‘Dise Electrophoresis’ apparatus (Canalco, 
Bethesda, Md.), as described by Ornstein and 
Davis:. The ‘lower gel’ concentration was 
7-5 per cent. Electrophoresis of the samples 
was performed at pH 8-9 for 40 min at 
2-5 m.amp/tube. The gels were stained for 
total protein for 3 or more hours in a l per 
cent amido-schwartz 10B dye dissolved in 
7-5 per cent acetic acid and destained electro- 
phoretically in 7:5 per cent acetic acid. 
Representative scans of the protein extract 
patterns on a Model E Microdensitometer 
(Canalco, Bethesda, Md.) for each species are 
illustrated in Fig. 1; that for the cockroach 
is shown at the bottom for comparison. 
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HYMENOPTERA 
Megachilidae 
Megachile perihirta 
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Halictidae 
Agapostemon virescens 


NATURE 


July 11, 1964 


Vor. 203 


x 
bs MAR 


NUITS 
v chon 





2 n prse. pm e 
] i . Je ; 
j Í E i i 


Apidae i b 
Triepeolus sp. 


Melissodes sp. 


Bombus appositus 


Bombus fervidus 


Bombus huntii 


ORTHOPTERA 
Blattidae 
Periplaneta americana 


Fig. 1. 
cated by the arrow below the figure. 


The patterns show a diversity in number and location 
of soluble muscle proteins from the different species. 
At this state qualitative differences only are considered. 

A comparison of the pherograms of the Hymenoptera 
as a group with that of the cockroach (Orthoptera: 
Blattidae) illustrates a definite ordinal distinction. 
Quantitatively the bees have the major proteins inter- 
mediate in mobility while the two major fractions of 
the cockroach are its most rapidly migrating ones. 
Further, both groups possess six well-defined peaks of 
intermediate mobility, but only two or three of these 
appear to have similar mobilities. 

The muscle protein patterns among the three species 
of Bombus resemble each other much more closely than 
they do any of the other genera, yet they exhibit species 
specificity. The scans of two of the subgenera, B. (Sub- 
terraneobombus) appositus and B. (Fervidobombus) fervidus, 
are more nearly alike than they are to the third B. 
(Pyrobombus) huntii. The amount of tissue in B. huntii 
is much less than that of the other two species of bumble- 





Microdensitometric pherograms of sucrose extracted muscle proteins. 


NA N 


The position at which samples entered the ‘lower gel’ is indi- 
The abscissa scale identifies fractions. The ordinate is optical density, Solid trace is at an optical 
density of 2 and the dotted trace at 0-2. The anodic area is toward the right 


bees, which accounts for the reduced concentrations of 
its fractions. These data suggest that the subgenera 
Subterraneobombus and Fervidobombus are more nearly 
related to each other than they are to Pyrobombus, 
2 conclusion that agrees with the phyletic relationships 
as determined on morphological grounds. The major 
fractions of the four species of bees, representing the 
genera Agapostemon, Triepeolus, Megachile and Melissodes, 
closely resemble those of the species of Bombus in their 
mobility. The occurrence of several major fractions in the 
6-17 range appears to be characteristic of the bees, 
contrasting with the trace amounts of these fractions 
and the excessive amounts of fractions 24-27 in the 
cockroach (Fig. 1). : 
There is no difficulty in distinguishing among tho five 
bee genera on the basis of their pherograms, bub compar- 
ison for the purpose of grouping the genera is premature 
at this time. The congenerie similarities of the Bombus 
pherograms, their resemblance to those of the other bee 
genera, and their marked dissimilarity to that of the 
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cockroach suggest that the muscle myogens of insects 
may prove to be a valuable adjunct to the biochemical 
systematics of the Hymenoptera. The value of this 
technique as & tool in interpreting the interspecific, 
and more particularly the higher category, relationships 
among the bees and other Hymenoptera is at present 
being explored in this laboratory. 

We thank W. S. Bigley for his assistance and F. W. 
Plapp, Entomological Research Division, U.S. Department 
of Agriculture, Corvallis, Oregon, for the use of the 
Model E Microdensitometer. 

This work was supported in part by grant G 15580 
from the U.S. National Science Foundation. 
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A High Incidence of Dieldrin-resistance 
in Anopheles gambiae Giles from an 
Unsprayed Area in Northern Nigeria 


Ix the course of recent investigations in the northern 
Guinea savannah of Nigeria on the ecology! of Anopheles 
gambiae Giles and A. funestus Giles and on their behaviour 
in huts sprayed with insectieides?, determinations were 
made of the susceptibility of both species to DDT and to 
dieldrin in a area near the town of Kaduna. Apart from 
very small-scale trials in which a total of 8 village huts 
were sprayed with DDT and a mixture of DDT and 
malathion, and apart from the fairly regular use of DDT 
(but not dieldrin or BHC) as a larvicide on streams in the 
township of Kaduna, the whole of the northern Guinea 
savannah can be considered an unsprayed area. The 
nearest area receiving regular insecticidal house-spraying 
is the Western Sokoto area, about 200 miles north-west, 
where DDT has been used since 1957. Prior to this both 
BHC and dieldrin had been used and dieldrin-resistance in 
A. gambiae shown to be prevalent from 19557. Dieldrin- 
resistance was also found in A. gambiae in 19564 in the 
township of Kano, some 150 miles north-east of Kaduna, 
and was attributed to the use of BHC mainly for agri- 
cultural purposes. 

One of us (M. W. S.) performed tests on blood-fed 
females of A. gambiac and A. funestus caught from village 
huts in Kangimi village, some 20 miles north-north-east 
of Kaduna, in September 1963, using the World Health 
Organization adult mosquito susceptibility test method. 
In late October, eggs obtained from gravid female 
A. gambiae from the same village were taken by air to the 
Ross Institute of Tropical Hygiene, London, where a 
colony was raised and further adult and larval suscepti- 
bility tests carried out by the other of us (G. D.)—adult 
tests between mid-November and the end of January 1964; 
larval tests at the end of February and the beginning of 
March 1964. The results of both field and laboratory 
testing of adult A. gambiae are given in Table 1. Those for 
A. funestus are presented elsewhere*. 

It has previously been shown with many different 
strains of A. gambiae that an exposure of adults to 0-4 per 

. cent dieldrin in ‘Risella’ oil for 1 h kills all susceptibles 
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Table 1. PERCENTAGE MORTALITIES OF WILD-CAUGHT AND LABORATORY- 
REARED ADULT A. gambiae FROM KADUNA, NIGERIA, EXPOSED TO VABIOUS 
DOSAGES OF DIELDRIN AND DDT IN 'RISELLA' OIL FOR n 









Laboratory-reared (Loadon) 


Insecticide Wild-caught, blood-fed males and females (unfed), ' 














and dosage | females 1-3 days old 
© I ?. cedi, amt eer 
9 | Total | No. | Mortality | Total | No. Mortality | 
\ tested dead (%) | tested | dead — (2) — ! 
| fh See Sy tea 
l ! i 
| 145 54 296€ : 62 | nu i» 
; 149 69 36* | ' ' | 
| 182 100 47* ': 
191 118 55* 199 . 82 Bo oj 
| ! | 
103 103 100 182 165 a | 
! j I i 
23 | 152 ' 4 3 | 


| 152 15 | 


* Corrected mortalities. 


but not heterozygous-resistant individuals, whilo an 
exposure to 4-0 per cent dieldrin for 1 h kills nearly all 
heterozygotes but no homozygous-resistant individuals, 
where the genetic factor involved is partially dominant in 
its expression’; the fact that the mortality at 4-0 per cent 
is considerably higher than at 0-4 per cent indicates partial 
dominance in this Kaduna strain. If, then, dieldrin- 
resistance in this Kaduna strain is the same as the partially 
dominant resistance previously recorded from other parts 
of Africa, including Kano and Western Sokoto, tho field 
population consists approximately of 26 per cent suscep- 
tibles, 29 per cent heterozygotes and 45 per cent honio- 
zygous resistants, and the laboratory colony of 18 per cent 
susceptibles, 25 per cent heterozygotes and 57 per cent 
homozygous resistants. The similarity between field and 
laboratory results is close and the slight differences could 
be due to the greater survival rate in transit of eggs giving 
rise to resistant individuals. In addition, differences 
could be caused by differences in age composition of the 
two samples of mosquitoes used in the tests, and by 
differences in the physiological state at the time of testing 
(in the field only blood-fed females of unknown age were 
used; in the laboratory unfed females and males 1- 3 
days old were used). 

Exposure of blood-fed females in the field to 4-0 per 
cent DDT in ‘Rosella’ oil for 1 h resulted in a complete 
mortality indicating susceptibility to this insecticide. In 
the laboratory some 10 poer cent of unfed females and 


_males escaped the action of this concentration and 


exposure time of DDT. This is not unusual in the labora- 
tory with susceptible A. gambiae using the World Health 
Organization adult test. 

Resistance to dieldrin and susceptibility to DDT were 
confirmed by the susceptibility testing of fourth-stago 
larve using the World Health Organization larval test 
method. The LCs» for DDT was less than 0-004 parts 
por million, while survivors occurred on all dosages of 
dieldrin from 0-0008 to 2-5 parts per million. 

Thus, in an area never sprayed with dieldrin or BHC, 
and where other insecticides have been used only on a very 
limited scale, 74 per cent of the A. gambiae population is 
already resistant to dieldrin, 45 per cent being homozygous 
resistant. Such a high incidence indicates that the genctic 
factor for resistance is not only not a deleterious character 
but also that under the conditions prevailing in this 
particular area of northern Nigeria is of some advantage. 
Other investigations of the natural incidence of dieldrin- 
resistance in A. gambiae have also shown that this rosis- 
tance is not uncommon in unsprayed areas", but nothing 
as high as the incidence here reported has been recorded 
before. 

Crossings performed in London between the Kaduna 
colony and known mating-types A and B of the A. gambiae 
complex? show it to be an A form. Both the dieldrin- 
resistant strains from Western Sokoto and from Kano are 
B forms. This could indicate that the resistance in the 
Kaduna area is natural to that area and has not originated 
from areas further north, or that the resistance has origin- 
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ated from these more northern areas and spread through 
hybridization between A and B forms. 
‘ M. W. Service* 
Nature Conservancy, 
Furzebrook Research Station, 
Wareham, Dorset. 
G. DAVIDSON 


Ross Institute of Tropical Hygiene, 
London School of Hygiene and Tropical Medicine, 
London, W.C.1. 
* Formerly of : Malaria Unit, Ministry of Health, Kaduna, Northern Nigeria. 
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Maturation and Egg-laying of the Rabbit Flea 
(Spilopsyllus cuniculi Dale) induced by the 
External Application of Hydrocortisone 


In a previous communication! it was shown that 
maturation of the female rabbit flea could be induced by 
injecting castrated buck or virgin doe rabbits with a 
commercial preparation of the anterior lobe of the pituit- 
ary gland (‘Ambmon B’, Organon Laboratories, London). 
In Nature the rabbit flea can only mature its ovaries 
feeding on a doe during the last 10 days of pregnancy, 
or on new-born baby rabbits during the first 5 or 6 days 
of life. 

Experiments have now been carried out to investigate 
which of the anterior lobe hormones controls maturation, 
and these strongly suggest that the principal factor is 
the adrenocorticotrophie hormone (ACTH), acting on 
the adrenal gland to produce corticosteroids above the 
usual blood-level. Injections into the host of two U.S.P.E. 
(1 ml.) daily for 14 days of the thyrotrophic hormone 
(‘Actyron’, Ferring AB, Malmo), and 0-5 mg/day in 3 daily 
injections of thyroxine (‘Eltroxin’, Glaxo Laboratories, 
England) for 14 days, also produce accelerated defmoa- 
tion and limited ovarian development in the flea (but 
not full maturation and egg-laying)*. This is probably 
an indirect effect, due to the stimulation by thyroxine 
of the rabbit’s adrenal cortex’, since female fleas undergo 
normal maturation and egg-laying when foeding on 
pregnant and pseudo-pregnant thyroidectomized does. 
Massive injections daily of 2 mg, for 5—7 days, of cestradiol 
('Oestroform!, British Drug Houses, London) into the 
ovariectomized and thyroidectomized host also produce 
accelerated feeding of both sexes and full maturation and 
egg-laying of the female fleas in 5-7 days; but this again 
is possibly the result of a rise in the corticosteroid level 
in the rabbit’s blood due to these abnormally large doses 
of hormone”. In Nature it is unlikely that maturation 
of the flea is directly influenced by cestrogens, since the 
ovaries of matured fleas regress rapidly if specimens are 
fed on does immediately after parturition*", which is 
nevertheless a period when cestrogens must reach a 
high level in the rabbit’s blood. Maturation is probably 
initiated and maintained only when the corticosteroids 
circulating in the blood reach a relatively high level. 
Thus, daily injections of the non-pregnant adult host 
(7 Ib.), with 1-3 mg of cortisone or more, induced partial 
to complete maturation of the fleas, but 0-6 mg or less 
does not. 

Negative results were obtained by injecting the host 
with purified extracts of luteinizing hormone and pro- 
Jactin, and commercial preparations of progesterone, 
progesterone and thyroxine combined, oxytocin, testo- 
sterone and adrenaline. Full details of these experiments 
will be published elsewhere. 

When it was determined that a daily injection (for 
12 consecutive days) of six international units of a 
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commercial preparation of the adrenocorticotrophic 
hormone (‘Acthar’, corticotrophin gelatin injection, 
Armour Pharmaceutical Co., London) or daily injections 
(for 4 consecutive days) of 1-3-5 mg of cortisona ('Cortisy?', 
Roussel Laboratories, London) into castrated buck rabbits, 
virgin doe and thyroidectomized doe rabbits produced 
uniform maturation of all the female fleas present on the 
host, an attempt was made to introduce the hormone 
directly into the parasite. 

The fleas were removed from the host and placed 
in a glass jam-jar. One controlled dose, containing 
0-2 mg of hydrocortisone from a new metered ‘“Hydro- 
cortisy! skin spray (Roussel Laboratories), was directed 
into the mouth of the container from a distance of 4 in. 
The fleas were then replaced on castrated buck and 
virgin doe rabbits. Maturation of all the female fleas 
occurred within 2-4 days, generally associated with 
exaggerated yolk formation; accelerated defecation 
of both sexes was noted. ‘The ovaries of these female 
fleas did not regress for 2-4 weeks, whereas those on 
hosts injected with 5 mg of cortisone daily, for 8 con- 
secutive days, began to regress after 2-11 days after the 
injections were stopped. A similar experiment was 
performed in which the hydrocortisone was replaced 
by an equal amount of corticosterone. These results 
were also uniformly positive, although maturation was 
not so rapid nor yolk production so exaggerated as in 
the case of fleas sprayed with 'Hydrocortisyl. 

Sprays containing the excipient only, and progesterone 
instead of hydrocortisone, were used as controls. These 
sprays did not induce any sign of maturation or increased 
defecating rates in the fleas. 

The results of the experiments seem to show that 
hydrocortisone and corticosterone exert a direct influence 
on the male and female rabbit flea. Itis possible, however, 
that the sprayed fleas could introduce sufficient hydro- 
cortisone on their mouth-parts, while feeding, to produce 
an effect on the rabbit itself. 

It should be stressed that there is a very close relation- 
ship between maturation and the feeding behaviour of 
the flea. In natural infestations on pregnant doe rabbits 
the defecation rate of those fleas which are feeding while 
fixed to the ears (and counts are therefore practicable) 
is one fecal pellet expelled every 16 min or longer. 
Frequently the interval may be more than 30 min. 
During the last 6-10 days of the rabbit’s pregnancy the 
defzecation rate of both male and female fleas increases 
rapidly. By the last 2 days before parturition the de- 
feecation rate of a fully matured female flea reaches 
one pellet or blood droplet (the fecal matter at this stage 
is fluid or semi-fluid) expelled every l-4 min. The 
same phenomenon can be observed in fleas matured on 
cortisone-treated hosts (injected with 5 mg) except that 
in this ease the defecation rate increases more rapidly. 
This probably reflects an increased. feeding and digestion 
rate rather than merely a more rapid passage of ingested 
food through the gut. Mead-Briggs® has noted hyper- 
trophy of the cells lining the mid-gut in maturing fleas. 

When the host is injected with 5 mg of cortisone and 
massive doses of estradiol the fleas quickly respond by 
becoming restless, and all but a few detach themselves 
from the ears and are found running about freely in the 
fur on the head or face of the rabbit. (They do not, 
however, desert the host for the nest containing young*’, 
as they do after parturition.) These fleas which are loose 
on the head mature less rapidly and less evenly than those 
which remain fixed to the ears. Feeding sites near the 
base of the ears, rather than the edges or the tips, produce 
the most rapid and even maturation. 

Before the experiments with the Roussel sprays it 
was assumed that the fleas free on the head were not 
feeding so steadily and were consequently not ingesting 
such large amounts of corticosteroids as those which were 
fixed to the ears. Such an explanation will not suffice 
in the case of the sprayed fleas, which presumably absorb 
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Exhaustive research has proved that liquid nitrogen refrigeration is the best technique 
for the preservation of cultures and biological specimens. For at cryogenic temperatures 
there is danger neither of mutation nor contamination, and metabolic reactions are 
reduced to a negligible level. These advantages have led numerous pathological and 
biological laboratories to replace their solid CO, boxes with liquid nitrogen refrigerators 
manufactured by Union Carbide. 

Union Carbide liquid nitrogen refrigerators provide a constant storage temperature of 
- 196° C below the nitrogen level and not more than 10° higher above the liquid. Stainless 
steel construction and special insulation ensure reliability, and the fact that the unit is 
non-mechanical obviates the danger of specimen loss due to power failure. 

Using such agents as glycerol, sucrose and dimethyl sulfoxide to protect living cells 
from the effects of freezing and thawing, it is possible to store specimens in 
liquid nitrogen for very long periods with minimum loss of activity and full preservation of cellular morphology. 
The most popular Union Carbide liquid nitrogen containers are the LR -10A -6, the LR-35-9, and the LR- 185. 
Compared to CO, boxes of similar size these containers are very cheap to run. 


LIQUID NITROGEN REFRIGERATORS - A PRACTICAL PRODUCT OF UNION CARBIDE 


Union Carbide Limited - Engineering Products Division - 8 Grafton Street - London W1 - Mayfair 8100 
Chemicals - Cryogenics - Dynel Fibre - Electronic Components - Ferro-Alloys - Flame Plating - Molecular Sieves : Silicones - Ucon Lubricants 


The terms Dynel, Ucon and Union Carbide are trade marks of Union Carbide Corporation wcw ne 
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the same amount of corticosteroids through their cuticle 
in either situation on the host. However, they probably 
ingest more blood when fixed, which may be significant. 
The relationship between the hormone, maturation, 
increased defecation rate and feeding behaviour of the 
fleas requires further investigation. 

Tt should be noted that on hosts injected with large 
doses of cortisone, maturation proceeds more rapidly 
and is maintained for a longer period than on hosts 
receiving smaller doses. In view of this fact the observ- 
ations made on the course of maturation in Naturo, 
when fleas mature in 8-10 days on the doe and in 3 days 
on baby rabbits, suggest that the corticosteroid-levels in 
the rabbit’s blood follow a somewhat similar course to 
that said to be found in man’; a sharp rise possibly 
occurs during the last 10 days of pregnancy in the female 
rabbit, which gradually increases or at any rate is main- 
tained until parturition, when it falls abruptly; the 
level in the blood of the new-born young would appear 
to be higher than in the doe immediately before partur- 
ition. 

Tt was noticed that when the fleas were sprayed in 
situ, on the tip of an unshaved ear of the castrated buck 
rabbit, with 2 measured doses (0-4 mg of hydrocortisone) 
from the ‘Hydrocortisyl’ skin spray, their ovaries matured 
and had failed to regress after a period of 4 weeks on the 
host. New batches of fleas were afterwards introduced 
on to the head of the same rabbit and their ovaries matured. 
although seven weeks had elapsed since the initial spraying 
of the host. It would thus appear that extremely small 
amounts of hydrocortisone, which presumably reached 
the skin via the covering of hairs on the rabbit’s ears, 
remained active for considerably longer periods than the 
cortisone (5 mg) which was injected intramuscularly for 
periods of 10-11 days. 

Experiments are now in progress with other groups 
of blood-sucking insects using the Roussel spray technique. 

We thank Prof. G. W. Harris for his assistance through- 
out this work, and Dr. D. Exley, Dr. D. Frazer, Dr. 
J. Parsons, Dr. R. V. Short and Colonel Robert Traub 
for ‘helpful suggestions and the gift of various hormones. 
During discussions covering the possible techniques for 
external application of cortisone Dr. Parsons suggested 
the use of the Roussel spray and this was made possible 
by the co-operation of Dr. V. Wilson and Mr. R. Lawrence 
of the Roussel Laboratories. We also thank the National 
Institutes of Health, Bethesda, for the gift of purified 
hormones, and Mr. R. Allan for cutting the serial sections. 
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MICROBIOLOGY 


Host-range of Temperate Serratia marcescens 
Bacteriophages 


Ir has been reported! that phages isolated from sewage 
against Serratia marcescens lyse a single strain each of 
Escherichia coli and Shigella flexneri. S. marcescens can 
receive”? lact genes from E. coli and Salmonella typhosa 
via an episomic vector and may in turn transmit these 
genes to S. typhimurium and Sh. dysenteriae. 

As part of an investigation to determine whether genes 
of S. marcescens can be transferred interspecifically via 
phage vectors the host-range of temperate S. marcescens 
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phages was investigated. Sixteen N.C.T.C. strains, | 
American Type Culture Collection strain and 14 local 
strains of S. marcescens were examined for lysogeny by 
methods previously? used. Fifteen of the strains (includ- 
ing the American and 7 of the British) proved lysogenic 
for one or more of the 31 S. marcescens cultures. Twelve 
of the phages were obtained by ultra-violet induction and 
3 were present in the supernatants of 10-day broth cul- 
tures. The 15 phages could be differentiated by means 
of their host-ranges. 

The action of the 15 phages was tested on a series of 
Proteus hauseri, P. morganu, P. retigert and Providence 
cultures previously used* as well as on 12 S. typhosa Vi 
types, 28 other Salmonella serotypes, 48 strains of E. coli 
and 24 Shigella serotypes. The methods used have been 
describedi. Although none of the S. typhosa cultures was 
affected 11 other Salmonella serotypes were productively 
lysed by one or more of all 15 phages. No abortive infec- 
tions were encountered and the efficiency of plating was 
unity in all cases. The 11 sensitive Salmonella strains 
belong to the B, C,, F and unclassified groups of the 
Kauffmann-White schema. No action was noted on 
strains of the other genera tested. 

Many strains of S. marcescens are bacteriocinogenic 
and kill E. coli cultures. This property of S. marcescens 
has been used as an argument in favour of the classifica- 
tion of S. marcescens among the Enterobacteriaccac. 
The results reported here support this opinion. 

This work was aided by grants from the South African 
Council of Scientific and Industrial Research. 
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Antibacterial Interaction between Bromthymol 
Blue and Polymyxin B 


Poryuyxiw B and bromthymol blue have been used in 
various selective and differential bacteriological media!-?. 
In the course of recent investigations of various experi- 
mental selective media for use in the enumeration and 
isolation of staphylococci from foods, it was noticed that 
Staphylococcus aureus and Bacillus subtilis grew on the 
surface of plates poured with polymyxin B media con- 
taining bromeresol purple and phenol red, but did not 
grow, or grew poorly, on plates of polymyxin B media 
containing bromthymol blue. 

A number of experiments have since been carried out to 
enlarge on these observations because of the possibilities for 
useful employment of the polymyzin B-bromthymol blue 
interaction in selective media and for other purposes. 

A basal-plating medium consisting of: *Bacto'*-tryptone. 
10g; ‘Bacto’-yeast extract, 5 g; d-glucose, c.p. 5 g; NaCl. 
c.p., 5g; ‘Bacto’-agar, 15g; and distilled water, 1,000 ml.. 
was utilized. Before autoclaving, the reaction of the basal 
medium was adjusted to pH 7-2 and ‘Bacto’-bromthymol 
blue (BTB) was added in the form of a 1 per cent alcoholic 
solution’. The medium was sterilized at 121° C for 15 min 
and cooled slowly to 45°-50° C. Polymyxin B (PB) 
(obtained from Nutritional Biochemicals Inc., Cleveland, 
Ohio) was added aseptically as a Seitz-filtered 1 per cent 
solution. The final reaction of the medium was approxim- 

* Trade name for Difco Laboratories, Inc., Detroit, Michigan. The names 


of the manufacturers are given for materials solely for the purpose of identi- 
fication and not as endorsement thereof by the Public Health Service. 
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Table 1. EFFECT OF INOREASING CONCENTRATIONS OF POLYMYXIN B (PB) ON THE RECOVERY OF THREE BACTERIAL SPECIES 
No. of colonies counted after incubation for 24 h at 35° C on basal medium containing polymyxin B at pH 7 
Organism PB concentration (ug/ml.) 
0 40 60 80 100 120 140 
B. cereus. 16 x 107 1°3 x 107 1:5 x 10? 1:6 x 10’ 1-6 x 107 l:6 x 107 l4 x 107 
P. vulgaris 1:3 x 10° 7-6 x 108 5:4 x 108 5'8 x 10! 5:0 x 10° 5-2 x 108 5-6 x 10° 
Staph. aureus 77 x 10* 8-0 x 10? 7-8 x 108 54 x 10° 55 x 10° 47 x 108 5:2 x 10° 
Table 2, EFFECT OF INCREASING CONCENTRATIONS OF BROMTHYMOL BLUE (BTB) ON THE RECOVERY OF THREE BACTERIAL SPECIES 
No. of organisms counted after incubation for 24 h at 35° C on basa] medium containing bromthymol blue at pH 7 
ee 
Organism BTB concentration (per cent) 
0 0-001 0-002 0-003 0:004 0-005 0-006 0-007 
B. ceret:s | 16 x 107 17 x 107 1:9 x 107 1:6 x 107 8-7 x 108* 7'5 x 10** 47 x 109* 2:1 x 10°* 
P. vulgaris 13 x 10? 13 x 10° L3 x 10° 12 x 10° 1:3 x 10° 1:2 x 10° 1:2 x 10° 1:2 x 10° 
Staph. aureus 77 x 108 4:0 x 108 5:9 x 108 69 x 10° 5:8 x 108 5-2 x 10°* 45 x 10?* $9: x 10°* 
* Colony size was reduced. 
Table 3. EFFECT OF pH ON THE RECOVERY OF FIVE BACTERIAL SPECIES ON MEDIA CONTAINING 0:003 PER OENT BROMTHYNOL BLUE (B TB), 80 G/M 
POLYMYXIN B (PB) AND THE COMBINATIONS OF TEESE TWO AGENTS 
Plate counts after incubation for 24 h at 35^ C 
. pH 6-2 pH 7-0 FH 76 
Organism. 
Medium additives Medium additives Medium additives 
None PB BTB BIB+PB None PB BTB BTB +PB None PB BTB |BTB4PB 
B. cereus 13x10 | 9:33x10* | «1:0x10:* «10x10:* | 9:3x10* | 12x10 | 6-8 x 10* <10x10f* | 1x10 | 11x107 9-4x10° | 2-0 x 10° 
B. subtilis 61x10 | 61x10 | <1-0x 105% |< 1-0 x 105* | 8-1x 107 | 7-1x10 | 36x 10 |-1-0x10** | 8-3 x107 | 8-0 x 107 7-4 x 107 | 8-0 x 10° 
P. vulgaris 1:2 x 10° | 6-8 x 108 1:2 x 10° 3-1 x 108 1-1 x 10° | 7-6 x 108 | 1-3 x 10° 8-4 x 108 1-2x10° | 6-3 x 108 | 1:3x 10° | 5-0 x 108 
Staph. aureus | 7-8 x 10* | 8-2 x 108 6-8 x 108 40x10* | 7-6 108 | 7-4 x 108 | 7-2 x 105 4-4 x 108 8:4 x 10° | 6-6 x 108 | 7-2 108 | 3-3 x 108 
Strep. faecalis | 1-4 x 10° | 1-3x 10° 11x 10° |«10x10'*| 1-3 x 10° 1:1 10° | 1-1 x 10° 11x10? 1:2 x 10° į 1-8 x 10° | 1-8 x 10° | 1-2 x 10? 














* No growth at the lowest dilution plated. 


ately pH 7-7:2. The effect of pH on the interaction of 
BTB-PB was studied in three batches of basal medium 
prepared and adjusted to yield final reactions of pH 6-2, 7, 
and 7-6 after sterilization. Cooled media were poured into 
Petri dishes and allowed to dry overnight at room tem- 
perature before use. 

Several PB-resistant test organisms representative of 
common Gram-positive, Gram-negative, and spore-forming 
types were employed. Bacillus cereus, B. subtilis, Staphy- 
lococcus aureus 196H, and S. faecalis were obtained from 
our collection. Proteus vulgaris, A.T.C.C. 4669, was 
obtained from Dr. C. K. Williamson, Miami University, 
Oxford, Ohio. Stock cultures were maintained by bi-weekly 
stab inoculations into tubes of low-nutrient, semi-solid 
medium‘. Cultures were incubated at 35? C for 24 h and 
Stored at room temperature. For each experiment, fresh 
transfers were made and used within three days as a 
source of inoculum. ‘Transfers from these cultures were 
made into trypticase soy broth (Baltimore Biological 
Laboratory) and incubated without shaking for 24 h at 
35° C. Serial dilutions of these broth cultures were made 
in phosphate buffered dilution water’, pH 7, and 0-1 ml. 
of each dilution was spread over the surface of triplicate 
plates by means of a sterile, glass spreader bar. The 
seeded plates were incubated for 24h at 35° C, and result- 
ing colonies were counted on a Quebec colony counter. 
Each experiment was repeated at least three times. 

Tables 1 and 2 summarize typical data on the effect of 
PB and BTB added singly to the basal medium. Recovery 
of B. cereus was not affected and S. aureus only slightly 
(above 60 ug/ml.) by PB alone. PB decreased the P. 
vulgaris count, but not in proportion to concentrations 
above 40 ug/ml. These findings compared with those of 
Pulaski et al.*, who found the sensitivity of Proteus species 
to polymyxin in vitro to be greater than 100 ug/ml., and 
those of Finegold and Sweeney, who reported some 
Bacillus species to be resistant to 100 ug/ml. and S. aureus 
to withstand more than 100 pg/ml. The number and size 
of B. cereus colonies on BTB medium were significantly 


reduced only in concentrations of dye above 0-003 pei 
cent. P. vulgaris was not affected by BTB. S. aureus 
colonies were reduced in size and/or numbers in the 
presence of 0-005 per cent or more BTB; a decrease in 
viable count of 50 per cent was noted in 0-007 per cent dye. 
For purposes of studying the BTB-PB combined effect, 
0-003 per cent BTB best satisfied the criterion of a dye 
concentration below which, at pH. 7, no visible influence 
was exerted on the most susceptible bacteria, but above 
which a biological effect was noted. PB at a level of 80 
ug/ml. was somewhat arbitrarily chosen for the combined- 
effect study because it was: (a) within the range of slight 
effect on P. vulgaris and S. aureus; (b) no other clear-cut 
effect ‘end point’ was found (Table 1); (c) it was the con- 
centration at which the first-chance observations were 
made. 

Because BTB is an acid-base indicator, the effect on 
plate counts of BTB and PB was tested at pH 6-2, 7-0, and 
1:6. Table 3 shows marked reductions in viable counts of 
B. cereus and B. subtilis on both BTB and BTB-PB-con- 
taining media at pH 6-2, which indicates that the effect 
of the combined agents was probably masked by the 
single effect of BTB at this pH level. The combined 
interaction of BTB and PB against the Bacillus Sp. was 
quite apparent at pH 7-0 and still detectable at pH 7-6. 
BTB-PB inhibition of P. vulgaris was not so great as in 
the Bacillus sp. It occurred at pH 6-2 and 7 and was 
detectable, though less, at pH 7-6. The slight suppressive 
effect of PB alone on P. vulgaris noted in Table 1 was 
again apparent at all three pH levels. Viable staphylo- 
coccal counts were reduced by about 50 per cent at all 
three pH levels on BTB-PB media and S. faecalis counts 
were reduced at pH 6-2, but not at pH 7-0 or 7-6. 

The results (Table 3) suggest that at pH 6-2 enhance- 
ment of the activity of BTB was primarily responsible for 
the observed inhibition by the indicator alone and in com- 
bination with PB, although other mechanisms, such as 
cellular changes that might have predisposed the organisms 
to the agent, are possible. 
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Since polymyxin is surface active’, ‘Tween 80' (80 
ug/ml.) was substituted for the antibiotic singly and in 
combination with BTB in experiments similar to those 
presented in Table 3 to determine if a plain non-ionic 
surfactant would interact to inhibit bacteria. No signifi- 
cant inhibitory effect was noted at the 3 pH levels, except 
for a slight reduction (usually less than one-half log cycle) 
in the number of S. aureus colonies appearing on media 
containing both BTB and “Tween 80’ at pH 6-2. 

Bactericidal action of polymyxin has been reported to 
be due to a combination with and disorganization of 
cellular structures that are responsible for maintenance 
of osmotic equilibrium’. Bromthymol blue (3,3’-dibromo- 
thymolsulphonphthalein) is an aryl sulphonate chemically 
similar to many synthetic anionic detergents. The effects 
of detergents on biological systems include inactivation 
of viruses, enzymes, toxins, and also bacteriostasis*, Like 
the anionic detergents, the efficacy of BTB in the present 
investigation was increased by acidity. 

One indication of a possible mode of interaction between 
BTB and PB may be found in the studies of Newton? on 
the mode of action of polymyxin. When washed cells of 
Ps. aeruginosa were suspended by him in dilute solutions 
of the dye, N-tolyl-«-naphthylamine-8-sulphonic acid 
(which forms a fluorescent conjugate with proteins under 
ultra-violet light), no fluorescence was observed, indicating 
the absence of combining groups on the bacterial cell 
surfaces. Addition of polymyxin to such cell suspensions 
was followed by immediate fluorescence because of pene- 
tration of the dye into the protein-containing portions of 
the cells. The present experiments suggest that, although 
PB alone was not fully inhibitory to the resistant species 
studied, the antibiotic may have been able to exert suffi- 
cient disruptive influence on cellular structures to permit 
penetration of BTB, which exerted the main inhibitory 
effect. This and the possibility of formation of a PB-BTB 
antibacterial complex may be worthy of further examin- 
ation. 
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Survival of Shigella in Sea Water 


THe survival of enteric bacteria in sea water has been 
extensively investigated!-. However, there is a paucity 
of information on the survival of Shigella in sea water. 
We felt that an examination of the survival of Shigella 
species in sea water was important since it has been a 
common practice of communities situated on coastlines 
to utilize the adjacent oceans as a convenient receiver for 
all domestic wastes. There has been an increase in the 
use of ocean beaches and tidal areas for recreational 
activities and commercial shell-fishing; this, coupled with 
evidence that enteric infections are primarily water-borne, 
has necessitated certain precautionary measures. This 
communication records our work on the persistence of 
Shigellae in natural sea water, sea water treated in various 
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ways, artificial sea water and saline solutions. The 
investigations wore performed at various temperatures. 

The Shigella strains used in these exporiments werc 
isolated from Eskimos in Alaska. The cultures were 
maintained in both nutrient broth and in a chemically 
defined medium’. The organisms were checked pericdic- 
ally by biochemical, morphological] and serological methods 
for purity. Survival of the cells was studied by using 
a 24-h culture containing approximately 109 cells ml. 
Shigella cells were placed in test-tubes containing untreated 
sea water, filtered sea water, autoclaved sea water. and 
artificial sea water to determine longevity. In addition, 
survival was investigated in solutions of 5, 10, 15, 20 and 
25 per cent sodium chloride. 

Detection of viability was made by placing 0-25 ml. of 
the sea water into nutrient broth, incubating at 37° C 
for 24—48 h, and visually measuring growth due to the 
turbidity. Each experiment was performed in triplicate 
and the average values are reported. The artificial sca 
water used in these experiments was a modified formula 
of ZoBell!. 

The results on the survival of Shigellae in sea water are 
given in Table 1. In general, the organisms did not 
survive as long in natural, untreated sea water as compared 
with autoclaved or filtered sea water. There was a wide 
variation in the ability of different strains to survive in 
untreated sea water, that is, strain B-2501-3 survived 
more than 70 days whereas strain 12403 survived only 
15 days. As a rule the Shigellae survived more than 69 
days in autoclaved sea water and more than 70 days in 
filtered sea water. The survival of strain B-2547-3 in 
artificial sea water varied considerably depending on tho 
temperature at which the cells were held (Table 2). 
Survival was longest at 15° C and 25° C and shortest at 
8? C and 37? C. 

The Shigellae were quite resistant to the osmotic effects 
of high concentrations of sodium chloride. However, 
survival depended a great deal on the holding temperature. 
For example, the cells survived for more than 25 days at 
— 18° C and for only 4 days at 37° C at varying concentra- 
tions of sodium chloride. In some instances the Shigella 
were viable even when kept in 45 per cent sodium chloride 
for 25 days at 8° C. 

Untreated, natural sea water has been reported to 
contain heat-labile toxic substances?" This could 
explain the reduction in survival times of Shigella in sew 
water compared with survival in autoclaved sea water. 
Some workers contend that antimicrobial substances are 
produced by the micro-organisms in the sea water!?-18, 
Our results with investigations using bacteriologically 


Table 1. SURVIVAL OF Shigella IN SEA WATER 


Survival period (days) at 15° C 


Organism and strain no. Untreated Autoclaved Filtered 


sea water seawater sea water 
S. sonnei, 5819 33 > 69 >70 
S. sonnei, 7616 19 >69 >70 
S. sonnei, 11439 38 >69 >70 
S. sonnei, 12403 15 >69 68 
S. sonnei, 13036 71 >69 68 
S. sonnei, 13037 47 > 69 68 
S. sonnei, 13038 51 >69 >70 
SS. sonnei, 13374 71 >69 > 60 
S. sonnei, 14785 19 > 69 55 
SS. sonnei, 16901 47 > 69 >70 
S. sonnei, 18317 68 >69 >70 
SS. sonnei, 18319 68 > 69 >70 
S. sonnei, 18564 68 > 69 >70 
S. sonnei, 18621 33 >69 >70 
S. sonnei, B-2501-3 >70 >69 >70 
S. sonnei, B-2569-2 >70 >69 >70 
Alkalescens-dispar, 9775 >71 >69 >70 
S. flexneri 2a 72 > 69 >70 
S. flecnert 5a, 11434 >72 44 >70 


Table 2. SURYIVAL OF S. sonnei, B-2547-3, IN ARTIFICIAL SEA WATER 


Holding temperature (°C) Survival period (days) 


—13 43 
8 23 
15 > 106 
25 > 106 
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Table 3. SURVIVAL OF S. sonnei, B-2547-8, IN VARYING CONCENTRATIONS 
OF SODIUM CHLORIDE 


NaCl 
concentration Holding temperature (° C) 

95 EE 8 15 25 37 

0 >25 >30 >30 >30: 24 

5 >25 - >30 >30 >30 5 
10 >25 >30 >30 29 4 
15 >25 25 25 14 4 
20 >25 25 25 4 
25 >25 25 15 9 4 


filtered sea water tend to corroborate this, since the removal 
of microbial life or some large particulate material by 
filtration allowed longer survival of Shigella in the water. 
'The variations observed in the survival periods in un- 
treated sea water suggest that different strains have 
different sonsitivities to the agent(s) found in natural 
sea water. Carlucci and co-workers reported that 
Escherichia coli survived longer in heat- and filter-sterilized 
sea water than in untreated sea water". 

In artificial sea water the Shigellae survived for only 
23 days at 37° C compared to more than 106 days at 
15° C and 25° C. One possible explanation for this is 
that the cells were undergoing steady metabolism and 
therefore death may have resulted from the exhaustion of 
metabolites. The frozen cells appeared to be preserved 
for longer periods of time than cells held at 8° C. 

Shigella survived for 15 to more than 70 days in un- 
treated sea water. Survival was longer in autoclaved and 
filtered sea water. The survival of the organisms in 
artificial sea, water varied with the temperature of storage. 

This work was supported by a research grant (E—9734— 
C2) from the National Institute of Allergy and Infectious 
Diseases, U.S. Public Health Service. 
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PSYCHOLOGY 


Units Sensitive to Direction of Movement 
in Goldfish Optic Tectum 


Tre retinæ of frog!, rabbit?, and pigeon? have recently 
been shown to contain a variety of ganglion cells which 
signal the direction in which stimuli cross the visual 
field. The response of such units to a small stationary 
spot of white light which is briefly flashed at some point 
within the receptive field has been generally found to 
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be ON-OFF everywhere within the sensitive area?-*. 
Recently, certain units have been found in the retina of 
the goldfish, Carassius auratus, which give a similar 
pattérn of response to stimulation with small stationary 
spots of white light’. However, in the goldfish, no 
attempt has been made to examine the response of these 
units to stimuli other than to brief flashes of stationary 
spots of light. The investigation recorded here examines 
the response to more complex visual stimuli, and especially 
the response to moving visual objects. 

The fish was clamped between two foam-rubber pads 
and water containing urethane was circulated through 
the mouth and past the gills. A small opening was 
made in the skull to expose the optic tectum, and this 
was the only part of the fish which remained above 
water-level. The eye, which was below water, peered 
out through the transparent side of a ‘Perspex’ tank 
at & white screen. Small spots of white light, which 
subtended an angle of 0-5°, 1°, or 2° at the eye, were 
projected on to the screen; alternatively, small circular 
disks of black cardboard (2°, 4°,diam.), mounted on 
transparent glass rods, were moved in front of the screen 
by hand. A background illumination of the screen of 
L6 and 1-4 millilamberts was generally maintained 
during recording sessions to ensure that the retina was 
light adapted and to reduce the effects of scattered light. 
Woodsmetal microelectrodes‘ were used for recording 
action potentials from units in the superficial plexiform 
layer of the optic tectum. The characteristics of these 
units were similar to those recorded in the optic nerve 
and excised retina®, and this suggests that the responses 
originated in the terminal arbors of optic nerve fibres. 

As the microelectrode penetrates the dorsal surface of 
the tectum it passes through a region. where initially 
no response is recorded to visual stimulation. The 
microelectrode then reaches a region where many of the 
units give responses of the ON-OFF variety to abrupt 
changes in illumination. Within this layer, many of the 
units have a concentric field organization which has 
previously been described for the -goldfish by Wolbarsht 
et al.’. In units where the ON component of the ON-OFF 
response increases as one approaches the centre, movement 
of a small 1° spot of white light from the outside to the 
centre of the receptive field produces no response. How- 
ever, the unit responds if the spot is moved radially 
outwards from the centre. In units where the OFF 
component of the ON-OFF response increases towards 
the centre, the unit responds to centripetal movement of 
the spot. The receptive field of these units subtends an 
angle-of approximately 7°-10°. 

Within the ON-OFF layer one also finds units that 
do not respond to changes in ambient light. Many of 
these are directionally selective in their response to 
movement and respond only if the spot of light or black 
cardboard disk crosses their field in a particular direction 
and display no response to movement in the reverse 
direction. Sensitivity to direction of movement is 
independent of whether the stimulus is lighter or darker 
than the background, and units respond well to both a 
small 1° white spot moving against a dark background 
or a small 2° black cardboard disk moving against a 
light background. The directional response is also 
largely unaffected by the level of background illumin- 
ation (Fig. 1) and is independent of the part of the re- 
ceptive field through which the stimulus is moved. The 
response to stimulation with a small stationary spot of 
white light is generally ON-OFF throughout the recep- 
tive field although the relative magnitude of the ON and 
OFF components at a particular locus may vary some- 
what with successive stimulations. The receptive field 
of this type of unit subtends an angle of approximately 
3°-5°. Table 1 presents the number of units which were 
directionally selective in their response to movement 
along the vertical and horizontal axes of the fish’s visual 
field. Directional units which responded to horizontal 
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Direction of movement No. of units 
g across visual feld 
Horizontal axis Temporo-nasal 32 
Naso-temporal 13 
45 Total 
Vertical axis Dorso-ventral 9 
Ventro-dorsal 14 
23 Total 


movement were recorded almost twice as often as those 
which responded to vertical movement, and a y? test 
shows the difference to be significant at the 1-0 per cent 
level. In view of the small number of directional units 
that were examined, any statistical inference drawn from 
these results must be tentative. However, the results 
suggest that the goldfish retina may -be better equipped 
to detect horizontal movement within the visual field 
than it is to detect vertical movement. It is well known 
that fish possess a visually controlled reflex which allows 
them to compensate for drift and enables them to maintain 
a constant visual impression of the bank and bottom of 
the stream®. It therefore is possible that horizontal 
directional detectors in the goldfish retina participate 
in the control of this reflex. In addition, the data also 
suggest that the retina as a whole may be more sensitive 
to horizontal movement in a temporo-nasal direction 
within the visual field -than it is to movement in the 
reverse direction (the difference is significant at the 
0-5 per cent level). It is known that in a moving stream, 
& fish generally orients itself so that the head points 
upstream’. When this position is assumed, any tendency 
for the fish to drift with the current moves the image 
of the bank and bottom of the stream past the eye in a 
temporo-nasal direction thereby firing those directional 
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Fig.J. Effect of intensity on directional response. The unit responds 

when the spot of light is moved through the field from anterior to 

posterior, but does not respond to movement of the stimulus in the 

reverse direction or to movement along the vertical axis of the visual 
e; 
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units the sensitivity of which is to movement in this 
direction. If, indeed, directional units participate in the 
control of the ‘rheotactic’ reflex, then the fish’s preferenco 
to orient itself with the head upstream might account 
for the fact that the retina is better equipped to dotect 
movement in a temporo-nasal direction. 

As the microelectrode penetrates beyond the ON-OFF 
layer it enters a region where all recorded units give 
sustained discharges which signal the level of ambient 
light. These units are of two kinds, both of which possess 
characteristically large receptive fields of approximately 
15°-18° from which responses of only one kind, eithor 
exclusively ON or exclusively OFF, can be elicited whon 
the field is explored with a stationary spot. The sustained 
OFF units are similar to the dimming detectors do- 
scribed by Lettvin et al.! for the frog. These units signal 
a decrease in ambient light and continue to discharge 
for prolonged periods in the dark. The sustained ON 
units signal any increase in the level of general illumination 
and discharge rhythmically for a prolonged period in the 
presence of an illuminated field. The finding that ON 
fibres enter the tectum in the goldfish was a little un- 
expected since in the frog it is reported that ON fibros 
pass to the diencephalon and that the tectum contains 
only OFF and ON-OFF fibres’. 

This work was supported by a grant from the U.S. 
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Naval Research (contract No. N62558-2453). 
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Visual Response to Gradients of Varying Colour 
and Equal Luminance 


ARE human visual responses to scenes of constant 
luminance paralleled by those to scenes of constant 
chromaticity? This question is of particular interest 
since MacNichol and Svaetichin have shown! that tho 
responses to luminance and chromaticity are separated 
8t the retinal level in the goldfish, and De Valois has 
Shown that they are partly separated in the latoral 
geniculate body of the monkey?. 

In most phenomena luminance and chromaticity 
responses are parallel. Consider, for example, the phon- 
omena of brightness constancy and colour constancy. 
However, Mach bands, which are present in the Limulus? 
as well as in man‘ in gradients of varying luminance, 
are believed to be absent in man in gradients of 
constant luminance and varying chromaticity. Thouless 
did not see bands in any of the pairs of colours which he 
tried, when they were of the same luminance*. Koffka 
and Harrower found bands with one combination of 
colours only, red on a grey background, and even in 
this case the bands were vaguo*. Mach himself does not 
appear to have investigated the question‘. 

Mach bands can be seen in many situations, and are 
particularly evident in two, which will be described as 
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Fig. 1. Disks which, when rotated, show Mach bands. Left disk 
produces a step tablet, right disk produces a continuous gradient 


the ‘step tablet’ and the ‘continuous gradient’. A circular 
step tablet can be obtained by rotating a Masson disk 
made from black and white papers (see left half of Fig. 1) 
at a speed above flicker fusion frequency. This produces 
a series of steps, each of which is physically uniform, 
but most of which do not appear to be so. Tho centre 
step appears uniformly white, and the outermost step 
uniformly black, but each of the intermediate steps 
appears to be dark along the edge lying next to the 
lighter steps, grading into light along the edge lying 
next to the darker steps. 

A continuous gradient can be obtained by rotating the 
shape shown in the right half of Fig. 1. In this case it 
is the centre and outermost areas which are physically 
uniform but do not appear to be so. The centre area 
appears to be grey, surrounded by a narrow white circle, 
' and the outermost area to be dark groy, with a narrow 

black band on its inner edge. The annulus in between 
shades from white to black. 

Gradients of colour are produced by replacing the black 
and white papers with coloured papers. If, in addition, 
the disk is illuminated by two projectors with filters 
over them and a rheostat attached to each of them, the 
colours of the filters corresponding to the colours of the 
papers, the observer can vary the relative luminance of 
the pair of papers continuously. Thouless, and Koffka 
and Harrower, did not have any means of varying the 
relative luminance of the papers which they used, in a 
continuous manner. 

Previous investigations were confined to continuous 
gradients. Most of the following experiments were 
performed with step tablets, containing ten steps, each 
9-5 mm wide. The luminance lay between 1 and 10 
millilamberts, and the background was dark. Many 
combinations of papers, and filters were tried: this report 
concerns six of them, each observed by five people. All 
observers had normal colour vision. 

First the disk was set into rotation, and the observer 
set the rheostats so that all the steps appeared to him to 
be of equal brightness. Then he commented on whether 
or not he saw any Mach bands. These were seen as non- 
uniformities of the intermediate steps. In the case of 
a red to green step tablet, for example, the edge next 
to the greener steps appeared redder than the edge next 
to the redder step. The centres of the steps progressed 
from red in the innermost step to green in the outermost, 
through some unsaturated and neutral colours, rather 
than through yellow and orange. Next, the observer 
turned the rheostats slowly to change the relative lumin- 
ance of the papers, and observed if there was any setting 
at which tho steps appeared uniform, or disappeared 
altogether. He was asked to turn the rheostats until 
one paper was lighter than the other, then to turn them 
back until the second was lighter than tho first. During 
this time his eyes were allowed to move as he wished. 
Finally, the rheostats were returned to the observer's 
original setting for equal luminance, and the wheel was 
stopped. The observer matched the colours of the two 
papers with samples in a Munsell book, which was illumin- 
ated by a Macbeth Illuminant C lamp in an isolated area 

_ beside the wheel. (In some cases the Munsell book did 
not contain a sample saturated enough to match the 
coloured paper on the disk, in which case an estimate 
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was made. The Munsell specifications are valid only 
for papers of equal luminance. At other settings of the 
rheostats the Munsell lightness values change. The hue 
and saturation values change also, but only to a minor 
extent in the range used in this experiment, since none 
of the combinations of paper and filter overlapped by 
more than 15 per cent.) 

The Munsell values of the six pairs of papers are given 
in Table 1. All observers saw Mach bands in all the 
combinations, regardless of the relativo brightness of 
the colours, from a distance of 4 feet (angular subtend 
27 min). The pairs of colours in theso cases were, in 
common terminology, red and green, red and blue, green 
and blue, blue and yellow, red and orange, and red and 
greyish green. From a distance of 40 ft. (angular sub- 
tend of each step 2-7 min) all the step tablets appeared 
$o be continuous gradients of colour. At distances 
between 4 ft. and 40 ft., the observer saw either a contin- 
uous gradient of colour, or a series of bands of alternating 
colours, two bands for each step. At no distance did 
any intermediate step appear uniform, unless the ob- 
server was so close that a single step covered a substantial 
portion of his field of view. All this parallels the 
results from step tablets of varying. brightness, where 
the observer sees either a smooth gradient or a set of 
alternating light and dark bands, depending on his 
distance from the display. 


Table 1. SPECIFICATION OF THE COLOURS IN MUNSELL VALUES, WHEN THE 
VARIACS ARE SET FOR EQUAL BRIGHTNESS 


Values are the average for the five observers 


Case Inner paper Outer paper 
1 5 @Y 7/9 10 R 7/9 
2 75 PB 4/16 5 R 5/8 
3 T5 PB 6/14 10 GY 6/8 
4 T6 PB jr 10 Y 35 
5 10 YR7/10 10 R 6/14 
6 10 GY 7/4 10 R 6/12 


Six observers were also asked to look at a continuous 
gradient of constant luminance, using the two subject- 
ively most different colours of Table 1 (case 1), and 
describe what they saw. Three reported Mach bands 
and three did not. All reported Mach bands when one : 
projector was turned off, giving a gradient of varying 
luminance. 

There is no conflict between the results of these experi- 
ments and those of Thouless, and of Koffka and Harrower, 
since the experiments described here deal primarily 
with step tablets, and previous experiments dealt solely 
The conflict lies in the 
implications of the results and the conclusions to be 
drawn from them. It seems reasonable to assume that 
the mechanism causing Mach bands in the step tablet. 
is the same as that causing them in the continuous ' 
gradient. In the Limulus the mechanism has been shown 
to be one of inhibitory interaction between neighbouring 
ommatidia®: in higher animals which- can distinguish 
colour, the nature of the mechanism has not yet been 
elucidated. My results suggest that the mechanism acts 
on changes of chromaticity in the same way that it acts 
on changes of brightness. This could be reconciled with 
the results of Thouless, and of Koffka and Harrower, by 
saying that the action of the mechanism is below threshold 
for continuous gradients of constant brightness. 
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FORTHCOMING EVENTS 


Monday, July 20 


ZOOLOGICAL SOCIETY OF LONDON AND THE ANTI-Loctst RESEARCH 
CENTRE (at the Zoologica] Society of London, Regent's Park, London, N.W.1), 
at 10.30 a.m.—Symposium on “The Endocrine Control of Metabolism and 
Maturation in Insects”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: : 

ASSISTANT LECTURER or LECTURER (with a special interest in one of the 
following flelds: plant geography, cartography, human geography, or 
industrial geo raphy) IN THE DEPARTMENT OF GEOGRAPHY—The Secretary, 
University College, Gower Street, London, W.C.1 (July 15). 

RESEARCH STUDENTS or ASSISTANTS (with degrees in physiology, bio- 
chemistry, chemistry, zoology or allied subjects) IN THE DEPARTMENT OF 
PHYSIOLOGY AND BIOOHEMISTRY— rhe Secrotary and Registrar (Room 9, 
The University, Southampton (July 15). 

ASSISTANT CATALOGUER (graduate with good academic qualifications and 
experience or training in librarianship) IN THE UNIVERSITY MEDICAL LIBRARY 
—The Registrar, The University, Manchester, 18 (July 17). 

D.S.I.R. RESEARCH STUDENTS IN PHYSICS for research on nuclear mag- 
netic resonance under Prof. J. G. Powles—The Registrar, University of Kent 
at Canterbury, Westgate House, Canterbury, Kent (July 17). 

READER/SENIOR LECTURER, a LECTURER and an ASSISTANT LECTURER 
(preferably with previous experience and research interest in one of the 
following fields: electron physics, wave optics, cryogenics, nuclear physics, 
solid state physics, or microwave physics) IN THE DEPARTMENT OF PHYSICS— 
The Staff Officer, College of Advanced Technology, Gosta Green, Birmingham, 
4, quoting Ref. 376/6 (July 18). 

RESEARCH ASSISTANT (well qualified in sociology and interested in its 
application to education) TO THE PROFESSOR OF EDUCATION—The Registrar, 
The University, Keele, Staffs (July 18). 

ASSISTANT LEOTURER or LECTURER IN PURE MATHEMATICS—The Secre- 
tary, haan College (University of London), Malet Street, London, W.C.1 

uly 20). 

D.S.I.R. RESEARCH STUDENT (with a good honours degree in zoology) IN 
THE ZOOLOGY SEOTION of the Department of Botany and Zoology, to join a 
group working on the ecology and physiology of protozoa with special 
reference to water pollution and purification—Dr. B. B. Purchon, Head of 
the Department of Botany and Zoology, Chelsea College of Science and 
Technology, Manresa Road, London, 8.W.3 (July 20). 

LABORATORY INSTRUCTOR (with a degree in chemistry and preferably some 
teaching experience, not necessarily in a university) IN THE DEPARTMENT 
or PHYSIOAL CHEMISTRY The Registrar, The University, Leeds, 2 (July 20). 

B1OLOGIST (Assistant Lecturer Be to study growth charaeteristics of 
animal tumours by techniques which include autoradiography —The Director, 
B.E.C.C, Research Unit in Radiobiology, Mount Vernon Hospital, North- 
wood, Middlesex (July 21). 

SENIOR LECTURER/LEOTUREX (dental, medical or science graduate with 
bacteriological experience) IN DENTAL MicRoBIOLOGY—The Secretary, The 
London Hospital Medical College (University of London), Turner Street, 
London, E.1 (July 21). 7 
Paes ait LIBRARIAN—The Registrar, The University, Manchester 13 

uly 22). 

VETERINARY OFFICERS (men and women aged at least 23, M.R.C.V.S. with 
at least one year's practical postgraduate experience) with the Ministry of 
Agriculture, Fisherios and Food, for posts in various parts of England— Tne 
une LUE Commission, Savile Row, London, W.1, quoting Ref. 130/64 
(July 24). 

LECTURER YN CLINICAL PSYCHOLOGY IN THE DEPARTMENT OF PSYCHOL- 
OGICAL MEDIOIRE-—Secretary of the University Court, The University, 
Glasgow (July 25). 

PoSr-DOOTORAL RESEARCH FELLOW IN CHEMISTRY at Wollongong Univer- 
sity College (an associated college of the University of New South ales)— 
The Agent Genoral for New South Wales, 56-57 Strand, London, W.C.2: 
and The Appointments Section, The University of New South Wales, Box 1, 
Post Office, Kensington, New South Wales, Australia (July 25). 

CHAIR OF AGRICULTURE; and a SENIOR LECTURER-READER IN AGRIOUL- 
TURE at Makerere University College, Uganda—The Sccretary, Inter-Univer- 
sity Council for Higher Education Overseas, 33 Bedford Place, London, 
W.C.1 (July 30). 

LECTURERIN AGRICULTURAL EDUCATION; and a LECTURER IN AGRONOMY 
(Oil Palm Research Divislon) at Njala University College, Sierra Leone— 
The Secretary, Inter-University Council for Higher Education Overseas, 
33 Bedford Place, London, W.O.1 (July 80). 

ASSISTANT LECTORER/LECTURER IN GYBERNETICS—The Academic Regis- 
war, Loughborough College of Technology, Loughborough, Leicestershire, 
quoting Ref. 14/G (July 31). 

LECTURER or ASSISTANT LECTURER IN PHYSIOLOGY at the University of 
Singapore—The Secretary, Inter-University Council for Higher Education 
Overseas, 33 Bedford Place, London, W.C.1 (July 31). 

LECTURER (preferably with research interests in plant pathology) IN 
BorANY—The Registrar, The University, Manchester (July 81). 

. LECTURER (with an honours degree in pharmacy or equivalent qualifica- 
tions, and preferably with a special knowledge and experience in pharma- 
ceutical analysis and of the use of instrumentation methods) IN PHARMA- 
CEUTICAL CHEMISTRY—The Secretary, The Royal College of Science and 
Technology, George Street, Glasgow, 0.1 (July 31). 

RESEAROH FELLOW IN THE DEPARTMENT OF STATISTICS of the Research 
School of Social Sciences, Institute of Advanced Studies, Australian National 
University, to work in the field of mathematical statistics and its application 
to other sciences—The Secretary, Association of Commonwealth Universities, 
hiya House, Pall Mall, London, S,W.1 (Australia and London, 

uly 31). 
uly 95 LECTURER IN MEDICINE—The Registrar, The University, Sheffield 
{July 31). y 

SENIOR LECTURER or LECTURER IN ANATOMY; and n DEMONSTRATOR 
(Assistant Lecturer) IN ANATOMY—-The Secretary, The Medical College of 
St. Bartholomew's Hospital, West Smithfield, London, E.C.1 (July 31). 

SENIOR LECTURER (with a good honours degree in geography and either 
2 higher degree or actively ongaged in research leading to a higher degree, 
and preferably some lecturing experience) IN GEOGRAPHY at the University 
College of Townsville, University of Queensland, Australia—The Secretary, 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (London and Brisbane, July 31). 
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LECTURER Or ASSISTANT LECTURER IN THE COMPUTING LABORATURY of 
the Department of Applied Mathematics—The Registrar, The University, 
Sheffield (August 1). E 

UNIVERSITY LEOTURER IN PSYCHOPATHOLOGY—Ihe Secretary of the 
A pointments Committee, Office of the General Board, The University, The 
Old Schools, Cambridge (August 1). 

LECTURER/SENIOR LECTURER, and a LECTURER IN PSYCHOLOGY at the 
University of Sydney, Australia—The Secretary, Association of Ccnmon- 
wealth Universities (Branch Office), Marlborough House, Pall Mali, London, 
S.W.1 (Australia and London, August 14). . 

RESEARCH ASSOCIATE (normally with some post-doctoral experience) IN 
THE PHYSICS DEPARTMENT, to assist in work in the nren of solid state thin 
film physics, and will be encouraged to initiate new projects in this held—- 
The Principal, Royal Holloway College (University of London), Englefield 
Greon, Surrey (August 15). 

SENIOR LECTURER or LECTURER IN THE DEPARTMENT OF BACTERIOLOGY, 
University of Ibadan, Nigeria—Tho Secretary, Senate Commitice on H igher 
rere OvorSeas, University of London, Senate House, London, W.C.J 

ugus i 

CHAIR OF ORGANIO CHEMISTRY at the University of Western Ausiralla— 
The Secretary, Association of Commonwealth Universities (Branch Office), 
reo House, Pall Mall, London, S.W.1 (Australia and London, 

ugusi . 

LECTURER or ASSISTANT LECTURER (with prospect of advancement to 
Lecturer) IN PHARMACOLOGY IX THE DEPARTMENT OF PHARMACOLOGY AND 
THERAPEUTICS, Queen's College, Dundee—The Secretary, University of St. 
Andrews, Queen's College, Dundee (August 22). t . 

CHAIR OF ELEOTRICAL ENGINEERING at the University of Malaya, Kuala 
Lumpur—tThe Secretary, Association of Commonwealth Universities (Branch 
otce) oe House, Pall Mall, London, 8.W.1 (Malaya and London, 
Augus " 

MycoLogIsT (with a good honours degree in botany or equivalent with 
considerable postgraduate experience in mycology and plant patholugy. an 
authoritative knowledge of the taxonomy of the phycomycetes, practical 
experience of abstracting and editing an abstract journal, and a working 
knowledge of at least two European languages other than English) ot the 
Commonwealth Mycological Institute—The Director, Commonwerlth 
Mycological Institute, Ferry Lane, Kew, Surrey (August 31). 

LECTURER (preferably with field experience as a mine geologist or capli ra~ 
tion geologist concerned with metalliferous deposits) IN GEOLOGY—The 
Registrar, The University, Leicester (September 15). 

SENIOR LECTURER and a LECTURER IN THE DEPARTMENT OT GENETIC<— 
The Registrar, The University, Leicester (September 15). . 

SENIOR TUTOR-DEMONSTRATOR IN BIOCHEMISTRY at the University of 
Sydney, Australla—The Secretary, Association of Commonwealth Unis eral- 
ties (Branch Office), Marlborough House, Pall Mall, London, S.W.1 (Australia 
and London, September 15). , 

CHAIR IN ENGINEERING THERMODYNAMIOS within the Department of 
Mechanical Engineering—The Registrar and Sceretary, The Unive r.ty, 
Senate House, Bristol, 2. 

CHEMIST or BIOCHEMIST (with a good honours degree) to work en the 
mutation of trace elements in man—The Administrator, Radiobiolopiral 
Research Unit, Medical Research Council, Harwell, Didcot, Rerk:h:v, 
quoting Ref. GEH/3. ; 

CLINICAL PSYCHOLOGIST (Senior Grade) for duties which will incir.de 
diagnostic and assessment work for the Psychiatrie Departments at salfuid 
Royal and Hope Hospitals—The Group Secretary, Salford Group Hospital 
Management, Committee, Fairhope Avenue, Eccles Old Road, Salford, 6. 

HEAD (with high academic qualifications in physics with teaching and 
research or industrial experience) OF THE DEPARTMENT OF PHYSICS - The 
Principal, Huddersfield College of Technology, IIuddersfield, Yorkshire. 

LECTURER and an AssIsTaNT LECTURER IN PURE MATHEMATICS at the 
University of Uppsala, Sweden—Anthony Abrahams, 1 Garden Court, 
Temple, London, E.C.4. . 

LECTURERS or ASSISTANT LECTURERS IN MATHEMATICS (two vacancies); 
and LECTURERS or ASSISTANT LECTURERS IN APPLIED MATHI MATICS (iuo 
vacancies) in St. Salvator’s College—The Secretary, University of >t. 
Andrews, College Gate, St. Andrews, Scotland. _ ? . 

PoST-DOCTORAL FELLOW (spectroscopist, physicist or physical ehemi-l) 
IN THE DEPARTMENT OF CHEMISTRY, to co-operate with Dr. A. J. Hyde on 
the determination of molecular space-time correlation functions in liquids 
using scattering from laser beams—Dr. Hyde, Department of Chemistry, 
The Royal College of Science and Technology, George Strect, Glasgow, C.1. 

RESEARCH ASSISTANT (graduate in biology) in a newly formed Neuto- 
biological Group (the work will be centred round cellular relations in j.cri- 
pheral nerves and spinal cord under normal and experimental conditions} - 
The Secretary, Institute of Neurology, The National Hospital, Queen Squate, 
London, W.C.1. 

RESEARCH STUDENT (first- or second-class honours graduate in phy «cs, 
chemistry or biochemistry) IN BIOPHYSICS IN THE DEPARTMENT GF ZOOLucY, 
for biophysical research into the interaction of steroid hormones with mieto- 
moleoules— Prof. I. Chester Jones, Department of Zoology, The Univer uty. 
Sheffield, 10. : : : i 

RESEAROH STUDENT (with a good honours degree in chemistry or physics 
or an equivalent qualification) IN THE DEPARTMENT OF PHYSICAL CHEMISILY 
for work on the kinetics of capillary phenomena in collaboration with lr: f. 
D. H. Everett and a post-doctoral fellow—The Administrative Officer (Mr. 
A. W. Honey), School of Chemistry, The University, Bristol &. 

SENIOR ELECTRONICS TECHNICIAN IN THE PHYSICS DEPARTMENT, to |e 
concerned with the design and construction of electronic apparatus fur 
research purposes—The Assistant Secretary, St. George's Tospital, Lond: "i, 

SENIOR LECTURER or LECTURER (with an honours degree in electrical 
engineering or physics and a sound knowledge of electronics, together with, 
if possible, experience of radar, guidance of missiles or telecommunications) 
XN ELECTRONICS, to lecture to degree courses and specialized postgraduate 
staff courses and to supervise laboratory classes—The Registrar, Reva) 
Military College of Seience, Shrivenham, Swindon, Wiltshire. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


Gateways: Guide to Courses of Further Education in Middlesex, 1964-65. 
Part 1: Vocational Courses. Pp. 53--x. Part 2: General Interest and 
Recreational Courses. Pp. 50+x. (London, S.W.1: Middlesex County 
Council, d [75 

John Innes Institute. Fifty-fourth Annual Report, 1963. Pp. 58. (Bay- 
fordbury, Hertford: John Innes Institute, 1904.) 3s. [v5 
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Agricultural Research Council A Bibliography of Farm Buildings 
Research. Part 6: Buildings for the Processing and Storage of Fodder, 1st 
Supplement. Pp. 56, (London: Agricultural Research Council, 190i 


8. 5 
The Heating and Ventilating Research Association. 8th Annual Report, 
1963. Pp. 35. (Bracknell, Berkshire: The Heating and Ventilating Research 
Association, 1964.) (75 
Institute of Personnel Management. Living with a Computer. By Enid 
MESA FORO: Pp. 43. (London: Institute of Personnel Management, 6 


Government of Northern Ireland: Ministry of Agriculture. Leaflet No. 
107: Feed Mixtures of Doubtful Value. Pp.2. Leaflet No. 111: Nutritional 
21172 a in Chickens. Pp. 6. (Belfast: Ministry of agedum 

Department of Scientific and Industrial Research. Hydraulics Research 
1963: The Report of the Hydraulics Research Board with the Report of 
tho Director of Hydraulics Research. Pp. iv+80+7 plates. (London: 
H.M. Stationery Office, 1964.) 6s. 6d. net. 75 

European Brewery Convention. Report of the Barley Committee—Trials 
1962. Pp. 138, (London: The Institute of Brewing, 1964.) [75 

British Medical Bulletin, Vol. 20, No. 2 (May 1964): Symposium on 
Mechanisms of Carcinogenesis—Chemícal, Physical, and Viral. Pp. 87- 
170--vil. (London: The British Council, 1964.) 30$. [75 

Forestry Commission. Forty-Fourih Annual Report of the Forestry 
Commissioners for the year ended 30th September 1963. Pp. 70+8 plates. 
(London: H.M. Stationery Office, 1904.) 75. net. [225 

Reminiscences of Bayliss and Starling. By Charles Lovatt Evans. 
(First Bayliss-Starling Memorial Lecture delivered on 22 March 1963 at 
University College, London.) FP; 17+7 plates. (Cambridge: At the 
beers Press, 1964. Published for the Physiologica) Society.) 5s. [a 

ar. 

Building Research Station Digest (Second Series), No. 46: Design and 


Appearance—2, Pp.4. (London: H.M. Stationery Office, 1964.) 4d. [225 
ndustrial Diamond Information Bureau. The Challenge of Diamond 
Research. Pp. 20. 


(London: Industrial Diamond Information Bureau, 
1964.) 225 


The International Counel]for Bird Preservation— British Section. Annual 
Report for 1963. Pp. 29. (London: The Internationa! Council for Bird 
Preservation, e/o British Museum (Natural History), 1904.) 383- [225 

Proceedings of the Society for Psychical Research. Vol. 54, Part 198, 
(March 1964): William Crookes and the Physical Phenomena of Mediumship. 
By R. G, Medhurst and K. M. Goldney. Cromwell Varley’s Electrical 
Tests with Florence Cook. By C. D. Broad. Foreign Comments on Florence 
Cook's Mediumship. By George Zorab. . 25-188. (London: Society 
for Psychical Research, 1964.) 18s. 6d.; 3 dollars. [225 


Other Countries 


Connecticut Agricultural Experiment Station. Bulletin 624 (revised): 
Chemical Control of Weeds and Brush Along Roadsides, By John F. Ahrens. 
Pp. 35. Bulletin 047: The 64th Report on Food Products, and the 52nd 
Report on Drug Products, 1959. By H. J. Fisher. Pp. 87. Bulletin 648: 
Commercial Fertilizers—Report for 1901. By H. J. Fisher. Pp. 90. 
Bulletin 649: Control of Crabgrass and other Weeds in Turf. By J. F. 
Ahrens, R. J. Lukens and A. R. Olson. Pp. 18. Bulletin 650: Common 
Connecticut Flies. By Robert C. Wallis. Pp. 23. Bulletin 051: Commercial 
Feeding Stuffs: Report on Inspection, 1001. By H. J. Fisher. Pp. 129. 
Bulletin 652: Proceedings of the Lockwood Conference on the Suburban 
Forest and Ecology, March 26, 27, 28, 1962, New Haven, Connecticut. 
Edited by Paul E. Waggoner and J. D. Ovington. Pp. vii--102. Bulletin 
653: Three Decades of Change in on Unmanaged Connecticut Woodland. 
By Stephen Collins. Pp. 32. Bulletin 654: Commercial Fertilizers—Report 
for 1962. By H. J. Fisher. Pp. 112. Bulletin 655: The Gypsy Moth 
Problem, By N. Turner. Pp. 36. Bulletin 656: Plants, Shade, and Shelter. 
By Paul E. Waggoner. Pp. 16. Bulletin 657: Connecticut Hybrid Chestnuts 
and Their Culture. By Richard A. Jaynes and Arthur H. Graves, Pp. 29. 
Circular 220: Rotations, Organic Matter, and Vegetables. By Dwight B. 
Downs, Henry G. M. Jacobson, and Paul E. Waggonor. Pp. 16. Circular 
221: The Periodical Cicada. By Richard J. Quinton. Pp. 8. Circular 222: 
Eradication of Poison Ivy and Poison Sumac. By J. F. Ahrens and E. M. 
Stoddard. Pp. 5. Circular 223: The Chinch Bug and Its Control. By 
John C. Schread. Pp. 4. (New Heven, Conn.: Connecticut Agricultural 
Experiment Station, 1962 and 1983.) [75 

Bulletin of the Museum of Comparative Zoology, Harvard University. 
Vol. 130, No. 5: Rhinoceroses from the Thomas Farm Miocene of Florida. 
By Horace E. Wood, 2nd. Pp. 361-886+5 plates. Vol. 130, No. 6: A 
Revision of the Punctatus Group of African Typhleps (Reptilia: Serpentes). 
By R. F. Laurent. Pp. 387-444. Vol. 180, No. 7: The Spider Genus 
Thymoites in America (Araneae: Theridiidae). By Herbert W. Levi. Pp. 
445—471. Vol. 130, No. 8: An Anuotated Checklist and Key to the Anoline 
Lizards of Cuba. By R. Ruibal. Pp. 478—520. Vol. 131, No. 1: American 
Spiders of the Genus Episinus. (Araneae: Theridiidae.) By Herbert W. 

vi. Pp. 1-25. Vol. 181. No.2: Fossil Mammals from the Lower Pliocene 
of Fish Lake Valley, Nevada. By Jobn B. Clark, Mary R. Dawson and 
Albert E. Wood. Pp. 27-63. (Cambridge, Mass.: Museum of Comparative 
Zoology, Harvard University, 1904.) (75 

Museum of Comparative Zoology, Harvard University, Breviora. No. 198. 
(March 10, 1964): Amphisbaena schmidti, a Third Species of the Genus from 
Puerto Rico. (Amphisbaenia: Reptilia.) By Carl Gans. Pp. ll. No. 199. 
(March 10, 1964): A New Subspecies of Varanus exanthematicus, (Sauria, 
Varanidae). By R. F. Laurent. Pp. 9. (Cambridge, Mass.: Museum of 
Comparative Zoology, Harvard University, 1964.) 75 

Annals of the South African Museum. Vol. 47. Part 3: Contributions to 
the Knowledge of South African Marine Mollusca. Part 5; Lamellibran- 
chiata. By K. H. Bernard. Pp. 361-593. R. 3.40. Vol. 48, Part 1: The 
Hydrozoa of the South and West Coasts of South Africa. Part 2: The 
Lafoeidae, Syntheciidae and Sertulariidae. By N. A. H. Millard. Pp. 1-56. 
R. 1.00. Vol. 48, Part 4: A Review of the Family Ampharetidae (Poly- 
chacota). By J. H. Day. Pp. 97-120. R. 0.60. Vol. 48, Part 6: Note on 
the Rigidity of the Pectoral Fin of Makaire indica (Cuvier). By M. L. 
vee Pp. 167-180+1 plate. (Cape Town: South African Auseum, 
Acta Oncologica, Vol. 1, No. 1, (Enero-Junio 1902). Pp. 1-280. Revista 
semestrel. Suseripción: 400 ptas.; Estranjero 15 dollars afio. (Madrid 
16: Acta Oncologica, Generalisimo 14, 1962.) [125 

Annals of the New York Academy of Sclences. Vol. 112, Article 2: Vitamin 
Bi Coenzymes. By H. A. Barker, H. Weissbach, D. Perlman and 84 other 
authors. Pp. 547-021. (New York: New York Academy of Sciences, 
1964.) 7 dollars. [226 

South Australian National Parks and Wild Life Reserves: An Account 
of the National Parks and Reserves situated near Adelaide, South Australia. 
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Edited by Bernard C. Cotton. Pp. 190 (16 plates), (Adelaide: Goverm 
Printer, 1964.) 

Food and Agriculture Organization of the United Nations, FAO. 
cultural .Development Paper No. 72: Dates—Handling, Processing 
Packing. Prepared by V. H. W. Dowson and A. Aten. Pp. xxiv+ 
(Rome: Food and Agriculture Organization of the United Nations; Lon 
H.M. Stationery Office, 1962.) 20s.; 4 dollars. 

‘Australia: Commonwealth Scientific and Industrial Research Org: 
ation. CSIRO Divisions and Sections, 1964. . 22, (Melbot 
Comroruw enti Scientific and Industrial Research Organiza 


4, 

United States Department of the Interior: Geological Survey. Indi 
Geophysical Abstracts—Numbers 192-203, 1963. By James W. Cl: 
Dorothy B. Vitaliano, Virginia S. Neuschel, and others. Pp. ii+1 
1352. (Washington, D.C.: Government Printing Office, 1984.) 


Printer, 1983.) 

World Health Organization, Public Health Papers, No. 21: The St: 
of Public Health and Outpatient Nursing Services—Methods of Si 
By Doris E. Roberts. Pp.101. 4Sw.francs; 68.8d.; 1-25 dollars. Bi 
graphy on the Epidemiology of Cancer, 1946-1960. Pp. 168. 10 Sw. fri 
178. 6d.; 3°25 dollars. (geneva: World Health Organization, 1903.) 

Skogshégskolan, Stockholm. Studia Forestalia Suecica, | Nr. 
Vartbjérkens Produktion i Svealand och Sodra Norrland. Av Jöran: 
en of Betula verrucosa Ehrh. in Middle Sweden and Southern N 

weden) Pp. 303. (Stockholm: Svenska Skogsv&rdsfürengingen, 
16318, 1064.) 18 kr. 

Instituto de Orientacion y Asistencia Tecnica del Sureste y del Ce 
de Edafologia y Biologia Aplicada del Segura. Estudio Hdafologi 
Agrobiologico de la Huerta de Murcia. Pp. xvi+ 183 +37 platos-- 12 0 
(Murcia, España: Instituto de Orlentacion y Asistencia Tecnica del Su 
y del Centro de Edafologia y Biologia Aplicada del Segura, 1963.) 

Norsk Polarinstitutt. Skrifter Nr. 129: Avifauna Svalbardensis, 
a discussion on the Geographical Distribution of the Birds in Spitsbe 
and Adjacent Islands. By Herman L. Løvenskiold. Pp. 460. (Oslo: N 
Polarinstitutt, 1964. Distributed by Universitetsforiaget.) 44 kr. 

Conseil Permanent International pour ’ Exploration de Ja Mer, Charlo 
lund Slot, Danemark. Rapports et Procés-Verbaux des Réunions. 
154: Contributions to Herring Symposium. Edited by B. B. Parrish. 
293. (Copenhague: Andr. Fred Hast et Fils, 1963.) 00 kr. : 

United States Department of the Interior: Geological Survey. " 
Supply Paper 1617-A: Discharge Characteristics of Embankmett-S. 
Weirs. By Carl E. Kindsvater. Pp. v+i14. Water Supply Paper 1 
Use of Ground-Water Reservoirs for Storage of Surface Water in the 
Joaquin Valley, California. By G. H. Davis, B. E. Lofgren and Sey 
Mack. Pp. vii--125-rpletes 1-11. Water-Supply Paper 1819-EE: í 
mentation of Lake Pillsbury, Lake County, California. By G. Porte! 
and C. A. Dunnan. Pp. iv+46+plates 1 and 2, Water-Supply F 
1651: Chemical Quality of Surface Water and Sedimentation in the 8 
River Basin, Kansas. By Paul R. Jordan, B. F. Jones and Lester R. l 
Fp. v--90--plates 1-5.  Water-Supply Paper 1657: Hydrogeolog 

‘orthwestern Nassau and Northeastern Queens Counties, Long Is 
New York. By Wolfgang V. Swarzenskl. Pp. v+90+ plates 1-13. W 
Supply Paper 1667-C: Intracellular and Extracellular Concentratio 
Manganese and Other Elements by Aquatic Organisms. By Huger 
Oborn. Pp. ifi+18. Water-Supply Paper 1668: Sediment Transpi 
by Georgia Streams. By Vance C, Kennedy. Pp. vii+ 101. Water-Su 
Paper 1669-AA: Ground-Water Resources of the Lower Mesilla Vt 
Texas and New Mexico. By E. R. Leggat, M. B. Lowry and J. W. E 
Pp. iv+49+plates 1-8. (Washington, D.C.; Government Printing O 
1968 and 1964). 

United States Department of the Interior: Geological Survey. W 
Supply Paper 16009-X; Ground-Water Investigations in the Lower € 
la Poudre River Basin, Colorado. By Lloyd A. Hershey and Par 
Schnieder, Jr. Pp.iv--22-- plates 1-3. Water-Supply Paper 1699: Qu 
of Surface Water for Irrigation, Western States, 1059. Prepared unde 
direction of S. K. Love. Pp. vili+147-+plate 1. Water-Supply I 
1779-M: Historical Floods in New England. By M. T. Thomson, V 
Gannon, M. P. Thomas, G. S. Hayes and others. Pp. iv+105. W 
Supply Paper 1786: Inventory of Published and Unpublished Che 
Analyses of Surface Waters in the Continental United States and P: 
Rico, 1001. By. T. H. Woodard and S. G. Heidel. Pp. v+ 490, 
phgaloal Abstracts, No. 207, April 1964. By James W. Clarke, Do 

. Vitaliano, Virginia S. Neuscheland others. Pp. tii+ 255-343. 36 ¢ 
(Washington, D.C.: Government Printing Office, 1003 and 1964.) 
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TRAFFIC PROBLEMS AND INDUSTRIAL DEVELOPMENT IN BRITAIN 


TPE South-East Study, 1961-81, prepared by the 

Ministry of Housing and Local Government, was 
published at the end of March, together with a White 
Paper, South-East England, explaining how far the Govern- 
ment felt able to adopt the analysis of the problem and 
the proposal suggested in the Study. The commissioning of 
the Study, like the commissioning of the earlier studies of 
north-east England and central Scotland, and of the trans- 
port studies embodied in the Buchanan Report, is super- 
ficial evidence that the Government appreciates what is 
needed. Nevertheless, the successive White Papers and 
the debates on them in Parliament supply little concrete 
indication that the Government is prepared to take the 
necessary action, at least in time, and this impression is 
confirmed on every occasion when the Government is 
confronted with opportunities for immediate and effective 
action—as, for example, over the Morecambe Bay barrage 
and road scheme or the Liverpool Corporation’s road 
scheme (see Nature, 203, 125; 1964). 

To make sure that its traffic plans are adequate for the 
City’s imaginative Shankland Plan, the City’s Planning 
Department has commenced a traffic survey which will 
cost £75,000, and has shown that on its new road system 
alone the City of Liverpool must spend at least £100 
million over the next twenty years, of which the City can 
provide £25 million. The rest must come from the Govern- 
ment; but for this the first opportunity of putting into 
practice the principles of the Buchanan Report, which the 
Government professes to support whole-heartedly, the 
Ministry of Transport at present intends to spend only 
£3 million over this twenty years on roads over the whole 
of Merseyside. Nor has the Ministry, while rejecting the 
regional proposals of the Buchanan Report, given any 
indication how the gap is to be filled, either at regional 
or at national level. ` 

This weakness is outstandingly demonstrated in the way 
Mr. Marples rejected the Morecambe Bay barrage proposal 
of Mr. L. Leeming as an alternative route for the proposed 
extension northwards of the M6 motorway, but it is also 
illustrated in the White Paper, South-East England, and 
the debate on this Paper in the House of Commons on 
May 4. The Study assumes that between 1961 and 1981 
the population of south-east England, which as defined 
in the Study lies south and east of a line between the Wash 
and Dorset, will increase by 3:5 million, of which 1-1 
million will be due to net immigration. This will give 
Britain a population of at least 53 million in 1981, and, 
according to the White Paper, while not departing from 
its policy of channelling economic growth from the south- 
east to other parts of Britain, the Government accepts 
the basie objectives of the Study, including the need for 
new and expanded towns to accommodate up to 1-75 
million people in ways providing effective relief for the 
pressures on London. 

The Government also endorses the view expressed in 
the Study that high-quality agricultural land should not 
be taken for urban development wherever there is a 
praetical alternative. In spite, however, of the attention 
directed to the heavy pressures on the green belt around 
London both in the Study and in & recent debate in the 


House of Lords, the White Paper will do little to remove 
misgivings already entertained in regard to that belt. 
It is clear that the Government is prepared to sanction 
certain inroads on the existing green belt, and the White 
Paper specifically states that the Minister of Housing and 
Local Government does not propose to approve proposals 
of local planning authorities for extending the green belt. 

There is à reference in the White Paper to the possible 
effects on the region of the construction of a Channel 
Tunnel to which the Government has already agreed in 
principle. The plans for re-shaping the railway system 
to meet future demands are to include any proper through 
link between the Tunnel terminal and other parts of the 
country so that the benefits of improved communications 
with the Continent will be spread far beyond the south- 
east region itself. The White Paper also affirms the 
Government’s intention, before reaching decisions on 
particular passenger closure proposals, to take full account 
of possible developments put forward in the Study. This 
at least is some advance on any earlier pronouncements 
relating to the Beeching Report, and, in particular, the 
Government now states that it will consider whether the 
possibilities of future development make it desirable 
that a line should remain available for future use if 
required. 

It is recognized that the Study and its proposals raise 
many important issues on some of which public opinion 
outside the area must be consulted before decisions are 
taken. It is also clear that population pressures in the 
region are such as to demand planning now, even though 
the greater part of development in the expansion schemes 
will not take place until the 1970’s. By determining the 
extent and location of public investment and industrial 
building, and by phasing the release of land for develop- 
ment in expansion schemes, it is claimed that the Govern- 
ment will ensure that the proper development of the south- 
east does not prejudice growth in other parts of the 
country. Its confidence in the organization for keeping 
under examination policies which have the most direct 
bearing on regional development is affirmed, as is its belief 
that regional planning can contribute greatly to the well- 
being and prosperity of Britain as a whole, and that this 
new programme and those already published and being 
implemented for Central Scotland and the north-east 
identify the special needs of the individual regions 
and contribute to the achievement and maintenance of a 
proper national balance (see Nature, 201, 458, 745; 19641 

In opening the debate on May 4, Mr. M. Stewart said 
that a national policy, such as this and other studie- 
implied, called for a more stringent use of industria: 
development certificates, greater co-ordination in the 
activities of Departments, including the co-ordinatior 
of decisions on transport with general policy affecting th: 
location of industry, and a thorough review of local govern- 
ment finance. Mr. Stewart stressed particularly the 
importance of finance and especially in regard to the 
acquisition of land, and in this connexion was the first of 
several speakers to refer to the siting of offices. This wa. 
admitted by Sir Keith Joseph, who followed, and he sug- 
gested that here automation might soon have an 
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ameliorating effect. He also said that the Government 
was determined to move out of London as many as possible 
of the headquarters of civil servants: the decision to move 
the Post Office Savings Bank to Scotland was the latest 
large example. The Government was also determined to 
persuade firms that as much office work as possible should 
be moved out of London, and preferably out of the south- 
east region. The tough policy of the Board of Trade with 
regard to Industrial Development Certificates, which 
would continue, was a further factor towards the present 
disproportionate draw to the south-east. 

For the rest, Sir Keith said that the Government 
recognized growth in the region was likely, and orderly 
provision for it must be made so as to improve life for all 
in the south-east, and in particular to ensure good housing, 
either in London or elsewhere, for all born in London or 
already living there. It accepted the need to relieve the 
pressure on London and to break the vicious circle of 
growth creating more growth. The strategy now was to 
provide attractive, vigorous big communities well outside 
London and well outside the green belt on a scale to cope 
with the foreseen overspill of more than one million. 
Moreover, these new communities would not consist of 
one section of the population but would comprise members 
of nearly every income group who could not find in London 
suitable accommodation at a price they could afford. He 
pointed out that more than 85 per cent of the acreage in 
the south-east was at present undeveloped, and by 1981, 
if all the proposals of the Study or their equivalent were 
accepted, more than 83 per cent would remain unde- 
veloped. There would be careful consultation with all the 
planning authorities and local authorities concerned, but 
the Government hoped to reach a firm decision on the 
total to be provided by individual projects by the end of 
the year. 

On office accommodation, he added that the first Six 
months' working of the Location of Offices Bureau war- 
ranted the hope that in the next few months and over the 
short period of years ahead the Bureau might manage 
to offset by persuasion of individual offices a large part, 
if not all, of the increased office work in London presaged 
by planning permissions already given. No Government 
could allow the growth of office jobs to continue at its 
present rate. Finally, he admitted that possibly a new 
town type of corporation might be required to deal 
effectively with some of the new proposals and also that 
we needed an agency to acquire the land, make the plan, 
provide the services and then dispose of the land according 
to the plan, either by selling or letting to private or 
public enterprise. Re-zoning sufficient land for the entire 
period should suffice to give public and private authorities 
confidence that land would be available when required. 

While there was some keen criticism of the adequacy 
of the Government’s proposals in the debate, particularly 
in regard to the acquisition of land, the restriction of 
office buildings and co-ordination of policy, Sir Keith 
Joseph’s statement embodied some definite assurances, 
and his speech was supported at some points by that of the 
Parliamentary Secretary to the Board of Trade, Mr. D. 
Price, who wound up for the Government. On immigra- 
tion, Mr. Price observed that overseas immigrants, 
especially in the Greater London area, had been filling 
posts in the service industries which without them would 
have broken down. While it would be unrealistic to expect 
& substantial exodus of offices out of the south-east as a 
whole, he maintained a substantial move of offices from 
Central London to anywhere elso in the south-cast would 
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be a great gain. He reiterated that the Government's 
proposals were consistent with its plans for the develop- 
ment of central Scotland and north-east England and 
elsewhere. 

There were five factors safeguerding development 
outside the south-east. First, the developing repions 
where the needs were greatest would have a long start. 
Programmes were already being implemented for central 
Scotland and the north-east of England, whereas the major 
Schemes in the south-east would not make their full 
demands for capital investment and labour until the 
1970's. Further, the Industrial Development Certificate 
policy would continue to give first priority to the develop- 
ment districts, and, subject to this, would seek to get 
industry out of the main conurbations into new and 
expanded towns which are receiving their populations. 
Next, the north-east of England and central Scotland 
which, with 13 per cent of the population, had 18 per cent 
of the public investment programme, would continue to 
receive such priority for some years. Present inducements 
to attract industry to development districts would remain 
and the growth zones in both these regions had received 
assurances of a sustained and continued effort. Mr. 
Price saw a fifth safeguard in the extent to which the town 
expansions in the south-east would generate their own 
employment. Finally, he said that the study teams for 
Wales, the west midlands and the north-west had reached 
the stage of detailed local consultations. There would 
be comprehensive regional studies covering changes in 
population, industrial structure and employment, land 
use and urban renewal and communications, and a study 
for the East and West Ridings of Yorkshire was being 
considered by the Secretary of State for Industry and 
Trade. No decisions had yet been taken on the places 
suggested for expansion in the South-East Study ; but while 
Mr. Price declined to give a flat undertaking that Indus- 
trial Development Certificates in these towns would not 
be given to firms from the north or west, he undertook 
that they should be limited essentially to firms from 
London. 

However reasonable the Government’s position may 
appear as presented in the White Paper and in this subse- 
quent debate, confidence is badly shaken by its failure to 
take effective action on the Buchanan Report and the 
co-ordination of traffic policy with other national needs. 
The South-East Study stands at marked issue, for example, 
with many recommendations of the Beeching Report to 
which the Minister of Transport has repeatedly declared 
his support, while the Minister's short-term policy on roada 
transport has been severely criticized by Sir Robert 
Matthew, professor of architecture in the University of 
Edinburgh. Mr. F. Medhurst, in a university extension 
lecture, has pointed out that a regional development 
authority set up by the Government could be expected tc 
execute the proposed Morecambe Bay barrage scheme, 
The scheme involves the creation of a freshwater lagoon. 
a barrage able to carry a motorway and railway tracks, 
and a dozen square miles of salt marshes would be cleared 
of salt and made available for agriculture. 

These factors would accordingly involve the River 
Board, the Ministries of Transport and Agriculture, if now 
the Ministry of Industry and Trade also, as well as Britist 
Railways, the Lancashire County Council and Manchester 
Corporation. The prescience of Mr. Medhurst’s commen» 
that each of these would be likely to examine the scheme 
in & particular aspect and against limited alternative: 
is demonstrated as clearly by Mr. Marples's subsequen: 
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brusque rejection of the Plan as by the inadequacy of the 
Government’s whole approach to such problems. Mr. 
Marples declined to consider it as an alternative to the 
inJand route for the motorway to Scotland and intends to 
proceed with the route running east of Shap through 
Tobay. 

Mr. Marples did not dismiss entirely the coastal route 
over the barrage, but while he emphasized the importance 
of the time-factor, he was more than a little naive in 
suggesting that the barrage route must be considered as 
a regional project. Mr. Medhurst’s lecture makes nonsense 
of that idea and Mr. Marples’s hasty refusal should stimu- 
late the technical colleges and universities in the north- 
west to take up urgently Mr. Medhurst’s suggestion and 
undertake some of the research needed within the scope 
of the scheme, presenting the findings to the Government 
with a request for combined regional action. Meanwhile, 
Mr. Marples’s decision should be firmly challenged, and 
every effort made to expedite the surveys and enquiries 
which are necessary before technical decisions on the 
scheme can be reached. It is also essential that the full 
implications of the scheme, not only in respect of road 
transport between England and Scotland but also no less 
in respect of water supply for Lancashire, and the revival 
of industrial west Cumberland, not forgetting the marginal 
implications in respect of agriculture and land utilization, 
should be brought to public understanding. If such a 
scheme is to be rejected it should be in a rational perspec- 
tive and not through departmental myopia. 


A GREAT ENGLISH BOTANIST 


Joseph Dalton Hooker 

Botanist, Explorer, and Administrator. By Dr. W. B. 
Turrill. (British Men of Science.) Pp. xi+228+25 
plates. (London: Thomas Nelson and Sons, Ltd., 1963.) 
21s. net. 


OSEPH DALTON HOOKER was twenty-two at 
the start of his Antarctic voyages in 1839: in 1911 
his botanical work came to an end only a few months 
before his death at the age of ninety-four. From that 
long life one can select four chapters for comment: 
Antarctic botany, Indian botany, the association with 
Charles Darwin, and the directorship of Kew. Any one 
of these would rightly give Hooker a place in the series, 
British Men of Science, and Dr. Turrill’s achievement in 
condensing all this, and more, into 228 pages is consider- 
able. Author, editor and publisher all earn our gratitude 
for presenting, at a reasonable price, this concise and 
interesting account of & great botanist. 

The Antarctic and Indian phases are well summarized 
and numerous passages in Hooker’s own words add 
authentic flavour to the story of the discomforts and the 
rewards of pioneer botanical work in the field. Hooker 
not only wrote vividly of his experiences, he was always 
busy with his sketch books, and selected pages from these 
provide the most attractive illustrations in this volume. 

n telling us of Hooker and his work, Turrill says enough 
about the items he selects for comment to make them 
botanically informative. For example, Hooker’s account 
of the Kerguelen cabbage (Pringlea antiscorbutica) is 
rought up to date with more complete information 
n its distribution and vitamin C content. Throughout, 
here are frequent references to more recent evaluations 
f Hooker’s data, so that the student who reads these 
pages is in no danger of coming away with a lot of out- 
f-date ideas. Not that Hooker’s views on classification 
r plant distribution need much modernization; perhaps 
nly his positioning of the gymnosperms (as on pp. 81-82) 
ow seems grossly inaccurate. 
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One amusing point in the preparation of this review 
may be mentioned. I found (p. 60) what seemed to be 
a very surprising statement: that the upper limit of 
Pinus longifolia (=P. roxburghii, the chir pine) in Sikkim 
was at 2,500 ft. This seemed incredibly low. Surely 
there must have been a slip somewhere? But no; Hooker 
carefully records that it is restricted to this altitude in 
southern Sikkim because it is a plant of the dry hills: 
elsewhere it may ascend to 7,000 ft., but only where its 
habitat is found at that height. Southern Sikkim ahove 
2,500 ft. is too wet for this species. Hooker was not 
known as an ecologist: the term was not yet in uso. 

The enigma of Hooker’s life, as Turrill brings out quite 
clearly, lies in the nature of his scientific thinking between 
1844, when he read Darwin’s preliminary ossay, and 
1859, when the publication of The Origin of Species threw 
Darwin’s views on evolution open for public discussion. 
Excerpts from Hooker's writings of this period are 
quoted, and these show that he was by no means fully 
satisfied with the idea that species were immutable. 
yet for practical purposes he did accept them as fixed 
entities. Did he feel obliged, out of loyalty to Darwin, 
to suppress his own thinking on this subject? Or was 
he, in fact, so fully occupied with prosecuting his practical 
classificatory work that the theoretical side did not greatly 
concern him? Hooker was Darwin’s friend and his 
adviser on botanical matters and provided him with 
many taxonomic (and phytogeographical) data. They 
were in constant communication. One can searcely 
avoid the conclusion that Hooker was content to stick 
to taxonomy and leave evolution to Darwin. When 
Turrill (p. 212) seeks reasons why Hooker did not, after 
his open acceptance of Darwin’s views, ‘attempt to 
work out a classification of plants on evolutionary prin- 
ciples”, he surely misses a simple point. Darwin had 
provided the evolutionary explanation, in acceptable 
terms, for Hooker's taxonomic facts. What need was there 
to alter the taxonomy? 

Turrill’s own association with Kew ran from 1909 until 
his death in 1962 and, although he met Hooker but once. 
he lived surrounded by the Hookerian tradition. 
Naturally, therefore, he gives due attention to Hooker's 
achievements as director of Kew. Yet here one is 
conscious of the biggest gap in this biography. Hooker's 
lasting influence on Kew was not in re-organizing the 
Gardens’ water supply, not in the extension to the Herb- 
arium nor in planting the Cedar Avenue. He did not 
build Kew with pipes and bricks, nor even with plants: 
but with men. Daniel Oliver, J. G. Baker, Sir William 
Thiselton-Dyer, W. Botting Hemsley, Otto Stapf—these 
were the men Hooker gathered around him at Kew, yet 
they scarcely figure in these pages. W. B. Turrill was 
in the direct line of succession; it is strange that he 
failed to recognize in them the final proof of Hooker's 
greatness. B. L. Burtr 


HAZARDS OF SMOKING 


Smoking and Health 

Report of the Advisory Committee to the Surgeon- 
General of the Public Health Service. (U.S. Department 
of Health, Education and Welfare: Public Health 
Service.) Pp. xviii+387. (Princeton, N.J.: D. Van 
Nostrand Company, Inc.; London: D. Van Nostrand 
Company, Ltd., 1964.) 27s. 6d. 


[5 1963 the Surgeon-General of the United State- 
Public Health Service set up an advisory committee 
to undertake a comprehensive review of all data on 
smoking and health. This book represents the fruits of 
their labours. It is in fact the latest in a series of evalu- 
ations of the evidence relating smoking and health which 
have been published during recent years. It covers 
much the same ground as the report on the same theme 


222 


published in Britain in 1962 by the Royal College of 
Physicians and reaches the same general conclusions: 
cigarette smoking is a hazard to health and, more 
particularly, is an important cause of lung cancer in 
men and of chronic bronchitis. It is also associated with 
coronary artery disease and with a number of other less 
common diseases, although it is not certain in these 
cases if the association is causal. 

The book is in two parts. In the first part the method- 
ology of the study is described and the main conclusions 
summarized. The evidence on which these conclusions 
are based is set out in detail with numerous references 
to the original literature in the second part. The large 
amount of published material available is dealt with 
critically from both a general point of view and on the 
basis of disease categories. It is not possible here to give 
more than a rough outline of the ground covered. 
Separate chapters are concerned with consumption of 
tobacco products in the United States, chemical and 
physical characterization of tobacco and tobacco smoke, 
the pharmacology and toxicology of nicotine, mortality 
of smokers, and the relation of smoking to cancer, other 
respiratory diseases, cardio-vascular disease and other 
conditions. Beneficial effects of tobacco, psycho-social 
aspects of smoking and the morphological constitution 
of smokers are also considered. 

The great bulk of the report is taken up with consider- 
ation of the epidemiological investigation of the effect 
of smoking on health. In seven large prospective investig- 
ations it has been constantly found that death-rates in 
general for cigarette smokers are higher than for non- 
smokers, and are substantially higher for cancer of the 
lung and other. forms of cancer of the upper respiratory 
tract, for bronchitis and for coronary artery disease. 

Most general interest will probably attach to the 
findings on lung cancer. A careful review of the evidence 
leaves the committee in no doubt that cigarette smoking 
is an important element in the causation of lung cancer 
in men, and while it recognizes that it cannot be the 
only cause, it gives it as its opinion that the magnitude of 
the effect of cigarette smoking far outweighs all other 
factors. Twenty-nine retrospective and seven pros- 
pective investigations all agree in showing a higher 
incidence of lung cancer among smokers than non- 
smokers, and the incidence increases regularly with the 
amount smoked. This evidence is supported up to a 
point by pathological studies of the tracheobronchial 
tree of smokers and non-smokers, and by the evidence 
from several laboratories that tobacco smoke condensate 
is carcinogenic to the skin of several animal species. A 
number of carcinogenic hydrocarbons and heterocyclic 
compounds have also been detected in cigarette smoke 
although, contrary to the report, only one has actually 
been isolated. The committee clearly feels that the 
smoke exerts its effect, in the main, by a direct carcino- 
genie action on the lung tissue, possibly through the 
agency of the polycyclic hydrocarbon and heterocyclic 
carcinogens contained in it, but it recognizes that the 
oxperimental evidence for this view is not conclusive. 
Tumours have not yet been produced in the lungs of 
experimental enimals by direct inhalation of cigarette 
smoke, although they have been obtained in a few 
instances by direct application of smoke condensate. 
In addition, the amounts of the hydrocarbon carcinogens 
so far detected in cigarette smoke appear to be insufficient 
by a large factor to account for the activity of the smoke 
condensate towards the skin of experimental animals. 
However, the likelihood that hydrocarbon carcinogens 
may be involved is increased by the recent demon- 
stration by Shabad that epidermoid carcinoma can be 
produced in the lungs of rats by intubation of & hydro- 
carbon carcinogen absorbed on carbon particles. Cigarette 
smoke has also been found to contain substances with 
tumour-promoting properties, and these may enhance 
the effect of the small amounts of carcincgens which 
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are present. The effect of damage to the defence mech- 
anisms of the respiratory tract by tobacco smoke must 
also be taken into account. 

The other main diseases with which cigarette smoking 
appears to be related are bronchitis and coronary artery 
disease. In the case of bronchitis, the association is 
so strong as to be considered one of direct cause and 
effect, and the report states categorically that cigarette 
smoking is the most important cause of chronic bronchitis 
in the United States. In this the American experienco 
differs somewhat from that in Britain, where other 
factors besides cigarette smoke are considered in the 
report of the Royal College of Physicians to play a part 
in the development of chronic bronchitis. It has been 
established also, in a number of studies, that male 
cigarette smokers have a higher death-rate from coronary 
artery disease than non-smoking males, but it is uncertain 
whether there is a causal relationship. A number of 
other factors are associated with coronary artery disease 
and it is not easy to disentangle the effect of any one. 

The book is well produced; there are very few mis- 
prints and the tables and diagrams are excellent. An 
index would have been useful. W. CARRUTHERS 


ANIMAL SOURCES OF HUMAN 
DISEASE 


Diseases Transmitted from Animals to Man 

Compiled and Edited by Dr. Thomas G. Hull. Fifth 
edition. Pp. xxii+967. (Springfield, I.: Charles C. 
Thomas, 1963.) 17.75 dollars. 


HIS useful book, well known since its first publication 

in 1930, appears now, in its fifth edition, with the col- 
laboration of 32 specialists who have contributed to it one 
or more chapters. Thus the book now contains authoritative 
articles on & wide variety of subjects, all of which arc 
important to both medical men and veterinarians. 

In Section 1, there are articles on the diseases of domesti- 
cated animals and birds and on some of the diseases of wild 
animals and rodents. Section 2 deals more specifically 
with the diseases of rodents and wild animals, but includes 
some diseases of domesticated animals. Section 3 is 
devoted to the relationships between diseases of man and 
those of other animals, this important subject being con- 
sidered under the headings of: animal diseases of minor 
public health importance; human diseases that are spread 
by other animals; animals that are passive carriers of 
pathogenic organisms; and the part played by different 
animals and birds in relation to diseases of man. 

Tt will be realized that a brief review cannot give an 
adequate idea of the large number of diseases considered. 
Most of the space is given to bacterial, viral and fungus 
diseases and only one chapter, about 10 pages long, is 
specifically given to diseases caused by parasitic animals 
(Protozoa and Helminths). This chapter, however. 
carries ell the authority of its author, Prof. Faust, and 
parasitic animals inevitably have their place in the fing; 
chapter on the part played by different animals and bird: 
in diseases transmitted to man. 

It is, indeed, in this final chapter, written by Dr. Hull 
that the theme of the book is epitomized; and the tables ir 
it, which list the large number of diseases that may he 
transmitted to man from other animals, will be of value tc 
medical men and veterinarians. The layman who keep: 
dogs, cats, birds and other pets should also be interested 
but he will not, one hopes, be unduly alarmed by the 
possibilities here outlined. Dr. Hull names 36 disease: 
that may, in various parts of the world, be transmitted t« 
man, either directly or indirectly, from the horse, 57 fron 
the cow, 47 from the hog, 48 from the sheep and goat 
65 from the dog, 39 from the house cat, 32 from rats anc 
mice, and 27 from the fowl and other poultry. He als 
gives a list, 24 pages long, of diseases that may possibly 
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be transmitted to man from wild animals and birds. It 
should be realized, however, that many of these diseases 
are repeated in each of tho lists, so that the total number 
of diseases is correspondingly reduced. A final list, 9 
pages long, gives a useful summary of all the diseases, 
with their etiological agents, their common animal hosts 
and the usual methods by which man may be infected. 

One purpose of the book is to provide a common meeting 
ground for the physician, health official, veterinarian and 
research worker, and in this it should succeed. It will 
help, one hopes, to foster the movement, now gathering 
force, towards closo co-operation between the medical 
man, the veterinarian and the biologist in the fascinating 
field of comparative medicine and surgery. Some readers 
may find that the space given to some of the diseases 
considered might have been extended and that given to 
others shortened, but opinions about this will vary accord- 
ing to the special interests of the reader and the importance 
of certain diseases in particular parts of the world. The 
scope of the book is, it should be remembered, world- 
wide, and the 32 contributors have been given considerable 
freedom in their treatment of the subjects allotted to 
them. 

The book is well printed on thick, glossy paper and this 
makes it rather a heavy book to handle; but no doubt this 
paper helps the reproduction of the illustrations, most of 
which are photographs of lesions in man and other 
animals. Many of these will be valuable to practising 
medical men and veterinarians. The general production 
of the book maintains the high standard that we have 
learnt to expect from its publisher. G. LAPAGE 


ABSORPTION OF LIPIDS FROM THE 
INTESTINE 


Biochemical Problems of Lipids 

Edited by A. C. Frazer. (B.B.A. Library, Volume 1.) 
Pp. ix--474. (Amsterdam, London and New York: 
Elsevier Publishing Company, 1963.) 130s. 


if Brae volume contains the fifty-eight papers read at 
the seventh international conference on “Biochemical 
Problems of Lipids”, held in Birmingham during June 
24-27, 1962. The main theme was the mechanism of 
fat absorption from the intestine. Papers concerned 
with this subject were classified thus: (1) intraluminal 
aspects of fat absorption; (2) structural aspects of the 
intestinal cell and absorption studies; (3) enzymatic 
aspects of intestinal lipid motabolism; (4) chylomicrons 
and lipoproteins. 

In Section 1 there is frequent reference to the use of 
thin-layer chromatography for detecting the products 
of enzymatic hydrolysis of triglycerides and identifying 
individual bile acids. The role of bile in the solubil- 
ization of synthetic hydrocarbons and dyestuffs has also 
been investigated, as have the effects of diversion of 
the bile on the recovery of lipids in the thoracic-duct 
lymph. In addition, there are papers on the amount and 
composition of the fecal fats of several species, which 
have been examined with particular reference to the 
influence of the intestinal bacteria. 

There are important papers in Section 2 dealing with 
the fine structure of intestinal epithelial cells and partic- 
ularly with the brush border, as observed under the 
electron microscope. Results obtained by different 
groups have been presented in support of possible 
mechanisms of lipid absorption from the intestine. It 
appears that at present there is still a great deal of un- 
certainty regarding the nature of this process. Opinion 
seems to be rather evenly divided in favour of absorption 
of lipid droplets by pinocytosis on one hand, and of a 
highly dispersed molecular or micellar species on the 
other. 


NATURE 


223 


In Section 3, the main line of research concerns the 
re-synthesis of triglyceride in the intestinal mucosal 
cells. It seems to be generally accepted that the most 
important pathway in this tissue involves the con- 
densation of monoglyceride with two molecules of long- 
chain acyl-coenzyme A. Thus intestinal mucosa diffors 
from other tissues in which triglyceride synthesis begins 
with the acylation of L-«-glycerophosphate. 

One of the papers in Section 4 deals with the compos- 
ition of rat thoracic-duct lymph as a function of the nature 
of the dietary triglyceride. Lipids containing fatty acid 
radicals of short and intermediate chain length 
(C, — Cio) are not found in the lymph draining the intestine, 
following. oral administration of the triglycerides of 
these fatty acids; on the other hand, the long-chain 
component fatty acids (Cy, — C,,) do appear in the lymph 
under comparable experimental conditions. 

Only about two-thirds of the papers presented deal 
with the main absorption theme. The rest aro divided 
into two additional sections: (5) mitochondrial and 
other aspects of lipid metabolism, and (6) wider aspects 
of lipid metabolism. Some of the most interesting 
papers in the whole volume are to be found in these 
two sections. Thus in Section 5 there is an excellent 
account of the role of lipids in mitochondrial electron 
transfer and oxidative phosphorylation; also a very 
careful investigation of the cause of fatty livers in rats 
following injection of either ethionine or puromycin. 

In Section 6 there are important investigations on 
the lipids of the erythrocyte membrane. The solubil- 
ization of these lipids has been examined following 
treatment with hypotonic saline and various hemolytic 
agents. The lipid composition of the erythrocyte 
membranes of different species has been determined and 
incorporation of lysolecithin and linoleic acid into tho 
lecithin component has been observed. Other papors of 
interest deal with the synthesis of unsaturated fatty 
acids by yeast, the effect of essential fatty acids in the 
diet on the lipid composition of rat heart and the 
metabolism of linoleic acid in rat liver. 

Each paper is followed by a discussion of variable 
length, but only about half the papers contain a summary. 
A subject index has been provided, which seems to have 
been compiled exclusively from words appearing in the 
titles; similar topics are thus not necessarily brought 
together. 

This volume does not attempt to give a connected 
account of the absorption of lipids from the intestine. 
Instead, it presents a series of investigations designed 
to solve some outstanding problems. For this reason. 
the book will probably appeal to lipid workers, whatever 
their specialized interest, but it is doubtful to what 
extent it will be read by others. C. Lona 


HIGH-PRESSURE PHYSICS AND 
CHEMISTRY 


High Pressure Physics and Chemistry 

Edited by R. S. Bradley. Vol. 1: Pp. xi+ 444. 100s. 
Vol. 2: Pp. xii+361. 80s. (London: Academic Press, 
Ine. (London), Ltd.; New York: Academic Press. Inc.. 
1963.) 


a. progress of the physical sciences may be likened 
to an incoming tide, the advancing waters presenting 
an uneven front but the general level rising at a fairly 
uniform rate; new techniques and discoveries in a particu- 
lar sector invariably generate points of growth in neigh- 
bouring sectors and thus contribute to the overall advance. 

The history of high-pressure technology affords an excel- 
lent example of this process. Improvements in experi- 
mental methods, the specific demands of industry and 
the need to confirm the predictions of theory have, in 
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turn, stimulated activity in the field. In the latter half 
of the nineteenth century, the work of the great French 
physicists Amagat and Cailleteb was associated with the 
problem of the liquefaction of the so-called ‘permanent 
gases'. It was followed in the early years of this century 
by the pioneering work of Le Chatelier and Haber on the 
effect of pressure on chemical equilibria and, in particular, 
on the synthesis of ammonia. During the period 1912-60, 
P. W. Bridgman advanced the subject by greatly extend- 
ing the range of pressure accessible for experimental 
observation and by measuring the physical properties 
of numerous liquids and solids up to pressures of several 
hundreds of thousands of atmospheres. The latest step 
forward has carried observations into the range of pressure 
found within the Earth and in astral bodies. 

Since pressure is one of the thermodynamic functions 
which determine the state of a material system, its effects 
are not confined to any one branch of science. The litera- 
ture is scattered and it is by no means easy to obtain a 
coherent picture of a subject which is advancing rapidly 
on many fronts. Workers in the field and students will, 
therefore, welcome a series-of reviews, edited by R. S. 
Bradley, in which important aspects of recent work are 
summarized and accompanied by bibliographies. The 
scope of High Pressure Physics and Chemistry includes 
an account of the methods of generating and measuring 
high pressures, descriptions of apparatus and experimental 
techniques and the applications of pressure to the investi- 
gation of reaction rates, chemical equilibria, the physical 
properties of matter and the Earth sciences. 

The discoveries which have aroused greatest interest in 
recent years are those resulting from the combined use of 
high temperatures and high static pressures, and those in 
which transient high dynamic pressures have been applied 
by shock-wave methods. In the former, a number of 
solid-solid transitions have been investigated, including 
boron nitride-borazon, siliea-coesite and graphite-dia- 
mond, and also certain phase changes in metals which are 
presumed to involve an electron transition; this work 
is well summarized in two contributions by R. S. Bradley 
and W. Paul respectively. In the latter, electrical and 
metallurgical effects have been observed up to pressures as 
high as 10° atmospheres and new P-V data have been 
obtained over a similar range. 

The theory and application of shock-waves are dealt 
with in some detail by G. E. Duvall and G. R. Fowles, and 
the problem of an equation of state applicable to ultra- 
high pressures by L. Knopoff. The development of shock- 
wave methods for determining equations of state allows 
direct comparisons of pressure-density relations to be 
made and is affording important information on the 
composition of the Earth’s interior. Thus it has been 
shown that the density of iron is somewhat larger than 
the densities in the Earth’s core and that a mean atomic 
number of about 23 is consistent with core conditions. 

In giving a survey of the applications of high pressures 
to the Earth sciences, P. J. Wyllie points out that we are 
now passing through a period of reconnaissance—‘a 
reconnaissance of possible processes that could lead to 
the formation of a particular assemblage of minerals with 
specific textural relationships"—and that this must be 
followed by a period in which more precise data are 
sought, particularly in the higher pressure-temperature 
ranges. The possibility which now exists of reproducing a, 
geological process within a pressure vessel is opening up 
new fields in experimental petrology. 

It would be wrong to conclude this review without a 
reference to contributions by B. F. Dodge and S. D. 
Hamann on the effect of pressure on chemical equilibria 
in gaseous and condensed systems and on reaction rates. 
The aim of the authors is a very practical one, that is, to 
provide & basis for calculating the conversion at equili- 
brium of a reactant, either in a single reaction or in a set of 
simultaneous reactions as it is influenced by pressure, 
predicting whether or not a proposed new reaction is 
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thermodynamically possible and under what conditio 
of temperature and pressure it could be expeoted to gi 
favourable yields, and determining the role of pressu 
on the rates of homogeneous liquid phase reactions. 
Dr. Bradley has been fortunate in enlisting the e 
operation of so many distinguished workers in the hig 
pressure field in the preparation of his book, and he is to 1 
congratulated on the successful manner in which he hi 
discharged the onerous duties of editor. 
D. M. Newrrt 


PLASMA PHYSICS 


The Theory of Plasma Waves 

By Prof. T. H. Stix. Pp. x--283. (MceGraw-Hi 
Advanced Physics Monographs Series.) (New York an 
London: McGraw-Hill Book Company, Inc., 1962.) 76s 


t des theory of waves in a plasma may be said to hav 
originated with the pioneering papers of Langmui 
and Tonks in the late ’twenties. Interest in the subjec 
was revived after the Second World War because of it 
importance in the problem of thermonuclear fusion— 
the ‘philosopher’s stone’ of plasma physics. Since ther 
& vast number of papers on the subject of plasma wave 
have appeared, but up to the present these lay scatterec 
among the pages of many scientific journals. In thi 
beautifully produced book the author had collectec 
together as an organic whole the many complex topic: 
connected with the behaviour of waves in plasmas con. 
tained in these papers. The book is a model of expositior 
and, in my opinion, a classic among the extensive 
literature on the physics of plasmas. 

The book deals with small-amplitude waves in a cold 
plasma, boundary value problems in plasma waves, and 
the theory of waves in a hot plasma—both in the absence 
and in the presence of a magnetic field. In the first 
chapter the topological genus of the wave-normal surface 
is discussed and in the succeeding chapter the small 
amplitude waves are analysed more fully in terms of the 
now well-known diagram due to Clemmow, Mullaby and 
Allis. Here will be found derived in a logical sequence 
the hydromagnetic waves of Alfvén and Astróm, ion- 
cyclotron waves, the Appleton—Hartree dispersion relation 
and the so-called ‘electrostatic waves’. 

The flow of energy associated with the passage of 
plasma waves is discussed here and such concepts as 
group velocity and ray optics are admirably treated. The 
author also introduces the notion of ‘accessibility’ in a 
plasma of high density. 

Problems of stability of equilibrium plasma configur- 
ations associated with the names of Kruskal and Schwarz- 
schild are regarded as boundary value problems in plasma 
waves—though the classical methods of Kruskal and 
Schwarzschild are faithfully followed. 

An interesting account is given of the plasma models 
with discrete structure and especially those due to Dawson 
and van Kempen, and also of the ‘trapping’ of charged 
particles in the potential wells of the electric field of 
the plasma waves. Mention is also made of the important 
work of Bunemann of two-stream instability using a 
charged-sheet model of a plasma. 

The major portion of the book is concerned with a 
‘hot’ plasma; there are clear expositions of the physical 
nature of Landau damping, that is, the phenomenon of 
the absorption of energy from a plasma by a collision- 
less process, and of the Nyquist criterion for instability. 
A chapter devoted to the theory of small amplitude 
waves in a hot plasma in the presence of a magnetic 
field includes such topics as cyclotron damping, magnetic 
trapped particle modes, concluding with a discussion om 
the solution of Boltzmann’s equation for a hot plasma. 
This covers damped, stable and undamped waves. Im 
the final chapter, the author considers the propagation 
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of waves in the case where both the plasma density and 
magnetic field are inhomogeneous with the associated 
phenomenon of reflexion and absorption of these waves 
in certain critical cases. 

An interesting feature of the book is the admirable 
collection of examples (of which there are nearly one 
hundred) at the end of each chapter. Some contain hints 
for the proof of theorems enunciated in the text, others 
serve as useful illustrations of points discussed therein. 
There is also a comprehensive bibliography. The author 
is to be congratulated on this excellent treatise, and every 
plasma physicist will feel indebted to him for this. It 
will surely find a place on the library shelves of every 
serious student of plasma physics. 

V. C. A. Ferraro 


SOLVING FIELD PROBLEMS 


Analysis and Computation of Electric and Magnetic 
Field Problems 

By K. J. Binns and P. J. Lawrenson. Pp. xiv+333. 

(London and New York: Pergamon Press, 1963.) 84s. net. 


REQUENTLY an engineer or physicist has to solve 

a field problem involving complex mathematical 
analysis. More often than not it is difficult to find some- 
one who can understand the problem and advise on the 
best way of solving it. Although the situation is improving 
it is still a rare department that has a highly competent 
engineer-mathematician on its staff who can advise 
others on the best methods for tackling specific problems. 

This book goes a long way towards providing many of 
the answers that are required. It is directed at practising 
engineers and physicists, as well as students seeking a 
better understanding of field problems. The standard of 
mathematics required to start reading the book is within 
the syllabus of a normal engineering degree; where more 
advanced mathematical topics are introduced, they are 
fully explained in the text. Throughout the book the 
emphasis is on the physical significance of the mathem- 
atics, and to this end practical examples are used wherever 
possible. 

The book is divided into four parts. Part 1 serves as 
an introduction to the rest of the book; it deals with 
basic field theory and the methods of calculating force, 
inductance and capacitance from a knowledge of the 
field distribution. Part 2 is concerned with images and 
direct methods of solution, much along the lines of the 
book by Hague. However, in addition, attention is directed 
to the solution of the Laplace equation in Cartesian co- 
ordinates, and where the method of images is used the 
solutions are expressed in a convenient complex variable 
form. 

The largest part of the book, Part 3, deals with trans- 
formation methods, and the authors claim that their treat- 
ment of the subject is the most comprehensive available. 
This certainly appears to be so, for in the five chapters in 
this part the authors present in a most clear and concise 
fashion a vast amount of transformation theory. The 
first chapter in this section presents the basic transform- 
ation theory leading up to the transformation equations. 
The second chapter is concerned with curved boundaries 
and the following chapter with polygonal boundaries. 
There follows a chapter on the application of elliptic 
functions and finally one on general considerations. Of 
particular interest in this third part are the treatments 
of line and doublet sources, the transformation of regions 
exterior to finite polygonal boundaries and a most useful 
technique for the direct numerical integration of functions 
of a complex variable, which permits solution of problems 
involving boundaries of greater complexity than is 
otherwise possible. 

In Part 4, the powerful finite-difference methods are 
discussed. Again, the treatment is from first principles, 
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and practical problems serve as examples for the applie- 
ation of the techniques evolved. The practical advice 
on the actual methods to be adopted is most useful. 
The section devoted to convergence and the optimum 
choice of parameters to provide the most rapid con- 
vergence possible for any given problem is probably the 
best so far available anywhere in the literature. Other 
topics include gradient boundary conditions and errors. 
In the conclusion to this part, the authors make the 
point that if a digital computer were used, it might be 
possible to reach the solution to a problem much more 
quickly by means of finite-difference methods than by 
analytical methods—that is, if an analytical solution 
exists anyway. . 
The appendixes include a useful list of transformations. 
many of which have not previously been published. 
These, for the most part, involve elliptic functions. 
Every chapter ends with two lists of references. The 
first refers to specific points in the text, and the second 
indicates related literature which could be of interest. 
In addition, at the end of the book, an extensive biblio- 
graphy is included. ; 
Even if one knows a method for solving a specific 
problem one would be well advised to look within the 
covers of this book to ensure that no better method exists 
for the solution. This is an excellent volume, which is 
certain to prove most popular. The authors are to be 
congratulated. E. M. FREEMAN 


PHOTOCHEMISTRY 


Advances in Photochemistry 

Vol. 1. Edited by W. Albert Noyes, jun., George S. 
Hammond and J. N. Pitts, jun. Pp. ix+443. (New 
York and London: Interscience Publishers, a division 
of John Wiley and Sons, 1963.) 1256. 


URING the past few years, there has been a rapid 
rise in the number of Progress in ..., Advances 
in... , Aspecis of . . . , and other such series about various 
topics in chemistry. As a result, with any new series of 
this general type, the reviewer must not only consider the 
merits of the particular volume being discussed, but also 
whether the series itself fulfils any real need. 

The growth of virtually all aspects of photochemistry 
has been particularly marked during the past fifteen 
years. This has undoubtedly been as much due to the 
development of new analytical techniques (for example, 
gas chromatography) as to developments in spectro- 
meters and progress in spectroscopy generally. Consider- 
able advances have been made in the elucidation of 
mechanisms of many photochemical reactions and 
progress has also been made in determining the nature of 
the intermediate excited states resulting after the 
absorptions of radiation. A surprising number of com- 
pounds obtainable only with extreme difficulty by con- 
ventional synthetic procedures can now be made simply 
by photochemical methods, and often on quite a reason- 
able scale. Indeed, the first really large-scale manufacture 
of materials using & photochemical reaction has recently 
been undertaken. 

Few of these developments have yet appeared in 
chemical text-books, and surprisingly few works 
specifically devoted to photochemistry exist. While 
several reviews and articles on various photochemical 
topics have been published, they are very widely scattered. 
Thus we see that there is little doubt of the real need of 
a series of reviews on photochemistry. 

Volume 1 of Advances in Photochemistry consists of 
nine chapters, and contains, in addition, author and 
subject indexes. The first chapter on “The ‘Vocabulary’ 
of Photochemistry”, by J. N. Pitts, jun., F. Wilkinson 
and G. S. Hammond, deserves to be read not only by 
all practising and intending photochemists but also by 
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all undergraduates specializing in chemistry. It presents 
a clear and remarkably concise account. In the space of 
some twenty pages the torms for symmetry, and state 
symbols for the description and presentation of spectra, 
are considered and discussed, as are selection rules and 
chemical processes. Even such topics as high-pressure, 
medium-pressure and resonance lamps are covered. 
These terms are, of course, obvious (or even trivial) 
to the expert, but often present very real difficulties for 
the novice and undergraduate. 

This chapter is followed by “The Photochemistry of 
Aromatic Hydrocarbon Solutions” by E. J. Bowen; 
“Photochemical Gas Phase Reactions in the Hydrogen- 
Oxygen System” by D. H. Volman; “Photochemistry 
of Cyclic Ketones” by R. Srinivasan; “Addition of 
Atoms to Olefins in the Gas Phase” by R. J. Cvetanović; 
“A New Approach to Mechanistic Organic Photo- 
chemistry” by H. E. Zimmerman; “Isotopic Effects 
and the Mechanism of Energy Transfer in Mercury 
Photosensitization” by H. E. Gunning and O. P. Strausz; 
"Photochromism" by R. Dessauer and J. P. Paris; 
and “Photochemical Rearrangements of Organic Mole- 
cules” by O. L. Chapman. These chapters are of a 
high standard, as is to be expected, for their authors 
have all made important contributions to various aspects 
of photochemistry. The range of topics is very wide 
and it is unlikely that more than a very few will be 
equally interested in all chapters. This is by no means 
a disadvantage and could lead to much useful cross- 
fertilization. 

Even though the range of subjects in Volume 1 is 
wide, there are still large areas of photochemistry not 
mentioned. We are promised that this series will cover 
topics ranging from the elucidation of spectra of poly- 
atomie molecules to the photochemistry of biological 
systems in plants and animals. Volume 2, which will 
follow Volume 1 in quick succession, will doubtless include 
many of those areas which have not appeared in the 
first volume. ‘Thereafter, about one volume should 
appear each yaer. 

Advances in Photochemistry is well produced and seems 
to be remarkably free from misprints, etc. The structural 
formule, especially in the long final chapter, are very 
clear and beautifully reproduced (which makes a few 
formule in an earlier chapter, which appear to have 
been drawn by only a semi-skilled hand, look even more 
out of place). The book can be strongly recommended 
to all photochemists and will certainly find a place in 
all science libraries. It is a pity that its price will 
probably prevent its purchase by a wider audience. 
The editors, Profs. Noyes, Hammond end Pitts, are to 
be congratulated on their choice of authors and topics 
for this first volume, which augurs well for the future of 
this series. H. M. Frey 


THE SEA AS AN ENVIRONMENT 


Marine Distributions 
Edited by M. J. Dunbar. (The Royal Society of Canada 
Special Publications, No. 5.) Pp. viiit+110. (Toronto: 
University of Toronto Press; London: Oxford University 
Press, 1963.) 408. net. 


"Ios publication in book form of a series of papers, the 
substance of which has been, or probably will be, 
published in the usual journals, must have behind it a 
strong belief in the need to direct attention to the inter- 
relationships of the individual subjects. It was the belief 
that emphasis should be placed on tho interdisciplinary 
nature of oceanography that led to the organization of & 
symposium in June 1962 at which these six papers on 
aspects of marine distribution were read. The symposium 
was io serve, in particular, to introduce the Serial Atlas 
of the Marine Environment, which was sponsored jointly 


NATURE 


July 18, 1964 vo. 203 


by the U.S. National Academy of Sciences and the Royal 
Society of Canada. 

The object of the Serial Atlas, which is described in the 
first paper, is to provide a new type of journal in which 
distributional investigations from all disciplines will be 
published. By plotting these distributions on a uniform 
series of charts prepared by the American Geographical 
Society (the body responsible for the preparation and 
publication of the Atlas), it is hoped to build up, over the 
years, & volume of data in which the separate distributions 
can be compared. The problem of the comparability of 
methods, although mentioned, has yet to be resolved. 

The second paper is concerned with the vertical distribu- 
tion of temperature in the upper 100 m of the eastern 
Sub-arctie Pacific and describes the processes involved in 
the development and decline of the seasonal thermocline. 
This is followed by three papers which directly relate the 
distribution of physical and chemical properties to biologi- 
cal distribution; they deal with attached algae of the 
North-east Pacific and zooplankton species in the North 
Atlantic. One of these papers includes & plea for more 
taxonomic investigations. It is certainly a feature of the 
literature that whenever wide-scale distributional investi- 
gations are undertaken, many systematic problems have 
to be cleared up first. 

Another paper shows how a knowledge of the life-his- 
tory of a species increases its value as an indicator of 
water movements. It might well be added that to under- 
stand fully the distribution of a species, a knowledge of 
its life-history is essential. Such points emphasize the 
theme of Marine Distributions—that the distribution of 
plants and animals cannot be examined in isolation. The 
final paper is concerned with osmoregulation in some of 
the larger Crustacea, which the author groups according 
to their capacity to adjust to variations in salinity. This 
paper, based on experimental work, is refreshingly 
different from the three previous ones and demonstrates 
the use of physiological methods in distributionalinvestiga- 
tions. 

The book ends with comments and a summary by Dr. 
L. A. Walford, without which it would lose a great deal 
of its value. He links the papers together and raises 
many of the problems involved in the investigation of 
the sea as an environment. Although the difficulties he 
lists are numerous the result is not wholly depressing, as 
he also suggests ways in which some of them may, at 
least partially, be overcome. He believes that one 
approach lies in the **...systematic mapping of all the 
many elements of the marine environment—currents, 
bathymetry, bottom sediments, salinity and temperature 
fields and distributions of all species of plants and animals", 
which is the plan of the Serial Atlas. Put this way, one 
may be excused, perhaps, for thinking that this is rather 
a tall order. 

Some comment is necessary on the layout of the papers. 
Whether, in & publication of this type, abstracts at the 
heads of the papers are necessary or not, at least a con- 
sistent pattern should be followed. Four of these papers 
have neither abstract nor summary, one has an abstract 
only and one provides both an abstract and a summary. 
Some of the figures could be much clearer and it is unfor- 
tunate that, in the paper on temperature-salinity-plank- 
ton diagrams, Figs. 10b and 115 have been transposed in 
printing, particularly as it makes the necessary simul- 
taneous comparison of two of the diagrams and their 
corresponding charts impossible. 

Ultimately the success of this book depends on whether 
it directs attention to relationships between papers 
that would be overlooked if they were read separately, 
possibly over a long period. To those readers already 
familiar with the subjects discussed such relationships 
will probably already be apparent, but to those whose 
investigations at present appear to have less obvious 
connexions with these problems this book will be of 
considerable use. A. DE C. BAKER 
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EDUCATION AND INDUSTRY* 


By S. P. CHAMBERS, C.B., C.LE. 


Chairman, Imperial Chemical Industries, Ltd. 


A SUBJECT such as I have chosen may conjure up the 
prospect of a disquisition on the balance which should 
be held between ‘pure education’ in the academic or 
philosophical sense, and vocational training, but this is 
not the case here. It is to quite a different aspect of 
education to which I wish to direct your attontion. 
This aspect is concerned with neither the academic content 
of education nor with vocational training, but is concerned 
with the extent to which education in its broadest sense 
fits men and women for responsibility and control in 
industry. It may be that what goes wrong in tho educ- 
ation which some people get is as wrong for vocations in 
other walks of life as for those in industry; but it is for 
other people to judge in these other fields. 

In an organization as largo and complicated as mine 
(Imperial Chemical Industries, Ltd.), there is need for 
men of many kinds with widely different training and 
different aptitudes, but, except for quite low-level routine 
workers, certain characteristics are needed in all of them. 
Briefly these characteristics are the capacity: (a) to 
weigh up factors and to come to firm decisions; (b) to 
control other men fairly and firmly and win their con- 
fidence; (c) to delegate responsibility and to tolerate 
errors of judgment in subordinates within reason and 
without inquests; (d) to take firm action, however un- 
pleasant, where the standard of performance has fallen 
below the tolerable limit. 

Even where the work does not involve the direct 
control of other men, there is usually the indirect and 
intangible control which is exercised when passing 
judgment on the work, character or capacity of other men. 

These characteristics are needed right through from 
the charge-hand directly controlling the work of a few 
other men to tho highest executives dealing with long- 
term policy. What is more important is that one or more 
of the essential characteristics can be absent from some- 
body who has been appointed—wrongly appointed—to 
quite a senior post and yet be present in a man who is 
doing a subordinate job really well but whose aptitude 
and training do not fit him for a more responsible post. 

I believe that having these characteristics is basically 
a matter of education in its fullest sense and is neither an 
inherent quality nor a matter of vocational training; 
but there is no clear pattern from which we can determine 
the likely source of the ‘haves’ and the ‘have-nots’. 
Some top-rank publie schools and university colleges 
produce mon of brilliant academic achievement who have 
poor judgment, no power of decision and no capacity to 
delegate work or to control men. These men can be the 
tragedies of industry because their deficiencies are not 
revealed in their academic record and are difficult to 
detect at a selection interview. They can get started on 
& promising eareer, but end in the wilderness of the 
unpromotable clever boys. On the other hand, the same 
schools and colleges can produce second-rate graduates 
who are first-rate men with all the characteristics I have 
listed. 

The history of British industry during the nineteenth 
century and up to the outbreak of the Second World 
War teems with examples of men who have not had any 
formal education but who have had all the necessary 
characteristics and have become notable industrial 
leaders. With the growing complexities of modern 
large-scale industry with its scientific basis, the ‘self- 
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made man’ with little or no formal odueation is vanishing. 
Yet some of the highest places in industry have beon filled 
successfully by men whose education has been obtained 
the hard way. In these cases, the task of getting 
education and training the hard way has imposed personal 
disciplines which have probably led imperceptibly to tho 
acquisition of those characteristics needed in industry. 
Sometimes, however, such a course produces an ahnost 
charactorless ‘swot’. 

As I see it, the educational system of Great Britain 
produces from the point of view of industry good and 
bad candidates on a ‘hit-or-miss’ basis which is most 
unscientific. I have said that academic achievement 
is no guarantee that the other attributes of @ good in- 
dustrialist will also be present, but undoubtedly the ideal 
is & combination of academic brilliance and these other 
qualities. 

From what I have said so far it will rightly be con- 
cluded that I am concerned here neither with academic 
education nor with vocational training, but with the 
development of character. I do not mean, and T want to 
emphasize this, the development of moral standards. 
All aspects of education are important—the acquisition 
of knowledge; the development of the power of thinking 
and reasoning; specialized vocational training, whether 
the vocation is to be that of a doctor, an engineer or an 
electrician; the inculcation of moral values; and, finally, 
the development of all those elements of charactor which 
enable a man to work effectively and harmoniously with 
his fellow workers. There are, of course, many other 
aspects of education such as the development of the 
power of appreciation in cultural matters so that in 
leisure time there can be full enjoyment in the fields 
of art, literature, music and so on; but I am not con- 
cerned with these here. 

I have given a list of the characteristics which are 
needed for those in industry who are not engaged solely 
on routine work. I want now to explain the importance 
of these characteristics in a world in which large sections 
of industry are becoming more mechanized, more complex, 
and controlled in units which continue to grow in size. 

First, a word about sizo. Economists in general like 
to see the maximum amount of competition as a spur to 
efficient and economic production, and I am sure that, in 
general, they aro right. But the economic unit in many 
sections of industry grows with technological progress. 
For example, and I take an example from the chemical 
industry because I am on familiar ground, a plant to 
produce 20,000 tons a year of ammonia would have been 
regarded only a few years ago as large; to-day we are 
erecting two plants each to make 300,000 tons in a single 
stream of gas, and these, with one other plant, will supply 
the whole of the present requirements of the country. 
Moreover, the gases produced pass unseen through a 
series of plants from the raw material (naphtha) to » 
plant making concentrated mixed fertilizor which 3s fed 
straight into polythene bags for delivery to farmers and 
stockists. It is inevitable that all these plants. costing 
millions of pounds, should be under the same ownership. 
The economics of joint production are such that a whole 
range of other plants must be in the same ownership 
if there is to be economic production. Indeed, it is the 
spur of international competition which makes units in 
this type of production in Britain reach, for Britain, 
monopoly size. This is only one example of what is 
happening in many parts of industry, although, of course. 
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there will always be some parts of industry in which 
production and ownership will be in quite small units. 

In any really large undertaking the decisions which 
have to be taken can be classified. There are some decisions 
of policy which are of wider application throughout the 
whole organization and also of long-term significance; 
these clearly must be made at the highest level. Others 
are important but are more limited either in their effect 
on the organization as a whole or in the area of applica- 
tion. Decisions at lower levels must, of course, conform 
to the general policy. Too often there is a lack of co- 
ordination because the general policy in an organization 
has not been adequately communicated, and this, in turn, 
may be due to a failure to define and decide such a policy. 

At each level in Imperial Chemical Industries, Ltd., there 
has to be the exercise of judgment on the relative facts, 
decision, and the communication of decision to lower 
levels of management. This is true of the main board 
of directors, to the chairmen of divisions, factory managers, 
plant managers and foremen, with similar lines of com- 
munications horizontally to those engaged on research 
and commercial operations. Very difficult questions 
of organization arise, and if these are settled badly, 
friction, frustration and bad management will follow. 
For example, the co-ordination of the functions of pro- 
duction and marketing hes generally to be done below 
that of a Division Board level. If they are co-ordinated 
at a higher level, which used to be the case, relatively 
low level executive decisions involving several different 
functions would have to be referred to unnecessarily 
high level committees, the members of which are almost 
certainly less competent to make the decisions than men 
at a lower level because their contact with the material 
factors is more remote. If you only have the co-ordination 
of these functions at a high level anything involving 
a number of functions has got to go to the highest level, 
therefore co-ordination must be at a lower level. This 
is important. The ‘man on the spot’, if in fact the organ- 
ization is bad and decisions go to a high level, then tends 
to despise those who have authority over him and then 
to distrust their judgment not only in those matters 
which could and should have been settled locally but also 
in matters which are propor to these men at higher levels 
of management-—matters in which their judgment is 
likely to be superior. 

Tho need to keep decisions down to the level where they 
belong is essential to the proper organization of a large 
business. There must also be the recognition that human 
beings, to whom powers of decision have been delegated, 
are fallible and that mistakes will be made. When 
mistakes aro made, there is a natural temptation to 
bring the relevant decisions up to a higher level or to 
issue detailed instructions which, in practice, has the 
samo effect. This temptation has to be resisted. In a 
large industrial organization the power to decide quite 
important matters must be dalegated, and when there is 
doubt about the exercise of this delegated power, a 
firm self-discipline is needed at the higher level to resist 
the temptation to withdraw the delegated power. Where 
the record over a period of years reveals incompetence, 
then changes in personnel may bo needed, but this is a 
different matter. 

The capacity to delegate and not to get flustered if 
things go wrong at & lower level depends on the recog- 
nition at & higher level that mistakes will be made and 
that there must be no recrimination or the withdrawal 
of the power to delegate. The system of delegated power 
must be adhered to firmly and must be understood through- 
out the organization. 

Only in this way can & large organization function 
effectively in conditions which are changing and which 
require the exercise of judgment and discretion at different 
levels without seeking detailed instructions from above. 
Ideally there should be communication of policy and of 
higher decisions to lower levels of management and no 
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instructions on how the lower levels of management 
should carry out the policy communicated to them. 
In practice some instructions are needed, and care has 
to be taken on occasion to see that a decision to be taken 
at a lower level does not conflict with an important 
decision of policy, but such instructions should be kept 
to & minimum. 

The alternative to this system of delegation and reliance 
on the judgment and capability of other people is a vast 
bureaucratic machine in which there is the fiction that, 
assisted by expert advisers, the top management is 
omniscient and capable of issuing detailed instructions 
on everything that has to be done. All initiative is 
taken away from lower levels of management for whom 
deviation from detailed instructions is an offence, to be 
put on the record. Such a system is productive of a 
vast amount of paper, and is grossly inefficient, slow and 
inflexible. Some Government departments are sus- 
piciously like this; but they need not be. 

There are at least two major objections to detailed 
control from the top. The first is inflexibility and slow- 
ness to cope with changed or changing conditions. The 
one which comes to my mind (this is a little contro- 
versial but it is a simple example) is the case where 
planning approval is required to put up a building, and 
where the local authority, the county authority and a 
central Government Ministry all have powers entitling 
them to go into every detail and to exercise a power of 
veto. Our multi-layer system of Government is, I am sure, 
right as a matter of democratic principle, but extra- 
ordinarily inefficient in practice because no attempt 
seems to have been made to introduce into it any principle 
of management by delegation which can cope with 
changing conditions. 

The second objection is that a bureaucratic system 
fails to take into account the great need of intelligent 
men to express themselves by the exercise of their in- 
dividual judgment and in so doing to act as free men 
doing effective work instead of being the cogs in a machine 
driven only by the centralized force of decision at the 
top. For men of intelligence to know that they are the 
slaves of detailed decisions by men who have been put in 
authority over them, but who have neither the knowledge 
nor the time to make these decisions well, there is a 
sense of frustration and humiliation which communicates 
itself still further down the line. 

In a simple and static society faults of organization or 
management are relatively unimportant; they get 
ironed out by experience; in a modern and progressive 
society they can lead not only to disorder and other 
difficulties of management, but they can lead ultimately 
to decadence. The need for men to be able to express 
themselves and to uso their mental and moral powers 
in their work is as important as the neod to maintain 
high material standards of living and the environment 
for intellectual enjoyment during the extended hours 
of leisure. 

It is here that I come back to education. How often 
have I met men of unblemished character, of high academic 
achievement, but whose life, sheltered from the harsh need 
to make important decisions, has left them timid and 
irresolute, or stubborn because of the fear of making a 
mistake. Life at a university with its intellectual and 
inconclusive discussions at the postgraduate level is, 
on the whole, a bad training for the real world and only 
men of very strong character surmount this handicap. 
Training in the principles of management at a later 
stage will not convert a timid man into a man of decision. 
Who along the educational chain is watching this failure 
of character development in men who may be gotting 
high praise for their academic achievements ? 

In some men of high intellectual ability, there is a 
failure of another kind. Concentration and success in 
2 narrow field, which for my subject is likely to be scien- 
tific, can lead to an arrogance which reveals itself in a 
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contempt for the problems in other and broader fields. 
The pure scientist who is infected in this way, and only 
& few of them are, will regard applied work as needing 
only a lower stendard of intelligence, but he will not say 
so. He will also regard the problems of management 
and of working harmoniously in a heterogeneous team 
as non-existent or just simple matters to be dealt with 
ad hoc by anybody with average intelligence. He will 
not understand that that combination of powers of 
intellect and judgment which is needed for applied 
scientific work by brilliant scientists struggling with a 
specific objective is something which he probably does 
not possess; nor will he understand how much harder 
is the task of working successfully in a team of men than 
the indulgence of intellectual skill on abstract theorems. 

I have met men of this kind who are contemptuous 
of economists because they have been deceived by the 
day-to-day environment and data which are subjects of 
economic study; they have failed to observe that the 
tasks of economic analysis are in some ways more difficult 
and more baffling than, say, those of nuclear physics 
because so much of the material is both familiar and 
immeasurable. The fact that we have made less progress 
with the former than with the latter is perhaps some 
evidence of this. 

One of the reasons for our failure to produce enough 
men of high academic standards who have also the 
developed characteristics to cope with the hard problems 
of real life may be that our university education is almost 
wholly in the hands of academic people who have not 
these characteristics themselves. I have too often 
attended meetings chaired by dons who have been 
pathetically indecisive and have allowed discussion to 
drag on and to wander in the most undisciplined manner 
into wholly irrelevant by-paths. 

Perhaps the changes envisaged in our system of higher 
education may lead to improvement; but I feel that this 
aspect of character development requires more positive 
attention. There is no doubt that organized competitive 
sport, particularly where teams are involved, makes an 
important contribution to some aspects of character 
training; but sport is confined to the physical world 
and we need its equivalent in the intellectual world. 

So far I have been dealing with higher education and 
have had in mind the filling of higher posts in industry. 
The problem exists also at the earlier stages of education 
and is no Jess important here. 

I am treading on delicate and, for me, less familiar 
ground when I say that, for what seems to me to be a 
growing proportion of teenagers, there appears to be a 
loss of a sense of purpose. If the proportion is smaller 
than I fear, and others are better able to judge than I am, 
so much the better; but the evidence so far as I can see 
spreads across teenagers from many walks of life and is 
not confined to those from under-privileged families. 

Nobody would wish to return to the harsh disciplines 
of the nineteenth century; but the decline of the influence 
of Christian churches seems to have left a vacuum, and 
has left too many people rudderless. Those who have 
reached university-levels of education have generally 
applied to themselves their own disciplines and have 
achieved their own sense of purpose, but others receive 
formal education at school but apparently little leader- 
ship or direction. Outside influences seom to me to be 
gonerally degrading rather than inspiring, We may all 
disagree with Karl Marx when he said that religion was 
the opiate of the people, but would he have given this 
same description to the great quantity of sensuous and 
sentimental rubbish poured by pop-singers into the ears 
of teenagers every day? Listening to this outpouring 
from the radio or television requires no mental effort 
and is a form of dope, which for its time-wasting alone 
must do damage at an age when there is the maximum 
amount of mental and physical energy available. Perhaps it 
is this dope, coupled with an absence of any impelling 
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self-discipline, which produces a listlessness and & lack 
of enthusiasm for anything outside this world of senti- 
mental fantasy; I do not know: I wish I did. 

Work in industry which is done in a perfunctory 
manner by people with no enthusiasm and no sense of 
purpose is nearly always bad work; for those who are 
needed for leadership at the level of charge-hand, foreman, 
supervisor, or higher posts, it can have a bad and wide- 
spread influence. Nobody who lacks enthusiasm can 
inculcate it in others, and the great need in industry, 
particularly in large-scale industry, is enthusiasm at 
all levels. 

It is in this matter of a sense of purpose that I have: 
been struck and rather worried by what I have seen im 
the U.S.S.R., from which I have recently returned. My 
observations, both in Britain and the U.S.S.R., are too few 
and too accidental to be reliable, but there appears to be & 
great difference in this matter of inculeating a sense of 
purpose and enthusiasm. The difference goes right back 
to training at the pre-kindergarten stage in the créches 
provided for the babies of mothers working in factories 
or offices. My mind rebels against what I saw, and I 
would hate to see its equivalent in Britain; but it revealed, 
in my judgment, a vacuum in our own system which I 
feel must somehow be filled. 

After the créche stage (four months to three years of 
age), and I visited these, there are in the Soviet Union 
kindergarten schools for children from three to six years 
of age whose parents are working and who cannot con- 
veniently be looked after at home because of the absence 
of a grandmother. Many of these are boarding kinder- 
gartens which the parents visit only on Sundays. As 
most married women work, there are many such kinder- 
gartens. My wife visited one of these boarding kinder- 
gartens and listened to some good singing by three-year 
olds. The songs were all in praise of Lenin, of Communism, 
of the U.S.S.R., or of the cosmonauts of the U.S.S.R. 
At another school which I visited some time ago in 
another country in Eastern Europe I saw the same thing— 
the teaching to the very young of little songs in praise 
of Lenin and of the principles of Communism. From then 
onwards education and indoctrination go togother at all 
levels. I went into classes at higher levels and found 
what, in my judgment, were good standards of teaching 
and a down-to-earth relationship of this teaching to 
the needs of everyday life. The teaching of chemistry 
as a general subject to all pupils was excellent and taken 
further than in British schools; it was related to the 
chemical industry and, as in other subjects, there was 
always the background of the needs and purposes of the 
community as a whole. Special facilities for children and 
teenagers to follow their own inclinations in music, 
art, literature, and so on, were provided in the ‘Palaces 
of Pioneers’, for which the only qualifications were good 
work and conduct at school. 

In the U.S.S.R. I am sure that loyalty to Communism 
is firmly built into the minds of everybody less than 
forty-five years of age, and that this is attributable to 
a large degree to this indoctrination from the earliest 
years. A parallel can be seen in the teaching of Christian- 
ity in small children’s hymns; and the indoctrination 
in the U.S.S.R. to-day seems comparable to that of the 
Christian church in Europe, particularly prior to tho time 
of the Reformation when deviation in belief was heresy. 

l am repelled by this use of the educational system 
for the purpose of indoctrination along a single path 
from which deviation in act, if not in thought, is a grievous 
sin. On the other hand, it is impossible to spend any 
considerable amount of time in the company of men, 
women and children in the U.S.S.R. without observing 
that, to all appearances, they have, and work with, a 
sense of purpose. Having thrown off one form of in- 
doctrination through education, without accepting any 
other, I am left wondering whether, for certain age-groups, 
there is left in Britain any sufficient sense of purpose 
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or of social responsibility and, in particular, whether 
there is that training of character which is needed not 
only in social or intellectual fields but also in the vital 
werk of industry. Absence of a sense of purpose may 
not be so widespread as I fear; many people are in a 
better position to judge than I am, but if the problem 
is & growing one it will need deep study and that free 
public discussion which is possible in Britain to-day 
and which can alone lead to the development of 
solutions. 

In another way, and one which is very relevant to the 
efficient operation of the economy, there has been a marked 
change in the U.S.S.R. Under Stalin the centralization 
not only of long-term plans but also of much detail 
was accompanied by ruthless action if the performance of 
individuals fell badly short of requirements, particularly 
if this might be attributed to disaffection or even dis- 
loyalty. There was no doubt a control by a form of 
terrorism. Fear of making decisions, even relatively 
unimportant ones if these involved risks of making 
mistakes, coupled with the belief that a gigantic central 
plan could control the whole economy in detail, led to 
decisions by committees at all levels. The result was delay 
and a good deal of muddle and inefficiency. Decisions 
which should have been taken at lower levels were 
taken at higher levels—sometimes at very high levels— 
with added strains on the occupants of higher posts. 

Since Stalin’s death there has been far less recrimina- 
tion and the abandonment of terrorism as a method of 
enforcing conformity. Decentralization and delegation 
of authority are the order of the day, and individuals are 
encouraged to take responsibility. Stalinism has left 
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a legacy which has not yet been wholly eradicated. The 
exercise of the power of decision by individuals at high 
levels is noticeable. I saw a good deal of it, but at lowor 
levels there appears to me to be still far too much com- 
mittee work, and too much passing down of detailed 
instructions. The paper work for quite simple matters 
seems altogether excessive. Moreover, when men have 
passed much of their earlier working lives working on 
committees on the basis of detailed instruction from above, 
it is not easy to change to a system which requires initia- 
tive, judgment and the power to take decisions. Indeed, 
it may be some time before all down the line there are 
sufficient men who can take responsibility on their own 
shoulders, and the need for committees and detailed 
instructions may remain for some considerable time yet. 
There is no doubt, however, that the policy and the trend 
are in this direction. 

Perhaps it is a coincidence but there appears to be 
to-day less rigidity in the U.S.S.R. in matters of doctrine. 
Home ownership through the co-operative purchase of 
flats is encouraged, and is spreading. The desire to own 
a flat and to have furniture that is different is accompanied 
by a desire to have better and different clothes. All these 
seem to me to be indications of a desire for self-expression 
by individuals who are rediscovering the joys of in- 
dividuality as well as those of community. They may 
have a long way to go. Perhaps we, in our educational 
system, also have some way to go to rediscover how to 
inculcate a sense of purpose in those who seem to lack 
it, and how to train men and women with the character 
needed to shoulder the burdens of a world of growing 
complexity. 


INCIDENCE AND POSSIBLE SIGNIFICANCE OF INHALED OR 
INGESTED POLONIUM 


By Sin ERNEST MARSDEN, C.M.G., C.B.E., F.R.S. 


Formerly Member of New Zealand Council! of Nuclear Science 


RAT papers by Hill, Osborne and Mayneord! of 
the Physies Laboratories of the Institute of Cancer 
Research, by Radford and Hunt? of the Harvard School 
of Publie Health and by Marsden and Collins? of the 
Dominion Physical Laboratory, New Zealand, have 
indicated the extent and possible human importance of 
naturally occurring polonium-210. In this article I shall 
record some further experimental evidence of polonium 
and its possible effects in cancer initiation at various 
sites, including the lung, and also in relation to certain 
possible induced genetic changes. 

Polonium-210 RaF is an «-particle-emitting nuclide 
of half-life 138 days. The amount present is normally 
controlled by its parent once removed, RaD or lead-210 
of 22 years half-life. The intermediate product RaE has 
a half-life of 5 days and emits soft B-rays. It is considered 
that «-particles can initiate protein molecular changes to an 
extent far greater than the proportionate ionization they 
produce compared with 8-rays and y- or X-rays. 

Polonium can enter the body either through the water 
consumed, or as & contaminant of the air inspired, 
or as & trace constituent of foodstuffs via radioactive soil 
or from natural fall-out as the result of disintegration of 
radon which has escaped into the atmosphere from soil. 
In the case of drinking-water, the amount does not 
appear to be relatively important except for certain 
artesian waters generally also highly charged with radon. 
Normal air is said to contain lead-210 to an average extent 
of 0-003 pe./kg with upwards of 0-09 of this quantity of 
polonium-210, according to season. This figure would 
correspond to some 0-007 pc. inhaled by an average person 
per day. 


Two widespread probable sources of inspired polonium, 
however, are: (1) inhaled tobacco smoke, when certain 
tobaccos are used in the cigarette blend and in the absence 
of a suitable filter; (2) the exhaust of motor-car petrol 
engines when lead compounds are used for enhancement 
of octane rating. These two sources could assume varying 
relative importance in different conditions and regions, 
though too little is known regarding the magnitude of the 
latter. The average retention period in the lung of such 
inspired polonium is of the order of 70 days but will 
probably vary with particle size, the nuclide presumably 
being more readily removed before disintegration when 
not associated with certain types of particulate matter, 
for example, smoke condensate or car exhaust material 
under certain conditions or urban pollution. 


Tobacco 


The series of «-particle measurements reported in the 
paper by Marsden and Collins? and others have been 
extended with results confirming the wide variation, more 
than 30:1 in the activity of tobaccos grown on different 
soils, the highest about 15 po./[g raw leaf (wt. of leaf 
tobacco in one cigarette about 1 g). The tobaccos showing 
highest activity are those grown on soils of low pH such 
as are derived from radioactive older granites or grano- 
diorites occurring in parts of Southern Rhodesia, North 
Queensland, and elsewhere. The a-activity of a large 
range of parent granite materials has been measured and 
will be reported separately. They vary in total «-activity 
from 150 pe./g to 5 po./g, the granites with lowest activity 
being, in general, those with less potash or soda granites, 


July 18, 1964 NATURE 





ev 





LLL MÀ 































Atlas and Tables for Emission levels by coenzymes and hormones — 
Spectrographic Analysis of Rare O.Greengard; Substrate-type induction 
Earth Elements of tyrosine transaminase, illustrating a} 
general adaptive mechanism in animals — 
Charlotte Kerekes W.E.Knox; Some aspects of the develop- 


Compiled for spectroscopists analysing ment, biology and biochemistry of rat 
rare earths with the Zeiss Q-24 spectro- hepatomas of different growth rate - 
graph or with similar instruments. The H.P.Morris, H.M.Dyer, B.P.Wagner, 
Atlas makes it possible quickly to identify  H.Miyaji and M.Rechcigl; Correlation of 
the most sensitive lines — the analysis enzyme activities and metabolic pathways 
lines — of the rare earths. The wa velength with growthrate of hepatomas — G. Weber, 
values of these, as well as the wavelengths M.C.Henry,S.R. Wagle and D.S.Wagle; 
and relative intensities of the interfering Synthesis of purines and nucleic acids and 


spectral lines belonging to other rare catabolism of purines by rat liver and 
earth elements including Sc and Y, are hepatomas — G.P.Wheeler, J.A. Alexander 
also given. and H.P.Morris; Studies on thymidylate 
54 pages. £5 5s ($15.00) phosphatase, thymidine kinase and 


thymidylate kinase activities in some 
High Temperatures in Aeronautics transplantable rat hepatomas — 


Edited by C.Ferrari, Politecni J. Bukovsky and J.S.Roth. 
rus ee 408 pages. 100s ($15.00) 

Partial Contents: 

Effetti delle alte temperature in aerodin- Fluid Dynamics Transactions, 
amica — C.Ferrari; Theoretical and Volume 1 


experimental investigation of supersonic : : 

combustion — A.Ferri, P.A.Libby and p n H 

V.Zakkay; Moti linearizzati non i artial Contents: : 

an red ee aes as Exact numerical methods in the boundary 
L.G.Napolitano ; Non-equilibrium flow layer theory — A.A.Dorodnitsyn; The 
through a nozzle — P.A. Blythe; Radiative effect of surface catalytic efficiency on 
transfer studies and opacity calculations * f agnation point heat transfer — J.R. 
for heated gases- S.S. Penner an d Busing; Hypersonic, plane couette flow 
R.W.Patch; Esperimenti dipropulsione — "T9" aed » eredi Les 
elettrica mediante motori elettrotermici - ©4#ations ae transpor Baer quantités 
A.C.Robotti and M.Oggero. moléculaires pareilles à I entropie - 
International Series of Monographs in M.Lune; A method of calculating the 


ti d Ast tics, Volume 15. flo” ina divergent nozzle with oscillating 
M ades i5 js ($ 15.00) SECO walls — W.Fiszdon; Oscillations of a 
viscous liquid drop in a turbulent gas — 
J.Chomiak. 


Advances in Enzyme Regulation, 
Volume 2 

Edited by G. Weber, Pharmacology : . 

Department, Indiana University School Integration of Equations of Para- 
of Medicine, Indianapolis, Indiana bolic Type by the Method of Nets 
The proceedings of a symposium on V.K.Saul’ev 

Regulation of Enzyme Activity and Fartial Contents: 

Synthesis in Normal and Neoplastic Absolutely unstable net equations; 
Liver, held at Indiana University School Asymmetric net equations; Method of 
of Medicine. mean arithmetic and multi-nodal 
Partial Contents: symmetric method; Spherical and 
Regulation of enzymes involved in cylindrical regions; Equations of in- 
gluconeogenesis — G. Weber, R.L.Singhal, creased accuracy; Net equations with 
N.B.Stamm, E.Fisher and M.A. fictitious nodes; Non-uniform nets; 
Mentendiek; Metabolic and hormonal Multi-step equations; Parabolic equations 
regulation of phosphopyruvate of higher than the second order; "*One- 
synthesis - H.A.Lardy, D.O.Foster and dimensional” elliptic net equations; 
P.D.Ray; A possible role for acetyl-CoA Methods using Chebyshev polynomials; 
in the control of gluconeogenesis — M.F. Iterative methods of the second degree; 
Utter, D.B.Keech and M.C.Scrutton; Methods of block iteration. 

Studies on the nature and specificity of International Series of Monographs in 
the induction of several adaptive enzymes Pure and Applied Mathematics, 
responsive to cortisol — F.Rosen and Volume 54. 

C.A.Nichol; The regulation of apoenzyme 358 pages. 80s ($12.00) 


406 pages. 100s ($15.00) 


Pergamon Press Publications 


Plutonium 


M. Taube, Institute of Nuclear Research, 
Warsaw. 

Contents: 

Nuclear properties of plutonium; 
Chemical properties of plutonium; 
Physiological effects of plutonium and 
health physics; Plutonium technology, 
Plutonium nuclear fuel; Role of plutonium 
in development of nuclear power; 
Bibliography; Subject index. 

264 pages. 60s ($8.50) 


Optical Illusions 

S.Tolansky, Department of Physics, 
Royal Holloway College, University of 
London. 

Contents: 

Illusion in nature; The effect of weak 
wings; Convergence — divergence, Some 
further illusions; Irradiation illusions; 
Crossed-bar illusions; The setting sun and 
moon illusions; The moon in art; Illusions 
produced by hatched lines; Illusions 
involving oscillation of attention; 
Illusions due to instrumentation. 

168 pages. 35s ($5.00) 


The Cube Made Interesting 
A.Ehrenfeucht 


Contents: 

Preface; The cube as a member of a larger 
family of polyhedrons; The planes of 
symmetry and axes of symmetry of the 
cube; The group of rotations of the cube; 
Sections of the cube; Coloured blocks; 
Constructions from coloured blocks; 
Blocks that can be cut out of a cube; How 
a bigger cube can slide through a smaller 
one. 

Popular lectures in mathematics, 

Volume 9. 

92 pages. 21s ($3.75) 


Offered for sale by: 


Robert Maxwell 
& Co Ltd | 


International, University and 
Industrial Booksellers 


Waynflete Building, 1 — 8 St. Clements, 
Oxford. /4 & 5 Fitzroy Square, London, 
W.1./2 & 3 Teviot Place, Edinburgh 1./ 
44 —01 21st Street, Long Island City 1, 
N.Y. /24 Rue Des Ecoles, Paris Ve. / 
Kaiserstrasse 75, Frankfurt-Am-Main. 
Pergamon Press books are distributed in the 
Western Hemisphere and the Philippines by The 


Macmillan Company, 60 Fifth Avenue, New 
York 11, N.Y. 





2 





if you use a 


MIGROSCOPE 


you need a 


SINGER 


FULLY PATENTED 


MICRGMANIPULATOR 


Singer micromanipulators are used in 
most laboratories all over the world. 
Three types available: 

Mk I Low power for magnifications 
XI to x200 

Mk II For magnifications x1 to 

x 500 

Mk III High power for magnifications 
X100 to x 1,000 plus 

The most advanced instruments for 
micromanipulation. As described by 
Barer and Saunders-Singer with further 
improvements. 

Full details and demonstrations upon 
request to : 


SINGER INSTRUMENT CO. LTD., 
Fountain Court, 83 London St., 
Reading, Berkshire, England. 
Telephone: Reading 53613. 


NATURE 


July 18, 1964 








Clearly the best— 


GREEN'S 
LENS TISSUES 


Superior quality and competitive 
price make Green's tissues the 
finest available 







Write for free Sample Booklet 
No. N/105 






GREEN — makers of the finest 
papers since 1810 






J. BARCHAM GREEN LTD 
MAIDSTONE + ENGLAND 





MICROMANIPULATORS 





REVEALING THE EFFECTS OF 


* STRESS» 





IMPORTANT APPLICATIONS 
OF SPINDLER & HOYER 
OPTICAL BENCHES 





Beam of light from carbon arc lamp is gathered 
in optical condensers, transmitted through 
polarizing screen, specimen, analysing screen 
and objective, which projects it on viewing 
Screen. Spindler & Hoyer optical benches 
feature an automatic feeding device to move 
carbons uniformly through the lamp and 
eliminate adjustment. A wide range of sliding 
carriages and other accessories makes them 
extremely versatile. 











(2) TEACHING 

When specimens of plastic or special 
glass are fitted to a Spindler & Hoyer 
optical bench and subjected to stress, 
an image showing the effects is pro- 
jected for observation. it may be 
filmed or photographed as a record. 
The instrument provides lecturers 
with a particularly graphic means of 
illustrating the principles of mechanics 
at work. 


Industrial applications are numerous— 
Spindler & Hoyer optical benches 
are valued as time and money-saving 
equipmentin many leading laboratories. 





For example, they are used to test glass 
and plastic mixes and product designs 
before manufacture, and to investigate 
the effects of stress on engineering 
projects at the technical design stage. 
For full details, please contact the sole 
U.K. distributors, 


GREY OF NORWICH 


Specialist in Laboratory Research Equipment 


1a The Haymarket & 3 White Lion Street, Norwich, NOR 45E 
Tel: Norwich 23696 & 26819 


No. 4942 July 18, 1964. 


and this extends to soils derived therefrom. Many 
granites derive most of their activity from thorium; but 
there are many in which uranium predominates as a 
source. This question has rolevance to the proportion 
of «-particle contribution from polonium. which is one of 
the uranium series. In equilibrium, and in the absence 
of leaching offects, polonium would contribute one- 
eighth of the total «-particles from the uranium series. 

Tobacco plants were grown in a greenhouse at the New 
Zealand Tobacco Research Station, Motueka, in large pots, 
using low-activity soil as control; but in other pots artifici- 
ally enriched with finely ground different radioactive 
uranium ores and also monazite. Overseas field conditions 
regarding high radioactivity could be simulated, both in 
regard to soil and tobacco activity, and studies made, for 
example, of distribution of activity in leaves at various 
levels in the plant so-called lugs, cutters and tips. 
Although monazite itself (from Bryon Bay, Queensland) 
was not readily taken up by the plant, yet in the case of 
other ores in which uranium and thorium contributed, 
the uptake of uranium and thorium measured by the 
occurrence of ‘doubles’ (thorium and thorium A) was 
in many cases about proportionate, that is, there was 
little evidence that mesothorium (Ra 228) was the only 
thorium family parent picked up by the plant. Further 
observations are in progress. 

A reconnaissance experiment was made to throw light 
on the question of the probable contribution of polonium 
from natural fall-out absorbed by the surface of the leaves. 
Dried commercial tobacco leaves were taken and equivalent 
parts of the leaf were placed with: (a) the upper surface 
against a phosphor; (b) the lower surface; while in some 
cases the leaf was dried until brittle and the powdered 
material placed against a third phosphor surface and 
scintillation counts made. All the tobaccos were Virginia 
cigarette type. The thickness of the leaf is several times 
greater than the range of a-particles. Typical results 
are given in Table 1. 


Table 1. a-CoUNTS/H FROM 50 om? 


Approx, 
Country of origin Upper side of Lower side of percentage from 
leaf leaf thorium family 
South Africa 12 5 30 
New Zealand 9 8 35 
S, Rhodesia 91 95 50 
Thailand 21 20 50 
U.S.A. (Eastern) 18 16 30 


In general the lower side appeared to show a slightly 
higher proportion of thorium, but numbers are too small 
for statistical significance. It would be interesting to 
know in which locality the particular South African 
sample was grown. 

The foregoing tests were carried out on board ship and 
weighing facilities were not available to give moisture 
content, which would affect «-particle absorption of the 
powdered sample, so the activity of the powdered leaf 
is not given, but it differed little from the mean values in 
Table 1. It is concluded that in spite of possible effect 
of surface waxes and small estimated amounts of soil dust 
on the surfaces of the leaf, there is probably some small 
effect of polonium fall-out; but in the case of higher 
activity tobaccos it is only a minor factor compared with 
activity derived from soil through the roots. 

The foregoing figures are not to be taken as representing 
averages from the countries concerned as there is a large 
variation within each country, particularly Southern 
Rhodesia and Australia. 

A large number of samples have been measured from 
tobacco leaf imported from various countries into New 
Zealand, and made available by co-operating commercial 
concerns, but if we are to attempt to give reliable repre- 
sentative figures, systematic sampling would be necessary, 
also selection of leaves from various soil types and positions 
on the plant from which the leaves are taken, also the 
soil moisture and climate conditions of the particular year 
of crop growth. For example, the New Zealand figure 
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quoted is an average from soils derived mainly from 
Separation Point’, low potassium granite, but with an 
admixture of so-called Motueka gravel soil of New Zealand 
greywacke origin. The purely granite soils over a larger 
part of the growing area gave an a-activity of 5 pc.,g and 
the background y-radiation was 0-0060 mrad/h, while only 
a mile away over the soils on which the sample referred to 
in Table 1 was grown the radiation was 0-010 mrad/h. 
The «-activity of soils and tobacco was found to show 
correspondence. There is also a probable influence of 
variety or genetic strain as in the case of wheat reforred 
to in previous papers, although it is not so evident when 
using Virginia type cigarette tobacco only. There is 
apparently a preponderance of ‘Hicks’ variety grown in 
Southern Rhodesia, a proportion of ‘Burley’ in the United 
States and a type called ‘Virginia Gold’ in New Zealand, 
each bred and grown with regard to yield, quality and local 
disease resistance. Samples of the threo varieties were 
grown on the same Motueka soil in New Zealand, and the 
specific activities were measured and found to show little 
difference. 


Polonium in Motor-car Exhaust 


It has long been known that lead processed from most 
of its ores contains considerable lead-210 and consequently 
polonium. Such lead was avoided for construction of 
electroscopes, etc., in the early days of radioactive 
measurements. It is natural, therefore, to suspect that 
lead in the anti-knock agent, of petrol lead tetraothyl, 
might contribute polonium to the combustion exhaust 
gases. Polonium salts are volatile, the chloride, for 
example, at 200° C only. A test was made of lead from 
lead tetraethyl solution as used commercially, and there 
was considerable «-activity when the material was treated 
with fuming nitric acid before precipitation to remove 
organic components. In a normal method of precipitation 
the polonium remained in the organic portion and the 
precipitated lead was at first inactive by «-particle meas- 
urement, but grew in activity in the following months, 
showing that polonium was involved. 

Two sheets of lead of differing origin, of age possibly 
10-15 years, were taken from the workshop and were 
given a fresh clean machined surface. The «-activity 
was in each case approximately 180 particles/100 cmêjh. 
A similar piece of lead, age known to be of the order of 
120 years, supplied to me by Harry L. Dowscett of 
Dowsett Engineering Co., gave an activity of only 4 
particles per 100 cm?/h. These figures correspond roughly 
with the decay of lead-210 of period 22 years. 

By courtesy of Shell Co. of New Zealand, scrapings wero 
obtained of the inside of the exhaust pipe of the C.F.R. 
engine used for testing leaded fuels. The pipe was an 
old one taken out of service four months earlier and had 
been surrounded by water-cooling pipes. The scrapings 
were measured for «-particles and displayed considerable 
activity, corresponding when corrected for lead content, 
roughly 16 per cent, to that of the lead tetraethyl used. 
Another test was made of the scrapings from the inside 
of the exhaust pipe adjacent to the engine of a new motor- 
car. The car had been in use for one month only using 
leaded petrol. The a-activity was pronounced and has 
grown roughly 10 per cent in the four weeks which have 
elapsed since tho sample was taken, indicating that much 
of the original polonium may have escaped into the air. 
being more volatile than the lead which was more readily 
deposited. To test whether the anti-knock properties 
might be due to the initiating action of «-particle produced 
ionization or radicals, the Dominion Laboratory kindly 
prepared samples of lead tetraethylfrom the two samples 
of lead referred to already. The lead tetraethyl produced 
had good anti-knock properties in both cases, some 80 
per cent that of material supplied commercially but with 
the old lead possibly slightly less effective. However, 
these tests need repeating in a few months’ time when 
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polonium may have grown, but they did show that lead 
tetraethyl, prepared from old lead or from inactive ore, 
such as certain samples of galena which were also tested, 
can be used for octane onhancement without giving 
polonium to the car exhaust gases. It should be possible 
to design an exhaust pipe system which will condense out 
the lead itself should this be considered desirable for other 
reasons. Tho average amount used appears to be of tho 
order of 2-3 g lead per gallon of petrol. 

It may now be speculated generally and briefly on the 
possible significance of inhaled or ingested polonium 
neglecting the effects of other more fugitive «-radiating 
nuclides and also free radicals in the smoke condensate, as 
discussed in the paper by Marsden and Collins’. It is 
apparent that unlike radium and strontium-90, which 
accompany calcium to bone sites, polonium moves more to 
the soft tissue, and Osborne has reported quantities in the 
lung and reproductive organs. The destructive power of its 
-particles is well illustrated in a photograph following 
the article by Radford and Hunt?, already referred to. 
A man inhaling the smoke of 25 average British cigarettes 
a day probably deposits on his lungs and trachea some 
8 pe./day of polonium, whereas the total dietary intake of 
radium is only about 2 pe./day excluding daughter pro- 
ducts, and the latter is more subject to excretion or 
transfer to less hazardous body sites. In passing, how- 
ever, mention may be made of the possible ingestion 
of polonium when a certain popular breakfast food is 
used. One sample of such gave an activity of 1-2 pe./g of 
which possibly 1/12 was polonium. If 2 oz. of this were 
consumed each day, the corresponding dietary intake 
would be 5 pe. Formerly the use of such active wheat 
was not considered a possible hazard because of the 
amount of dilution of its radium with the relatively large 
amount of inactive calcium in milk normally consumed 
with it, but when we consider polonium the position 
could be different. 

To revert to cigarette smoking, as is well known there 
has been a striking increase in rates of diagnosed death 
from lung cancer during the past 50 years, that is, some 
40 times in certain age groups in Great Britain. If we 
‘superimpose on the curve of increase among adult males 
‘since 1916 and, using a suitable scale factor, points repre- 
senting the figures of imports of Southern Rhodesian 
tobacco, we obtain a startling correspondence, with a lag 
of 10 years in cancer figures corresponding to latent 
development period and delay in manufacture. However, 
such a correspondence may be largely fortuitous and 
diagnosis has improved, and possibly one could obtain 
much the same degree of correlation with figures relating 
to use of certain leaded petrols, or even, as a friend 
facetiously pointed out, of radio licence numbers, though 
not over the whole period to 1963. 

The death rates of males from lung cancer for South 
Africa or New Zealand, Australia, United States and 
‘Great Britain are very roughly in the ratio of 22 : 30:39: 
c. 60. These show a very general relationship to the 
amount of polonium activity inhaled from cigarettes 
consumed possibly if we include a factor in the United 
States and Great Britain for the possible effect of lead 
from petrol. The South African tobacco seems to be low 
in activity, though only two samples have been measured. 
As to Southern Rhodesia, I am informed that the male 
lung cancer death rate is the same as the figure quoted 
for South Africa and New Zealand, but am uncertain 
regarding age grouping. In New Zealand the deaths 
from lung cancer have followed the general world upward 
trend until 1956, when the curve abruptly levelled off 
significantly for 5 years. This may correspond to very 
considerably increased use of local tobacco, less radioactive 
than imported leaf or manufactured cigarettes. How- 
ever, during 1957-61 considerable Rhodesian tobacco 
was imported, some 6 per cent of total, and it may be 
interesting to note that the male lung cancer incidence 
in 1962 and 1963 has again shown an increase, probably 
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significant. ‘The crude male deaths from lung cancer 
during the years 1957-63 were 357, 338, 363, 342, 395, 
438 and 461 respectively. Australia has recently used. 
some 25 per cent of its large consumption of cigarette 
tobacco from Rhodesia, plus that from North Queens- 
land, both high activity tobaccos. The American figures 
are higher than Australian although tobacco activity 
is much the same, but considerably lower than those of 
Groat Britain, as is the average activity of its cigarette 
tobacco correspondingly. Great Britain now imports some 
30 per cent of its tobacco from Southern Rhodesia and 
Nyasaland and the activity of its cigarette blends was 
found, from examination of old cigarettes back to 1914, 
to have increased with the years and also the number of 
cigarettes smoked per head has increased in all countries. 
In studying correlations the difficulty is (a) latent period, 
(b) proportion of activity due to polonium. It may well 
be that the generally assumed latent period, that is, 20 
years, is too high. : 

Mention may be made of the evidence derived by G. 
Dean‘ and D. F. Eastcott®, who found higher lung cancer 
rates among migrants from Britain to New Zealand, 
South Africa and Australia compared with white local 
population. This may possibly be explained in part 
by the higher radioactivity of average British cigarettes. 
The correspondences quoted here, however, do not con- 
stitute proof of causation; but they arouse suspicion and 
are indicative of directions for further investigations and 
for remedial actions. It is probable that even if polonium 
is not absorbed directly by plant roots from the soil, since 
its compounds tend to have colloidal properties, yet 
lead-210 is freely transported. Thus within two years of 
gathering, which is less than the time normally allowed 
for fermentation, maturation, manufacture and retailing, 
polonium will have reached practical equilibrium, that 
is, within 3 per cent with such Jead-210. It is not known 
whether lead is selectively taken up from soil compared 
with, say, radium. This may well be so under certain 
acid soil conditions. Some early results obtained by me 
point in this direction’. 

The possible case against lead anti-knock compounds, 
etc. needs much more investigation than that recorded 
in this article. The lead-210 in lead ores and compounds 
varies considerably with different origins and possible 
use of older reclaimed lead in processing. Some, probably 
secondary, ores have been examined which show little 
activity. 

It is not improbable that some lead octane agents may 
contain polonium up to 10 pe./g. If 3 g per gallon are 
used this would correspond to 30 pc./gallon. Roughly 
converting this to content per litre of exhaust gases and 
assuming a man operates for 8 h/day in such exhaust, 
say, 100 times air diluted, one may deduce that such a 
person inhales of the order of 0-12 pe./day. This is small 
compared with that of the average cigarette smoke 
inhaler in Britain but may be more comparable in some 
other countries, as indeed might be inferred from the 
investigations of Poche et al. in Germany. Tests of two 
samples of German tobacco leaf gave values 0-4 of the 
average used in the United Kingdom—a sample of Russian 
similarly—but considerations arise as to particle size and 
sites of deposition in the two cases. However, the figures, 
although an order of magnitude greater than under natural 
conditions, are too uncertain for further speculation, and 
experimental data are required relating not only to sources 
of lead components, but also of the actual content of the 
car exhaust gases under various conditions of car opera- 
tion, that is, ‘idling’. It would also be well to investigate 
the free radicals present and the lower aliphatics which 
might be the source of carcinogens in conditions of 
incomplete combustion. 

Further mention must be made of possible effects of 
ingested polonium from diet. In a previous paper’, the 
case of a group of Niueans was discussed and now further 
biological chromosomal tests are in progress, also an 
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examination of food polonium-status. Apart from the very 
special case of certain Niueans, the Polynesians generally, 
including the Maoris, have a considerably greater intake 
of polonium-210 than Europeans, because of the large 
amount of sea shellfish they consume many times that of 
Europeans. The plankton food of such shellfish contains 
large amounts of polonium. I have made measurements 
in many ocean areas. The activity is very high and of 
the order of 12 pe./g plankton, dried at 120° C, and is 
predominantly polonium. It may possibly be significant 
that the Maoris have & large incidence of stomach cancers 
and also, to take one genetic impairment only, a 6-fold 
greater incidence of club foot^?. This ratio, which has 
been recently investigated and confirmed by Dr. Peter W. 
Tapsell of Rotorua (private communication), does not 
appear to me to be wholly explainable by consanguinous 
marriages. 

An examination of the figures of incidence of cancers 
of the digestive track in New Zealand in different regions 
lends support to the idea of a relation to soil and foodstuff 
radioactivity. Regional figures were supplied to me by 
N. H. Taylor (lately director of the Soil Bureau, and with 
whom I have discussed soil trace element questions 
during many years) and these are signifieant, but will 
be converted to a soil type basis. In particular an area 
in which the soil is of low activity, largely because of 
derivation from low-activity granite and rocks, gives an 
incidence of cancer of the digestive track only 40 per cent 
of that of a neighbouring area in which the soils are 
derived from highly active Karamea Granite and from 
greywacke. The relative figures indicate that investiga- 
tion is worth while since remedial action is likely to be 
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simple. There are, of course, other factors, such as rain- 
fall. 

In conclusion, it is appreciated that the various quos- 
tions raised are perhaps somewhat hypothetical and 
naturally controversial. The importance of the subjoct 
justifies us in exploring such considerations as are ad- 
vanced, since if causal connexions can be established the 
matter would assume wider social and political implica- 
tions. The directions of these need not be enumorated 
at this stage. 

I thank the director (W. H. Ward) and staff of the 
Dominion Physical Laboratory for facilities and advice, 
the Wellington Branch of the British Empire Cancor 
Campaign for a small grant, the New Zealand Tobacco 
Research Station, in particular Mr. D. 8. C. Wright, for 
undertaking laborious experiments, New Zealand Tobacco 
Companies, Ltd., for assistance, and the Shell Co. of 
New Zealand and the United Kingdom, and Dominion 
Laboratory for ready help in work on leaded compounds 
used in petrol. 
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THE ANTI-LOCUST RESEARCH CENTRE, LONDON 
By Da. P. T. HASKELL 


Director 


[5 order to provide increased facilities for research 
the Anti-Locust Research Centre, one of the scientific 
units of the Department of Technical Co-operation, has 
recently moved to now accommodation in College House, 
Wrights Lane, Kensington. The new Centre was officially 
opened on April 28 by the Right Hon. Robert Carr, 
Secretary for Technical Co-operation. The opening 
ceremony was attended by representatives of many of the 
international organizations with which the Centre collabor- 
ates, such as the Food and Agriculture Organization of 
the United Nations, the World Meteorological Organiz- 
ation and the international locust control organizations, 
by representatives of Embassies and High Commissions 
of countries which the Centre assists or with which it 
co-operates in locust research and control; and by 
scientists and others who are specially interested in the 
work of the Centre. 

At College House all sections of the Centre except 
the Taxonomic Section, which for obvious reasons remains 
in the British Museum (Natural History), are together 
under one roof for the first time. This has meant bringing 
jn the Insecticide Section, previously attached to the 
Chemical Defence Experimental Establishment at Porton 
Down, and the Behaviour Unit, previously working in 
the Hope Department of Entomology at Oxford. Despite 
these additions, it has been possible in the new building 
to extend the space and increase the facilities of all 
sections. 

In the laboratory, there are specially designed constant- 
temperature rooms for locust breeding and experimental 
work, including a cold room; all rooms in the central 
section are air-conditioned. Special plenning was 


necessary in the Insecticide Section to prevent the toxic 
chemicals used therein affecting biological work, and this 
section has a separate air-conditioning and filtering 
plant. There are biological, physiological, biochemical 
and behaviour laboratories, and special facilities meluds 
an interference microscope and counter-current, chrom- 
atographic, electrophoresis and  electro-physiologicol 
apparatus. There are two wind tunnels, one for studying 
locust flight and the application of insecticidos to flying 
locusts and the other a special insocticide spraying tunnol. 
Because of the allergy to which locusts give rise, and io 
which some people are extremely sensitive, the laboratories 
and locust breeding rooms can only be entered through 
changing-rooms in order to minimize the transference 
of the allergens to other parts of the building (Fig. 1). 
Cartographical and biogeographical research facilities 
include the provision of new map rooms, archive and data- 
storage rooms and modern map filing and display facilitios. 
Accommodation is also now provided for the recently 
formed Field Research Section, which was established. 
to meet added overseas requirements when the Centre 
became a special unit of the Department of Technical 
Co-operation in 1961. As such, its terms of reference 
now include the promotion of international technical 
co-operation in the field of locust research and control, 
and the provision of facilities for visiting scientists and 
students for research and training. Thus in addition 
to special rooms for visitors, there is a conference room 
with sound cinematograph projection room attached, 
which is used for seminars and training courses. 

Current research at the Centre covers three main 
fields—biology, biogeography and control. Biological 
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Fig. 1. A corner of one of the constant-temperature breeding rooms, 
showing a membor of the staff wearing special clothing as a protection 
against locust allergens 


research includes the taxonomy and identification of 
loeusts and grasshoppers sent in by sources throughout 
the world; Dr. V. M. Dirsh is in charge of this work and, 
as already remarked, his section remains at the Entomo- 
logical Department of the British Museum (Natural 
History), together with the Centre’s extensive collection 
of specimens. The breeding facilities, in charge of Mr. 
Hunter-Jones, allow the rearing of a million or so locusts 
a year, and make it possible to investigate the life-histories 
of economically important locusts and grasshoppers. 
The experimental rooms enable the effects of environ- 
mental changes on the development, maturation and 
reproduction of locusts to be studied. A major effort 
is being directed to those aspects of locust behaviour 
and physiology which might ultimately lead to the 
development of new methods of control, such as the 
study of attractants and the hormone systems involved 
in locomotor and reproductive activity. This work is 
being conducted by Dr. P. T. Haskell, Dr. D. B. Carlisle 
and Dr. P. E. Ellis. 

The examination of the biogeography of locusts has 
always been considered by the Centre as an essential 
basis for the strategy of their control. The Biogeograph- 
ical Section, led by Miss Z. Waloff, is at present concerned 
with the analysis of historical data on the plagues and 
recessions of the desert locust, the initiation, develop- 
ment and decline of the last major plagues of the red 
and the African migratory locusts and the seasonal 
distribution and breeding of tree locusts in relation to 
rainfall and vegetation. A further project concerns the 
assessment of the economie importance of locusts, and 
involves the assembly and analysis of agricultural 
statistics and locust damage records. 
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Another section engaged on biogeographical work 
the Desert Locust Information Service, in charge 
Dr. R. C. Rainey. This section, which is also sponsor 
by the Food and Agriculture Organization of the Unit 
Nations, maintains the record of desert locust activi 
which has been built up in the Centre over the pt 
thirty-five years. Locust situation reports, sent regulai 
to the Centre by countries affected by the desert locu 
are correlated with daily weather data supplied with t 
co-operation of the U.K. Meteorological Office and 1 
World Meteorological Organization and form the ba 
for a monthly summary of the current desert loc! 
situation and a forecast of expected developments wh: 
is sent to countries in and around the invasion ar 
The section also carries out research on the influence 
climatic and meteorological factors on the desert locust 

Research on locust control includes work undertak 
by the Field Research and Insecticide Sections. I 
former section, Jed by Mr. C. Ashall, is staffed entir 
by scientists with very long practical experience 
locust research end control in the field and it carries < 
field investigations of locust and grasshopper cont 
in close co-operation with overseas anti-locust organ 
ations and plant protection departments. Thus, 
officer from the section is now based in the Trucial Sta 
to carry out surveys of desert locust populations in t 
area and in other parts of the Arabian Peninsula. 4 
visory and training visits are carried out in response 
increasing requests from overseas Governments; 
example, recently a preliminary survey of the red loc 
situation in Mauritius was begun, and in the past year t 
training courses have been given in the Sudan and th 
in Saudi Arabia. 

The Insecticide Section, led by Mr. R. D. MacCue 
is concerned with testing new insecticides and invesi 
ating the factors affecting the toxicity of insectict 
and their formulations to locusts. Rocent laborat 
work has shown that the volatility of spray solvents « 
greatly influence their toxicity, and further experime 
are being undertaken to estimate the importance of t 
in control operations. A standard insecticide test 
kit for locusts has been prepared so as to enable 
susceptibility of locusts of the same species in differ 
regions of the world to be determined. 

The section carries out field work concerned with 
testing and calibration of spray gear, the assessment 
control methods and the development of technig 
for testing spray pick-up and residues, all of which is d 
overseas in co-operation with international locust org 
izations or plant protection departments. 

The ‘servicing sections’ of the Centre include 
Statistical and Photographie Section, which advises 
the design of experiments, sampling techniques 
related subjects; the Training and Liaison Section, wl 
deals with home training courses, publications and pu 
relations; &nd the Library. The latter contains m 
than 13,000 separate publications on locusts and gr 
hoppers in more than twenty-five languages, aut) 
catalogued with subject and species indexes. It looks a 
the photographic collection and the unique collection 
taxonomic works on locusts and grasshoppers and 
publishes abstracts of current literature on locusts 
grasshoppers. 

The Centre plays a leading part in the furtherance 
international co-operation in locust control and rese! 
and it has achieved world recognition as the pre-emi 
establishment for anti-locust investigations. The 
facilities at College House are worthy of this role. 
interesting to reflect, particularly at the present time w 
much attention is being directed to the problems of ai 
developing countries, that the Centre, paid for by 
British taxpayer, has for the past eighteen years pione 
international technical assistance in locust research 
control] and exists solely for the benefit of over 
territories. 
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SOUTHAMPTON MEETING OF THE BRITISH ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE 


By R. N. M 


Secretary and Registrar, 


HE British Association first met in Southampton 

in 1846, sixteen years before the opening of the 
Hartley Institution, in which the University of 
Southampton originated. In 1882 when the Association 
next came to Southampton the programme included a 
soirée at the "Hartley Hall" and in 1925 at the following 
meeting various sectional meetings were reported as 
having been held at the Hartley University College. The 
Hartley Institution, later known as the Hartley College, 
was incorporated in 1902 as the Hartley University 
College by the Board of Education. The Centenary 
History of the University! refers to the support of the 
British Association for the establishment of full-time 
technical colleges in all major towns aided by government 
and local grants, and it seems likely that this strengthened 
the Institution’s case for help for this aspect of its work. 
New buildings in Highfield for the University College 
were opened by Lord Haldane in June 1914, but the 
establishment of a military hospital soon afterwards 
prevented a move from the old buildings in the High 
Street until 1919. 

The fourth visit of the Association to 
Southampton, to be held this year during 
August 26-September 2, comes twelve years 
after the dissolution of the Hartley Univer- 
sity College on the constitution of the 
University of Southampton by Royal Charter 
in 1952. The Centenary History is largely 
devoted to financial difficulties, as a result 
of which the buildings available to the Col- 
lege, when the British Association meotings 
were held in 1882 and 1925, were ill-equipped 
and to some extent unsuited to their purpose. 
This year’s activities will mainly centre on 
new buildings erected in a period of unpre- 
cedented growth in student numbers, which 
justifies all the struggles of the past. In 
the session 1963-64 the student population 
has been 2,100, and, according to the plan 
approved by the University Grants Com- 
mittee to meet the needs outlined in the 
Robbins Report, the numbers will increase 
to 4,000 by session 1967-68. No decisions 
have been reached about later expansion, 
but the confident hope is that Southampton 
will take its place as one of the multi- 
faculty universities of 8,000--10,000 students 
envisaged by the Robbins Committee. 
By 1967-68 sixty per cent of the students 
will be in the Faculties of Science and 
Engineering and further evidence of the 
swing in this direction is perhaps to be seen 
in the appointment of Prof. Kenneth Mather, 
of the University of Birmingham, to succeed 
the present vice-chancellor, Dr. D. G. 
James, at the end of session 1964-65 
(Nature, 203, 24; 1964). 

Southampton, Britain’s principal ocean 
passenger port, and a major cargo centre, 
occupies a central position on the south 
coast of England within eighty miles of 
London. A borough for almost eight 
centuries, its history stretches back through 
settlements established by the West 
Saxons and Danes to the Roman port of 
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University of Southampton 


Clausentum on the River Itchen. Canute was chosen as 
King by the Saxon Council at a meeting in the town in 
1017, and the story of his attempt to turn the tide is 
reputed to be connected with one of his subsequent visits. 
In medieval times the prosperity of the port. with its 
interesting double tides, was founded on the wine and 
wool trades, but & period of decline followed until the 
town was transformed into a fashionable spa in the 
eighteenth century. The coming of the railway led to 
tho rise of the transatlantic passenger trade, culminating 
in the completion of the New Docks in 1934. More 
recently Southampton has become a centre of tho chemical 
industry, largely as the result of the siting of the Esso 
refinery at Fawley on the south side of Southampton 
Water. The refinery, the largest in Great Britain, produces 
11,000,000 tons of petroleum products per annum and sup- 
plies nearly a quarter of the country’s requirements. With 
the introduction of economic methods of converting waste 
material from the refinery into useful chemicals the 
growth of Fawley has led to the erection in adjacent 
sites of large chemical plants by such firms as Monsanto, 
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Fig. 1. New Chemistry Building, University of Southampton 
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Fig. 2. Nuffield Theatre with Arts Building in the background 


International Synthetic Rubber and Union Carbide. 
Local industry is not restricted to these activities and 
other firms with extensive plants in Southampton include 
AC-Delco, Standard Telephones and Cables, Mullards, 
Pirelli-General, British. American Tobacco, Ford, Vickers- 
Armstrong, Hawker Siddeley and Thornycroft. In 
1846, on the occasion of the first meeting, Southampton 
was described as “this beautiful and flourishing sea port” 
with considerable value to the naturalist and geologist. 
Although the description is still to some extent true, 
it must be emphasized that the area is now also one of 
great industrial significance. 

These local interests of the city are well supplemented 
by the regional characteristics of Wessex, with its cathedral 
cities, country towns, forests, heaths and downs, the whole 
presenting a fitting setting for the 1964 meeting. The 
programme of excursions, general and sectional, is 
widely varied. There will be many opportunities to 
visit factories, ‘industrial plants and other establishments 
not only in the city but also farther afield at the Royal 
Aircraft Establishment at Farnborough, the Road 
Research Laboratory at Crowthorne, Berks, the Atomic 
Energy Establishment at Winfrith and the National 
Institute of Research in Dairying at Reading. In addition 
to visits to Southampton Docks, including conducted 
tours of the R.M.S. Queen Elizabeth, there will be a 
specially organized day cruise of Southampton Water 
and the Solent. Historic buildings in Southampton 
feature in the programme as well as visits to the great 
cathedrals of Winchester, Salisbury and Chichester 
and to such notable country houses as Wilton, Longleat, 
Beaulieu, Breamore and Stratfield Saye. The Ordnance 
Survey office in Southampton will also be open to members. 
Natural and prehistoric features include the New Forest, 
Old Winchester, Hill, Maiden Castle, the Furzebrook 
Nature Conservancy Reserves, the Isle of Wight and the 
Dorset Coast. 

One of the first-steps taken in planning the meeting was 
the appointment of Prof. F. J. Monkhouse, professor of 
geography in the University, as editor of The Southampton 
Survey, which has been compiled and published for the 


‘meeting. The first part of the Survey deals with the 


wider region of which the City of Southampton forms 
part, the whole of Hampshire, the Isle of Wight and the 
adjoining parts of Wiltshire, Dorset and West Sussex ; 
the second part is concerned with the historical back. 
ground both of the wider region and of the city; the 
third looks to present-day Southampton from economie, 


‘social and administrative points of view. A copy of the 


survey, which has been printed locally by the Camelot 
Press, will be presented to each member of the Associ- 
ation attending the meeting. This year copies may, if 
desired, be obtained by members in advance, and after 
the meeting they may be purchased on application to 
the University (35s. or 5 dollars, including postage). 

The previous presidents at Southampton were Sir 
Roderick Murchison (1846), Dr. C. William Siemens 
(1882), and Prof. Horace Lamb (1925). The president 
of the 1964 meeting is Lord Brain (Nature, 199, 891; 
1963), the distinguished neurologist and former president 
of the Royal College of Physicians, who will deliver an 
address on “Science and Behaviour". Before the address, 
the Chancellor of the University, Sir Keith Murray, 
former chairman of the University Grants Committee, 
will confer the honorary degree of doctor of science on 
Lord Brain and also on Sir Erio Ashby and Sir Cyril 
Hinshelwood. 

The two evening discourses will be by Prof. W. J. G. 
Benyon on “The International Years of the Quiet Sun" 


and by Prof. A. S. Parkes on “Biological Aspects of the 


Population Explosion”. There will also be a public 
lecture by Dr. A. T. J. Dollar on August 30, entitled 
“Island Voleano", which will cover the recent new volcanic 
island off the coast of Iceland. The presidential addresses 
in the sections will present the usual wide range of topics, 
many of particular interest to non-scientific members $ 
but a new note will be sounded on August 31 with “Science 
in Seience Fiction" by Prof. W. T. Williams of the Uni- 
versity Department of Botany and somo of his colleagues. 
This year, for the first time, the Council of the Association 
has made arrangements for livo television transmissions 
of the morning sessions of & number of the sections. 
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By special arrangements with Southern Television, 
which covers an area from Bridport to Dover with an 
extensive hinterland, there will be about fifteen hours in all 
of transmissions from the University’s Nuffield Theatre 
(Fig. 2). This new Theatre, which was built largely with 
the aid of a grant of £130,000 from the Nuffield Founda- 
tion, has a seating capacity of 500 and was opened earlier 
this year by Dame Sybil Thorndike. In addition to 
television presentations, scientific film shows and an 
Open Forum for young people will also be given there. 
The oxhibitions at this year’s meeting include one 
staged by the Ordnance Survey in the entrance hall of 
the University Main Building, which will contain a compre- 
hensive display of their work. Members of the staff 
of the Survey will be in attendance to give practical 
demonstrations of some of the techniques used in field 
surveying and cartography. The National Book League 
will stage an exhibition “Science for All” together with a 
supplementary exhibition on the Social Sciences. There 
will also be special demonstrations set up by the Depart- 
ments of Zoology and Botany and by the Institute of 
Science Technology in the Department of Chemistry (Fig. 1), 
and the University Library will feature exhibitions of 
books on Botanical Illustrations and the local history of 
Southampton. The hydraulic model of Southampton 
Water, which is housed in a special building, will be 
demonstrated daily by the Civil Engineering Department, 
and in the Electronics Department a number of commercial 
and government organizations will sponsor an exhibition 
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The Royal Society : Research Appointments 


Tue Royal Society recently agreed to co-operate with 
Wadham College, Oxford, in setting up a Royal Society 
research fellowship in the biological sciences at Wadham 
College. The establishment of this post marks the 
three hundred and fiftieth anniversary of the foundation 
of Wadham College and also the Royal Society’s past 
historical associations with the College. The Research 
Fellow will be a full official Fellow of Wadham College 
and the appointment has been made for a period of five 
years from October 1. It has now been announced that 
Dr. D. C. Smith, university demonstrator in the Depart- 
ment of Agriculture at the University of Oxford, has been 
appointed to this post. Dr. Smith will carry out research 
in the physiology of lichens. 

The Royal Society has also announced that the Fouler- 
ton Gift research fellowship, for two years in the first 
instance from October 1, has been awarded to Dr. J. J. B. 
Jack, at present house surgeon at the Radcliffe Infirmary, 
Oxford, to énable him to work on excitation and inhibi- 
tion in the spinal cord at the University Laboratory of 
Physiology, Oxford. 


Galileo Celebration 


Ow the ovening of July 9 the Royal Society celebrated 
the quater-contenary of the birth of Galileo Galilei 
(Nature, 201, 563; 1964)-with a special Conversazione 
held in the Society’s apartments at Burlington House. 
Among the guests were representatives of the Accademia 
Nazionale doi Lincei, of which Galileo was a member, the 
British-Italian Society, the British Society for the History 
of Science and the British National Committee for the 
History of Science. Among theexhibitswasarare collection, 
arranged by Prof. E. N. da C. Andrade, of books by and 
&bout Galileo, including & number of early English books 
in whieh mention of Galileo is made, including Paradise 
Lost and Areopagitica by John Milton. A few of the 
experiments which Galileo himself carried out relating to 
fundamental laws of mechanies were repeated by the 
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of some recent developments in the fields of microminiuture 
circuits, electrical generation and communications equip- 
ment. 

The young people's Science Fair will be hold in the new 
Southampton College of Technology, where more than 
130 projects from 61 secondary schools and three training 
colleges will occupy laboratories and demonstration 
rooms on six floors. There will also be illustrated lectures 
for young people in the Guildhall on four days of the 
meeting by Prof. R. V. Jones, Dr. N. Tinburger, Dr. 
H. A. Thomas and Dr. E. J. Ambrose. Prof. L. Dudley 
Stamp will be chairman of the Open Forum in the 
Nuffield Theatre and the panel will consist of Dr. J. D. 
Cartney, Dr. V. Milledge, Mr. D. E. Broadbent and Prof. 
W. T. Williams. The social activities of the week will 
include two evening receptions given by the City Council 
in the Guildhall. The University will give a Garden Party 
to all members in the gardens of South Stoneham Howse. 


. an early eighteenth-century mansion now used as a 


University Hall of Residence, and a number, of other 
functions will be offered by private organizations, including 
2 particularly appropriate gesture of hospitality, lunch 
on board R.M.S. Capetown Castle. 

The local organizers in Southampton feel that they are 
well prepared for the meeting and they anticipate that 
it will not only be the best of the Southampton meetings 
but also one of the outstanding meetings in the history 
of the Association. 


* Patterson, A. Temple, reader in regional history, Univ. Southampton (1962). 
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staff of the Royal Institution. Other exhibits compared 
what Galileo saw through his telescope with modem 
achievements on the same subject. For example, his 
description of sunspots is contrasted with contemporary 
photographs obtained by the Royal Greenwich Observa- 
tory, and the Department of Astronomy, University of 
Manchester, likewise compared up-to-date knowledge of 
lunar topography with that observed by Galileo. The 
Nuffield Radio Astronomy Laboratories, Jodrell Bank. 
University of Manchester, described some recent radio 
astronomical work relating to Venus and to radio sources 
in the Milky Way, both Venus and the Milky Way being 
subjects of observation by Galileo. The National Physical 
Laboratory demonstrated a reversible pendulum for the 
absolute determination of gravity, and Mr. D. G. King- 
Hele, of the Space Department of the Royal Aircraft 
Establishment, in a display showed what could bo learned 
about the upper atmosphere and its dependence on solar 
activity as determined from the orbits of artificial Earth 
satellites. 


‘Research on Metal Extraction and Mineral Processing 


In a written answer in the House of Commons on 
Juno 25, the Secrotary of State for Education and Science, 
Mr. Q. Hogg, stated that the docision to transfer forty 
staff of all grades omployed on work on tho extraction of 
metals from the National Chemical Laboratory to thr 
Warren Spring Laboratory followed the Government's 
acceptance of a recommendation of the Brundrett Report 
on Tochnical Assistance for Overseas Geology and Mining. 
Of these forty, three junior members resigned before the 
decision was announced and one more senior had resigned 
sinco; eight had asked for transfer olsewhore. The 
Director of the National Chomical Laboratory gave the 
Department no reason for his resignation, but it is under- 
stood that he disagreed with the decision to implement 
this recommendation of the Brundrott Committec. While 
Mr. Hogg groatly rogretted Dr. Mitcholl’s decision, he was 
satisfied that the national interest would best be served 
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by arranging, as the Brundrett Committee recommonded, 
for the work on extraction of metals and that on mineral 
processing to be integrated under the same resoarch 
direction. 


The Council for National Academic Awards 

IN a written reply on July 2 to a question by Mr. Julian 
Critchley, Mr. Hogg announced the membership of 
the new Council for National Academic Awards under the 
chairmanship of Sir Harold Roxboe Cox (Nature, 201, 
975; 1964): The Viscount Caldecote (deputy chairman, 
English Electric); Mr. W. F. Cartwright (managing 
director, Steel Co. of Wales); Mr. Michael Clapham 
(director of Imperial Chemical Industries) ; Sir James 
Cook (vice-chancellor, University of Exeter); Mr. B. 
Downs (head of Department of Mechanical Engineering, 
Loughborough College of Advanced Technology); Miss 
Helen L. Gardner (reader in English literature, University 
of Oxford); Dr. D. E. R. Godfrey (head of Mathematics 
Department, Woolwich Polytechnic); Mr. H. N. Henry 
(principal, Paisley College of Technology) ; Prof. J. Lamb 
(professor of electrical engineering, University of Glas- 
gow); Mr. J. Russell Lang (chairman, G. and J. Weir, 
Ltd., Glasgow); Dr. Kathleen Ollerenshaw (Manchester 
City Councillor and member of Manchester Education 
Committee); Dr. O. G. Pickard (principal, Ealing Tech- 
nical College); Sir Arnold Plant (professor of commerce, 
University of London); Mr. R. H. J. Rhodes (vice- 
principal, Leeds College of Commerce); Prof. G. D. 
Rochester (professor of physics, University of Durham) ; 
Sir Lionel Russell (chief education officer, Birmingham); 
Dr. J. Topping (principal, Brunel College of Advanced 
Technology); Mr. D. Vitkovitch (head of Electrical 
Engineering Department, Nottingham and District Tech- 
nical College); Dr. G. E. Watts (principal, Brighton 
College of Technology); Mr. R. E. Wood (principal, 
Leicester College of Technology and Commerce); Dr. 
E. G. Woodroofe (joint vice-chairman, Unilever). The 
new Council will take over the responsibilities of the 
National Council for Technological Awards as soon as it 
is in a position to do so, but the latter will continue to 
administer the Diploma in Technology in the meantime. 


The Commonwealth Development Corporation 

Tue annual report of the Commonwealth Development 
Corporation for the year ended December 31, 1963, wel- 
comes the Commonwealth Development Act, 1963, which 
became law in July 1963 (Pp. vi+ 102. London: H.M.8.0., 
1964. 6s. 6d. net). The Act restored the Corporation’s full 
powers of operation in all those countries within the Com- 
monwealth which had achieved independence since the Cor- 
poration was established in 1948. The Corporation’s area 
of activity had been contracting year by year and, now 
that the area of investment has been restored to that of 
1948, it should again be possiblo to expand the volume of 
investment. The useful futuro of increasing activity now 
foreseen. should be beneficial in sustaining the essential 
morale of the staff, which in some territories overseas had 
faced a year of danger with a steadiness to which the 
report pays tribute. Ten new projects involving a total 
commitment of £6,585,000 were approved during tho 
year; three large projects involving £3,400,000 are in 
independent Commonwealth countries. Plans for further 
investment in existing projects have been approved for a 
total of £3,860,000; howover, these figures do not give 
full weight to new projects approved by local devolop- 
ment companies in which the Corporation has an interest. 
The falling away of new project approvals in 1962 was 
reflected in a further contraction of new investment from 
£9-5 million in 1962 to £6-8 million in 1963, but tho whole 
of this new investment was financed from sources other 
than additional drawings from the Treasury, to which 
there was a net repayment of £100,000, in addition to 
the £629,000 formula payment in reduction of frozen 
balances. The operating surplus of £4,751,622 was 
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£391,000 greater than in 1962, but the prosent arrange- 
ments do not give sufficient margin against the com- 
mereial and other risks that the Corporation is bound to 
run; the operating margin continuos to narrow. Besides 
loans for publie utility (infra-structuro) purposes and 
investments in large-scale agricultural, industrial and 
estate projects, the Corporation's investment is increas- 
ingly directed to projects involving association with and 
support of the pooples of the countries in which it oper- 
ates. Recently, a particular aim has boen to make avail- 
able to small farmers some of tho benefits of prosent-day 
scientific advances in growing, handling and processing 
tropical crops. 


Qualifications in Biology 

Tue Institute of Biology has agreed to join with the 
professional institutes for other sciences and the Ministry 
of Education in a scheme for an Ordinary National Cer- 
tificate in the Sciences. This will replace the Ordinary 
Endorsed Certificate in Biology and Ordinary National 
Certificate in Chemistry and Physics. Those intending to 
proceed to a Higher National Certificate in Applied 
Biology will study biology to a higher level than mathe- 
matics, physics and chemistry. It is likely that, of the 
time available for scientific subjects, one-half will be 
available for biology, one-quarter for chemistry and one- 
quarter for mathematics and physics. The Institute is 
represented on the Joint Committee for the Ordinary 
National Certificate in the Sciences by Prof. C. G. C. 
Chesters and Dr. R. J. Terry. The Committco will later 
issue rules and notes for guidanco with the view of courses 
commencing in September 1965. Tho Institute has also 
been considering means of admitting persons to member- 
ship of the Institute as a result of an examination sot by 
tho Institute. It is envisaged that the examination will 
be taken after three years part-time study by persons 
who enter the course with a Higher National Certificate 
in Applied Biology. There would be a Part 1 examination. 
at the end of the first year, at which candidates would 
take papers in the principles of biology and in a special 
subject. The Part 2 examination would be on the special 
subject alone. The subjects at present being considered. 
are biochemistry, entomology, microbiology, pharmacol- 
ogy and plant pathology. For these subjects, panels are 
preparing syllabuses. A moeting was recently held with 
representatives of technical colleges and of the major 
employers of biologists at which comments were received 
on the scheme. A preliminary enquiry shows that some 
twenty colleges hope to be able to offer courses with a 
total intako of somo 150 students. Courses leading to the 
examination for membership of the Institute of Biology 
will commence in September 1965. 


The Macaulay Institute for Soil Research 

Tus thirty-third annual report of the Macaulay In- 
stitute for Soil Research for 1962-63 summarizes the work 
in progress and includes a list of seventy papers, published 
or submitted for publication (Pp. 56. Craigiebuckler, 
Aberdeen: The Macaulay Institute for Soil Research, 
1964). The primary aim of the research continues to be 
the addition to fundamental knowledge of soils and 
soil: plant relationships supported by investigations 
directed towards the maintenance or improvement of soil 
fertility. Of the wide range of investigations described, 
only a short selection is needed to indicate the nature of 
the activities in the various departments. Electron 
microscopy and diffraction have been added to the 
methods for soil mineralogy investigation; pollen analyses 
of peat deposits are intended to supplement scanty records 
of vegetational history, and the physical properties of peat 
to help in investigations of tree growth. The soil survey 
has completed a further 580 square miles on the 2-5-in. 
scale, and another memoir (Country Round Aberdeen, 
Inverurie and Fraserburgh) has been published. Emphasis 
is laid on the need for more information on the trace 
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element contents of different species at different stages 
of growth and on the possible dangers of lead toxicity. 
The interactions between major and trace elements on 
ion transport and exchange in plant tissues continue to 
receive attention and a start has been made on the role 
of vacuolar osmotic potential in nutrient uptake. Selected 
soil groups are being used for evaluating the properties 
that govern soil productivity, and investigations of 
responses to fertilizers have included methods and times 
of application. 


The Furniture Industry Research Association 

Tse third annual report of the Furniture Industry 
Research Association shows that, during 1963, a sig- 
nificant increase in membership occurred, and that total 
membership now amounts to 712 (Pp. 16. Stevenage: 
The Furniture Industry Research Association, 1964). 
This includes 538 firms registered with the Furnituro 
Development Council, which cover about 80 per cent by 
value of the turnover of the industry. Considerable pro- 
gress is reported on all present research projects covering 
such topics as the determination of the loads in chair 
frames, causes of show-through in veneered chip-board, the 
checking of veneers, and the invostigation of tho propertics 
of flexible polyether foams. Work has been completed on 
polyvinyl acetate adhesives and on tho development of a 
glossing-up test for matt lacquers. The optimum con- 
ditions for spray-gun operation have been determined by 
relating the quality of the finish to the waste of lacquer 
through fog and bounce. About 20 per cent of the research 
staff investigators have been concerned with the investi- 
gation of ad hoc enquiries, such as the performance testing 
of prototype furniture, causes of warping of panels, com- 
parative testing of various finishes, tho critical examina- 
tion of chairs from the point of view of comfort, the 
suitability of different timbers, the noisiness of table tops 
and various fault investigations. The Technical Informa- 
tion Service has been called on to meet an increasing 
demand. A total of 2,200 enquiries submitted by 542 
organizations has been dealt with. A now publication 
series, known as FIRA Notes, has been introduced with 
the view of giving in easily digestible form concise and 
up-to-date information drawn from the Association's own 
sources and elsewhere. 


Rugby School Natural History Society 


Tux ninety-seventh issue of the report of the Rugby 
School Natural History Society contains details of the 
archeological excavations carried out at Caves Inn, near 
Shawell, in 1963 by the Rugby Archzological Society and 
members of Rugby School (Pp. 22+2 plates. Rugby: 
Rugby School Natural History Society, 1964). "The hill 
by Caves Inn Farm is referred to as Tripontium and is 
mentioned in the sixth itinerary of Antonius. Historians, 
through the ages, have used this itinerary in conjunction 
with the name of the hill to try to locate it. While there 
is no firm evidence of its identification, its situation in 
Roman miles fits the information in the itinerary. The 
evidence found so far suggests that the site consisted of 
a ‘Mansio’, surrounded by a settlement. Another article 
in the report includes some observations of solar activity 
made st the Temple Observatory during the summer 
term, 1963, as well as an account of the work of the 
Conservation Corps at Scolt Head by I. R. Whitehead. 


The Cole Library: University of Reading 

Tue books on zoology and early medicine, collected by 
the late Prof. F. J. Cole, have now been moved from his 
home at Kingwood, Oxfordshire, to the new Library 
Building of the University of Reading at Whiteknights 
Park, where they occupy an air-conditioned room in the 
special collections section on the fifth floor (see also 
Nature, 188, 1148; 1960). The Cole Library comprises 
eight thousand volumes dating from 1472 to the present 
day, and it contains many rare items. Author, title and 
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subject catalogues were prepared by Prof. Cole, and are 
a valuable aid to the reader. A chronological catalogue 
down to the end of the eighteenth century is now bving 
made by Dr. N. B. Eales, and this will include biographies 
and translations. 


Scottish Journal of Geology 


THE first part of a new geological journal, the Scottish 
Journal of Geology, is due to appear in the autumn of 
this year. Tho new journal is the result of an ainal- 
gamation of the Transactions of the Geological Society of 
Edinburgh and the Transactions of the Geological Society 
of Glasgow. The Councils of both Societies consider that 
the new journal will provide a better forum for the 
presentation of the scientific work of the two Societies 
and of other work on Scottish geology. They also intend 
to continue their policy of encouraging the publication of 
geological papers of general or specialist interest. The 
journal will be published three times a year. Subscription 
rates will be £4 per annum for institutional subscribers 
and 30s. per annum for Fellows of either Society. En- 
quiries about subscriptions or editorial matters should be 
addressed to the Editors, Scottish Journal of Geology, 
Tweeddale Court, 14 High Street, Edinburgh. 


The Longest Road 


Tse Trans-Canada Highway, the longest paved road in 
the world, which stretches for 5,000 miles (with two short 
ferry-breaks) from St. John’s, Newfoundland, to Victoria, 
Vancouver Island, was originally opened in 1962. and has 
already transformed the conception of east-west dircet 
communication by road in the Dominion. It is now prac- 
ticable for Canadians to motor across this vast territory 
without leaving their own country. The first car-ferry is 
across the Gulf of St. Lawrence to Cape Breton Island. This 
is now artificially joined to Nova Scotia by a causewuy 
constructed by literally filling in the one mile wide and 
200-ft. deep Canso Strait between Cape Breton Island 
and the mainland with some 5 million cubic yards of rock, 
an engineering feat of no mean order, considering that 
bridging this gap, often subject to fierce spring tides und 
ice jams, was abandoned as being an impracticable task. 
From Nova Scotia the highway passes through New 
Brunswick to Quebec, thence via Montreal, across Onturio 
by Ottawa north of the Great Lakes by Sault Sainte 
Marie and Wawa to Fort William. In this stretch another 
great engineering triumph is recorded. Between Sault 
Sainte Marie and Fort William, a distance of some £00 
miles. there occurs & wilderness area called by the 
Canadians ‘The Gap’. Before the advent of this great 
highway, this feature had constituted a barrier which 
had virtually split the Dominion in two; its avoidance 
was only possiblo by following northerly loop-roads adding 
hundreds of miles to the distance to be traversed. In a 
vividly written and illustrated article in The Lamp 
(quarterly magazine of the Standard Oil Company of New 
Jersey, 46, No. 1; 1964), the hazards of this wilderness 
are well summed up: “The Gap itself was just 164 miles 
across, but it was split up by more than a hundred rivers, 
thousands of lakes, deep ravines, granite ledges--and 
muskeg. Muskeg is a Canadian highway onginecr’s 
peculiar nightmare. It is seemingly bottomless mud and 
silt, sometimes a mile deep, which freezes solid in winter 
but in summer becomes quicksand. Muskeg can swallow 
men and machinery—even roads. One section of the 
Trans-Canada, representing an entire day's work, dis- 
appeared without a trace before the next sun camo up.” 
From Fort William, the highway traverses Manitoba by 
Winnipeg, Saskatchewan via Regina, thence to Calgary. 
Alberta, into British Columbia, here through the most 
difficult section, Rogers Pass, 4,335 ft. O D. with Rocky 
Mountain peaks rising 10,000 ft. on either side. At 
Vancouver a short sea ferry completes the journey along 
this amazing road to Victoria, Vancouver Island. 
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Clare Hall: a New Development of Clare College, 
Cambridge 


CLARE CorrgaE has decided to promote within the 
College a new developmont to be known as Clare Hall. 
The intention is that Clare Hall shall make a contribution 
towards meeting present-day Cambridge needs by providing 
a new graduate society for resident and visiting scholars. 
Its fellowship is designed to bring together four cate- 
gories: (1) scholars holding appointments in the Univorsity 
or in research institutions in Cambridge, whose subjects 
may not be in great demand for undergraduate teaching ; 
(2) post-doctoral and other senior research workers; (3) 
visiting scholars in Cambridge on study-leave; (4) 
Research Follows, elected from among more senior 
research studonts. When the now society has been estab- 
lished, a body of research students who are not Fellows 
will be added. The University has a petition before the 
Queen-in-Council, asking for a repeal of the University 
Statute which excludes women from membership of men’s 
Colleges. Subject to approval being given to this potition, 
fellowships in Clare Hall will be open to men and women 
on equal terms. Clare Hall will be legally part of Clare 
College, governed by statutes of tho Collego. Tho Society 
will consist of about forty Fellows of Clare Hall, who will 
also be bye-Fellows of Clare College. It will be governed 
by a Council composed of five Fellows of the Hall, five 
Fellows of the College, the Warden of the Hall, and the 
Master of the College as chairman. It is proposed that 
the buildings for Clare Hall, which will include flats, 
studies, a seminar room, and dining rooms, will be on a 
site within five minutes’ walk of Clare College, whero the 
Hall will be able to develop an identity of its own and to 
maintain, socially and intellectually, a close rolationship 
with the College. 

The Governing Body has recorded its intention to 
elect into fellowships of Clare Hall and bye-fellowships 
of Clare College the following: Dr. T. E. Armstrong, Mr. 
R. W. David, Mr. E. P. M. Dronke, Miss M. B. Hesse, 
and Dr. W. H. Taylor. 

Clare College has received from the Old Dominion 
Foundation of New York an endowment of 200,000 
dollars. The income from the endowment will be used to 
subsidize research fellowships and visiting fellowships 
at Clare Hall. 


The Night Sky in August 


New moon occurs on Aug. 7d 19h 17m U.T. and full 
moon on Aug. 23d 05h 26m. The following conjunctions 
with the Moon occur: Aug. 2d 03h, Jupiter 2? N.; Aug. 
4d 16h, Venus 5° S.; Aug. 4d 23h, Mars 0-2? N.; Aug. 
23d 07h, Saturn 3? N.; Aug. 29d 13h, Jupiter 2° N. 
Venus is in conjunction with Mars on Aug. 28d 11h, Venus 
being 4? S. Mercury is too close to the Sun for observa- 
tion. Venus is a morning star, rising at lh 25m, lh 5m 
and lh 10m on August 1, 15 and 31, respectively. Its 
stellar magnitude is — 4'1; its distance from the Earth 
increases during the month from 46 to 67 million miles 
and the visible portion of the apparent disk from 0-320 
to 0-516. Mars rises at 1h 05m, 0h 50m and Oh 35m at 
the beginning, middle and end of the month, respectively. 
Its stellar magnitude is +1-7; conditions for observation 
are not yet favourable. Jupiter rises at 23h 05m, 22h 15m 
and 21h 15m on August 1, 15 and 31, respectively. It is 
near the boundary of Aries and Taurus, its stellar mag- 
nitude is — 2-0 and its distance from the Earth on August 
15 is 456 million miles. Saturn is above the horizon most 
of the night. It is in Aquarius and in opposition on August 
24, Its stellar magnitude is +0-6 and its distance from 
the Earth on August 15 is 816 million miles. Occultations 
of stars brighter than magnitude 6 are as follows, observa- 
tions being made at Greenwich: Aug. 22d 00h 24-2m, 
Cap. (disappearance); Aug. 28d 23h 18-2m, 147 B. 
Ari. (reappearance). The Perseid meteors are active 


NATURE 


July 18, 1964 VoL. 203 


during J uly 27—August 17, with maximum on August 12. 
The radiant is near R.A. 3h 04m, Dec. +58°; conditions 
for observation are very favourable. 


Announcements 


Pror. PAuL Puinnres, of the University of Wisconsin, 
Madison, Wis., bas been awarded a ‘“‘medal of merit" by 
the Istituto Sperimentale “L. Spallanzani", Milan, in 
recognition of his contributions to the development of a 
practical method for artificially inseminating cows and 
for research on mineral elements in nutrition. 


THE New Zealand Department of Scientific and Indus- 
trial Research has issued a list of printed publications, 
indicating those out of print and where those still in print 
can be obtained; more than 70 are publications of the 
Geological Survey and more than 150 Research Bulletins 
of the Department (List of Publications. Pp. 35. Welling- 
ton: Government Printer, 1964). 


A CONFERENCE on The Use of Film in Highor Educa- 
tion and Research" will be held at the College of Advanced 
Technology, Birmingham, during September 9-11. Fur- 
ther information can be obtained from P. D. Groves, 
Department of Chemistry, College of Advanced Tech* 
nology, Gosta Green, Birmingham 4. 


A SERIES of lecturos on “Plasma Physics and its Appli- 
cations in the Field of Thermo-nuclear Reactions and 
Electrical Power Generation” will be held at Sunderland 
Technical College during September 8-11. Further 
information can be obtained from the Physics Depart- 
ment, Sunderland Technical College, Sunderland. 


A course on “The Genetics and Physiology of Bac- 
terial Viruses" will be held under the auspices of Unesco 
and the International Cell Research Organization, at 
the International Laboratory of Genetics and Biophysics, 
Naples, during September 11-October 9. Further informa- 
tion can be obtained from the International Laboratory 
of Genetics and Biophysics, Casella Postale 104, Naples. 


Tus fifth international symposium on “Gas Chromat- 
ography”, organized by the Gas Chromatography Dis- 
cussion Group of the Institute of Petroleum, will be held 
in Brighton during September 8-10. The programme will 
include sessions on: techniques of separation and identi- 
fication; column design; exploitation of molecular inter- 
actions. Further information can be obtained from the 
Organizing Office, Fifth International Symposium on Gas 
Chromatography, 61 New Cavendish Street, London, W.1. 


A SECTIONAL meoting of the World Power Conference 
on “The Struggle against Losses in the Field of Energy 
Economics” will be held in Lausanne during September . 
13-17. The general theme of the meeting will be divided 
into the following sections: general aspects; avoidance 
of losses in conversion; avoidance of losses in fuel trans- 
port and power transmission; avoidance of losses in 
utilization of energy. Further information can be 
obtained from the Swiss National Committee, World 
Power Conference, Plaza B, Petit Chéne 38, Lausanne. 


Tur fifteenth international Astronautical Congress will 
be held in Warsaw during September 7-12. The pro- 
gramme will include sessions on: flight programmes; 
propulsion techniques; navigation; lunar international 
laboratory; bioastronautics; power systems for space 
vehicles; celestial mechanics and astrodynamics; phy- 
sical problems of re-entry into planetary atmosphere; 
meteorological satellite systems; communication satellite 
‘systems; geodetic satellite systems; ground installations; 
education in astronautics; space vehicles in an ionized 
medium. Further information can be obtained from the 
International Astronautical Federation, 250 rue Saint- 
Jacques, Paris 5. 
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WELLCOME HISTORICAL MUSEUM AND LIBRARY 


DE F. N. L. POYNTER, formerly chief librarian of 
the Wellcome Historical Medical Library has been 
appointed a director to take charge of both the Wellcome 
Historical Medical Museum and the Historical Medical 
Library. His appointment is part of a general reorganiza- 
tion following tho retirement of Dr. E. Ashworth Under- 
wood as director of the Wellcome Historical Medical 
Museum. 

Dr. F. N. L. Poynter joined the staff of the library as 
assistant librarian in 1930 when Sir Henry Wellcome was 
himself director of the Museum and Library. He became 
sub-librarian in 1938, deputy librarian in 1946 and chiof 
librarian in 1954. He received his training as a medical 
historian from the lato Prof. Max Neuburger. In addition 
to his other duties he is socretary-general of the Inter- 
national Academy of the History of Medicine and honorary 
secretary of tho Faculty of the History of Medicine of 
tho Society of Apothecaries. He is the author of a numbor 
of books and more than a hundred papors on the history 
of medicine. 

The Wellcome Historical Medical Museum and the 
Historical Medical Library are housed in the Wellcome 
Building in Euston Road, London. Both are based on 
collections initiated by the late Sir Henry Wellcomo, who 
died in 1936. The Library contains approximately 250,000 
printed books, pamphlets and journals, 10,000 manuscripts 
(of which half are in oriental languages) and 100,000 
autograph letters of medical and scientific interest. The 
Museum contains what is probably the most comprehen- 
sivo collection yet made of scientific instruments and 
antiquities of interest for the History of Medicine. 


As part of the reorganization also, Dr. Edwin Clarke 
has been appointed medical historian to the Museum 
and Library and Mr. J. W. Barber-Lomax is to be admini- 
strative officer and veterinary historian. Dr. Clarke was 
formerly associate professor of the history of medicine in 
Yale University. Mr. Barber-Lomax, who is one of the 
leading veterinary historians in Great Britain, was 
formerly manager of the Professional Services Department, 
Veterinary Division of the Wellcome Foundation, Ltd. 

Mr. E. Gaskell, formerly sub-librarian, has been olectod 
librarian of the Historical Medical Library and Mr. E. 
Freeman sub-librarian. 

Dr. Ashworth Underwood retired from the Wellcome 
Historical Medical Musoum this year after nearly eighteon 
years as its director. Despite the frustrations of space 
restriction, resulting primarily from the War, Dr. Ash- 
worth Underwood was able to keep a representative 
exhibition open for the public and was always striving for 
the proper deployment of the collection so that full use 
could be made of it. Important exhibitions of topical 
subjects were regularly arranged by him during his term 
of office and his great knowledge of the subjoct onabled 
him to give much help to many students of tho history 
of medicine. 

Before his appointment as director of the Historical 
Medical Museum Dr. Ashworth Underwood had beon 
medical officer of health for West Ham and an honorary 
lecturer in the Department of the History of Scionce and 
Philosophy in University College, London. Ho has 
published many papers and books, among them the second 
edition of Singer’s Short History of Medicine. 


BALTHAZAR VAN DER POL GOLD MEDAL FOR SCIENTIFIC RADIO 


Do the general assembly of the International 
Scientific Radio Union (URSI) in Tokyo, September 
1963, an evening was devoted to honouring the memory 
of the late Dr. Balth. van der Pol (1889-1959), who had 
devoted an important part of his numerous activities to 
the growth of URSI, in which he was so keenly inter- 
ested. The occasion was the first presentation of the 
Gold Medal founded by the generosity of Mrs. van der 
Pol in memory of her late husband. In consultation with 
the Board of Officers of URSI, it was decided that the 
Medal was-to be awarded to an outstanding radio scientist 
who, during the three-year period preceding the year of 
each general assembly, has made a valuable contribution 
in one of the fields of activity of the Union either by his 
research work, discoveries or achievements, or by any 
other activity. 

In a volume recently published (June 1964) under the 
title Van der Pol Memorial Lecture 1963, by the Secretary- 
General of URSI (7 Place Emile Danco, Bruxelles, Bel- 
gium), the proceedings at this special meeting are recorded 
in full. After a short opening address by the president, 
Dr. R. L. Smith-Rose, a review of the life and scientific 
work of Balthazar van der Pol was given by Prof. Ch. 
Manneback, treasurer of URSI. 

He recalled that, after graduating at the University of 
Utrecht in 1916, van der Pol went to England, where he 
worked with Prof. (Sir Ambrose) Fleming in the Univer- 
sity of London, and with Prof. (Sir J. J.) Thomson in the 
Cavendish Laboratory, Cambridge. He returned to the 
Netherlands in 1919, and, after obtaining his doctor’s 
degree at Utrecht, he joined the research laboratories of 
the Philips Company at Eindhoven in 1922. He remained 
there until 1949, when he was appointed the first director 


of the International Radio Consultative Committce 
(CCIR) in Geneva. After his retirement in 1956, he was 
visiting professor in the University of California, Berkeley, 
and, in 1958, in. Cornell University, Ithaca. 

Following this exposition at the ceremony in Tokyo, 
the first van der Pol Gold Medal was then presented to 
Prof. Martin Ryle by Mrs. van der Pol in recognition of 
his leadership of the radio astronomy group at the Mullard 
Observatory of the Cavendish Laboratory, Cambridge. 
Remarking on the appropriateness of the award, Mrs. van 
der Pol recalled the period in 1917 during which her late 
husband had worked at the Cavendish Laboratory, where 
he formed a life-long friendship with Dr. (Sir Edward) 
Appleton and other British scientists. The new group 
under Prof. Ryle has made outstanding contributions to 
astronomy, problems of cosmology, and to scientific radio. 
In particular, the Cambridge scientists have developed 
new aerial systems, especially suited to radio astronomical 
research. Following his acceptance of the Medal, Prof. 
Ryle gave a lecture on “Giant Radio Telescopes”, which 
is reproduced with diagrams and photographs in tho 
volume just published. In the course of his lecture, Prof. 
Ryle outlined the two main problems of radio astronomy: 
the limited resolving power obtainable compared with 
optical astronomy; and the extreme wealmess of the 
signals to be received. A brief description was given of 
the design and performance of the three telescopes 
operating on the principle of ‘aperture synthesis’, which 
was developed at Cambridge. Some details wore also 
given of a fourth and considerably more powerful instru- 
ment under construction. 

After the president had thanked Prof. Ryle for his 
lecture, Mrs. van der Pol presented a second Gold Medal 
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to Colonel Ernest Herbays, secretary-general of URSI, in 
recognition of his continuous and devoted service to the 
Union, since 1928. In the volume now published recording 
these proceedings, Colonel Herbays very appropriately 
provided & concluding section outlining the history of 
the Union since the first meeting in 1912 of a few scientists 


CANADIAN SOCIETY OF 


HE 1964 annual meeting of the Canadian Society 

of Plant Physiologists—la Société Canadienne de 
Physiologie Végétale—was recently held in Kingston, 
Ontario. The host institute was Queen's University. 

The proceedings opened, on June 4, with a symposium 
on respiration under the chairmanship of Prof. Dorothy F. 
Forward (University of Toronto) Dr. D. F. Parsons 
(Department of Medieal Biophysies, University of Toronto) 
diseussed his recent investigations of the structure and 
junction of mitochondrial membranes, using a negative 
staining technique for electron microscopy. Two types 
of projecting sub-units were found, one on the outer 
membrane, consisting of 60 A hollow cylinders, and the 
other on the cristæ, consisting of 90 A mushroom-shaped 
structures. The latter structures have been found in a 
wide variety of plant and animal tissues. These sub- 
units are protein, but do not contain cytochromes. There 
is evidence for the presence of a flavoprotein and an 
ATPase. The sub-units may be associated with oxidative 
phosphorylation. 

Dr. W. D. Bonner, jun. (Johnson Research Foundation, 
University of Pennsylvania), presented a paper onelectron 
transport in plant mitochondria. He discussed the large 
number of cytochromes which have been described, and 
the difficulties in their characterization. Two c-typo, 
three b-type and three a-type cytochromes are present in 
the mitochondria of all plant species, regardless of the 
respiratory characteristics. At normal concentrations of 
oxygen, when ADP is limiting (state-4 conditions), 
oxidation by plant mitochondria is not inhibited by 
hydrocyanic acid (HCN) or carbon monoxide (CO). 
However, when ADP is in excess (state-3 conditions), 
HCN + CO reduces the rate to that of state-4. State-4 
rate corresponds to the ‘ground respiration’ of plant 
physiological literature. This is completely inhibited at 
low concentrations of oxygen by HCN and CO; the same 
is true in mitochondria, which show HCN and CO insensi- 
tive respiration (skunk cabbage). Kinetic analysis sug- 
gests that oxygen reacts with two separate oxidases. 
This is supported by optical demonstration of two CO (O,) 
binding pigments. The presence of a second CO-binding 
pigment provides an explanation for both ‘ground respira- 
tion’: and ‘cyanide insensitive respiration’. 

The symposium was completed by a paper by Prof. 
G. Krotkov (Biology Department, Queen’s University) on 
the effect of light on respiration, thus continuing the 
development of the symposium subject from the sub- 
cellular structural level to that of the physiology of the 
whole organism. The question of whether respiration is 
affected by light has in the past been answered by indirect 
means. The techniques used in Dr. Krotkov’s laboratory 
made it possible to show that light and dark respiration 
are two different processes. ‘Photorespiration’, or evolu- 
tion of carbon dioxide in light, involves different pathways 
of metabolism, perhaps utilizing glycollic acid metabolism. 
Corn, & plant of exceptionally high productive ability, has 
no photorespiration, and appears to lack co-factors for 
glycollic acid oxidation. Corn does not ‘waste’ products 
of photosynthesis in respiration while it is illuminated, 
and is thus more efficient than other plants. 

Six half-day sessions (two sessions always running 
concurrently) were devoted to contributed papers. A 
closely knit group of papers on translocation originated 
from the laboratories of the Division of Biosciences, 
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interested in the investigation of the phenomena associated 
with ‘electric waves’. 

The production of this little volume is excellent in 
every way; and it forms & worthy memorial to the 
achievements of URSI and the part played in them by 
the late Dr. B. van der Pol. R. L. Surrg-RosE 


PLANT PHYSIOLOGISTS 


National Research Council, Ottawa, under the direction of 
Dr. P. R. Gorham and Dr. D. C. Mortimer, and from the 
laboratory of Dr. G. Krotkov and Dr. C. D. Nelson at 
Queen's University, the host institute. Dr. Mortimer’s 
results showed that downward translocation of photo- 
synthate occurred at greatly varying rates and intensities 
in different vascular bundles of a leaf, which thus had to 
be analysed separately. The Queen's University group 
showed that translocation of photosynthate is under 
hormonal control, and that there is selective and prefer- 
ential translocation of certain sugars. 

The session on nitrogen included two papers from the 
laboratory of Dr. W. G. Boll (McGill University, Montreal) 
on the ability of ethanolamine to replace vitamin B, 
in the nutrition of excised tomato roots, and on the bio- 
chemical mechanisms associated with this ability. An 
interesting paper from the laboratory of Dr. C. L. Mer 
(Imperial College of Science and Technology, London 
(now visiting at Harvard University)) provided a nutri- 
tive hypothesis for growth responses in oat seedlings which 
precludes the necessity to postulate changes in auxin 
metabolism to aecount for various growth responses to 
changed environment. 

A session on regulators was of general interest, and in- 
cluded papers on light quality and periodicity, on the regu- 
lation of enzyme synthesis, photosynthesis and nucloar acti- 
vity by hormones and on the mode of action of herbicides. 

Two sessions were held on metabolism, covering a 
wide range of research interests. A. growing interest in 
the phenolic substances in plants was evidenced by a 
group of papers from the Halifax, Nova Scotia, laboratories 
of the National Research Council under the direction of 
Dr. A. C. Neish and Dr. G. H. N. Towers. These included 
very interesting work on the pathways of lignin biosynthe- 
sis and the interrelations of soluble and insoluble deriva- 
tives of the many C-C, and C,-C; phenolic acids found in 
plants. Other papers included biosynthetic investigations 
on indoles, carbohydrates, phosphatides, alkaloids and 
chlorophylls. A number of papers were presented on 
various problems in plant metabolism, including organic 
acid metabolism, respiration, frost hardiness, and the 
influence of seasonal or environmental factors on plant 
metabolism. 

A. session was held on cell biology, which included 
cytological and cyto-physiological investigations on tissue 
cultures of Jerusalem artichoke and oat coleoptiles, 
originating from the Carleton University, Ottawa, labora- 
tories of Dr. G. Setterfield and Dr. F. Wightman. It was 
shown that a number of synthetic auxins which promote 
cell expansion also promote cell division. Papers were 
presented on control mechanisms of amino-acid synthesis, 
on chloroplast bleaching in Euglena, and on histochemical 
tests. Dr. Nelson’s group from Queen’s University pre- 
sented work on the offect of auxin in controlling cellular 
permeability, and on the electro-osmotic transport of 
sugars labelled with carbon-14 in Nitella cells. 

The non-scientific event of outstanding significance 
at the meetings was the holding of a banquet in honour 
of Prof. D. L. Bailey (Botany Department, University of 
Toronto). Dr. Bailey is retiring from the editorship of 
the Canadian Journal of Botany, the official journal of 
the Society, after a number of years of outstanding service 
in which he has maintained the Journal at the highest 
possible standard. Special guests at the banquet included 
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Dr. Leo Marion editor-in-chief of the Canadian Research 
Journals, and Dr. Pauline Snure, manager of the editorial 
office. 

At the busincss meeting it was decided that next yoar’s 
annual meeting will be held in early June at the University 
of New Brunswick, Fredericton, New Brunswick. Dr. G. 
Setterfield (Carleton University, Ottawa) was elected 
president of the Society, Dr. A. R. A. Taylor (University of 
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New Brunswick) was elected vice-president, and Dr. 
R. G. S. Bidwell (University of Toronto) was re-elected 
secretary—treasurer. Other officers of the Society are 
Dr. M. Shaw (University of Saskatchewan) (past presi- 
dent), Dr. M. Cailloux (Université de Montréal) (eastern 
director) and Dr. Mary Spencer (University of Alberta! 


(western director). 
R. Q. 8. BIDWELL 


vA 
UNIVERSITY LIBRARY SERVICES 


MEMORANDUM outlining the responsibilities and 
functions of university libraries has been submitted 
by the librarians of Britain’s new universities to the Com- 
mittee on Libraries of the University Grants Committee. 
It sets forth, first, the function of the university library ; 
next, the level and scope of acquisitions; the need for 
undergraduate provision; and then discusses problems 
of building and accommodation and of library co-operation. 
The memorandum begins by insisting that the first 
function of a university library is to support the teaching 
and research of the institution it serves, but that it also 
has a duty to the community of learning at large and 
access to its resources should be available to all serious 
students who need to consult them. As research grows 
and a larger proportion of the population receives a 
higher education, such extra-mural activities are likely 
to grow in importance, The memorandum insists 
that librarians must play a much more positive part in 
exploiting the books in their libraries, both by information 
work and by giving instruction and guidance to students 
and research workers. Dealing with the level and scope 
of acquisitions, it indicates the magnitude and urgency 
of the situation confronting the new university librarians, 
and the acquisition of books and periodicals is seen as 
still the most important task which the university library 
must perform. 

The library provision varies widely among the existing 
universities m Britain, and the inequality has increased 
rather than diminished since 1945. Only Cambridge, 
Oxford and London provide really comprehensive collec- 
tions for research in Britain, although in the United States 
several university libraries have doubled or more than 
doubled their size since 1945. The rise in income of 
British university libraries during the past 15 years has 
been almost totally absorbed by the increase in publishing 
and the steady rise in prices. The memorandum suggests 
that the new universities should aim at collecting 250,000 
volumes apiece during their first ten years, excludmg 
multiple copies of undergraduate texts. Substantial 
capital grants will be required. The minimum cost of 
provision of periodicals in mathematical, physical, 
chemical and biological sciences may approach some 
£10,000 a year, although two-thirds of Britain’s present 
universities spend Jess than this figure on periodicals 
and one-third spend less than £5,000. 

The need for the student to have the use of a compre- 
hensive library is emphasized by the memorandum, and 
it is pointed out that multiple provision of text-books 
makes possible a better lending service while provision 
of a reference copy ensures that both students and other 
users of the library can usually obtain access to certain 
books. The setting-up of separate undergraduate 
libraries in new universities is not favoured, but it is 
suggested that duplication of minimum book needs for 
each undergraduate course should be on, a scale depending 
on the number of students involved. Funds available 
to university libraries, at least outside Oxford and 
Cambridge, are quite inadequate to provide multiple 
copies on the scale necessary, and students in some subjects 
cannot reasonably be expected to provide themselves 
with more than a small number of the many books 


they will need to consult in the course of three years. 
Grants are therefore needed for multiple book provision. 

On buildings and accommodation, the memorandum 
points out that the new universities are in 8 position to 
take immediate advantage of the developments in uni- 
versity planning, particularly in the United States, 
since the Second World War and of recent developments 
in fast building techniques. University teaching methods 
will influence planning and the typical new library is 
likely to be designed on a flexible plan, with large open 
floors in which readers are placed close to blocks of 
bookshelves grouped according to subject. More generous 
space allowances are required and variety of provision 
for readers is essential. Some experiments in extended 
hours of opening are already being made. On co-operative 
storage and technical developments, the memorandum 
affirms the intention of the new universities to build up 
their libraries on the principle that the university library 
must possess within its own walls copies of almost every- 
thing required by its members for the promotion of their 
studies and the advancement of learning. However, 
it is believed that a proper policy for the withdrawal of 
obsolescent material should also be admitted. A national 
co-operative scheme now ensures that a copy of every 
recent worth-while British book is availeble for loan 
somewhere, but the universities still need to buy their 
own copies to cover their own requirements, and the 
possible advantages of a co-operative approach are 
regarded as worthy of investigation. Some advantage 
might accrue in the acquisition of periodicals from the 
co-operative coverage of all new titles of academic interest. 
The reductions available when a number of libraries 
purchase specially reproduced copies of out-of-print 
books are large enough to justify an attempt to set up 
a co-operative non-profit-making organization scheme. 
Any scheme for co-operative storage must provide for 
bibliographical care and maintenance so thet material 
is available quickly when needed. The most immediate 
help in co-operative work that could be given is the pro- 
vision of more funds for the important comprehensive 
catalogues, in particular, the national catalogues in the 
National Central Library. It is submitted in the memor- 
andum that there is a strong case for amending the 
copyright regulations in the interests of efficiency and 
economy in learned institutions so as to facilitate the 
reproduction of copies from telefacsimiles and the request 
of photocopies by “Telex’. There are difficulties in 
acquisition and in the use of microforms which militate 
against any substantial savings for libraries. However. 
the amount of bulky and little-used material kept in 
microform is likely to increase and to offer some economy 
in storage costs. More information is needed on many 
aspects of library organization, and none of the existing 
organizations is capable of undertaking this work. The 
memorandum suggests that there is scope for a small 
library development agency, the staff of which might 
both collect information and assist the co-operation of 
academic libraries. 

Copies of the memorandum can be obtained from Mr, 
P. E. Tucker, librarian, the University of Warwick, 
Coventry, Warwicks. 
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RESEARCH IN TEXTILES, COLOUR CHEMISTRY AND DYEING 


HE eighty-ninth report to the Worshipful Company 

of Clothworkers of the City of London of the Ad- 
visory Committee on the Departments of Textile Industries 
and Colour Chemistry and Dyeing in the University 
of Leeds * covers the session 1962-63. During the session 
there were 400 students in the Department of Textile 
Industries, of whom 96 were graduates reading for 
higher degrees or diplomas, compared with 12-5 per 
cent such students for the University as a whole. Twenty- 
eight students were awarded Bachelor degrees and 27 
gained diplomas. 

In textile physics, a method was devised for determining 
the contribution of the relevant molecular configuration 
to the overall crystallinity from the dimensional change 
of the microfibrils measured in electron micrographs 
of the transverse sections of wool fibres: the results 
confirmed the view that an intermediate molecular 
phase was involved in the «-ß transformation. Work 
in textile chemistry during the session was concerned 
with attempts to devise methods for the continuous 
curling of worsted and mohair yarn, for lustring all- 
wool fabrics, and for imparting permanent creases and 
pleats to all-wool fabrics under ‘simpler conditions. 
Work was also continued on the prevention of heat 
discoloration of wool textiles, and the properties of the 
by-products of the fleece were further examined. The 
fundamental investigation of traveller burning: was 
extended and a complete analysis made of the position 
of the traveller during flight. A novel method of cleaning 
wool which might eliminate the card and produce wool 
of much more even fibre length is being examined. An 
extensive programme of work to explain the mechanical 


* Report to the Worshipful Company of Clothworkers of the City of 
London of the Advisory Committee on the Departments of Textile Industries 
and Colour Chemistry and Dyeing in the University of Leeds for the Session 
1962-03, Pp. 54. (Leeds: The University, 1964.) ; 


behaviour of cloths in terms of yarn properties and cloth 


geometry yielded some useful results. ln textile 
technology the effect of the arc of contact in a carding 
machine on the efficiency of the carding process was 
investigated, and, in worsted spinning, attention was 
directed to the drawing and spinning of coloured tops. 
An investigation was completed in the production and 
properties of nylon and “Terylene’, false-twist mixture 
yarns. Work in textile finishing covered the chemistry 
and practice of textile processing with particular attention 
to the flame-proofing of textiles and the reactivity and 
properties of nylon- and wool-setting operations. 

In the Department of Colour Chemistry and Dyeing, 
there were 42 undergraduates during the eighty-fourth 
session and 14 graduates working for research degrees. 

In research, & preliminary study of the mechanism 
and formation of dioxazine dyes was completed and the 
reactions of 9,10-benzomeso-benzanthrone with nucleo- 
philic reagents were examined, as well as the acetylation 
of 1,1-dinaphthyl and perylene. 

Research continued on the measurement of the vapour 
pressure of disperse dye crystals, and investigations were 
made of the behaviour of dispersed dye particles in the dye 
bath, of the ring dyeing of circular filaments of nylon, 
‘Terylene’ and ‘Courtelle’, and of the important technical 
process of rosination in the manufacture of azo pigments. 
Investigations of the treatment of wool in various media 
on its load-extension and setting characteristics were 
completed, as well as others on the solvent-assisted dyemg 
of nylon 66. An investigation into factors influencing 
the strength of the dye fibre bond formed by react- 
ing halogeno triazinyl dyes and cellulose was com- 
menced. 

Lists of departmental publications during the year are 
appended to both departmental reports. € 


THE ZOOLOGICAL SOCIETY OF LONDON 


[ HE 135th annual report of the Council of the Zoologi- 

cal Society of London* shows that, at the end of 
1963, there were 3,526 Fellows and 1,448 Associates. 
Although public attendances at the Society’s Zoological 
Gardens improved a little in the year, the 1963 figure was 
still some 65,000 below the average of the previous seven 
years. This recovery did not extend to Whipsnade, where 
attendances, at 616,000, were below even the 1962 level. 
Since the Society must rely on substantial annual 
surpluses, and since the bulk of income must still come 
from the public, the Council has commissioned a firm of 
consultants to report on the Society’s revenue-earning 
activitios and to suggest ways by which they can be 
improved. 

To further its policy that zoos should, wherever possible, 
take positive action to ensure the survival of endangered 
species, the Council sent the female Arabian oryx, which 
has been in the collection since 1958, on loan to the 
Phoenix Zoo, Arizona, where a breeding herd of captive 


oryxes was being established. This herd consists of two’ 


adult male and three adult female oryxes, two males 
and one female having been captured by the expedition 
sent to the Aden Protectorate by the Fauna Preservation 


*Annual Report of the Zoological Society of London, 1962. 
11 plates. (London: The Zoological Society of London, 1964.) 


Pp. 51+ 


Society and another female presented by H. E. Sheikh 
Jabir Abdullah Al Sabah of Kuwait. The first offspring, 
a male, was born at Phoenix Zoo in October. 

There have been several rare births in the Gardens 
during the year. From the point of view of conservation, 
probably the most important birth was that of a second 
orang-utan to.the breeding pair at Regent’s Park, ‘Toli’ 
and ‘Charlie’. This young male is being successfully 
reared by its mother, while its elder sister (born in 1961) 
continues to thrive with a chimpanzee as a companion. 
During 1963, the upper section of the stables in the 
Children’s Zoo at Regent’s Park was completely remodelled 
as a small pilot experiment for the nocturnal section of the 
new Small Mammal House. Here small nocturnal mam- 
mals are being kept under various lighting conditions 
in an attempt to find out the best way of reversing their 
daily rhythm. The tests have already proved successful 
and, when they are completed, the building will be opened 
as a temporary display until the completion of the new 
Small Mammal House. Animals housed there include 
bush-babies, lorises, pottos, douroucoulis, mouse lemurs 
and giant flying squirrels. 

The report contains some outstanding photographs 
recording the births of various animals at Regent’s Park 
and Whipsnade. 
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' EXCITATION OF CEREBELLAR PURKINJE CELLS BY THE CLIMBING FIBRES 


By Six JOHN ECCLES, 
Department of Physiology, 


E 1888 Cajal (ref. 1) discovored & most remarkable 
synaptic structure in which single afferent fibres were 
uniquely related to single Purkinje cells by synaptic con- 
tacts of extraordinary extent and intimacy. As illustrated 
in Fig. LA, each so-called climbing fibre (CF) traverses 
the granular layer of the cerebellar cortex up to the soma 
of a Purkinje cell (P) and enters into close contact with 
the trunk of the dendritic tree at its origin from the soma, 
thereafter branching profusely so that the primary and 
secondary dendritic branches are entwined by climbing 
fibrils. There are descriptions of climbing fibres that 
branch to entwine dendrites of two or even more Purkinje 
cells?; nevertheless in the great majority there is the 
one-to-one relationship described by Cajal?. With the 
electron microscope? it can be seen that, as the climbing 
fibre twines round the first and second order dendrites 
of a Purkinje cell, it makes numerous synaptic contacts 
that have the features of Gray type 1. These contacts 
are with the dendritic shafts and not with dendritic 
spines, which invariably aro the sites for the synapses 
(also Gray type 1) made by the parallel fibres*-’. 

The origin of the climbing fibres was controversial 
until careful degenerative investigations? showed that the 
great majority arose from the inferior olivary nucleus 
in the medulla, which is unique in that it does not con- 
tribute at all to the only other type of cerebellar afferent 
fibre, the so-called mossy fibres (Fig. LA, MF). Experi- 
mentally, therefore, it should be possible to stimulate 
climbing fibres selectively by means of an electrode 
inserted into the inferior olive. Dow? and Jansen!? 
found that stimulation of the inferior olive produced a 
complex potential change (often. positive-negative) in 
most areas of the cerebellar cortex, especially contra- 
laterally, and the sensitivity to anoxia indicated the 
synaptic generation of this potential. It will here be 
shown that the potentials synaptically generated in 
Purkinje cells by stimulation of the inferior olive have 
precisely the characteristics that would be expected 
for the synaptic action of impulses in climbing fibres. 

Fig. 1A illustrates diagrammatically the experimental 
arrangements which in general resemble those already 
deseribed!. In a small segment of the anterior lobe of 
the cerebellar vermis there are indicated several somata 
of Purkinje cells, only one (P) being shown with dendrites 
and the associated climbing fibre (CF). Antidromic 


stimulation of the Purkinje cell was effected by means : 


of a concentric needle electrode (ANT. STIM.) in the 
white matter adjacent to the fastigial nucleus, but, as 
indicated, such stimulation would also be likely to excite 
climbing fibres (CF) and mossy fibres (MF) as well as 
Purkinje cell axons (PA). By contrast the other con- 
centric electrode (I.0. STIM.) in the inferior olivary 
nucleus should excite only climbing fibres. A surface bipolar 
electrode (LOC. STIM.) was used for local stimul- 
ation of the parallel fibres, which are the axons of granule 
cells (G). The insertion of the potassium citrate-filled 
microelectrode (about 10 MQ) is indicated. The animals 
(cats) were anssthetized by pentobarbital sodium and 
paralysed, by *Flaxedil. Conventional procedures were 
used in order to control the movements of the cere- 
bellum: pneumothorax with artificial ventilation, and 
coverage of the exposed cerebellar cortex by an agar 

el. 

In Fig. 1B the very 
(positive-negative with 
stimulation through the 


early diphasie spike potential 
0-6 msec latency) evoked by 
ANT. electrode shows that the 


F.R.S., R. LLINAS and K. SASAKI 


Australian National University, Canberra 


microelectrode was in very close proximity to a Purkinje 
cell responding antidromically to this stimulus. The 
second spike (about 3 msec latency) would be evoked 
synaptically, presumably by the following pathway: 
the mossy fibres stimulated as they pass by the ANT. 
electrode, thence to the granule cells and their parallel 
fibres, and so to the Purkinje cells. Correspondingly, 
in the initial response of Fig. 1G, direct stimulation of 
the parallel fibres (LOC. STIM. in Fig. 1A) evoked & 
spike potential with a latency of almost 4 msec. In 
C the stimulus to the inferior olive (I.O.) was just at 
threshold for evoking & response of this same Purkinje 
cell, there being three superimposed traces, one below 
threshold and two above that each evoked 4 or 5 spike 
potentials, the traces of the first two spikes being supor- 
imposed. ‘The details of this complex spike response 
are better seen in the single trace of D. The latency of 
the first spike was about 11 msec and there was & con- 
siderable diminution in the size of the later spikes, which 
presumably is attributable to the maintained depolar- 
ization of the cell. Further increase in the I.O. stimul- 
ation did not cause any addition to the response in C 
and D, which was thus strictly all-or-nothing. Since 
stimulation of parallel fibres produces a very large in- 
hibitory postsynaptic potential (IPSP) via basket cells", 
it would be expected to inhibit the response evoked by 
the J.O. stimulation, as is illustrated in Fig. 1E-G. 
However, the first spike could not be suppressed even 
at the optimal interval of about 10 msec (E) after the 
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Fig. 1. A, diagram of experimental arrangement as described in text; 

B-G are extracellular recordings from a single Purkinje cell of responses 

set up by stimuli applied through the electrodes indicated in A: ANT., 

I.O. and LOC. Note faster swee; speed of B and higher amplification 
of GC. Arrows mark times of LOC. and later I.O. stimuli in E-G 
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spike potentials. 


evoked by a sligbtiy weaker stimulus. 
stimulation at the shortest effective interval. 


stimulation alone 


local (L) stimulation, which shows how powerful is the 
excitatory action from the inferior olive. Progressive 
recovery is seen at longer intervals (F, G), but full recovery 
did not occur until at least 100 msec after the L stimulus, 
which corresponds to the duration of the IPSP recorded 
intracellularly. It can be concluded that in Fig. 10-G 
the stimulation of a single fibre in the inferior olive resulted 
in an extremely powerful synaptic excitation of that 
Purkinje cell. Similar observations have been made on 
the large number of Purkinje cells that were activated 
by an 1.0. stimulation. 

Intracellular recording (Fig. 2) gives further information 
on the extraordinary power of synaptic depolarization 
that is always exerted by a single impulso from the 
inferior olive. In Fig. 2D stimulation of the parallel 
fibres (L stimulus) typically evoked a single spike dis- 
charge (latency 3-2 msec) followed by the prolonged 
hyperpolarization of the IPSP. With 1.0. stimulation 
(C) there was an initial spike (latency 5-8 msec) followed 
by two large slow depolarizing waves, a response that 
was almost exactly reproduced in four successive tests, 
and was also observed as a spontaneous response. Fig. 2B 
also shows that a similar responso was produced by stimul- 
ation through the ANT. electrode, but with a briefer 
latency (47 msec). Evidently this electrode was un- 
favourably placed for stimulating the axon of the im- 
paled Purkinje cell, which was affected solely by the 
excitation of the same fibre that was excited by the 7.0. 
stimulus. The ANT. electrode wes more favourably 
placed in another experiment (Fig. 24), where the initial 
antidromic spike potential (latency 0-7 msec) was followed 
3-1 msec later by a spike potential and the subsequent 
complex depolarizing potential resembling that of Fig. 2B. 

That the ANT. stimulus can synaptically excite a 
Purkinje coll by setting up an impulse in & nerve fibre 
from the inferior olive is shown in the series of Fig. 
2F-G from another Purkinje cell that was so depolarized 
by the microelectrode impalement that no spike potentials 
could be generated. In E the I.O. stimulation is seen to 
generate in an all-or-nothing manner a depolarization 
(EPSP) in the Purkinje cell with a latency of 4-1 msec. 
A similar all-or-nothing EPSP, but with a latency of 
1-9 msec, was generated by the ANT. stimulus. In 
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Intracellular recordings from three Purkinje cells. In two, A and B-D, the 
membrane potential was —60 mV and the spike potentials 50-60 mV. A and B are 
responses to ANT. stimulation, C to 7.0. and D to OC. stimulation. Allareatthesame 
amplification, and B-D at same sweep speed. The other cell (E-I) had such a low mem- 
brane potential, declining from — 40 mV, that there were only ZPSP's uncom licated by 
E was at higher amplification and faster sweep than ¥—J, and illustrates 
the all-or-nothing character of the EPSP, the two lower traces with zero response being 
F is the double EPSP evoked by double J.0. 
In G similarly there is the double EPSP 
responso at the shortest ANT.-I.0, stimulus interval, there being failure of the second 
stimulus at a very slightly shorter interval (I) I shows control EPSP to 1.0. 
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G-H the ANT. stimulus preceded the I.0 
10. stimulus and the least stimulus interval a 
which the latter stimulus evoked an EPSE 
was 3-2 msec (G), whereas with two I.O 
stimuli the least stimulus interval was l. 
msec (F). It can be concluded that bot] 
stimuli were exciting the same nerve fibr 
and that the propagation time to the inferio 
olive of the impulse evoked by the ANT 
stimulus was 2-1 msec (3:2-1:1), which is i 
good agreemont with the propagation tim 
jn the reverse direction, 2-2 msec (4:1-1°9) 
that is given by the latency differential fo 
the I.0.- and ANT.-evoked E PSP's. Simila 
experimental tests have been applied t 
many other cases where the ANT. and I.C 
stimul evoked the same responses of . 
to. Purkinje eell, and always there were corr 
parable results. From the conduction time 
so measured for the impulse propagatior 
mean conduction velocities of sepproxim 
ately 10-15 m/sec have been calculatec 
which is in good agreement with the dis 
meter of rather less than 3p that is observe 
for the majority of olivo-cerebellar fibres 

It can be concluded that fibres excite 
in the inferior olive have a very powerft 
synaptic excitatory action on single Pw 
kinje cells, exactly as would be expecte 
for the massive synaptic relationship ot 
served histologically for the climbin 
fibre, which is in special agreement wit 
Szentágothai and Rajkovits®. Furthermore, this actio 
has the expected uniquoness in that we have so far neve 
observed evidence of convergence of two such fibres on t 
& Purkinje cell. The extracellular records of Fig. 1C— 
show the intense repetitive discharge that an impuls 
in a climbing fibre evokes from a normal Purkinje cel 
so much so that it cannot be completely suppressed eve 
by the powerful inhibition produced by basket cells* 
In Fig. 24-0 the depolarizing waves after the first spil 
probably are caused in part by electrotonic spread fro: 
spikes generated in the Purkinje cell dendrites th: 
failed to propagate into the soma, presumably because : 
its excessive depolarization, but impulses generated : 
the initial segment (IS) of the axon would also contribut 
For example, the second spike potential in Fig. 1 
probably is an IS spike. 

Responses resembling those of Fig. 2.4, B were observe 
by Granit and Phillips! also in response to juxt 
fastigial stimulation and were called by them *ingetivatic 
responses’ because of the suppression of spike generati 
by the depolarization, just as in Fig. 24, B. Spontaneo 
inactivation responses were also observed by them. V 
would attribute all these responses to the very powerf 
synaptic excitatory actions of impulses in the climb 
fibres because they can be duplicated by stimuli appli 
to the inferior olive. It can be predicted that this ve 
specific and powerful activation of Purkinje cells has 
most significant function in the co-ordination 
muscles. 

1 Cajal, S. R., Histologic du système nerveux de VHomme et des Vertébréi 
(Paris: A. Maloine, 1011). 
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RECOVERY FOLLOWING X-IRRADIATION OF SYNCHRONIZED 
CHINESE HAMSTER CELLS 


By Dr. W. K. SINCLAIR and R. A. MORTON 


Division of Biological and Medical Research, Argonne National Laboratory, Argonne, Illinois 


N implication of the shape of threshold-type radiation 
survival curves (called “Type C" by Gunter and 
Kohn!) is that damage must be accumulated before the 
cell is killed. Elkind and Sutton? used fractionated doses 
of X-radiation to investigate the heritability of this 
accumulated damage among surviving cells. They found 
their results to be consistent with repair of sub-lethal 
damage before the first division after exposure. Similar 
observations have been reported in other mammalian cell 
lines?:4, in in vivo mammalian investigations*:* and also in 
plant cells’. The phenomenon is, therefore, rather 
general and may, in fact, always exist whenever thresholds 
or shoulders occur in survival curves. 

The interpretation of the kinetics of the recovery procoss 
is complicated when asynchronous populations of cells are 
used. It has recently been shown by several investigators 
that the X-radiation sensitivity of mammalian cells varies 
with age of the cell’, that is, with time in the cell cycle 
from one division to the next®-*; consequently, after an 
asynchronous population is exposed to X-rays, the age- 
‘density distribution® of survivors is different from that of 
an unirradiated exponentially growing population. Subse- 
quent progression of surviving cells through different 
sensitivity states leads to changes in the response to a 
second or test dose which may obscure the effects of a 
repair process, or possibly even give the appearance of 
such a repair process when none exists. Kallman has 
described a model in which variations in sensitivity with 
cell age are responsible for oscillations in the form of the 
response of asynchronous cells to two separated X-ray 
doses and in which no intracellular repair process is 
invoked. Although various arguments and some recent 
experimental evidence by Elkind and others!*:!5 and by 
Berry and Olivert! support the hypothesis of intracellular 
repair, the fact is that under normal conditions, only when 
the exponential age-density distribution is restored can the 
recovery or repair process be investigated free of the 
effects of cell progression through different sensitivity 
states. The interpretation of the response of surviving 
cells in the transient period following a first exposure is 
further complicated by our own observation!?»1* that, in 
Chinese hamster cells, variations in X-ray sensitivity with 
cell age are mainly due to alterations in the threshold 
region of the survival curve, that is, that part of the dose- 
effect curve intimately concerned with sub-lethal damage. 
We have attempted to clarify the process of repair of 
sub-lethal damage by studying the responses of synchron- 
ized populations of Chinese hamster cells to two doses 
separated by various time intervals. 

Chinese hamster cells derived from the V79 clone and 
grown in vitro have been synchronized by a selection 
procedure involving a brief cold shock, re-incubation at 
37° O for a period and then controlled agitation under 
gentle trypsinization”. Cells at or near mitosis are ob- 
tained. On subsequent recultivation, the cells form 
l or 2 cell ‘colonies’ during the first cycle of synchronous 
growth. By various tests, which include mitotic index, 
cell-size distributions, growth and pulse labelling with 
tritiated thymidine, these populations have been shown to 
be quite well synchronized!s. 

The response of these cells after à single X-ray dose has 
been discussed in earlier reports! and was obtained by 
exposing gynehronized cells incubated for different lengths 


of time at 37? C to a given dose of X-rays from a General 
Electric Maxitron machine 250 kVp, 0-9 mm copper half- 
value layer, at an exposure rate of 110 r./min (absorbed 
dose = 0:945 rad/r.. The fractionated exposures were 
conducted by removing an entire set of plates at & given 
time after re-incubation (during the first cycle) and. expos- 
ing to the first dose. The plates were then restored to the 
incubator and removed at intervals thereafter to receive 
the second dose. Final incubation for 10-12 days results in 
visible colonies, each representing a survivor. For each 
exposure, the plates were out of the incubator (that is. at 
~ 25° C) for about 15-30 min. This length of time at room 
temperature may have a small effect on survival, but the 
degree of synchrony, as judged by plates pulse-labelled 
with tritiated thymidine after exposure (Fig. 2), is sub- 
stantially unaffected. 

Recovery of S Phase Cells. Fig. 1 shows the survival 
following a single dose of 660 rads at various times (curve 
1A), 1,320 rads at these times (curve 1B) and & two-dose 
response for 660 rads delivered at 10 h (when most of the 
cells are in the S phase) followed by a further 660 rads at 
intervals thereafter (curve 1C). The survival after two 
separated doses of 660 rads (Fig. 1C) quickly rises above 
that for the same total single dose, 1,320 rads (Fig. 15). as 
the interval between the two doses increases. (The first 
point on Fig. 1C should lie exactly on Fig. 1B; it is slightly 
below only because the two sets of plates were not handled 
exactly alike.) Since cells of age 10 h in this population 
(Fig. 1A and 1B) are near their maximum resistance and 
moving toward a more sensitive state, the first increase in 
Fig. 1C can only be the result of recovery from the first 
dose. Beyond the first maximum, the survival after the 
fractionated dose (Fig. 1C) follows a very similar pattern 
to that after the same single total dose (Fig. 1B) but 
displaced toward later times (by about 2-5-4 h) and higher 
survival levels. The higher survival level indicates 
that the recovery is permanent and not transient in 
character. 

Degree of Recovery in S Phase Cells. In the same experi- 
ment, cells were pulse-labelled with tritiated thymidine 
(15 min, 0-4 uc./ml., 3 c.[mM). Fig. 24 shows that at 10h 
80 per cent of the cells were still synthesizing DNA. Since 
S cells are quite resistant (Fig. 1A and 1B)"18 after the 
first dose (of a two-dose pair) given at 10 h, most of the 
survivors will be S phase cells. Thus the response to two 
doses shown in Fig. 1C is for primarily S phase cells. Fig. 
2B shows the percentage of cells labelled versus time for a 
population given 660 rads at 10 h, but since only 20 per 
cent of single cells would survive this dose (Fig. 14 and 
equation (1)) this curve refers mainly to non-colony form- 
ing cells. However, Fig. 2B indicates that the irradiated 
population retains most of its synchrony. The principal 
effect of the exposure was a delay of about 2-5-4 h, depend- 
ing on where the two curves wore compared. This is con- 
sistent with the delay observed in the survival data of 
Fig. 1 (compare curves 1B and 1C) which is to be expocted 
if the rate of progression of survivors and non-survivors is 
the same!*. 

The increase in survival after two separated doses 
(Fig. IC) may be evaluated quantitatively by comparing 
the response to the second dose of first-dose survivors. 
with the response of single, unirradiated cells. Such a 
comparison is possible, if, as we have seen, cells after a 
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Fig.1. Colony survival of synchronized hamster cells after 660 rads at 

intervals of time after incubation (curve A), 1,320 rads at intervals 

(curve B), and 660 rads at 10 h followed by 660 rads at further intervals 

(curve C). The first generation cycle ends, at about 15 h and the second 
at abou 
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Fig. 2. Percentage of cells labelled with a pulse of tritiated thymidine 

(0-4 uc./ml. for 15 min) against time after incubation of the synchronized 

population. Unirradiated solie (curve. p^ cells after 660 rads at 10 h 
curve . 


first dose are still quite well synchronized and if the 
initial distribution of cells per colony is known. In 
Fig. 34, the average number of cells per colony for this 
experiment, N(t), is shown as a function of time. The 
single cell survival, S(t), after 660 rads, shown in Fig. 44, 
is then found from the colony survival after 660 rads, 
ft), (Fig. LA) by means of the following equation’: 


SQ) =1-[1-f@p oO (1) 
Values of f(t) were taken from Fig. 1A. 
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Strictly speaking, N(t) should be that for viable cells 
only, and because the plating efficiency of these cells is 
not 100 per cent, N(t) shown in Fig. 3A includes both 
viable and inviable cells. The error in using the observed 
values for N(t) is not large, however, and has been dis- 
cussed elsewhere!?. The effect of a second 660 rads on 
survivors of a first dose of 660 rads at 10 h was found as 
follows. The observed colony survival after two doses, 
Fig. 1C, was divided by the fraction of colonies surviving 
a single dose of 660 rads at 10 h (~ 0-40 in this case, Fig. 
lA). This gave the fractional survival to the second dose 
as a function of the time-interval between doses. Unfor- 
tunately, the survivors were not quite single cells, even 
initially, but the average multiplicity Ñs of these survivors 
was calculated using equation (2) for Ñs at 10 h: 


S (10h). (10h). Ny 


Ñ. (10h) = f (0h). Ne (2) 


where N,- total colonies that would form on an unirradi- 
ated plate. N, is constant, but in any event it cancels. 
N(t) at any later time t may then be plotted as in Fig. 3B 
assuming that N;(t) follows a pattern just like that of N(t) 
but displaced from it by 2-8 h (Figs. 1 and 2). Equation 1 
with W,(t) substituted for N(i) was then used to calculate 
the single-cell survival after the second 660 rads (Fig. 4B). 
To summarize, Fig. 4A represents the single-cell survival 
after 660 rads as a function of cell age throughout 2:5 
division cycles. Fig. 4B represents the survival after a 
second dose of 660 rads, for single-cell survivors given a 
first dose of 660 rads at 10h. It may be seen from Fig. 4 
that: (1) desynchronization of the population with time is 
evident in both curves; (2) the initial increase in the 
response to a second dose with time (Figs. 1C and 4B) is 
consistent with repair ofsub-lethaldamage; (3).concurrent 
with this repair, the survivors after 660 rads progress 


Observed cells per colony V(t) 


A. Unirrodiated Cells 


Estimated cells per colony JNs(!) 


B. Survivors of 660rod ot lOhr 





0 10 20 30 
Time (h) 
Fig.3. Cells per colony observed by counting stained unirradiated cells 


(curve A). Cells per colony estimated for the survivors of 660 rads at 
10 h (curve B) (see text) 
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to 660 rads. Curve A, previously unirradiated cells; curve B, cells 


which survived a preliminary 660 rads at 10 h 


through the cycle with a gradually increasing delay (that 
is, a decrease in rate); (4) apart from delay, Fig. 4B 
exhibits a pattern so similar to Fig. 4A after the first 
division that we conclude repair is complete, that is, the 
response of survivors to the first dose appears eventually 
to be just like that of unirradiated cells, at least at these 
dose-levels. 

Recovery of Cells not in the S Phase. The foregoing 
results indicate that cells in the S phase are capable of 
complete sub-lethal repair, in so far as colony formation is 
concerned, within a relatively short time. It is possible, 
however, that the recovery process may be age dependent, 
that is, cells in the pre-DNA synthetic period G, or post- 
DNA synthetic period G, may not be able to repair sub- 
lethal damage as effectively or perhaps not at all. There 
are several reasons why these phases are much more 
difficult to investigate. First, if the amount of sub-lethal 
damage is indicated by the magnitude of the shoulder, the 
effect one might hope to see is smaller because G, and G, 
cells have survival curves with much smaller shoulders 
than do S cells!?#®, Secondly, our synchronized cell 
population is never entirely free of some S cells at any cell 
age. For example, at 1-2 h in G, we may have about 
5-10 per cent (Fig. 2) of the cells synthesizing DNA 
(perhaps because some cells have an extremely short G, or 
perhaps because the labelled cells represent a small frac- 
tion of non-synchronized interphase cells). Since cells in S 
are more resistant, their percentage is increased in the 
survivors of the first dose and recovery among these S 
cells can obscure the smaller recovery to be expected in the 
remaining G, cells. This situation is accentuated in Ge 
where the fraction of cells still in S is higher. Thirdly, G, 
cells are progressing toward a state of greater resistance 
and thus a rise in survival due to recovery is less easy to 
distinguish. Cell progression operates more in our favour 
for G, cells, however. For these reasons, two-dose studies 
in Chinese hamster cells of the type described here yield 
information primarily about the most resistant component 
(that is, cells in S). 

Response of an Asynchronous Population. In spite of 
these limitations concerning the specificity of recovery as 
a function of cell phase (G, G, or S), the two-dose response 
at different times in the synchronous population may 
represent an appropriate average for the purpose of 
analysing the response of asynchronous cells. Fraction- 
ation experiments at various cell ages in the synchronized 
population may, therefore, provide useful information 
concerning the form of the response to be expected for 
asynchronous cell populations. 

A two-dose experiment was conducted in which first 
doses of 660 rads were delivered at 2-5 h, 7-0 h, 10-6 h, and 
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Fig. 5. The response of an asynchronous population of single cells to 
two doses of 660 rads separated by different time intervals. Curve A, 
estimated from the sum of four components I, II, MI and IV receiving 
first doses at different cell ages, 2-5 h, 7-0 h, 10-6 h and 13:0 h, respec- 
tively. Curve B, experimental data for an asynchronous population 
exposed to 730 rads +730 rads. Curve B had the same survival-level as 
curve A at the peak response, that is, at an interval of about 2:5 h 
between doses 


13:0 h followed by second doses of 660 rads at intervals 
of up to 20 h after the first dose. Other samples were 
exposed to single doses of 660 rads and 1,320 rads, respec- 
tively. An initial rise in the two-dose response (similar to 
that shown in Fig. 1C) occurred at all four cell ages but was 
greatest (as expected) for 7-0 h and 10-6 h cells. The data 
obtained were used to construct the response to be expec- 
ted from an asynchronous population. The calculation, 
in outline, was as follows: 

After an asynchronous log-phase population is exposed. 
to a first dose of 660 rads, the age distribution of survivors 
was found by multiplying the age-response of single cells 
after 660 rads (for example, Fig. 44) by the appropriate 
age-density distribution®®. The curve obtained for the 
first-generation cycle was divided into four regions (I, 
0-5 h; II, 5-9 h; LIT, 9-12-5h; IV, 12-5-16 h) and the area, 
under each multiplied by the effect of a second dose of 
660 rads for first doses at 2:5 h, 7:0 h, 10-6 h, and 13-0 h, 
respectively. 'This procedure yielded the contribution of 
each of the four age regions to the overall two-dose 
response of asynchronous, log-phase cells as shown by 
curves I, IL, ITI, and IV in Fig. 5. The survival response 
to be expected for the entire asynchronous population was 
then obtained by the addition of these four curves (Fig. 
5A). For comparison purposes, the results of an actual 
experiment on an asynchronous population are included 
(Fig. 5B). Although slightly different dose fractions were 
used, this experiment yielded about the same survival at 
the maximum (that is, at ~2-5 h) and the form of the 
response is not strongly dose dependent?. In spite of 
minor differences, the general features of Fig. 54 and 
Fig. 5B are the samo. 

The following conclusions may be drawn from these 
investigations. 
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(1) Chinese hamster cells in the S period which survive 
a first dose of X-radiation repair fully the sub-lethal damage 
incurred, as defined by their ability to form colonies when 
challenged with a second dose. For a more comprehensive 
study of these effects at different dose-levels, full survival 
curves need to be obtained. (2) The repair process is 
rapid and may be complete in about 2-3 h. It certainly 
appears to be complete soon after the first division at these 
dose levels. (3) During the recovery process, the cells 
continue to progress through the cycle, although more 
slowly than unirradiated cells. (4) The kinetic pattern of 
recovery for asynchronous cells exposed to fractionated 
doses is due to the combined effects of partial synchron- 
ization of survivors, rapid recovery from sub-lethal damage, 
and subsequent cell progression through the cycle. 

This work was supported by the U.S. Atomic Energy 
Commission. 
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EFFECTS OF INOSITOL-DEFICIENCY ON YEAST WITH PARTICULAR 
REFERENCE TO CHEMICAL COMPOSITION OF THE CELL 
AND OF THE CELL WALL 


By Dr. S. W. CHALLINOR, Dr. D. M. POWER* 
and Da. R. J. TONGE} 


Department of Biochemistry, The University, Edgbaston, Birmingham, I5 


NTERESTING changes in the morphologieal and 
physiological characters of Saccharomyces cerevisiae 
were observed when this brewer’s yeast was grown in 
media lacking inositol: Thus, in such media growth 
is restricted, the yeast cells clump together to form aggre- 
gates, the fat content of the cell is greatly increased and 
the cell wall is considerably weakened’?. This article 
describes other effects of inositol-deficiency and reports 
on its influence on the chemical composition of both the 
cell and cell wall. 

The yeast was grown at 30° in a glucose, ammonium 
salts medium containing growth factors including inositol, 
1 mg/100 ml. (complete medium), and in the same medium 
lacking inositol (deficient medium) in 300 ml. volumes 
in culture bottles (Glaxo pattern, 2:5 1. capacity)?. After 
incubation for 4-5 days the yeast was gathered on the 
centrifuge, washed and freeze-dried. The yields (dry 
weight) were 600 mg and 300 mg ard the yeast is named 
‘normal’ and ‘deficient’, respectively. 

Preliminary observations of the ribonucleic acid content 
of the yeast growing in the complete and that in the 
deficient media were made at five different stages of 
growth. No appreciable differences were observed 
between the RNA contents of cells of the ‘two yeasts’ 
at comparable physiological ages. This finding is similar 
to that recorded by other workers? for the related yeast 
Saccharomyces carlsbergensis. 

Manometric measurements were made on the cells 
and on particle-free cell-extracts of each of the two 
yeasts. Deficient cells respired glucose at a normal rate 
but possessed impaired fermentative power both aero- 
'bieally and anaerobically. Deficient particle-free extracts 
evolved carbon dioxide much more slowly than normal 
extracts from glucose and from each of four glycolysis 
intermediates. 

The remainder of this article deals mainly with analyses 
of the normal and deficient cells and of their walls. Cells 

* Present address: Atlantic Regional Laboratory, Halifax, Nova Scotia, 


Canada. 
+ Present address: Unilever Research Laboratory, Sharnbrook, Bedford. 


were ruptured by shaking in the Mickle disintegrator and 
the walls isolated from cell debris by differential centri- 
fugation. The walls were washed very thoroughly (fifty 
times) with water, freeze-dried, weighed and were found 
to constitute 10-5 and 10:3 per cent of the dry weight 
of the deficient and normal cells respectively. The 
similarity of these results is perhaps surprising in view 
of the marked differences observed in chemical com- 
position and in other properties. Analytical results are 
expressed as percentage dry weight of the whole cells or 
walls respectively unless otherwise stated. Lipid analyses 
are given in Table 1. 


Table 1. LIPIDS IN THE NORMAL AND DEFICIENT CELLS AND CELL WALLS 
Cells Walls 
Deficient Normal Deficient Normal 
% % % % 
‘Purified’ lipid 48 19 6-7 6-7 
Lipid-inositol* 0:32 0-92 0:2 0:4 
Lipid-phosphorus * 0-37 0-89 0:5 11 


* Expressed as percentage of the lipid present in the cell or in the wall 


The lipids present in whole cells were extracted after 
rupturing in the Mickle cell disintegrator. Extraction 
of the broken-down cells or of the walls was carried out 


at room temperature under nitrogen with neutral 


chloroform-methanol mixtures (2:1 v/v) followed by 
extraction with acidic (1 per cent hydrochloric acid) 
chloroform-methanol mixtures. ‘Purification’ of the 
combined crude extracts was effected by the washing 
procedure of Folch, Lees and Sloane Stanley*. Increase in 
lipid content resulting from inositol-deficiency, previously 
reported!” (for lipid material extracted with light petro- 
leum), was again observed. Thus the ‘purified’ lipid con- 
tent (48 per cent) of the deficient yeast was approximately 
two and a half times as great as that (19 per cent) of the 
normal yeast. In contrast, the ‘purified’ lipid contents 
of the cell walls of each of the two yeasts were the same— 
6-7 per cent of the dry weight of the wall. 
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Inositol present in these lipids was estimated by 
microbiological assay using Schizosaccharomyces pombe. 
The deficient cell-lipids contained a lower percentage of 
inositol than the normal cell-lipids—0-32 versus 0-92 per 
cent—but when the amounts of total lipid-inositol present 
are considered (that is, after allowing for the higher 
lipid content of the deficient cells) the difference was 
small. In contrast, the deficient wall-lipids contained 
much lower amounts of inositol than the normal wall. 
lipids—0-2 versus 0-4 per cent—these latter percentages 
are proportional to the total amounts of inositol present 
in the wall-lipids, since each wall contains the same per- 
centage (6-7 per cent) of lipid. 

The total inositol contents of the cell and of the wall 
were also determined. Rather less inositol was found 
in the deficient cell—0-32 versus 0-44 per cent— 
whereas the deficient wall contained much less—0-02 
versus 0:05 per cent—than the corresponding normal 
wall. 

From the results of the two foregoing paragraphs it 
would appear: (I) that the yeast, when grown under 
conditions of inositol-deficiency, does have a lowered 
content of inositol in the cell and especially in its wall; 
(2) that the amount of inositol made available to cell- 
lipids is only slightly lowered, whereas that available 
to the wall-lipids is much reduced. The cell-lipids appear 
to have priority, as it were. 

Phosphorus in the ‘purified’ lipids was estimated by the 
miero-method of Dryer, Tammes and Routh’. ` The 
percentage of phosphorus in the deficient cell-lipids was 
much reduced, 0-37 versus 0:89 per cent, but, after 
allowing for the much greater proportion of lipid present 
in the deficient yeast, the amounts of lipid phosphorus 
in the two yeasts were essentially the same. If the 
tentative assumption were made that the percentage of 
lipid-phosphorus gives some indication of the content 
of phospholipids the foregoing results would suggest that 
the two yeasts contained approximately the same amounts 
of this type of lipid; the increased amount of lipid ob- 
served in the deficient yeast could then be explained as 
due to an increase in the non-phosphorus-containing 
lipids. 

In contrast to the foregoing results for cell-lipids the 
deficient walllipids contained much less phosphorus 
than the normal wall-lipids—0-5 versus Ll per cent. 
When these results are considered in eonjunetion with 
the lowered content of inositol, it seems possible that 
the deficient wall-lipids contain a reduced content of 
phosphoinositides. Such à finding may help to explain 
the fragility’? of the wall of the deficient cell. 

The fatty acids present in the wall-lipids were exam- 
ined by gas-liquid chromatography and the relative 
proportions of the eleven fatty acids detected in each 
of the wall-lipids were essentially the same. A 
large proportion (76 per cent) of the fatty acids was 
unsaturated. 

The cell walls were further examined and their contents 
of carbohydrate and protein were studied. 

Total carbohydrate was estimated by the anthrone 
method. The polysaccharide glucan was estimated, 
after hydrolysis with acid, by glucose-oxidase; mannan 
was then determined by difference. Glucosamine was 
estimated after acid hydrolysis (hydrochloric acid) by 
the method of Cessi and Piliego’. 

Total carbohydrate constituted approximately 70 per 
cent of the normal wall and consisted mainly of the poly- 
saccharides glucan (37-5 per cent) and mannan (31-6 per 
cent); a small amount of glucosamine (0-7 per cent) 
was also present. These findings are in general agreement 
with those of other workers for this species of yeast’. 
The foregoing three constituents were present in quite 
different proportions in the deficient wall—glucan was 
greatly increased (47-9 per cent), mannan greatly de- 
creased (15-4 per cent) and six times as much glucosamine 
(4:2 per cent) was present. 
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Nitrogen was estimated by micro-Kjeldahl and protein 
calculated in the normal way after allowing for the nitrogen 
present as glucosamine. The normal wall contained much 
more protein than the deficient wall (15-9 versus 11:1 per 
cent). 

The amino-acids present in the protein were detected 
by two-dimensional paper chromatography (butanol/ 
acetic/water, 12: 3:5 vol. and phenol, ammonia) after 
spraying with ninhydrin; estimation was carricd out by 
means of an amino-acid auto-analyser (Technicon. Ltd.). 
Most of the naturally occurring amino-acids were present— 
seventeen in the normal wall and sixteen in the deficient 
wall; threonine was the most abundant and serine, 
glutamic and aspartic acids were also present in relatively 
large amounts in each of the walls. The dicarboxylic 
amino-acids formed a greater, and the basic amino-acids 
a much smaller, proportion of the total amino-acid content 
of the deficient wall. Only small amounts of the sulphur- 
containing amino-acids cystine and methionine were 
present in the normal wall; the deficient wall contained 
a smaller percentage of cystine and no detectable 
methionine. 

The changes in composition of the coll-wall described 
above are of a major character. Compared with the 
normal the deficient wall contains materially different 
amounts of the two polysaccharides glucan and mannan, 
much more glucosamine, less protein (no methionine 
constituent), the same proportion of lipids which, however, 
have a lower phosphorus content and much less inositol 
both in the wall itself and in the wall-lipids. The de- 
creased amounts of mannan and protein may indicate 
incomplete formation of the inner membrane (which, 
according to Northcote and Horne’, is made up in part 
of these two substances) and this might account for the 
observed fragility of the inositol-deficient wall. 

The results outlined in this article show that inositol- 
deficiency has a profound influence on the chemical 
composition of both the cell and its wall. These changes 
occur in yeast grown in the presence of oxygen in media 
containing no added inositol. Some of these changes 
have also been shown to occur in yeast grown in the 
presence of sub-optimal amounts of inositol. 

Preliminary observations on yeast grown anaerobically 
in media containing oleic acid and ergosterol but lacking 
inositol have been carried out. The anaerobically grown 
deficient yeast cell contained essentially the same pro- 
portion (19 per cent) of lipid as the corresponding normal 
yeast, that is, increased formation of lipid in the cell 
did not occur. This very interesting result poses the 
question: Are the other effects of inositol-doficiency, 
as described here, also absent in anaerobically grown 
yeast? This question cannot be answered fully at present. 
Differences between the chemical composition of the 
walls of the anaerobically grown deficient and normal 
cells have in fact been observed, but these differences 
cannot yet be described more precisely, as preliminary 
results only are available. 

We venture to suggest that investigations such as 
these on the weakened wall of the cell grown undor 
conditions of inositol-deficiency may help in the under- 
standing of the build-up of the wall of the normal healthy 
cell and, perhaps eventually, of the functions it performs. 
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DEOXYCORTICOSTERONE ACETATE AND EXPERIMENTAL ATHERO- 
SCLEROSIS IN CHOLESTEROL-FED RABBITS 


By Dr. G. B. ROSSI, P. ORIENTE, L. COSCIA PORRAZZI, A. VECCHIONE and R. CERQUA 


Institute of Pathological Anatomy and Institute of Medical Pathology, School of Medicine, University of Naples 


OST recent work on the pathogenesis of athero- 
sclerosis shows that probably the most important 
factors involved are: (a) changes in lipidio metabolism; 
(b) changes in the arterial wall, which could induce the 
deposition of plasmatic lipids into some particular vascular 
regionsi. Among the endogenous factors regulating lipid 
metabolism, hormones seem very important, and for this 
reason their part in the genesis of atherosclerosis needs to 
be elucidated?. In this respect, cortisone, hydrocortisone, 
prednisone and corticotropin have been found capable of: 
(a) increasing the serum-levels of cholesterol and of low- 
density lipoproteins; (b) inhibiting atherogenesis in 
cholesterol-fed rabbits?. Similar results have also been 
obtained by other authors*~’. 

On the other hand, it has been previously shown**° 
that hyaluronidase induces hypocholesterolemia and 
more severe atheromasic lesions in cholesterol-fed rabbits, 
presumably because of an increased. vascular permeability 
due to hyaluronidase. Adlersberg ef al.™, confirming the 
former and the latter results, have suggested that the 
effect .of cortisone and its derivatives could be due to an 
antihyaluronidase action, already demonstrated by Ben- 
ditt et al.1* under different experimental conditions. 

On the contrary, few investigations have been carried 
out on the relationships between deoxycorticosterone 
acetate (DCA) and both serum cholesterol-levels and 
atherosclerosis in cholesterol-fed animals. 

However, it has already been shown that DCA, like 
hyaluronidase: (a) reduces the viscosity of the ground 
substance of connective tissue!*; (b) depolymerizes the 
mucoproteic complexes of the ground substance**,*; 
(c) enhances the effect of hyaluronidase in stimulating 
osmosis!®17; (d) changes the vascular permeability when 
in high doses!®. Furthermore, the results available on the 
relationships between DCA and atherosclerosis are often 
contradictory. In fact, according to refs. 19-22, DCA 
induces hypocholesterolemia and decreases serum level 
of low-density lipoproteins and phospholipids in chol- 
esterol-fed rabbits, dogs and chickens. This effect has 
been shown to be quite similar to that shown by hyaluron- 
idase under the same experimental conditions. On the 
other hand, a slight increase in cholesterolemia has been 
demonstrated in dogs treated with low doses of DCA, 
while no changes of the serum levels of cholesterol have 
been found in rabbits treated with DCA?5. The corre- 
sponding morphological findings concerning the arterial 
changes are also contradictory. 

Preliminary investigations have been carried out by 
Cali and one of us (G. B. R.)?* on the action of DCA on 
cholesterol-fed rabbits, with regard to the aorta only. 
Much more severe changes have been observed in aortz of 
the cholesterol + DCA-fed rabbits than in those of the 
controls. 

On the basis of the foregoing considerations and results, 
87 female rabbits (average weight, 2:500 kg) were fed 
& high cholesterol diet (0-2 g/kg a day per os), in order 
to ascertain the possible effect of DCA on the cholesterol- 
æmias and atherosclerosis of the hyperlipemic rabbits. 
Three successive experiments were carried out, the first 
and the second with 25 animals each, fed with cholesterol 
for 60 days, and the third with 37 rabbits, fed with 
cholesterol for 67 days. In the first experiment, 13 out 
of the 25 rabbits were treated with 1 per cent DCA sus- 
pension in 10 per cent ‘Tween 80’ water solution at a dose 


of 12 mg/kg/day (300 mg, total), during the last 10 days 
of feeding with cholesterol, subcutaneously. In the second 
experiment, during the last 10 days of treatment, six 
animals received subcutaneously the foregoing dose of 
DCA (300 mg, total) and six were given the same DCA 
suspension at the dose of 18 mg/kg/day (450 mg, total) 
subcutaneously. The 37 animals of the third experiment 
were divided for the last 10 days of the treatment with 
cholesterol, in the folowing way: 9 animals were treated 
with cholesterol only (Chol), 11 rabbits received chol- 
esterol + the foregoing suspension of DCA at a dose of 
12 mg/kg/day (300 mg, total) (Chol + DCA + Tw), 8 
animals were given cholesterol + 3 ml. of 10 per cent 
"Tween 80 water solution a day (Chol + Tw), and 
finally, 9 animals were treated with the same dose of 
DCA, but given in a 2-5 ‘Vaseline’ oil solution, besides 
cholesterol (Chol + DCA). DCA and ‘Tween 80’ were 
administered by subcutaneous way. Blood was drawn 
from the marginal vein of the ear of rabbits, after a 
fasting period of 12 h, before, during and after the 
administration of DCA and ‘Tween 80’. Serum total 
cholesterol-levels were dosed according to the methods of 
Bloor and Knudson?’ in the first and second experiments, 
and of Pearson et al.** in the third experiment. Each 
value is the average of two determinations. 

Four cross-sections of the hearts of the 37 animals of 
the third experiment, previously fixed in 10 per cent 
neutral formalin, were cut with a freezer microtome and 
the slices stained with sudan III and hematoxylin. At 
least 40 frozen slices were examined for each heart. 

The relationships between the averages of the chol- 
esterol values of the different groups of animals are shown 
in Figs. 1, 2 and 3. The statistical evaluation of data, 
carried out by means of calculation of Student's ‘’ and 
variance analysis, is illustrated in Table 1. 

It has been pointed out that: (a) DCA induces a 
decrease of serum cholesterol-levels. This decrease is the 
more evident the higher were the serum cholesterol-levels 
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Fig.1. Firstexperiment. The averages of the serum cholesterol-levels 
of rabbits treated with DCA + cholesterol, and with cholesterol only, are 
reported, The experiment has been divided in two parts, because of the 
great difference between the values of some cholesterolemias. Average 
of: , controls part No. 2; ——-, DCA treated animals part No. 2; 
+ +++, DCA treated animals part No. 1; —-:—, controls part No. 1 
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Fig. 2. Second experiment. The averages of the cholesterolemias of 
the two experimental groups (rabbits treated with 300 mg and with 
450 mg of DCA) and of control group are reported. ———, Average of 
values of rabbits treated with 300 mg DCA; —- —, average of values of 
rabbits treated with 450 mg DCA; average of controls 
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two experimental groups (Chol+ DCA + Tw, -———; Cho! 4 DCA, ----) 
and of the two control groups (Chol, —; Chol+Tw, ——) aro 
reporte 


at the moment of DCA. injection. The differences between 
the averages of cholesterolemias of experimental and 
control rabbits are highly significant in the first and 
second experiment. An examination of Fig. 3 seems to 
indicate a decreasing effect of DCA in both the experi- 
mental groups (Chol + DCA + Tw and Chol + DCA), 
but the difference between the values of the experimental 
and control groups is not statistically significant. This 
could be due, in our opinion, to the small number of 
rabbits treated for each group and to an occasionally high 
biological variability. (b) The induced decrease of chol- 
esterolemia is not proportional to the injected dose of 
DCA. In fact, the difference between the averages of 
cholesterolemias of the rabbits treated with 300 mg and, 
respectively, with 450 mg of DCA, is not significant. 
(c) "Tween 80’ does not interfere with the foregoing 
effect of DCA. In fact, no significant difference has been 
Shown between the cholesterolemia decrease induced by 
the DCA suspension in ‘Tween 80’ solution and that 
induced by DCA ‘Vaseline’ oil solution. Moreover, much 
higher doses of ‘Tween 80’ have been found capable of 
increasing. and not decreasing, serum cholesterol-levels of 
cholesterol-fed rabbits?®.?°. 

So far as the morphological pictures are concerned, it 
has been observed that: (a) The coronary arteries of the 
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Table 1. STATISTICAL EVALUATION OF THE DIFFERENCES BETWEEN THE 
AVERAGES OF CHOLESTEROLEMIAS OF THE RABBITS OF EXPERIMENTAL 
AND CONTROL GROUPS 


(The standard deviation has been caleulated for each average value) 
1st Exp. (Student's 't" factor has been calculated): 
(a) At the 48rd day P > 0-05 for 18 d.f. 
` (b) At the 49th day P>0-05 for 34.f. 
(c) At the 57th day P « 0-02 for 23 d.f. 
(d) At the 65th day P «0-02 for 28 d.f. 
(e) At the 71st day P «0:01 for 21 d.f. 
2nd Exp. (1) Variance analysis between the averages of the three groups 
(the factor ‘F’ has been calculated): 
(a) At the 51st day P » 0-05 for 24 d.f. 
(b) At the 56th day P «0-02 for 24 d.f. 
(c) At the 68rd day P « 0-01 for 24 d.f. 
(d) At the 70th day P « 0-01 for 23 d.f. 


(2) Student's £ factor has been calculated between the averages of 
cholesterolemias of rabbits treated with 300 mg of DCA and of 
those treated with 450 mg of DCA: 


(a) At the 51st.day P » 0-05 for 11 d.f. 
(b) At the 56th day P « 0-05 for 11 d.f. 
(c) At the 63rd day P> 0-05 for 11 d.f. 
(d) At the 70th day P » 0-05 for 10 d.f. 
3rd Exp. (1) Variance analysis between the averages of the four groups 
(the faetor 'F" has been calculated): 
(a) At the 65th day P > 0-05 for 30 d.f. 
(b) At the 70th day P » 0-05 for 26 d.f. 
(2) Student's '/' factor has been calculated between the averages of 
Chol+ DCA + Tw group and of Chol+ DCA group: 
(a) At the 70th day P > 0:05 for 13 d.f. 


animals of the Chol + DCA + Tw group show much 
more severe atheromatous changes (lipidic infiltration 
into the entire vascular wall) (Fig. 4) than those of the 
rabbits’of the Chol group. Furthermore, the atheromasic 
lesions seem to be, as for the former group, very frequent 
in the majority of the small coronary vessels and also 
spread over great portions of the wall of each vessel 
(Fig. 5). (b) The coronary changes found in the animals 
of the Chol + Tw group are not so evident as those 
found in the rabbits of the Chol group (Fig. 6); this could 
be due to the small dose of cholesterol given in this 
experiment. (c) Finally, the vascular lesions of the 
animals of the Chol + DCA group are quite similar to 
those of the Chol + DCA + Tw group, both for their 
severity and for their frequency and diffusion. These 
results seem to indicate that: (a) DCA induces more 
severe and diffuse atheromatous lesions in DCA + chol- 
esterol-treated animals than those observed in the 
controls. (b) ‘Tween 80’ does not interfere with the fore- 





Cross-section of a small coronary vessel, showing a massive 


Fig. 4. 
deposition of sudanophilic material into the entire vascular wall(second 
group) (sudan III and hematoxylin, x 900) 









Ss i È Fe SA nae. 

Fig. 5. A tangential section of a coronary vessel, in which the lipidice 

infiltration is spread over a great portion of the vascular wall (second 
group) (sudan ITI and hematoxylin, x 360) 
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Fig. 6. A cross-section of a coronary vessel, with a small plaque limited 
In size and in extension (control Mp (sudan III and hematoxylir, 
xc. 


going effect of DCA, which agrees with the observations 
that have been made of the serum cholesterol-levels. 
Moreover, much higher doses of "Tween 80' have been 
found capable of slightly inhibiting, and not enhancing, 
the experimental atheroselerosis?99?, Similar results have 
been obtained on aortic specimens of animals treated in 
the same way as in this exporiment?*. 

From the foregoing considerations, DCA seems to play 
an important part in the pathogenesis of the plasmatic 
and tissue changes of experimental atherosclerosis 
due to hypercholesterolic diet. : 

On the basis of the suggested resemblance between tho 
mechanism of DCA. and hyaluronidase action, it has been 
suggested’ that DCA probably interferes with the 
hyaluronic acid—hyaluronidase system of the chromotrope 
ground substance of the sub-intimal connective tissuo. 
The depolymerization of the mucopolysaccharides of the 
ground substance could favour and increase the deposition. 
of plasmatic lipids into the vascular wall, inducing both 
& decrease of the serum cholesterol-level and more severe 
atheromasic changes of the arterial wall. 

An interference of DCA with the metabolism of thyroid 
gland is also possible. In fact, it has been demonstrated 
that thyroid hormones are capable of lowering serum 
cholesterol-levels and inhibiting atherosclerosis in chol- 
esterol-fed rabbits?! and  chickens*?, whereas hypo- 
physectomy**, and hypothyroidism due to anti-thyroid 
drugs*‘-*8, enhance more and more hypercholesterolzmias 
and atheromatous lesions in cholesterol-fed r&bbits*?, and 
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succeed in inducing very high cholesterolemias and 
atheromatous changes even in less-susceptible animals 
(dogs**, rats? and hamsters*’), fed with hyperchol- 
esterolic diet. Furthermore, it has been shown that the 
administration of cholesterol induces thyroid hypo- 
plasia in rabbits and guinea pigs (species susceptible to 
develop high cholesterolemias and experimental athero- 
sclerosis) and thyroid hyperplasia in rats and hamsters 
(species less susceptible to show hypercholesterolemias 
and experimental atherosclerosis)99s40, 

In this respect, DCA could inhibit the thyroid gland 
by means of the known ‘adrenal cortex —> hypophysis — 
thyroid gland’ mechanism. If this were the case, it would 
be expected that DCA could, even slightly, increase 
thyroid hypoplasia due to the cholesterol feeding, inducing 
higher cholesterolemias and, in this way, more sovere 
arterial changes than in the controls. But the experi- 
mental results concerning the serum cholesterol-levels are 
quite opposite, and this seems to strengthen the afore- 
mentioned hypothesis of a direct action of DCA on the 
genesis of the deposition of plasmatic lipids into the 
arterial wall. 

For all these considerations, even though a possible 
slight thyroid inhibition by DCA cannot be excluded, 
we suggest that the aforementioned interference of DCA. 
in the hyaluronic acid-hyaluronidase system could be at 
least one of the most important mechanisms of DCA 
action on the atherogenesis of cholesterol-fed rabbits. 
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URINARY TRYPSIN INHIBITOR (MINGIN): TRANSFORMATION INTO 
A NEW TRYPSIN INHIBITOR BY ACID HYDROLYSIS 
OR BY SIALIDASE 


By Dr. TAGE ASTRUP and UWE NISSEN 


Institute for Medical Research of the James F. Mitchell Foundation, Washington, D.C., 
and Technical University of Denmark, Copenhagen 


HE trypsin inhibitor in human urine, purified by 
Shulman! and by Astrup et al.*, is an interesting 
compound. In various physiological and pathological 
states it is excreted in increased amounts, apparently 
influenced by the pituitary-adrenal system*. Thus the 
diurnal excretion is augmented after administration of 
ACTH or cortisone, during fever, in the latter part of 
pregnancy, and in general after stress reactions. The 
compound is also an inhibitor of testicular hyaluronidase’. 
A parallelism between increase in level of serum trypsin 
inhibitor and the increase in diurnal excretion of the 
urine inhibitor has been reported’. Presence of e- 
aminocaproic acid greatly potentiates its inhibition of 
urokinase-induced, fibrinolysis‘. 
Astrup et al? prepared the inhibitor from human 
pregnancy urine and also suggested the term ‘mingin’ 


(from Latin: mingo) for this particular compound.: 


Later, the compound was purified until it was homogeneous 
over a wide range of pH by paper electrophoresis, and 
it appeared that no further increase in trypsin-binding 
capacity could be obtained. A final capacity of 1-2 mg/mg 
crystalline trypsin ("Trypure', Novo Laboratories, Copen- 
hagen: 24-4 Anson units/mg) was regularly reached. 
Assuming a molecular weight of about 25,000 for trypsin, 
this would, on a mole-to-mole basis, give a molecular 
weight for the inhibitor of about 30,000. Mingin is an 
extremely acid compound. Its isoelectric point is at 
pH 2-1. After complete acid hydrolysis, paper chromato- 
graphy showed the presence of common amino-acids 
(including lysine and arginine) and of hexosamine. There 
was 4-5 per cent carbohydrate expressed as glucose’. 

We have now found that mingin can be transformed into 
a new trypsin inhibitor without loss of activity. This 
article describes experiments demonstrating the form- 
ation and some properties of the new inhibitor which 
differs from mingin in many respects. All experiments 
were performed with preparations of mingin having a 
trypsin-binding capacity of 1-2-1-3 mg/mg trypsin. 

First an explanation was sought for the extraordinary 
low isoelectric point which could not be accounted for 
by the amino-acid composition. Analyses for sulphate 
and phosphorus were negative so that sulphuric acid 
or phosphoric acid groups could not be present. Our 
attention was then directed to the possible presence of 
sialic acid since our previous data had suggested a simi- 
larity with acid glyco-proteins’. 

When the ‘direct Ehrlich’ reaction® was applied to 
a solution of mingin (10 mg/ml.) no immediate colour 
reaction was obtained, demonstrating the absence of 
free reactive compounds. After heating the reaction 
mixture in boiling water for 30 min, 6 mg mingin pro- 
duced a colour corresponding to 0-24 mg neuraminic 
acid, equal to 4 per cent (Beckman DB spectrophoto- 
meter. Linear dilution curves. Assayed against a sample 
of N-acetyl neuraminie acid, Nutritional Biochemicals 
Corp., Sialic acid concentrate; Lot No. 5487; Declaration 
of assay: 20 per cent). 

The thiobarbituric acid method®*, applied to a solution 
containing 0-5 mg mingin/ml., yielded, after hydrolysis 


for 1 h at pH 2 and 80°, 2:3 per cent neuraminic acid 
(same reference sample as above). 

Though the results of the two methods do not agree, 
they demonstrate that sialic acid reactive material is 
present in mingin in significant amounts. So far the 
reason for the discrepancy is unknown. However, 
differences between assays performed by the ‘direct 
Ehrlich’ reaction and by the thiobarbituric acid method 
have been reported by various authors and several 
explanations have been offered!?. It could be of sig- 
nificance that the proportion between the two assays 
performed on mingin is approximately 58 per cent since this 
is the difference reported when the two methods are applied 
to N-glycolloy] neuraminic acid!?. Using a pure compound, 
this could suggest the presence of this acid in mingin. 

The release of large quantities of sialic acid during 
mild acid hydrolysis was a surprise, since mingin appears 
to be extremely stable in acid aqueous solutions. Thus 
little trypsin-binding capacity is lost by heating for 
30 min at 100° C between pH 2 and 5. Above pH 5 
there is repid destruction. It therefore appears that 
sialic acid can be removed without loss of trypsin-binding 
capacity, so that combination with sialic acid is not 
required for the inhibitor activity of mingin. After 
release of sialic acid, the remaining molecule would be 
more neutral than the original mingin, and it should be 
possible to trace the formation of the new compound 
by paper electrophoresis. 

Hence, solutions of mingin were hydrolysed as in the 
thiobarbituric acid assay. Paper electrophoresis was 
performed in 0-1 M glycine-hydrochloric acid buffer at 
pH 2-3 where mingin would show little migration. Two 
components were observed. One of these migrated as 
untreated mingin. The other showed a much higher 
mobility at the pH. value of the test, and therefore repre- 
sented a compound considerably less acid than the 
original mingin. This assumption was supported by the 
observation that the new compound stained with brom- 
phenol blue like a normal protein, while mingin is only 
weakly stained. This fact prevented a quantitative 
evaluation of the amounts separated on the electro- 
phoresis strip. After elution, trypsin-binding capacity 
was found in both components. Hence, the formation 
of a new trypsin inhibitor, less acid than the original 
mingin, and derived from this by release of sialic acid, 
had been demonstrated. 

The conditions for formation of the new inhibitor wero 
then investigated, by varying the pH, temperature, and 
period of heating. Inhibitor activity was assayed on 
casein by ultra-violet spectrophotometry!?, using «a 
Beckmann DB spectrophotometer with hydrogen lamp. 
Paper electrophoresis of the treated solutions was 
performed at pH 2-3 and 4-5. At the first pH mingin 
showed little migration, and at the latter the new com- 
pound migrated slowly. Conditions wero established, 
at which little of the original mingin would remain as 
indicated on the electrophoresis strip, while most of the 
inhibitor activity was retained. Numerous experimenis 
led to the final choice.of 50 mg mingin/ml. in 0:1 M 
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glycine-hydrochloric acid buffer at pH 2-3 and 4 h at 
100°. About 75 per cent of the inhibitor activity was 
retained while less than 20 per cent of the original mingin 
remained. In general, the loss in activity was lower in 
these experiments than in the thermostability investiga- 
tions previously reported. Most probably this is due 
to a stabilizing effect of the high concentration used in 
the preparative heat treatment, approximately 2,000 
times higher than before. At a still lower pH the activity 
was rapidly destroyed. Thus at pH 0-8 after 1:5 h at 
100° only 11 per cent inhibitor activity remained. 

The next step was to see whether sialic acid could be 
removed by enzyme action with retainment of inhibitor 
activity. Such a possibility seemed likely in view of 
the recent finding that sialic acid can be released from 
human serum cholinesterase with sialidase with no loss 
of activity. Supposedly an enzyme inhibitor would 
be even more resistant than an active enzyme. 

Hence, a solution (50 mg/ml.) of mingin in 0-1 M sodium 
acetate buffer, pH 5-2, was prepared and incubated at 
37° with 1 mg/ml. of a sialidase preparation (Sigma 
Chemical Co., St. Louis, neuraminidase, purified from 
‘Gl. perfringens’, Lot No. 338-691). The inhibitor activity 
of the mixturo remained constant over a prolonged 
period. After 2 weeks less than 10 per cent had been 
lost. After 5 days no trace of the original mingin could 
be seen by paper electrophoresis performed as described 
here, and a new spot had formed, resembling, in migration 
and, stainability, that obtained after acid hydrolysis. 
After elution this new component was found to possess 
inhibitor activity. 

The electrophoretic mobilities of mingin have been 
determined before? using a method of paper electro- 
phoresis by which corrections for evaporation, electro- 
osmosis, adsorption, etc., could be introduced, and the 
values for free mobilities could be caleulated''. In order 
to compare the acid-hydrolysed mingin with the sialidase- 
treated product, and also with the gonuine mingin, 
solutions of these compounds were prepared as described 
above and studied by this method. The following buffers 
were used, all at ionic strength 0-1; glycine-hydrochloric 
acid, sodium acetate-acetic acid, tris, glyeine-sodium 
hydroxide, carbonate-bicarbonate. The data obtained, 
calculated as described, are presented in Fig. 1. Each 
value is the average of 3-12 estimations. 

The electrophoretic mobilities of mingin correspond to 
those previously published’, but have been extended 
over a wider range of pH. The mobilities recorded for 
acid hydrolysed mingin and for sialidase-treated mingin 
produced identical curves. Hence, these two compounds 
were electrophoretically identical. The new curve was 
approximately parallel to the original mingin curve 
with a difference over the whole pH range of about 
-+5x10- mobility units. A highly acid component of 


Mobility in units of om? V-! gec-! x 10-5 at 1°40 





Fig. 1. Electrophoretic mobility of mingin (0), acid-hydrolysed 
mingin ( V ), and sialidase-treated mingin (x) 
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the molecule had been lost such as had been anticipated. 
As a result, the isoelectric point had moved from pH 2-1 
to about pH 4:5, the difference being approximately 
2-4 pH units. In both curves little change in electrical 
charge occurred between pH 5 and 8. In this respect 
the new compound behaves differently from human 
serum albumin though the isoelectric points are nearly 
identical. It is interesting to compare these results 
with those reported for the sialidase-treated cholin- 
esterase. There the difference in mobility was 2-3 
x 10-5 units, while the isoelectric point changed from 
pH 3 to about pH 7, a difference of about 4 pH. units. 
Apparently the difference in number of ionogenic groups 
per molecule was less than when sialic acid was released 
from mingin, while the influence on the zero net charge 
was higher. Both cholinesterase compounds were less 
acid than the corresponding mingin compounds. 

Since the thermostability curve is characteristic for 
mingin the thermostability of the new compound was 
investigated. Solutions of mingin and of a sialidase- 
treated compound, prepared as described, were heated 
for L h at 70° and 100° and at various pH values 
(using 0-05 M buffers as in the preliminary studies). 
The results are given in Fig. 2. 

No difference is observed between the heat stability 
of the native mingin and of the sialidase-produced new 
compound. Apparently the heat stability, as the inhibitor 
activity, is a property of the protein moiety of the original 
mingin molecule. Loss of sialic acid does not change the 
heat stability of the protein part. 

Separation and isolation of the new inhibitor were 
confirmed by column chromatography on a sulphonic 
acid resin (Fischer, Rexyn 101 (Na)). After pretreatment 
of the column with 0-05 M acetic acid the acid- or sialidase- 
treated mingin solution, brought to pH 4, was passed 
through the column followed by 0-05 M acetate buffer, 
pH 4:25; by 0-1 M phosphate buffer, pH 7-6; and finally 
by 0-2 M sodium carbonate (pH ~ 10-6). The eluates 
were collected and brought to neutral reaction with 
N hydrochloric acid or solid sodium bicarbonate. 
Inhibitor activity was tested against trypsin by the 
plate method using unheated fibrin’. This method is 
less aceurate for the assay of mingin for reasons explained 
before", but it requires little material and is easily 
performed on a large scale. Since no quantitative data 
were required for a separation of the active eluates from 
the inactive, this method was convenient. In the acid- 
treated solution two components were found. The first 
of these was eluted when the column was brought from 
pH 4-25 to neutral reaction. Native mingin behaved in 
the same manner on the column and this fraction therefore 
consisted of the unconverted mingin. The second com- 
ponent appeared when the pH was raised with carbonate. 
Sialidase-treated mingin produced only one component 
appearing in the second place. 

It might be added that, in addition to sialic acid, other 
components of low molecular weight are released by acid 
hydrolysis or by sialidase treatment. Thoy eould be 
separated from the active compound by dialysis and gave 
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& positive ninhydrin reaction, but so far have not been 
investigated. 

This article is, to our knowledge, the first to describe 
a selective conversion without loss of activity of a natural 
protease inhibitor into a new inhibitor. We are at present 
engaged in & further characterization of the new inhibitor 
for which we would like to suggest the name ‘minginin’. 
Its interaction with various proteases and fibrinolytic 
agents is being investigated. Several physiological 
questions are presenting themselves: What relation 
is there between inhibitors in blood and the inhibitor 
excreted in urine ? Does minginin exist as such in the 
organism? Js the sialic acid-containing compound 
(mingin) derived from the sialic acid-free compound 
(minginin) or is the opposite true ? Does a coupling with 
sialic acid represent a new physiological mechanism of 
detoxication? Or is it required for rapid excretion in the 
kidneys? It might be added for comparison that sialidase 
and a cholinesterase compound of low mobility have been 
observed in spinal fluid’. 

This work was supported by grant H#-05020 from the 
U.S. Publie Health Service, National Heart Institute. 
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UPTAKE AND BINDING OF CHLORAMPHENICOL BY SENSITIVE AND 
RESISTANT ORGANISMS 


By Da. D. VAZQUEZ 
Sub-Department of Chemical Microbiology, Department of Biochemistry, University of Cambridge 


n-THREO-CHLORAMPHENICOL (CAP) inhibits bac- 
terial growth by blocking protein synthesis at some stage 
in the transfer of amino-acids from transfer RNA to 
protein}. However, CAP does not inhibit growth of 
yeasts, protozoa (with the unique reported exception of 
Tetrahymena pyriformis?), plants and animals. 

It has been previously reported that p-threo-chloram- 
phenicol (methylene-4C) (#C-CAP) is taken up by 
Staphylococcus aureus and Bacillus megaterium. After 
breakage and centrifugal fractionation of the bacteria 
all the radioactivity is associated with the ribosomal 
and soluble fractions. “C-CAP is also bound by ribosomes 
from these bacterial species in cell-free systems; the bind- 
ing is immediate, not dependent on energy,. unaffected 
by the incubation temperature and very easily reversible?. 
4C.CAP binds to 70 S ribosomes and to the 50 S sub-unit 
obtained from them. In both cases K+ ions are required 
for the binding of 4C-CAP (ref. 4). 

In more recent investigations the binding of 4C-CAP 
to bacterial ribosomes has been shown to be prevented by 
pre-incubating the ribosomes in the presence of CAP, 
streptogramin A (synonyms PA 114 A-1, ostreogrycin A, 
staphylomycin M,), ostreogrycin G, erythromycin, spira- 
mycin, angolamycin, Jankamycin, methymycin, carbo- 
mycin and oleandomycin, but was unaffected by strepto- 
gramin B (synonyms PA 114 B-1, ostreogrycin B), 
staphylomycin S, echinomycin, aureomycin, terramycin, 
puromycin, streptomycin and viridogrisein (synonym 


etamycin). A close relationship between the binding site 
and the primary point of action of an antibiotic seems 
probable. Thus antibiotics which reduce ™C-CAP 
binding may inhibit the same reaction whereas others, 
although inhibitors of protein synthesis, may act at a 
different locus. The binding of CAP to ribosomes appears 
to be very specific and is unaffected by pre-incubation 
of the ribosomes with the CAP isomers r-erythro-, 
r-bthreo-, and D-erythro-chloramphenicol. 

The uptake of “C-CAP by sensitive and resistant 
organisms and the binding of the antibiotic to their 
ribosomes have been investigated in an attempt to eluci- 
date: (a) the relationship between the uptake and binding 
of 40-CAP and the antibiotic sensitivity of the organisms; 
(b) the possible mechanisms of resistance to CAP. 

The uptake of “C-CAP by different organisms has been 
investigated and the results are shown in Table 1. There 
is a close relationship between the uptake of C-CAP by 
the organisms and their antibiotic sensitivity. The 
uptake of “C-CAP by E. coli B 150 was lower than the 
uptake by E. coli B and this could possibly explain the 
increased resistance of E. coli B 150 to CAP. Sphero- 
plasts of E. col B and E. coli B 150 were prepared by tho 
technique described by Kohn* and uptake of “C-CAP 
into the spheroplasts was investigated. The uptako of 
*O.CAP was almost negligible for spheroplasts from the 
resistant mutant (Table 2). It is possible that the low 
uptake of “C-CAP by intact bacteria of the resistant 


Table 1. UPTAKE of *C-CAP BY DIFFERENT ORGANISMS 


Growth Incubation conditions mug !*C-C AP 
Organisms Inhibited Incubation Incubation taken up/mg 
(ug CAP/ml.) Medium time temperature organisms 

Staphylococcus aureus Duncan 10 A (ref. 6) 20 min 37° 9-8 
Bacillus megaterium KM 10 CG (ref. 7) 20 min 30? T5 
Escherichia coli B 5 ce 20 min 37° 19:6 
* Escherichia coli B 150 > 300 ce 20 min 37° 5:6 
Pseudomonas striata 10 A 20 min 25° 26:0 
Saccharomyces fragilis Jórgenson > 800 Yeast extract (ref. 8) 20 min 30° «05 
Crithidia (Strigomonas) oncopelti > 800 Peptone glucose (ref. 9) 8h 25° 0:5 
Tetrahymena pyriformis W 150 Proteose peptone (ref. 2) 8h 25° 2:5 


*E. coli B 150 derived from E. coli B 


The organisms were collected during the exponential phase of growth, resuspended at a concentration of 3 mg dry wt./ml. (C. oncopelti and T. pyriformis 


0-1 mg dry wt./ml.) and incubated in suitable growth media at their optimal growth temperature in the presence of 2 ug “C-CAP/: 


incubation, the organisms were cooled to 4°, centrifuged, rinsed twice with gro 
were made for !*C-CAP present In the intercellular fluid. 


At the end of the 
h media, resuspended in water and the radioactivity determined. Corrections 
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Table 2. UPTAKE OF *C-CAP BY E. coli B AND E. coli B 150 
mug “C-CAP taken up/mg bacteria 


Whole bacteria Spheroplasts 
E. coli B 15-6 121 
E. coli B 150 4:9 0-6 


Bacteria were incubated in CG medium supplemented with 25 per cent 
sucrose. Spheroplasts obtained by the method of Kohn (ref. 5) were also 
incubated in CG medium supplemented with 25 per cent sucrose. Uptake 
of *C-CAP was determined as described in Table 1. 


strain (Table 2) was due to a penetration of the antibiotic 
into cellular components outside the plasma membrane 
and that the resistance of E. coli B 150 is due to the 
impermeability of the membrane to CAP. 

Although a permeability barrier could explain the CAP 
resistance of some organisms, it does not explain the 
failure of CAP to inhibit protein synthesis in ribosomal 
systems from yeasts, mammalian tissues, pea seedlings 
and T. pyriformis. The binding of 4C-CAP to ribosomes 
from CAP sensitive and resistant organisms has been 
investigated and the results are shown in Table 3. 
The degree of binding of #C-CAP to ribosomes from 
different bacterial species was very similar and only 
S. aureus ribosomes bound MC-CAP to a significantly 
smaller extent. This was possibly due to the fact that the 
duration of breakage of S. aureus in the ultrasonic disin- 
tegrator was larger than for the other bacteria’. If the 
time of breakage of B. megaterium was prolonged to 
13 min the amount of “C-CAP bound by the ribosomes 
was reduced by 50 per cent. On the other hand, the 
amounts of 4C-CAP bound by ribosomes from E. coli B 
and E. coli B 150 were very similar, suggesting that the 
resistance of E. coli B 150 is due to a decreased permeabil- 
ity of the bacteria to CAP; this result is in agreement 
with the finding reported by Okamoto and Minuzo!? that 
protein synthesis by cell-free systems from a strain of 
E. coli resistant to CAP was sensitive to the antibiotic. 

4C-CAP was not bound to ribosomes from S. fragilis, 
C. oncopelti, T. pyriformis, rat liver and pea seedlings 
either in 10-2 M éris-hydrochloric acid buffer containing 
10-2 M Mg++ and 0-2 M Kt or in the buffer systems used 
to study protein synthesis in cell-free systems of these 
organisms?:11,12.14, . 

The results obtained in this work suggest that all 
bacterial ribosomes (sedimentation constant 70 S) are 
able to bind “C-CAP. The resistance to the antibiotic 
shown by E. coli B 150 is due to the impermeability of the 
bacterial membrane; ribosomes from this strain bind 
u4C-CAP to the same extent as those from the parent 
sensitive strain. 

Ribosomes (sedimentation constant 80 S) from other 
organisms were unable to bind “C-CAP and this finding 
could explain the resistance of yeasts, protozoa, mammal- 
ian and plant systems to CAP. T. pyriformis, although 
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Table 3. BINDING OF *C-CAP BY RIBOSOMES 
mug CAP 
Organisms and Method Ribosomal bound/mg 
es of breakage preparation ribosomes 
S. aureus, Duncan Ultrasonic, 13 min 708 18 
B. megaterium KM (1) Osmotic shock 708 30 
2 Ultrasonic, 2 min 708 29 
E. coli B. Ultrasonic, 1 min 70S 29 
E. coli B 150 Ultrasonic, 1 min 70S 80 
P. striata Ultrasonic, 45 sec 70S 33 
S. fragilis (1) Hughes press 80S 
Jérgenson (2) Osmotic shock 80S 
(3) Ultrasonic, 2 min 80S 
C. oncopelti High-speed blending 80S . 
. with glass beads \ Less 
T. pyriformis W High-speed blending 80 S than 
with glass beads 1 
Rat liver See reference 11 80 S 
Polysomes 
Pea seedlings See reference 12 80 S 


MC-CAP (1 ug/ml.) was added to a preparation of ribosomes in 10-? M 
tris-hydrochloric acid buffer pH 7:4 containing 10-! M Mg++ and 0:2 M K+. 
After 2 min at 4? the suspension was centrifuged at 150,000g for 60 min 
and the radioactivity in the pellet determined. In control experiments 
non-radioactive chloramphenicol (100 ug/ml.) was present during the incuba- 
tion period and “C-CAP was added at the end. Volume of incubation 
mixture was 2 ml. containing 4 mg of ribosomes. 


a protozoan, is sensitive to high concentrations of CAP, 
but it has been reported that synthesis of protein by a 
ribosome system from T. pyriformis W is not affected by 
the antibiotic?. 

The Jack of CAP inhibition of protein synthesis by 
ribosomal systems from yeasts, protozoa, mammals 
and plants may therefore be due to the inability of their 
ribosomes to bind the antibiotic. 

The variation in CAP binding by ribosomes is in 
agreement with the ability of the antibiotic to inhibit 
protein synthesis in cell-free systems. If CAP inhibits 
only as a result of binding to the ribosomes, there is no 
need to postulate the existence of an additional CAP 
sensitive step in bacterial protein synthesis which is 
absent from mammalian systems as has been proposed by 
von Ehrenstein and Lipmann?. 
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CHLORAMPHENICOL AS AN INHIBITOR OF ENERGY-LINKED PROCESSES 
IN MAIZE MITOCHONDRIA 


By C. D. STONER, Dr. T. K. HODGES and Pror. J. B. HANSON 


Department of Agronomy, University of Illinois, Urbana 


N the course of investigating the accumulation of 

calcium by maize mitochondria, it was observed that 
chloramphenicol in the concentrations used to inhibit ion 
accumulation by plants acted as an uncoupling agent!. 
Superficially, the compound seemed to act in the same 
fashion as the classic uncoupling agent, DNP (2,4-dinitro- 
phenol). It appeared that the uncoupling properties of 
chloramphenicol could be responsible for the inhibition 
of ion accumulation. 

We have now made additional observations on the 
action of chloramphenicol as part of present-day investiga- 


tions of mitochondrial swelling and contraction, calcium 
uptake and ATPase. These observations indicate that 
chloramphenicol has a site of action distinct from DNP or 
oligomycin, and that it may act on one of the high-energy 
intermediates postulated for ATP formation and other 
energy-linked processes?-1^. 

The experiments were conducted with mitochondria 
isolated from the shoots of xtiolated maize seedlings!. 
The properties of maize mitochondria with respect to 
reversible swelling, ion accumulation, and ATPase 
activity are not very different from those described for 
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animal mitochondria. Complete descriptions will be 
published separately. We here abstract from the major 
work sufficient detail to compare the action of chloram- 
phenicol with that of DNP and oligomycin. 

Maize mitochondria swell spontaneously when placed 
in 0-2 M potassium chloride + 0:02 M tris (pH 7-5), and 
will contract on addition of ATP or succinate (Fig. 1). 
The curves are like those recently reported by Lyons and 
Pratt!! for cauliflower mitochondria, except that these 
authors did not report substrate-induced contraction. In 
the experiments reported here the swelling and contraction 
were followed by changes in optical density at 520 mp, 
but we have verified that volume changes are involved 
by measuring wet weight, and by electron microscopy. 
Pyruvate-malate or NADH will serve as well as succinate 
in powering contraction. Cyanide inhibits succinate- 
powered contraction, but not ATP-powered. Phosphate 
and magnesium are not required for succinate-induced 
contraction; on the contrary, phosphate is inhibitory 
(Table 1). Oxidizable substrate produces a more rapid 
contraction than ATP (Fig. 1). 


Table 1. INHIBITION OF CONTRACTION BY UNCOUPLING AGENTS AND 
PHOSPHATE 
Additive % inhibition of contraction 
Succinate ATP 
Dinitrophenol 5 x 10- M 56-9 64-0 
Oligomycin 2 „g/ml. —44* 79:5 
Chloramphenicol 5 x 10? M. 2:5 56:5 


Phosphate 10-3 M 45.6 = 
Magnesium 102 M —5-4* — 
Phosphate and magnesium 467 — 


Experiments with DNP, oligomycin, and chloramphenicol were performed 
as in Fig. 1, with the inhibitor added initially. Phosphate and Mg were 
added with the suecinate. Inhibition was calculated from 4 optical density 
just before and 2 min after adding succinate or ATP. 

* Promotion; these values and that with chloramphenicol (succinate- 
powered) are within errors of measurement. 


Dinitrophenol accelerates the swelling-rate, but there 
is no change in final swollen volume (Fig. 1). Both 
succinate- and ATP-powered contraction are inhibited by 
DNP. Similar experiments have been done with the more 
effective uncoupler, m-Cl-CCP (carbonyl cyanide m-chloro- 
phenylhydrazone). Except for the fact that lower con- 
centrations are needed (about 10-5 M), the results are the 
same as with DNP. Neither DNP nor m-Cl-CCP is 
efficient in inhibiting contraction unless concentrations 
are used which virtually eliminate oxidative phosphoryla- 
tion. 

Table 1 compares the inhibitions of contraction found 
with DNP with those given by oligomycin, chlorampheni- 
col and phosphate. Neither oligomycin nor chloram- 
phenicol affects succinate-powered contraction, but they 
are effective with the ATP-powered system. Low con- 
centrations of phosphate inhibit succinate-powered con- 
traction. : 

Oligomycin blocks ATP-powered uptake of calcium 
but has little effect on substrate-powered uptake (Table 2; 
see also Brierley et al. and Lehninger e£ al.8). Chlor- 
amphenicol, however, inhibits both the substrate-powered 


Table 2. INHIBITION OF CALCIUM UPTAKE BY DINITROPHENOL, ADP AND 
OLIGOMYOIN 
Ca uptake 
Energy source Inhibitor (mumoles/ 
Substrate ATP mg N/10 min) 

- - — 74 
+ - — 281 
* - 12x10-! M DNP 76 
+ - 2-0x102 M ADP 104 
- - 2:6 x 107 M ADP 65 
= + — 205 
- + 1-2 x 10+ M DNP 108 
+ + — 595 
- - — 252 
+ - — 1,960 
+ = 2 ug[ml. oligomycin 1,030 
- + — 1,640 
- + 2 ug/ml. oligomycin 364 


Mitochondria isolated and experiment conducted as previously described 
(ref. 1).. Media for the upper experiment contained 625 moles sucrose, 
12 umoles MgCl, 0-25 umoles CaCl, + **Ca and 17 umoles phosphorite acid in 
a volume of 2-5 ml. with pH adjusted to 7-5 with éris. Energy source was 
8 umoles succinate and/or 6-5 umoles ATP. Media for the lower experiment 
had in addition 0-6 umoles NAD, 0-4 wmoles thiamine-pyrophosphate and 
0-1 pore coenzyme A. Substrate was 40 umoles pyruvate+5 moles 
Succinate. 


NATURE 259 
0-6 
o5 succinate 
BSA 





| ATP 





0 10 20 30 10 
Min 
Fig.1. Swelling and contraction of corn shoot mitochondria. Reacticn 
started by adding 0-06 ml. of washed mitochondria in 0-4 M sucrose to 
5 ml. of 0-2 M KCl-- 0-02 M tris (pH 7:5) with and without 5 x 10 M 
DNP. Optical density changes at 520 my were followed in a Coleman 
model 11 spectrophotometer. Final concentrations of additives: “8 mM 
succinate; 5 mM ATP; 1 mM ean) 1 mg/ml. BSA (bovine serum 
albumin 


uptake! and the ATP-powered uptake (Table 3). Hence, 
although one cannot distinguish between oligomycin and 
chloramphenicol in the contraction system, they behave 
differently in the calcium-uptake system. Another 
difference which we have observed is that chloramphenicol 
accelerates the rate of initial swelling, while oligomycin 
does not. 

Substrate and ATP-powered uptake of calcium are 
inhibited by DNP (Table 2). Succinate-powered calcium 
uptake is inhibited by ADP, a result reported by Brierley 
et al.* for phosphate uptake. (Phosphate uptake accom- 
panies uptake of calcium in these experiments.) 

Both dinitrophenol and m-Cl-CCP enhance the ATPase 
activity of maize mitochondria (Heytler") ; chlorampheni- 
col does not (Fig. 2). At concentrations where all three 
agents begin to depress oxygen consumption (in parallel 
Warburg experiments), there is a depression of ATPase. 
With further increases in DNP or m-Cl-CCP concentration, 
there is a secondary rise in ATPase. Although the results 
are not detailed here, 1 pg/ml. oligomycin gives about 
80 per cent inhibition of ATPase activity, which is com- 
parable to the inhibition with animal mitochondria’. 

Oxidative phosphorylation by maize mitochondria is 
inhibited 50 per cent by approximately 2x10-* M DNP, 


Table 3. INHIBITION OF ATP-POWERED CALOIUM UPTAKE BY CHLOR- 


AMPHENICOL 
Ca content ATP-powered 
ATP Chloramphenicol (mumoles/ Ca uptake 
mg N)  (mumoles/mg N) 

= — 108 — 
+ — 415 307 
+ 2x10°M 276 168 
+ 4x102M 184 76 


Corn shoot mitochondria were isolated and experiment conducted as 
previously described (ref. 1), except that incubation time was 5 min. Medium 
contained 625 moles sucrose, 12 umoles MgCls, 0-25 moles CaCl, 4- “Ca, 
17 umoles phosphoric acid neutralized with éris (pH 7-5), 0-1 ml. ethanol, 
6-5 umoles ATP where indicated, and 0-456 mg mitochondrial nitrogen in 
volume of 2-5 ml. 
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Fig. 2. ATPase activity of corn shoot mitochondria. Reaction at 

28° C started by adding 0-1 ml. mitochondria (0-16-0-18 mg N) to 5 ml. 

of 0-2 M. KCl-- 0-02 M tris (pH. 7-5), 0-005 M ATP, 0-001 M. MgCl, and 

uncoupler asindicated. Reaction terminated at 30 min with 5 per cent 

trichloroacetic acid, and change in inorganic phosphate from initiallevel 

determined. The ethanol added with the uncouplers was not sufficient 
to affect ATPase activity 


0-08 ug/ml. oligomyein and 2 x 10-3 M chloramphenicol, 
using pyruvate-malate or pyruvate-succinate as sub- 
strate. These same concentrations suppress oxygen 
consumption by about 20, 40 and 20 per cent, respectively. 

In all, we have examined four mitochondrial functions 
with three inhibitors; the results are summarized in 
Table 4. It is clear that chloramphenicol acts more like 
oligomycin than like DNP, the exception being that 
chloramphenicol inhibits substrate-powered uptake of 
calcium, while oligomycin does not. ‘There is another dis- 
tinction not indicated in Table 4 (cf. Tables 2 and 3); on 
a concentration basis, oligomycin is a much more effective 
inhibitor. Indeed, chloramphenicol is of interest here 
largely because of questions about its mode of action in 
stopping ion accumulation. 


Table 4. SUMMARY OF EFFECTS OF INHIBITORS ON ENERGY-LINKED 
MITOCHONDRIAL PROOESSES 


Oxida- 
tive Contraction Ca uptake 
Inhibitor phos- ATPase ATP Succinate ATP Succinate 
phorylation : 
DNP - 7 - - - 5 - 
Oligomycin - - - 0 - 0 
Chloramphenicol - - - 0 - - 


0, no effect; +, promotion; —,inhibition. 


We have attempted an analysis of the action of chlor- 
amphenicol as compared with DNP and oligomycin by 
use of a modified “Type I’ scheme of high-energy inter- 
mediates (Fig. 3). The discussion of Boyer? proved very 
useful for this purpose, and the concept of reactive ‘X 
and ‘I’ groups on a common molecule has been adopted. 
There is no attempt to depict how the primary high- 
energy intermediate is formed, nor is any identification 
of the intermediate implied. The scheme simply provides a 
vehicle for examining the action of the inhibitors which is 
consonant with the observations summarized in Table 4. 

The moiety shown as X T is assumed essential to the 
passage of électrons through ‘coupling’ sites. The first 
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high-energy intermediate is X ~T. - This state is considered 
to power directly contraction of maize mitochondria, for 
contraction requires neither phosphate nor magnesium, 
and indeed is inhibited by phosphate (Table 1). 

The phosphate inhibition of contraction is considered to 


' be due to depletion of XI in a reversible reaction yield- 


ing X I~P. The high-energy phosphate can be utilized 


‘in ATP formation or in phosphate (plus calcium) uptake 


(see Rossi and Lehninger!* for comments on which ion is 
actively transported). The preferred pathway must be 
to ATP formation, for uptake of calcium is inhibited by 
ADP (Table 2). 

Alternatively, ion accumulation may utilize the non- 
phosphorylated intermediate by a separate pathway (see 
the scheme of Slater et al). However, phosphate is 
essential to uptake of calcium in maize mitochondria; 
arsenate, chloride, and sulphate are ineffective ; similar 
results are reported for uptake of magnesium by animal 
mitochondria’. Thus, any alternative pathway would 
also involve phosphorylation. For the sake of simplicity, 
a single phosphorylated intermediate is depicted. 

Oligomycin is indicated to block the reversible transfer 
of phosphate between X I~ P and ATP, much as in 
the scheme of Brierley et al.*, and for the same reasons 
(Table 2). 

The uncoupling action of DNP (and m-Cl-CCP) is de- 
duced to be in the breakdown of the non-phosphorylated 
intermediate. Eisenhart and Rosenthal” recently con- 
cluded that DNP does not hydrolyse high-energy inter- 
mediates, but their pre-incubations included phosphate 
and presumably would have produced some phosphoryl- 


‘ated intermediate which could phosphorylate ADP in 


the presence of DNP. Vignais!*, who preincubated in the 
absence of phosphate, concluded that DNP stimulates 
preferentially the hydrolysis of non-phosphorylated 
intermediates. With the present state of knowledge on 
high-energy intermediates, there seems to be no alterna- 
tive which will explain the action of DNP in increasing 
the ATPase and the rate of swelling, and in inhibiting 
ATP-powered contraction and uptake of calcium. DNP 
clearly operates at the electron transfer side, yet it also 
functions to ‘waste’ energy channelled through from ATP. 
Some intermediate along the way must be affected in a 
fashion which will reduce the general level of intermediates 
available for osmotic work. Cleavage of the X~I bond 
would do this. 

Within this frame of reference, the action of chloram- 
phenicol can be examined. Chloramphenicol is not an 
uncoupler of the DNP type, for it does not inhibit sub- 
strate-powered contraction. It must therefore act beyond 
X ~I. It inhibits rather than promotes ATP hydrolysis, 
and blocks ATP-powered contraction, suggesting that it 
prevents X~J formation from ATP. Unlike oligomycin, 
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Fig. 3. A scheme to explain how chloramphenicol differs from DNP 
and oligomycin in inhibiting goers processes of maize mito- 
ondria 
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it will prevent substrate-powered uptake of calcium. 
In all, only one site is left to be involved; chloramphenicol 
in some fashion must block the formation or utilization 
of the phosphorylated intermediate. 

This deduction, of course, is only as sound as the 
scheme, and it would be surprising if the scheme were 
correct in detail. However, until such time as the high- 
energy intermediates are known and their functions are 
described, little else can be done to localize sites of inhibitor 
action. 

These experiments with chloramphenicol are with the 
high concentrations essential to inhibition of salt uptake. 
The inhibition of protein synthesis with lower concentra- 
tions is not necessarily related to the effect on mito- 
chondria. 

The work was supported by grants from the U.S. 
Atomic Energy Commission (A7'/11-1/—790) and the U.S. 
National Science Foundation (G—16082). 

Note added in proof. In order to simplify Fig. 3, we did 
not depict the action of the ‘phosphate-collecting’ enzyme 
which is thought to transfer phosphate from the inter- 
mediate to ADP*, 


XInP+HexI+EnwP 
E~ P+ ADP eE + ATP 
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We now observe that this omission gives the impression 
that oligomycin would block the ADP-ATP exchange, 
which is not always true (Huijing, F., and Slater, E. C., 
J. Biochem. (Tokyo), 49, 493 (1961); Wadkins, C. L.. 
Biochem. Biophys. Res. Comm., 1, 10 (1962)). Oligomycin 
would presumably block the first reaction above, leaving 
the second to carry out the ADP-ATP exchange. 
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ENERGETICS OF THE ELECTRIC ORGAN 


By Dr. R. D. KEYNES, F.R.S. 


A.R.C. Institute of Animal Physiology, 
Babraham, Cambridge 


[5 was pointed out in 1906 by Bernstein and Tschermak! 
that if the immediate source of energy for the dis- 
charge of the electric organ was a movement of ions 
down their concentration gradients, then by analogy 
with the adiabatic expansion of a gas the electric organ 
would be expected to cool down during its discharge by 
an amount equivalent to the electrical energy dissipated 
externally. They performed experiments on the electric 
organ of Torpedo, which they regarded as verifying their 
hypothesis, though the sensitivity of their thermocouple 
and air thermometer (used as a joulemeter) was not 
really great enough to furnish very convincing evidence. 
After this hopeful beginning, no further examination of 
the thermodynamics of the electric organ was made until 
Abbott, Aubert and Fessard reopened the question in 
1958. Using thermistors to measure the temperature 
changes in pieces of electric tissue from Torpedo they 
showed that there was indeed a phase of cooling during 
or soon after the electric discharge, but this was preceded 
and followed by warming phases which made it difficult 
to decide exactly how the magnitude of the cooling varied 
as a function of external resistive load (Re). 

Over the past five years we have made a fairly detailed 
investigation of the temperature changes in the electric 
organs of Electrophorus, Malapterurus and Torpedo, 
using somewhat smaller thermistor beads (diam. 0-25 
mm) than in the earlier work?, mounted on 20-mm 
lengths of twin glass capillary tubing so that they could 
be inserted between the electroplates with a minimum of 
damage to the tissue. The beads were insulated electric- 
ally by embedding them in ‘Araldite’ resin or (better) lead 
glass. The thermistors were used in pairs, connected in 
the opposite arms of a d.c. Wheatstone bridge, and in the 
case of Malapterurus each thermistor lay in the centre of 
a sandwich of electric tissue made by cutting the organ 
into pieces about 13 mm x 30 mm and putting two 
pieces together as shown in Fig. 1A with the same orienta- 
tion of their electroplates and the skin outermost. The 
main reason for working differentially with two sandwiches 
or slices of tissue was to provide compensation for resting 
temperature drift, which all the same prevented the mak- 
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ing of any useful measurements until the temperature of 
the preparation had been allowed to settle down for at 
least an hour inside a thermally insulated box. An 
additional advantage of this arrangement was that the 
observations could readily be duplicated (as, for example, 
in Fig. 3) by connecting the circuits for electrical stimula- 
tion and recording alternately to the two preparations. 
Unbalance of the bridge was detected by means of a Kipp 
Stylo galvanometer connected to a photoelectric feed-back 


ce 


2 T 


Fig.1. Method of monnting pieces of electric organ from Malapteryros 
(A) and Electrophorus (B) between chlorided silver plates (P). For 
Malapterurus the thermistor (T) lay horizontally between the inner 
surfaces of two pieces of organ arranged to form a sandwich. For 
Electrophorus the thermistor was pushed into the slice of tissue In a 
direction parallel with the columns of electroplates through a nich 
in the the outer surface; the electroplates on either side of the ther- 
mistor were apt to be damaged in the process of insertion. When 
the electric discharge was generated, current flowed through the tissuc 
between the silver plates, its size being governed by the value of the 
external resistive load connected across the 
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amplifier system as described by Hill’, the 9 500 
output of which was displayed alongside 
the electric discharge on a Tektronix Model 460 
555 double-beam oscilloscope and also on a 
high-speed (full-scale deflexion nominally 420 
0-25 sec) Honeywell potentiometric recorder. \ 9 
The galvanometer response was speeded ao 
up by applying feed-back, and the overall e E A40 
time-constant for the thermistors and the X X 
galvanometer, tested with the thermistors 9 309 e 


inserted into uniform slices of agar jelly 
which were then abruptly warmed by a 





short pulse of current, was about 80 msec. 120 420 

The temperature coefficient of the resistance 

of each thermistor had been determined 80 80 

over a wide range of temperatures meas-  , 

ured with a standard thermometer, and 5 4 4 9 

the records were calibrated by recording $ d 3, 

the deflexion corresponding to a known jw 22 43 85 170 340 6001170 © 22 43 85 170340 6801170 = 0E 

change in a standard decade resistance con- © _-4y Ohms Ohms 4o 2 

nected in parallel with a fixed resistance in * à = g 

one arm of tho bridge. -8 "ve. ^ d 
Each sandwich or slice of electrie tissue Aoig BE O— 9. 9-07 

lay between two chlorided silver plates which —120 -420 


were used for electrical stimulation (for 
Electrophorus and Malapterurus) and for 
application of the external resistive load. 
Trains of shocks of predetermined length 
(usually 5 pulses) and pulse interval (usually 
10 msec) were generated by a program- 
ming device and applied to the tissue via a 
transistor switching circuit which was capable of delivering 
currents up to 1 amp without overloading during the shock, 
but the impedance of which as seen by the tissue at other 
times, was very much higher than the selected loads. Cor- 
rections for the warming caused by the stimulus were some- 
times necessary, but usually they were small; when working 
with Torpedo they could be avoided altogether by stimulat- 
ing the nerve trunks rather than the tissue itself. Another 
important component of the apparatus was the joulemeter, 
which permitted direct measurements to be made of the 
external electric work performed during the discharge. 
This consisted of a resistance forming all or part of the 
load, which was wound round a small bundle of thermo- 
couples connected to a galvanometer which registered 
their warming ballistically. It was calibrated by charging 
standard capacitances to known voltages and discharging 
them through the joulemeter. The joulemeter resistance 
was wound in sections switched so that its value could be 
changed by factors of 2 or 4; further variation of the load 


1 pulse 1x107? °c 
Cooling 
5 pulses Warming 


} 1 minute | 


Fig. 2. Temperature changesin a sandwich of electric organ from 

Malapterurus after the application of 1 and 5 shocks. Shock strength 

was 16 V, duration 0-1 msec; even with 5 shocks, the warming due to 

the stimulus current alone was barely visible at this sensitivity. Tem- 
* perature 19°C 


Fig. 3. Variation in the size of the thermal responses with external resistive load for two 
sandwiches of electric organ from a specimen of Malapterurus. @, externalelectric work, 
measured with the microjoulemeter; O, cooling phase Qa; Q, initial warming phase 
@, recovery heat Q;. 


15 


Outer scales refer to work, Q, and Qs; central scale is for LR 


The measurements were made by reducing Re in steps from infinity to 22 ohms, and 
then repeating the series in reverse order so as to be able to allow for fatigue by averaging 
the two values for each load. Recordings were made with 5 pulses at 10-msec intervals as 


for Fig. 2 


was achieved by connecting the joulemeter in series or in 
parallel with standard resistances. 

Fig. 2 shows records of the temperature changes in a 
sandwich of tissue from Malapterurus in response to a 
single shock and to & train of five similar shocks spaced at 
l0-msee intervals. There was typically a very brief 
phase of warming which will be referred to as Q,, then a 
more prolonged phase of cooling (Q;), and finally a still 
more prolonged phase of warming (Qs). For trains of 
up to 20 pulses there was a linear relationship between the 
peak amplitudes of Q, and Q, and the number of pulses, 
but since Q4 was always the larger the summated value of 
Q. became relatively smaller for longer trains. Since each 
thermistor was placed in the thin layer of fluid and con- 
nective tissue separating the two pieces of electric organ 
which formed the sandwich, its most immediate sur- 
rounding was in effect a passive resistive element connected 
in parallel with the active elements (see Fig. 1A). The 
joule heat dissipated in such an element would be expected 
to be largest with tho sandwich on open circuit (Re = oo), 
when the output voltage would be greatest. As may be 
scen in Fig. 3, the variation in size of Q, with Re roughly 
fitted with what would be expected for a passive parallel 
element, and it hence seemed reasonable to interpret 
Q, as an artefact arising from the fact that the material 
nearest to the thermistor did constitute such an element. 
This interpretation was supported by the observation that 
in Electrophorus, where any damage to the electroplatos 
while pushing the thermistors between them would give 
rise to a passive series element (see Fig. 1B), Q, was cither 
absent (if such damage was slight) or only became con- 
spicuous with low values of Re. In Torpedo, where the 
electroplates are packed very closely together, it was 
difficult even with the smallest thermistors to avoid 
damaging the tissue so much that Q, became disconcert- 
ingly large; but in several of the most recent experiments 
records were obtained in which Q, was &bsent on open 
circuit. 

The most interesting thermal event occurring at roughly 
the same time as the electric discharge was therefore the 
cooling phase Q,. In the records shown in Fig. 2 it reached 
its peak with a time constant of about 250 msec; since the 
instrumental time-constant was only about 80 msec 
this might suggest that Q, actually took place slightly 


No. 4942 July 18, 1964 


later than the electric discharge. However, the oxtra 
170 msec might be accounted for by the presence of a 
passive layer of the order of 200p thick on either side of 
the thermistor. Certainly there is a non-responding 
layer close to the thermistor, although this scems a 
rather high estimate for its depth. It is safest to conclude 
that Q, is either perfectly synchronous with the discharge 
or is not delayed after it by more than a fraction of a 
second. The average size of Q4 on open circuit in Malap- 
terurus at 20° C was 65 u° C/impulse, and on loading the 
tissue electrically Q, increased to a maximum value of 
about 110 y? C/impulse. The corresponding figures for 
Electrophorus at room temporature were 59 and 83 p° C/ 
impulse’. In Torpedo tho open circuit and maximum 
values at 5° C were rather higher, 187 and 227 yu? C/ 
impulse, but experiments on Electrophorus showed that 
Q: inereased on cooling, so that all three species would 
have quantitatively similar values of Q, at room tempera- 
ture. 

When the size of Q, is plotted against Re as in Fig. 3 
and compared with the value of the external work per- 
formed at the same time, it is scen that in one respect 
Bernstein’s prediction is fulfilled, since both Q, and tho 
work attain a maximum at about the same value of Re; 
in Electrophorus the maxima seemed to coincide less well, 
the value of Re for greatest Q, being definitely smaller 
than for greatest work. The figures for tho work fit very 
closely on to the theoretical curve for a constant-voltage 
generator with a fixed internal series resistance Ri, the 
condition for maximum power output being, of course, 
that Re = E, However, it is clearly impossible to 
explain the results solely in terms of an adiabatic mixing 
process, since not only is there a substantial quantitative 
discrepancy between the maximum value of the cooling 
and the maximum external work when they are expressed. 
in the same units (taking the specific heat of electric 
tissue as 0-87 cal/g), but also it is necessary to account 
for the appreciable cooling that takes place on open 
circuit, when no current flows in external circuits and 
the external work is zero. Our results seem best fitted by 
supposing that Q, is the sum of two components, one of 
which is fixed in size and is independent of load, and the 
other of which is the cooling predicted by Bernstein, 
equal and opposite to the external work. A. possibility 
which can quickly be dismissed is that the open circuit 
cooling arises because there is always & leakage resistance 
round the edges of the slab of tissue which prevents 
true open circuit operation. It can readily be shown 
that such a resistance would have to be appreciably lower 
than the observed resting resistance of the whole tissue 
slice, and also very much smaller than the probable 
resistance of the thin inert layer of fluid outside the 
slice. : 

The Bernstein cooling arises, in effect, from the entropy 
change when work is done at the expense of the ionic 
concentration gradients. To the extent that the thermo- 
dynamic behaviour of the system is affected by changes in 
hydration of the ions with their concentration, a further 
heating or cooling of mixing would be anticipated, al- 
though this effect would be a second-order one. Unfor- 
tunately, the heat of mixing of Nat and K+ is small and 
positives, and the only obvious way in which an extra 
cooling of mixing could be produced would be if the 
current flowing through the electroplates were carried by 
Nat ions entering the cells through one face (in Electro- 
phorus the innervated posterior face’, in Malapterurus the 
anterior face") and by Cl- ions entering through the 
opposite face rather than by K+ ions leaving. The heat 
of dilution of sodium chloride, which is relatively large 
and is negative, might then be elicited in addition to the 
Bernstein cooling. However, the meagre electrophysio- 
logical evidence does not unequivocally support the idea 
that Cl- ions may carry a large fraction of the current, 
and, in any event, such a mechanism would not explain the 
occurrence of open circuit cooling, when the only ionic 
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movements are those necessary to alter the potcntial 
across the active face of the electroplate, which are almost 
certainly appreciably smaller than those that take place 
when large currents are drawn. 

Another possible source of cooling would be an absorp- 
tion of heat at the faces of the oloctroplatos analogous with 
the Peltier effect. There seem to be two good reasons for 
rejecting this suggestion. In tho first place, Peltior 
cooling during current flow only takes place at overy other 
junction in a sequence of dissimilar conductors, there 
being an oqual production of heat at alternate junctions, 
so that apart from joule heat the avorage temperature 
change over an even number of junctions is zoro. Since 
the thermistors were large compared to the spacing of the 
electroplates, the temperature changes observed were 
certainly the average of those occurring at the opposite 
faces of each electroplato, and any Peltier cooling at ono 
face would have been balanced by the corresponding 
warming at the other. Even if it were argued that in the 
electric organ the balance may not be exact because the 
current is carried by different ions through alternate 
faces, the Peltier analogy has to meet the further objection 
that any extra cooling attributed to it would bo least on 
open circuit and would increase in proportion to the 
current drawn, instead of being independent of external 
load. The same objection applies to any explanation for 
the extra cooling which would make it vary with the 
total current flow, such as a hypothetical coupling of the 
ion transfer through the coll membranes to an ondothormic 
chemical reaction. Thus, although some contribution 
from an offect similar to Peltier cooling is not excluded, 
the analogy seems unable to provide a completo explana- 
tion for the excess cooling. 

A. plausible further source of cooling which might meot 
the requirement of not varying greatly with externalload 
would be the occurrence as an integral part of tho permea- 
bility change in the active membranes of a process 
involving the melting or splitting of a membrane com- 
ponent. It would also be necessary to suppose that the 
restoration of the quiescent condition of the membrane 
at the end of thé action potential did not simply take 
place through a direct reversal of the melting process, 
since, if it did, the net temperature change after each 
complete functional cycle of the permeability mechanism 
would merely be zero. This further condition means that 
the electroplate would have to have a reservoir of the 
component to be melted or split which was not instantane- 
ously replenished after each impulse. The idea that the 
cell or the membrane contains a supply of a substanco 
which is obligatorily consumed during electrical activity 
is, of course, contrary to recent evidence on the perfused 
squid axon’, which is capable of conducting hundreds of 
thousands of impulses after replacement of virtually all 
its cytoplasm by a potassium sulphate solution, and in 
which the permeability mechanism seems likely to involvo 
a completely reversible reorientation of charged dipoles 
within the membrane rather than the kind of process 
envisaged above for the electric organ. But the permea- 
bility mechanisms need not be assumed to be identical 
in these very different tissues. It may also be objected 
that the operation of the permeability mechanisms would 
be unlikely to have the same thermal consequences in all 
three types of electric fish considered here, since the active 
membrane in Torpedo is apparently strictly cholinergic 
and so exclusively chemically excitable’, whereas Malap- 
terurus is almost as exclusively electrically excitable’, 
with Electrophorus in an intermediate position. Neverthe- 
less, the open circuit cooling is roughly the same in each 
case. However, in the absence of any evidence as to the 
precise difference at the molecular level between chemical 
and electrical excitability, this argument is still not a 
decisive one. The suggestion that there may be some form 
of depolymerization in the membrane during the action 
potential has the further attraction that this might lead 
to osmotic effects which may be related to the changes in 
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light scattering observed by Aubert, Chance and Keynes”, 
It is hoped that a more detailed comparison of the time- 
courses of the early thermal and optical effects will throw 
more light on this question. 

Finally, the origin of the terminal phase of warming, 
Qs, may be considered briefly. In Electrophorus’ its 
time course is similar, both at room temperature and at 
7° C, to that of the easily observed reduction and subse- 
quent restoration of the size of the action potential which 
has been attributed to changes in the ionic concentrations 
within tho electroplates, and its extent is roughly con- 
sistent with quantitative analyses of the breakdown of 
creatine phosphate!®11, Although similar evidence has 
not yet been obtained for Malapterurus and Torpedo, it is 
reasonable to assume that Q, arises from the operation of 
an ionic pump, driven by phosphate-bond energy, which 
restores the ionic concentration gradients the running 
down of which constitutes the immediate source of energy 
for the electric discharge. A still later recovery process, 
the activation of glycogenolysis to restore the phosphate 
potential, has been investigated in Electrophorus by 
optical!^? and chemical methods!1*, It takes place too 
slowly for any accompanying temperature changes to be 
readily separable from the dissipation of heat into the 
apparatus which inevitably follows its release as Qs. 
As might be expected, the size of Q; increases steadily as 
Re is reduced (Fig. 3) and as the downhill movement of 
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ions in each impulse is correspondingly increased; this 
effect is more marked in Malapterurus than it sometimes 
is in Electrophorus. 

These experiments were started in the Physiological 
Laboratory, University of Cambridge, with the help of 
grants from the Rockefeller Foundation, the Nuffield 
Foundation and the Department of Scientific and Indus- 
trial Research. We thank Mr. R. H. Cook and Mr. S. B. 
Cross for assistance in the construction of apparatus 
and the performance of experiments, and for the care 
with which they looked after the fish. 
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" RECIPROCAL ACTIVATION AND INHIBITION OF CORTICAL NEURONES 
AND VOLUNTARY MOVEMENTS IN MAN: CORTICAL CELL 
ACTIVITY AND MUSCLE MOVEMENT 


By Dr. CHOH-LUH LI and Dr. JOHN M. TEW, jun. 


Surgical Neurology Branch, National Institute of Neurological Diseases and Blindness, 
National Institutes of Health, Bethesda, Maryland 


N 1906, Sherrington? introduced a theory of reciprocal 
innervation on the basis that simultaneous excitation 
and inhibition of the agonistic and antagonistic 
musculatures are required for execution of smooth phasic 
movements. Particularly in view of recent observations 
on reciprocal excitation and inhibition of unit discharges 
recorded with microelectrodes from the retina?? and 
receptive fields of the cerebral cortex‘-*, this theory may 
also be applied to the integrative action of the sensory 
system. 

The reciprocal behaviour of units in the receptive 
fields—the visual cortex and somatosensory cortex— 
has been extensively examined, but there are relatively few 
reports of similar investigations on the motor cortex. It is 
known that, under certain experimental conditions, 
inhibition of neuronal activity in the motor cortex 
occurs"; as yet, this phenomenon has not been investi- 
gated in relation to phasic movements. 

Cordeau et al.?, in Jasper’s laboratory, produced ‘postural’ 
tremors in monkeys. By recording with microelectrodes 
from the sensorimotor cortex, these authors found that 
some neurones discharged synchronously with the 
rhythmic tremor movements. Since these movements 
were involuntary and comparable to passive movements, 
questions were raised. Could the cortical unit discharges 
be the result of afferent stimulation? Did they represent 
the central pace-maker for tremor movements? It has 
been shown that passive movements of a contralateral 
limb evoke spike discharges from the somatosensory cortex® 
and that stimulation of a contralateral peripheral sensory 
nerve can elicit & response from cortical neurones which 
also respond to stimulation of the pyramid in the medullas. 
These findings were obtained in experiments on animals 
and support the argument that the alternating cortical 


discharges recorded by Cordeau from tremoring monkeys 
may have represented responses to stimulation of peri- 
pheral sense organs. 

This article concerns cortical unit activity related 
to voluntary contraction and relaxation in the fingers 
of patients operated on for epilepsy or Parkinson’s 
disease. The selection of patients and the method of 
recording are being reported elsewhere’. In brief, the 
micromanipulator, microelectrode carrier, and pre- 
amplifier were mounted on a ring which was, in turn, 
attached to the skull over a trephine opening. The 
assembled equipment weighed 30 g and was 1-5 cm in 
diameter and 13:5 em in height. Before use, it was 
sterilized at 140° F for 4h in a gas chamber. The record- 
ing was carried out under closed-skull conditions which 
not only preserved the physiological state of the cortex 
but also prevented respiratory and pulsatory movements 
of the brain, This made it possible to maintain the 
recording microelectrode in one position in reference to 
the cortical cell for a long period of time. During re- 
cording, the patient was under local anesthesia and was 
able to converse with the attending physician. 

When the microelectrode was placed in the precentral 
cortex and the unit discharges were recorded, the dis- 
charge-frequency was often altered by contraction and 
relaxation of the patient’s contralateral fingers. It 
soon became apparent that when the patient closed his 
hand, an increase in activity of some cortical units with 
a simultaneous decrease in activity of other units occurred. 
At the same time, the discharge pattern of some other 
units remained unchanged. This was best illustrated in 
the case described here. 

The patient was a sixty-year-old housewife suffering 
from severe hypokinesia, rigidity and fine tremors, all of 
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Fig. 1. Microelectrode recording from left precentral cortex of a 
conscious patient who intermittently relaxed and closed her right hand. 
The extracellular electrode recorded three units (R, ¢ and C) in A and 
another (C;)in B and C. A, B and C are continuous records. Upward 
deflexion represents positivity. Voltage calibration, 2 mV; time, 0-5 sec 


Relaxing Contracting Relaxing Contracting 


= Second —4 


Fig. 2. The time relationship of the spike discharges from units R, C, 
C, and ¢ during relaxation and contraction of the right fingers 


which were most marked in the right upper extremity. 
Thalamotomy was carried out under local anesthesia. 
Immediately following insertion of an electrode, presum- 
ably into the ventrolateral nucleus of the left thalamus, the 
tremor movements in the right hand ceased, However, 
there was still some rigidity in the arm. Microelectrode 
recordings from the left precentral gyrus showed that 
when the hand was closed, a burst of spike discharges 
occurred. When the right hand opened and closed in 
rapid succession, the recording shown in Fig. 1 was 
obtained. 

Relaxation of the hand gave the tracing in A of Fig. 1. 
The amplitude of extracellular unit spike potentials 
varies with the distance between the recording electrode 
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and the unit". In this case, the extracellular micro- 
electrode recorded spontaneous spike potentials of three 
different amplitudes; R, i and C were 3-1 mV, 1:0 mV 
and 0-66 mV, respectively. Thus, tho extracellular 
electrode was recording spike activity from three units. 
It can be seen that during relaxation of the hand, the 
R-unit fired with an interspike interval ranging from 
0-57 to 1-36 sec. The interspike interval of the C-unit 
potentials ranged from 0-7 to 0-9 sec. When the hand 
was closed (Fig. LB), the R-unit stopped firing. Simul- 
taneously, the C-unit discharged more rapidly, and the 
discharges occurred in bursts. In addition, a train of 
spike potentials was recorded from another unit (C,-unit) 
which had been inactive during relaxation of the hand. 
When the hand was again relaxed, the previous uctivity 
pattern of the C-unit gradually resumed, the bursting 
discharges of the C,-unit rapidly subsided and spike 
potentials of the R-unit reappeared. During this entire 
period, no significant change in the discharge activity 
of the ¢-unit was recorded. This unit was indifferent to 
movement of the fingers. 

The discharge patterns of these four units (Hj, C, C, 
and 7%) are traced in Fig. 2. Since the number of cells 
under investigation was rolatively small as compared with 
the cell population of the precentral cortex, no statistionl 
treatment of the results in this investigation is possible. 
Nevertheless, the results clearly demonstrated that 
different cells in the precentral cortex behaved differently 
in connexion with voluntary movements.  Theso move- 
ments were consciously motivated and were not in- 
voluntary. Therefore, it is proposed that reciprocal 
activation and inhibition of certain neurones in the 
motor cortex are necessary for contraction and relaxation 
of muscles in the execution of phasic movements. This 
is in keeping with Sherrington’s theory of reciprocal 
innervation of agonistic and antagonistic musculatures. 
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EFFECT OF CESTRADIOL ON BONE MARROW TRANSPLANTATION IN 
LETHALLY IRRADIATED MICE 


By Dr. JOHN S. THOMPSON, RICHARD W. REILLY *, HENRY P. RUSSEt 
and Dr. ATTALLAH KAPPAS 


Argonne Cancer Research Hospitalt and Department of Medicine, University of Chicago 


EVERATL investigations have confirmed the observa- 
tion by Treadwell e£ al.1 that cestrogenic hormones 
afford some degree of radio-protection to sub-lethally 
irradiated mice. There is general agreement that either 
a single large injection or a 10-day course of cestrogen 
pretreatment offers maximal benefit. Mirand e£ al.? 
report some protection when cestrogen is instituted after 
X-irradiation, although other investigations? have 
demonstrated an increased mortality when hormone is 
administered during this period. It is well known that 
* U.S. Public Health Pd Research Fellow (N.C.1.). 


+ Sehwelke Fellow in Medicine. 
t Operated for the U.S. Atomic Energy Commission by the University of 


Chicago. 


pharmacological amounts of cestrogens usually induce a 
progressive hematopoietic depression in dogs’, but their 
influence on intact mice is much less striking®.’. Despito 
considerable examination, the mechanism of this hor- 
monal phenomenon as well as that of cestrogen action 
on collular elements of the hematopoietic and lymphoid 
organs remains unresolved®?, 

Lethal irradiation followed by inoculation of bone 
marrow cells provide a means for investigating, in 
semi-quantitative circumstances, the influence of cestro- 
genic hormones on the proliferation and function of both 
hematopoietic and lymphoid cells. The purpose of this 
article is to describe the effects of pharmacological 
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Fig. 1. The effect of cstradiol on the survival of lethally irradiated 


C3H mice injected with allogeneic C57B1/6 bone marrow (B.M.) 


amounts of cestradiol, administered to lethally irradiated 
mice receiving both syngeneic and allogeneic bone 
marrow and, in & separate set of experiments, adminis- 
tered to adult mice which served as bone marrow donors 
to lethally irradiated allogeneic hosts. 

Twelve to sixteen week old C3H/Anf and C57B1/6 
female mice were used both as donor and host where 
indicated throughout the investigation. These mice were 
purchased from the Cumberland View Farms, Oak Ridge, 
Tennessee, and maintained on the ‘Rockland Mouse Diet? 
and water ad libitum. The methods of irradiation, 
housing and feeding of animals were identical to those 
followed in previous investigations!*. Irradiated mice 
received 900 r., in air X-irradiation, by means of a G. E. 
Maxitron-250 X-ray machine. Within 4 h of lethal 
irradiation 10 x 105 bone marrow cells suspended in 
Tyrode’s solution were injected intravenously. CEstradiol 
and testosterone were dissolved in 10 per cent NNDMA 
(N,N-dimethylacetamide; Eastman Organic Chemicals, 
Eastman Kodak Corporation, Rochester, New York)’ pro- 
pylene glycol. A 0-1-ml. volume of solution containing 
0-5 mg of hormone or the control vehicle was injected 
subeutaneously three times & week during the indicated 
treatment schedules. In those experiments in which the 
host was treated following lethal irradiation, the steroid 
and control injections were begun on the day after 
irradiation and bone marrow transplantation. These were 
continued for 2 weeks, during which time a total of seven 
injections was given. In the experiments in which bone 
marrow donor mice were treated, either three injections 
were given in 1 week or twelve injections were adminis- 
tered in a 4-week period. A daily record of animal death 
was maintained and expressed as percentage survival on 
any given day following radiation. 

Fig. 1 indicates that œstradiol shortens the survival of 
lethally irradiated C3H/Anf mice given allogeneic C57B1/6 
bone marrow. Whereas this combination normally leads 
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Fig. 2. The effect of sex hormones on the survival of lethally irradiated 
C3H mice injected with syngeneic C3H bone marrow (B.M.) 
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to 100 per cent mortality in 55 days because of a severe, 
progressive secondary disease syndrome, cestradiol treat- 
ment resulted in 100 per cent mortality by the twenty-first 
day after irradiation. Testosterone and control vehicle 
solutions appeared to have no effect on survival com- 
parable to that seen with cestradiol. 

Fig. 2 reveals this pattern of accelerated death even 
more clearly in C3H/Anf mice given syngeneic C3H/Anf 
bone marrow. Within the 60-day period of observation 
only three of seventeen control animals which received 
neither hormone nor control solution injections died. Of 
those animals treated with cestradiol, 80 per cent had 
died by the nineteenth day and 100 per cent were dead 
by the forty-fifth day after irradiation and bone marrow 
transplantation. Testosterone and the control solution 
injections may have induced a modest reduction in 
survival, but the effect was not comparable to that of 
cestradiol. 

Fig. 3 demonstrates the accelerated mortality of lethally 
irradiated C3H/Anf mice when donor bone marrow was 
obtained from C57B1/6 mice which had been treated with 
estradiol for 1 or 4 weeks. In this experiment, less than 
50 per cent of the transplanted hosts were living 10 days 
after lethal irradiation and all were dead by 28 days in 
both groups. 
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Fig. 3. The survival of lethally irradiated C3H mice transplanted with 

cstradiol-treated allogeneic C57B1/6 bone marrow (B.M.); 1 and 

4 weeks were time intervals of donor treatment with mstradiol or 
propylene glycol (P.G.) 


Cistrogens regularly induce thymic involution, but their 
effect on other lymphoid organs is variable?. Although 
cestrogens may augment circulating antibody response to 
certain antigens’, the results of Lurie!? and more recently 
of Kappas et al.13 indicate that these hormones also have 
a depressant effect on such manifestations of delayed 
hypersensitivity as cutaneous reactions to thyroglobulin 
and tuberculoprotein and the incidence of adjuvant 
arthritis in rats, a disorder shown by Waksman et al. to 
be of the delayed type!*. These observations led us to 
consider the possibility that cestrogenic hormones might 
differentially affect various compartments of the lymphoid 
System. 

Secondary or homologous disease, the wasting syndrome 
of delayed death following successful transplantation of 
genetically foreign bone marrow into lethally irradiated 
hosts, is thought to bo an expression of immunologically 
competent cells. If cestrogens depressed the number or 
funetion of these cells, the survival of the mice injected 
with allogeneic bone marrow might be improved. The 
fact that cestradiol had a distinctly harmful effect when 
administered to lethally irradiated C3H/Anf mice given 
C57B1/6 bone marrow and that the bone marrow trans- 
plant from cestradiol-treated allogeneic donors resulted 
in accelerated death of irradiated hosts tentatively dis- 
counts the selective suppression of these immunologically 
competent cells. 

These experiments revealed an early pattern of death 
compatible with a primary failure of the transplanted 
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cells to establish a successful graft when exposed to 
cestradiol before or after transplantation. Hematocrit 
and total leucocyte counts obtained 10, 15, 24 and 34 
days after irradiation indicate that those mice treated 
with cestradiol remain leucopenic until death, whereas 
mice treated with testosterone or control injections 
showed a substantial rise of leucocytes by the fifteenth 
day. Since anemia did not develop in any group, the 
observations suggest that under these experimental con- 
ditions cestradiol destroys leucocytes or their precursors 
and/or impairs the proliferation of leucocytic stem cells. 
Our results do not indicate whether this is a direct action 
on these cells or is mediated by an effect on other organ 
systems’. 

This work was supported by the Alexander and Mar- 
garet Stewart Fund for Cancer Research. 
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AMINO-ACID SEQUENCE AROUND THE REACTIVE THIOL GROUPS OF 
ADENOSINE TRIPHOSPHATE-CREATINE PHOSPHOTRANSFERASE 
By Dr. A. R. THOMSON, J. W. EVELEIGH and B. J. MILES 


Wantage Research Laboratory, Atomic Energy Research Establishment, Wantage, Berks. 


HE phosphotransferases are a very important group 

of enzymes found in most, if not all, living cells. They 
catalyse the reversible transfer of ‘high-energy’ phosphoryl 
groups from, a nucleoside triphosphate, usually ATP, toa 
substrate and have an absolute requirement for divalent 
metal ions, usually Mg?* or Mn?*. In addition, many of 
these enzymes require unmodified thiol groups for 
activity?—*. It is becoming increasingly likely that their 
reaction mechanisms are similar and that generally 
applicable principles are likely to emerge from an examina- 
tion of individual enzymes of this group*. 

So far, very little is known of their chemical structure. 
This communication describes investigations into the 
chemical environment of the essential thiol groups of one 
of these enzymes, ATP-creatine phosphotransferase 
(CPT). 

Creatine phosphotransferase catalyses the reaction: 


Mett 

creatine + ATP*- z creatine phosphate?-+ ADP*-+ H+. 
The enzyme has been highly purified and crystallized’, 
and has a molecular weight of 81,000 (ref. 8). It contains 
6-7 free thiol groups/mole*-"!, two of which react rapidly 
and irreversibly with alkylating agents such as iodoacetate 
(and iodoacetamide)*?. Loss of enzymatic activity can be 
exactly correlated with alkylation of these two thiol 
groups??, both of which react at precisely the same rate’. 
The remaining thiol groups react only after denaturation. 
: The enzyme is protected against iodoacetic acid-inhibition 
by its substrate equilibrium mixture*?. These and other 
date strongly suggest that the reactive thiol groups are 
directly involved in catalysis, and although not involved 
in binding of substrates are close to the substrate binding 
gites? 12-114, 

In the present investigation we have used “C-iodoacetate 
to label the reactive thiol groups of CPT, thus enabling 
the peptides derived from these parts of the enzyme to be 
characterized (see also refs. 15 and 16). The presence of 
the radioactive label proved invaluable in the subsequent 
isolation of the peptides and also in the determination of 
their structure. 

Labelling of enzyme. CPT was purified to the pre- 
crystallization stage by method B of Kuby et al., and had 
a specific activity of 70-80 units/mg’. The absence of 
contaminating peptides was shown by treatment with 
FDNB (fluorodinitrobenzene)". The enzyme contained 
6-7 free thiol groups/mole, as determined both by con- 
version to S-carboxymethyl-cysteine (CMCys)!5 and by 


reaction with DTNB (dithiobis(nitrobenzoie acid) )*. In 
the absence of urea, 1-5-2-0 thiol groups reacted with 
jodoacetic acid under the conditions later used for 
labelling. Labelling of the enzyme with 2-4C-iodoacetic 
acid was carried out as follows? : CPT-50 mg/ml; 
2-4C-iodoacetic acid, 2 moles/mole CPT; pH 9-0 (0-1 M 
glycine): temperature, 30°C. After 40 min, when 
negligible enzymatic activity remained, solid urea was 
added to bring the solution to 8 M, and the enzyme was 
further alkylated with inactive iodoacetato (4 times 
molar excess over thiol groups). This avoided oxidation of 
any remaining thiol groups, and prevented possible 
disulphide exchange reactions during purification. After 
a further 3 h at 30° C, the reaction was terminated with 
mercaptoethanol, and low molecular weight compounds 
were removed by exhaustive dialysis. 

Purification of tryptic peptides. The fully alkylated 
CPT was then digested with trypsin (2 per cent w/w), in 
a pH-stat at 30? C for 1 h. (The trypsin had been pre- 
digested in N/16 hydrochloric acid to minimize chymo- 
tryptic activity?®.) 

The tryptic peptides were purified by ion-exchange 
chromatography successively on columns of 'Dowex- 
50-X2? and ‘Dowex-1—X2’ at 37°C. The gradients and 
conditions were essentially those of Konigsberg and Hill 
for ‘Dowex-50’, and of Schroeder e£ ai.? for *Dowex-1'. 
The column eluates were monitored continuously for 
radioactivity with a scintillation plastic flow cell (Nucloar 
Enterprises, Edinburgh), and the collected fractions with 
ninhydrin using a modified auto-analyser technique. 
Typical chromatograms are given in Figs. 1 and 2; the 
latter shows the purification on *Dowex-l' of the major 
radioactive peptide from the ‘Dowex-50’ run. Buffer salts 
were then removed by passage through a column of 
‘Sephadex G-25'. In different preparations T'5 accounted 
for 45-50 per cent of the protein-bound radioactivity, 
TI for ~10 per cent and T3 for ~9 per cent. (See Fig. 1 
for numbering of peptides.) 

Structure of T5. Hydrolysis (105° C, 6-5 N hydrochloric 
acid 18 h) and quantitative amino analysis gave the 
following composition for Të (the assumed residues/mole 
are given in parentheses): 


S-Carboxymethyl- 

cysteine 0:71 a Proline 1:75 (2) Leucine 3-80 (4) 
Aspartic acid 2-14 (2) Glycine 4:27 (4) Tyrosine 1-00 m 
Threonine 1:86 (2) Alanine 1:19 ti Phenylalanine 1:06 (1 
Serine 1:03 u Valine 0-88 (1) Histidine 2-16 a 
Glutamic acid 1-14 (1) Methionine 0-97(1) Arginine 1-05 (1 
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E Téiíligroup analysis by the Edman technique? indicated 
“that the peptide contained only minor contaminants and 
> showed alanine to be N-terminal. Also, virtually all the 
. radioactivity was present as S-carboxymethyl-cysteine. 
To obtain smaller peptides more amenable to sequence 
` analysis, T6 was digested with chymotrypsin (0-001 per 
' «ent, 1 h, 25? C) and the resulting peptides were separated 
"on ‘Dowex-50-X2’ (50 x 1 cm) (Fig. 3). Peptide C1, which 
“gontained virtually all the radioactivity of 75, was then 
‘digested with pepsin (0-1 per cent, 16 h, 25° C) and separa- 
tion of peptides was again carried out on ‘Dowex-50-X2’ 
(Fig. 4). Where necessary, further purification of peptides 
was carried out by electrophoresis at pH 2-0, 60 V/cm, 
Lh. 

The structures of the various peptides thus isolated 
were determined mainly by quantitative subtractive 
Edman degradation?! and extensive use was also made of 
digestion with carboxypeptidase A and leucine amino- 
peptidase. The Edman technique was modified in that the 
cleaved peptides were purified, usually after every second 
step, by electrophoresis at pH 2-0, instead of by the column 
chromatographic method of Konigsberg and Hill?t. Serine, 
glutamine and asparagine were distinguished by semi- 
quantitative electrophoresis at pH 2-0 since these amino- 
acids occupy the same position on the amino-acid 
analyser. 

The data on which the structure of T5 is based are given 
in Table 1. It will be noted that the sequence of C4 has 
not yet been completed. Of the peptic peptides only P6 
(yield~ 15 per cent) is not consistent with the structure 
of C1, since on hydrolysis with acid it yields 1 mole of 
valine and 2 of leucine, and is not a mixture of valyl- 
leueine--leucine. Nevertheless, digestion of C1, from 
which it is derived, with leucine amino-peptidase yields 
1 mole each of valine, leucine and threonine/mole C1. 
These points are still under investigation. (It should be 
noted that peak C2 (Fig. 3) consisted mainly of ammonium 
salts, together with a small amount of oxidized C1.) 

The tryptic peptides T1 and T3 (Fig. 1) were also 
purified on ‘Dowex-1—X2’ as for T5. Amino-acid analysis 
of hydrolysates of these peptides, and end-group assays, 
indicated that T1 was probably Cl and 73 was probably 
C4 + C1, that is, they were derived 
by chromotryptic splitting of T5. 
This is not surprising in view of the 
susceptibility of the phenylalanine— 


methionine, and tyrosine-valine »& 
bonds to chymotrypsin already #4 
noted (Table 1). . 312 
The yield of peptides T5 (~47 #3 
per cent) together with its deriva- 508 


tives T] (~10 per cent) and T3 
(~9 per cent), a total of ~66 per 0-4 
cent of the protein-bound carbon-14 
(actually ~80 per cent of the car- z 
bon-14 recovered as peptides), indi- 40 
cates that the chemical environ- 
ment of the two essential thiols in 
CPT is identical. This strongly 
supports the view, based on kinetic 
evidence? and on substrate-binding 
experiments??, that the enzyme 
contains two identical catalytic 
sites/mole each with one thiol 
group. 

The enzyme contains eight half- 
cystine residues/mole and between 
6 and 7 free thiols/mole™. Is the 
molecule then a dimer joined by a 
disulphide bond ? The available 
evidence suggests that it is not, 
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Fig. 1. Chromatogram of a tryptie digest of carboxymethylated-CPT 
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mole CPT:?:31, Tt cannot be excluded, however, that CPT 
contains a disulphide bond peculiarly resistant to reduc- 
tion. i 

(2) No difference in molecular weight between native 
and reduced, fully alkylated CPT is detectable on 
‘Sephadex G-75' columns. 

(3) Treatment with carboxypeptidase A indicates only 
one polypeptide chain in CPT?*. (Digestion with carboxy- 
peptidase B has yet to be carried out.) 
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Fig. 3. Chromatogram of a chymotryptic digest of T5 on ‘Dowex-50-X2’ (150 cm x 1 em) 
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T$ Ala-gly-pro-his-phe-met-(asp,his glu)(gly lou)-tyr-val-leu-thr-CMCys *-pro-ser-asn-leu-gly-thr-gly-Jeu-arg. 
0:001% Chymotrypsin, 1 h, 25° © 


C3 Ala-gly-pro-his-phe 


9 7 ^ Met-(asp,his,glu)-(gly,leu)-tyr 
cı Valdeu-thr-CMCys-(pro,ser,asp,leugly,thr,gly,leu,arg) 
——— ——. 
=ar map meme 0:01% Pepsin, 16 h, 25° C 
PA (Val, leu, thr)-CMCys-pro-(ser,asp)-leu : 
=r =r eee >, — 
P3 (Valleu,thr, CMCys) 
P2 Val-(leu,thr, CMOys,pro,ser)-asn 
uc i 
P6 (Yal,leu,leu) 
P1 Thr-CMCys-pro-ser-asp 
— — — — 
P5 Thr-(CMOCys,pro,ser,asp,leu,gly,thr,gly,leu,arg) 
P8 TU 


*CMCys, S-carboxymethyl-cysteine; —, Edman degradation; 


On the other hand, peptide mapping of trypsin hydro- 
lysates of the enzyme shows only about half the expected 
number of ninhydrin-positive spots. It seems highly 
probable, therefore, that CPT contains two identical 
active sites per molecule each with one thiol group. It is 
unlikely, however, on the present evidence, to consist of 
two polypeptide chains linked by a disulphide bridge, 
although the molecule appears to be in the form of two 
parts of essentially similar composition. Possible explana- 
tions of the data are that CPT is a cyclic molecule with a 
protruding C-terminal chain (for example, ovalbumin‘), 
or alternatively is a dimer linked by a peptide or other 
bond. Further work is obviously required to resolve this 
point. 

The most notable feature of T'5, the peptide containing 
the essential thiol groups of CPT, is the presence of proline 
C-terminal to these thiols. This is the first report of such 
a sequence in a ‘sulphydryl’ enzyme and it seems reason- 
able to assume that, since this amino-acid is a ‘misfit’ in 
the protein «-helix, its occurrence in this position is of 
considerable significance. Whether its role goes beyond 
that of conferring a particular configuration at this point 
in the polypeptide chain cannot be decided at this stage. 

One of the characteristics of CPT and several other 
‘sulphydryl’ enzymes (for example, arginine kinase®, yeast 
alcohol dehydrogenase? and phosphoglucomutase2’) is the 
unexpected finding that the reactivity of their essential 
thiol groups to iodoacetate does not vary between pH 
6and 10. This has led to the suggestion that these thiol 
groups are hydrogen bonded to basic groups on the protein, 
probably imidazole (cf. ficin?5), and, on this basis, Rabin 
and co-workers have proposed reaction mechanisms for 
CPT? and yeast alcohol dehydrogenase?*. An obligatory 
condition for this mechanism to operate is the presence 
of histidine adjacent to the reactive thiol group at least 
in the three-dimensional structure of the protein. Evi- 
dence in support of this mechanism has come from the 
recent isolation by Harris of a peptide containing the 
‘active centre’ thiol groups of yeast alcohol dehydro- 
genase**. The fact that this peptide contains the sequence 
-val-eys-his- is therefore very significant, and the 
dissimilarity between this sequence and that of the 
corresponding one in glyceraldehyde-3-phosphate de- 
hydrogenase (GPDH)"*, namely: 

-ser-cys-thr-thr-asn (asparagine)- 
which might be expected to be similar (cf. proteinase and 
esterases®) is of great interest. The effect of pH on the 
reactivity of the thiols in GPDH to iodoacetate has not 
yet been investigated. 

In T5, histidine is not adjacent to the reactive thiol 
groups. The absence of such an obvious association in 
T5 does not, however, preclude its existence in CPT, since 
folding of the polypeptide chain of the enzyme (which 
contains 33 histidines) might well lead to the formation 
of such a thiol-imidazole pair. 


gly-tbr-gly-leu-arg 


--7, Leucine amino-peptidase; -—, Carboxypeptidase A. 


_ Whether there is any evolutionary significance in the 
similarity between the sequences round the reactive 
thiols in GPDH (see foregoing) and in CPT: 


—bthr-eys-pro-ser-asn- 


both obtained from rabbit muscle, cannot yet be decided. 

In view of the similarities in the properties of the 
phosphotransferases, comparative investigations are being 
carried out on other enzymes of this group, together with 
more detailed investigations on creatine phosphotrans- 
ferase. 

Full deteils of the work briefly described here will be 
published elsewhere. 

We thank Mr. S. G. Milsom, Mrs. E. W. Tripp and Mr. 
J. F. Laws for their assistance. 

Note added in proof. With the use of carboxypeptidases 
B and A, it has been confirmed that the C-terminal 
sequences in T5, Tl and T3 are identical, namely, 
-gly-leu-arg. 
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SEGREGATION OF RADIATION-INDUCED MUTATIONS IN 
Escherichia coli 


By Dr. R. J. MUNSON and Dr. BRYN A. BRIDGES 


Medical Research Council Radiobiological Research Unit, Harwell 


T is now accepted! that the genetic material of bacteria 

is composed of two main sub-units or strands each of 
which is conserved during replication. Some years ago 
Witkin? reported that with rare exceptions a single 
nucleus of Escherichia coli contained a single unit of the 
lac gene mutable by ultra-violet light, that is, all progeny 
of a mutated nucleus carried the mutant gene, In a small 
proportion of cases, however, segregation of both mutant 
and non-mutant progeny from a single nucleus was 
observed. This could not at the time be satisfactorily 
explained. Recent advances in our knowledge of the 
structure and replication of the bacterial chromosome? 
provide two possible explanations. The wave of replic- 
ation might have already passed the lac gene at the time 
of irradiation in those nuclei or alternatively mutations 
anight have been induced in a single strand of the chromo- 
some. It is conceivable that all the mutations yielding 
pure mutant progeny were in fact induced on only one 
strand of the chromosome. If, for example, the lethal 
and mutagenic action of ultra-violet light occurred 
independently in single strands of genetic material, 
then with only ~0-1 per cent of cells surviving, the 
probability that a mutated strand would be accompanied 
by a viable sister strand would also be ~ 0-1 per cent. 
Thus in most cases colonies of purely mutant progeny 
should have appeared, and this Witkin found. 

In some recent experiments with ultra-violet light’, 
phosphorus-32 (ref. 4), and nitrous acid’, massive doses 
of mutagen have also been used with attendant high 
lethality and consequent ambiguity in interpretation. 
In our experiments with the tryptophan requiring (try-) 
strain WP2 of Escherichia coli* we have been able to 
follow the segregation of prototrophic revertants induced 
by relatively low doses of X- or y-rays which resulted in 
more than 80 per cent of the bacteria surviving. Two 
factors which made these experiments feasible were the 
ease of detection of mutants and the low spontaneous 
reversion rate in this strain, approximately 10-!? per 
generation time*. Preliminary results with this system 
at 22° have been reported elsewhere’. The experiments 
recorded here indicate that the number of mutable units 
per nucleus, derived from the average numbers of mutable 
units and of nuclei per bacterium, depends on the tem- 
perature. 

Nucleer-stained preparations of bacteria at the time 
of irradiation were prepared by the method of Robinow® 
modified to the extent that air-dried films were used and 
acid hydrolysis was continued for only 5 min at 55°-60°. 
Preparations were examined visually using & times 90 
objective and a blue minus filter. Our chief problem 
was whether our staining procedure enabled us to detect 
a nucleus as having divided at the precise time that 
division actually occurred. If, for example, nuclei did 
not appear to have divided until some while after that 
event, then the observed mean nuclear number for the 
population would be an underestimate of the true number. 
To investigate this possibility we allowed non-replicating, 
mainly wninucleate cells? to replicate their nuclei synchro- 
nously at 87° on addition of fresh nutrients, and 
followed the sequence of events with concurrent nuclear 


* The synthesis of tryptophan is blocked at an early stage in this strain 
and the try gene referred to does not correspond to that determining trypto- 
phan synthetase production. 


stain preparations and DNA determinations’. It was 
observed that most nuclei divided synchronously at a 
time close to that at which the DNA in the culture had 
doubled. It therefore seems that our staining procedure 
gives a value for the mean nuclear number which is 
unlikely to be affected by any significant systematic 
error. 

Segregation of mutable units. The determination of the 
number of mutable units per bacterium involved a 
comparison of the frequency of induced revertants in a 
growing population of bacteria immediately after a 
short irradiation, that is, before any segregation of 
mutated mutable units had occurred, with the frequency 
a few generation times later when mutant segregation 
was complete. When the number of mutable units per 
bacterium is 1, 2, 2?, 23.... it may be seen from Table 1 
that the initial frequency is greater than the final frequency 
by a factor equal to the number of mutable units per 
bacterium and this is generally true for any such number p. 





























Table 1 
Time After 
after 0 T 2r 3T segre- 
induction gation 
Total No. cells N 2N 4N 8N 
Mutant 
cells 
Mutable No. freq. | No. freq. | No. freq. | No. freq. | freq. 
units per cel] 
1 m miN| 2m m|N | 4m miN | 8m miN | m[N 
9 2m 2mi|N | 2m m|N | 4m miN | 8m miN | miN 
4 4m miN | 4m 2m|N | 4m mN | 8n mN | miN 
p pm pm]N m[N 








The theoretical segregation pattern for induced mutations in cells con- 
taining 1, 2, 4 .... p mutable units. The mutant frequency in a very large 
population N is m/N per mutable unit at zero time.] The population, numbers 
of mutants and their frequency at intervals of one generation time (t) are 
shown and also the final mutant frequencies. 


The segregation of mutable units in Escherichia coli 
WP2 was followed after short X-ray exposures (less than 
5 min) of cultures in the process of exponential growth 
under full aeration. A turbidostatic system automatically 
controlled the addition of fresh glucose-salts minimal 
medium® plus 6 ug/ml. tryptophan, so that the optical 
density of the culture was kept constant to within + 2 per 
cent. The usual volume of the culture was 300 ml. and the 
population density approximately 10%/ml. Samples 
were removed from the flask or the overflow at intervals 
and assayed for numbers of mutants, viable bacteria, 
and total bacteria using a Hawksley Thoma counting 
chamber. Prototrophs (on ‘Millipore’ filters?) and auxo- 
trophs were scored on minimal egar plates with 0-75 
ug/ml. of tryptophan supplement. These plates allowed full 
expression of mutations, the number of colonies being 
independent of whether the mutant character was in- 
herited by all daughter cells or only appeared in those 
arising from one nucleus or one mutable unit. Fig. 1 
shows the results of & typical segregation experiment 
at 16°. Results from a number of such experiments at 
different temperatures are summarized in Table 2. 


No. 4942 July 18, 1964. 


Table 2. MUTATION RATES WITH STANDARD ERRORS AT DIFFERENT 


M TEMPERATURES 
Mutation rate per rad Mutable units per nucleus 
Per From From 
Tempera- Per mutable ratio of segregation Weighted 
ture nucleus unit mutation experi- mean 
(x 10-14) (x 10-14) rates ments 
87° 6554045 3894018 16840715 1:284020 15 +02 
22° 41 X037 2424020 1:70+0-22 1:6840:38 1-69+0-22 
16° 283834010 1318450317 2°0640°35 223+051 2134031 


- Only a small transitory inhibition of growth occurred 
after irradiation with the doses of 1-2-5 krads used in 
these experiments’. Slight temporary increases in cell- 
length and nuclear number were also observed presumably 
due to a temporary inhibition of cell division. 

An alternative approach to the problem of estimating 
the number of mutable units per nucleus is to measure 
in different exponontially growing cultures the induced 
mutation rate per nucleus before segregation occurs and 
in other cultures the mutation rate per mutable unit 
after segregation is complete. The mutation rate per 
nucleus was derived from observations of mutant fre- 
quency in suspensions of log phase E. coli WP2 irradiated 
under aeration in minimal medium without glucose or 
tryptophan. Suspensions containing ~6 x 10° 
bacteria/ml. were exposed to a range of X-ray doses and 
0-1 ml. aliquots plated at once on the usual minimal 
agar with 0:75 ug/ml. tryptophan supplement. Stained 
preparations for nuclear counts were also made at the 
time of irradiation. When the observed frequency of 
induced revertants divided by the average number of 
nuclei per bacterium and by the radiation dose was 
plotted against dose, the graphs in Fig. 2 were obtained. 
These curves, each derived from at least three independent 
experiments, can be regarded as survival curves for those 
organisms which ultimately give rise to mutant colonies, 
provided the induction of mutants is proportional to 
the radiation dose, a condition apparently satisfied over 
the range studied here although not under other experi- 
mental conditions where lethality is great!!. The zero 
dose extrapolate of the line, which appears straight when 
plotted semi-logarithmically, is the induced mutation 
rate per nucleus per rad. Values of these mutation rates 
are given in Table 2. The temperature-dependence which 
is evident from these results is partly associated with the 
temperature immediately after irradiation. Further 
experiments are in progress and will be reported elsewhere. 

The mutation rate per mutable unit was determined in 
continuous cultures which were controlled turbidostat- 


(x 10-*) 


try* 
try- 





1 2 8 4 5 
Generation times after irradiation 


Fig. 1. Fall due to segregation in proportion of newly induced proto- 
trophs in a population (mean nuclear number = 2:1) of E. coli W P2 
growing exponentially at 16°. Vertical lines represent standard errors 
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Induced mutants per nucleus per rad ( x 107!!) 





Dose (krads) 


Fig. 2. Induced mutation rate per nucleus versus dose of 250-kV 

X-rays at different temperatures. Temperatures maintained throughout 

at values shown until 24 h after irradiation when plates at 16° and 22° 

were transferred to 37? Vertical lines show standard errors of zero dose 
extrapolates 


ically and grown under continuous gamma irradiation. 
The irradiations lasted many generation times and the 
mutant frequency increased at a constant rate except 
during the first one or two generation times. The constant 
rate of increase was a measure of the mutation rate 
after full segregation, that is, of the mutation rate per 
mutable unit? (Table 2). Knowing the dose rate, the 
mutation rate per mutable unit per rad was readily 
obtained. The results at the three temperatures are 
included in Table 2. 

The estimates of numbers of mutable units per nucleus 
obtained by the two methods described here are in 
satisfactory agreement at 16° and 22°. At 37° there isa 
barely significant difference between the two estimates, 
but the trend to lower values with increasing temperature 
appears to be real. 

Nature of the mutation event. Although it would be 
very premature to attempt to interpret the results of 
these experiments in terms of a general hypothesis relating 
to the primary events in mutation induction by radiation, 
some support for hypotheses already advanced by othors 
is now apparent. The work of Deering", Kada, Brun and 
Marcovich!3 and Munson and Jeffery? has shown that 
with small X-ray doses the frequency of induced revertants 
of E. coli WP2 is proportional to the dose. Also experi- 
ments carried out by Deerig?? with particles of different 
LET showed a fall in mutagenic efficiency only at an 
LET greater than 190 MeV cm?/g. These observations 
suggest that the majority of mutants arise as tho result 
of the passage of a single electron through or very close 
to that part of the DNA which corresponds to the mutable 
unit for this mutation. An analysis of Deering’s LET 
data by the track segment method of Howard-Flandors!*, 
assuming a mutation rate of 4x 10-“/rad/mutable unit, 
shows that the sensitive region within which the pro- 
duction of one ion cluster induces a mutation with a 
probability of approximately unity is ~ 5 x 10-8 cm across. 
This would represent a rather small part of a nucleotide. 
It is interesting that Demerec and Sams reported 
comparable X-ray reversion rates for three other auxo- 
tropic strains of E. coli. The hypothesis that a single 
ionization or cluster must be produced within one of 
a very few nucleotide pairs to cause a reversion does not 
appear on this evidence to be implausible. 

The average number of genes of a particular locus to be 
expected in the nuclei of exponentially growing cels 
would depend on the mode of replication of the bacterial 
chromosome, and this is still subject to some uncertainty. 
If replication proceeded in a fixed linear order from a 
fixed point on the chromosome, the average number 
of iry genes per nucleus would depend on the position 
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"of the try gene. An average of one gene per nucleus would 
-imply & position at the end of the order and two genes 
' per nucleus a position at the beginning. For all genes the 
-average would be l/In 2, that is 1-44. Other replication 
models, for example, a fixed linear order but commencing 
sat one of several points on a circular chromosome, or & 
fixed point of origin but proceeding in either direction 
round a circular chromosome, would give an average of 
approximately 1:4-1:5 genes per nucleus for all loci. 
Such models are, however, inconsistent with a strict 
interpretation of the results of Meselson and Stahl!*. 
This difficulty could be overcome if it were postulated 
either that the probability of replication in one cycle 
beginning at a different point from that in the previous 
cycle is small but finite or that replication from a fixed 
point occasionally reverses its direction. Such small 
departures from strictly semi-conservative replication 
might not be detected in short-term experiments such as 
those of Meselson and Stahl, but would nevertheless have 
a sufficiently large randomizing influence over many 
generation times in a population to bring the average 
number per nucleus of every gene close to 1-44 and 
account for Nagata's" findings with an F- strain of 
Escherichia coli. 

Owing to our ignorance of the replication order in 
Escherichia coli WP2 the results in Table 2 can only be 
interpreted tentatively. The numbers of mutable units 
per nucleus at 37° and 22° do not differ significantly from 
1-44, so if the replication order were randomized in the 
population, these results would be consistent with one 
mutable unit per basic (non-replicating) chromosome. 
This would imply that both strands are involved in the 
primary radiation damage or that damage to single 
strands is afterwards either ‘lost’ or extended to involve 
the complementary strand. If, on the other hand, the 
replication order were fixed, our observations would be 
consistent with entirely double-stranded mutational events 
if the try gene were 50 + 20 per cent of the way along 
the replication order. If the gene were nearer the 
beginning of the order a proportion of events might be 
confined to one strand only, but it could not exceed 
50 + 20 per cent of the total. One other possibility 
cannot be ruled out, namely, that only one of the two 
DNA strands carries transmissible information, both 
new strands being coded directly or indirectly from this. 

There appear to be two plausible explanations of the 
difference between the numbers of mutable units per 
nucleus at 16° and at the higher temperatures. In the 
first place there may be repair mechanisms which are 
more effective at 16° than at 37° and which are more 
efficient for the elimination of damage from double- 
strand events than from single-strand ones. In the 
second place, DNA synthesis may occupy only part of 
the mitotic cycle at low temperatures"? instead of virtually 
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the whole cycle as at 37° (ref. 19), the remainder being a 
rest period corresponding to that termed G, in higher 
organisms. One can readily derive expressions for the ex- 
pected number of mutable units per nucleus in terms of 
the time y spent in G,, the generation time c and the growth 
rate p (= In 2/4). If one assumes that a completed 
chromosome pair is only microscopically resolvable into 
two nuclei at the commencement of the next round of 
replication, then with a randomized replication order 
among the population, the average number of mutable units 


per nucleus is 2 7(1 —exp uy — T)/(t—Yy) In 2 for mutations 
which involve both strands and twice this quantity for 
single-stranded mutations. When the replication order 
is fixed and the gene involved is replicated at time ¢ 
after the beginning of the cycle the corresponding ex- 
pression is 2 exp (- ut). Ib can be shown that our results 
are consistent with a random replication order, almost 
entirely two-stranded mutational events and y/7 (that 
is, relative duration of G) increasing from almost zero 
at 37° to at least 0-5 at 16°. If, on the other hand, one 
assumes a fixed replication order, less precision in inter- 
pretation is possible. One can only conclude that between 
37° and 16° there is a substantial increase in the proportion 
of single-stranded events or an appreciable decrease in 
t/t reflecting & rise in y/t. 

The observed segregation patterns at the different 
temperatures have led us to the following broad con- 
clusions. At 37° one basic (non-replicating) nucleus 
contains one unit mutable by X- or y-rays. The larger 
average number of mutable units per nucleus at 16° 
implies that approximately half the mutational events 
are confined to one strand only or alternatively that there 
is a G, non-DNA-synthesizing period in the cell-cycle 
lasting about half a generation time. 
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DIFFERENCES IN THE CHARACTER OF C; TO C; HYDROCARBONS 
FROM GASEOUS METHANE IN LOW-FREQUENCY 
ELECTRIC DISCHARGES 


By Dr. CYRIL PONNAMPERUMA and FRITZ WOELLER 


Exoblology Division, National Aeronautics and Space Administration, Ames Research Center, 
Moffett Field, California 


N the study of the chemistry of primitive earth and 
Jovian atmospheres*?, there is considerable interest 
in the more complex products that may be formed from 
methane by electric discharges. There is an extensive 
literature on the reaction kinetics of methane in electric 
diseharges?/4, A great amount of work has centred around 


such factors as power yields, ‘pressure, cell design and 
presence of hydrogen. Few statements can bo found link- 
ing these phenomena with possible pathways in primor- 
dial chemistry. 

In the work recorded here the actions of several arc and 
semi-corona discharges on gaseous methane were studied. 


No. 4942 July 18, 1964 


Analysis by gas chromatography and mass spectrometry 
revealed a significant difference in the typo of compounds 
formed in the two kinds of discharge. An attempt was 
made to find an explanation for the observed behaviour. 

For & source of energy we used & Gardner luminous 
tube transformer (60 c/s, 120 V input; 15 kV/18 m.amp 
output; Cat. No. 1518). The two open ends of the second- 
ary were connected to tho discharge cell system, and the 
voltage was regulated by connecting the primary to a 
Variac autotransformer (General Radio Co. Type 
WS5LMTS3) Output currents were monitored by a 0- 
25-m.amp Simpson meter in one branch of the secondary. 
Voltages were measured with an Electrostatic kilovolt- 
meter (model ESD, Sensitive Research Instrument Corp., 
New Rochelle, New York). In cases where the 6-kV range 
would have been exceeded, the voltage was determined 
as the sum of voltages across three 22 megohm resistors 
in series. The current through the discharge cell was 
measured by the voltage drop across a resistor in series 
with the cell, and this resistor also functioned as a load 
to limit the current as desired, by using a value between 
0-1 and 10 megohms. In two of the experiments described 
here, we used a pulsed arc which was automatically 
fired for 3 out of every 30 sec with the help of a Dual-Trol 
timer (Industrial Timer Corp., Parsippany, New Jersey). 
The discharge cell in each ease was & 1,000-ml. round 
flask to which the respective cell heads with their electrode 
assemblies were attached by wide taper joints. 

The semi-corona cell head consisted of a ‘Pyrex’ tube 
100 mm in length, of internal diameter 30 mm with walls 
2 mm thick. The inside electrode was made of 6-mm 
stainless steel tubing extended concentrically throughout 
the whole length of the ‘Pyrex’ cylinder. The glass tube 
was wrapped on the outside with a metal foil which covered 
60 mm length in the middle section. 

The arc assembly was a short cylinder into which two 
gold wires, 1 mm in diameter, were inserted. The elec- 
trodes were mounted through taper joints. Carbon 
deposited on the electrodes during the experiment could 
thus be shaken off by rotating the electrodes. The arc 
gap was maintained at approximately 10 mm. 

The starting material was C.P. methane (99 per cent). 
At the end of each experiment, we isolated that portion 
of the cell contents which has more than 1 mm of pressure 
at —160°, and analysed it for the hydrogen-methane 
ratio using & G.E.C. 21-103 C mass spectrometer. After 
reading the pressure of the remainder, we transferred all 
those materials which could be distiled and condensed 
at 40u mercury and — 78? into a capillary cold finger. The 
volumes of these products were measured by the micro- 
syringe used to transfer them to an Aerograph A 
90-P gas chromatograph. A 0-25-in. column, 12 ft. long, 
packed with 10 per cent ‘Octoil-S’ on 60-80 mesh ‘Chromo- 
sorb- W’ was used. With helium at 40 ml./min, the absolute 
retention times were: benzene, 6 min; and toluene, 10 
min. This column is similar to ‘Apiezon’ types, separating 
hydrocarbons by their boiling points. Fractions collected 
at —78° were examined in the mass spectrometer. 

The data from seven experiments are shown in Table 1. 
Since the pulsed are was operated only 10 per cent of the 
time, the numbers in line 3 give the net hours of current 
flow. The next line is intended to give a rough guide to 
the amount of energy consumed in the whole experiment. 
The apparent electrode voltage and V-amp-h reported 
for the semi-corona are probably too high, since the vol- 
tage has to be divided between the drop across the glass 
wall and that over the gas space, respectively. 

Voltages and currents did not change by more than 
30 per cent throughout any of the experiments, and we 
are listing the averages. 

We have tabulated under “9% loss of CH,/h” 
(Table 1) the percentage of starting material consumed, 
divided by the number of hours. The volume of distillate 
reported as microlitres is intended as an illustration 
of the amount of material actually recovered in each 
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experiment. In all cases the percentage composition of 
products was independent of the duration of the experi- 
ment. 


Table 1 
Are A 
high Arc high Arc low Semi-corona 
con- pulsed continuous continuous 
tinuous 
“sa m= (———3 cos 
Electrode voltage 2,150 850 1,450 1,275 2,260 8,900 9,425 
Cell current (m.amp) 4°5 8 35 056 051 0:4 0-31 
Total hours of 
current flow 5:5 9:8 20 21 41 94 11 
V-amp-h 53 258 102 1456 473 335 120 


Initial CH, (mm Hg) 513 245 504 249 502 955 502 
CH, 202 115 385 139 308 39 236 
Final Hs 401 177 143 193 192 215 233 


{mm Hg) Others 48 — 28 19 19 38 8 30 
Total 651 320 547 281 538 262 499 
96 loss of CH,/h 11 14 118 2-4 0:9 0-9 1-0 
Initial mg CH, 328 157 323 160 321 163 321 
Distillate 
ul. 16 3 2 2 10 4 26 
96 by vol. CH, 59 53 35 «5 4 «1 o 
96 by vol. €4H, 7 23 24 «5 2 «1 0 
96 by vol. CH 2 7 7 
96 by vol. C,H, 7 10 22 
96 by vol. others 25 8 12 90 90 95 100 
Cs) t » * * * =. d. 
Non-volatiles t — * * hd + * 


Note: Cis) and non-volatiles: *, deposit; +, considerable deposit. 


In the high-intensity arc the distillate (at 40u and 
~78° C) was a clear-yellow fluid which gave chromato- 
grams of well-spaced peaks. On the basis of the peak 
height, benzene was most abundant. Next in order of 
magnitude was toluene. A third compound the mass 
spectrum of which shows a sharp termination at about 
106 (C,H,,) corresponds to a boiling point of about 135°, 
and the fourth suggests a parent mass of about 104 
(C,H,), and an approximate boiling point of 155°. The 
mass spectra of both these materials have been obtained. 
but we have not been able to characterize them using 
published mass spectral data. 

The semi-corona cell yielded a colourless distillate the 
gas chromatogram of which was poorly resolved. In 
Fig. 1 this chromatogram (low) has been superimposed 
on that from the high-intensity arc (high). A significant 
feature of this trace was tho virtual absence of any peaks 
where benzene and toluene should have appeared. We 
have obtained a somewhat better resolution at lower 
column temperature and flow-rate and identified some 
prominent peaks by mass spectrometry as follows: 
2,2-dimethylbutane; 2-methylpentane; 3-methylpentanc ; 
2,4-dimethylhexane; 3,4-dimethylhexane. 
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Fig.1. Gaschromatograms of products from low intensity (semi-corona) 
and high-intensity (spark-discharge) cells 


274 


20 40 60 80 120 


140 
I [ 1 l ! I l 





A 0 m 
REL AMP, LOG 





I | 
20 40 60 80 100 120 140 
m/z 


Fig. 2. Portions of composite mass spectra of products from low-inten- 
sity (semi-corona) and high-intensity (spark-discharge) cells. The 
ordinates represent logarithms of relative amplitudes 


The low-intensity arc produced a mixture, the chromato- 
gram of which was similar to that of the semi-corona. 
But, in this case, benzene and toluene were found present 
in small quantities (Table 1). In Fig. 2, the composite 
mass spectra of-the high arc and of semi-corona products 
are contrasted to illustrate the differences in the products 
from the two types of discharge. 

The. results presented here show that the character of 
compounds in the range of interest appears to be determ- 
ined by the type of discharge more than by any other 
factor. Variations in the duration of the current flow or in 
the cell dead volume did not at all affect the qualitative 
results. There is some indication that, at higher initial 
pressure, the relative yields of C, to C, material will tend 
to be higher because these materials have a better chance 
to condense away from the warm electrode region. 

Neither discharge cell showed any gross rise in tem- 
perature under air cooling. Further, pulsing the arc 
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aromatics, while reducing the current did. Metal catalysis 
due to the gold wires or the stainless steel centre elec- 
trode is improbable, because all electrodes were soon 
covered with carbon deposits. In either case the possible 
catalytic action of carbon is not excluded. 

In an attempt to explain our observations, we may 
consider that the arc has two primary features which 
distinguish it from the glow or corona discharge. One is 
the higher electron temperature, and the other the 
higher current density of the arc5. By inference, we also 
assume that the local gas temperature in the arc is higher, 
and that this might result in a depletion of target species 
in the are zone. Since a reduction in are current does not 
change the current density*, the results of the low- 
intensity arc experiments suggest that hore the gas 
temperature is lower than in the case of the high arc. 
Although there is a tendency toward current localization 
in the semi-corona after it has been operated for a brief 
time in this instance, the gas temperature gradient is 
probably far more moderate. 

As it has been suggested that both the spark and the 
corona-type discharges could have occurred under prim- 
itive Earth conditions’, these findings throw some light 
on the pathways of formation of aromatic and saturated 
carbon compounds under abiogenic conditions. In 
applying our results to the planet Jupiter, it is also 
conceivable that there is a correlation between the type 
of hydrocarbon molecule or radical appearing in its 
atmosphere and the form of the observed energy out- 
bursts?. 

* Miller, S. L., and Urey, H. C., Science, 130, 245 (1959). 

? Sagan, C., and Miller, S. L., Astrophys. J., 85, 499 (1960). 

? Miquel, R., and Chirol, M., Bull. Soc. Chim. France, No. 283, 1677 (1962). 

* Tsentsiper, A. B., Eremin, E. N +, and Kobozev, N. I., Dokl. Akad. Nauk. 
U.S.S.R., 141, 378 (1961). 

5 Cobine, J. D., Gaseous Conductors, 292 (Dover Publications, Inc., New 
York, 1958). 

& Doy - D., Gaseous Conductors (Dover Publications, Inc., New York, 


7 Schonland, B., Atmospheric Electricity, 42 (Methuen, London, 1953). 
8 Peek, B. M., The Planet Jupiter, 208 (Faber and Faber, London, 1958). 


A TECHNIQUE FOR MINIMIZING THE EFFECTS OF ATMOSPHERIC 
DISTURBANCE ON PHOTOGRAPHIC TELESCOPES 


By R. L. GREGORY 


Psychological Laboratory, University of Cambridge 


E is well known that images in astronomical telescopes 
are shifted and degenerated by atmospheric disturb- 
ance. This becomes extremely important with large 
apertures and high magnifications: the disturbances 
prevent the detailed photographs which would be expected 
from the theoretical resolving power of large instruments. 
The disturbances take several forms: (1) The image may 
be shifted as a whole, in any direction, with varying 
frequency and amplitude. (2) Parts of the image may 
move in different directions simultaneously. (3) The 
image may be degenerated, especially with large aperture 
instruments, when the effective wave-length of the dis- 
turbance is less than the diameter of the objective. This 
produces a ‘milkiness’ of the image. This is quite different 
from the effect of shift when seen visually, though it 
may appear similar in a long-exposure photograph when 
the shifts produce blurring of contours and loss of fine 
detail. 

It seems that visual observation can be preferable to 
photographie recording in lunar and planetary work, 
because the effects of the shifts of images can to some 
extent be avoided by visually sampling those moments 
when the agitation of the images is least marked. The 


purpose of the technique described here is to enable 
photographie telescopes to select moments of quiescence 
to build up a correctly exposed photograph. 

It is clear from the kinds of disturbances encountered 


-that any attempt to compensate the disturbances by 


introducing equal and opposite movements of the image 
on the plate will be unsatisfactory, when movements can 
occur in several directions in different parts of the image. 
Further, to get a servo-system to perform this task it 
would be necessary to feed it with information of the 
direction and velocity of the shifts, which is extremely 
difficult, while the servo itself would be subject to some 
over-shoot and tremor. 

The technique under investigation is to take, first of 
all, a long-exposure photograph of the (atmospherically 
disturbed) image. The resulting photograph is statistically 
correct, in the sense that the major features will fall near 
the centre of intensity gradients produced by the random 
disturbance of the image. But, although the position of 
the contours will be nearly correct, fine detail is lost, 
hence the problem. This long-exposure photograph is 
processed, and the resulting negative is placed in its 
original position in the optical system, so that the 
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STEROID ANALYSIS BY 
GAS LIQUID CHROMATOGRAPHY 


By 


A. ANNE PATTI, M.S. 


and 


ARTHUR A. STEN, M.D. 


Both of Albany Medical College 
Albany, New York 


Describes the detection and separation of steroids both in clinically 
obtained biological fluids and tissues and in certain experimental situa- 


tions. 


Selected methods which give reproducible results with semi-purified 
extracts and which permit the separation and identification of one or 
more steroids in biological fluids are presented. The methods have been 


chosen for rapid clinical screening. 


The discussion is limited primarily to the authors’ experiences with 
phases, column conditioning and instrument parameters. Some bio- 
chemistry is included to clarify the methodology and applications of 
GLC to steroid analysis in the normal and disease states. 
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fluctuating image now lies on the transparent negative. 
The image is now almost entirely cancelled by its negative. 
It is, however, most completely cancelled when the image 
most nearly corresponds to the negative. As the image 
is displaced, by the atmospheric or other disturbances, 
there is an increase in intensity. This is detected by a 
single photoelectric cell which covers the entire image 
plane, and so receives plenty of light. We can thus 
detect the presence of any shift of the image—though not 
the direction of shift—from increase in the output of the 
cell. The output rises with any discrepancy of the image 
from the statistically correct ‘master’ negative—not only 
shifts but also loss of focus and the ‘milkiness’ produced 
by regions of different refractive index smaller than the 
aperture of the instrument. (This last point I have 
established by means of a ripple tank.) 

Having attained a signal indicating disturbance from 
the statistically correct image, it is a simple matter to 
use the signal to produce a second photograph free of 
disturbance. This may be done by using a second camera 
which shares the image with the first, by means of a beam 
splitter. This second camera is fitted with an electrically 
operated shutter which opens only when the output from 
the photo-cell is near its minimum value, corresponding 
to a close fit of the fluctuating image with the master 
negative. 

In this way we separate informational integration from 
the integration of energy needed to expose the final 
picture, which is built up from many short exposures 
occurring whenever the image is close to the ‘master’. 

The preliminary experiments are limited to simulation 
of atmospheric disturbance, by placing an oscillating 
‘Perspex’ sheet between the object and the optical system, 
and a ripple tank. 

The beam splitter is a half-silvered mirror placed at 
45°, so that the second camera (an ‘Exacta’ 35-mm 
single-lens reflex) is provided with the same image as the 
large camera carrying the master negative and the photo- 
cell. The second camera is fitted with a specially made 
shutter, consisting of a pair of electromagnetic vibrator 
units (Advance type VI) which drive a pair of metal 
vanes shaped to form a square opening, increasing in size 
as the vanes are withdrawn. by the opposed vibrator units. 
The circuit consists of an oscillator (400 c/s) allowing 
a.c. amplification from a bridge which is unbalanced by 
the photo-cell changing in resistance with increasing light, 
when the image loses register with the master. The 
amplified output is rectified, and used to energize the 
vibrator units to close the shutter. 

An example of how a shifting image is improved is 
shown in Figs. la and b. Fig. la was obtained from a 
long exposure of the Moon model while the ‘Perspex’ 
plate was oscillating about a vertical axis, to produce 
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Fig. 1. a, Photograph of Moon model taken by the second camera 
through horizontal disturbance produced by oscillation of a ‘Perspex’ 
plate (1 in. thickness: rotated through 20°). This is the same degree 
of blurring as in the ‘master’ negative which gives Fig. lb. b, The 
same Moon model, also taken by the second camera, but only when the 
electrically operated shutter is open for periods when the disturbed image 
nearly corresponded with the blurred ‘master’ negative. The difference 
gives an idea of the improvement to be expected for simple shift of images 
with high magnification telescopes. (Relative shift can be produced 
with a ripple tank, and this also gives signals which should produce 
improved photographs) 


horizontal disturbance. The degeneration slong the 
horizontal axis is very apparent. Fig. 1b shows the 
improvement obtained—the optical conditions being: 
identical—when the shutter system is switched on. Some 
degeneration on the horizontal axis can still be seen: 
this may be further reduced by increasing the gain of 
the amplifier. 

The improvement shown is given by a shutter open/ 
closed ratio of about 6:1. This may be increased by 
increasing the gain in the present arrangement, or by 
introducing a gate, working the shutter as an all-or-none 
device. It is important to note that the improvement is 
from a blurred master negative identical with Fig. la 
since it was taken through the disturbance. 

We are now simulating atmospheric disturbance with 
& layer of water agitated by an electromagnetic vibrator, 
driven from 2 low-frequency noise source. The resulting 
disturbances appear very similar to those experienced with 
an astronomical telescope. It remains to discover tho 
efficiency of the technique under these more realistic 
conditions. It might then be directed to the Moon and 
the planets. 

I thank Mr. Stephen Salter and Mr. William Matthews 
for their help in setting up the preliminary experiments. 
I also acknowledge receipt of grant Af-EOARDO 63-93 
monitored by the European Office, Office of Aerospace 
Research, for work on visual perception. 


AGE OF CALEDONIAN OROGENY AND METAMORPHISM IN BRITAIN 


By F. J. FITCH 
Department of Geology, Birkbeck College, University of London 


"Dn. J. A. MILLER 
Department of Geodesy and Geophysics, University of Cambridge 
AND 


Dr. P. E. BROWN 
Department of Geology, University of Sheffield 


S part of & continuing programme of research into 
the chronology of British Caledonian rocks. we have 
recently completed a critical review and reappraisal of 
the geological evidence and isotopic age data from 


Britain. Excellent summaries of the geological evidenco, 
with very full bibliographies, can be found in The British. 
Caledonides!, also in Read?, MeKerrow?, and Watson‘. 
Published isotopic data are available in refs. 5-20. From. 
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Table 1. NEW POTASSIUM-ARGON AGE DETERMINATIONS 
pa 
Vol. radiogenic 
Sample Ref. and K,O Atmo. contam. | Ar (mm?NTP)| Apparent age and error 
method (%) (%) —_— (m.y.) 
wt. sample (g) 
Epidiorite, Co. Mayo. Basic intrusion into Wenlock 612 1:77 2:1 0:02737 417411 
Beds: metamorphosed during Caledonian orogeny K/Ar + 0-03 (that is, apparent age of 
whole rock Caledonian metamorphism) 
Cataclastic chlorite-muscovite schist, Porth Trecastel, FM 125 3-06 T3 0-078300 611416 
Anglesey. (MR SH 383707.) Gwna Beds (Pre-Cam- 467 K/Ar +001 (that is, a minimum age 
brian) metamorphosed in Monian orogeny. Age muscovite for the Monian orogeny) 
disorepantly low as a result of Caledonian cataclasis | 
‘Caledonian’ chlorite, separated from sheared migmatic FM 199 1:52 1:6 | 0:02304 410416 
soda-granite, the Gader Inlier, Mona Complex, 691 K/Ar x 0:038 (that is, apparent age of 
Anglesey. (MR SH 293923) chlorite Caledonian orogeny) 








4g= 412 x 107? yr", — 4e— 0-684 x 107? yr. 


the considerable volume of unpublished isotopic results 
at hend, certain relevant new age determinations are 
quoted here (Table 1). 

The geochronologieal work of Giletti e£ al.” in 1961 
suggested that the age of metamorphism of the Dalradian 
rocks of Scotland and Ireland was significantly different 
at 475 + 15 m.y. from that of the last metamorphism 
to affect the Moine Series at 415 + 15m.y. This tentative 
conclusion, although derived from very scanty data, has 
become an unquestioned dogma, and the idea of a differ- 
ence in age of metamorphism between the Moine and 
Dalradian rocks has persisted in both geological and 
geochronological thought. As a result of our reappraisal 
of the evidence, we have come to the conclusion that 
this supposed difference does not exist. We are convinced 
that the age patterns obtained from both the Moine and 
Dalradian rocks can best be explained as resulting from 
& combination of partial and complete ‘overprinting’ of 
older metamorphic rocks by a (420-410) + 10 m.y. main 
Caledonian orogenic/magmatic/metamorphic event which 
was contemporaneous throughout Britain. Full discussion 
is reserved for future publication; but it was thought that 
this important re-interpretation should be communicated 
now. 

Only in especially favourable circumstances can isotopic 
age determinations reveal the true or ‘initial’ age of erys- 
tallization of a rock. The various causes of discrepancy 
have been discussed fully in Fitch and Miller’, Miller 
and Fitch?" and in the discussion to Lambert?! Briefly, 
we do not accept the view that metamorphic complexes 
or igneous intrusions can, in general, remain above some 
‘threshold’ temperature for daughter element retention 
over extremely long periods amounting to tens of millions 
of years. In the discussions already quoted here, we 
provide evidence which suggests that the cooling period 
is normally far less than that involved in the experimental 
error of an age determination, and is, therefore, not a 
factor of geological significance in this context. We do 
believe, however, that the principal cause of discrepancy 


in rocks of suitable retentive mineralogy and fabric is. 


‘overprinting’ by later geological events. Partial and 
complete overprinting of older rocks leads to recognizable 
patterns of age results from which it is possible to select 
the geologically significant dates. It must be emphasized 
here that to take an average of a series of partially over- 
printed ages leads to a completely meaningless figure. It 
is the statistical pattern of ages which is important. 
Results from Morar"!?!* and from the Glen Dessary 
Syenite?? leave no doubts regarding the Moine Series. 
They are & late Pre-Cambrian sedimentary group (de- 
posited after 1,600 m.y., most probably between 1,200 
and 800 m.y.) involved in Pre-Cambrian metamorphism 
and magmatism (2720-765 m.y.) and overprinted by 
the Caledonian event around 420-410 m.y. Unquestion- 
able evidence of the Pre-Cambrian event can only be 
found in the western part of Inverness-shire and southern 
Ross; elsewhere the ages obtained from the Moines are 
almost entirely overprinted to become Caledonian. A 


pattern of ages is obtained which falls rapidly from rare 
Pre-Cambrian ages to a very prominent maximum be- 
tween 435 and 405 m.y., with its poak between 420 and 
410 m.y., then falls off again to a few scattered lower 
ages. 

Taking into consideration the smaller sample available, 
the age pattern of Caledonian overprinting obtained from 
the Dalradians is identical to that obtained from the 
Moines. This conclusion was reinforced by an examination 
of the age patterns of Argyll and Perthshire in which 
ages from the Central Highlands granulites and Dalradian 
rocks were considered together. Unequivocal evidence 
of a Pre-Cambrian age of early metamorphism for the 
Dalradians is lacking, however, unless it be present at 
Ben Vuroch. The only certainty to be found in the 
Dalradian pattern is that the 420-410 m.y. Caledonian 
metamorphism is overprinted on rocks first metamor- 
phosed at some earlier date, for no date above 470 m.y. 
has yet been obtained in the Cambridge laboratory from 
a Dalradian meta-sedimentary rock. The older whole- 
rock rubidium-strontium ages of Giletti e£ al.” from Ben 
Vuroch (590 + 130 m.y. and 670 + 160 m.y.) and from 
the intimately associated Central Highlands granulites 
of Perthshire (565 + 160 m.y.) are suggestive of a similar 
Pre-Cambrian age for the early metamorphism of both 
the Moine and Dalradian rocks, but are not in themselves 
conclusive. 

In 1961, a 475-m.y. first metamorphism of the Dal- 
radian rocks was acceptable because it agreed with cur- 
rent geological hypothesis.  Kennedy?? in 1955 put 
forward a strong case for mid-Ordovician orogeny in the 
Scottish Highlands, and the earlier discovery of mid- 
Cambrian trilobites in the Highland Border Series by 
Pringle?? was regarded as suggesting that much of the 
Dalradian succession was Cambrian in age. The complete 
absence of evidence suggesting 475 m.y. metamorphism 
in the Moine areas of the Highlands remained, however, an 
inexplicable puzzle. New geological evidence from 
Ireland (see, for example, refs. 24-28) has made it quite 
clear that the Connemara Dalradian was folded and first 
metamorphosed previous to the Arenig, and acted as a 
tectonically distinct basement during the Caledonian 
folding and metamorphism of the Ordovician and Silurian 
rocks of Murrisk. The available isotopic data from 
north-west Ireland are summarized in Table 2. It will be 
seen that there is clear evidence of the ‘overprinting’ of 
an earlier metamorphic complex by the Caledonian event 
at 420-410 m.y. (as defined by the age of 417 + 11 my. 
obtained from a schistose epidiorite intrusive into Wenlock 
strata (Tables 1 and 2)). The overprinted metamorphic 
event can be defined as having occurred some time before 
490 + 20 m.y. (the oldest age quoted in Table 2). 

It may be concluded with some confidence that the 
earlier Dalradian orogeny and metamorphism of Britain 
was pre-Arenig.- On the 1959 time-scale of Holmes?’ 
this would be at least 500 + 15 m.y. There is no reason 
at present to supppose Holmes’s estimate to be drastically 
wrong". If the mid-Cambrian rocks of the Highland 
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Table 2, PERTINENT AGH RESULTS FROM IRELAND 


Apparent 
age + error Method and Details of rock Ref. 
(m.y.) mineral used 
9365 +10 Rb/Sr biotite Galway granite S.E. 7 
of Carna, Co. Galway 
381416 K/Ar biotite Garnet-mica schist, 16 
Loch Corrib. 
386 +17 K/Ar biotite Garnet-mica schist, 16 
Loch Corrib. 
414419 K/Ar biotite Biotite-schist, Cushenden 16 
415+19 K/Ar muscovite Muscovite-schist, N. 16 
shore Kylemore, L. 
Connemara 
417411 K/Ar whole rock Epidiorite, South Mayo T Bee i 
able 
417 £19 K/Ar biotite Biotite-schist, Cushenden 16 
424419 K/Ar muscovite Muscovite-schist, N. 16 
shore Kylemore, L. 
Connemara 
(465 + 13) Rb/Sr muscovite Pegmatite in Connemara 7 
schist, near Clifden 
45513 Rb/Sr muscovite Re-run of above by 12 
460412 Rb/Sr biotite Connemara schist, 7 
Clifden, Co. Galway 
460+11 Rb/Sr muscovite Pegmatite in Connemara 7 
schist, near Clifden 
(495 + 22) Rb/Sr muscovite Connemara schist T 
Clifden, Co. Galway 
485 +22 Rb/Sr muscovite Re-run of above by 12 
490+ 20 Rb/Sr muscovite Connemara schist, 7 


Clifden, Co. Galway 


Border Series are truly part of a continuous Dalradian 
succession, then this orogenic episode must have been 
late-Cambrian or earliest Ordovician in age. There are 
many difficulties inherent in the acceptance of this correla- 
tion, for nowhere in the British Isles can definite isotopic 
or geological evidence be found which indicates major 
orogeny at this time. Studies of ancient rocks through- 
out Britain have so far failed to reveal any significant 
concentrations of partially or completely overprinted 
ages that might be referred to such an event. Neither 
will structural or stratigraphical considerations support 
such & conclusion. Evidence of post-Tremadocian/pre- 
Arenig parorogeny (the terms evorogeny and parorogeny 
are used here as defined by Simpson?) and unconformity 
is clear in North Wales?!; but before this minor disturb- 
ance, Tremadocian sedimentation in Wales was a record 
of relatively quiescent conditions. The Upper Cambrian/ 
Earliest Ordovician sedimentation of Skye and the 
north-west Highlands again suggests regional quiescence. 
Throughout Britain there is evidence of important 
Arenig transgressions, but we maintain that the time 
interval and style of this transgression (for example, as 
indicated by the analysis of the Arenig rocks of Murrisk 
by Dewey?!) are not compatible with it representing the 
major (f,/F,) polyphase orogenic-metamorphic event 
of the Grampian Highlands. That such an event, accom- 
panied by recumbent folding on the grand scale, could 
have been closely restricted to the Dalradian belt and 
have left the rest of Britain virtually unaffected is to us 
unacceptable. Recent structural investigations in the 
Caledonian belt south of the Highlands**.*?-87 clearly 
demonstrate the presence of a single unified Caledonian 
evorogenic structural complex involving Arvonian, Cam- 
brian, Ordovician and Silurian rocks up to and including 
Ludlovian. In Anglesey the metamorphic basement of 
this evorogeny is the Pre-Cambrian Mona Complex 
(orogenic metamorphism > 611 + 16 m.y. (see Table 1) ); 
in Ireland and Scotland it is the Dalradian and Moine. 
We believe that the Mona Complex should be equated 
with the Dalradian, for there is a general similarity between 
the Upper Dalradian succession and that of the Mona 
Complex and they occur in similar structural environ- 
ments. If this correlation is true, then the evidence 
from the Highland Border requires re-interpretation. 
Read? suggested that the fossiliferous Cambrian limestones 
might be tectonic intercalations within the Dalradian. 
Alternatively it might be suggested that Lower Palxozoic 
outliers have been folded in with Dalradian basement 
rocks during the Caledonian evorogeny, and that Cale- 
donian polyphase evorogenic structures are overprinted 
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on earlier Pre-Cambrian polyphase recumbent structuros 
along the Highland border. 

In the working hypothesis at present favoured by us. 
two post-Lewisian orogenic systems are believed to cross 
Caledonian Britain. The earlier (possibly contemporane- 
ous with the Carolinides of east Greenland, the Gardar 
Cycle of south Greenland and the Dalslandian of Sweden) 
culminated in a pre-(720—765) m.y. evorogeny which 
involved Moine, Dalradian and Monian rocks. On a 
basement consisting of the regional metamorphic rocks. 
migmatites and intrusives of this orogeny was deposited 
the Eo-Cambrian and Lower Paleozoic rocks of tho Cale- 
donian geosyncline. Over much of Northern Britain 
these deposits were thin, and both Eo-Cambrian and 
Cambrian strata are largely absent.  Parorogenio dis- 
turbances of increasing intensity can be distinguished in 
various parts of this mobile belt, but the main evorogenic 
event that involved the whole Caledonian system did not 
begin until late in the Silurian. Paralic and terrestrial 
conditions appeared in western Ireland and in tho Midland 
Valley of Scotland in the Upper Silurian (most probably 
in the Ludlovian, in rocks often erroneously referred to as 
‘Downtonian’, but see the opinion of Westoll in the discus- 
sion on Rolfe®*), Elsewhere Ludlovian troughs, slump 
beds and turbidites indicate crustal instability. Through- 
out the Caledonian mobile belt the evorogenie structures 
involve all strata older than Downtonian, including the 
high Ludlovian of the English Lake District and of South 
Wales. In many areas the Downtonian is missing. but 
where it is present, it rests unconformably on the older 
rocks (for example, at Stonehaven and on the south-cast 
flank of the Towy anticline in South Wales). The Down- 
tonian is followed conformably by the Lower O.R.S.. 
and where it is absent, it is the Lower O.R.S. which is 
seen to be unconformable on the older Pre-Cambrian 
and Lower Paleozoic rocks of the mobile belt. In the 
Grampians the Lower O.R.8. is unconformable on Dal- 
radian, in the Midland Valley it rests with strong uncon- 
formity on Ordovician and Silurian rocks. Angular 
discordance is absent at Lesmahagow, but in a regional 
synthesis George”? finds evidence for major pre-Devonian 
orogeny with fold amplitudes of 10,000—15,000 ft. in 
the Midland Valley area. In the Southern Uplands tho 
stratigraphical break is between Wenlock/?Ludlow and 
the Lower O.R.S.?74. The Mell Fell conglomerate of the 
Lake District is rich in Ludlovian pebbles, and is regarded 
by Capewell*! as being a Lower O.R.S. mountain piedmont 
deposit. In North Wales the earliest post-orogenic 
deposits are the presumed Lower O.R.S. rocks of Anglesey 
which accumulated in an intermontane basin uncon- 
formably on folded Ordovician and Silurian and were 
themselves folded and cleaved in what can only have been 
a mid-Devonian parorogeny. In Ireland a similar position 
is occupied by the unfossiferous Dingle Beds. _ 

Only in the Welsh Borderland, outside the limits of the 
Caledonian mobile belt proper, was Ludlovian and 
Downtonian sedimentation undoubtedly continuous. Here 
Allen and Tarlo? refer to two extensive bone beds as 
indicators of major uplift in the adjacent geosyncline. 
suggesting its final transformation into a land area. Tho 
first of these bone beds occurs at the level of the top of 
the Aymestry Limestone. The disappearance of the 
graptolitic facies at this level and the presence of a 
major stratigraphical break with submarine gullying in 
the Leintwardine area*? add support to the view that this 
bone bed represents the initiation of the culminating 
phase of the Caledonian evorogeny. The second bone bed 
is the well-known ‘Ludlow Bone Bed’ on the boundary 
between the Ludlovian and the Downtonian, after which 
deltaic, near shore and finally arid continental conditions 
rapidly ensued in the Welsh Borders and farther south. 

Late Caledonian parorogeny is known to have been 
important after the deposition of the Lower O.R.S. in 
many parts of Britain. Middle and Upper O.R.S. can be 
seen in various places to be unconformable on Lower 
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O.R.8. and older rocks. Nevertheless, we believe that 
the major Caledonian structures in the Pre-Downtonian 
rocks of Britain roveal an overall tectonic uniby that is 
distinct from the structural pattern seen within the Lower 
O.R.8. and Downtonian, and that the weight of isotopic 
and stratigraphic evidence suggests that these structures 
were produced in an evorogenic event that occurred in 
uppermost Ludlovian/earliest Downtonian times between 
(420 and 410) + 10 m.y. 

In Scotland it is suggested that the 420 m.y. ages are 
to be equated with the third phase (F,) structures and 
metamorphism of the Highlands, the effects of which 
are superimposed and ‘overprinted’ on rocks folded and 
metamorphosed in earlier phases (bracketed letters refer 
to the terminology used in The British Caledonides?). 
The (F3) movement phase of the Highlands is accompanied 
by retrogressive metamorphism in parts of central 
Perthshire, but elsewhere it is closely associated with the 
development of migmatites and with the magmatism 
responsible for early ‘forcoful’ Caledonian granito bodies 
dated by Miller and Brown’ as having been intruded 
around 420 + 15 m.y. Evidence which suggests that 
the same episode of crustal stress was responsible for the 
major Caledonian folds (F, in the terminology of Helm, 
Roberts and Simpson*4) of the Irish Sea area can bo ob- 
tained in North Wales and Ireland. The post F, basic 
magmatism of North Wales has been given a minimum 
date of 411 + 14 m.y. (ref. 19), and the grouping of five 
overprinted ages from Ireland between 494 and 414 m.y. 
suggests that the main Caledonian movements and meta- 
morphism in both areas were around 420-410 m.y. 
Secondary chlorite produced by Caledonian dynamic 
metamorphism in the Pre-Cambrian granite-gneiss of the 
Gader Inlier on Anglesey revealed an age of 410 + 
16 m.y. (Table 1), thus defining a minimum age for tho 
cessation. of major Caledonoid dynamic deformation in 
the area (which includes both F, and F, in the terminology 
of Helm e£ al.*4), 

Thus it would appear that the F, episode of Britain 
south of the Highlands is to be broadly correlated with 
(F) of the Highlands, and that this event was the main 
Caledonian evorogeny of Britain, beginning in the Upper 
Ludlovian around 420 m.y. and continuing into the earliest 
Downtonian around 410 m.y. Major post-tectonie Lower 
O.R.S. volcanism and intrusive acid magmatism occurred 
in Scotland and elsewhere around 405 m.y., and a further 
episode of major granite intrusion is known around 395 
m.y., still within the Lower O.R.S. From a consideration 
of the varying sedimentary pattern over Britain, ib would 
appear that the growth and subsequent uplift of the 
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major Caledonian structures in tho geosynclinal belt 

south of the Highlands, although beginning in the Upper 

Ludlow, did not finally exclude the sca from all areas until 

Lower O.R.S. times, when continental conditions became 

Beneral and Caledonian post-tectonic granite magmatism 

was at its height. 
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TECTONO-MAGMATIC EVOLUTION OF THE SVECOFENNID 
CHELOGENIC CYCLE IN SOUTH GREENLAND 


By D. BRIDGWATER and B. J: WALTON 


Geological Survey of Greenland, Copenhagen K 


RT. compilation of isotopic age determinations 
from South Greenland!, together with work on a, newly 
discovered appinitic suite and the recognition of its 
orogenic significance’, have led to the suggestion that the 
geology of South Greenland may best be understood in 
terms of a developing chelogen®. The information con- 
tained in this article is based on work of the Geological 
Survey of Greenland. The ideas expressed are our own 
and will be tested by relevant isotopic age determinations 
as they become available. A programme to provide these 
determinations has been started recently at the Mineral- 
ogical Museum, Copenhagen. In view of the renewed 


interest in continental drift and the key position of 
South Greenland in relation to Europe and America it 
seems worth while presenting an interpretation based on 
the detailed geological knowledge of the area combined 
with the few known age determinations. 

As recognized by Wegmann! the rocks of South Green- 
land fall into three main groups: (a) an older gneissose 
basement preserved as cores to major structures and as 
conglomerate pebbles (the pre-Ketilidian); (b) a Ketilidian 
series of metascdiments and metavolcanics lying un- 
conformably on the pre-Ketilidian basoment, together 
with gneisses and igneous rocks; (c) the Gardar—a younger 
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Fig. 1. Map of the general geology of South Greenland 


series of unmetamorphosed sediments (dominantly arkoses) 
and lavas with an alkaline to per-alkaline suite of igneous 
rocks. 

The pre-Ketilidian basement which possibly forms a 
major part of the west coast of Greenland has not been 
recognized as mappable units south of Kobberminebugten 
(Fig. 1). Its only interest in this article is to note that 
some confusion over the term Ketilidian exists. This is 
due to the use of the term in the Ivigtut region for a series 
of reactivated gneisses and granites’ some of which are 
now known to be below the Ketilidian basal conglomerate’. 
Ago determinations of between 3,000 m.y. and 2,300 m.y. 
come from areas in which the rocks could be reasonably 
interpreted as being pre-Ketilidian. 

The Ketilidian geosynclinal rocks preserved in the 
Ivigtut region show the following succession: basal 
conglomerate, quarbzites, dolomites, polites, greywackes, 
pillow lavas, pyroclasties end basic flows and sills. A 
second well-preserved area of supracrustal rocks exists 
around Tasermiut fjord where the upward (probably 
stratigraphieal) succession is: pelitic schists, quartzites, 
and basic metavoleanics’. The main Ketilidian meta- 
morphism varies from epidote-amphibolite facies in the 
north to granulite facies in the south. Three main 
episodes of folding occurred of which the dominant gave 
north-east trending axes. Syn- and late-tectonic granit- 
ization formed mainly oligoclase bearing gneisses. Further 
introduction of felsic material probably associated with 
re-mobilization of considerable amounts of pre-Ketilidian 
gneisses formed the Julianeháb granite, a variable mass 
covering at least 8,000 square kilometres between Kobner- 
minebugten and Julianehab®.  Relict structures within 
the granite generally correspond to the dominant north- 
east fold direction. The foliated granite and gneisses 
contain thin concordant or slightly discordant, foliated, 


folded and granitized basic sills and dykes which probably 
represent relics of the feeders to geosynclinal basalt 
activity^?. More discordant to the granite are a younger 
series of basic and intermediate dykes (second period 
dykes). These were probably emplaced mainly as dolerites 
into cold rocks*?°, but were later metamorphosed 
and granitized. The return to plutonic conditions which 
this indicates, called the Sanerutian and dated between 
1,650 and 1,500 m.y., has previously been considered 
as a thermal event essentially independent of the main 
phase of granitization described here, and has been 
regarded as a marginal effect of the Nagssugtoquidian 
fold belt!t::?, This supposition was based mainly on the 
correlation of the main phase of Ketilidian granitization 
with the gneisses dated from Godthåb at 2,700 m.y.!, 
However, the recognition of pre-Kotilidian basement 
north-east of Ivigtut reduces the likelihood of the correla- 
tion. It now seems possible that the main phase of 
Ketilidian plutonism may correspond to the widespread 
thermal activity in the Canadian shield at about 1,800 m.y. 
although no proved rocks of this episode in South Green- 
land have been dated. If it is true that the Ketilidian 
and Sanerutian plutonic episodes are closely spaced in 
time, tha chronological significance of the period of basic 
dyking separating them is considerably reduced; this 
may only represent & temporary volcanic phase in the 
development of a single orogeny. 

A factor which supports the idea that the two plutonic 
episodes belong to the same orogeny is the recognition of 
an appinitic suite of rocks intruded immediately following 
the second period basic dykes. These rocks vary from 
alkali-noritic gabbros to bhypersthene-augite or horn- 
blende bearing diorites and hypersthene monzonites. 
The most thoroughly investigated group of these rocks 
occurs north of Narssarssuaq®. In this area there is a 
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close connexion between tbe intrusion of the large basic 
and intermediate masses and the formation of younger 
granite by reactivation of older granite and gneiss. 
Relict second period basic dykes are commonly present 
within the younger granite although parts of the granite 
show signs of having been mobile, for example, they 
contain a closely mixed assortment of angular xenoliths. 

Elsewhere in South Greenland the granites formed in 
conjunction with comparable basic rocks are essentially 
allochthonous and not formed directly from the surround- 
ing gneisses'*, Other areas of reactivation of earlier rocks 
are widespread in the Julianeh&b granite without recog- 
nizable connexion to the intrusion of basic masses. The 
reactivation is best recognized by its effect on the second 
period basic dykes although it can be suggested in areas 
where the granite has recrystallized after a period of 
shearing in non-plutonic conditions. Outside the main 
area of Julianeháb granite younger granites are com- 
monly associated with belts of renewed movement 
parallel to the main Ketilidian structural trend’. 

An intrusive phase of microdiorite sheets occurred 
contemporeneously with the major diorite masses. Out- 
side the main zone of granite reactivation there are also 
occasional closely spaced swarms of intermediate dykes. 
These may represent feeders to orogenic andesitic lavas 
which have been completely removed by erosion. Other 
minor basic and intermediate intrusions were emplaced 
after the peak of reactivation but before the end of 
plutonic conditions. Three main types have been recog- 
nized: dykes intruded into hot shear zones while movement 
was still taking place*, dykes intruded into mobile granite™ 
and sills and sheets the intrusion of which was closely 
followed by aplitie granite forming ‘net-veined diorites'!*, 
Some of the late microdiorite sheets grade into hornblende 
lamprophyres with interstitial calcite and locally minor 
phases approaching carbonatites are developed. 

The appinitie intrusive complexes north of Narssars- 
suaq show many similarities to the type occurrences in 
Scotland. They also have a closely comparable position 
in the orogenic chronology" 1’, that is, they were intruded 
after the main periods of folding, metamorphism and 
granitization but just before the formation of the younger 
granites. Sutton!* considers that in Scotland there is 
just one orogenic cycle represented (that is, Caledonian) 
and similarly in South Greenland the events from the 
Ketilidian sedimentation to the end of the second phase 
of plutonism could be regarded as one complete orogenic 
cycle. These appinitic rocks appear to form normal 
members of an orogenic calc-alkaline suite. They also 
show a sub-alkali development which corresponds to 
Vorobiova’s® folded-structure association of alkali rock 
petrogenesis. In particular, large masses of hypersthene 
monzonite and locally syenite appear to have formed by 
diffusive potassium enrichment of the central parts of a 
basic-intermediate magma chamber consequent on the 
earlier crystellization of the margins and roof of the 
chamber. Examples of bodies believed to have been 
formed by similar processes have been described by 
Boone” and Vance?t. The tectonic setting of these rocks 
can perhaps be explained by considering the possible later 
stages in the development of a root-zone of an orogenic 
belt. After the main compressional period of folding, 
metamorphism and granitization, down-dragging con- 
vection currents beneath the belt.died down and eventually 
ceased. The orogenic pile cooled and started to rise up 
due to isostasy. Partial tensional conditions now allowed 
the introduction of simatic material (presumably tholeiitic) 
represented in South Greenland by the second period basic 
dykes. Because of the orogenic environment this basic 
magma became extensively contaminated by sialic 
material with the consequent formation of a high propor- 
tion of intermediate igneous rocks. Rising palingenetic 
acid magmas possibly supplemented with newly differ- 
entiated acid material would tend to follow the more basic 
intrusions. Abundant wrench faulting and locally the 
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development of foliation and folding could be expected 
to accompany this phase. 

If this interpretation is correct the Sanerutian events 
could be the logical epeirogenic uplift phase of the orogeny 
which started during Ketilidian time rather than the 
expression of a separate orogenic development as has been 
suggested previously. It should be noted, however, that 
it is perfectly possible that a younger orogeny was develop- 
ing at this time further away on the flanks of the origina? 
orogenic belt. It is also possible that a minor orogenic 
belt comparable to the Labrador Trough” was super- 
imposed on the epeirogenic uplift phase of the Ketilidian— 
Sanerutian orogeny. 

Gardar sedimentation of mainly coarse arkosio sand- 
stones and volcanism, the main phase of which started as 
fracture-controlled agglomerate vents followed by basic 
lavas with alkali tendencies”, began in basins controlled 
by major east-south-east wrench faults**. These faults 
were probably initisted during the Sanerutian plutonic 
phase” and remained active at least under the initial 
stage of Gardar sedimontation. From comparisons with 
the post-orogenic sediments in other areas, for example, 
the Caledonides*’ and the Appalachians” ib seems probable 
that these sediments were deposited soon after the end of 
plutonism and may have overlapped the formation of the 
younger granites elsewhere. 

The Gardar now preserved in South Greenland consists 
dominantly of intrusive igneous rocks. This activity can 
be divided somewhat arbitrarily into three phases": 
(a) Early Gardar in which nepheline syenites, carbonatites, 
lamprophyres and trachytes predominate*t. (b) Mid- 
Gardar characterized by several generetions of olivine 
dolerites, trachydolerites, microsyenites, larvikitie dykes 
and giant composite gabbro-syenite dykes. Many of the 
dykes contain large masses of anorthosite and labradoritic 
feldspar??. Tensional conditions leading to the formation 
of dykes trending north-east were dominant in the mid- 
Gardar. (c) Late-Gardar characterized by major alkaline 
complexes including Nunarssuit®, Kangn4t* and Tlimaus- 
saq. The tectonic control of the late-Gardar appears 
to have changed from that of the mid-Gardar; instead of 
the dominant north-east trending fissures the late- 
Gardar complexes are approximately equidimensional and 
emplaced by stoping. Reliable age determinations are 
limited to late-Gardar rocks which range from the Ivigtut 
Granite at 1,255 m.y.3* to the agpaitic rocks of Tllfmaussaq 
at 1,020 m.y.*4 (modified from Moorbath et al.). The 
Gardar igneous activity must therefore have lasted at least 
250 m.y. and possibly lasted 300—400 m.y. Whether there 
is a major break between any of the phases is not known. 

The early-Gardar alkali magmatism occurs in a similar 
setting to the igneous activity of the Midland Valley of 
Scotland, the Oslo province, and the White Mountain 
magma series of New Hampshire". All are associated with 
fault zones which probably developed during the final 
epeirogenic uplift at the end of an orogeny. They agree 
with the general setting described by Vorobieva!? for 
alkali magmatism of platform type in the U.S.S.R. She 
remarks that alkali magmatism occurs in unstable condi- 
tions in the late or last stages of a tectono-magmatic 
cycle. Yoder and Tiley% suggest that the initiation of 
an alkali basalt trend takes place at a greater pressure 
than a tholeiitic trend. They equate the difference in 
magma type to & difference in depth of formation. 

Mid- and late-Gardar intrusions were emplaced between 
250 and 500 m.y. after the end of plutonism in South 
Greenland. Similar alkali rocks were formed at a com- 
parable time in the Canadian”: and Scandinavian?! shields 
immediately before the widespread orogenic activity 
which marked the beginning of the Grenville chelogenic 
cycle. At the present time, at the presumed end of the . 
Grenville chelogenic cycle? alkali rocks are being formed 
along deep fracture zones, for example, the African rift 
valley, and have been formed in the Tertiary volcanism 
of Greenland and Scotlend. 
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Sutton? suggested that with the development of a 
vhelogenie cycle orogenies are progressively restricted to 
the margins of the continental masses probably consequent 
on the fusion of subcontinental convection cells. Thesame 
poe results in disruption of the continental masses. 

is disruption might be expected to be the cause of 
exceptionally deeply penetrating tensional zones which in 
turn may result in alkali magmatism. From the global 
point of view, as Sutton has noted, continental disruption 
produces dominantly basaltic magmatism, but it seems 
likely that this leads to alkali rocks genesis in areas where 
post-orogenic fissures were developed to great depths. 

Geological evidence suggests that the Sanerutian 
plutonic episode may represent the epeirogenic uplift 
phase of the orogeny which started in Ketilidian time. If 
the main Ketilidian metamorphism proves to have a date 
of about 1,800 m.y. this orogeny would then be an early 
event in the Svecofennid chelogenic cycle. The Gardar 
alkaline activity may be due to continental disruption 
during the later phases of the chelogenic cycle. The 
whole sequence of events forms a characteristic tectono- 
magmatic eyole!"33, The location of the Gardar alkali 
activity may be due to a fundamental weakness in the 
crust developed during the epeirogenic uplift phase of the 
Ketilidian-Sanerutian orogeny which continued to control 
magmatism marginal to the early phases of the Grenville 
orogenic belt, which probably passed just south of what is 
now Greenland. 
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A METHOD FOR DESCRIBING THE PACKING TEXTURE OF 
CLASTIC SEDIMENTS 


By |. J. SMALLEY 
Northampton College of Advanced Technology, London, E.C.1 


ACKING is one factor determining the texture of a 
clastic sediment. Pettijohn! defines texture as the 
size, shape and arrangement (packing and fabric) of the 
component elements of a sedimentary rock. Arrange- 
ment is a rather neglected factor; Krumbein and Petti- 
john?, surveying the field of sedimentary petrography in 
1938, gave detailed consideration to size and shape but 
did not mention packing. 

Packing is usually considered in terms of systematic 
arrangements of equal spherical particles and reference is 
often made to the work of Graton and Fraser, who 
examined several simple regular packs and suggested 
that these had a geological significance. A much more 
complete investigation of simple systematic sphere pack- 
ings has been made‘, but this approach is not likely to 
yield a realistic representation of the packing in a clastic 
sediment. With allowance made for the idealized particle 
the regular model suffers from one great defect: it is 
supposed to represent a random structure. 

Two problems present themselves: (1) How is this 
random packing to be represented? (2) How can an 
applicable method be devised whereby determinations of 
packing textures of real clastic sediments can be made? 
An attempt has been made to solve problem (1) by using 
the radial distribution function developed to describe the 
structure of liquids’. A reference particle is chosen and 
the variation in density around it is represented on a 
graph of density against distance from the reference 
particle. This graph effectively shows the radial dis- 
tribution of the particles around a representative particle 
and may provide & useful means of describing and com- 


paring the packing textures of clastic sediments. Some 
fairly elaborate experiments have yielded radial dis- 
tribution graphs for packs of equal spheres*’, the tricky 
part of these experiments being the measurement of the 
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Distribution of pebble centres about a random reference pebble 





Fig.2. Grid showing positions of pebbles C1-05 and R1. The number 
of pebble centres in each cellis also shown 


three-dimensional position of the particles. Most geo- 
logical situations present only two-dimensional aecessi- 
bility and to be useful a technique must allow for this. 
The method described here relies heavily on the assertion 
by Prins? that random two-dimensional structures have 
all the essential features of three-dimensional structures. 
He was referring to packs of similar particles and gave 
some experimental data. 

This article describes three attempts to obtain indica- 
tions of packing texture for clastic structures. Two of 
these attempts were on shingle beaches and the third on 
an orthoquartzite rock. The basic technique adopted for 
the beach material was to photograph the surface—this 
gives a two-dimensional representation of the pack—and 
then choose a random pebble and with it as centre draw 
concentric circles on an enlarged print. These circles 
inereased in radius by 2 constant amount each time. The 
number of pebble centres within each annular zone was 
counted and tabulated. A structural factor related to the 
density was calculated by dividing the number of pebble 
centres in a zone (n) by 2xR, where E was the number 
of the zone. Fig. 1 shows some pebble centres and zones 
marked on a print of pobbles from Hythe beach. A 


Table 1. DISTRIBUTION OF PEBBLE CENTRES ABOUT FIVE RANDOM 
REFERENCE PEBHLES IN HYTHE BEACH SAMPLE 


Numbers of pebbles in surrounding 2x2 cell groups are also indicated 


CircleNo. R 1 2 3 4 5 6 7 
x n 0 7 6 13 18 18 22 
ones z 9 0-556 0318 0515 0573 0479 0-500 
n 0 5 4 11 13 16 19 
€2.20 n 
anh 0 0-308 0-210 — 0:486 0-415 0-425 0-480 
c f 0 9 8 13 16 18 22 
3.20 n 7 
anh 0 0716 0:318 0-516 0-510 0-479 0-500 
ES n 7 5 11 13 18 21 
. n 
ink 0-556 | 0205 0435 O-415 0479 0-479 
(528 n 9 7 6 11 14 15 21 
= a 0 0:556 — 0-318 0435 0-445 0398 0-479 


* Approximate 
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sample of pebbles was taken from one spot on Hyth 
Beach (National Grid reference 61/160340). These wer 
later poured into a tray and photographed. The tect 
nique worked for this special case, so some photograpr 
of a small area of actual beach surface were taken ¢ 
Dungeness (61/091167), just about at the spot marked ; 
on the Lewis and Balchin map reproduced by Steers’. 

The technique for the beach is quite straightforwarc 
A photograph of the beach is taken, with the camer 
carefully adjusted so that the film and the beach surfac 
are parallel, and an enlarged print with good contrast : 
made. A. square unit reference grid is drawn on the prir 
and each pebble is identified and its centre marked. | 
a reference object is included in the photograph the scal 
can easily be indicated. The number of pebble centre 
in each square of the grid is counted; this gives som 
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Fig. 8. Variation of n/ZzR with R around pebble C4 
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Fig. 4. Variation of n/2z:R with R around pebble C6 
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Fig. 5. Reference grid for a small part of Dungeness beach, around 


centre C10 





Fig. 6. Reference grid for a small part of Dungeness beach, around 
centre C11 


idea of the evenness of the distribution and the sizes of 
the particles. Fig. 2 shows a reference grid for the Hythe 
pebbles with the number of centres marked. The basic 
cell of the grid is a square of side 2 cm (all measurements 
refer directly to the real packing). 

The marked position El refers to the scale reference 
pebble; this one was noted and measured and the 
measurement compared to the photographic image. The 
positions of the reference pebbles used for the determina- 
tion of packing variation are marked C1-05. With one 
of these as centre concentric circles were drawn on the 
print, the radii of these circles increasing by a constant 
factor, in this case 6 mm. The number of pebble centres 
inside each successive annular zone were counted and 
tabulated; these provide values of n (Table 1). The circle 
number is indicated by E. If n is divided by 27k a 
value is obtained which is related to the packing density ; 
this value is plotted against R and the graph indicates 
the variation in packing density around a typical particle 
(Figs. 3 and 4). For the Hythe grid the mode pebble 
occupation of a cell is 5 (11 occurrences) and the mean 
is 5:8. A square (2 x 2) cell group containing about 22 
pebbles was considered a reasonably representative area, 
that is, around C1, C4 or C5. C3 falls in a high-density 
area, and this is shown by the large value of n/2xR for 
R = 2in Table 1. The opposite is true of C2. 

The mode pebble size in the sample examined was 
about 1 em diameter although the pebbles were far from 
spherical. The sample was split into smaller samples and 
the pebbles were assigned to Zingg shape classes; the 
node shape was oblate (class 1). 

Eleven photographs were taken at Dungeness, all fairly 
close together and near the water’s edge. These showed 
a considerable variation in the particle size in a small 
patch of beach. Two were selected and the packing details 
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are given here. Figs. 5 and 6 show reference grids, and 
Fig. 7 shows the comparative distributions. One of these 
illustrates an unusual case, & large pebble surrounded by 
much smaller pebbles. The large pebble has been chosen 
as the centre, and its outline is roughly indicated in Fig. 6. 
The referonce grids have 4-cm cell sides and R increases 
in steps of 1 cm. 

Two photographs in a paper by Heald’ provide 
examples of packings in consolidated sediments. Thesc 
are of two samples of St. Peter sandstone from Missouri. 
One of these has distinct rounded separate detritel grains 
and contains no clay; the other is a clay-bearing highly 
presolved rock with close sutured contacts between the 
grains; it was collected 2 in. below the first sample. 
Since the magnification was 55 times, drawing circles 
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Fig. 7. Radial distributions around pebbles C10 and C11 
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Fig. 8. Packing in sandstone samples; 4, clay-free sandstone; 
B, sandstone containing clay 
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with radius increments of 11 mm gave a real value of 
0.2 mm. Because of the small size of the photographs 
only a few circles could be drawn, but the results (Fig. 8) 
show that a tighter packing is produced in the clay- 
bearing sandstone. The photographs are too small to 
give very good results, but with sufficient centres chosen 
from a large picture and a careful choice of radius incre- 
ment for the reference circles, packing textures could be 
easily and conveniently determined. 

I thank Ted Willett and Valerie Smalley, both of this 
College, for their assistance. 
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SEMICONDUCTION IN KAOLIN 
By A. K. CHATTERII 


Central Building Research Institute, Roorkee, India 


L has been reported that the electrical conductivity of 
4 kaolin increases with temperature! This observation 
indicates that kaolin may be a semiconductor. In absence 
of usual confirmatory experiments, an attempt is made 
here to ascertain the semiconducting nature of kaolin from 
less direct evidence as adsorption of lime by kaolin in 
presence of water and rheology of dilute aqueous sus- 
pensions of kaolin. The possibility that kaolin may be a 

‘p’ type semiconductor is indicated. 

' From the results of measurements on the adsorption 
of lime at ordinary temperatures by kaolin, kaolin heated 
at 800° C with or without addition of zinc oxide and of 
electrical conductivity of these materials at different 
temperatures, given elsewhere!?, it will be seen that at 
any temperature the electrical conductivity of kaolin, 
previously heated with zinc oxide, is lowest and that of 
unfired kaolin is highest?. Amount of lime chemisorbed 
from saturated lime water at ordinary temperatures, in a 
given time, is highest in kaolin fired with zinc oxide and 
least in unfired kaolin’. This antiparallel behaviour of 
lime adsorption and electrical conductivity means that 
the reaction between lime and kaolin in the presence of 
water is a semiconductor surface reaction which may 
either be an ‘n’ type reaction on ‘p’ type semiconductor or 
ie versa depending on the type of semiconduction of 
zaolin. 

It is stated that, at the temperatures worked with, 
kaolin previously fired at 800° C has higher conductivity 
than kaolin which has been similarly fired with zinc oxide?. 
Thus on addition of an ‘n’ type semiconducting oxide 
(ZnO) the conductivity of fired kaolin is lowered. This 
may occur, if the semiconduction in fired kaolin is pre- 
dominantly by ‘holes’, through the combination of these 
with the electrons introduced by ZnO. Again, kaolin 
fired at 800° C has lower conductivity than unfired 
kaolin}, This may indicate that the effect of dehydration 
is to remove ‘holes’ from unfired kaolin (dehydration 
taking place through transfer of ‘holes’ from the crystal). 
Thus, kaolin may be a ‘p’ semiconductor itself; effect of 
dehydration and heating it with ‘n’ type semiconducting 
oxide is to change it into a more and more ‘n’ type semi- 
conducting oxide. 

In a recent communication? the rheological behaviour 
of dilute aqueous suspensions of some reactive solids, as 
lime, portland cement and plaster of paris, has been 
explained on the assumption that the reaction between 
these materials and water is a chemisorption process. In 
such a process the position of the bulk Fermi-level in the 
particles controls the coverage of chemisorbed molecules. 
The coverage determines the volume over which stabil- 
ization of water lattice takes place and the viscosity of 
the suspension depends on the extent of the volume over 
which water structure is stabilized. It is concluded that 
the rheological behaviour of such suspensions is controlled 


by the position of bulk Fermi-level in the particles in 
suspensions. Again, plasticity of clay—water systems has 
been explained on the assumption that in such a system 
a layer of water is rigidly attached on the surface of the 
clay mineral‘. The nature of the interaction between the 
water layer and the clay mineral surface is, however, 
uncertain. Assuming that a chemisorption process is 
occurring, hydroxyl groups may get attached on the 
surface of the clay mineral through a transfer of electrons 
from the crystal (^ type reaction) as in the reactions 
between portland cement, clinker and water?*, and lime 
and water’. If it were so, then the rheological behaviour 
of dilute suspensions of kaolin in water would be con- 
trolled by the position of bulk Fermi-level in the crystal: 
viscosity will increase or decrease as the position of the 
Fermi-level is raised or lowered. For the present purpose 
one has to know what would happen to the viscosity of 
aqueous suspensions of kaolin which has been previously 
allowed to react with lime in the presence of water. It 
has been found that dilute aqueous suspensions of kaolin, 
so treated and then washed and dried, have lower plastic 
viscosity than similar suspensions of H-kaolin*. This 
means that, on reacting with lime, Fermi-level of kaolin 
has been lowered. This can only happen when the 
reaction between lime and kaolin in the presence of water 
is an ' type reaction. With the reaction type settled, 
the antiparallel behaviour of lime adsorption and elec- 
trical conductivity would mean that kaolin is a ‘p’ type 
semiconductor, provided the assumption regarding the 
nature of interaction betweon kaolin and water is correct. 

The electrical nature of kaolin appears to be similar to 
that of portland cement clinker. Possibility of the latter 
behaving as a ‘p’ type semiconductor has been indicated 
elsewhere*, The hydraulic action of cement clinker also 
increases with the decrease of electrical conductivity of 
clinker* as in the case of adsorption of lime by kaolin in 
the presence of water. Parallelism in the nature of these 
reactions is clear. The Fermi-level appears to be the con- 
trolling factor. 

It is concluded that there is a possibility that kaolin 
may be a ‘p’ type semiconductor and that some of its 
physical and chemical properties may be controlled by 
the position of bulk Fermi-level init. The latter suggestion 
should also be true for other silicates which may prove 
to be semiconductors. This approach, then, will open a 
new aspect of chemistry and technology of such silicates. 
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LETTERS TO THE EDITOR 


ASTROPHYSICS 


Structure of the Solar Chromosphere 


Tur suggestion of Biermann! and Schwarzschild’, that 
the radially increasing temperature of the solar atmosphere 
is to be ascribed to propagation of non-thermal energy, 
such as acoustic waves, is now generally accepted. The 
effect of magnetic field, and the possibility that the energy- 
carrying waves are of a magnetohydrodynamic character 
rather than acoustic, has been considered seriously?. 
However, the fact that the density and temperature of 
the chromosphere are significantly affected by magnetic 
field only when the field attains the strength (~ 50 gauss) 
which is found only in localized regions (plages) on the 
Sun’s surface indicates that magnetic field is not of primary 
significance. Hence one may attempt to understand the 
energy propagation and its effects on the assumption that 
one can ignore the magnetic field and so consider only 
acoustic waves. 

Although the acoustic waves generated at the photo- 
sphere by granular convection are estimated to be of small 
amplitude??, it has been recognized that these waves 
may build up into shock waves, which would bring about 
a drastic increase in the absorption of the acoustic-wave 
energy. In a uniform gas, discontinuities are developed 
in waves of arbitrarily small amplitude if the waves 
propagate sufficiently far, but one should not expect this 
phenomenon to occur in an atmosphere in gravitational 
equilibrium, with which we are concerned, with wave- 
lengths comparable with the scale height. This is because 
the dispersion relation for plane acoustic waves propagat- 
ing vertically? is: 

wt = ed ath? a) 


where a is the speed of sound given by: 


_ wee 
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if the gas is behaving adiabatically, and the resonant 
frequency, po, is given by: 

a 
3H (3) 


Oo = 


where H is the scale height given by: 


kT 

H= 7 (4) 
In an ionized gas we must give to m the value of the 
average particle mass, and take y = 5/3. We see from 
equation (1) that waves which are harmonically related in 
frequency are not harmonically related in wave-number 
and vice versa; hence one would not expect that the non- 
linear interaction between waves which leads to the 
generation of shock fronts would occur for waves of 
arbitrarily small amplitude. 

There is another important way in which waves propa- 
gating in a ‘resonant’ medium defined by the dispersion 
relation (1) differs from waves in & non-resonant medium 
for which o, = 0. In a non-resonant medium, k decreases 
with height if the temperature increases with height, 
and this leads to refraction of rays away from the vertical. 
In a resonant medium, we observe that w, decreases with 
height if temperature increases with height, and this will 
lead to an increase in k if the wave is launched with a 
frequency close to the resonant frequency, with the 


consequence that the wave would be refracted towards 
the vertical. Since the maximum value of c, is the lower 
bound of the frequency pass band, and since this frequency 
(corresponding to a 5-min period) for the solar atmosphere 
is high compared with the turbulence frequency spectrum, 
we expect that the acoustic energy is carried principally 
by waves close to the cut-off frequency. Hence one may 
expect that, in the medium and high chromosphere, the 
acoustic waves are propagating almost vertically. This 
picture is in agreement with observations on vertical 
motions in the chromosphere reported by Leighton‘. 

We now consider the energy carried by vertically 
propagating acoustic waves. If the waves were purely 
sinusoidal with a maximum flow velocity vr, the energy 
density would be 4nmv,?, half in- kinetic and half in 
potential energy. Hence the energy flux per unit area, 
8, is given by: 


nmM*?a* (5) 
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if we write M = vy/[a (the ‘Mach number’ of the flow) 
and approximate the group velocity by a. This equation 
may be re-written as: 


4m si 
mT’ = ye an (6) 
or, approximately : 
PTs gy 1023-952 (7) 


if we consider ‘Mach 1’ flow (M = 1). The observed 
values of n and T for the solar atmosphere® are compared 
with curves s = const. in Fig. 1. 

We see from Fig. 1 that the temperature begins to 
increase when the curve (n,T) intersects the curve s = 
105 ergs cm- sec-!. This is what one would expect if the 
energy flux of acoustic waves in the chromosphere at 
4,000 km height and above has this value. If the value of 
temperature did not increase, the waves would have M 
values in excess of unity, leading to the formation of shock 
waves and enhanced dissipation; this would lead to local 
heating of the chromosphere. If, on the other hand, the 
temperature were to increase significantly more than 
required by the curve s=const., the acoustic waves would 
have M values below unity, so that no shock waves would 
be formed and there would be no heating of the chromo- 
sphere. 

My assumption that a wave forms a shock only if M ~1 
is a departure from the usual assumption that acoustic 
waves of arbitrarily small amplitude will form shocks‘. 
This difference was ascribed to the form of the dispersion 
relation (1), which implies that waves which are harmonic- 
ally related in frequency are not harmonically related in 
wave number; so that the non-linear wave interaction 
responsible for the build-up of shocks from small-amplitude 
waves is inhibited. 

The present model enables one to understand the sharp 
transition from the chromosphere to the corona. The 
dispersion relation for waves in a medium with thermal 
conductivity x is found to be’: 


In most of the chromosphere x is sufficiently small that 
there is no dissipation due to thermal conductivity. 


hz IO 8 x HEIGHT (em) 


sa NONTHERMAL ENERGY FLUX 
(erg cm? sec!) 
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It is clear from the form of equation (8) that the 
dissipation depends on the parameter 8, defined by: 


2 xk? 
$= 3 nka (8) 


which is given approximately by: 


8 e T?! n- (10) 


ifo = 10*3 and we adopt x = 10-9757, appropriate for a 
highly ionized gas*. The dissipation is small if § is either 
small compared with unity or large compared with unity 
and is significant only if 8 is near to unity. Curves $= 
const. are shown in Fig. 1 and indicate that the transition 
from chromosphere to corona occurs just above the height 
at which thermal dissipation becomes significant. 
Another effect of thermal conductivity is that the 
downward heat flux can become substantial. It will 
clearly be impossible to maintain the rise in temperature 
when the downward heat flux becomes comparable with 
the flux of acoustic energy. Henco it can be asserted that 
the transition to the corona must come about before the 


condition: 
xH-T = s$ (11) 


issatisfiod. By using equation (7), this may bo expressed 
88: 


n= 1093 T {12) 


This curve also is shown in Fig. 1, and it is seen that the 
transition to the corona has occurred before this line is 
crossed. 

The value s = 105 ergs cm sec-! reprosents a total 
power input of 10°7-’ ergs sec-! into the corona, a value 
which fits well with the estimates of energy Joss from the 
corona made by Osterbrook?, We may note that the loss 
of energy by the solar wind is of the same magnitude if the 
plasma velocity is 500 km/sec and the plasma density 
about 10 protons em~? at the Earth's orbit. 
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Gravitational Collapse 


Tur stellar-like radio sources (‘quasars’), of which 
3048 and 30213 are examples, appear to be objects with 
very small diameters yet the total energies of which lie in 
the range 10°10 ergs. At the moment, the only source 
that has been imagined for the production of such high 
onergies, is the Newtonian gravitational potential energy 
of a highly compressed mass. If a mess equal to some 
10$ solar masses could be compressed into a sphere the 
diamoter of which equalled that of the orbit of Pluto, a 
gravitational potential energy of the required order of 
magnitude would become available. During the past 
thirty years a number of authors have shown that a com- 
pression of this kind is predicted by Einstein’s equations 
of general relativity. It is postulated that the only force 
acting is the gravitational self-attraction of the material, 
that the density is uniform throughout the spherical mass 
at each instant of time and that the pressure is always 
zero. The last condition implies that the material remains 
at the absolute zero of temperature throughout the col- 
lapse to a small volume. These assumptions lead to the 
conclusion that, for such zero-pressure configurations, the 
motion continues until a singular state is reached in 
which the volume occupied by the material tends to a 
zero value whereas its density becomes infinite. The time 
of collapse is very short: at best it occurs in a few hundreds 
of thousands of years, bub ib may also be over in a matter 
of weoks or days, depending on the initial conditions. 

Thave been able to find a solution of Einstein's equations 
in which the restriction to zero pressure is removed. Both 
the pressure and the density are, however, uniform at each 
instant of time, but both rise to infinite values at the end of 
the collapse. When this happens the volume of the con- 
figuration is not zero, but has a small finite value. The 
time of collapse is also shortened as compared with the 
time for the corresponding zero-pressure case. 

T have also shown how the zero-pressure solutions can be 
fitted to the external (vacuum) Schwarzschild solution. of 
Einstein’s equations. I have failed to establish this 
property for the solution with pressure. In order to 
examine this point, as well as & number of others which 
are mathematically too complicated to analyse through 
Einstein’s equations, I have turned to & combination of 
classical gas-dynamies and Newtonian gravitational 
theory. It proved possible to establish tho following 
results: (1) There are classical analogues of the zero- 
pressure general relativity motions which mimic them 
very closely and in which the motion is adiabatic. (2) 
Classical gas-motions with a non-zero pressure are possible 
but they are non-adiabatic. This means that energy must 
be extracted from the collapsing configuration if the 
motion is to continue. I conjecture that this is the reason 
why, in the general relativity case, the motions with 
pressure cannot be fitted to an external vacuum 
Schwarzschild field. The appropriate external field 
would presumably be one in which energy was present. 
(3) It is possible to solve with comparative ease the classical 
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equations when pressure-gradients are present, in con- 
trast to the situation in general relativity. The pressure- 
gradient, of course, provides an additional force which 
opposes the gravitational collapse. A specific example 
shows that the time of collapse is lengthened and that the 
configuration can finally come to rest with a volume of 
finite magnitude. 

These investigations will be published in detail in the 
August 1964 issue of the Astrophysical Journal. 

G. C. MoVrrrre 
University of Illinois Observatory, 
Urbana, Illinois. 


GEOPHYSICS 


Combined Effects of Drift and Diffusion 
in the F2 Region 


Tus latitude distribution of f,F, characteristically 
exhibits an anomalous equatorial trough which we shall 
refer to as the Appleton anomaly!*, although there is 
evidenco? that oarlier workers wore aware of the dip 
angle dependence of Mmax reported by Appleton. 
Results are available showing the variation of N with dip 
below the peak*5, and more recently satellite results have 
been reported for the topside electron density®. 

These satellite results have stimulated some theoretical 
interest’, although, of course theoretical studies havo 
been made continually$-!? since Martyn’s carly proposait? 
that the cause of the Appleton anomaly is a noonday 
upwards electrodynamic drift communicated from the 
dynamo regions. (In magnetohydrodynamics this drift 
may be re-interpreted as an outwards motion of the 
magnetie lines of force.) 

Theoretical studies have been hindered by the mathe- 
matical complexity of the fundamental F2 region diffusion 
equation®14-15, and we report here a simple examination 
of the problem of  self-maintained equilibrium layer in 
the absence of electron production and loss. It is sufficient 
to assume the electron density profile at the dip equator 
to be given, and we refer the reader to recent investigations 
of the #2 layer!*-1* which explain the method more fully. 

We first observe that in the F2 layer N varies only 
slowly with respect to the dip angle I. Consider a small 
element of plasma being carried upwards by electro- 
dynamic drift at right angles to a magnetic line of force 
as shown in Fig. 1. In the diagram, material is carried 
across the lines of force from A to B with speed ei. But, 
provided AC is not large compared with AB, the electron 
density at C is the same as the electron density at 4, 
where AC is horizontal. It follows that with this restric- 
tion, the significance of which will be discussed later, the 
drift at right angles to & magnetic line of force is equivalent 
to a drift v", parallel to a line of forco, such that if I 
denotes the dip angle: 

v" = vl cob T 
Tho equilibrium diffusion-drift equation may then be 
transformed into an equation in one variable, and inte- 
grated under suitable boundary conditions. As in the 
absence of drift, individual lines of force may be regarded 
as isolated, using tho equivalent drift v^, where the afore- 
mentioned approximation holds. In what follows we 
assume, in absence of other information, that vt is 
equivalent to a uniform drift w vertically upwards such 
that: 
w = vl cos I = v” sin I 

However, although we shall work in terms of the per- 
pendieular height z above a fixed reference-level, the 
fundamental drift is the equivalent drift v” and the 
fundamental equation is the diffusion equation along 
a line of force. 

Ferraro (privato communication) has pointed out that 
the plane stratified F2 layor diffusion equation!? is in 
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fact of far wider application than is commonly supposed. 
This equation wil be used here and the curvature of the 
Earth wil be neglected. We suppose further that tho 
electron density on the dip oquator is given to be a Chap- 
man profile with maximum electron density Nm, scale 
height H and height of maximum 25, and that this 
boundary condition is to be applied to obtain a local 
solution of the fundamental equations under conditions 
of symmetry about the dip equator by replacing the 
problem at every field point by a straight field line problem. 
This is illustrated in Fig. 2. The solution at points A 
and C for the curved field line ABC is assumed to be 
approximated by the solution for the field line 4B’C. 

Denote by D the coefficient of diffusion, by H, the scale 
height of the neutral constituent and by H, the scale 
height of the ionized constituent. Then we define con- 
stants D, and wg by: 

D = D,exp(z/Hy) 
and: 
w, = wH, {Da 
We also write: 
Wwa = we cosec? T 
Denote by x the horizontal distance from the dip equator, 
so that if a line of force crosses the equator at height z,: 
zZ = Za — % tan I 

Then we find, after reduction which will be reported 
elsewhere, that a solution of the equilibrium diffusion 
equation with drift is: 

N = f(z + x tan I) exp( —2/2H, — «6—2H:) 
where f is an arbitrary function of 2 + x tan I. Imposing 
the condition of a Chapman profile at the equator x = 0, 
evaluates f, giving: 


N(a,2) = Nm oxpd{] — (z-emy)/H 
+ (Hz! — H-) 7v tan I 
— 2w, e-zIHi(1 — e~% tan I[Hi) 
E e~ Gta iani —zmo)/H] 
Taking different equatorial profiles would, of course, give 


different solutions. To interpret those results for a curved 
field line model we put: 


tan I = 2 tan (z[r;) 
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Fig. 3. The broken lines marked N and S denote measurements made 
by Croom ef al. (ref. 4). The solid line represents our theoretical results 


where 7, is the mean geocentric distance of the F2 layer 
(= 6,550 km). Because the electron density varies 
appreciably over & vertical distance of 100 km and over a 
horizontal distance of 500 km we expect the afore- 
mentioned results to hold for: 


sin m 0-2 
that is (say) for dip angles rather larger than 12°. 


Fig. 3 shows a comparison of these theoretical results 
with measurements for: 


H = H, = 100 km, H, = 107 km 


The values of 25, and «X are irrelevant since in the 

regions considered x 2» H or H, and the curves obtained 

have the same shape for all values of zm and w^. The 

theoretical curve was multiplied by a suitable constant, 

corresponding to Nim, in order to give agreement in 

magnitude at the latitudinal maximum. 3 
This work was supported by the U.S. Air Force under 

grant AF EOAR 61-41. 
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Generation of Whistler Waves by Helical 
Electron Beams 


SEVERAL investigations! published within the past few 
years deal with the interaction of a stationary plasma in 
the outer regions of the ionosphere (exosphere) with an 
assembly of charged particles trapped in tho Earth's 
magnetic field. Such an interaction results in electro- 
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magnetic radiation within the audible range which is 
detected at the Earth’s surface in the form of continuous 
white noise or whistlers. The trapped particles spiral 
around the lines of the magnetic field B, and form a 
‘helical beam’, characterized by velocity components Bic 
and fuc which are, respectively, perpendicular and parallel 
to B, (c is the velocity of light). A whistler wave thus 
produced and aligned in the direction of B, is usually 
described by the equalities: 
av E= khu + Q1 87) (1) 
Fp = ch! — wa = 0 (2) 
in which «w is the frequency, k is the wave number, p? = 
p? + um Qe is the electron gyrofrequency, and n = 
w2/a(@ — Qe) is the refractive index for the whistler 
mode (o, is the plasma frequency). 

The relationship (1) represents the condition of reson- 
ance, that is, the characteristic frequency & of the whistler 
wave is equal to the Doppler shifted electron gyrofre- 
quency. Equation (2) represents the dispersion equation 
for the stationary plasma which is valid only in the 
absence of the perturbation produced by the beam. The 
whistler waves described by equations (1) and (2) will be 
designated as whistler P-waves. 

The purpose of this investigation is to point out that 
the P-waves described by equations (1) and (2) are not 
the only type of whistler waves which can be excited by a 
helical beam. Thero are also whistler B-waves which are 
resonant with the beam in accordance with equation (1) 
but do not satisfy the dispersion equation (2). Thus the 
plasma-beam interaction results in a P-instability and a 
B-instability. In a P-instability the growing waves 
(P-waves) result from the excitation of corresponding 
stationary waves in an undisturbed plasms. If the inten- 
sity of the beam is sufficiently small, the frequency of an 
excited whistler P-wave differs very little from the corre- 
sponding whistler wave in the undisturbed plasma. If 
the beam is linear, that is if the electrons in the beam have 
trajectories aligned along the direction parallel to that of 
B, (Qj = 0), there is only one type of instability? (P- 
instability. On the other hand, if the beam is helical 
(B; # 0), there is an additional instability (B-instability) 
which gives rise to excited B-waves. A B-instability 
occupies a relatively wide frequency range in the neigh- 
bourhood of a P-instability and represents a continuation 
of the P-instebility along the frequency axis. 

The properties of the whistlor B-waves are determined 
from the analysis of the dispersion equation for the 
plasma-beam system. This equation has the form’: 

Fp + oF, = 0 (3) 
in which Fp = c®k? — n?o? represents the stationary 
plasma anda P^» is the perturbation produced by the beam. 
Tt is assumed that the perturbation is small, that is, 
c <1, where c is the ratio of tbe beam density to the 
plasma density. One has?: 


my = — op [—_ 29 — 
Fp = e(l gy [ae ae t 


Br (otk? — e) 
gorda oa O 


Following the procedure of Zhelezniakov?, one assigns 
in the dispersion equation (4) a real value of & and solves 
the equation for e. The roots of equation (4) are repre- 
sented as w = & + 8, where & is the frequency of a resonant 
wave defined in equation (1). An instability occurs when 
Im 8 < 0 and ||m 8| denotes the rate of growth of an 
excited wave. 

It is usually assumed that mono-energetie electrons 
(characterized by fixed values of @y and B) can excite 
only a single frequency P-wave described by equations 
(1) and [((2}3. However, it follows from equation (4) 
that such a beam can excite not only a single frequency 
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P-wave but also a continuously distributed frequency 
spectrum of whistler B-waves. 

When By «B, the helical beam becomes ‘almost circular’. 

is would occur, for example. near a mirror point for 
particles spiralling along the lines of the Earth’s magnetic 
field. In such cases the possible occurrence of a P-wave 
within the range of whistler frequencies depends on the 
magnitude of the transverse velocity component B. A 
whistler P-wave can be excited only when electrons in 
the almost circular beam are relatively energetic. The 
transverse velocity component B, of such electrons must be 
larger than approximately 0.97. When D, is smaller than 
approximately 0-97, an almost circular electron beam can- 
not excite a whistler P-wave. It does excite, however, 
B-waves which occupy the entire whistler frequency 
range and are characterized by the rate of growth |[m 8 |, 
which is as follows: 

jim 8| = X2 oro 1- p By (5) 
It is noted that tho rate of growth as given in equation (5) 
is independent of the frequency of the wave. The excited 
B-wave moves in the direction opposite to that of the beam. 

It is generally recognized that a whistler P-wave moves 
in the direction opposite to that of the beam!. It represents, 
therefore, a ‘counterstreaming instability’. It should be 
noted in that connexion that there are two whistler P- 
waves excited by an almost circular electron beam when 
B, is sufficiently large. One of these waves does indeed 
represent a counterstreaming instability. However, the 
other wave moves in the direction of the beam and its 
phase velocity exceeds the velocity of the beam. There- 
fore, it represents a ‘sub-luminous instability’?. Both 
the counterstreaming and sub-luminous P-instabilities 
have frequencies in the immediate neighbourhood of 
Qel — 921. 

This work was supported by the U.S. Atomic Energy 
Commission under contract with the Union Carbide 
Corporation. 
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PHYSICS 


Simultaneous Sampling at Different Altitudes 


A MODIFICATION of the technique reported earlier? 
for making simultaneous measurements at widely separ- 
ated heights in the atmosphere is described. This promises 
to be more successful for heavier loads. 

In the previous publication a balloon carried a cone of 
nylon cord with equipment to be exposed at two levels. 
At about 70,000 ft. one piece of equipment which was 
tied to one ond of the cord was released and this fell 
freely, unwinding rapidly the string from the cone. The 
other end of the string was tied to the balloon which also 
supported the second piece of equipment. Some successful 
flights were obtained using nylon string lengths of 10,000— 
27,000 ft. supporting loads of 300 g wt. hanging from 
level balloons at about 90,000 ft. (The nylon used was 
840 denier, which had a breaking strain without knots 
of 5,000 g wt.) 

The new technique uses the same nylon cord but this 
is wound on a reel which has oil damping. Owing to the 
lower speed of fall of the equipment during this damped 
unwinding process compared with that for the previous 
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Fig. 1. Reelused for suspension of equipment. a, Oildamping chamber; 
b, axle of reel. Mass of reel 1,100 g. Mass of string 600 g 


flights, the magnitude of the impulse on the string at the 
end of the unwinding is reduced. One flight only has 
been- performed using the modified equipment, and this 
tested the technique and recorded the pressure at both 
levels. In this case the supported equipment hanging 
from the lower end of the string consisted of a mass of 
about 900 g. The mass of string and load totalled 1,500 g. 
This equipment consisted of a double 30” paper corner 
reflector and a clock with pressure recorder. 

A diagram of the reel used is shown in Fig. 1. The oil 
damping device at (a) consists of six blades each of area 
7-5 cm? rotating in oil of SAE 140 and set at an angle of 
20° to the rotating axis (b) of the reel. Attached to the 
fixed outer part of the oil chamber are a further six blades 
each of area 4 em? set parallel to the axis, but slightly off 
centre, A series of parallel grooves on the inside cylind- 
rical wall of the oil container allows the oil to circulate in 
the chamber. This device was tested by releasing equip- 
ment from the top of a 150-ft. high building and recording 
rates of fall for temperatures of oil ranging from 20° 
to 27° C. 

A string joint was made by tying the string to a l-in. 
diameter intermediate ring made of aluminium rod 1/8 in. 
in diameter. It was found that the strain at breaking 
point using this practice could be increased by a factor 
of 1-3 compared with that for tying string to string using a 
clove hitch with 3 half-hitch knot. The weight of the reel 
was 1,100 g and an additional radar target and pressure 
recorder were tied to the balloon so that a record was 
available of variations of balloon height. Flight was 
terminated using the clockwork device described earlier’. 
The flight curve is shown in Fig. 2. It will be observed 
that the rate of fall of the equipment during the un- 
winding process was constant over most of the time of 
fall. 

To carry heavier loads including, say, radiosondes, 
etc., it will be necessary to increase the string denier 
proportionally, and it is planned to proceed with applic- 
ations of this technique to cosmic ray measurements. 
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Fig. 2. Height-time curve of balloon and suspended equipment as 
measured by 3-em radar (string flight 2.4.64, plastic balloon W F2) 
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Trapped Charges on Dielectrics 


It has been proposed! that the charge produced on a 
dielectric surface by electrical discharges is the result of 
trapping of electrons at impurity or defect sites in the 
material. Although numerous experiments on surface 
charges have been reported??? no direct evidence for a 
trepping process has been obtained. Assuming that the 
electrons are held in traps of thermal energy W oV, tho 
probability of escape per second may be expressed as: 


B = A exp (— W/kT) 


where A is a constant, k is Boltzmann’s constant and T 
is the absolute temperature. The charge density decay 
rate is then given by: 


qllo = exp (— Bt) 


In order to determine whether the behaviour of a surface 
charge is consistent with a trapping process, the decay 
rate at different temperatures has been measured for 
several dielectric materials using an electrometer tech- 
nique. 

A schematic diagram of the apparatus is shown in Fig. 1. 
A disk of the dielectric, 25 mm in diameter and 4 mm thick, 
is fitted into a recess in a circular brass plate so that rota- 
tion of the plate causes the centre of the dielectric disk to 
pass under a point electrode and, later in the rotation, 
under an electrometer probe, which are both fixed vertic- 
ally above the plate. The probe is a screened and highly 
insulated 0-8-mm diameter copper wire. Its measured 
capacitance, including the co-axial lead to the electrometer 
valve, type ME1403, is 104 pF. The probe, electrode 
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Fig. 3. 1, Polystyrene; 2, polythene; 3, polymethylmethacrylate; 


4, potassium iodide; 5, sodium chloride; 6, potassium chloride 


and plate are in a temperature-controlled oven. The 
plate rotates at 2,850 r.p.m., so any charge on the dielectric 
induces a voltage pulse on the probe every 21 msec. The 
dielectric is charged when it is under the point electrode 
by applying a 100-ysec negative voltage pulse to the 
electrode, the timing of the pulse being controlled by an 
interrupted light-beam and a photocell. The resulting 
pulse train on the probe is amplified and displayed on an 
oscilloscope, which is triggered by the charging pulse. 
It is recorded photographically, using a time-scale of the 
same order of duration as the time-constant of decay of 
the charge on the disk. The experiment is repeated at 
several temperatures, and the rates of decay are afterwards 
determined by projecting the photographs on to a cali- 
brated screen. 

Fig. 2 shows traces obtained with a disk cut from a 
single crystal of sodium chloride at 129-5° C after a 5-kV 
and an 8-kV charging pulse. The decay characteristics 
are identical; but a spontaneous loss of charge has occurred 
after the 8-kV pulse, accounting for the smaller amplitude 
and more complex form of the record. The surface charge 
density may be calculated from the expression g = KOF, 
where C is the probe input capacitance, V is the voltage 
pulse measured on the oscilloscope and K is a constant. 
K is a function of the probe cross-section and the amplifica- 
tion of the electrometer and is about 35 cm-. Tho 
maximum signal in Fig. 2 is 0-4 V and so the charge 
density is approximately 10-° coulomb cm-*. This is 
nearly the maximum charge density that may be attained 
in air since the breakdown field of air under normal 
conditions is about 30 kV ex-!. The loss 
of charge on increasing the charging pulse 
amplitude is thus probably the result of 
local discharges. 

Experimental values of the coefficient B 
for disks cut from single crystals of sodium 
chloride, potassium chloride and potassium 
iodide, and disks cut from sheet poly- 
methylmethacrylate, cross-linked polythene 
and cross-linked polystyrene are shown in 
Fig. 3, plotted as log B against the inverse 
of the absolute temperature. The linear 
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plot obtained in each case indicates that a single activa- 
tion energy is involved, and hence that the decay of 
charge may be described by diffusion of electrons through 
the volume of the material via the defect traps. An 
electron trapping and diffusion process has been shown to 
be operative in the alkali halides‘, the traps being vacant 
cation sites (Schottky defects) which capture electrons, 
forming F-centres. The electron traps in the plastic 
materials remain to be identified. 

A surface charge is effectively a space-charge (in the 
absence of conducting films on the surface) and so the 
procedure described above affords a direct method of 
determining the thermal energy of the traps active in 
space-charge-limited solid state devices*. 

It is noted that for a positive frictional charge obtained 
in an experiment with polythene, by pressing a brush 
on to the surface while the plate was rotating, the decay 
parameters were the same as those obtained for the 
negative, electrically produced charge. 


D. K. Davies 
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Propagation of Stress Pulses across a 
Liquid - Steel Boundary 


EXPERIMENTS have been carried out in which pressure 
pulses, of about 40-usec duration, are propagated across 
a plane liquid-steel interface. For this purpose a slightly 
modified form of the apparatus described by Bull! was 
used. 

The liquid was contained in a vertical steel cylindrical 
tube fitted with a steel piston at its lower end and the 
upper end open. The tube was of length 3 ft., internal 
diameter $ in. and external diameter 1} in. 

A pressure pulse was generated in the piston by firmg 
a lead bullet of 0-22-in. calibre so as to strike the lower 
end of the piston normally at its centre. As a first 
approximation it was assumed that the (pressure, time) 
curve of this pulsé was rectangular in shape, of amplitude 
P, and of duration T (the time of impact of the bullet); 
in these experiments P was about 600 atm. and T about 
40 usec. When the front of this rectangular compression 
pulse reached the upper surface of the piston a fraction 
œx was reflected and a fraction (l—«) =@ transmitted 
into the liquid. Since the incident pulse was in the steel, 
this was a case of reflexion at a rarer medium because 
the acoustic impedance of the liquid was less than that 
of the steel. Thus the pulse, of amplitude BP, trans- 
mitted into the liquid was of the same sign as the incident 
pulso while the reflected pulse, of amplitude — «P, in 
the steel was & pulse of tension. When this reflected 
pulse, of tension reached the lower surface of the piston 
ib was reflected as a compression pulse of the same ampli- 
tude, and on its arrival at the liquid-steel interface a 
fraction « of ib was reflected as & wave of tension and a 
fraction @ transmitted into the liquid. The cycle was 
then repeated and so on. In this way a number of 
successive pulses of compression of amplitudes pP, 
«BP, &BP, otc., was propagated upwards through the 
liquid column. Each was of duration T in time and the 
fronts of the pulses followed one another at time intervals 
of + = 2L/c, where L is the length of the piston and 
c the velocity of the pulses in the steel. If L < c«/2 the 
individual pulses in the liquid would overlap in time. 
If, however, L > ct/2 the individual pulses would be 
propagated upwards without overlap in time; this was 
arranged to be the case by using a piston of length 13 em. 
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The behaviour of these pulses was studied by means of 
a steel pressure bar of length 6 ft. and diameter 4 in. 
inserted into a ‘porthole’ about 2 ft. above the bottom of 
the liquid column. The recording technique was the 
condenser method developed by Davies’, in which the 
(displacement, time) curve of the motion of the outer 
end of the bar was determined as an oscillogram; differ- 
entiation of this curve then gave the (pressure, time) 
curve of the events occurring in the liquid. 





Fig. 1. Upper trace, timing wave, period=50 ,5ec.; middle trace, 
condenser unit signal; lower trace, datum line 


An example of the type of oscillogram obtained using 
water is shown in Fig. 1. The separate displacements 
due to the successive pulses are clearly shown on the 
‘staircase’ type of trace obtained; the timing wave is of 
frequency 20 ke/s. An analysis of this trace enables 
two results to be obtained. First, the time of impact 
T of the bullet may be obtained by averaging over four 
pulses; this turns out to be 39-1 usec, which agrees well 
with other methods of determination. Secondly, the 
velocity c of the pulses in the steel may be obtained by 
measuring the time lag « between successive ‘knees’ on 
the oscillogram; averaging over four pulses it is found 
that t = 51-9 usec and thus: 

2x 13 
c= 515 x 104 7 5-01 x 105 em/sec 
which is in good agreement with the accepted value. 

The next step which suggests itself is the use of cali- 
brated strain gauges mounted on the pressure bar so that 
the (pressure, time) curves of the individual pulses may 
be obtained directly; this procedure should then enable 
a value of «, the reflexion coefficient between steel and 
the liquid, to be obtained. 

E D. H. TREVENA 
Department of Physics, 
University College of Wales, 
Aberystwyth. 
? Bull, T. H., Brit. J. App. Phys., 7, 416 (1956). 
? Davies, R. M., Phil. Trans. Roy. Soc., A, 240, 375 (1948). 


RADIATION CHEMISTRY 


Effect of y-Radiation on Deoxynucleoprotein 
acting as a Primer in RNA Synthesis 


It has been found! that on irradiation of calf-thymus 
deoxynueleoprotein (DNP) the major part of the radi. 
ation damage occurs on the protein moiety of the DNP 
and that, in fact, the DNA itself is largely protected 
from the effects of radiation. This would be in agreement, 
for example, with the structure of DNP as proposed by 
Wilkins*. Since it has been suggested that the protein 
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(histone) in DNP is a regulator of RNA synthesis and thus 
of protein formation’, it seemed of interest to examine 
the effects of radiation on DNP and DNA. when acting 
as primers for RNA synthesis. 


DNP was prepared by the method of Zubay and Doty*. l 


Calf-thymus DNA was a gift from Prof. M. H. F. Wilkins. 
The appropriate RNA polymerase was prepared from 


Af. lysodeikticus by procedure B of Nakamoto, Fox and. 


Weissë. Radioactive labelled and unlabelled nucleoside 
triphosphates were obtained from Schwartz Bioresearch 
Inc. Irradiations of aqueous solutions of DNA and DNP 
(0-02 per cent. in DNA) were carried out with a 500-c. 
cobalt-60. y-ray source and assayed using (*H)CTP as 
a tracer. The acid-insoluble alkali-soluble products 
were estimated using & Packard Tri-Carb scintillation 
counter. : E: 

The results for the DNA primed synthesis show tha 
under these conditions a dose of 2,000'rads is sufficient 
to reduce the priming activity by 50 per cent and & dose 
of 12,000 rads. lowers it to 2 per cant of the original 
activity. (Fig. 1). These -results are similar to those 
obtained by Harrington? and are in contrast to previous 
oo concerning the DNA primed DNA-syn- 
thesis":?. 
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40 
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Radiation dose (krads) 


Fig. 1. Effect of radiation (cobalt-60 y-rays) on DNA (calf thymus) 

acting as primer in RNA synthesis. The incubation mixture contained: 

1 uM each of ATP, GTP, CTP, UTP; 20 uc. CH)OTP, 3-0 uM Mn*+; 

50 uM tris buffer (pH 7-4), 1-0 xM spermidine phosphate, 80 ug DNA, 

60 ug protein (polymerase), in a final volume of 1 ml. Incubation was 
for 30 min at 30° C 


However, with deoxynucleoprotein an entirely different 
response is obtained (Table 1). In unirradiated systems 
the priming activity of DNA when ‘complexed’ as 
deoxynucleoprotein is only about 25 per cent of that of 
an equivalent amount of ‘free’ DNA. Moreover, on 
irradiation of deoxynucleoprotein with a dose of 12,000 
rads only a 30 per cent reduction in RNA synthesis is 
observed. However, on further irradiation, the priming 


Table 1. DEOXYNUCLEOPROTEIN-INDUOED RNA-SYNTHESIS 


Effect of radiation (cobalt-60 rays) on the priming activity of calf thymus 
nucleoprotein (DNP) 


Radiation dose RNA synthesis 
(krads) 9 


%) 

0 100*+ 
12 79 
18 82 
24 81 
36 112 
48 133 
72 138 


Each tube contained: 1-0 uM each of ATP, GIP, UTP, 0-1 4M CTP 
(labelled with 20 uc. (3H)CTP), 3-0 uM. Mn**, 10 uM. phosphate at TE T4, 
160 ug DNP, 180 ug protein (polymerase), in a final volume of 1 ml. Incuba- 
tion was for 30 min at 30° C. 

* Corresponding to 200-300 uuM nucleotide incorporated depending on 
the experiment. ach result is the average of 4 or 6 experiments. 
düd Under Hie same conditions DNA-induced RNA synthesis corresponds to 

per cent. 
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activity of the deoxynucleoprotein rises until at 72,000 . 
rads its activity is approximately 40 per cent greater 
than that of the unirradiated DNP. 

These results can be interpreted by assuming that in 
the normal state of DNP the protein (histone) is not 
attached to the DNA throughout the length of the 
molecule and it is the ‘non-complexed’ DNA which acts 
as primer for RNA synthesis. as suggested by Huang 
and Bonner’. 

The radiation appears to attack the non-complexed 
DNA as indicated by the initial drop in the RNA syn- 
thesis, and further, as irradiation proceeds, fresh DNA is 
‘uncovered’ to act as primer. This would suggest that 
one of the actions of radiation is. to cause the protein 
sheath to become detached, to & lesser or greater extent, 
from the DNA. 

If, in & living cell, the histone does. in fact, act as a 
gene controller, irradiation of the deoxynucleoprotein 
could cause two effects. First, the production of ‘normal’ 
messenger-RNA would be severely curtailed, because of 
the effect of the radiation on the free DNA; secondly, 
new messenger-RNA’s could be produced which would 
not normally bo formed. Such effects would cause severe 
imbalance of the cell’s metabolism. It has also been 
suggested that the amount of histone complexed with 
the DNA varies during the cell cycle; in that event, a 
mechanism such as outlined here could also account for 
the variability of radiation sonsitivity during the cell 
cycle. 

We thank Dr. S. B. Weiss for making available to us 
some unpublished results and also Mr. M. G. Robinson 
of this laboratory for preparation of nucleohistone. 

This work was supported by the Nuffield Foundation 
and the Medieal Research Council. 
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CHEMISTRY 


Effect of the Spreading Solvent on Monolayer 
Properties 


Errecrs of the spreading solvent, rate of compression, 
and substrate water on monolayer properties have been 
the subject of much discussion!-. Most attention has 
been directed at the spreading solvent. Volatile solvents 
are used to aid spreading and to facilitate accurate 
measurement of minute quantities of film-forming mater- 
ials. One possible source of difficulty is retention of 
solvent in the monolayer; a second is effect of the solvent 
on the state of aggregation of the film material (size and 
shape of islands); a third is dissolution and spreading by 
the solvent of paraffin wax used in coating parts of the 
apparatus (float and foils). 

The first and second sources are under investigation but 
present experimental difficulties. Significant information 
has now been obtained on the third source by measure- 
ments on a film balance completely free of wax and 
related contaminants. The trough and bridge are coated 
with unpigmented ‘TFE Teflon’, the float is solid "T FE 
Teflon’, and the thin flexible foils are made of ‘FEP 
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Fig. 3. Pressure-area isotherms for cetyl alcohol spread from benzene 
and from n-hexane 


Teflon! heat-sealed to the float and bridge. Surface 
pressures were continually balanced during incremental 
compressions of about 3 dynes. Time intervals between 
readings were one minute throughout. The substrate 
water was held at 25° + 0-1? C by internal thermostating 
of the trough. 

Experiments were performed with two high-purity 
samples of stearic acid, the classical compound in mono- 
layer studies, and with cetyl alcohol, the principal film- 
forming compound for retardation of water evaporation. 
Pressure-area isotherms were determined for these 
materials spread from benzene and from n-hexane that 
had been passed through silica gel and then distilled. The 
substrate water was twice distilled in quartz; it had a 
specific conductivity of about 0-5 umhos. 

Isotherms for stearic acid are shown in Figs. 1 and 2. 
They are identical for the two solvents except for a small 
difference in collapse pressure. Extrapolated areas for the 
two linear segments are 20-5 and 23:8 A®/molecule. In 
earlier work with stearic acid, the linear segments at high 
pressures had coincided?^5. At low pressures, however, 
isotherms obtained with benzene had shown an appre- 
ciably larger area. Evidently small amounts of wax 
(from the float and/or foils) or other contaminants had 
been dissolved more effectively by benzene than by 
n-hexane. The wax occupies area at low pressures but is 
squeezed out at high pressures. Recent experiments in 
which small quantities of wax were introduced into the 
spreading solution support this interpretation. 

There is a small difference in collapse pressure: with 
benzene, 46; with n-hexane, 42 dynes/em. Isotherms 
obtained recently for stearic acid spread without a 
solvent show a collapse at 51 dynes/em, but are identical 

in contour. Thus, at the highest pressures n-hexane may 
be interfering more than benzene, or benzene may be a 
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better spreading solvent. Collapse pressure, however, 
depends somewhat on the rate of compression. Variation 
of collapse pressure with rate of compression for films 
spread from benzene indicates a collapse pressure close to 
42 dynes/em for a 1-5 min interval; this is in agreement 
with earlier experiments performed in this laboratory. 

Isotherms for cetyl aleohol spread from the two solvents 
also coincide, as shown in Fig. 3. Extrapolated areas for 
the two linear segments are 20-7 and 21-7 A?/molecule. 
Collapse pressures of about 41 dynes/em agree within 
experimental error for monolayers spread from the two 
solvents. 

In recent pressure-permeability experiments with the 
evaporometer developed in this laboratory!?, the data for 
stearic acid and for cetyl alcohol spread from the two 
solvents effectively coincide. However, reproducibility 
with benzene is superior. Details of the apparatus and 
procedure used to obtain both the pressure-area and 
pressure-permeability isotherms will be described later. 


Donatp C. WALKER 
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Isotope Effect in Radical Reactions 


Tux first demonstration that molecules differing only in 
their isotopic constitution could be separated by the 
technique of gas chromatography was made by Wilzbach 
and Riesz’, who used a packed column to separate deuter- 
ated and tritiated cyclohexanes. Later, Cartoni et al. 
showed that capillary columns were more efficient for this 
purpose, and achieved a separation of all the deuterated 
benzenes on a 600-ft. column. Cvetanovic? demon- 
strated the value of this technique in the examination of 
radical reactions, being able to separate the products of 
the combination of protonated and deuterated alkyl 
radicals. 

In the present investigation, an 80-ft. cupro-nickel 
capillary column, coated with squalane, was used to 
separate the pairs, cyclohexane—perdeuterocyclohexane, 
benzene-perdeuterobenzene and toluene-toluene-ads. 

The separations achieved are illustrated in Fig. 1. 

This technique was used to investigate the insertion of 
methylene into cyclohexane by the photolysis of diketene 
in the presence of a mixture of cyclohexane and perdeutero- 
cyclohexane. The mixture was divided into two fractions, 


one of which was passed immediately through the gas. 


chromatography. apparatus, and the second irradiated 
with light of wave-length 3130 A from a medium pressure 
mercury vapour aro, so as to photolyse the diketene and 
produce methylene radicals. After the irradiation was 
completed (1 h), the products were passed directly to the 
inlet system of the gas chromatography apparatus. The 
cyclohexane-perdeuterocyclohexane ratios were thus 
determined before and after reaction and ky/kp calculated 
using equation 1. 

In a second investigation, the effect of methyl radicals 
on the cyclohexane—perdeuterocyclohexane mixture was 
investigated by the photolysis of acotone with light of 
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Fig.1. Separation on the 80-ft. eapillary column 


wave-length 3130 À in the presence of the mixture in the 
gas phase. An average value for ky/kp is given in Table 1. 

Finally, the mixture was submitted to mercury photo- 
sensitization by irradiating the cyclohexane—perdeutero- 
cyclohexane mixture alone with light of wave-length 2537 
A from a low-pressure mercury vapour are. In this case, 
the results obtained from gas chromatography were 
checked by the use of a mass spectrometer (A.E.I. MS 2). 


Table 1. ISOTOPE EFFECT 
Reaction En[k» 
Methylene insertion in cyclohexane 0-7 
Hydrogen abstraction from cyclohexane 0-37 
Mercury photosensitization of cyclohexane 27 
Reaction of methyl radicals with benzene 0:78 


If the initial concentrations of cyclohexane and per- 
deuterocyclohexane are [c] and [cP] and the final con- 
centrations are [CB] and [0P], then the ratio of the rate 


constants for the disappearance of the two species kg/ky 
can be expressed as: 


ka log, CU ORTA 
adii —— i ogi o 
kp [cP] [o2]? 


Before reaction, the ratio is op (ou (=A), and after 
reaction, in which n per cent conversion occurs, the ratio is 
cPict (=B). A and B are the ratios which are determ- 


ined by gas chromatography and also by mass spectro- 
metry. But: 


omy = (1— rog) ret 


No. 4942 July 18, 1964 


and 


n 
t = Q- 100) CB 
therefore 


kg log(1—n/100) (1) 
kp . log B/A(1—n/100) 

The isotope effect has been calculated from this last 
equation and the results are given in Table 1. 

It can be seen that a usual isotope effect is obtained in 
the case of the mercury photosensitized reaction, a finding 
which is consistent with the accepted concept of the process 
as a transfer of energy from the excited mercury atom 
followed by a scission of a C-H bond. 


CHi: + Hg?P, > C,H4,* + HgiS, 
CHa: * > CH, + H 


In the methylene reaction and hydrogen abstraction by 
methy! radicals, an inverse isotope effect is indieated. In 
these two reactions, however, a secondary C-H bond is 
broken and a primary C-H bond is formed. 


C,H;; + CH, — CHa CH; 
CHi: + CH; > CHa + CH, 


Thus both these reactions are exothermic and if the 
exothermicity of the reaction for the C-D bond inter- 
change is greater than that for the C-H bond interchange, 
then perdeuterocyclohexane would be expected to disap- 
pear more rapidly from the reaction system. 

Recently, Gray and Thynne* have determined the 
isotope effect in the abstractionof hydrogen atoms from 
methylamine by methyl radicals. 

The isotope effect was also found to be reversed for the 
attack of methyl radicals on benzene and perdeutero- 
benzene. Here, however, the situation is more complicated 
because, although some hydrogen abstraction does take 
place at room temperature, the predominant reaction is 
addition of the radicals to the benzene ring to form a 
complex: 

C,H, + CH; — CHCH, 


which may disappear by dimerization or by reaction with 
a second methyl radical. 

It would be difficult to predict the value of the isotope 
effect for such a reaction. 

The value of the gas chromatographic method in the 
determination of the isotope effect of chemical reactions 
lies in its extreme simplicity and accuracy. In all cases 
where the results of gas chromatographic analyses were 
compared with those produced by mass spectrometry, 
good agreement was obtained. 
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Fluoroketone Hydrates : Helix-breaking 
Solvents for Polypeptides and Proteins 


Ir is well known that compounds which form strong 
hydrogen bonds can disrupt the intramolecular hydrogen 
bonds in synthetic and natural polypeptides. For example, 
urea in large amounts (about 20 per cent by weight of 
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solution) causes the helix—coil transition in aqueous solu- 
tions of ribonuclease’. Various organic compounds, par- 
ticularly acids, have also been reported to effect these 
transitions. Notably, trifluoroacetic acid (TFA)? and 
dichloroacetic acid (DCA)? have been used with success. 
For synthetic polypeptides, the evidence for helix—coil 
transitions has been obtained from measurements of 
intrinsic viscosity? and, more conveniently, optical 
activity*. 

It appears that TFA forms more powerful hydrogen 
bonds than DCA‘, but tends to degrade the pep- 
tide bonds. The latter effect is borne out by a 
decrease in intrinsie viscosity? and fluorination of the 
polymer*. 

I have found that hydrates of fluoroketones are 


. Solvents for gynthetic polypeptides and some proteins and 


apparently form more powerful hydrogen bonds with the 
peptide group than does TFA. However, the solutions 
do not suffer from the degradative effects of TFA 
and are comparatively stable over long periods of 
time. 

Two fluoroketones have been investigated. Dichloro- 
tetrafluoroacetone was converted to a monohydrate by 
adding the stoichiometrie amount of water. (The precise 
structure of this hydrate is uncertain, and it probably 
exists in equilibrium with a dissociated, acidic form. This 
problem has been the subject of spectral investigations 
which will be reported elsewhere’.) Hexafluoroacetone 
was dissolved in water to form a hydrate containing about 
1:6 moles of water to 1-0 of ketone. (This mixture is 
liquid at room temperature and is more convenient to 
manipulate than the 1-5/1 hydrate, which is asolid at room 
temperature.) 

The evidence for dichlorotetrafluoroacetono mono- 
hydrate effecting a helix—coil transition was obtained from 
measurements of the optical activity of solutions of poly-y- 
benzyl glutamate (PBGA) in mixtures of the fluoroketone 
hydrate with chloroform. The results are shown in Fig. 1, 
in which we have plotted [m’], the effective molecular 
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rotation (as defined by Moffit and Yang?) given by: 


^125 — 25 3 M 
[m] [e]? (s + 3° 100 : 
where [«]?? is the specific rotation, np the refractive 
index appropriate to the particular solvent and M the 
residue molecular weight of PBGA. 

The volume fraction of dichlorotetrafluoroacetone mono- 
hydrate necessary to effect the transition is about 65 per 
cent, which compares with 70 per cent of DCA required in 
mixtures of ethylene dichloride and dichloroacetic acid‘. 
Furthermore, the specific optical activity ([«]2f) of the 
solution of PBGA in the pure dichlorotetrafluoroacetone 
monohydrate is more negative than for other solvents. 
The value of —72-6° for ([«]%’) may be compared with 
values of —17:5° and — 46? for DCA and TFA, respec- 
tively’. Presumably this large negative value reflects the 
powerful solvating effect of the solvent for the peptide 
group. 

The stabilities of these solutions are revealed by the 
inherent viscosity, defined as "mn— (In 7;)C, where hr is 
the relative viscosity at some concentration C g/dl. If C 
is small, then jinn is not too different from the intrinsic 
viscosity [n]. At 60? C the inherent viscosity of a 0-4 per 
cent solution of PBGA in TFA fell to 50 per cent of its 
original value (1:8 dl/g) in 10 h, whereas over the same 
period of time the inherent viscosity of a solution in the 
dichlorotetrafluoroacetone monohydrate fell by only 7 
percent. After 30 h at 60? C, the "qnn of the TFA solution 
had decreased by 70 per cent, but that of the solution in the 
hydrate had decreased by only 11 per cent. 

In a second series of experiments, silk fibroin was found 
to be soluble in and to exist as a random coil in the 
hydrates of dichlorotetrafluoroacetone and hexafluoro- 
acetone. The results are shown in Fig. 2. The procedure 
was to measure the optical activity in the pure hydrate 
and then in mixtures with increasing amounts of a weaker 
solvent to the point of precipitation of the silk. The results 
are substantially similar to previous measurements with 
dichloroacetic acid’. 

Finally, ribonuclease was found to dissolve in dichloro- 
tetraacetone monohydrate but to have been denatured 
when recovered. However, mixtures of the hydrate with 


60 





— 100 - 
0 1 2 8 4 5 6 7 8 9 10 


Vol. fraction random coil solvent 
10 9 8 7 6 5 4 3 2 1 0 
Vol. fraction helical solvent 
Fig. 2. Specific rotations of solutions of silk fibroin. I, Ethylene 


dichloride-dichloroacetic acid (ref. 4); © chloroform-dichlorotetra- 
fluoroacetone monohydrate; LJ, dioxane-hexafluoroacetone-1,6-hydrate 
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water might be effective in breaking the helix without 
causing denaturation. but this point was not investigated. 
I thank Prof. W. H. Stockmayer for his advice. 
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A Quaternary Alkaloid from Croton 
turumiquirensis, Stayerm. 


A GREAT deal of work has been done on oil of Croton! 
but the genus as a whole has received little attention from 
the chemical point of view. Some alkaloids have been 
reported and the structures of some of these have been 
established?. Recently, in connexion with work in these 
laboratories on the volatile oils of Venezuelan species of 
Croton’, we noticed that aqueous extracts of many of the 
local species gave positive tests with alkaloid reagents such 
as Maeyer's, Dragendorf’s and Vassler’s. No alkaloid 
could be extracted into organic solvents so the base 
present was assumed to be quaternary. The bark of the 
trees proved to be richest in alkaloid content. 

The solution obtained by percolating very dilute 
aqueous acid through a column of the dried, ground bark 
of Croton turumiquirensis was concentrated at 40° to a 
manageable volume and then treated with Maeyer’s 
reagent. The voluminous precipitate was collected by 
centrifugation and, after washing, the alkaloid was obtained 
from the Maeyer’s salt with hydrogen sulphide, in the 
usual manner. From the concentrated solution pale 
yellow crystals separated, but even after many recrystal- 
lizations the material, although chromatographically 
homogeneous, showed no melting point but decomposed 
slowly from 130°. Analysis of this material showed in fact 
that it was a mixture of alkaloid iodide and chloride, but 
the analytical figures (organic portion only) suggested the 
molecular formula C,;H4,4N,0,** (found, C, 69-2; H, 7:5; 
N, 3-7; O, 19-6 per cent; C,.H;,.N,0,: requires, C, 69-4; 
H, 7:2; N, 9:8; O, 19:8 per cent). 

Using ion exchange resin (‘Amberlite IRA 400’) the 
mixed salt was converted to the pure iodide, m.p. 235° 
(decomp.) (found, C, 51-1; H, 5-3; N, 39:2; O, 143; I, 26:3 
per cent; C,4H4:N,0,I,: requires, C, 51-3; H, 5:3; N, 2-9; 
O, 14-6; I, 25-8 per cent) The nitrate, m.p. 240°-241° 
(decomp.), which was prepared by the addition of dilute 
silver nitrate solution to an aqueous solution of the 
base iodide, agreed with the same molecular formula 
(found, C, 58-6; H, 6.0; N, 6-5; O, 28-9 per cent; 
C,,E54N,0,0N0,). requires, C, 59-1; H, 6:2; N, 6:6; 
O, 28-1 per cent). 

The ultra-violet spectrum of turumiquirensine (as we 
have provisionally called the base) is complex and probably 
arises from the superimposition of several chromophores 
(ABtOH 220 my. (c= 63,700), 265 my. (¢=18,700) and 30C 
mu. («=15,600)). The spectrum changes on the addition 
of alkali (AEÉOE-NSOH 995 mu (e—69,000) 275 my 
(e= 13,700) and 315 mu (c= 14 000)), suggesting a phenolic 
hydroxyl, and this is confirmed by the formation of a 
phenolic acetate in acetic anhydride/pyridine. The infra. 
red spectrum of turumiquirensine iodide shows a broad 
peak attributable to hydroxyl groups (around 3,170 cm~? 
but does not show carbonyl absorption, while the acetyl. 
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ated material (as the iodide) shows additional peaks at 
1,780, 1,760 and 1,200 em~ characteristic of phenolic 
acetates. At least one hydroxyl group is still present in 
the acetylated derivative. 

The molecular formula and spectral evidence suggested 
that this base might bolong to the bisbenzylisoquinoline 
group of alkaloids, but none of the degradations usually 
effective in this group has afforded interpretable results. 
Almost all chemical reactions give rise to viscous, highly 
coloured oils. Similar alkaloids have been found in 
C. rhamnifolius, C. zanthochlorus, Croiz and C. speciosus, 
M. Arg. 

R. H. BunNELL 
DEANNA DELLA Casa 
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BIOCHEMISTRY 


Fusicoccin: a New Wilting Toxin produced by 
Fusicoccum amygdali Del. 


Our attention was directed by Dr. A. Graniti, of the 
Istituto di Patologia Vegetale of the University of Bari, 
to the observations of Grosclaude! and Graniti? that 
culture filtrates of Fusicoccum amygdal? Del. the caus- 
ative agent of a disease of the almond tree (Prunus 
amygdaius St.) common in Italy, exhibited phytotoxic 
activity. This manifested itself in bringing about the 
wilting of leaves on small branches of almond trees, 
such as occurs under natural conditions in the infected 
plant. 

The original strain of F. amygdali, given to us by Dr. 
Graniti, was grown in shake flasks and stirred fermenters. 
A modified Czapek-Dox medium, containing 3 per cent 
glucose in place of sucrose, was found suitable for pro- 
ducing the active principle. The fermentations were 
carried out at 24? C for 3-4 days, when the culture medium 
showed maximal activity, detectable in a test on young 
tomato plants after 30—100-fold dilution. The biological 
assay was run according to tho semi-quantitative tech- 
niques developed by Gaiimann® in the course of his 
detailed studies of wilting phenomena. We are obliged 
to Dr. Graniti for advice concerning this assay method. 

The phytotoxie principle was exhaustively extracted 
with n-butyl acetate from filtered batches of 60-300 
l. culture medium, and purified by the following steps: 
(1) evaporation to dryness; (2) residue taken up in CHCl, 
(insoluble fraction discarded); (3) residue from CHCl, 
extract taken up in methanol (insoluble fraction discarded) ; 
(4) residue from methanol extract washed with hexane 
to remove lipoid impurities, then taken up in ethyl ether 
(insoluble fraction discarded); (5) residue from ether 
extract (usually 20 mg/l. culture fluid) dissolved in 
about 10 times the volume of chloroform containing 
3 per cent acetone, and passed through a ‘Florisil’ column 
(1 g for each 3 litres of culture medium) on which the 
active materia] was firmly adsorbed. The column was 
washed with about three column volumes of the same 
solvent. Fractional elution was effected with chloroform 
containing 6-10 per cent acetone. The fractionation was 
followed at first by biological assay and later by thin 
layer chromatography with chloroform /iso-propanol (92 :8), 
using @ sulphuric acid spray. During the work it became 
clear that the phytotoxic activity was due to several 
substances. The present investigation is concerned with the 
component present in the largest amount, which proved 
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to be the least polar and migrated faster in the chromato- 
graphic test. It was termed fusicoccin A. 

The fractions containing this active substanco were 
combined and evaporated. ‘The residue consisted of 
biologically active crystals embedded in an oil which 
exhibited negligible biological activity. It was filtered 
through a coarse sintered glass plate to remove the oil 
and the solid was crystallized from ethyl acetate. 

Crystalline fusicoccin A showed phytotoxic activity 
in the tomato plant test in concentration of 0-1-0-2 
pg/ml It is a white solid, m.p. 150°-152° C, soluble in 
alcohols, ether, chloroform, benzene, insoluble in hexane; 
it crystallizes readily from esters and cyclohexane. The 
solubility in water is very low, but the compound can 
be brought into aqueous solution by first dissolving in a 
small amount of alcohol. 

Elementary analysis indicated the formula of fusicoccin 
A to be C,,H;,0,, (found: C, 63-07, 63:16; H, 8-03, 8-01 
per cent; C,,H,,0,, required: C, 63-10, H, 8-03 per cent). 
It contained one methoxy and two acetoxy groups (direct 
analysis and nuclear magnetic resonance spectrum), and 
at least one double bond (one mole of hydrogen taken up on 
catalytic hydrogenation). Itis optically active, [wj + 73 
(c = 0-6, in chloroform). Molecular weight determination 
by X-rays (kindly carried out by Dr. M. Bonamico and 
Prof. A. Vaciago, C.N.R. Research Centre for Structural 
Chemistry, Rome) gave & value of 733-5 (+ 2 per cent); 
isothermal distillation (kindly carried out by Dr. W. 
Simon of the Eidgenossische Technische Hochschule, 
Zürich) gave & value of 697-3 (+ 4 per cent). The ultra- 
violet spectrum showed only strong end absorption. The 
infra-red spectrum showed the presence of hydroxy and 
ester (acetate) groups and of unsaturation, and the 
absence of aromatic structure. The mass spectrum 
(kindly carried out by Dr. J. S. Shannon, Sydney, 
Australia) showed a very complex pattern. A peak 
corresponding to the molecular ion was absent; the 
highest mass peak was at mje 704, probably due to an 
jon formed through loss of water molecule from 
CssHs,013 (mol. wt. 722). A similar behaviour was shown 
by dibydrofusicoccin A (prepared by catalytic hydro- 
genation of fusicoeei A, m.p. 151°-153° C), which ox- 
hibited the highest mass peak at m/e 706, the value 
expected for the ion derived by dehydration of a C3,H 5.015 
compound (mol, wt. 724). Dihydrofusicoccin A had 
about half the biological activity of fusicoccin A. On 
acid hydrolysis (in N sulphuric acid at 100° C) fusicoecin 
A liberated one mole of glucose (identified by paper 
chromatography and by reaction with glucose oxidase), 
demonstrating the glucoside nature of the substance. 
The structure of the aglycone is under investigation. 

We have been informed by Dr. Graniti that erystalline 
fusicoccin A after injection into a wound made near the 
stem of a branch of an intact almond plant produced 
wilting of the leaves, as occurs after infection with the 
fungus under natural conditions. 

We thank Miss Maria T. Simeoni for biological assays 
and Mr. B. Santurbano for his chemical assistance. 
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Specific Inhibition of Anti-Rh Antibodies 
by Extracts from Twigs of Angiospermous 
Plants 


INVESTIGATION of higher plants, bacteria and viruses 
for their content of substances related to the human blood 
groups has been in progress in this laboratory for more than 
a decade, Substances possessing only Rh specificity 
have not been reported previously by us. Recent attempts 
to confirm reports on Rh,(D) blood group specificity for 
an unidentified strain of Pseudomonas and a ‘glycopeptide’ 
prepared from it and for r.glucose, rutinose and sialic 
acids were not successful’, 

Extension of earlier work! has now shown that heat- 
stable non-dialysable substances, which specifically inhibit 
anti-Rh agglutinins, occur in twigs of the majority of 
Angiospermae, but they were not found among the 
Gymnospermae tested. Members of the family Oleaceae— 
such as Syringa (lilac, 9 species tested), Forsythia (5 species 
tested), Fraxinus (ash, 4 species tested), Ligustrum (privet, 
1 species tested), Ohionanthus (fringe tree, 1 species tested), 
Jasminum (jasmine, 1 species tested), Osmanthus (1 
species tested), Phillyrea (1 species tested)—were more 
closely investigated. 

Samples of twigs showed negligible bacterial or fungal 
contamination. The twigs were stored at —20° C until 
they were worked up. The extraction procedure was 
based. on one previously used in this laboratory. It 
consisted of chopping the materials in a Waring blender 
for 10 min with 10-20 times their weight of water. Boiling 
the samples for 20 min did not affect their activity. The 
ground suspensions were filtered through gauze, then 
centrifuged at 2,500 r.p.m. for 15 min, toluene and chloro- 
form were added, dialysis was carried out for 12 h against 
25-100 vol. distilled water at 4° C and then for 24-48 h 
against running tap water. The materials were then 
concentrated under reduced pressure and their dry weight 
adjusted between 0-6 and 2-0 per cent with 0-85 per cent 
aqueous saline, containing 0:025 M. phosphate buffer, pH 
7-2. The final pH of all samples was between 6:8 and 7-3. 

Human erythrocytes were stored and prepared as 
described previously*. They were used as a 0-5 per cent 
suspension in buffered saline. All anti-Rh sera listed in 
Table 1 were of human origin, monospecific and contained 
saline agglutinating antibodies. 

The source and properties of the other agglutinins have 
been, described previously! as have the serological pro- 
cedures. All reagents were used in 0-1 ml. volume. Two- 
fold serial dilutions of test materials were made using a 
different pipette for each tube. The titrated suspensions 
were shaken and incubated with 4 minimum agglutinating 
doses of antiserum for 2 h at 23°-25° C. The appropriate 
erythrocytes were then added and the tests were read 
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microscopically after one further hour of incubation at 
23°-25° C. Each titration series included appropriate 
controls. An Rh,(D) active preparation from human 
erythrocytes was included as standard in the assays with 
anti-Rh sera?. Active materials were tested more than 
3 times with each serum. Substances which did not 
inhibit at concentrations of 5 mg/ml. were considered to 
be inactive. Activities are expressed in terms of dilution 
of inhibitor before addition of serum and erythrocyte 
suspension. 

Lilac twigs were picked over a period of 8 months (May- 
January); there was no significant fluctuation in their 
content of active material. Table 1 shows representative 
results. Active preparations inhibited all anti-Rh,(D) 
sera tested. In addition to most Oleaceae, strictly specific 
and similar Rh inhibiting activity was found in extracts 
from Sassafras albidum, which also possessed H(O) 
activity, Betula (birch, 1 species tested), Platanus (plane 
tree, 1 species tested), but Chionanthus virginicus and the 
gymnosperms Taxus cuspidata (1 species) and 1 Pinus sp. 
showed no anti-Rh agglutinin inhibiting activity. Also 
inactive were blood group specific lipopolysaccharides 
from E. coli O4, (B active) and E. coli Os, (H(O) active)? 
as well as ‘infectious mononucleosis receptor’ from beef 
and sheep erythrocytes*. The lack of Rh, specificity of 
blood group A. B and H(O) human ovarian cyst mucoids5 
was confirmed on specimens prepared in this laboratory. 
Most plant extracts weakly inhibited (2-5-5 mg/ml.) Lotus 
tetragonolobus extracts in their action on O erythrocytes 
and lilac also in the S-anti-S system. Boiled, non-dialys- 
able lilac twig extracts were further treated by Sevag’s 
method’. The active electrodialysed material, of un- 
changed activity, was in the aqueous phase. 

Control experiments indicated that the inhibiting 
principle did not attach itself to erythrocytes; determin- 
ation of the agglutinability showed that neither Rh 
positive nor Rh negative erythrocytes acquired the 
inhibiting material when incubated for 1 h at 23°-25° C. 
Also, no inhibiting material was removed from lilac extract 
solutions, as demonstrated by their unchanged potency 
before and after incubation with red cells. The active 
material had no absorption maximum between 230 and 
320 my but a plateau between 260 and 285 mu. Spectro- 
photometric determinations indicated <1 per cent of 
hexosamine, sialic acid and methylpentose. 

These results show that material of moderate activity 
and appreciable Rh specificity could be extracted from the 
twigs of the majority of the Angiospermae tested. The 
activity was equal to that reported for the most active 
preparations isolated from human erythrocytes??. In 
contrast to the erythrocyte material which is readily 
inactivated by heating for 1 min at 56° C or when exposed 
to 3 per cent ethanol for 24 h, the plant material resisted 

















Table 1. INHIBITION OF ANTI-RH AGGLUTININS BY SUBSTANOES FROM HIGHER PLANTS 
. 1 Minimum amount of material (mg/ml.) giving complete inhibition of four agglutinating 
Preparation from Fraction doses of human anti- 
gs of: Rh,* rh' rh* hr’ hr” P Mt Nt Ay B O8 
Syringa sp. Whole extract ra 5 
Non-dialysable 0-2-0-6 5 2:5 2-5 +5 NAI NA NA +5-NA NA NA 
. Dialysable +5 NA 5 
Phillyrea decora Non-dialysable 0-3-0-6 NA NA NA NA NA 
. . : Dialysable NA NA NA NA NA 
Ligustrum japonicum Non-dialysable 0:3-0-6 5 5 +5 2:5 NA NA NA NA NA NA 
Jasminum nudiflorum Non-dialysable 0-6-1-2 NA NA NA NA NA 
Forsythia giraldiana Non-dialysable 0-3-0-6 NA NA NA NA NA NA 
Betula sp. Non-dialysable 1:2 1-2 X NA 1-2-2-5 NA NA NA NA NA 
Chionanthus virginicus Non-dialysable NA NA NA NA NA NA NA NA NA NA NA 
Pine sp. . Non-dialysable NA NA NA NA NA NA NA NA 
Tazus cuspidata Non-dialysable NA NA NA NA NA NA NA 0-002 
Human blood group 
A, B or H(O) Mucoid NA NA 
Human erythrocyte 
stroma A.F. 0:3-0-6 5 NA 0:6 5 2:5 NA NA NA 2:5 
E. coli Oso Lipopolysaccharide NA NA NA 5 0-001 NA 


* Arithmetic average of results obtained with five sera. 


T Human and rabbit anti-M. 


i Human, rabbit and Vicia graminea anti-N. 
§ Eel, Laburnum alpinum human and Ulex europeus anti-H(O). 
l NA not inhibitory at concentrations of 10 mg/ml. 
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boiling and all concentrations of ethanol. Therefore, while 
activity and specificity are similar to the human receptor 
substance, as determined in the hemagglutination 
inhibition test only, it is likely that the physical and 
chemical nature of the plant material is different from the 
human Rh agglutinogen. 

The lilac preparations were non-antigenie to 6 rabbits 
and non-toxic when given (1:2 mg/kg) intravenously or 
subcutaneously. 

We thank Dr. H. T. Skinner, director, National 
Arboretum, Washington, D.C., and his colleagues for 
numerous plant specimens, and Dr. A. Konugres, Dr. Ph. 
Levine and Dr. Ph. Sturgeon for gifts of anti-Rh,(D) sera. 

This work was supported by U.S. National Science 
Foundation grant GB-462 and American Heart Associa- 
tion grant 63-G-119. The Department is aided by the 
Susan Rebecca Stone Fund for Immunochemistry. 
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Antioxidants in Oats : Light-induced 
[somerization 


By means of thin-layer chromatography on silicic 
acid we have shown that there are at least six phenolic 
antioxidants in oats’. These substances are esters of 
the hydroxycinnamic acids, caffeic and ferulie acids. 
When the preparation of larger quantities by column 
chromatography was attempted, it was found that 
additional compounds appeared. We have now shown 
that these arise from the action of light on the original 
antioxidants. . 

By working entirely in the dark or in subdued tungsten 
lighting, it has been possible to isolate antioxidant 
components IV and V (single spots on thin-layer chroma- 
tograpby plates); some of their properties are listed in 
Table 1. The other components have not yet been 
obtained in a pure state. If exposed to an ultra-violet 
lamp, or to daylight for as little as 10 min, substances 
IV and V each give a second spot on thin-layer chroma- 
tography (solvent system A). It is evident that a sample 
of the mixed antioxidants prepared in daylight will 
contain both the isomers of each component. Column 
chromatography using a solvent mixture similar to A 
may give a series of well-resolved peaks, but each will 
contain two substances: for example, peak IV will 
also contain the isomer of V. On further exposure of the 
eluate to light, equilibrium is re-established with the 
formation of V and the isomer of IV, and thus three 
spots appear on the thin-layer chromatogram of the 


Table 1. PROPERTIES OF COMPONENTS IV AND V 


Anti- Phenolic 
Com- Sol- Rp M.p. oxidant products 
ponent vent Dark Irradiated MU activity of 
(rans) (trans) (cis) units/mg hydrolysis 
IV aA 0:42 0-42 0:59 85-86 14 Caffeic acid 
B 0-54 O51 0:51 Ferulic acid 
v A 0-29 0-29 0-41 140-141 39 Caffeic acid 
B 0-28 0-23 0-23 


Thin-layer chromatography on silicic acid containing 2 per cent calcium 
sulphate; solvent A, diethyl ether—light petroleum (b.p. below 40°), 3 : 2; 
solvent B, chloroform—diethyl ether, 4:1. Irradiation at 366 mz, 5 min, 
re ora mom 125-W Hanovia lamp, type 11. Antloxidant activity, defined as 
n ref, 1. 
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THIN-LAYER CHROMATOGRAPHY OF CAFFEIC AND FERULIC ACIDS 
AND THEIR ESTERS 


Table 2. 


Rr 
Irradiated 


Solvent Dark . 
(irans) (trans (cis) 
Caffeic acid A 0-11 0:10 0-15 
:0 E 

Ethyl caffeate A 0-28 ë 
J : B 0-33 0-29 0-29 
Ferulic acid EI 0-17 0:14 0-24 
B 0-21 0-19 019 
Ethyl ferulate A 0-43 0-43 0-57 
B 0:65 0-63 0-63 

Thin-layer chromatography as in Table 1. 

peak. In consequence, the column appears to have a 


low-resolving power. 

The effect of ultra-violet light on cinnamic acids and their 
derivatives is to convert them into equilibrium mixtures 
of their cis- and trans-forms?*. These isomers can be 
separated by paper chromatography’, and the separation 
of cis- and trans-ethyl ferulate on a thin layer of silica 
gel G has recently been reported’. We have confirmed 
that when caffeic and ferulic acids and their ethyl estors 
are isomerized by ultra-violet irradiation, the cis- and 
trans-forms are separated by our solvent system A, but 
not by system B (Table 2). It would seem that the oat 
antioxidants easily undergo the same type of isomerization. 

This work is supported in part by the U.S. Department 
of Agriculture under the authority of U.S. Public Law 
480, 83rd Congress. 
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Distribution and Fate of 2-Aminoethyl- 
phosphonic Acid in Tetrahymena 


Tue recent discovery of 2-aminoethylphosphonic acid 
(AEP) and its isolation from certain ciliates and from the 
sea-anemone is of interest, for these reports!-? represent 
the only oceasions on which a compound containing a C-P 
bond has been discovered in biologieal material. Nothing 
is as yet known of the biosynthetic pathway by which 
such a bond is formed. The present communication dcals 
with the initial work on this problem, and is concerned 
with the distribution of AEP among the cellular com- 
ponents of Tetrahymena and the rate of incorporation of 
32P-orthophosphate into the molecule. 

Tetrahymena pyriformis Wh14 grown in axenic culture 
at 28° in media containing proteose-peptone, yeast 
extract and glucose attained maximum cell density in 
about 40 h; ‘log-phase’ cells were collected at 30 h, und 
stationary phase cells at 100—120 h. 

AEP assay was based on the resistance of the C-P bond 
to hydrolysis after 48 h exposure to 6 N hydrochloric acid 
at 110°. Hydrolysates of cells grown in the presence of 
inorganic phosphorus-32, when subjected to paper clectro- 
phoresis followed by autoradiography, contained AEP 
and inorganic phosphate as the only labelled compounds 
present. AEP was separated from orthophosphate by 
chromatography on either ‘Dowex 50-H’ or ‘Dowex 
1-acetate'. 

Preliminary experiments indicated that AEP was 
present in both the free state and in a bound form, the 
latter largely in the lipid fraction. This confirmed the 
finding of Kandatsu and Horiguchi?, who pointed out that 
the bulk of AEP in Tetrahymena was bound in the lipids. 
However, examination of the lipid-free residue has 
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revealed considerable amounts of bound AEP in that 
fraction also; the AEP bound in this residue could not be 
extracted by a variety of boiling lipid solvents nor by 
mixtures of methanol and chloroform containing ammonia. 
To gain some information about the metabolism of AEP, 
the rate of incorporation of phosphorus-32 into the 
molecule was followed under a variety of conditions. 
Inorganic phosphorus-32 was added to a culture ab 17 h, 
that is, at the beginning of the log phase. Samples of the 
cultures were withdrawn at intervals and the AEP present 
in the acid-soluble pool, in the lipid fraction (chloroform- 
soluble) and in the lipid-free residue was isolated and its 
specific radioactivity determined. In the 6 h following 
addition of phosphorus-32, during which the cell density 
increased threefold, the specific activity of the AEP in all 
three fractions increased steadily (Table 1), but the 
increase was most rapid in the lipid-bound AEP and 
slowest in the free AEP, the residue-bound AEP being 
intermediate. While the two latter fractions continued 
to gain in specific activity after that period, the specific 
activity of the lipid-bound AEP did not increase further, 
although the cell density continued to increase for some 
18 h or more. The reason for this is not known, but it is 
possible that the cells take up the labelled inorganic phos- 
phate in preference to organophosphates, and only when 
the former becomes exhausted is the unlabelled organic 
phosphorus of the medium (yeast extract) used. 


Table 1. SPECIFIC RADIOACTIVITIES (10° O.P.M./pMOLB P) OF THREE AEP 
FRACTIONS AFTER ADDITION OF *7P-ORTHOPHOSPHATE TO LOG-PHASE 
SUSPENSION OF T. pyriformis 


The cell density (mg dry weight/100 ml.) at the times shown, 1, 6 and 23 h, 
was 20, 55 and 141, respectively 


AEP fraction Time after "ES eee m 
1 2 
Lipid-bound 19 62 65 
Residue-bound 11 43 68 
s Acid-soluble 44 17 55 


By contrast with the situation in growing cels, little 
radioactivity was incorporated into the AEP of stationary 
phase cells (Table 2), even though such cells were able to 
incorporate the isotope into the non-phosphonie phos- 
phorus of the lipid and residual fractions. 


Table 2. TOTAL RADIOACTIVITY INCORPORATION INTO SOME PHOSPHORUS 
COMPOUNDS IN GROWING AND STATIONARY CULTURES OF Tetrahymena 


(Total counts per 25 ml. of suspension, 1 h after the addition of 100 uo. 
*?P-orthophosphate.) The cell density (mg dry weight/100 ml.) of the log- 
phase and stationary suspensions was 204 and 272, respectively 


Phosphorus fraction Log phase Stationary 
AEP 
Lipid-bound 19,000 100 
Residue-bound 2,500 13 
*Ester-P' 
Total lipid P — 46,000 
Total ‘residue’ -P — 41,000 


The negligible degree of uptake of phosphorus-32 into 
AEP during the stationary phase confirmed that its 
Synthesis proceeded only during cell growth. It was, 
therefore, suspected that this compound was associated 
with the structural elements of the cells, and was likely to 
represent an end-product of metabolism. 

To test this, log-phase cells were labelled with phos- 
phorus-32 and re-suspended in fresh medium containing 
excess unlabelled orthophosphate, in which growth con- 
tinued. If AEP was an end-product, then the total label 
in the AEP per unit suspension volume would remain 
constant, irrespective of multiplication. However, if AEP 
was further metabolized, the phosphorus-32 in this frac- 
tion would be displaced by ‘cold’ phosphate and the total 
AEP radioactivity per unit volume of suspension could be 
expected to fall with time. The experiment illustrated in 
Fig. 1 shows that, after an initial rise (presumably due to 
incorporation of endogenous phosphorus-32), the radio- 
activity in the AEP per unit volume of suspension 
remained constant. The lipid- and residue-bound AEP 
is, therefore, not further metabolized‘. 
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Fig. 1. Time-course of the level of radioactivity in the total lipid- 

pound (O), and residue-bound (@) AEP in growing Tetrahymena 

suspensions labelled with phosphorus-32 and re-suspended in phos- 
phorus-rich, ‘cold’ medium.  (:k) Cell density 


The nature of the residue-bound AEP has been investi- 
gated. A portion of this residue, labelled with phos- 
phorus-32 and yielding labelled AEP on acid hydrolysis, 
was subjected to proteolysis by ‘Pronase’, trypsin, or the 
consecutive action of both. The material was heated at 
pH 4-5 at 100° for 10 min prior to suspension in the 
appropriate buffer for proteolysis. After incubation for 
6 h, a large portion of the material had dissolved and the 
insoluble residue was removed by centrifugation. Acid 
hydrolysis (48 h in 6 N hydrochloric acid at 110?) of 
portions of the precipitate and supernatant, followed by 
electrophoresis and autoradiography, showed that the 
bulk of the AEP was still bound in the residue which was 
insoluble after proteolysis. The acid hydrolysate of this 
residue contained a large variety of amino-acids. AEP is 
thus associated with macromolecular complexes which 
resist hydrolysis by proteolytic enzymes. 

The results described here suggest that the synthesis 
of the large molecules containing AEP is not likely to 
proceed by a pathway involving the incorporation of the 
free amino-acid pool AEP. The characteristic pattern of 
phosphorus uptake, and the resistance of the residual 
material to proteolysis, suggest that the lipids and the 
non-lipid complex containing AEP are a part of the 
structural material of the cell, possibly the cell membranes. 

The nature of these complexes is being further investi- 

ated. 
j This work was started during a period of study leave 
spent in the Biochemistry Department, City of Hope 
Medical Center, Duarte, California. I thank the Center 
for its support and the provision of facilities, and Dr. 
Eugene Roberts for his advice. 

I also thank the Fulbright Foundation for a travel 
grant to the United States. 
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Absence of Bile Salts in the Gastric Juice 
of a Crab 


Tus digestive juices of several decapod Crustacea have 
been shown to possess a low surface tension and emulsify- 
ing properties indicating the presence of surface-active 
compounds}. Earlier claims??? of the presence of tauro- 
deoxycholic acid in the gastric juice of the crab and the 
crayfish have not been supported by recent investigations* 
which have demonstrated some differences in the proper- 
ties of the emulsifiers and those of bile salts. 

The aim of the work recorded here was to establish 
by means of chromatographic and mass-spectrometric 
methods the presence or absence of bile salts in crab 
(Cancer pagurus L.) gastric juice. 

Gastric juice was collected as described by Vonk* from 
freshly caught crabs and tho juice was freeze-dried. The 
dried juice was extracted with hot ethanol and the alcohol 
extract was evaporated to dryness under reduced pres- 
sure. The residue (4-25 g corresponding to 85 ml. of fresh 
juice) was hydrolysed with 2 M methanolic potassium 
hydroxide at reflux temperature for 1 h. The hydrolysis 
mixture was diluted with water, acidified to pH 1 with 
hydrochloric acid and extracted first with ethyl ether and 
then with water-saturated n-butanol. Both extracts 
were washed with water until neutral and evaporated to 
dryness under reduced pressure. The weight of the residue 
of the ether extract was 150 mg and of the butanol extract 
1-9 g. The residue of tho ether extract was chromato- 
graphed on a 13-5 g column of hydrophobic 'Hyfio 
SuperCel’ using phase system F 2 (ref. 5). Titration of the 
effluent showed the presence of four peaks with a com- 
bined weight of 48 mg. After methylation with diazo- 
methane an aliquot of each poak was subjected to gas 
chromatography using QF-1 as stationary phase and under 
the conditions described by Sjóvall*. The main compon- 
ents emerged from the column at much lower tempera- 
tures than do bile acid methyl esters and bile sterols. 
Mass-spectrometry of the material in the four peaks 
showed that two of those consisted of decanoie acid and 
n-dodecenoic acid respectively, whereas the material 
in the other two peaks could not be identified. No frag- 
ments typical of steroids or bile acids were found. The 
alcohol eluate of the column (91 mg) was found to consist 
mainly of cholesterol identified by melting point (147?— 
148°) with no depression on admixture of authentic 
cholesterol, and by thin-layer chromatography (benzene/ 
ethyl acetate, 4:1, as moving phase). 

The residue of the butanol extract was chromato- 
graphed on a 45-g column of hydrophobic *Hyflo SuperCel’ 
using phase system D (ref. 7). A single peak appearing 
shortly after the solvent front was obtained. This material 
(918 mg) was somewhat less polar than taurodeoxycholic 
acid both on paper and on thin-layer chromatography*'?. 
Neither from the remainder of the effluent nor from the 
alcohol eluate of the column could any material be isolated 
that on gas chromatography or mass-spectrometry showed 
properties of bile acids or steroids. The infra-red spectrum 
of the unknown material isolated from the butanol 
extract as described here showed peaks at 6-0 and 6-5u, 
indicating the presence of amide groups. Due to the low 
volatility no mass-spectrum could be obtained. The 
unknown material was hydrolysed with 1 M sodium 
hydroxide in 50 per cent aqueous ethanol for 8 h in & 
sealed steel bomb at 120?. After dilution with water and 
acidification, the hydrolysis mixture was extracted with 
ether. Tho residue of the ether extract weighed 359 mg. 
Gas chromatography of an aliquot of the ether extract 
after methylation showed the presence of a number of 
compounds emerging from the column at temperatures 
lower than those required for bile acid methyl esters and 
bile sterols. Direct mass-spectrometric analysis of the 
gas chromatographic effluent!? showed that the material 
in the ether extract consisted of a series of saturated and 
unsaturated straight-chain fatty acids with chain-lengths 
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of 10-24 carbon atoms. The water phaso of the hydrolysis 
mixture was passed through a ‘Dowex 50-X 8’ column 
(hydrogen form; 200 mm x 10 mm). The column was 
washed with water until the effluent was neutral and 
then with an additional 50 ml. of water. The effluent was 
evaporated to dryness under reduced pressuro. Crystal- 
lization of the residue from methanol/water yieldod 132 
mg of taurine identified by thin-layer chromatography 
(ethanol/ammonia/water, 90:5:5, as moving phase?) 
and by formation of N-acetyltaurine with m.p. 190°, not 
depressed on admixture of authentic N-acetyltaurine. 
Thin-layer chromatography of the mother liquor showed 
that in addition to taurine another compound moving as 
sarcosine was present. The compound could be isolated 
by alcohol extraction of the residuc of the mother liquor, 
followed by crystallization from water/acetone/methylone 
chloride. The crystals had m.p. 168° with no deprossion 
on admixture of authentic sarcosine. 

The results of the present investigation show that no 
bilo acids or bile alcohols are present in gastric juico of 
the crab. However, material possessing emulsifying 
properties can be isolated from an alcohol extract of dried 
gastric juice. This material, which has the same properties 
as that earlier investigated by Vonk, has been shown to 
consist of fatty acids, taurine and sarcosine. 

A. VAN DEN OORD 
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H. DANIELSSON 
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R. RYHAGE 

Laboratory for Mass Spectrometry, 

Karolinska Institutet, 
Stockholm. 
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Nuclear Magnetic Resonance of 
Phosphorus in Deoxythymidine Polynucleotides 


NUCLEAR magnetic resonance signals from polynucleo- 
tides of thymidine-5’-phosphate have been investigated 
and the terminal monoester phosphate distinguished from 
the diester phosphate of the chain. 

A mixture of 3'/-O-acetylthymidine-5'-phosphate (1 
m.mole) and thymidine-5’-phosphate (3 m.mole) was poly- 
merized with dicyclohexylearbodiimide and the resulting 
mixture of polynucleotides was resolved on a DEAE. 
cellulose (carbonate) column using the method described 
by Khorana and Vizsolyit. From the polymerization 
mixture, 26,500 optical density (OD) units at 267 my 
(1 m.mole of thymidine-5’-phosphate is equivalent to 
9,600 OD units) were applied to the column and poly- 
nucleotides up to the dodecanucleotide were cleanly 
separated. Fractions were identified using paper chroma- 
tography with reference samples, prepared in the above 
manner by Khorana and Vizsolyi and characterized 
enzymatically by Dr. W. E. Razzell of Syntex Institute. 
Pooled fractions containing cyclic dinucleotide (3,300 OD 
units), linear dinucleotide (2,700 OD units), linear tri- 
nucleotide (2,600 OD units), linear tetranucleotide 
(2,300 OD units), and linear pentanucleotide (2,000 OD 
units) were evaporated to dryness and each dissolved in 
0-5 ml. of methanol for the nuclear magnetic resonance 
measurements. 
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Nuclear magnetic resonance measurements on the 
phosphorus nucleus were made in a Varian Spectrometer 
operating at 40-5 Mc/s. Chemical shifts were measured 
by the use of sidebands? with 85 per eent phosphorie acid 
as an external reference. The observed line width was of 
the order of 20 c/s. One can determine the number of 
nucleotides in short chains by the intensity ratio of the 
monoester to diester lines (Fig. 1). The chemical shifts 
of the monoester and diester lines are given in Table 1. 
Jones and Katritzky* have found the chemical shift of 
the phosphorus in trimethyl phosphate to be + 2-0 p.p.m. 
in methanol and +27 p.p.m. in water. In the tetra- 
methylammonium salt of adenosine triphosphate, Cohn 
and Hughes‘ find the chemical shift of «, B and Y phos- 


phorus nuclei to be +11-2, +22-5 and +8-06 p-p.m. 
respectively at pH 7-0. 
Table 1 
Compound Chemical shift (+ 0-1 p.p.m.) 
Monoester lester 
Cyclic dinucleotide — +1-82 
Linear dinucleotide —1:90 +1-80 
~ Linear trinucleotide —1:90 +1-90 
Linear tetranucleotide —1:73 +1:93 
Linear pentanucleotide N.O.* 4 2-00 


*N.O., not observed because of poor signal to noise, 


The phosphorus chemical shifts of the 5’-mononucleo- 
tides of DNA (100 mg of ammonium salt dissolved in 
0-5 ml. of water) were also measured with 85 per cent 
phosphorie acid as an external standard and found to 


differ significantly. ^ The purines, deoxyadenylate 
(—2-84+0-07 p.p.m.) and deoxyguanylate (—3-13+ 
0.07 p.p.m.), were observed at higher fields than the 


pyrimidines, deoxythymidylate (— 3-35 + 0-07 p.p.m.) and 
deoxycytidylate (—3-65+0-07 p.p.m.). If this difference 
in phosphorus chemical shift of the four nucleotides per- 
sists in the polynucleotides, it could provide a means of 
end-group analysis for short chains. To explore this 
further, oligonucleotides derived from the other three 
bases and mixed polynucleotides will be examined with 
: more efficient signal-extracting techniques. 

We thank Mr. Eugene Pier, of Varian Associates, for 
his assistance, and Dr. J. G. Moffatt, of Syntex Institute, 
for his advice on the synthesis of these oligonucleotides. 
The work was supported by grants from the U.S. National 
Institutes of Neurological Discases and Blindness (grant 
NB-04270), National Institutes of Health Linc Computer 
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Phosphorus nuclear magnetic resonance spectra taken at a sweep rate of 4 c/a/sec with a bandwidth of 0-5 ejs. 
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PHYSIOLOGY 


Vitamin-binding Capacity of Experimentally 
Injured Liver 


THERE are variable results on the therapeutic effects of 
B-complex vitamins given during experimentally induced 
liver injury!-*. Such results could be due to differences in 
vitamin binding by the injured liver. Because of the 
availability of sensitive and specific microbiological 
techniques for assay of tissue vitamin-levels®, the work 
recorded here was undertaken. With these techniques, a 
more reliable assessment of the vitamin-binding capacity 
of the normal, necrotic and regenerating rat liver could be 
made. 

Sprague-Dawley rats weighing 220-350 g were housed 
in individual cages and fed a standard diet of ‘Purina 
Lab Chow’ and water ad lib. To induce hepatic injury, 
rats were given 0-2 ml. of carbon tetrachloride (CC1,)/100 g 
body-weight intragastrically via a polyethylene catheter ; 
saline was administered in the same manner to control 
animals. Litter mates were pretreated daily for 5 days 
with glucose and water, or a mixture of B-complex vita- 
mins intramuscularly; medication was continued until 
the animals were killed. The vitamin-treated animals 
received a mixture containing 50 mg thiamine, 10 ug 
cyanocobalamin (vitamin B,,) 1-0 mg folic acid, 50 mg 
nicotinic acid, 5:0 mg vitamin B,, and 5-0 mg calcium 
pantothenate; these vitamin-levels saturated all tissues 


No. 4942 July 18, 1964 


The liver was removed from decapitated rats 12, 24, 36, 
40, 48, 72, 96 and 120 h after they received CCl,; and 
simultaneously from litter-mate control animals. After 
removal, the liver was perfused and rinsed with cold 
saline to remove adhering tissue and fluids; a section was 
removed for histology. The individual liver was homo- 
genized in a blender with water, lyophilized to dryness, 
and stored at —15° C. Liver sections obtained for histo- 
logical study were fixed in formalin; paraffin sections of 
7-8y. thickness were stained with hematoxylin and eosin. 
Nitrogen content of specimens, determined with a Coleman 
nitrogen analyser, served as a reference standard for the 
level of parenchymatous tissuo. The vitamin content of 
the liver was assayed as described’. Because folinie acid 
is metabolically interrelated with folic acid®, its assay in 
liver tissue was included even though it was not present in 
the vitamin supplement. 

Vitamin titres were expressed as concentration per mg 
dried tissue, since differences between the nitrogen content 
of the liver of control animals and CCl,-treated animals at 
tho various phases of liver injury and regeneration were 
not significant. Histological examination was normal in 
both saline and vitamin-treated controls. Necrosis and 
inflammation involving one-third of the hepatic lobule 
were noted 24 h after receipt of CCl,. Regeneration, as 
reflected in liver cell mitoses, was characteristic 48-96 h 
after receipt of CCl, (ref. 6); complete restoration of 
normal architecture was noted at 120 h. 

Table 1 shows the mean vitamin titres obtained in liver 
tissue; deviations in each group of 4 or 8 animals was less 
than 10 per cent. Administration of vitamins to control 
animals caused no significant changes in thiamine, 
nicotinic acid, and vitamin B,-complex titres; and increase 
was noted in folie acid (140 per cent), folinie acid (130 
per cent), vitamin B,, (380 per cent), and a decrease in 
pantothenie acid (43 per cent). 





Table 1. EFFECT OF VITAMIN THERAPY ON LIVER TISSUE B-COMPLEX 
VITAMIN CONTENT* 
i i vitamin pretreatment 
Nico- Vitamin Panto- 
Thia- tinic Folic  Folinie B,- thenie Vitamin 
mine acid acid acid complex acid Bi: 
Control 33 423 141 — 103 23 219 38 
animals 32 398 199 T34 '?4 "126 145 
(8/group) 
Time (h) Effect of CCl, on vitamin titres (4 animals/group) 
12 14 597 67 66 16 118 27 
20 344 164 — "94 20 — ^88 125 
94 — 1, — 888 — 75 — 47 — 16 — 77 59 
40 654 138 102 19 "7 119 
30 — 14 294 — 18 10 1 —49 5 
34 018 10-2 6:7 14 74 130 
40 .20 367 49 $6 1 61 27 
34 497 10-6 6-0 15 "8l 181 
48 25 395 126 69 19 106 50 
60 600 16-3 9-9 19 776 170 
7? — 342 30 117 84 19 10 ç s 
56 876 164 11:9 20 82 169 
00 — 38, 495 TI 51 20 202 2% 
87 383 15-0 10-5 19 128 100 
120 28 388 — 109 86 18 14 è 2 
59 420 13:2 13-1 19 100 92 


* Vitamin titres in mug/mg; vitamin B,, values in uug/mg 


In animals not receiving vitamins, CCl,-induced necrosis 
was associated with a significant decrease in thiamine 
(50 per cent), folic acid (90 per cent), folinie acid (90 per 
cent), vitamin B,-complex (40 per cent), and pantothenic 
acid (80 per cent). During the early phases of liver injury, 
no significant changes occurred in the levels of nicotinic 
acid and vitamin B,» Pretreatment with vitamin supple- 
ments had a variable effect on rats with CCl,-induced 
livor necrosis: it increased nicotinic acid and vitamin B,, 
titres above those seen with vitamin supplementation 
alone; prevented a decrease in thiamine; minimized 
reduction in folie acid, folinic acid, vitamin B,-complex, 
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and unexpectedly lowered pantothenic acid to or helow 
the titres seen in animals not receiving vitamins. 

After inducing liver necrosis in animals not receiving 
vitamins, the ensuing regeneration was associated with a 
slow return of the normal tissue vitamin titres; in most 
instances, low tissue-levels persisted 120 h after receipt 
of CCl,-vitamin therapy enhanced restoration to normal 
levels. 

Results of this work show that supplemental thiamine, 
nicotinic acid, and vitamin B, do not significantly raise 
hepatic tissue-levels of these vitamins in normal animals, 
but there is a significant increase in folic acid, folinic acid, 
and vitamin B,, following vitamin B,, and folic acid 
administration; this effect persisted after supplementation 
was discontinued. The latter result may be due to the 
greater tissue-binding capacity by the liver for these 
vitamins. 

Despite receipt of pantothenic acid, there was a reduc- 
tion in hepatic tissue-level of this vitamin in both normal 
animals and in animals following CCl,-induced liver 
injury. 

It seems that increased catalytic activities resulting 
from administered vitamins increase coenzyme A and 
pantothenic acid turnover. The lowering of folic and 
folinie acids during the regenerative phase may be 
attributed to their participation in forming nucleic acids 
for new cell syntheses. 

B-complex vitamins given to normal animals caused an 
increase in tissue vitamin B,,, folic acid and folinic acid, 
and no significant alteration in thiamine, nicotinic acid 
or vitamin B,-complex. This indicates that normal rat 
liver is not fully saturated with vitamin B,,, folie or folinie 
acid. The necrotic liver had diminished vitamin-levels, 
indicating a decreased vitamin binding by the necrotic 
liver. Supplemental vitamins hastened restoration to 
normal levels during the regenerative phases—a time 
when vitamin-binding capacity was probably also return- 
ing. 

These results suggest an inverse relationship between 
some vitamins, especially vitamin B,, and pantothenic 
acid. It has been shown that increase in hepatic panto- 
thenie acid is induced by a vitamin B,, deficiency; the 
reverse was also true". 

This work was supported by grants from the National 
Vitamin Foundation and the U.S. Publie Health Service. 
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Periodicity of Absorption Properties in 
Pigments based on Vitamin A; from Fish 
Retina 


THE results presented here concern the absorption 
properties and vitamin A base of visual pigments extracted 
from the retine of eighteen species of fishes inhabiting 
North American waters. The methods used here have 
been fully described elsewhere!. All retinal extracts wore 
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Table 1. DISTRIBUTION OF VITAMIN ArBASED PIGMENTS IN THE FISHES 
EXAMINED 
Amex (my) of pig- 
ments based on: 

Name Habitat Vitamin Vitamin 
Aa Ay 
Ameiurus nebulosus marmoratus (Holbrook) fw* 534 — 
Chaenobryttus coronarius (Bartram) fw 624 — 
Lepomis microlophus (Günther) fw 525 — 
Mi tcropterus salmoides floridanus (Le Sueur) fw 525 — 
omis macrochirus purpurescens Cope fw 525 — 
Lepisosteus platyrhincus De Kay fw 523 — 
Amia calva L. fw 525 — 
Umbra limi (Kirtland) fw 526 — 
Catostomus commersonnii (Lacépede) fw 524 — 
Notemigonus crysoleucas boscii (Valenciennes) fw 529 502 
Ni otemigonus crysoleucas auratus (Rafinesque) fw 532 504 
Pimephales notatus (Rafinesque) fw 585 505 
Hybopsis biguttata (Kirtland fw 585 505 
Notropis cornutus frontalis (Agassiz) fw 536 505 
Balonesox belizanus Knerg, fwimt 521 498 
Mugil curema Cuvier and Valenciennes fw/m 522 499 
Mugil cephalus L.t fw/m 529 499 
Dorosoma cepedianum (Le Sueur) fw/m 521  ca.500 


* Fresh water, 

t Fishes entering both marine and fresh waters, including brackish water 
dwellers; no indication of primary habitat, if any exists, is intended. 

I Munz (ref. 8) found a single pigment with Amax at 590 my and based on 


vitamin Ag. 


tested for pigment homogeneity by the method of partial 
bleaching?. The results are listed in Table 1. 

One striking feature seen in these results is that absorp- 
tion maxima (Amax) are situated, with one exception, 
at 523 + 3 and at 534 + 2 my. Prior to the work re- 
corded here, the vitamin A,-based pigments of only 15 
species of fishes had been adequately characterized; if, 
however, these results are considered together with those 
presented here, it may be seen that pigments apparently 
occur in groups at certain ‘preferred’ positions in the 
spectrum?. As Fig. 1 shows, these are centred at 511-5, 
523-5, 534 and 543 mu. It may be noted that the vitamin 
A,-based pigments of Amphibia fall into the group centred 
at 523-5 my (ref. 4). 

This observation raises two interesting possibilities. 
(a) One possibility is that the molecular Structures of 
visual pigments do not permit continuous variations of 
Amax- Thus a visual pigment molecule might be envisaged 
in which the protein moiety can influence tho Àmax in @ 
series of steps due to the addition of certain units analogous 
to double bonds in a polyene chain (it being assumed that 
the isomeric configuration of the chromophore is the same 
in all instances). From this point of view, the fish is 
‘presented’ with a series of pigments of fixed Amax from 
which it must ‘choose’ one to suit its own peculiar require- 
ments. 

(b) The other possibility is that while there may be no 
reason why pigments should not continuously vary their 
Amax throughout the spectrum, the ‘preferred’ positions 
have been gradually evolved by unrelated species in order 
to accommodate certain common visual requirements. 

At present, it is not permissible to attempt to dis- 
tinguish between these two possibilities, although the 
existence of an ‘aberrant’ pigment with Amax at 529 my 
in Fig. 1 (this is the well-established pigment of Notemi- 
gonus crysoleucas boscii! in Table 1) lends slight favour 
to the second, suggesting that pigments of intermediate 
Amax are structurally possible. 
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The pairing of vitamin A;-based pigments with others 
based on vitamin A, (in half the species of Table 1) and 
its probable function will be discussed elsewhere", 

This work was supported by the U.S. National Science 
Foundation (grant GB 186) and the U.S. National Council 
to Combat Blindness (grants G—268 and G—268 (C2) ). 
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PHARMACOLOGY 


Blood Salicylate during Pregnancy 

In the course of investigating the effeots of aspirin on 
pregnancy in the rabbit and rat, we have observed a 
difference in the free salicylate blood concentrations in 
pregnant and non-pregnant animals. Such a differenco 
has been reported previously by Hartiala et al.+ following 
oral administration of salicylamide to rabbits. Their 
work showed that concentrations of free salicylamide in 
the portal blood were much lower in pregnant than in 
non-pregnant animals, and that there were also small 
differences in the concentrations of the glucuronide con- 
jugate of salicylamide. 

In our experiments aspirin was ‘given as an aqueous 
solution of the sodium salt adjusted to pH 7-0 at a dose of 
120 mg/kg. Female rabbits in late pregnancy and non- 
pregnant controls received a dose volume of 1 ml. /kg 
body-weight introduced into the mouth through a blunt 
needle. The animals were restrained in stocks, and blood 
samples collected into heparinized, tubes by puncture of 
the marginal ear vein at various times up to 6 h after 
dosing. Female rats on day 19-23 of pregnancy and non- 
pregnant controls received a dose volume of 0-1 ml./kg 
body-weight introduced into the stomach by intubation. 
At each time-interval three different rats in each group 
were anzsthetized by ether inhalation and blood collected 
by cardiac puncture into a heparinized syringe. The free 
salicylate concentrations in the samples of whole blood 
from rabbits and rats were estimated by Trinder’s method?. 
The values obtained from three rabbit experiments and 
from two rats experiments are presented in Table 1. 

These results clearly indicate that the 
concentrations of free salicylate in whole 
blood are smaller in the pregnant than in the 
non-pregnant groups in both rabbits and 
rats. Statistical analysis shows that the 
mean free salicylate concentrations are 
significantly less in the pregnant groups in 
experiment 2 (P < 0-05) and experiments 
4 and 5 (P < 0-001). The differences in 
experiments 1 and 3 taken alone are not 





Amax (my) 
Fig. 1. Distribution of vitamin A,-based pigments in fishes. 
Table 1 and refs. 4-8. The 
as paired and that of Tinca (ref. 2) as single. ©, single pigments; O, 
with corresponding ones based on vitamin Ai 





Amax are derived from 
pigment with Amox=533 mu of Alburnus (ref. 9) is regarded 
pigments paired 


statistically significant, but in all cases the 
mean values are smaller in the pregnant 
groups. In rabbits the relative difference in 
concentrations was greater with increaso in 
timeafter dosing. Forexample, at 0-75h the 
salicylate concentration in the pregnant 
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Table 1. FREE SALICYLATE CONCENTRATIONS (XG/100 
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OF ASPIRIN (120 MG/KG BODY-WEIGHT) 


Groups of individual values are given followed by the mean value in parentheses 


















































, Time after dose (h) 
Species Exp. No. Pregnant Day of 
or not pregnancy 0-75 15 3-0 6:0 
Pregnant 23 15:1 14:0 9-3 40 
" (15:1) (14-0) (9:3) (4-0) 
15:7, 211, 10-2, 14:0, 20-8, 8:0, 11:8, 18-7, 5:9, 9.8, 15°3, 7-1, 
Not 21:3, 12:8 18:4, 17-0 16:3, 17-1 18-0, 16-7 
(16-2) 05:8) (14-0) (11:2) 
Pregnant 28 15-8, 14:4 171, 141 11:5, 111 6:4, 108 
à (151) (15-6) (11:3) (8:0) 
Rabbit 2 
Not 141, 19-7, 12-0 145, 18:6, 158 18:5, 18:8, 16:0 8:0, 14-5, 17-9 
(15:3) (16-1) (17-8) (13:8) 
ee es ee ee 
Pregnant 30 10:0, 17:5 
^ (18-7) 
Not 17:3, 20-0, 21-6 
9-9) 
Pregnant 20-22 19:3, 17:6, 15-1 18-0, 18:2, 17-6 16:4, 17:8, 19:2 15:31, 13:6, 16:8 
n (7.3) (17-9) (15:8) (15-2) 
Not 27-0, 21-5, 24-0 22.8, 20-9, 21:1 | 20-3, 18:9, 18:8 16:5, 15-9, 17:5 
(24:2) (21-6) (19-2) (16-6) 
Rat 21-7, 22-2, 21-6, 16-7, 17-7, 17-5, 15:4, 19-0 
Pregnant 19-23 184, 15-2 17:4, 101 15:5, 12-6 101, 12:8 
5 (19:4) (18:0) (15:8) (14:3) 
24-7, 31:1, 21:7, 24:3, 17:2, 22:0, 18:8, 19-7, 
Not 24-3, 21:9 20:8, 18:7 17:8, 20:3 17:7, 156 
(25:5) (21-4) (19:5) (17:8) 




















groups was on average 96 per cent of the controls, while 
at 6 h the average value had fallen to 49 per cent of the 
controls. This would indicate a shorter biological half-life 
for free salicylate in the pregnant animals than in the non- 
pregnant controls. In the rats, however, this effect was 
not apparent. 

These observations suggest that the rate of metabolism 
and/or elimination of salicylate is more rapid in pregnancy. 
Booth and Gillette? have found that some steroid hormones 
affect the rates of drug metabolism so that changes in 
maternal hormones during pregnancy could explain the 
above findings. Another possible explanation would be 
accumulation of the drug by the foetus ; but if this were the 
case the drug must be stored selectively by the foetal 
tissues because we have found that the salicylate concen- 
trations in foetal blood are about three-quarters of the 
maternal concentrations at various times after a dose of 
aspirin (120 mg/kg) to rabbit and rat. 

‘We thank Dr. M. R. Gurd for his advice. . 

: : B. LEssEL 
E. E. CLEFE 
Research Department, 
Boots Pure Drug Co., Ltd., 
Nottingham. 

1 Hartiala, K., Pulkkinen, M., and Rauramo, L., Nature, 196, 678 (1963). 
? Trinder, P., Biochem. J., 57, 301 (1954). | 

3 Booth, J., and Gillette, J. R., J. Pharmacol., 137, 374 (1903). 


Stimulant Action of Barium on the Adrenal 
Medulla 


Banrux has been reported to release catecholamines 
from the adrenal gland in intact animals, and this action 
has been attributed to its setting up discharges in the 
splanchnic nerves’. A re-examination of the action of 
barium seemed to be called for in the light of more recent 
evidence that calcium, a closely related alkali earth, is 
intimately involved in the secretory process within the 
adrenal chromaffin cells. This evidence has suggested 
that the chemical transmitter liberated by the splanchnic 
nerves, acetylcholine, stimulates the chromaffin. cells to 
secrete by increasing the permeability of their membranes 
so that there is an inward movement of calcium. In this 


view the appearance of an excess of calcium ions at some 
site in the chromaffin cell provides the immediate physio- 
logical stimulus for the release of the stored catechol- 
amines?-*. 

We have examined the action of barium in acutcly 
denervated cats’ adrenal glands perfused through their 
arteries with Locke’s solution, as previously described?. 
The perfusate escaping from the adrenal vein was assayed 
for catecholamines by bioassay”, or by the photofluoro- 
metric ferricyanide method®.’. 

When barium was added to the perfusion medium in a 
concentration of 5 mM, the rate of catecholamine release 
increased greatly in every experiment. The increase was 
commonly more than 100-fold, for example, from 60 ng/ 
min to 14-4 ug/min. Similar effects were obtained when 
the perfusion medium eontained hexamethonium in & 
concentration (5 x 10-* g/ml.) sufficient to block indirect 
actions through the splanchnic nerves which, although 
severed, were still present in the acutely denervated 
preparation. The stimulant effect of barium must thore- 
fore be attributed to some direct action on the chromaffin 
cells. . 

Unlike acetylcholine (or excess potassium), the stimulant 
action of which is abolished by removing caleium from 
the extracellular environment?, barium continued to 
exert strong actions when given during perfusion with 
calcium-free ‘Locke’s solution’; and, indeed, its action 
persisted when the gland was perfused for 40 min or 
longer with a calcium-free ‘Locke’s solution’ containing 
3 mM EDTA as the disodium salt. This stimulant action 
of barium in the calcium-deprived gland mimics the action 
of calcium given in similar circumstances?, and, like the 
corresponding effect of reintroducing calcium to the 
medium’, was strongly inhibited by magnesium. Barium 
thus seems to be able to activate the ‘secretory mechan- 
ism’ just as does calcium. But barium has clearly some 
additional action which is not shared by calcium, for, as 
described here, it stimulates secretion when added during 
perfusion with Locke’s solution, which contains 2 mM 
calcium. ‘This is not true of calcium. The addition of 
excess calcium during perfusion with Locke’s solution has 
little or no effect on secretion : calcium stimulates secre- 
tion only when the chromaffin cells are rendered unduly 
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permeable to it either by a preceding period of caleium- 
deprivation or by exposure to acetylcholine or excess 
potassium?:?, Barium, however, appears to gain access 
to the ‘secretory mechanism’ without such aids. Since 
its hydrated ion radius is somewhat larger than that of 
calcium’ it seems unlikely that barium is reaching this 
critical site simply by penetrating ‘pores’ in the chromaffin 
cell membrane more easily than calcium does. It seems 
necessary to suppose that barium has some action on the 
cell membrane which facilitates its own entry (and per- 
haps the entry of extracellular calcium). One possibility 
might be that barium promotes entry of sodium and by 
thus depolarizing the chromaffin cell membrane increases its 
permeability. Excess potassium, for example, is known 
to increase uptake of calcium in the adrenal medulla’, and 
the effect of barium on the adrenal gland is reminiscent of 
that of calcium given along with a depolarizing concentra- 
tion of potassium’. But against this possibility we have 
evidence that barium continues to act powerfully when 
added during perfusion with a sodium-free Locke's 
solution (Fig. 1). Further evidence that depolarization 
is not important for barium’s action came from experi- 
ments in which barium was first added to Locke’s solution 
to produce a sustained secretory response and then excess 
‘calcium was added while barium was still present. We 
argued that if barium did indeed owe its effect to some 
depolarizing action then the addition of excess calcium 
during exposure to barium should increase secretion as 
it does during exposure to excess potassium’. Excess 
calcium, however, had the opposite effect in these experi- 
ments and inhibited the barium-evoked secretion. This 
observation directed our attention to the possibility that 
barium might be acting to alter permeability by exchang- 
ing with the calcium bound to the membrane. We have 
earlier presented evidence that permeability of the chrom- 
affin cells is increased when calcium is removed from their 
membranes by perfusion with a calcium-free medium?:3— 
and have suggested that the physiological secretagogue, 
acetylcholine, may increase the permeability of the 
chromaffin cell by displacing or prizing off this critical 
calcium fraction in its membrane’. It is all the more 
attractive to suppose that barium, which is more closely 
related in its chemical properties to calcium than is 
acetylcholine, is acting in a similar way and displaces 
membrane calcium by competition. This would imply 
that the replacement of calcium by barium renders the 


5 


e 


Catecholamine output 
(adrenaline ug/min) 
to 


Ba Ba Ba Ba Ba 
plus plus 
Ca Ca 


Fig. 1. The stimulant effect of barium on catecholamine secretion and 
its MP TTE by calcium. The five successive pairs of responses were 
obtained at intervals of 14 min from a cat’s adrenal gland perfused with 
sodium-free Locke’s solution containing 2 mM calcium an hexametho- 
nium 5x10“ g/ml.: the tonicity of the solution was maintained by 
sucrose. The k columns indicate the seoretory responses on adding 
barium (5 mM) alone or barium (5 mM) along with calcium (6 mM) for 
2 min: the open columns indicate the control rates of catecholamine 
. Secretion in the 2 min preceding each test 
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Catecholamines 
a b 


Fig.2. A model of the suggested mechanism of action of barium on the 


adrenal chromaffin cells. In (a) the extracellular fluid contains a 
normal amount of calcium ions (O). The cell membrane is shown satur- 
ated with calcium, the function of which is to maintain a relatively 
impermeable state to ions including calcium itself. This is indicated by 
the small diameter of the ‘pores’ in the membrane. In (b) barium ( 9) 
has been added. It is depicted competing with calcium for the mem- 
brane sites of binding. Where it succeeds in displacing calcium the 


permeability of the membrane increases—as indicated by the enlarged 

pores—and barium (or calcium) enters the cell to activate the ‘secretory 

mechanism’ and tnduce extrusion of catecholamines. For simplicity, the 

‘pores’ (channels of entry of calcium or barium, etc.) are shown distinct 

from the sites of calcium binding. ‘This is not intended to imply that 

they are separate. The same comment a: plies to the site of barium 
(or calcium) entry and catecholamine extrusion 


chromaffin cell membranes more permeable to these ions. 
Further evidence of antagonism between barium and 
calcium came from experiments in which brief secretory 
responses to barium were evoked at regular intervals 
either in Locke’s solution or sodium-free Locke’s solution, 
and where excess calcium was added along with the 
barium on alternate tests. It can be seen from Fig. 1 
that increasing the calcium concentration inhibited the 
stimulant effect of barium on catecholamine secretion. 
Since the effects of calcium on secretion are excitatory 
whenever calcium is able to traverse the cell membrane, 
its inhibitory effect in this experiment indicates an action 
at an earlier stage and supports the idea that the two ions 
are competing for some membrane binding site. 

In summary, then, we suggest that barium acts on the 
chromeffin cell membrane to displace calcium, and that 
the barium-membrane complex is more permeable than 
the calecium-membrane complex; that this allows barium 
to traverse the cell membrane; and finally, that barium, 
once inside the cell, mimics the action of the normal 
secretagogue, calcium, and sets in motion the apparatus 
for catecholamine extrusion. These events are depicted 
in diegrammatic form in Fig. 2, which is based on a scheme 
presented at the second International Pharmacological 
Meeting in Prague in August 1963 to illustrate the sup- 
posed mechanism of action of acetylcholine’, 

In addition to barium, we have tested other alkali earths 
and various divalent ions. Strontium (2 mM) was almost 
indistinguishable from calcium in its effects on the adrenal 
gland. Magnesium (2-80 mM) did not itself evoke secre- 
tion in any of our experiments and antagonized secretory 
responses to other alkali earths, acetylcholine and potas- 
sium. Cobalt, manganese, nickel and zinc (each in a 
concentration of 2 mM) were without stimulant effect 
when added during perfusion with calcium-free Locke’s 
solution and did not restore the responsiveness of the 
gland to acetylcholine. This spectrum of activity may 
possibly offer a clue to the nature of the unknown ‘cal- 
cium-dependent' (or ‘calcinergic’) process involved in 
catecholamine extrusion. 

Finally, we find it of great interest that our analysis 
of the effect of barium has led us independently to a 
mechanism of action on the chromaffin cell which resembles 
that advanced to explain its well-known stimulant action 
on smooth muscle’, We see in this a further extension 
of the already remarkable parallelism between the pro- 
cesses of ‘stimulus-secretion coupling’ in glands and 
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‘excitation-contraction coupling’ in muscles to which we 
have already directed attention?-*. 


W. W. Douaraás 
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Anomalous Reactions of the Rat to Ganglion 
Blocking Agents 


In work which will be reported elsewhere it was found 
that certain extracts of the solanaceous plant Cestrum 
parqui caused a pronounced and prolonged elevation of 
the blood pressure of the anesthetized rat. Since this 
reaction did not occur in the pithed animal, attempts 
were made to block the pressor effect at the autonomic 
ganglia. When hexamethonium failed to block the effects 
of C. parqui extracts it was decided to examine the 
effects of ganglion blocking agents per se in the rat. 

Male albino rats of an inbred line originating from the 
Wistar strain and weighing 210—245 g were anesthetized 
by intraperitoneal injection of urethane or intravenous 
injection of pentobarbitone sodium. Blood pressure 
was recorded from the left common carotid artery. The 
right common carotid artery was cleared and made 
available for clamping at intervals for 30-sec periods. 
Intravenous injections were made into the tail veins 
and washed in with 0-9 per cent saline. The doses which 
follow refer to amounts of base in each case, the substances 
used being hexamethonium (as the bromide, iodide or 
tartrate), pempidine tartrate, mecamylamine hydro- 
chloride and l-noradrenaline base. 

Tnitially, hexamethonium was injected intramuscularly 
in a dose of 10 mg/kg, this being the dose used by Kärki! 
to stabilize the blood pressure and sensitize the animal 
to catecholamines. This produced a slight fall in blood 
pressure, but was without effect on the rise resulting from 
clamping of the right carotid artery. In subsequent 
experiments, intravenous hexamethonium in doses ranging 
from 1 to 10 mg/kg caused & marked blood-pressure fall, 
but whether or not an additional 5 or 10 mg/kg has been 
given intramuscularly or subcutaneously, there was 
never complete suppression of the pressor response 
to carotid clamping. This response, although markedly 
diminished during the first minute or two after intravenous 
injection, rapidly returned to its previous level. Sub- 
sequent repetitive dosage with hexamethonium intraven- 
ously had less and less blocking effect on the response, 
and after 3 or 4 doses of 10 mg/kg the response was 
markedly enhanced. This pattern continued with further 
doses, the animals usually dying after a total of 70-80 
mg/kg had been administered over a period of 1:5-2 h. 

Similarly, pempidine intravenously in doses ranging 
from 0-1 mg/kg to 5 mg/kg, and mecamylamine intraven- 
ously in doses of 0-5-5 mg/kg never completely blocked 
the pressor response to carotid clamping. With each 
drug, repetitive dosage at the 5-mg/kg level eventually 
enhanced the response. 

The sensitizing effect of doses of hexamethonium 
‘too small to influence ganglionic transmission’ in the 
rat submitted to carotid occlusion and noradrenaline 
injections has been reported by Sultan Mawji and Lockett?. 
The very large doses used in the present experiments, as 
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well as enhancing the carotid reflex, also enhanced the 
response to injected noradrenaline. Furthermore, hexa- 
methonium itself in some circumstances produced a 
marked pressor response. This was observed in the 
pithed rat preparation, after several doses of noradrenalme 
and three or four successive doses of hexamethonium 
10 mg/kg. Afterwards, similar injections of hexameth- 
onium caused a blood-pressure rise comparable in height 
and duration with the effect of 50 ng of noradrenaline. 
Injection of saline controls eliminated the possibility 
of the pressor effect being due to venous stagnation of 
earlier doses of noradrenaline. 

It is of interest to note that examples of quaternary, 
tertiary and secondary amine ganglion blocking drugs 
were unable to block the pressor response to carotid 
occlusion in the rat, and that in fact all three agents 
in high dosage enhanced the response. Of the procedures 
used, only pithing the animals completely obliterated 
the pressor response. 


J. M. WEYTE 


Department of Physiology, 
University of Queensland, 
Brisbane. 
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PATHOLOGY 


Resistance against Carcinomas of the Skin 
induced by Dimethylbenzanthracene (DMBA) 
in Mice of the Strain XVII/BIn 


Past investigations in many laboratories concerning 
the antigenicity of experimental tumours have revealed 
that almost all the sarcomas induced by carcinogenic 
hydrocarbons contain specific antigens. For this reason a 
certain pretreatment of isologous recipients with these 
tumours can produce resistance against cell inocula of 
the tumour originally taken for immunization. Using 
this test system specific antigens were demonstrated in 
sarcomas which were induced by administration of 
methylcholanthrene!-", benzpyrene®**, dibenzpyrene?, 
dibenzanthracene!?, and. dimethylbenzanthracene!. 

Dependent on the mode of application the same sub- 
stances are capable of producing carcinomas. Those 
tumours develop if the carcinogen acts on tissue of 
epithelial origin. 

The demonstration of host resistance against grafts 
of the induced carcinomas would mean that the develop- 
ment of specific antigens is not only a characteristic of 
the sarcomas, that is, of tumours of mesodermal tissue 
origin, but also of tumours which arise from epithelial 
tissue under influence of the carcinogen. 

First evidence for a tumour-specific immunizing capacity 
of epithelial tumours was obtained by Prehn™, who has 
shown that methylcholanthrene-induced breast tumours 
(adenoacanthomas) of the BALB/cAn strain were anti- 
genie in isologous hosts. 

In this communication experiments on the induction of 
resistance against isologous cell inocula of DMBA-induced 
carcinomas of the skin are described. 

Experimental animals were female mice of the strain 
XVIÍ/Bin. For the purpose of tumour induction an 
acetone solution containing 0-01 per cent DMBA was 
prepared. Twice a week for a period of 10 weeks one 
group of mice (about 3 months old) was treated with the 
carcinogen-containing solution. Using a glass capillary 
to each mouse 3 drops of the solution were given to the 
dorsal region of the skin. The animals received a total 
amount of 120; DMBA per mouse. The two tumours 
tested developed after latencies of 202 (DMBA 592) and 
of 267 (DMBA 788) days. Histologically they have been 
identified as keratinizing squamous epithelium carcin- 
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Table 1. RESULTS OF THE IMMUNIZATION AGAINST ISOLOGOUS CELL IKOCULA OF DMBA-INDUCED CARCINOMAS OF THE SKIN 
No. of days after challenge injection 
Mouse Carcinoma Challenge 25 32 
strain of the skin Pretreatment dose Immunized Control Immunized Control Immunized Control 
group group group group group group 
XVII DMBA 502 Injection of irradiated 10/10i 10/10 10/10 
tissue suspensions * 6 x 105 0/6 0/6 
Injection of living cells 
(L6 x 105*. 8/8 8/8 8/8 
XVII DMBA 788 Injection of irradiated 
tissue suspensions 3 x 10° 13/80 1/30 11/30 1/30 5/30 1/80 
Total: 31/48 1/36 29/48 1/36 23/48 1/36 
Percentage of resistant animals: 85 3 60 3 48 8 
£z 2852 = 380-0 = 20-6 
P «107 «107 «10^ 


* Tumour material of the third up to the fifth generation of transplanting. 
+ Tumour material of the second generation of transplanting. 


} Number of resistant animals over 


omas. Because of the slow growth of the first transplant 
generations the immunization experiments were performed 
after 2-5 generations of transplanting the tumours in 
isologous hosts. Contamination of the primary tumour 
with bacteria was eliminated by suspending the cells in 
penicillin (100 1.0./ml.) and streptomycin (100 ug/ml.) 
containing saline solution following trypsination of the 
material. 

According to previous experiments’, isologous recipients 
were immunized by subcutaneous injections of the 
X-irradiated (14,500 r. in vitro) tumour suspensions pre- 
pared in a glass homogenizer. The animals received two 
injections in doses of 0-25 ml. per mouse at an interval of 
14 days. The tumour material was diluted ] : 4 in phos- 
phate-buffered physiological saline solution. One day 
after the lest immunizing injection a certain number of 
living cells was injected in the contralateral subeutaneous 
region of the mice to test the induced resistance. The 
cell suspension used for challenge was prepared by 
trypsination (0-15 per cent solution) of the tumour tissue. 
After vital staining .of the cell suspension with trypan 
blue the dose required was adjusted. Control animals 
were mice of the same age and sex without prior immun- 
ization. The growth of “the tumour implants was exam- 
ined at weekly intervals. 

The results obtained 25, 32 and 39 days after challenge 
injection are summarized. in Table 1. The number of 
resistant animals in. each group is presented over the 
total number inoculated. In the first’ experiment, in 


which DMBA carcinoma 592 was tested, all the animals - 


pretreated were found to bo resistant against this tumour 
if 6 x 10° cells were given subcutaneously. Hight 
animals in this group were immunized by a subcutaneous 
injection of 1:6 x 105 living tumour cells which did nob 
lead to tumour formation. Six control mice developed 
tumours. 

In the second experiment X-irradiated tissue suspen- 
sions of ‘the carcinoma 788 were used for pretreatment. 
This tumour apparently induces a weaker resistance in 
the recipients although the immunization method 
used was the same as for carcinoma 592. 25 days 
after challenge inoculation (3 x 10° cells) only 13 of 
30 animals in the experimental group were resistant. 
The number of resistant animals decreased to 5 mice 
39 days after challenge injection and thereafter remained 
constant for an observation period of 90 days. In one 
animal of 30 control mice the tumour implant did not 
grow. 

The final results of both experiments, presented as per- 
centages of resistant animals in the oxperimental series in 
comparison with those in the controls, indicate that in 
mice a state of relative resistance agamst isologous cell 
inocula of carcinogen-induced carcinomas of the skin 
can be produced. The results of 65, 60 and 48 per cent 
resistant animals 25, 32 and 39 days after challenge 
injection in the test group as compared with 3 per cent 
in the control group are statistically significant. 

From these experiments and considering Prehn’s 
experiments!?, the conclusion can be drawn that tumour- 
specific antigenicity is not only a characteristic of carcino- 


the total number inoculated. 


gen-induced sarcomas but also of carcinomas induced by 
carcinogenic hydrocarbons. 
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Susceptibility of Syrian Hamsters to . 
. Induction of Fibrosarcomas with a Single 
Injection of 3,4,9,10-Dibenzpyrene : 


THE carcinogenic activity of polycyclic hydrocarbons 
administered subcutaneously to hamsters was first 
described by Gye and Foulds’. Later, Halberstaedter?, 
Crabb, and Lutz et al.4 reported the sarcomagenic activity 
of other polycyclic hydrocarbons in hamsters. These 
investigators were primarily interested in the question 
of iransplantability and metastases and used multiple 
injections for tumour production. 

The experiments reported here were designed to determ- 
ine the susceptibility of the hamster to a single sub- 
cutaneous dose of 3,4,9,10.dibenzpyrene (3,4,9,10-DBP). 
For 3,4,9,10-DBP the range was 2-0-25 mg/hamster. The 
carcinogen was dissolved in tri-n-caprylin (‘Trioctanoin’) 
at different concentrations such that the desired dose was 
contained in 0-4 ml. 

Five groups of male hamsters weighing 55-75 g were 
randomly assigned to treatment and control groups, and 
were injecied subcutaneously at the nape of the neck to 
determine the susceptibility and the dose necessary to 
induce tumours in à substantial proportion of the hamsters. 
At the highest dose of 2 mg/hamster, four animals died 
before the appearance of the first tumour. 

Microscopically, the sections revealed typical fibro- 
sarcomas of the subcutis which were fairly uniform in 
their histological pattern. The twmours were classified as 
typical spindle-cell sarcomas with closely packed spindle- 
shaped tumour cells. Solid masses of cells alternating with 
Jarge and small whorls and interlacing bundles of fibrous 
connective tissue were observed. The tumour cells 
ranged in size and varied in shape from blunt to narrow 
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Table 1. INCIDENCE OF SUBCUTANEOUS TUMOTRS IN MALE SYRIAN HAMSTERS GIVEN A SINGLE SUBCUTANEOUS INJECTION OF 3,1,9.10- DIBENZIYI ENR 
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Table 9. SUBCUTANEOUS TUMOCR PRODUCTION IN SYRIAN HAMSTERS INDUCED WITH SINGLE INJECTION OF 1:0 mg 3,4,9,10-DIBENZPYRENT, Har TiN 
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| Tumour | Mean 
Exp tive No. No. of | incid- [latency Caren: 
| No. o Sex No. of tumours per week and time (in weeks) tumours! ence perio Ozebic 
| animals ' | 6 7 8 9 10 J1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 | (95) , (weehs) 1 index 
1and3 | 157 | 9 5 6 10103223 18 45 4 1 ^q | 1:090 [| 110 ye 
2and4 ' 139 3 6 151737 23 106 11 5 4 3 2 138 99 ^ MG 12J 
spindles.  Mitoses were common, and occasional giant Distribution of Intravenously Administered 


cells were present. 

The incidence of tumours, mean latency period and 
carcinogenic index are recorded in Table 1. Tho per- 
centage incidence is the number of tumours divided by the 
number of hamsters inoculated times 100. The mean 
latency periods were computed by multiplying the number 
of tumours each week by the time weeks after injection and 
dividing the sum by tho total number of tumours. The 
carcinogonic indices, a value suggested by Tball*, were 
determined by the formula P/T x 100, in which P is the 
percentago of hamsters developing tumours, and T tho 
average latent poriod of the experimental group in days. 

Tt is evident from the data that 3,4,9,10-DBP is sarco- 
magenic for the hamster. Tho results also indicate that 
the tumour incidence and carcinogenic index decreased 
and the latency period increased as the dose decreased. 
Similar findings in mico were obtained for benzpyrene, 
dibenzanthracene and for methylcholanthrenc®*. As this 
was a pilot investigation to determine the susceptibility of 
the hamster, only a small number of enimals was used in 
each group, but since tho completion of this experiment an 
additional 169 female and 151 male hamsters have been 
injected subeutancously with a single injection of 3,4,9,10- 
DBP at a dose-level of 1 mg/hamster. Twelve female and 
13 male hamsters died without tumours during the course 
of the experiment. 

The results in Table 2 show that the incidence of 
tumours, mean latency period and carcinogenic indices 
were similar for both male and female hamsters. 

With the knowledgo that the hamster can be utilized 
for the experimental induction of fibrosarcomas, detailed 
investigations aro now in progress to gain some insight 
into the biological characteristics of the hamster fibro- 
sarcoma resulting from a single subcutaneous injection of 
3,4,9, 10-dibenzpyrene. 

This work was supported by contract SA-43-ph-3789 
from the Cancer Chemotherapy National Service Center, 
National Cancer Institute, National Institutes of Health. 
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Saccharated Iron Oxide in the Popliteal 
Lymph Node of the Rabbit 


LABELLED ihoracie duct lymphocytes transfused mto 
host rats have been shown to migrate across the walls of 
the post-capillary venules of the lymph node, through | ho 
cortex into the medullary lymph sinuses!. In the pres nt 
investigation, the fate of non-cellular particles in the lymph 
node of rabbits has been examined using intravenous 
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Fig. 1. Cortex of popliteal lymph node of rabbit after 20 day3° ints.:- 

venous 'Ferrivenin' administered as in text. a and b are cf the 2 

section stained with Prussian blue-nuelear fast red. By selective col. r 

filtering a shows a venule with numerous intramurallymphex ytes, vh 2 

b demonstrates iron aggregates in the wall of the same vessel, Satu a 
eut at 3x (xc. 300) 
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Fig. 2 


saccharated iron oxide (‘Ferrivenin’, Benger) as the 
marker. 

Tho marginal ear vein of adult rabbits of both sexes 
was injected with 1 ml. of ‘Ferrivenin’ daily for 1-20 
days. One animal was killed each day, 24h after its last 
injection, and popliteal lymph nodes were removed. 
Tissues were fixed in 10 per cent formolsaline (buffered 
with calcium carbonate) for 48 h and embedded in paraffin. 
Sections were cut at 3u, stained by the Prussian blue 
reaction and counterstained by nuclear fast red?. 

Blue granules were found in the cytoplasm of medullary 
sinus macrophages after only one injection of ‘Ferrivenin’. 
In the lymphatic cortex the few granules present were in 
the walls of venules. These vessels were considered to be 
analogous to the post-capillary venules in the lymph node 
of the rat, because of the frequent presence of lymphocytes 
in their walls (Fig. 1a). The venular Prussian blue mark- 

-ing increased progressively with subsequent injections and 
was intense on the twentieth day (Fig. 1b). 

The combination of marking in cortical venules and 
medullary sinuses (Fig. 2) raises the possibility that 
saccharated iron oxide particles traverse the cortical 
venular walls and are carried by the lymph flow into the 
medulla, to be ingested by macrophages. The exact 
position of these particles in the wall of the venules will 
have to be investigated by electron microscopy. 

D. W. Menzies 
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Department of Pathology, 
University of Melbourne. / 
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H/EMATOLOGY 


Conditions affecting the Glucose-6-phosphate 
Dehydrogenase Activity and Glutathione 
Stability of Human Erythrocytes 


ALVING et al. have shown that primaquine-sensitive 
erythrocytes are deficient in glucose-6-phosphate dehy- 
drogenase (G-6-PD) activity and a similar abnormality 
has also been found in fava-sensitive erythrocytes?. Conse- 
quent on their diminished G-6-PD activity, such cells 
have an unstable reduced glutathione-level (GSH) when 
exposed to various oxidizing agents’. Estimations of 
GSH stability are defined more clearly when glucose is 
added to the test system®. Under these conditions, little 
reduction in the GSH-level occurs when either fava- 
sensitive or normal erythrocytes are incubated at 37° C 
for 24 h, whereas a significant decrease, limited to the 
fava-sensitive cells, is found after incubation for a further 
2 h at 37? C with acetylphenylhydrazine (APH). This 
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Table 1. EFFECT OF pH or ACD ON THE G-6-PD Activity AND GSH 
STABILITY IN NORMAL HUMAN ERYTHROCYTES 


GSH (mg/100 ml. erythrocytes) 


G-6-PD pH of G-6-PD After incubation 
activity glycyl- pH activity at 37° © 
(units/g glycine of (units/g Initial 24 h 
Hb/min) buffer ACD Hb/min) 24h and 2h 
with APH 
15 6:5 6 178 120 65 43 
22 7 7-2 22 107 75 07 
33 7-6 7-6 25 92 74 83 
21 8 8 19:4 116 91 44 
— — 9 19 120 80 43 
Table 2. G-6-PD AOTIVITY AND GSH STABILITY IN HUMAN ERYTHRO- 


CYTES STORED AT 4? C IN ACD oF pH 7-6 


GSH (mg/100 ml. erythrocytes 
í Artertnoubation A Sp c 


Erythro- Time  G-6-PD 
cytes (weeks) (units/g Initial 24h and 2h 
Hb/min) with APH 
Fava- 0 2-4 72 60-5 17 
sensitive 1 0 76 68 16:8 
2 — 74:5 72 23 
3 — 62-5 34 22 
Normal 0 23 100 89 67 
1 19-8 102 93 68 
2 17.5 100 87 70 
3 158 104 68:4 211 
Table 3. G-6-PD ACTIVITY IN HUMAN ERYTHROCYTES STORED AT 4° C 


IN ACD oF pH 7-6 
G-6-PD (units/g Hb/min) 


Time Normal erythrocytes Fava-sensitive 
(days) 1 2 3 erythrocytes 

0 22.5 29-8 21:8 2-5 

1 22:5 28-0 20-1 2-5 

2 21:5 29-0 20-0 I4 

3 20-5 28-0 18-1 0:5 

4 19-5 —* UE 0:0 

5 19:5 —* —* 0-0 


* No blood sample taken. 


final post-incubation GSH-level has been used to dis- 
tinguish fava-sensitive from normal erythrocytes. 

Beutler* has suggested that specimens for such tests 
might be stored at 4° C in acid-citrate dextrose (ACD) 
since during storage the G-6-PD activity and GSH-level 
and its stability in both fava-sensitive and normal 
erythrocytes remain unchanged for up to 30 days". In 
addition the ACD would provide adequate glucose for 
the GSH stability test. 

Preliminary examination by us of blood stored in 
ACD showed, however, an excessive loss of enzyme 
activity, while blood stored for transfusion purposes, also 
in ACD, gave suspiciously low GSH-levels even after as 
short a period as 7 days. 

For estimations of G-6-PD activity and GSH stability 
in fava-sensitive and normal subjects, 7-ml. aliquots of 
blood were added to 2 ml. ACD of varying pH. G-6-PD 
activity was estimated by the method of Markgs and 
GSH by the method of Thompson and Watson’, and its 
stability by a modification of the technique of Szeinberg 
et al.5. 

Using these techniques, the optimum pH. of the ACD 
for G-6-PD and GSH stability was found to be 7.6 
(Table 1), the same as that found for enzyme activity in 
heparinized blood using glycylglycine buffer of varying 
pH. Presumably the unsatisfactory results obtained in 
our preliminary experiments were due to partial deteriora- 
tion of the enzyme with an associated drop in GSH 
stability, while the différence between the optimum 
pH range of 8-9 found by Marks et al. and that now 
reported may result from the purified material used in 
their system. Al subsequent experiments were performed, 
therefore, using ACD, the pH of which had been adjusted 
to 7.6. 

Despite correction of the pH of the ACD, the G-6-PD 
activity declined during storage. In the fava-sensitive 
cells the initial level was very low, none being detected 
after a week, whereas in the normal cells the initial 
level was high, 87 per cent of the activity remaining after 
one week (Table 2). Closer examination of the early 
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storage period showed that after three days the level in 
the sensitive cells was negligible while in the normal cells 
it remained at about 90 per cent of the original value 
(Table 3). In contrast the GSH-level and its stability, 
although lower in the sensitive cells, were unaffected. by 
storage of the samples of blood at 4° C in ACD at pH 7-6 
for up to two weeks. During the third week the GSH 
stability of the normal cells fell, the final post-incubation 
value reaching the low, but relatively constant, level found 
in the sensitive cells (Table 2). Clearly ACD is satisfactory 
as an anticoagulant for field studies only if its pH is 
corrected to 7:6. Although storage of the blood under 
optimal conditions maintains the GSH-level and its 
stability for up to two weeks, the sample should be 
examined at once to determine its full G-6-PD activity. 
As the decline in G-6-PD activity is approximately linear 
the results of tests performed during the first 48 h may be 
corrected to indicate the originallevel. Later, owing to 
the rapidity of the decline in activity, results are less 
reliable so that fava-sensitive and normal subjects might 
be confused. 

"We thank Prof. W. M. Davidson for his advice and 
criticism. This work was supported by the Research 
Committee of King's College Hospital. 
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Differences of Bone Marrow Cells in Sheep 
and Man 


AUTHORS working on bone marrow of sheep have 
generally considered the cells sufficiently similar to those 
in man to disregard the necessity of their closer morpho- 
logical examination. However, recent examinations of 
normal cells have disclosed differences which should not 
be neglected, particularly when changes of the bone 
marrow due to pathological conditions are to be examined. 
The detailed results are being published in monograph 
form. with comprehensive colour illustrations of all the 
cell types', and the following account summarizes the 
differences between (the cells of) sheep and man. 

Using human material as a yardstick, the first impression 
gained of smears from sheep is apart from differences 
in shapes and sizes. a less brilliant display of colours, 
giving a duller and technically almost unsatisfactory 
picture. Differences between certain cells are less pro- 
nounced, making identification more difficult. The cells 
differ from their better known human counterparts mainly 
by the following characteristics. 

In the erythrocytic series, the cells are smaller, due to 
less abundant cytoplasm. and develop into erythrocytes 
of an average diameter of only 45y. The cytoplasm is 
more basophilic, which is particularly evident in the more 
mature stages where normoblasts show only a narrow rim 
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of bluish cytoplasm around the nucleus. After denuclea- 
tion, young erythrocytes are still bluish-grey. and only 
fully mature erythrocytes become more acidophilic. yet 
noticeably less so than in man. The failure of the erytho- 
cytes to stain a brighter pink contributes significantly to 
the duller appearance of the preparation. This cannot be 
improved by staining at a more acid pH as this would 
render the colour of the nuclei unsatisfactory. 

In the neutrophilic series the cytoplasm becomes, with 
maturation, chromophobie rather than acidophilic. While 
it is distinctly blue in the youngest cells, it becomes less 
intensely stained with maturation and is pale blue or 
almost unstained at the metamyelocyte stage. In band 
cells it is even less stained, and in segmented cells, usually 
unstained, otherwise very pale pink. An outstanding 
feature of the neutrophilic series is the difficulty of demon- 
strating the characteristic granules. In segmented neutro- 
phils small granules can usually be shown by certain con- 
ventional hematological dyes, in a narrow pH range. and 
a few granules are occasionally seen in band cells, but not 
in still younger cells. However, the presence of those 
granules, which are smaller than in man, can be demon- 
strated as far back as the myelocyte stage, by certain fat 
stains and the peroxidase reaction®. Segmented eosino- 
phils rarely show two lobes, as usually seen in man, but 
three or four and occasionally more. 

Monocytes are more difficult to recognize in sheep and 
may be confused with neutrophilic myelocytes, motamyo- 
locytes or lymphocytes. The nucleus varies in shape from 
round to highly indented and resembles in texture that of 
a more mature metamyelocyte. The main difficulties are 
caused by the colour of the cytoplasm which is similar to 
that of neutrophilic myelocytes or metamyelocytes. The 
cytoplasm of the monocytes is less basophilic than in man, 
while that of the neutrophils is more basophilic than in 
the corresponding cells in man. Furthermore, the young 
neutrophils do not show granules. The ‘ground-glass’ 
appearance of the cytoplasm, usually characteristic for 
monocytes, is less pronounced, which makes differentiation 
from lymphocytes more difficult. 

A myelogram of normal sheep based on 122 counts from 
18 healthy animals, with an insignificant parasite burden’, 
showed the proportions of erythrocytic and eosinophilic 
cells to be 60-8 and 8-76 per cent respectively, and thus 
several times higher than in man. The average granulo- 
cytic/erythrocytic ratio was 59-4 per cent and the average 
granulocytic maturation ratio 53-4 per cent. It is argued, 
however, that this form of calculation as practised in man, 
is not suitable for sheep. While in man granulocytes 
other than neutrophils amount to a relatively insignificant 
number, in sheep, with their larger proportion of eosino- 
phils, such treatment of granulocytes as & uniform group 
would give valid results only if alterations of the eosino- 
phils due to pathological conditions closely followed alter- 
ations of the neutrophils. As this is unlikely, neutrophils 
and eosinophils have been separated and the following 
average ratios have been found: mneutrophilic'erythro- 
cytic, 41-8 per cent; eosinophilic/erythrocytic, 16-37 per 
cent; neutrophilic/eosinophilic, 317-0 per cent; neutro- 
philic maturation, 49-2 per cent; eosinophilic maturation. 
66-18 per cent. 

These findings, representing the normal bone marrow 
of sheep, are now being used as & basis for studying altera- 
tions due to various pathological conditions; in the first 
place acute and chronic post-hemorrhagic anemia and 
helminthic anemia. 
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High-potency Antihzemophilic Factor Concen- 
trate prepared from Cryoglobulin Precipitate 


INVESTIGATIONS made to determine the causes of loss 
of antihemophilic factor (AHF) during the Blombäck pro- 
cess! for preparing AHF-rich fibrinogen from large volumes 
of plasma have revealed that when the starting material is 
frozen plasma instead of fresh plasma there is a presumed 
liability which ean be converted to an advantago. 

The well-known. susceptibility of AHF to denaturation 
by heat, storage, freezing and thawing has led to attempts 
both in Sweden!, and in the United States?, to ‘arrange for 
prompt processing of freshly collected plasma whenevor 
possible. If large-scale production is contemplated, 
however, such a requirement is a distinct handicap, and 
80 our efforts have been directed to maximizing the yield 
from frozen plasma. 

In order to investigate the causes of poor final product 
activity after standard Blombäck processing. samples were 
taken at each step to determine where the largest losses 
were occurring. As previously reported’, the ‘starting 
material’ was found to have on the average only 54 per cent 
of the activity of the mean of normal individuals, and this 
low level was attributed to the freozing, thawing, and 
storage involved. Essentially all the remaining activity 
was recovered in Cohn Fraction I, but the citrate-ethanol- 
glycine extraction used to obtain the Blombäck Fraction 
I-O regularly resulted in large and variable losses. of 
AHF activity. Still further decreases occurred during 
sterile filtration and ultra-violet irradiation. These lattor 
procedures are not necessary in Sweden and England, 
where it is possible to process small batches under sterile 
conditions. Our final product, at that time, when pre- 
pared as a 2 per cent solution, typically had only the same 
AHF activity as normal plasma. More recent lots have 
approximately twice as much AHF activity, but even 
though the protein concentration is about one-third that 
of plasma, this is clearly a far from ideal therapeutic 
material. 

A recent review of this project revealed that the ‘starting 
sample’ for analysis had in each case been taken after a 
preliminary step. This step, ‘Clarification’, involved 
centrifuging the plasma which had been thawed at 10°—12° 
C, pooled, and re-cooled to 1?-2? C, in order to remove any 
materials which had failed to dissolve. When six new 
batches of approximately 1,000 1. each were studied, it was 
found that the samples taken before clarification (the 
eryoglobulin material dissolves on warming for assay) 
averaged 90 per cent AHF activity, whereas after clarifi- 
cation the average was only 46 per cent. It thus became 
apparent that storage losses were not so great as previously 
thought, but that almost half the plasma AHF was 
being discarded in the clarification residue. This finding 
should not have been a great surprise since one of us 
reported previously that undissolved ecryoglobulins in 
plasma include large amounts of AHF’. Attention now 
turned to this material, a gelatinous paste, of which 
approximately 2 kg were obtained from a 1,000-1. plasma 
pool On a wet weight basis, between 10 and 20 per cent 
assays as protein, thus representing only about 0-4 per 
cent of the original plasma proteins. Howover, about 20 
per cent of the original plasma AHF (half the AHF 
lost during the clarification) can be recovered from this 
material. Therefore, on a protein basis. a 50-times con- 
centration of AHF activity has been achieved with this 
step alone. 


Table 1. CrROULATING AHF RESPONSE TO FRACTION PR 2018 IN Four 
PATIENTS WITH SEVERE CLASSICAL HJEMOPHILIA 
"1Cr—Det’d. 
Plasma Fraction Post- Calculated AHF 
volume transfused transfusion activity of fraction 
Patient (mL.) (mg.) AHF-level (95) (units/g) 
T. T. 2,600 375 16:6 870 
R.P. ,900 750 40 945 
J.G. 2,360 790 | 35 848 
S. F. 2,100 750 30 3; 


NATURE 


July 18, 1964 vor. 203 


Subsequent studies have dealt with further purification 
and sterile filtration of this material to prepare a concen- 
trate for clinical use. A report on the details of this 
process is in preparation. The final product at present 
studied in clinical trials has an activity of 825 units of 
AHF (1 unit=AHF activity in 1 ml. of normal human 
plasma) per gram of protein, as determined in vivo after 
transfusion into hemophilic patients. Actually our in i 
vitro determination gives approximately twice this value 
in the Pool and Robinson AHG assay* following dilution of 
0-1 ml. of the fraction with 0-9 ml. of hemophilic plasma 
prior to the adsorption step. At this time there is no way 
of telling whether the true activity is in the range of 1,650 
units/g, and, for some reason, only half of it is recovered 
after transfusion, or whether the true activity is 825 
units/g, and we have not yet solved the problems of in 
vitro assay of very high potency materials.” 

Table 1 gives the data on the four patients with severe 
classical hemophilia who received this material aftor 
determination of their chromium-51 plasma volumes had 
been carried out. The result on patient R. P., who received 
750 mg of material, shows that a solution which can be 
administered with a 50-ml. syringo is capable of raising the 
circulating level of such a patient to 40 per cent of normal. 

This work was supported by U.S. Public Health Service 
grants HE 05280 and HE 08388 and by the Bank of 
America-Giannini Foundation. 
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IMMUNOLOGY 


Specific Precocious Protective Action of 
Toxoids 


THERE have been several reports of a specific precocious 
protective action, not involving antibody response, of 
tetanus toxoid against tetanus toxin!-*. Massive doses of 
tetanus toxoid injected into mice protected thom against 
a few lethal doses of tetanus toxin injected at the same 
time, ‘or shortly before, or shortly after. Diphtheria 
toxoid, given in doses comparable on a basis of antibody- 
combining power units, had no such protective effect 
against tetanus toxin**. Suggestions have been made 
that the protective action of tetanus toxoid may be 
connected with its ability to prevent the fixation of 
tetanus toxin by nervous tissuo?-? and ganglioside?’. 

We have tested whether other toxoids have a similar 
protective action against their homologous toxins. A 
number of toxins were titrated by injecting 0-5 ml. 
volumes of serial two-fold dilutions into control and 
toxoid-treated animals. Toxoid and toxin were injected 
in immediate succession intramuscularly in the same 
hind-limb. In the case of tetanus, toxoid and toxin were 
also injected intraperitoneally and intravenously. The 
toxins and toxoids (in crude form) were kindly supplied 
by Dr. R. O. Thomson of the Wellcome Research Labor- 
atories. In each case, the largest practicable dose of 
toxoid was used, which was 0-5 ml. of the solutions as 
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Table 1 
1 2 | 3 4 5 6 7 8 9 
LD,,/ral, toxin LD sq Molecules 
Toxo!d values per dose No. of Total —————— against toxoid 
Toxin , before toxolding animals No. of Toxoid-treated which protecting 
and toxoid c er animals animals protection against one 
L+ LDs dilution protected achieved molecule toxin 
of toxin in titration y (z~ ply (mean) 
Cl. welchii 2 1 64 '$ 
Type 4 3-25 81 2 a 64 - Odo ? 
Cl. welchii 2 1 64 0:5 : 
ag 80 900 l Ee 5} 24x 108 
Ch. welchii | 2 2 48 1-0 x 
Tyne € 120 24 x 10° 2 3 i Loy 24 x 10° 
Cl. welchii 2 8 120 18 
Type D 155 3-1 x 10¢ 2 2 120 l0 1-7 x 10" 
2 4 80 3-0 
Cl. oedematiens 6-5 44x 108 2 0 32 — 0:26 »44x10 
Diphtheria 100 3°5 x 10? 2 0 24 0 > 3-6 x 10° 
Tetanus, IP ; 6 9 8 1-0 x 
600 27x10 E : : x 40x10 
IV 600 247 x10? 2 2 6 1:0 2:7 x 107 
| IM 800 2-7 x 10° 2 3 4 2-0 14x 107 | 








provided by Dr. Thomson. Mice were used in all the 
experiments except those with diphtheria toxoid and 
toxin, where guinea pigs were used. The number of 
animals used for each dilution of toxin are shown in 
Table 1. Deaths were recorded for 7 days after the 
injection of toxin, All the animals that died did so 
within two days, except those injected with tetanus 
toxin, which died on all the days between the first and 
seventh day after injection. 

The results of these experiments are shown in Table 1. 
The values given in column 9 were obtained by dividing 
the values in column 3 by the means of those in column 8; 
they are based on the assumptions that the toxin prepar- 
ations used for making toxoid contained no toxoid before 
toxoiding and that homologous toxins and toxoids have 
the same molecular weights. Cl. oedematiens and diph- 
theria toxoids in the doses used had no protective effect; 
Cl. welchii Type A toxoid in the comparatively small 
dose used had a very doubtful protective effect; Cl. 
welchi; Types B, C and D toxoids appear to have had 
specific protective effects greater than that of tetanus 
toxoid by several orders of magnitude. Column 5 shows 
that in some cases these conclusions are based on the 
survival of very few animals, and the values in column 9 
must be regarded as qualitative rather than quantitative; 
nevertheless, we believe they support the conclusion 
that the specific precocious protective action of tetanus 
toxoid is not unique. Additional experiments showed 
that Cl. welchit Types C and D and diphtheria toxoids 
in the doses shown in Table 1 failed to protect against 
Cl. welchii Types D and € and tetanus toxins respectively. 

This work was carried out under contract with U.S. 
Office of Naval Research (task 103-474). 
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Homotransplantation Antibodies detected by 
Mixed Agglutination with Cell Culture Mono- 
layers 


FORMATION of humoral antibodies as a result of tissue 
homotransplantation in mice was shown by the hemag- 
glutination technique introduced by Gorer»?. Later, 
other serological methods such as lysis’, cytotoxicity’, 
leuko-agglutination®, and complement fixation® have been 
used. 

The purpose of this communication was to detect 
homotransplantation antibodies by means of the mixed 
agglutination technique on tissue culture monolayers?" 

The mice used in this work were purchased from Roscoe 
B. Jackson Laboratories. Full thickness skin grafts 
approximately 18 mm in diameter were exchanged betweon 
mice of C3H/He and C57BL/6J strains. In addition, 
some C57BL mice were grafted with skin of other mice 
of the same strain. The transplantation technique 
described by Hauschka‘ was followed; however, cleaning 
of the graft by dissection was omitted. The mice were 
bled from the retro-orbita! plexus at various time-intervals 
and sera from the individual bleedings were tested. 

Strain 929 ‘L’ cell fibroblasts obtained originally froin a 
C3H mouse by Earle”! was used as the in vitro antigen. 
Eagle's minimum essential medium in Hanks’ balanced 
salt solution (BSS) with antibiotics and 10 per cent calf 
serum was used for cell growth. Cell cultures which 
formed complete monolayers were used in the test. 

The mixed agglutination test was performed in a similar 
way as described in & previous communication’. Cell 
cultures were washed three times with LH medium 
(0-6 per cent lactalbumin hydrolysate in BSS). The sora 
to be tested were inactivated for 30 min at 50? C. They 
were incubated with the cultures for 2-5 h at room tem- 
perature. Then the cultures were washed five times with 
LH medium and the indicator system was added. In 
order to prepare this, human blood group O erythrocytes 
were mixed with mouse anti-human erythrocyte serum. 
The resulting small agglutinates were washed and in- 
cubated with a rabbit antiserum against mouse serum. 
The red blood cells were washed again and prepared as a 
0-25 per cent suspension. 

Table 1 summarizes the results obtained from ono 
experimental series. As is to be seen, all sera of C57 BL 
mice transplanted with C3H skin acted on the ‘L’ cells, 
which was to be expected, inasmuch as ‘I’ cells are of 
C3H origin. The sera of C57BL mice grafted with skin 
of their own strain gave virtually negative results. Sera 
of C3H mice grafted with C57BL skin gave negative or 
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Table 1. MIXED AGGLUTINATION TEST WITH 'L' CELL MONOLAYERS AND 
MOUSE SERA OBTAINED IN THE THIRD WEEK AFTER SKIN GRAFTING 


No. of sera with a titre of 1: 
90 27 


«10 30 810 and Total 
and 10 more 

Cb07BL grafted 

with (3H skin 0 0 2 9 12 
C57 BL grafted 

with G57BL skin 5 0 0 0 0 5 
C8H grafted with 

C57 BL skin 11 2 0 0 13 


only weakly positive reactions. One could expect positive 
reactions of the latter sera on tissue cultures derived from 
C57BL mice; however, these experiments have not yet 
been performed. 

It was our experience that antibodies could be detected 
as early as 9 days, and persisted at least 48 days after 
grafting. It was also found that re-transplantation of 
C3H skin on C57BL mice would result in an increased 
titre of the mixed agglutination test. 

It is felt that the described procedure may be a very 

usefül tool in detecting humoral antibodies accompanying 
homotransplentetion. For convenience, an established 
cell line was used in this work; however, preliminary 
experiments indicated that primary cell cultures would 
give similar results. The titres of hemagglutinating 
antibody reported by others may sometimes equal or 
even exceed those observed in this work; however, most 
of the antisera which have been tested by hemagglutina- 
tion were obtained by extensive immunization with 
erythrocytes, normal tissue or tumour tissue rather than 
by a skin graft. 
' It is hoped that the mixed agglutination technique 
may be useful in elucidating the mechanism of homo- 
graft rejection and in the delineation of transplantation 
antigens. 

This work was supported in part by a grant from the 
National Foundation and by a Public Health Service 
fellowship 5 F1 GM 10,886-4 from the Division of 
General Medical Sciences. 
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RADIOBIOLOGY 


Production by X-rays of Petite Colonies 
in Yeast and their Radiosensitivity 


Tue effect of X-rays on the viability of cytochrome a;- 
deficient yeast cells, which form petite colonies, has 
previously been examined and compared with that of the 
wild type, which forms normal-sized, large colonies!-5, 
The reported results differ to a certain extent. Thus 
Moustacchi’, O'Brien? and Gonzales and Barron? observed. 
an increase in radiosensitivity of petite cells, while Raut 
and Simpson! and Wood! found no such difference. This 
discrepancy may be due to strain differences, to the use of 
either naturally occurring petite mutants or of colonies 
produced by chemical means, such as acriflavie or 
gentian violet, or to the use of cells not genetically 
related and, therefore, not directly comparable. 
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Production of petite colony formation by X-irradiation 
has also previously been reported', but with greatly 
differing results. Thus, at approximately identical X-ray 
doses, 100-150 kr., the yield of petite colonies among 
survivors in the experiments by Raut and Simpson! never 
exceeded 5 per cent while it reached 40 per cent in the 
work of Patrick et al.*. No attempts have been reported at 
increasing the yield of petite colonies by repeated irradia- 
tion of survivors nor has the sensitivity of radiation- 
produced petite cells been examined. The present work 
intends to fill this gap. 

The yeast used was a diploid strain of Distillers Co., 
Ltd., baker’s yeast, maintained as stock culture on wort- 
agar slopes. For the purpose of X-irradiation, the cells 
were grown in a synthetic medium’. The irradiation 
procedure was the same as previously described? at a dose 
rate of 8 kr./min. For aerobic irradiation, oxygen was 
bubbled through the cell suspension during irradiation. 

Production of petite colonies. The number of petite 
colonies among survivors increased with increasing X-ray 
dose in an irregular manner, the highest yield being 25 per 
cent, after which it began to decrease to almost zero on 
further increasing the X-ray dose. The dose giving the 
highest yield of petite colonies, however, was not constant, 
varying in the present experiments between 32 and 96 kr. 
No explanation for this was found. If a single petite 
colony was streaked on wort-agar, the resulting colonies 
were a mixture of petite and large colonies. This indicates 
that a number of cells reverted to the parent type. A 
similar result was obtained when cells from a single colony 
were inoculated into liquid medium and plated on wort- 
agar after having grown to approximately 107 cells/ml. 
The percentage of re-appearing large colonies was variable 
in both cases, but, as a rule, did not exceed 30 per cent. 
No relation between X-ray dose, percentage of petite 
colonies and reversion to large type could be established. 

In order to test the radiosensitivity of radiation- 
produced petite cells it was, therefore, necessary to obtain 
a strain of petite cells which breeds true. This was 
effected by repeated subculture and irradiation of succes- 
sive (petite) survivors. The procedure was as follows: 

(1) A yeast suspension, approximately 1 x 107 cells/ml., 
is irradiated with 32 kr. in oxygen and, suitably diluted, 
plated on wort-agar. 

(2) A single petite colony of the survivors is inoculated 
into liquid synthetic medium and allowed to grow at 30° 
with aeration for about 18 h. 

(3) 0-1 ml. of this culture, suitably diluted, is spread on 
£2, wort-agar plate. 

(4) After 3-4 days’ growth at 30°, a single petite colony 
is again subcultured in liquid medium, as (2). 

(5) This suspension is irradiated with 64 kr. and plated 
for survivors. 

Steps 2-5 were repeated five times and followed by two 
cycles in which the X-ray dose was doubled (128 kr.). 

After 5—6 irradiations the number of large colonies which 
reappeared on the plates became decidedly less, the seventh 
and eighth cycle showing none. Subcultures from 
different colonies of the last cycle remained petite through- 
out, without further interposition ofirradiation. Thestrain 
has now been maintained as ‘petite colonies’ for eighteen 
months. 

Spectroscopic examination. Assessment of cytochrome 
content revealed absence of cytochrome da; cytochrome b 
appeared to be present only in traces while cytochrome o 
was richly present. The absence of cytochrome oxidase 
(a3) is typical for petite yeast and agrees with the findings 
on chemically produced petite mutations?:9, 

Metabolism. The respiratory rate, measured mano- 
metrically, with glucose as substrate was very low 
(Qo, = 1-2 at 30°), while aerobic fermentation was almost 
as high as the anaerobic fermentation : 


288, = 145. a, = 150 


No. 4942 July 18, 1964 


Radiosensitivity. No difference was found between the 
cells of large and petite strains. On plotting viability 
against X-ray dose (Fig. 1), the curves for both types of 
cells were almost identical, having the same initial slope 
followed by a short plateau, which is characteristic for this 
and other yeasts, individual variations falling within 
normal limits*. The oxygen-effect of irradiation in petite 
cells was equally not altered, the oxygen-enhancement 
ratio being approximately 2, as in the parent strain*. This 
latter point is in agreement with previous results by 
-Moustacchi? and confirms her conclusion that the magni- 
tude of the respiratory rate of a cell is not one of the factors 
which determines the oxygen-effect of irradiation. How- 
ever, this does not entirely support her implied rejection 
of the theory put forward as the basis for the oxygen- 
effect!!, namely, that it is due to the irreversible reduction 
of an enzymatic cell component present during irradiation 
in the oxidized state. A similar view has previously been 
expressed by Tahmisian and Devine". 


100 


50 
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o 





0 32 64 96 
kr. 


Fig. 1. Effect of X-rays on the survival of large, wild-type (6) and 
of petite ( O) yeast 


The experiments, finally, touch on the unresolved 
question, which may be of practical importance, namely, 
whether repeated irradiation of survivors may change their 
radiosensitivity and produce either more sensitive or 
more resistant cells. The former possibility appears, 
a priori, almost incapable of experimental verification 
except within narrow limits, because the more sensitive 
the cells might become the more easily they are rendered 
non-viable, thereby escaping the practical test. One case 
only has been reported'* where a bacterium (E. colt!) 
showed a slightly increased susceptibility to radiation 
damage after repeated exposures to y-irradiation, while 
two other E. coli strains, on the contrary, became more 
resistant. The technique used was to use massive inocula 
of irradiated cells for consecutive subcultures. The 
same procedure has been used in the work of S. faecalis 
and E. coli by Erdman et al.3*, who obtained a 1-2—1-9-fold 
increase in resistance after eight repetitive cycles. Further 
irradiation failed to raise the degree of resistance. 

The results of the work recorded here indicate that the 
initially produced petite cells cannot be due to genetic 
difference of the two strains, because of the very high 
incidence (25 per cent) of petites and their facile reversion 
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to the wild type. On repeated irradiation of pctite 
survivors, however, the cells seem to have lost their 
ability of spontaneous reversion and to have gradually 
evolved into a genetically stable strain, indistinguishable 
from a true mutant. Although the changes involve the 
conversion of a fast-growing aerobic into a slow-growing 
anaerobic cell, the radiation sensitivity, nevertheless, 
remained unaltered. 
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Influence of Chronic Gamma-irradiation on 
the Yield of Chromosomal Aberrations in Rat 
Liver Cells 


Ir has already been shown that radiation damage to 
chromosome is conserved for several months after an 
acute X-irradiation. Due to this, dividing of a dose into 
two fractions with a seven-day interval between them had 
the same effect as a single irradiation!-*. Similar results 
have been obtained by other authors*9. Results of the 
induction of chromosome aberrations during chronic 
irradiation are presented here. Preliminary results have 
been published elsewhere’. ` 

Female albino rats weighing 160—180 g received from 
the Animal Farm of the U.S.S.R. Academy of Medical 
Sciences wore exposed to 150 rads of cobalt-60 y-rays 
under the following conditions: (1) acute irradiation; 
(2) chronic irradiation. All animals were placed. at various 
distences from the source and irradiated concurrently for 
24 h. Partial hepatectomy was carried out with the 
standard method® 24 h after irradiation. Animals were 
killed 30 h after the operation. In each animal, the 
number of cells with chromosome aberrations was assessed 
among 100 late anaphases and early telophases on slides 
stained by the Foulgen method and with light green. The 
same was performed on non-irradiated rats. Tho mitotic 
index in non-regenerating liver was determined in 6 
normal rats and in 6 irradiated with 150 rads (26 ruds/ 
min). The number of mitoses among 100,000 cells was 
counted in each animal. 

The percentage of cells with chromosomal aberrations 
diminishes with the dose-rate decrease (Table 1). This 
phenomenon may be caused by: (1) selective death of 
cells with chromosome aberrations during interphaso; 
(2) death of such cells as a result of division; (3) restitu- 
tion of chromosome damages. Interphase death of liver 
cells does not occur even after their exposure to much 
higher doses’. There are grounds for suggesting that 
interphase death of cells in mouse bone marrow and in 
intestinal crypts is not related to chromosome aberra- 
tions?39. That is why the first hypothesis seems to be less 
probable. Let us assume that the percentage of cells 
with aberrations increased linearly. In the absence of 
cell division it would then reach A,=22-4 per cent {the 
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‘Table 1. PERCENTAGE OF CELLS WITH CHROMOSOMAL ABERRATIONS IN RAT LIVER CELLS AFTER y-IRRADIATION COBALT-60 WITH 150 RADS 
i s ton 5-8 min 5:8 min 15 days 15 days 30 days 45 days 60 days 90 days 180 days 
Dose-rate E " z p 
(rads/min) 26 26 7 x 102 7 x 102 $:5 x 103 2-83 x 10 14 x 10 115 x 10 0-58 x 10 

. 29:3 + 131 30-0 + 1-0 21:8 + 0:7 28-0 + 0-8 212 41-2 19-2 + 08 16:2 + 05 13:9 + 05 1L8 + 05 
ads (6)* Gt (6) (t (6) (8) (8) (9) (8). 
Non-irradiated 6-9 + 0:3 T2 +05 6:5 + 0-6 11-6 + 0-4 72 + 0*5 77 + 06 T5 +05 81 + 0-6 11:6 + 04 

control (20) (6) (6) (7) (6) (6) (6) (8) (7) 














* Figures in parentheses show the number of experimental animals, 
» 1, Hepatectomy 3 and 6:5 months after irradiation, respectively. 
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able 2. DISTRIBUTION OF ACENTRIOC FRAGMENTS AND DRIDGES IN RAT LIVER CELLS AFTER y-IRRADIATION COBALT-60 WITH 150 RADS (PERCENTAGE TO 
Tab THE TOTAL NUMBER OF CELLS WITH CHROMOSOME ABERRATIONS) 























Irradiation Average number of 
time 1 fragment 2 fragments 3 and more Bridge and acentric Bridge fragments per dam- 
fragments Tagments aged cells 
— HI eee 
5:8 min 57-0 + 3-5 17:0 + 2:3 11-0 + 2:4 11:0 + 1-8 40 + 20 
15 days 68:0 + 3:5 15:0 + 2-8 6-0 + r6 5:0 + 1-5 6-0 + 1:0 
30 ,, 48-0 + 6/7 19:0 + 3-0 13-0 + 59 120 + 46 8&0 + r8 
4b ,, 56:0 t 3:4 17.0 + 2:4 70 + 24 140 + 2-6 6-0 + 1:3 
60 ,, 58-0 + 3-3 20-0 + 2-4 8:0 + 2-4 70+ 1-5 70+ 1:4 
90 ,, 57-0 + 3-7 12:0 + 2-3 60+ r8 140 + 1:6 11:0 + 2:5 
180 ,, 68:0 t 2-8 16-0 + 3-1 70 16 9-0 + 21 0 
diated 
e 
control 80-0 + 2:9 10:0 + 2-4 4041-4 60 + 23 0 








effect of acute irradiation without normal “‘background’) 
after accumulation of D max = 150 rads for T days. Let us 
also assume that the division of cells with and without 
chromosomal aberrations has equal probability. Then the 
inerease in the number of cells with aberrations may be 
described by the equation: 


dA Dmax 5 
uw = hop -A)-q4 =k 








D max ( D max ) 
poc gy t*9JA 
where g is the rate of cell division. When Solved, this 
equation shows that the number of cells with aberrations 
at any time ¢ after the onset of chronic irradiation is: 


PM M Er mu E 


D max 
km +g 


A = 


In T days, that is, after accumulation of D max: 


" ED max -EkDaes-qTy = 
Ar = Dna + CT oF I — e ) = 
———Ó — e-kDsax - 4T) = 
I+ Z 
LD max 
I -ar 
IF 392gr — 0-7760-27) 


since Á, = Ar o = I — o7EDmax; A, = 0-224; 


o-kDmax== I — 0-224 = 0-776 = 3-92. 





I 
” kD max 


Ar values can be determined in Table 1. While solving 
the equation for T values from 15 to 90 days, the average 
q = 0-0435 is obtained. The mitotic indices in non- 
Tegenerating liver in normal and irradiated animals were 





0-0058 and 0-0048 per cent, respectively. Taking into 
consideration diurnal changes in mitotic rhythm}, let 
us assume that the mean index is 0-01 per cent and that 
the duration of mitosis is 30 min. Then q = 0-0048, that 
is, at least one order less than q. "Therefore, tho data 
presented cannot be interpreted only by the elimination 
of cells with chromosome aberrations as a result of their 
division. 

This conclusion is confirmed by the results of experi- 
ments in which hepatectomy has been carried out 3 months 
after a single irradiation (dose-rate, 26 rads/min) and 5:5 
months after chronie irradiation (dose-rate 7 X 10? rad/ 
min) with 150 rads (Table 1). If the decrease in the percent- 
age of cells with chromosome aberrations were to be caused 
only by their division then the percentage of such cells in 
these experiments could be expected to be equal to that 
after chronic irradiation for 3 and 6 months. Actually it 
was respectively 3 and 10 times higher. Thus, in these 
cases, there is a conservation of chromosome damage after 
irradiation in agreement with earlier published data!-5. 
The observed decrease in the percentage of cells with 
chromosomal aberrations under conditions of chronic 
irradiation can be suggested to be caused, apart from 
elimination, by the restitution of chromosome injury 
during irradiation. Probably, the reparation of chromo- 
some damage may take place during fraction y-irradiation 
with small doses* which does not occur under neutron 
treatment}2, 

About 60 per cent cells with aberrations have one 
acentric fragment (Table 2). One break in one chromo- 
some results in one or two acentric fragments. Therefore, 
it is possible to assume that approximately 60 per cent of 
damaged cells have one break in one chromosome. The 
distribution of cells with one, two and more acentric frag- 
ments, with bridges, etc., did not significantly change at 
various irradiation times (Table 2). If the hypothesis on 
the restitution of chromosome damage were correct, then 
the results presented in Table 1 would suggest that 
reparation took place not only in cells with two injured. 
chromosomes but in those with one damaged chromosome 
as well. A break of a chromosome seems to be a multi- 
hit process. It may be that all or none of the damaged 
chromosomes undergo recovery. Further experiments 
are required to check up on these hypotheses. 
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BIOLOGY 


An Inhibitor of Adrenal Steroid 
116-Hydroxylase 

Trans-1,4-bis (2-chlorobenzylaminomethy]) cyclohexane 
dihydrochloride (A Y-9944")! has been shown to represent 
a novel class of cholesterol biosynthesis inhibitors which 
act by interfering with the enzymatic conversion of 
q-dehydrocholesterol to cholesterol. In laboratory 
animals, 'AY-9944' significantly depressed serum sterol- 
levelst. In view of its potential use as antihypercholester- 
olemic agent, we have studied the effects of this agent on 
adrenal steroid metabolism. The inhibition of 11f- 
hydroxylase by A Y-9944' in rat adrenal homogenates is 
reported herewith. 

The effect of ‘AY-9944’ on the conversion of progo- 
sterone, llp-hydroxyprogesterone and 11-deoxycortico- 
sterone to corticosterone by rat adrenal homogenates? was 
determined by the fluorometric method of Guillemenin 
et al". As indicated in Table 1, ‘AY—-9944 inhibited the 
conversion to corticosterone of both progesterone and 
11-deoxycorticosterone without affecting that of 116- 
hydroxyprogesterone respectively. Hence, in rat adrenal 
homogenates ‘AY-9944’ depresses 118-hydroxylation 
without affecting 21-hydroxylation. The inhibitory action 
of the agent on llg-hydroxylase was corroborated by 
measuring its effect on the conversion of 11-deoxycortico- 
sterone-4-MC to corticosterone-4-"C by rat adrenal homo- 
genates; at a final concentration of 1 x 10- M the 
inhibition was 60 per cent. 

The effect of ‘AY-9944’ on llg-hydroxylation was 
compared with that of ‘SU-4885’ (‘Metopirone’), a known 
118-hydroxylase inhibitor® (Fig. 1). The concentration of 


Table 1. EFFECT OF 'AY-9944'* ON THE CONVERSION OF PROGESTERONE, 
1i-DEOXYCORTICOSTERONE AND 11f-HYDROXYPROGESTERONE TO CORTICO- 
STERONE BY RAT ADRENAL HOMOGENATES 


Substrate Inhibition of corticosterone 
formation (%)t 
Progesterone 73 
11-Deoxycorticosterone 63 
118-Hydroxyprogesteronet 2 


*1 x 10-* M final concentration. 
t Each value is the mean of three separate determinations. 
i Final concentration, 1 x 102 M ‘AY-9944’, 
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Inhibition (per cent) 





83x10$ 1x104 93x10* 1x10^ 83x10 1x10” 


1x107 


M conc, (log) 


Tig. 1. Effects of *AY-9944' (——) and 'SU-4885' (---) on the con- 
version of 11-deoxycorticosterone to corticosterone by rat adrenal 
homogenates 


*A'Y—9944' sufficient to cause a 50 per cent inhibition of 
116-hydroxylation, that is, 6-6 x 10-5 M, was significantly 
lower than that of 'SU—4885', that is, 9-6 x 10-* M. 

It is interesting to note that 118-hydroxylase activity 
was not affected in adrenal homogenates obtained from 
rats given orally 10 umole/kg of ‘A Y-9944’. In contrast. 
in liver homogenates obtained from the same animals the 
metabolism of 7-dehydrocholesterol, as measured by the 
method of Kandutsch??, was completely blocked. The 
finding that, in vivo, * AY—9944' does not affect rat adrenal 
118-hydroxylase parallels the experience with 'SU- 4885 
which, 4n vivo, was inactive in rats’ and an offective 118- 
hydroxylese inhibitor in dog! and man?. 
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Variations in Flow of Blood within the 
Epididymis and Testis of the Sheep and Rat 


Tre total venous outflow from the testis and opididymis 
of conscious rams has been measured using the Fick 
principle with tritiated water as the dilution substance’. 
Because of their different functions the two organs might 
have quite different blood flows, and it cannot be assumed 
that each contributed blood to the total venous outflow in 
proportion to its weight. The technique of Sapirstein? has 
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been used to determine the partition of blood between the 
testis and epididymis. 

Twenty male rats (290-430 g) were anesthetized with 
pentobarbitone sodium and given 5 ue. of 4-'!I.iodo- 
antipyrine into the jugular vein. Sapirstein’s method 
depends on the ratio of organ content to body content 
of isotope becoming constant soon after injection. The 
‘ratio of the amount of iodine-131 in the testes and in the 
epididymides to that in the rest of the body was constant 
between 10 and 60 sec; the same was true for brain. Ina 
second experiment, using 12 rats, the epididymides were 
divided into six portions that were intended to correspond 
with zones 1-6, as described by Reid and Cleland?*. For 
each portion the ratio of its isotope content to that in the 
rest of the body was constant during the period 20-40 sec 
after injection, indieating that the technique was valid 
for the portions as well as for the whole epididymis. The 
variation in flow of blood between the parts is shown in 
Fig. 1. The flow was always highest in the first portion of 
the head of the epididymis with a smaller peak in the body 
portions 4 and 5. 

Assuming a cardiac output for rats? of 20-5 ml./100 g/ 
min, the flow of blood through the whole epididymis was 
14 ml./100 g/min in both experiments and through the 
testis 21 ml./100 g/min in both experiments; the latter 
value is much higher than the 14 ml./100 g/min previously 
reported for testis*. The mean flow of blood through the 
epididymal fat pad was 8:8 ml./100 g/min in the first 
experiment and 3-8 ml./100 g/min in the second. 

Sapirstein* later applied his technique to the human 
brain and head using external counting equipment. A 
similar technique has been applied to the sheep; one 
scintillation probe was directed at the head and one at the 
scrotum of four rams anesthetized with pentobarbitone 
sodium and 100 ue. of !?!I.jodoantipyrine was injected 
intravenously. The concentration of iodine-131 in the 
brain became constant between about 60 and 90 sec and 
that in the testis between about 90 and 120 sec after 
injection. Four rams were therefore killed, 90 sec after 
isotope administration, by the rapid intravenous injection 
of saturated potassium chloride containing pentobarbitone 
sodium (10 g/100 ml.). The heart stopped within 10 sec. 
At the same time as the injection of the potassium chloride, 
the blood flow to the testes and epididymides was arrested 
by clamping the spermatic cords. The various organs 
were then dissected out, and portions weighed and 
counted. 

Assuming a cardiac output for anesthetized sheep of 
11 m1./100 g/min", the blood flow through the testis was 
11 ml/100 g/min and, unlike the rat, that through the 
epididymis as a whole, 11:4 ml./100 g/min, was similar. 
These values are close to those previously found! for the 
testis and epididymis together, using the Fick principle 
and tritiated water. The blood flow in eight sites in each 
testis was quite uniform. The blood flow in the epididymis 
was low in the first portions of the head, increasing to a 
peak in portions 8 and 9, just beyond where the head 
turns back on itself. There was a sharp decrease in flow in 
the last portion of the head and the firs portion of the 
body of the epididymis, a slight increase in lower portions 
of the body and a further decrease in the tail (Fig. 1). 

This pattern is different from that in the rat bub the 
anatomical arrangement in the two species differs also". 
The cells lining tbe duct of the first segment of the rat 
epididymis are tall and secretory, but they are low in the 
first portion of the ram epididymis, which corresponds to 
the efferent ducts of the rat. Taller cells are found in 
portions 3-8 of the ram epididymis. In both species, tall 
cells are also found in the distal parts of the body*-?*. 
Thus the highest segmental blood flow in both species 
roughly coincides with the portions of the epididymis that 
have the tallest epithelial cells. It has also been shown 
that the incorporation of ?*P-phosphate into glyceryl- 
phosphorylcholine is higher in the head than in the tail of 
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SEGMENT BLOOD FLOW PER UNIT WEIGHT 
TOTAL BLOOD FLOW PER UNIT WEIGHT 
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EPIDIDYMAL SEGMENT 


Fig. 1. Variations in blood flow in different parts of the epididymis of 

the rat and ram. Flow is expressed as the ratio of blood flow per unit 

weight in the segment to flow of blood per unit weight of the whole 

epididymis. For rat, estimates 20 sec (———) and 40 sec (——-—) after 

injection of isotope. Means for 24 rat and 7 ram epididymides with 

their standard errors are shown. Drawings of the epididymides are 
diagrammatic 


the epididymis of the rat}, that the head of the epididymis 
has more alkaline phosphatase than the tail'i, and that 
absorption of dye from the lumen is greatest in the head of 
the epididymis*. 

It would, therefore, appear that the region of highest 
blood flow is also a region of high metabolic activity, but 
as we have noted that the venous blood from the head of 
the epididymis of the ram was more oxygenated than that 
from the tail, it is tempting to postulate that the bigh 
blood flow has some specific function other than supply of 
oxygen. 
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Removal and Dissociation of Epithelial Cells 
from the Rodent Gastrointestinal Tract 


With advances in the study of gastrointestinal 
physiology, knowledge of functions unique to the intact 
organ has accumulated. To facilitate investigations at a 
cellular level, attempts have been made to obtain a pure 
suspension. of epithelial cells for in vitro investigations. In 
procedures so far reported, there is contamination of the 
cell suspension by mesenchymal elements!'-?. Additionally, 
abundant flora in the postnatal gut has hampered cellular 
maintenance and study. The following method largely 
overcomes these difficulties and provides a reliable cell 
sample for in vitro biochemical, anatomical, and immuno- 
logical analysis. 

Male Sprague-Dawley rats weighing 100—200 g were used 
in this work. Seventy-two hours prior to death, neomycin 
(10 mg/30 ml.) is added to their drinking water. Forty- 
eight hours prior to death, all food is withheld with the final 
24h under complete oral restriction. Sixteen hours before 
death, each rat receives by gastric tube 24,000 units of 
‘Nystatin’, 500 mg of streptomycin, and 200,000 units of 
procaine penicillin G. Our bacteriological investigations 
confirm the fact that this procedure reduces organisms to 
an, extremely low level‘. 

Of the methods available for dissociation of cells, 
trypsinization as described by Moscona is used**. Rats 





Fig. i. Epithelial cells after removal from small intestine (x 565) 





Fig. 2. Section of smali intestine following trypsinization (x c. 94) 
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Fig. 9. Villus undergoing process of epithelial dissociation following 
trypsinization ( x 505) 


are anesthetized with pentobarbital sodium, and the bowel 
is removed under aseptic conditions. The stomach and 
colon are removed in toto, but the small intestine is 
divided into two equal portions for ease in handling. To 
obtain a closed system, in which both wash and enzymatic 
solutions come in contact only with epithelial elements, 
lengths of vinyl tubing are inserted intraluminally at 
distal and proximal ends of the organ and tied into place. 
The epithelial surface is washed several times with room 
temperature calcium magnesium free (CMF) Tyrode’s 
solution introduced through a syringe attached to the 
tubing. The bowel segment is then filled with fresh CMF 
Tyrode and incubated for 15 min at 37° C. This solution 


- is discarded and replaced by 3 per cent trypsin/pancreatin 


(3:1) in CMF Tyrode and incubated again for 15 min 
at 37? C and pH 7-0+0-10. Longer exposures to trypsin. 
reduce cell viability to 50 per cent or Jess, and shorter 
exposure times reduce the cell yield considerably. During 
and after incubation, the bowel segment is mechanically 
agitated to facilitate cell removal. A medium composed of 
Eagle's solution, 10 per cent horse serum, glutamine, 
penicillin, streptomycin and vitamin A is then washed 
through one end of the organ as the cells are collected 
in & syringe at the opposite end. This suspension is 
adjusted to yield a 4: 1 ratio of medium to trypsin and, 
afterwards, forced through a wire mesh of 0-086-milli- 
metre pore size to disrupt cell clumps. Further dispersion 
is obtained by repeatedly forcing the suspension through a 
14-gauge needle. The cells are washed twice with medium 
by centrifugation at 300g for 5 min and resuspended for 
counts and culturings. Cell yields have averaged 175 x 10° 
for the small intestine, 30x 10° for the stomach, and 
47 x 10° for the colon with viabilities of 76 per cent, 78 
per cent, and 87 per cent, respectively, as determined by 
the nigrosin stain’. 
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Smears of cell suspensions stained with azure-eosin 
show a collection of well-dispersed cells. Differential 
counts of these smears give an average of 81 per cent 
epithelial cells, 13 per cent lymphocytes and granulocytes, 
and 6 per cent bare nuclei. From the small intestine, two 
types of epithelial cell may be distinguished: a large 
columnar or sometimes slightly rounded cell with brush 
border and & smaller rounded form seen individually or 
within isolated crypts (Fig. 1). The stomach yields both 
dark staining chief cell types and large eosinophilic parietal 
cells. Cells from the colon are basophilic, varying in size 
and cytoplasmic content, and of ovoid or goblet shape. 
Following trypsinization, sections from all levels of the gut 
show a loss of epithelial cells with an apparently intact 
basement membrane (Figs. 2 and 3). It is of interest that 
a tryptic digest method similar to the one described has 
been used successfully to separate epithelial cells from 
other hollow organs such as aorta and Fallopian tubes**. 

Preliminary work done on gastrointestinal cells removed 
by trypsinization includes metabolic investigations and in 
vitro cultivation. A report of the characteristics of res- 
piration of dissociated gastrointestinal epithelial cells will 
soon be forthcoming’. As yet a culture line has not been 
established, although small intestinal cells have been 
maintained in continuous culture for 3 weeks. An 
opportunity is now afforded for definitive investigation of 
metabolic processes peculiar to gastrointestinal epithelial 
cells. 
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Growth Stasis and Tryptophan Deficiency 
in the Very Young Chicken 


CONSIDERABLE work has been reported concerning the 
consequences of underfeeding poultry and animals in the 
early stages of growth'?. Quito typically, growth in 
terms of weight gain is markedly reduced, but some tissues 
of the animal, particularly the connective tissues, cartilage, 
etc., continue to develop!. Basal rations used to examine 
amino-acid requirements usually do little more than slow 
down growth or maturation rates. However, we have 
now found that for the chick, depending somewhat on the 
strain used, tryptophan-deficient diets fed to chicks 
weighing less than 80-100 g completely stopped gain in 
weight and all, or nearly all, visible signs of subsequent 
maturation. Therefore, it was of interest to observe 
whether prolonged tryptophan deficiency would affect 
subsequent maturation or physiological development. 
Reproduction (egg production) was chosen as a very 
sensitive indicator of successful maturation in the chicken. 

Chicks were fed semi-purified diets of the type shown in 
Table 1. Thess basal diets contained adequate levels of 
all essential amino-acids and of all known nutrients, when 
compared to accepted standards’, except tryptophan. 
Chicks were maintained in electrically heated brooders, 
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Table 1. TRYPTOPHAN-DEFICIENT DIETS 
Diet 1 Diet2 Diet 3 Diet 4 
(T-04)* (7-06)* (T-08)* (TC-00)*1 
Ingredient % % % % 
Casein (purified) 1-67 3-67 5:67 — 
Gelatin 16:59 15:59 15:59 — 
Acid-hydrolysed casein 6-00 3:00 — — 
Zein 5:52 5:52 5:52 — 
DL-Threonine 0-30 0-30 0:30 — 
DL-Phenylalanine 0-50 0-50 0:50 — 
DL-Valine 0-40 0-40 0:40 — 
Methionine hydroxy analogue 
(MHA)t 0-60 0-60 0-60 — 
Salts AS] 6-00 6-00 6:00 — 
Vitamin mixture S-35§] 0-50 0:50 0-50 0-50 
Vitamin A eee I.U./g) 0-10 0-10 0-10 0:10 
Vitamin D (73500 LSU ff) 0-03 0-03 0-03 0:02 
Choline chloride 0-20 0-20 0:20 — 
Procaine penicillin (50%) 0-002 0-002 0-002 — 
Nitrofurazone (M F 180) 0-05 0-05 0-05 0-05 
Corn oil 4-00 4-00 4:00 — 
Santoquinli 0:015 0-015 0-015 0-015 
Glucose monohydrate (‘Cerelose’) q.8.100 q.s. 100 q.s. 100 i 20 
rn q.s. 
Dicalelum phosphate 2:40 
Calcium carbonate 1:50 
Potassium phosphate (dibasic) 0:26 
Magnesium carbonate (U.S.P.) 0-10 
Trace minerals mixture (‘Delamix’)** 0-10 
Todized salt 0:50 
Animal fat (tallow) 0-05 


Aureomycin concentrate (25 mg/Ib.) 


* Code number under diet indicates percentage of tryptophan included 
(for example, 7-04 contains 0-04 per cent tryptophan). For maximal growth, 
be per cent di-trytophan or 0-26 per cent I-tryptophan is added to the basal 

ets. 


t A diluted version (7'C-05) of this corn diet can be formulated by replacing 
KA por mont corn with 18 per cent glucose (‘Celerose’) and 2 per cent animal fat 
ow). 
1 Registered trade-mark of the Monsanto Chemical Co. for calcium dl-2- 
hydroxy, 4-methylthiobutyrate. 
$ Machlin, L. J., and Gordon, R. S., Poultry Science, 87, 1460 (1958). 
3 Nutritional Biochemicals Co., 21010 Miles Avenue, Cleveland, Ohio. 


Registered trade-mark of the Monsanto Chemical Co. for 6-ethoxy, 
1,2-dihydro, 2,2,4-trimethylquinoline (an anti-oxidant). 
** Limestone Products Corp. of America, Newton, New Jersey. 


with wire mesh floors, in air-conditioned rooms. Food and 
water were available ad libitum. After hatching, the 
chicks were fed a commercial ‘starting’ ration for 6—9 
days, or until they weighed 90-100 g. The chicks were 
then distributed at random into groups of 10 chicks each 
and fed diet 3. Initially, quadruplicate groups received 
each treatment. By the third experimental day, signifi- 
cant differences were found between the tryptophan- 
supplemented and tryptophan-deficient groups. By the 
end of 21 days, it was noted that birds receiving the basal 
diet virtually had not grown at all. These chicks appeared 
grossly unchanged from a chick of 7-10 days of age; that 
is, no further development (feet enlargement, comb 
growth) had occurred. When fed a tryptophan-supple- 
mented diet, growth immediately resumed. However, it 
was observed that once the chicks weighed 180 g or so, 
when they were fed the basal diet again their growth was 
not stopped, but. continued at quite a slow rate (4-5 g 
per day rather than 14-17 g on the tryptophan-replete 
diet). In fact, a stair-stepping effect, achieved by stopping 
and starting growth by feeding alternately tryptophan- 
deficient and tryptophan-supplemented diets, could be 
demonsirated for chicks if they weighed less than the 
180-200 g. So long as the birds were maintained on the 
basal diet and weighed less than 125 g, they did not 
grow appreciably, nor did any signs of partial maturation 
occur as is usually observed when chicks are deliberately 
starved or the level of total protein or total calories is 
drastically reduced. 

A longer term experiment was conducted to determine 
if chicks could be held for a greater time at the 100-g 
stage and to see if this period of growth stasis would 
adversely affect the maturation process.  Pullets were 
used, because it was felt that normal egg production could 
be used as an index of satisfactory development and 
maturation. Twenty-five “Hy-line’ female chicks were 
fod the basal diet after being grown to a weight of 95 g 
(8 days) using a commercial chick-growing ration. As in 
the previous experiment, none of these chicks grew at all. 
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Table 2, EFFEOT OF TRYPTOPHAN DEFICIENCY ON ONSET OP EGG 
PRODUCTION 


Control Experimental 
No. of hens 9 10 
Days fed deficient dict 10 180 
Weight at: day 204 2,080 g lllg 
ay 397 — 2,130 g 
Average No. of days to Jay 10 eggs/hen 204 397 
Net days after repletion for 10 eggs/hen 180 193 


After 10 days, 10 pullets were fed the tryptophan- 
supplemented diet. Thoy immediately began growing ata 
rate (14 g gain/day) similar to the rate observed in the 
first experiment. After 14 days, when they weighed 280 g, 
these birds were fed commercial rations and observed 
until they had produced 10 normal eggs each. This took 
an, additional 180 days, 204 days after the experiment was 
started (the 9 surviving hens thus averaged 212 days of 
age when they had laid 10 eggs each). 

During this time the remaining 14 pullets (1 had died 
of the remaining 15) were fed the tryptophan-deficient 
diet only. On the 204th experimental day these birds 
weighed, on the average, 111 g; they had thus gained 
some 16 g during this period. When fed the tryptophan- 
supplemented diet, they immediately began growing 
at the rate previously observed for the contro! group 
of chicks, about 14 g/day. After 14 days (the 218th 
experimental day) they weighed 302 g. At this time, 
10 of the chicks were fed the commercial growing 
ration and four were returned to the basal diet. After 20 
days, the chicks fed the basal diet had gained only 60 g, 
while the pullets receiving the commercial ration had 
gained 180 g. The 4 chicks fed this basal diet were then 
discarded, and the remainder were observed until they, 
too, had laid 10 eggs each. This took 193 days (the 397th 
experimental day), on the average, after they had been 
permitted to resume growth. Table 2 summarizes this 
experiment. 

In subsequent experiments with other strains of 
chickens, diets containing lower levels of tryptophan than 
diet 3 (see Table 1) had to be used in order to obtain 
similar results, that is, baby chicks from early-feathering 
broiler strains (some of which actually have well- 
developed feathers at the time of hatching) fed diet 3 
exhibited some feather development, cartilage formation 
and connective tissue growth, although they did not gain 
in body-weight. Investigations are in progress to see if 
birds of this type are adversely affected by being held six 
months at the 100 g stage. We are finding with such early- 
maturing strains that successful stasis is attained by 
feeding the deficient diets very shortly after hatching. 


RICHARD S. QORDON 


Central Research Department, 
Monsanto Company, 
St. Louis 66, 
Missouri. 
1 Wilson, P. N., and Osbourn, D. F., Biol. Rev., 35, 324 (1960). 
? Ross, M. H., Fed. Proc., 18, 1190 (1959). 
? Nutrient Requirements of Poultry, Nat. Res. Coun. (1954). 


Symbiotic Association between Zooxanthellae 
and Two Marine Sponges of the Genus 
Cliona 


THE association between Zoochlorellae and some fresh- 
water sponges of the family Spongillidae is well known for 
its constancy and has been well studied!. In the case of 
similar associations of Zoochlorellae with the fresh-water 
hydroid Clorohydra viridissima? and of Zooxanthellae with 
the sea-anemone Anthopleura elegantissima?, the occur- 
rence of a direct transfer of material from the autotrophic 
symbiont to the tissues of the Coelenterates has been 
demonstrated. 

On the contrary, the occurrence of Zooxanthellae in 
marine sponges is 2 rare event and up to now it has not 
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been sufficiently studied. Zooxanthellae have been found 
only occasionally in the superficial parenchyma layers of 
Ircinia variabilis, Myxilla sp., Merlia normanni, Reniera 
sp. and in tubes of Clathrina sp.*. 

Our observations have been performed on two species of 
merine and boring sponges of the genus Cliona, C. virides 
and C. copiosa. C. viridis generally lives at a depth of some 
metres while C. copiosa is an allied species living in light- 
ened caves near the surface. The external colour of these 
two species is variable; in general, C. viridis shows a dark 
green colour which changes to brown in the case of 
C. copiosa. The internal part of both sponges is yellowish 
to greenish. Specimens of both species were collected in 
different Mediterranean stations (Bay of Naples and along 
the coast of Ligury and Puglie) as well as at different 
depths and at different times of the year. In all cases a 
great number of Zooxanthellae were found embedded in 
extracellular arrangement in the sponge parenchyma 
(Fig. 1) and more densely near the surface of the sponges. 
These Zooxanthellae exhibit a yellow-greenish colour with 
a blood-red fluorescence under Wood’s light. In addition, 
they possess two flagelle and measure 7-5~9y in diameter. 





Fig. 1. Zooxanthellae in the sponge tissue observed (4) in Wood's lighc 
and (B) after fixation in formol andstainingin Heidenhainhamatoxylin- 
eosin 


In the case of the associations between Zooxanthellae 
and Coelenterates, many investigators have considered 
that carbon dioxide, as well as other animal catabolites. 
may be essential for the metabolism of the autotrophic 
symbiont and that, on the other hand, the removal of 
carbon dioxide may be of some use for the associated 
animal’. The possibility of relationships between the 
occurrence of Zooxanthellae and the behaviour of Clionidae, 
boring in caloareous rocks and shells, must, therefore. be 
taken into consideration and deserves to be further investi- 
gated in greater details. 


M. Sard 
L. GLracr 


Tnstitute of Zoology and Comparative Anatomy, 
University of Bari, Italy. 

! Van Trigt, H., A Contribution to the Physiology of the Freshwater Sponges 
(Spongillidne) (E. Brill, Leiden, 1919). 

3 Lenhoff, H. M., and Zimmermann, K. F., Anat. Rec., 184, 599 (1869). 

3 Muscatine, L., and Hand, C., Proc, U.S. Nat. Acad. Sei., 44, 1259 (1958). 

* Buchner, P., Tier und Pflanze in Intracellularer Symbiose (Borntraeger: 
Berlin, 1930), 

* Laughlin, J. I. A., and Zahl, P. A., Physiology and Biochemistry of Algae 
(Academic Prees, New York and London, 1962). 
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Inhibition and Excitation in the Acoustic 
Behaviour of Pholidoptera 


ExeERIMENTS on the ‘bush cricket’, Pholidoptera 
griseoaptera (De Geer), using artificial signals! have shown 
that these have an inhibitory effect on chirping. Further 
work has shown that the chirping of one malo has a 
similar inhibitory effect on other males. In addition to 
their inhibitory effect, artificial signals increase the over- 
all chirp rate and alter the timing of chirps so that they 
tend to occur in the first second after the end of the in- 
hibitory period. These excitatory effects are shown when 
the total basic chirp rate is below 30 per min; the signals 
actually depress the chirp rate when it is high. 

Inhibition during the signal and an overall increase 
in chirp rate are shown when consecutive periods of 
5-sec signal and 5-sec silonce are used (pure tone signals 
10-15 ke/s, 65-80 db rel. to 0.0002 dyne/sq em). In 
addition to theso offects, the alteration in timing of the 
chirps can bo seen in experiments using a l-sec signal 
every 5 sec. Fig. 1 shows the pattern obtained when 
tho results of five 2-min experiments of this type are 
added together. The number of chirps occurring in the 
first sec after the end of the signal is much greater than 
could be expected if the signals were purely inhibitory. 
There is evidence from other experiments that in the 
range 40-80 db both the inhibitory and the excitatory 
effect of the signal are increased by an increase in in- 
tensity. 

The chirp rate of each male is very variable and soems 
to be influenced by a number of factors such as time of day, 
temperature, reproductive state and auditory stimuli. 
Thus two males singing together may have very different 
chirp rates. When one or both are chirping at a high 
rate (total chirps 50-80;min) the song of one can be seen 
to have an inhibitory effect on the other. Fig. 2 shows 
examples of the interaction of two males. In the upper 
oscillogram one male is moro active than the other, and 
in the lower they are equally active and chirp in phase 
for a short period during alternation. It is noticeable 
that they are not perfectly in phase and that the change 
from equal alternation to singing in phase and back is 
very sharp. 

Measurements taken from 10 min of this recording 
(temperature 18° C) show that for a male chirping without 
intervention by the other malo tho interval has a mode 
of 0-9 sec (interval — end of one chirp to boginning of 
next). If the other male sings during the interval the 
mode is increased to 1:6 sec. "The interval botwoen con- 
secutive chirps by different insects has a modo of 0-7 sec 
with a minimum of 0-5 sec. During this recording the 
two males sang in, or nearly in, phaso more than 50 timos. 
It is presumed that this happened because one had started 
to chirp before it had been inhibited by the chirp of the 
other. The maximum poriod between two ‘in phase’ 
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five 2-min experiments are added together 
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chirps was in the region of 40-50 msec. This suggests 
that at 18? C the inhibitory reaction time is in the order 
of 50 msec. Two males with the same chirp period may 
sing in phase for as many as 4 consecutive chirps before 
the chirps become sufficiently out of phase for one to 
inhibit the other, so that they return to alternation. 

The lengths of the intervals between chirps which are 
not in phase suggest that certain preparatory events must 
occur, perhaps in the central nervous system, before a 
chirp is produced. If the insect is inhibited during this 
preparatory period, the whole process has to be repeated 
when the inhibition is over. 

Singing in phase has been heard a number of times, 
but so far only one recording containing it has been made. 
Other recordings of active males show a similar relation 
between the other intervals measured, but the actual 
length of these varies from experiment to experiment. 
Although the interaction of 2 males which are chirping 
at a high rate tends to decrease the rate of both, there 
is evidence that interaction has a long-term excitatory 
effect. 

The interval between the ending of a 1-seo signal 
(10 or 12 ke/s, 70 db) and the beginning of the following 
chirp (mode 0-3-0.5 sec, minimum 0-2 sec at 17° C) is 
shorter than the corresponding interval between altern- 
ating chirps. It seems probable that an increase in the 
length of the inhibitory period increases the excitatory 
effect and thus there is a shorter preparatory period 
before the chirp. 

Inhibition appears to play an important part in the 
interaction of singing males. A period of inhibition seems 
to be followed by & period of increased excitation (or 








Fig. 2. The upper record shows the inhibitory effect of one male on the chirping of another. The lower record shows a change from equal 
alternation to ‘in phase’ and back again. Time marker, 1 per sec. 
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lowered threshold) and this may be an example of what 
Kennedy and Booth? have called “antagonistic induction". 
It is possible to interprot in this way a great deal of the 
information given by Busnel et al.5 on the behaviour of 
Ephippiger males. 
I thank Mr. W. B. Broughton for his advice. 
M. D. R. JONES 
Department of Biology, 
Brunel College, 
London, W.3, 
and 
Department of Botany and Zoology, 
Sir John Cass College, 
London, E.C.3. 
1 Jones, M. D. R., Nature, 199, 928 (1963). 
2 Kennedy, J. S., and Booth, C. O., J. Exp. Biol., 40, 351 (1963). 
3 Busnel, R. G., Dumortier, B., and Busnel, M. C., Bull. Biol., 90, 219 (1950). 


Some Effects of Decapitation on Metabolism 
in Rhodnius prolixus Stal. 


Tur failure of oocytes to develop in decapitated female 
Rhodnius has been attributed to the failure of protein 
synthesis! and Vanderberg? has shown reduction of 
incorporation of radioactive leucine by several tissues 
after decapitation. Further experiments have been 
ME on the fat body and hemolymph to investigate 
this. 

In the normal insect there are two main adult-specific 
hemolymph proteins, formed in the fat body, which are 
absorbed by the oocytes and form the bulk of the soluble 
oocyte protein. Absorption has been demonstrated by 
oocyte uptake of hemolymph proteins labelled with 
fluorescein, and the proteins examined by immuno- 
electrophoresis. Decapitation results in the failure of 
yolk deposition’, and also results in the presence of only 
small quantities of the ‘yolk’ proteins in the hemolymph, 
whereas after ovariectomy large accumulations of these 
proteins occur. No ‘yolk’ proteins aro found in the fat 
body after decapitation, even though the protein content 
of this tissue is increasing and is higher than normal. Other 
hemolymph proteins are formed; it appears, therefore, 
that the action of the corpus allatum hormone is on the 
specific synthesis of ‘yolk’ proteins by the fat body. 
This does not exclude the possibility that the hormone 
may also affect the uptake of protein by the ovary. Digos- 
tion is not & limiting factor, since high concentrations of 
amino-acids are found in the hemolymph. 

This makes the finding of Vanderberg?, that synthesis 
of DNA occurs normally in the decapitated insect, but 
that synthesis of RNA is inhibited, very relevant, and 
implies that the gonadotrophic hormone acts at the level 
of RNA synthesis. This would fit in with the theory of 
Karlson’, who thinks that the moulting hormone acts on 
the chromosome to produce puffs, and that these puffs 
are the site of synthesis of RNA. It is relevant to noto 
hero that Wigglesworth’ suggested that the juvenile 
hormone, which appears to be identical with the gonado- 
trophic hormone’, must act in the larval instars on the 
gene-controlled system of the epidermal cell. 

The demonstration of the possible action of the gonado- 
trophic hormone helps in the understanding of the 
control of metabolism in the fat body of the fifth instar. 
Wigglesworth had noted that the fat body grows more 
slowly in the decapitated larval insect than in tho normal 
one, but that this is not due to the moulting hormone’. 
Investigations of concentration of amino-acid in the 
hemolymph suggest that, on decapitation in the fifth 
instar, digestion is not limiting. . Changes were followed 
over the first nine days after decapitation, and it was 
found that, on decapitation at 0-1 h after feeding, net 
protein release into the hemolymph (mostly from the fat 
body) is normal. However, the relative amounts of the 
two main hemolymph proteins, as separated by colluloso 
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acetate electrophoresis nine days after feeding, depend on 
the time of decapitation. Accumulation of protein in the 
fat body occurs, but more slowly than normal. Glycogen 
is also stored in the fat body, in small quantities after 
decapitation 0-1 h after feeding, but in larger quantities 
24 h after decapitation. On the other hand, the fat 
content of the fat body remains low after decapitation at 
either 0 or 1 day after feeding. It is suggested that the 
most economical hypothesis to explain these results is 
that the brain hormone is acting on the chromosomes of 
the fat body, and that different genes aro responding to 
different concentrations of the hormone. 

This work was supported by the Agricultural Research 


Council. 
G. C. Cones 
Department of Zoology, 
"University of Cambridge. 
1 Wigglesworth, V. B., The Physiology of Insect Metamorphosis (Camb. Univ. 
ress, 1954). 


3 Vanderberg, J. P., Biol. Bull. Wood's Hole, 125, 576 (1963). 

? Wigglesworth, V. B., Quart. J. Micro. Sci., 78, 91 (1930). 

4 Karlson, P., Gen. Comp. Endocrinol., Supp., 1, 1 (1902). 

5 Wigglesworth, V. B., Symp. Soc. Exp. Biol., 11, 204 (1957). 
o Wigglesworth, V. B., J. Inst. Physiol., 9, 105 (1968). 

1 Wigglesworth, V. B., J. Exp. Biol. 40, 231 (1903). 


Effects of Low-temperature Storage on the Eggs 
of Spodoptera littoralis (Boisd.) 


Iw September 1963 a number of growers reported 
severe damage to the flowers and foliage of all-year-round 
chrysanthemums by a new caterpillar which, when 
more than half-grown, was apparently resistant to DDT. 
The larve were later determined as Spodoptera littoralis 
(Boisd.) (Prodenia litura F.) (Lepidoptera: Noctuidae), 
an important pest of cotton and many other crops 
in African and Mediterranean countries. Experiments 
showed that dichlorvos at 24 c.c. of 50 per cent emulsi- 
fiable concentrate per gallon per 600 sq. ft. of bed 
could kill larvæ up to the third instar. The older Jarve 
were susceptible to 0-04 per cent dieldrin as a stomach 
poison. The pest was afterwards eliminated from the 
nurseries on which it had appeared by the combined 
use of these two materials. 

When the history of the individual outbreaks was 
examined they could all be traced back to cuttings which 
bad been taken in the Canary Islands. S. littoralis is 
a serious pest of tomatoes in the Canaries after being 
introduced there many years ago following an abortive 
attempt to cultivate cotton. The production of cuttings 
in the Mediterranean area to take advantage of high 
winter light intensity is becoming an important feature 
of chrysanthemum production in north-west Europe. 
Somo quarantine method to ensure that S. littoralis 
is not spread by the trade in cuttings is therefore highly 
desirable. As cuttings are frequently cold-stored for 
several days to facilitate handling procedures it seemed 
that the survival of S. littoralis under these conditions 
should be investigated. 

In the laboratory egg-masses obtained from cultures 
of S. littoralis reared on chrysanthemum wero divided 
into two so that every replicate had its own control. 
The eggs were placed on plastic gauze suspended over 
web filter-paper within plastic pill-boxes with tightly 
fitting lids. The controls were kept at 75° F but the 
boxes to be treated wero placed in a laboratory refriger- 
ator maintained accurately at 35? F. After the requisite 
poriods of treatment the boxes were returned to 75° F 
for at least one week to test viability. 

Other tests were made in commercial cold-stores with 
eggs, which were obtained directly from the Canary 
Islands. Within a few hours of landing each egg-mass 
was divided at the Glasshouse Crops Research Institute 
and placed in pill-boxes as before. The controls were 


. incubated at 75° F while the boxes due for treatment 
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entered the cold-stores about 1 h. later. Each pill- 
box was placed among chrysanthemum foliage within 
the polythene sheets used to surround each batch of 
cuttings in the standard cardboard storage packs. As 
before, viability was tested by returning eggs to 75° F 
for one week. 

Temperature records were taken over a period of one 
week in the stores with six recording thermographs 
(loaned by Meteorological Office), and throughout the 
period the temperature remained between 307-35? F. 

From Table 1 it is apparent that exposure at 35? F for 
longer than 5 days reduces the viability of the eggs and 
that after 10 days none remains viable. The 2-6 week 
exposures to cold were made to ensure that no induction 
of diapause had been caused by preliminary exposure 
to 35° F. The prolonged period at low temperature would 
normally end such diapause and the eggs therefore resume 
development at 75° F. No such effect took placo and it 
seems quite clear that the eggs are definitely killed by 
prolonged exposure to low temperatures. 


Table 1. VIABILITY oF EGGS oF Spodoptera littoralis FOLLOWING STORAGE 
AT 35° F IN THE LABORATORY 


Agewhen Duration 


introduced of No. eggs % hatch 
to cold storage Treated Control Treated Control 
(days) (days) 
1 5 94 32 100 100 
2 5 83 24 100 100 
2 7 70 81 8-6 100 
2 7 251 63 0-4 100 
1 10 117 17 0 100 
2 10 112 19 6 100 
0-3 10 448 032 0 91 
? (Field 10 194 160 0 100 
collection 
Canary Is.) 
2 14 187 21 0 100 
2 21 69 84 0 100 
2 42 142 27 0 100 


The viability of eggs which experienced low temper- 
atures in the commercial stores (Table 2) confirmed that 
unless chilled for 10 days some hatching might occur. 
The highest hatch recorded for 7 days’ exposure was 
18-4 per cent, so that the complete mortality found after 
10 days might, in fact, also have been found at 9 days 
had this been tested. 


Table 2. VIABILITY OF EGGS OF S. littoralis FOLLOWING LOW-TEMPERATURE 
STORAGE IN COMMERCIAL CUTTING STORES 


No. Duration Mean 


egg o temp. No. eggs « % hatch 
masses storage (°F) Treated Control Treated Control 
tested (days) 
15 10 30-35 1,766 1,012 0 100 
11 7 30-35 889 629 13:5 100 
3 7 31-34-56 187 102 0 100 
1 5 31-34:5 58 42 3-5 100 
1 5 31-34-5 118 94 12-0 100 
1 6 31-345 128 35 3-9 100 
1 7 81-34-5 127 07 0-8 100 
28 7 31-34: 2,320 1,831 18:4 100 


The results obtained by exposing eggs at high humidity 
both in refrigerators and within boxes of chrysanthemum 
cuttings in cold-stores approximates to the conditions 
eggs would experience if actually laid on the leaves of 
cuttings which were subsequently cold-stored. No 
viability was detected in eggs kept at 35° + 1° F or 30°-35° 
F for more than 10 days, but as 18 per cent hatched after 
7 days’ exposure it is unlikely that exposures below 10 
days could be relied on to prevent hatching completely. 
As a practical quarantine practice, therefore, holding 
plants, subject to oviposition by S. littoralis for 10 days 
at temperatures of 35° F or below, should safely eliminate 
infestation. So long as the cold-rooms used for storage 
had suitable continuous temperature recording equip- 
ment, shipments treated in this manner could be safely 


eo N. W. Hussey 
Glasshouse Crops Research Institute, 
Littlehampton, Sussex. 
K. G. Gosrick 
Plant Pathology Laboratory, 
Harpenden. 
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CYTOLOGY 
Autopolyploidy in Asplenium 


Asplenium rutamuraria L. and A. septentrionale (L.) 
Hoffm. are two very distinct and well-defined species of 
ferns, generally distributed throughout Europe, and also 
possessing wide but interrupted ranges around the 
northern hemisphere. Previous to this communication, 
all the chromosome counts in these two species known to 
me, whether from Europe? or elsewhere?^, have indi- 
cated that both are exclusively tetraploid, with n = 72 
chromosomes. 

A report was recently published? concerning the sur- 
prising chromosome pairing found at meiosis in an 
example of a wild hybrid between these two species. This 
plant, originally collected in Borrowdale, Cumberland, 
showed as many as 64 bivalents out of a possible maximum 
of 72. More recently, fixations from another example of 
this hybrid growing wild in Canton Ticino, Switzerland, 
have beon available for investigation, provided by Prof. T. 
Reichstein of Basle. A high proportion of cells from this 
plant show complete or virtually complete pairing (Fig. 1). 
It seems very likely, in view of the fact that A. rutamuraria 
and A. septentrionale are two very different species, that 
all the bivalents observed in these hybrids are produced by 
autosyndetic pairing. Evidence in support of such a 
conclusion can be adduced from investigation of chromo- 
some pairing in hybrids formed between A. septentrionale 
and other species of Asplenium’. This conclusion clearly 
involves the implication that diploid forms of both A. 
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Fig. l. Diakinesis from wild fixation of Asplenium rutamuraria x 
septentrionale at Bigorio, Ticino, Switzerland, showing n=72 bivalents 
x » ) 





Fig.2. Root-tip mitosisin A. septentrionale from the Western Caucasus, 
Showing 2n = 72 chromosomes ( x 1,000) 
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Fig. 3. Meiotic metaphase in A. rutamuraria from the Buco di Vela, 
North Italy, showing n =36 bivalents ( x 1,000) 


Fig. 4. Silhouettes (natural size) of fronds of the tetraploid hybrid 

Asplenium rutamurari x septentrionale (B), and its parent species, 

A. rutamuraria (A), and A. septentrionale (C), all presse from the wild. 
Bigorio, Ticino, Switzerland (September 12, 1963) 


rutamuraria and A. septentrionale must have existed in 
the past, and might indeed still be alive to-day. Search 
has consequently been made for such plants, with the 
result that extant diploid forms of both A. rutamuraria 
and A. septentrionale have now been found. 

The diploid form of A. septentrionale is as yet known to 
me only as & culture raised in Leeds from dried fronds 
obtained by exchange with the Moscow Botanic Garden. 
This material originated directly as part of a wild collec- 
tion made in the Western Caucasus. Chromosome counts 
have been obtained both from meiosis and mitosis (Fig. 2). 

The probable existence of an extant diploid form of 
A. rutamuraria became evident after & putative hybrid 
between A. lepidum C. Presl (another species known to be 
tetraploid*?), and A. rutamuraria detected by Prof. 
Reichstein in the possession of Herr Th. Egli of Canton 
Zurich, Switzerland, had proved to be triploid, and not 
tetraploid, as is usual for this hybrid’. This plant had 
originally been collected by Herr Egli from the Buco di 
Vela near Trento in North Italy. Material of A. ruta- 
muraria from this locality was already in cultivation in 
Basle and proved on cytological examination to be diploid 
(Fig. 3). Since then, diploid plants of A. rutamuraria 
have been collected by Prof. Reichstein and myself from 
several localities in the Italian Dolomites. 
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In both A. rutamuraria and A. septentrionale, the 
diploid cytotype is morphologically very similar to the 
tetraploid, but can be distinguished, particularly by uso 
of micro-characters. A cursory examination of the 
herbarium material available to me has not yet produced 
any extension of the very limited known ranges of either 
diploid, and it seems that both are in fact rare plants, 
now occupying distributions of a relict character. It 
follows that the two tetraploids, with their wide but 
disjunct distributions around the northern hemisphere, are 
probably of relatively ancient origin. 

There appears to be little doubt that both tetraploid 
A. rutamuraria and tetraploid A. septentrionale ure of 
offectively autopolyploid origin. The case of A. scpten- 
trionale is especially interesting, since this is a particularly 
distinct and extremely isolated morphological type. scarcely 
at all variable, and with no known close relatives. ‘The 
facts clearly suggest that, at least in A. septentrionale. ihe 
tetraploid form may indeed have arisen by simple direct 
autopolyploidy according to the more restricted applica- 
tion of the term (that is, by doubling of the chromosome 
complement without the intervention of any act of hybrid- 
ization), a process now believed? to be only very rarely a 
successful mode of speciation in Nature. 

Taxonomic and cytogenetic investigation of the newly 
discovered diploids is now in progress. 

I thank Prof. T. Reichstein for his help. Prof. J. Manton 
for her advice, and Herr Th. Egli for his co-operation. 
T also thank the Moscow Main Botanical Garden for the 
material of A. septentrionale from the Caucasus. 


J. D. Lovis 


Department of Botany, 

University of Leeds. 

1 Manton, I., Problems of Cytology and Evolution in the Pteridophyta (Camb. 
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Measurements of Deoxyribonucleic Acid on 
Mammalian Germ Cells using the Integrating 
Microdensitometer 


MicropENSITOMETRIO determinations of tho deoxy- 
ribonucleic acid (DNA) content of normal diploid cells 
and of tumour cells have already been reported'-*. 
In these measurements, cells known to be haploid, for 
example, spermatozoa, have been used as a baselino for 
ploidy measurements of other cells. 

This communication deals with preliminary investi- 
gations of DNA measurements on Feulgen-stained rabbit 
germ cells using the Barr and Stroud GN2 integrating 
microdensitometer. Incorporated into this instrument 
is an automatic scanning device with a small moving 
aperture 0-5u in diameter. As tho field area is scanned, 
instantancous values of absorption are automatically 
integrated and the total field absorption is recordod as 
an integrated voltage on æ relative absorption meter. 
By taking absorption measurements on fields with and 
without the specimen, and then taking the simple numer- 
ical differenco between the two readings, an ubsoluto 
absorption of the specimen, in arbitrary units, is obtained. 

Follicular ova and ejaculated spermatozoa which havo 
a theoretically constant DNA. content were selected for 
the examination. Follicular eggs remain in the first 
meiotic prophase until just prior to ovulation, and thus 
theoretically contain a tetraploid (4n) amount of DNA. 
Ejaculated spermatozoa, having completed both meiotic 
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Fig.2. Feulgen-stained nucleus of a spermatozoon 


divisions, contain a haploid (ln) amount of DNA. The 
selection of these two particular cell types has the further 
advantage of comparing the measurements of regular- 
and irregular-shaped nuclei (Figs. 1 and 2). 

Follicular eggs and ejaculated sperm were collected 
from New Zealand White rabbits according to methods 
previously described (Burks and Davis, in the press). 
The cells to be measured were squashed in 45 per cent 
acetic acid, fixed in acetic-alcohol, and stained by the 
Feulgen reaction. Multiple DNA measurements were 
taken on individual nuclei of six follicular eggs and six 
sperm at a wave-length of 5460 A. 

Comparing measurements made on follicular eggs and 
ejaculated sperm one would expect to find a DNA ratio 
of 4:1. The actual measurements approach this theor- 
etical ratio. The follicular ova measure 14:7 + 1-3856 
arbitrary units of DNA; the sperm, 3:8 + 0-3286 arbitrary 
units of DNA, giving a measured ratio of 3-9: 1 (Table 1). 


Table 1 
DNA 
Germ cell type Ploidy (arbitrary S.D. Theo- Observed 
units) retical 
Sperm 1N 3-8 + 0-3286 1 1-0 
Follicular egg 4N 14-7 + 1:3856 4 3-9 


In order to obtain maximum accuracy of measurement, 
the readings of clear field absorption (background) should 
always be the same. The nature of the present material 
makes it impossible to take consistent background 
readings. As the sperm have the more regular-shaped 
nuclei, it was decided to standardize the background 
absorptions’ and resulting DNA content of the ova with 
reference to the background readings obtained from the 
sperm. The proportionate size of the sperm nucleus in 
relation to the measured field area is more nearly constant 
than is that of the ovum. Our correction factor consists 
of the ratio of egg background absorption divided by 
sperm background absorption multiplied by the original 
calculated DNA. content of the follicular egg. The density 
of the clear areas in the field was standardized when 
measuring the specimen, thereby leaving only one 
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variable to be read by the microdensitometer, that is, 
the absorption of the specimen. In doing so, it was found 
that the estimated DNA content of the eggs and sperm 
fall into the theoretical ploidy ratio of 4:1. 
Any system is of value only in so far as it is reproducible. 
To test this property of the system, it is irrelevant whether 
one takes one measurement on each of many cells con- 
taining the same DNA content or whether one takes 
multiple measurements on & single cell. The accuracy 
and reproducibility of the system will be apparent in 
either case. In these preliminary investigations, multiple 
measurements were taken on six of each type of germ 
cell. The results indicate that the measurements are 
reproducible. The correction factor allows one to use 
this system of measurement to obtain accurate readings 
of DNA content within a small range of standard devi- 
ation. Thus, it seems that the integrating microdensito- 
meter which provides a reproducible method of comparison 
of DNA content in irregularly distributed nuclear material 
and in regular ovoid nuclei may be satisfactorily used 
for the assessment of the ploidy of germ cells for examin- 
ation of germ cell maturation and in vitro fertilization. 
Work is in progress measuring the ploidy of polar bodies 
and pronuclei in order to follow the maturation of the 
female germ cell and to ascertain whether or not eggs 
have been fertilized in vitro. 
We thank Dr. M. Edward Davis for his advice and the 
staff of this Hospital for their assistance. 
James L. BURKS 
Amer H. BAKKEN 
Department of Obstetrics and Gynecology, 
Chicago Lying-In Hospital 
(University of Chicago), 
Chicago. 
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SOIL SCIENCE 


Soluble Phosphate in Soil and Uptake by Plants 


Tut phosphate potential, defined by Schofield! as 
pCa + pH,PO,, has proved useful in describing the 
solubility of soil phosphate. However, Schofield went 
further and made out a case for the phosphate potential 
as one parameter of phosphate availability to plants, the 
other being the pool of labile phosphate measured by 
isotopic exchange. There is little doubt that plants may 
get insufficient phosphate because the concentration in 
the soil solution is too low, but it has not been shown 
whether this is due to concentration per se, or to a too- 
low potential (using Schofield’s terminology). The 
following experiment, which was carried out as part of a 
broader investigation, suggests an answer. 

Italian ryegrass (‘Aberystwyth S22’) was sown in 
pure sand at the rate of 0-25 g per 4:5 in. diam. pot. 
After a germination period of 8 days, nutrient solution 
was dripped on to the surface of the sand at a rate of 
500 ml. per 24 h, the excess liquid running to waste 
through holes in the bottom of the pot. Phosphate 
as NaHj;PO, was made to concentrations of 0-1, 0-5 or 
2-5 p.p.m. phosphorus, which covers the range normally 
found in soil solutions. With each phosphate concentra- 
tion, calcium + magnesium concentrations of 1:65 x 
10-2 M or 3-12 x 10-? M were used, which again approxim- 
ate to that found in soil solutions. The molar ratio of 
Ca:Mg was 3:1. All solutions contained 2 m.equiv. K+ 
per l., 12 m.equiv. NO,’ per 1., and micronutrient elements 
as recommended by Hewitt®. Additions of Na,SO, were 
made so as to give a total salt concentration of 2 x 10-3 M. 
The pH values were 5:40-5:89. Treatments with high 
calcium concentrations were replicated six times, those at 
low concentrations three times. ; 
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Table 1 

P concen- Ca concen- Pin 

tration tration P D.M. tops tops 

(p.p.m.) (107 M) potential (g (mg) 
010 3-1 6-97 0-347 + 0-027 0:32-- 0:017 
10:5 6:64 0:349 + 0-013 ` 0:32 + 0-024 
0-50 3-1 6:27 0-757 + 0-043 1-68 + 0-009 
10:6 5:04 0-707 + 0-010 1:45 + 0-045 
2-50 $1 5:57 1:229 + 0-003 5:44 + 0-066 
10:5 5:24 13152 + 0-021 5:52 + 0-100 


After 21 days of treatment the grass was cut, dried at 
80° C and weighed. It was dry-ashed and analysed for 
phosphate by the vanadomolybdate method. The roots 
were not weighed or analysed. 

The results in Table 1 show that where phosphate is the 
limiting growth factor a five-fold change in the con- 
centration of calcium has no significant effect (P = 0-05) 
on the yield of dry matter. At the low and high phosphate 
levels the phosphate content of the leaves is not affected 
by the calcium concentration, but at 0-50 p.p.m. phos- 
phorus it is significantly reduced (P = 0-05) by the high 
concentration of calcium. This latter result, which is 
conceivably due to precipitation of calcium phosphate, 
is in the opposite direction to that which would be pre- 
dicted by the phosphate potential. It is, therefore, con- 
cluded that, with solutions of about the same composition 
as those in soil, it is the phosphate concentration and not 
the potential which determines phosphate uptake by 
plants, though it is not certain whether the concentration 
should be expressed as the total organic phosphate or as 
H,PO,’ ions. 

In analysing soils for soluble phosphate, ideally the soil 
solution should be used, but because the solution is difficult 
to obtain in sufficient amount for analysis the soil is 
sometimes shaken with a dilute solution of a calcium salt, 
for example, 0-01 M CaCl, (refs. 4 and 5). As an alterna- 
tive this should be satisfactory so long as the soil solution 
itself is about 0-01 M in calcium; but there seems no case 
for expressing the results as potentials when considering 
uptake by plants. 

A. Wirp 
Department of Physiological Chemistry, 
University of Reading. 
1 Schofield, R. K., Soils and Fert., 18, 373 (1955). 
2 Russell, E. W., Soil Conditions and Plant Growth, ninth ed. (Longman, 1961). 


? Hewitt, E. J., Tech. Comm. No. 22. Commonwealth Bur. Hort. Plantation 
Crops (1952). 


‘ Aslyng, H. C., Roy. Vet. and Agric. Coll. Yearbook, Copenhagen, 1 (1954). 
^ White, R. E., and Beckett, P. H. T., Plant and Soil, 20, 1 (1904). 


Effect of Chemical Weathering on Parent 
Material 


THE summary by Keller! indicates that little progress 
has been made recently in the qualitative assessment of 
chemical weathering, since the equations of soil property 
by Jenny? and weathering rate by Jackson et al. have 
not been developed. Recently, Loughnan‘ discussed 
several important aspects of weathering; but his paper 
is neither complete in itself nor intimately related to the 
main equations. The purpose of this communication 
is to elaborate on the last variable, ‘parent material’, in 
the equation of Jenny? with the aid of the recent data of 
Bayliss and Loughnan**5, Craig’, Loughnan and Bayliss®, 
and Loughnan ef al.®1, 

The variable of ‘parent material’ is subdivided into 
three factors: first, porosity and permeability—the 
quantity of fluid able to enter and flow through a rock; 
secondly, surface area—the extent of the area, which the 
fluid may attack; and thirdly, mineral structure—the 
susceptibility of the minerals in a rock to chemical 
weathering. The factor, ‘mineral structure’, is equivalent 
to the ‘leaching index number’ of Jackson e£ al.* and the 
‘persistence series’ of Pettijohn™. These series are 
consistent with the results obtained from an approxi- 
mately neutral oxidizing environment, although important 
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exceptions are noted if the prevailing habitat is either 
acid (pH 4) or alkaline (pH 10), especially if the con- 
ditions are reducing rather than oxidizing. 

To account for these exceptions in the equation the 
factor ‘mineral structure’ is further subdivided into the 
components of bonding energy, solubility, electrostatic 
stability and steric hindrance. The bonding energy for 
each of the main silicate groups, which is essentially 
controlled by the percentage of the strong silicon to 
oxygen bonds, has been calculated by Keller. This 
series is shown by Keller? to be similar to the stability 
series of Goldich, the order of crystallization by Rosenbush. 
the reaction series of Bowen and the classification of 
silicates by Strunz. The second component, solubility, 
which is markedly affected by both the pH and Hh, 
is taken from a solubility product. If, however, this 
information is unavailable, then the ionic potential of 
Goldsehmidt!? gives an approximate value. This factor 
is important because ib controls tho differontial move- 
ment of the various ions after release from the structure. 
Electrostatic stability of a crystal, the third component. 
depends on the local distribution of charge, which is a 
resultant of the intensity and position of the individual 
atoms. Any charge concentration will provide a nucleus 
for chemical attack. The fourth component, steric 
hindrance, is created by the structural configuration. 
A framework structure traps a highly mobile ion compared 
with that of an open structure. 

An example of chemical weathering, that is, illite 
compared with vermiculite (another 2:1 layer lattice 
silicate), is taken to illustrate the four components of the 
factor ‘mineral structure’. First, from Keller’, the 
bonding between oxygen and aluminium in illite is stronger 
than that between oxygen and magnesium or ferrous 
iron in vermiculite. Secondly, from Loughnan‘ the alum- 
inium in illite is less soluble than the magnesium or ferrous 
iron in vermiculite. Thirdly, the interlatered cation is 
shown by Bassett! to occupy a more stable electrostatic 
environment in illite compared with vermiculite. The 
fourth and final feature is the more difficult penetration 
of percolating fluids through the gap between the 2:1 
layers of 1 A in illite compared with 5 A in vermiculite. 

P. BAvLISS 
School of Applied Geology, 
University of New South Wales, 
Sydney. 
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Missouri, 1957). 
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PSYCHOLOGY 


Taste Sensitivity and Food Deprivation, Biood 
Sugar Level and Composition of Meal 


Iw & recent communication, Berg et al.! cite Dell? 
that ‘‘a hungry animal is considered to be in a state of high 
nervous irritability leading to a heightened level of sensory 
and motor excitation. As glycogen stores are depleted, 
blood glucose levels decrease, circulating epinephrine rises 
and stimulates the reticular formation of the brain, which 
in turn produces cortical arousal and facilitation of motor 
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fable 1. MEAN VALUES OF BLOOD SUGAR LEVELS AND THRESHOLDS FOR ‘SWEET’ AND ‘SALT’ 


- 828 





























Subject H Subject B 
Threshold in Blood sugar Threshold in Biood sugar 
scale steps (mg/100 ml.) scale steps (mg/100 ml.) 
Taste No. of (i rn c 
quality Condition days 10 a.m. 12 p.m. 10 a.m. 12 p.m. 10 a.m. 12 p.m. 
Fasting 3 12:3 12:0 82 85 10:8 10-4 
G 6—80 g at 9.30 a.m. ; 
3 mo S isi g 3 13-9 12:9 123 74 12-5 11:0 
$ I n—12 units regular at 9 a.m.; 
& uM cor 3 124 118 72 62 11:3 111 
C.P.F.-breakfast* at 8.45 a.m. 3 146 120 98 86 19-6 114 
P.¥.-breakfast f at 8.46 a.m. 3 13:3 13-1 76 78 129-8 123 
J 
Fasting 3 21:9 21:0 82 86 174 16:3 
Glucose—60 g at 9.30 a.m; 
lin S fast ng T 3 22-4 21:0 121 83 17-6 15-9 
Insulin—12 units regular at 9 a.m. ; 
Y. S fasting "b 3 22.8 206 06 B4 108 151 
m Q.P.F.-breakfast* at 8.45 a.m. 2 241 20:9 101 85 20°8 18:8 
C.P.F.-breakfast* at 8.45 a.m. + 
glucose — 60 g at 11.30 a.m. 2 24-0 215 100 138 211 18: $ 





























* Caloric value 508 (gubject H); 760 (subject R). Composition: approximately 54 per cent carbohydrate; 9 per cent protein and 37 per cent fat. 
+ Caloric value as above. Composition: approximately 40 per cent protein and 60 per cent fat. 


and sensory activity, lowering the threshold for all 
external sensory stimuli”. This implies that with increas- 
ing hours of food deprivation sensory acuity in all 
modalities increases and, further, that blood glucose level 
is an important factor in this relationship. However, with 
respect to taste sensitivity it appears probable that 
neither of these implications is correct. 

Certainly, a number of investigations have shown that, 
in human beings, taste sensitivity increases from soon 
after breakfast to just prior to the mid-day meal and 
tends to increase further if no lunch is taken?-5, or to 
decrease after lunch depending on the caloric value of the 
meal’, followed by a tendency to inerease again in the 
late afternoon®-*. ' These results may be interpreted as 
suggesting a direct relationship between time since 
ingestion of food and taste sensitivity, and an inverse 
relationship between blood sugar level and taste sensi- 
tivity. 

However, while the results of Goetzl ef alt show a 
further tendency to increased sensitivity in the late after- 
noon on ‘no lunch’ days, the results of Hammer’ and 
Yensen! show the reverse tendency under this condition. 
Meyer’ investigated taste sensitivity at 3-hourly intervals 
over a period of 34 h of fasting and reported no systematic 
changes.  Yensen* noted certain defects in Meyers 
investigation and found that when subjects fasted from the 
previous evening meal until after the late afternoon test 
“Zession on the following day, taste sensitivity at 9 a.m. 
was significantly higher (P « 0-01) than the 9 a.m. levels 
on days when breakfast was eaten. On fasting days 
sensitivity varied significantly (P « 0-01) with time of day 
for all taste qualities except ‘bitter’ with one subject. In 
all cases the 11.30 a.m. thresholds were the lowest, with 
the 2.15 and 4.45 p.m. thresholds tending to increase. 
Even though reports of increasing hunger were made 
towards the end of the 21-h fasting period, taste sensitivity 
tended to decrease after the first 16 h of fasting. Thus it 
appears that up to a certain time taste sensitivity may 
inerease with increasing hours of food deprivation, but 
that hereafter it decreases, at least up to 21 h of fasting. 

During the course of a wider investigation of the 
influence of certain factors on taste sensitivity, it was 
necessary to look briefly at the relationship, if any, between 
blood sugar levels and taste sensitivity*. Absolute 
thresholds for ‘sweet’ (sucrose) and ‘salt’ (sodium chloride) 
were assessed with two subjects under conditions of widely 
varying blood sugar levels (Table 1). Test sessions, 
involving four threshold determinations per session, were 
conducted at 10 a.m. and 12 p.m, over 2 or 3 days for each 
condition. Details of overall control of subjects and of the 
test procedures used have been reported elsewhere®:?. 
Capillary blood samples were taken immediately before 


each session. Blood sugar determinations (Hagedorn ar 
Jensen's method") were made daily by arrangement wii 
Mr. S. E. Davison at the John Bonnett Clinical Labor 
tories, Addenbrooke’s Hospital, Cambridge. The me: 
thresholds and the mean blood sugar levels for each 
under each condition &re presented in Table 1. 

Inspection of Table 1 reveals no evidence of a systemat 
relationship between blood sugar levels and tas 
thresholds. For example, in each of the six sessio! 
direetly following glucose ingestion, blood sugar levels | 
121 mg/100 ml. and over are accompanied by threshok 
which are lower (significantly so in five cases; P«00 
than those under the 10 a.m. C.P.F.-breakfasb conditio: 
which yielded blood sugar levels between 90 and LI 
mg/100 mi. On the other hand, all thresholds followix 
the C.P.F.-breakfasb decrease significantly (P « 0-01) fro 
10 a.m. to 12 p.m. with the variation in blood sugar leve 
following the same trend. 2 

Finally, it is interesting to compare the effects of tl 
carbohydrate-protein-fat and the protein-fat breakfast 
Although both are of equal caloric value, blood sugar leve 
increase following the former and decrease after the latte 
as compared with fasting levels. Under the C.P.I 
breakfast conditions the 10 a.m. thresholds are signi 
cantly higher (P « 0-01) than the 12 p.m. thresholds, b 
this is not so under tho P.F.-breakfast conditions. Furth: 
at 10 a.m. the C.P.F.-breakfast thresholds are significant 
higher than the P.F.-breakfast thresholds, while 
12 p.m. they are significantly lower (P«0-01). 

Since these two are of the same caloric value, the foi 
going results suggest that the composition of the me: 
(that is, carbohydrate-protein-fat versus protein—f 
influences sensitivity to sweet. The P.F.-meal does n 
raiso the sweet threshold as high as the C.P.F.-meal, b 
its elevating influence is still present 3 h after the ingesti 
of the meal, by which time the influence of the C.P.] 
moal has largely disappeared. 


Roy YENSEN 


School of Applied Psychology, 
University of New South Wales. 
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FORTHCOMING EVENTS 


Monday, July 20 


ZOOLOGICAL SOCIETY OF LONDON AND THE ANTI-LOCUST RESEARCH 
CENTRE (at the Zoological Society of London, Regent's Park, London, 
N.W.1) at 10.30 a.m.—Symposium on “The Endocrine Control of Meta- 
bolism and Maturation in Insects". 


Tuesday, July 21 


PARLIAMENTARY AND SOIENTIFIO COMMITTEE, GENERAL COMMITTEE (in 
Committee Room 12, House of Commons, Westminster, London, S.W.1), 
at 5.30 Pu eror B. R. Williams and Mr. Robert Nield: ‘Relationship of 
Technological Research and Development to Economic Growth”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: 

LECTUBER or ASSISTANT LECTURER IN APPLIED MATHEMATICS in the 
Faculty of Sclence—The Registrar, The University, Manchester, 13 (July 23). 

ASSISTANT LECTURER (with an honours degree in agricultural chemistry, 
biochemistry or chemistry, and preferably experience in animal nutrition) 
IN AGRICULTURAL BIOOHEMISTRY—The Secretary, School of Agriculture, 
West Mains Road, Edinburgh (July 24). 

LECTURERS (2) (suitably qualified and able to teach for the B.Pharm. 
(honours) degree and at postgraduate level) IN PHARMACEUTICAL CHEMISTRY 
—The Secretary, Chelsea College of Science and Technology, Manresa Road, 
London, 8.W.8 (July 24). 

Post-DOCTORAL RESEARCH ASSISTANT IN THE DEPARTMENT OF PURE 
AND APPLIED CHEMISTRY, to join in Polymer research with Prof. M. Gordon 
rcd b The University of Strathclyde, George Street, Glasgow, 

» y 24). 

BIOOHEMIST (with an honours degree in chemistry or biochemistry) at the 
Area Laboratory, West Park Hospital—The Group Secretary, West Park 
Hospital, Epsom, Surrey (July 25). 

LECTURER (with a good honours degree and teaching or research experience 
and preferably an interest in computers) IN MATHEMATICS; and an ASSISTANT 
LECTURER, Grade B (graduate, preferably with an interest in microbiology 
or food technology) IN BIOLOGY at Grimsby College of Further Education— 
The Director of Education, Education Office, Grimsby (July 25). 

LECTURER (with teaching and research experience in some branch of 
human or regional geography, preferably with interests in a tropical area) 
IN THE DEPARTMENT OF GEOGRAPHY—The Registrar, The University, 
Newcastle upon Tyne, 2 (July 25). 

READER (preferably with a particular interest in electromagnetic phen- 
omena and experience in the application of advanced mathematics to the 
problems of the electrical engineering industry) IN MATHEMATICAL ENGINEER- 
InG—The Staff Officer, College of Advanced Technology, Gosta Green, 
Birmingham 4, quoting Ref. 375/6 (July 25). 

RESEARCH ASSISTANT IN ABRONAUTICS (the fleld of research will be in 
aeronautics or aircraft structures)—The Secretary of University Court, 
The University, Glasgow (July 25). 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF BOTANY— 
The een The cu Liverpool, quoting Ref. CV/288/N (July 26). 

E RESEARCH FELLOW IN BOTANY— The Registrar, The Universi 
Sheffield (July 27). ca versity, 

RESEARCH ASSISTANT (graduate in agriculture or agricultural science with 
a knowledge of nutrition, growth and development of farm livestock) in 
the Meat Animal Investigation Unit, Leeds University Farm, for work in 
connexion with an investigation of body composition by gamma radiation 
and ultrasonic methods—The Registrar, The University, Leeds, 2 (July 27). 

LECTURER IN HYDROGEOLOGY, and a LECTURER IN GEOLOGY—The 
Secretary, University College, Gower Street, London, W.C.1 (July 30). 

PART-TIME DEMONSTRATORS (2) IN GEOLOGY (one post for geolo 
praduntes snecializin g m ET and  Stravigraphy, and one post for 

ose specializing in petrology: e Secre s versit; 1l 
Street, London, W.C.1 (July 30). xd y-College; Gower 

EXPERIMENTAL OFFICER or SENIOR EXPERIMENTAL OFFIOER (with a 
university degree or Higher National Certificate, and preferably a special 
knowledge of digital electronics and data handling systems) IN THE DEPART- 
MENT OF PHYSICS of the Faculty of Science, to take part in the experimental 
programme in nuclear physics associated with the heavy ion linear accelerator 
and othar accelerators—The Registrar, The University, Manchester, 13 

uly 31). 

LECTURER (Grade II) IN PHYSIOLOGY (for dental students)—Th 
and Secretary, The Ualversity, Bristol (uly 31). )— Ihe Rögistrar 

ESEARCH ASSISTANT (with a degree in pharmacology, physiolo 
related subject) to join a team concerned with the identifvation of earlier 
polypeptide which inhibits gastric secretion—Prof. H. O. Schild, Department 
of Pharmacology, University College, Gower Street, London, W.C.1 (July 31). 
_ ASSISTANT LECTURER (with an honours degree in physics and an interest 
in biology and electron microscopy) IN BIOPHYSICS IN THE DEPARTMENT 
oF E The Repletrir, Thel University, Manchester, 13 (August 1). 
EMATICS—The Master, 
College, Cambridge (August D. P Cottus Christi 
SSISTANT LEOTURER IN BIOCHEMICAL PHARMACOLOGY— 
The University, Manchester, 13 (August 5). The: Rogister, 
LE "d PHARMACOLOGY— The Registrar, The University, Manchester, 
ugust 5). a 

ASSISTANT LEOTURER/LECTURER (with an interest in one or 
following: meteorology, climatology, biogeography or cartography) n 
Mo om pcs a D DR 

TR —The Registrar, The i 
statforasire (August D» coe University, Keele, 
_ RESEARCH ASSISTANT (preferably with experience in the inte 
air-photos and a degree in geography) IN THE GEOGRAPHY DuriTMEUR. A 
work on the organization and classification of the air-photo library—The 
Registrar, The University, Keele, Staffordshire (August 6). 
PURA LEOTORDR epeen terest in the application of techniques 
ef physical chemistry to pharmacy) IN HARMACY— 
University, Nottingham (August 8). The- Keristrar, The 
ECTURER or ASSISTANT LECTURER (veterinary surgeon) IN - 
MENT OF VETERINARY ANATOMY—The Secretary, Tho Reval Ver. 
conego, oor of London), Royal College Street, London, N.W.1 
ugust 8). i 
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LECTURER IN PURE MATHEMATICS—The Registrar, The University, 
Manchester 13 (August 10). 

UNIVERSITY DEMONSTRATORS (2) IN THE DEPARTMENT OF METALLURGY — 
Secretary of the Appointments Committee of the Faculty of Physics and 
Chemistry, Chemical Laboratory, Lensfield Road, Cambridge (August 10). 

LECTURER (with & special interest in genetics and cytology) IN BOTANY 
in St. Salvator’s College—The Secretary, University of St. Andrews, College 
Gate, St. Andrews, Scotland (August 15). 

RESEARCH FELLOW (with a Ph.D. and research experience, preferably 
theoretical, in elementary particle physics) IN ELEMENTARY PARTICLE 
Puysics—The Secretary and Registrar, The University, Southampton 
(August 15). 

LECTURER IN MATHEMATICAL STATISTICS at the University of Sydney, 
Australia—The Secretary, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (Australia 
and London, August 21). ott 

READER IN EXPERIMENTAL PSYOCHOLOGY—The Registrar, The University, 
Hull (August 22). t 

SENIOR LECTURER Or LECTURER IN GEOGRAPHY at the Australian National 
Universit eno Secretary, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S.W.1 (Australia 
and London, August 24). 

ASSOCIATE PROFESSOR IN BIOLOGY (in the field of statistical plant ecology); 
a LECTURER/SENIOR LECTURER IN BIOLOGY (Genetics); a LEOTURER/SENIOR 
LECTURER IN BIOLOGY (Anima! Ecology); and & LECTURER IN BIOLOGY 
(mainly for first year teaching) in the School of Biological Sciences, University 
of Sydney, Australia—The Secretary, Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (Aus- 
tralia and London, August 27). 

LECTURER or ASSISTANT LEOTURER (specializing in either genetics or 
biochemistry) IN BIOLOGY at the University of Basutoland, Bechuanaland 
Protectorate and Swaziland—The Secretary, Inter-University Council for 
Higher Education Overseas, 88 Bedford Place, London, W.C.1 (August 80). 

LC.T. FELLOW (with a Ph.D. or similar experience) IN THE OXFORD 
UNIVERSITY COMPUTING LABORATORY, to perform unsupervised research in 
any field relevant to computing machines -The Director, Oxford University 
Computing Laboratory, 9 South Parks Road, Oxford (August 31). 

LECTURERS IN PSYOHOLOGY— The Secretary, Institute of Experimental 
Psychology, The University, 1 South Parks Road, Oxford (August 81). 

SENIOR RESEARCH OFFICER (with special knowledge, preferably with 
research experience in some branch of numerical or non-numerical analysis) 
—tThe Director, University Computing Laboratory, 9 South Parks Road, 
Oxford (August 31). 

ASSISTANT BIOLOGIST/SEALING OFFICER (single, with a B.Sc. and aged 
between 22 and 45) in South Georgia, to carry out research work on seals, 
and supervise sealing—The Appointments Officer, Room 301, Department 
of Technical Co-operation, Eland House, Stag Place, London, 8.W.1, quoting 
Ref. RC289/60/01. 

BIOLOGIST (national of the United Kingdom or the Republic of Ireland. 
aged 24 to 35, with an honours degree in zoology and postgraduate experience 
in animal ecology) in Tanganyika, to carry out investigations connected with 
the management of wild life and to advise the Chief Game Warden— The 
Appointments Officer, Room 301, Department of Technical Co-operation, 

nd House, Stag Place, London, S.W.1, quoting Ref. RC275/178/01. 

ENTOMOLOGIST (with a degree in science or agricultural science, preferably 
with honours in zoology and experience in agricultural entomology) in Fiji, 
for biological control, experimental and advisory services, and other duties 
assigned by the Senior Entomologist—The Appointments Officer, Depart- 
ment of Technical Co-operation, Eland House, Stag Place, London, §.W.1, 
quoting Ref. RC213/62/03. 

LECTURER or ASSISTANT LECTURER IN GEOGRAPHY—The Secretary, Sir 
John Cass College, Jewry Street, London, E.C.3. 

LECTURER/SENIOR LECTURER (with a good honours degree and rescarch/ 
lecturing experience, and preferably with special qualifications in cne or 
more of the following: meteorology, climatology or biogeography) IN 
GEOGRAPHY—The Registrar, Portsmouth College of Technology, Commercial 
Road, Portsmouth, Hampshire. 

LECTURER (well qualified candidate with teaching or industria] experit nce, 

referably a combination of both) IN THE DEPARTMENT OF ELECTRICAL 

NGINEERING—The Academic Registrar, Loughborough College of Tech- 
nology, Loughborough, Leicestershire, quoting Ref. 20/G. 

LECTURERS or SENIOR LECTURERS (2) IN FOOD PROCESSING AND ENGINELR- ` 
ING; an ASSISTANT LECTURER or LECTURER IN PHYSICAL CHEMISTRY; ard 
an ASSISTANT LECTURER or LECTURER IN INDUSTRIAL MANAGEMENT AND 
LIBERAL STUDIES—The Principal, National College of Focd Technology, 
St. George’s Avenue, Woybridge, Surrey. 

NATURAL HISTORY ASSISTANT with the Area Museum and Art Gallery 
Service for the Midlands—The Secretary, Area Museum and Ait Gallery 
Service for the Midlands, Council House, Birmingham, 1. 

PROFESSOR OF MATHEMATICS and HEAD OF THE DEPARTMENT OF MATHE- 
matics; and PROFESSOR of PRYSICS and HEAD OF THE DEPARTMENT CF 
Puystos—The Academic Registrar, Loughborough College of Technology, 
Loughborough, Leicestershire, quoting Ref. 17/G. 

RESEARCH ASSISTANT (suitable for graduate with a degree in biological 
Sciences, chemistry or medicine) IN GENETICS, to take part in progranımes 
designed to study (1) human chromosome abnormality and asscciated 
disorder; and (2) chromosome behaviour in normal and abnormal karyo- 
types—The Registrar, The University, Sheffield. 

SENIOR LECTURER (preferably with administrative experlerco and a 
ersonal record of successful research in an industrial environment) 1N 
HEMISTRY—The Academic Registrar, Loughborough College cf Technology, 

Loughborough, Leicestershire, quoting Ref. 16/G. 

SPEOIALISZ PATHOLOGIST (with medical qualifications registrable in the 
United Kingdom, and a recognized postgraduate qualification in pathok gy 
with a minimum of five years experience in the speciality) IN THE MFDICAL 
AND HEALTH DEPARTMENT, Hong Kong—The Appointments Officer, 
Department of Technical Co-operation, Eland House, Stag Place, Londi n, 
S.W.1, quoting Ref. C205/81/018. 

STATISTIOIAN (Biometrician) (national of the United Kingdcm or the 
Republic of Ireland, under 50, with an honours degree in mathematics, 
followed by postgraduate training in mathematical statistics and biometry) 
with the East African Agriculture and Forestry Research Organization, to be 
in charge of the statistical (biometrical) division, to carry out research under 
the general direction of the Director on statistical problems of importance 
to the research workers in the biological natural resources field, and to 
advise these research workers—The Appointments Officer, Room 301, 
Department of Technical Co-operation, Eland House, Stag Place, London, 
S.W.1, quoting Ref. RC213/214/02. 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


The Manchester Public Libraries. "What's Available in the Technical 
Library: a Guide to some of the Resources in Addition to Books. By 
F. R. Taylor. Second edition. Pp.?29. (Manchester: Libraries Committee, 
1904. Availablefrom Technical Librarian, Central Library.) 2s. 6d. [225 

Forestry Commission. North Yorkshire Forests. dited by Herbert 
L.Edlin. Pp. vit 116 +36 plates. 7s. 6d.net. Bulletin No. 36: Mycorrhizal 
Associationsand Calluna Heathland Afforestation. By Dr. W. R. C. Handley. 
i iii+70. 88. net. Leaflet No. 27: Poplar Cultivation. By. J. Jobling. 
“Rp. 26. 2s. net. Leaflet No. 47: Birds and Woodlands. By Dr. Bruce 
‘oa Pp. 24. 2s. net. (London: H.M. Stationery Office, 1963 ex 


Planning, Vol. 30, No. 480, (11 May 1964): Commodity Agreements and 

ERO Farm Policy. Pp. 147-209. (London: Politicaland sone Planning, 
.) 68. 

Department of Scientific and Industrial Research. Forest Products 
Research 1963: Report of the Forest Products Research Steering Committee 
with the Report of the Director of Forest Products Research. Pp. vi+65+8 
plates. (London: H.M. Stationery Office, 1964.) 5s. 6d. net. 25 

Blakeney Point and Scolt Head Island. Edited by Prof. J. A. Steers. 
Pp. 76+2 plates and 2 maps. (London: The National Trust, 1064) 


3. 
British Flame Research Committee. Annual Report, 1963. Pp. ii+32. 
(London: British Flame Research Committee, 1964.) [225 
The Society for Analytical Chemistry. Report of the Analytical Methods 
Committee, 1963. Pp. vi--25. (London: The Soclety for Analytical 
Chemistry, 1064.) [225 
The Overseas Development Institute. British Aid—5: Colonial Develop- 
ment: a FactualSurvey of the Origins and History of British Aid to Develop- 
ing Countries. Pp. 96. (London: The Overseas Development Institute, 
1964.) 78. 0d. 225 
The Manchester Public Libraries. The 111th Annual Report of the 
Libraries Committee, 1962-1968. Pp. 36. (Manchester: The Publie 
By Prof. T. S. Simey. 


Libraries, 1964.) 
Social P i (Eleanor 
emorial Lecture.) Pp. iv--30. (Liverpool: The University 
Press, 1964.) 38. 6d. 


Rathbone 
1 [225 
N-Acetyl-L-Cysteine: a Valuable Mucus Digestant for Microbiological 
Examinations. Pp. 4. (Poole: The British Drug Houses, Ltd., 1964.) [925 
The Empire Cotton Growing Corporation. Progress Reportsfrom Experi- 
ment Stations, Season 1962-63. Nyasaland. Pp. 12. 2s. 6d. South 
Arabia. Pp. 22. 2s. 6d. (London: The Empire Cotton Growing Corpora- 
tion, 1964. 225 
_,,Anti-Locust Research Centre. Current Research on Orthoptera. Pp. 
iii--85. (London: Anti-Locust Research Centre, 1964.) [225 
The Water Research Association. Ninth Annual Report for the year 
ended December 31st 1963. Pp. 43. (Medmenham, Marlow: The Water 
Research Association, 1964.) [225 
The Appointments Board of the Universities of Newcastle and Durham. 
Eighteenth Annual Report, 1962-1963. Pp. 18. (Newcastle and Durham: 
The Universities, 1964] [225 
Imperial College of Science and Technology and London School of Hygiene 
and Tropical Medicine. (University of London.) Postgraduate Courses in 
Public Kealth Engineering. Pp. 15. (London: Imperial College of Science 
300). OEY and London School of Hygiene and Tropical Medicite, 
: 225 
TheInstitution of Mining ang Metallurgy. Some Reflectionson Metallurgy 
and the Institution. By D. S. Burwood. (Presidential Address delivered 
at the Annual General Meeting, 21st May, 1964.) Pp. 16. (London: The 
Institution of Mining and Metallurgy, 1964.) [225 


ose and Social Science. 


Other Countries 


Borneo Reglon, Malayasia. Geological Survey Department. Report 1: 
Sematan and Lundu Area, West Sarawak, iBtpens: on of Sheets 1-109-3, 
1-109-4, 1-109-7, 1-109-8, and 2-109-15). y Dr. E. B. Wolfenden, with 
contributions by Dr. N. S. Haile. . xifi+159+52 plates--2 maps. 

^'(Kuching, Sarawak: Geological Survey Department, Borneo Region, 1963.) 
6 Malayan dollars; 148. 225 

Union Radio Scientifique Internationale. XIVe Assemblée, Tokyo, 
Sept. 9-20, 1963. Volume XIII-3: Commission III—Ionosphere. Pp. 293. 
(Bruxelles: Union Radio Scientifique Internationale, 1963.) [225 

The Regional Research Centre of the British Caribbean at the Imperial 
College of Tropical Agriculture, Trinidad, W.I. (University of the West 
Indies). Soil and Land-Use Surveys No. 14: Jamaica—Parish of St. 
Elizabeth. By J. Stark. Pp. 30. (St. Augustine, Trinidad: The Imperial 
College of Tropical Agriculture, 1964.) 15s. [225 

Aligarh Muslim University Publications, (Zoological Series). On Forest 
Insec es. Edited by Prof. M. A. Basir. VI: The Embryology of the 
Mustard Sawfly Athalia prozima Klug. (‘fenthredinide, Hymenoptera). 

By Dr. Mohammed Moin Farooqi. Pp. ii+68+10 plates. (Aligarh, U.P.: 
- Aligarh Muslim University, 1963.) 225 
Herpetological Type-Specimens in the University of Illinois Museum 
of Natural ME: y H. M. Smith, D. A. Langebarteland K. L. Williams. 
EP. 80. (Illinois iologloa] Monographs, No. ed (Urbana, Ill.: University 
of Illinois Press, 1964.) Paperbound 3 dollars; Clothbound 4 dollars, [225 
United States Department of Commerce: National Bureau of Standards. 
Handbook No. 85: Physical Aspects of Irradiation—Recommendations of 
the International Commission on Radiological Units and Measurements 
GORT), Report 10b 1962. Pp. viii+106. (Washington, D.C.: Government 
rinting Office, 1964.) 70 cents. [226 
The American Philosophical Society. Year Book 1903. Pp. 738. (Phil- 
adelphia: The American Philosophical Society, 1964.) [225 

Annual Report on the Forest Administration of Northern Nigeria for the 
year 1961-1962. Pp. iii+99+1 plate. (Kaduna: Government Printer; 
London: Crown Agents for Oversea Governments and Administrations, 


1904.) 38. 6d. . 
Canada: Department of Mines and Technical Surveys. Geological 
Survey of Canada. Geological Maps—Preliminary Series. Map 60-1963: 


Lake St. Joseph, Kenora and Thunder Bay Districts, Ontario. Map 51-1963: 
North Spirit Lake, Kenora District, Ontario. Map 52—1963: North Caribou 
Lake, Ontario. Map 53—1963: Wunnummin Lake, Ontario. Map 54— 
1963: Miminiska, Ontario. Map 55—1963: Lansdowne House, Ontario. 
Map 56—1903: Fort Hope, Ontario. (Ottawa: Director, Geological Survey 
of Canada, 1964.) [225 
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Tanganyika: Ministry of Commerce and Industry, 
the Geological Survey Division, 1962. Pp. 24. 
Maps. Quarter Degree Sheet 123: Kwa Mtoro. 
108: Bagamoyo. 
1963. 

Publications de l'Institut National pour l'Etude Agronomique du Congo. 
Série Technique No. 71: Essai d'Adaptation du Caféier Robusta avec 
Irrigation par Aspersion à Kaniama (Haut-Lomami). Par R. Goffinet. 
Pp. 62-416 photographs. (Bruxelles: Institut National pour l'Etude 
Agronomique du Congo, 1964.) 90 francs. [225 

Zoology Publications from Victoria University of Wellington. No. 37: 
Congrid Leptocephali in Australasian Waters with Descriptions of Conger 
wilsoni (B1. and Schn.) and C. verreauzi Kaup. By P. H. J. Castle. Pp. 
45. (Wellington, N.Z.: Victoria University of Wellington, 1964.) . [225 

Institut Royal Météorologique de Belgique. Publications Série A, No. 
45: Het Berekenen van de Brekingsindex van de Lucht voor zeer Korte 
Radiogolven. Door A. G. Maenhout en W. Struylaert. Pp. 11. Publications 
Sérle À, No. 46: Résultats des Observations du Champ Magnétique Terrestre 
en 1963—Centre de Physique du Globe, Dourbes. Pp. 66. Publications 
Série B, No. 41: Sur la Précision des Mesures de Ja Radioactivité d'Un 
Corps. Par Dr. R. Sneyers. Pp. 15. (Bruxelles: Institut Royal Météor- 
ologique de Belgique, 1964.) [225 

Colony of Mauritius. Meteorological Observations and Climaítologica! 
Summaries. April 1963. Pp.21. May 1963. Pp.21. June1903. Pp. 21. 
(Port Louis: Government Printer, 1964.) . 225 

Canada: openers of Mines and Technical Surveys. Geological 
Survey of Canada. Paper 64-8: 1963 Index of Publications of the Geological 
Survey of Canada. By H. M. A. Rice. Pp. v+63._ 85 cents. Paper 63-33: 
Triassic Stratigraphy of the Rocky Mountain Foothills between Peace 
and Muskwa Rivers, Northeastern British Columbia. By B. R. Pelletier. 
Pp. 89. 75 cents. (Ottawa: Queen's Printer, 1964.) [225 

Transactions of the Royal Society of New Zealand. Botany. Vol. 2, 
No. 11, (September 18, 1963): New and Rare Mosses in New Zealand. 
By K. W. Allison. Pp. 133-142. Vol. 2, No. 12, (October 18, 1963): Forests 
and Recent Climatic History of the Huiarau Range, Urewera Region, 
North Island. By P. J. Grant. Pp. 143-172. Vol. 2, No. 18, (September 
26, 1963): The Native Flora of Maungatautari and the Kaimai Range, and 
the Distribution of Native Plants in the Waikato. By M. C. Gudex. Pp. 
173-184. Vol. 2, No. 14, (September 27, 1963): Notes on New Zealand 
Orchids—II. By Edwin D. Hatch. Pp. 185-188. Vol. 2, No. 15, (November 
20, 1963): Studies on Australian and New Zealand Diatoms. WI: Tropical 
and Subtropical Species. By E. J. Ferguson Wood. Pp. 180-218 + plates 
1-4. Vol. 2, No. 16, (February 14, 1964): The Restiad Peat Bogs at Motum- 
aoho and Moanatuatua. By Ella O. Campbell. Pp. 119-228. Vol. 2, No. 
17 (February 25,1964): An Outline of the Vegetation of the Snares Islands. 
By B. A. Fineran. Pp. 229-236+plates 1 and 2. (Wellington: Royal 
Society of New Zealand, 1963 and 1964.) 

Transactions of the Royal Society of New Zealand. Geology. Vol. 2, 
No. 8, (November 20, 1963): The Type Specimens of Belemnopis tanganensis 
(Futterer) 1894, (Cephalopoda, Dibranchiata). By G. R. Stevens. Pp. 
131-136+platel. Zoology. Vo1.3, No. 22, (October 11, 1963): Notomithrar 

en. nov. and the Status of the Genus Peramithraz H. Milne Edwards, 
Crustacea, Brachyura, Majidae). By D. J. G. Griffin. Pp. 229-238. Vol. 
3, No. 23, (October 11, 1963): New Trichostrongylids from the Red Deer 
Cervis elaphus L.) in New Zealand. By J. R. H. Andrews. Pp. 289-246. 
Vol. 4, No. 1, (November 13, 1963): The Dental and Oral Plates of Ophiur- 
oidea. By Shiro Murakami. Pp. 1-48 (8 plates). Vol.4, No. 2, (November 
13, 1963): The Subgenus Ochlerotatus in the Australian Region, (Diptera: 
Culicidae). VI: The New Zealand Species. By Elizabeth N. Marks and 
E. R. Nye. Pp: 49-60. Vol. 4, No. 8, (November 18, 1963): Some New 
Zealand Parasitic Copepoda of the Family Caligidae. By G. C. Hewitt. 
Pp. 61-116. (Wellington: Royal Society of New Zealand, 1069 [225 

Annals of the New York Academy of Sciences. Vol. 111, Article 1: Fetal 
and Infant Liver Function and Structure. By Julian A. Sterling and &0 
other authors. Pp. 1-558. (New York: New York Academy of Sciences. 
1963.) 7 dollars. [225 

Republic of South Africa. Department of Commerce and Industries: 
Division of Sea Fisheries. Investigational Report No. 48: The Hyperiidea 
(Amphipoda) Off the West Coast of Southern Africa. By W. R. Siegfried. 

. 12. (Reprint from Commerce and Industry.) (Sea Point, Cape Town: 
Division of Sea Fisheries, 1963.) [225 

South African Atomic Energy Board. Brochure No. 1: The Way to 
Pelindaba. Pp. 28. Brochure No. 2: Pelindaba—National Nuclear 
Research Centre of the South African Atomic Energy Board. Pp. 31. 
(Pretoria: South African Atomic Energy Board, 1964.) [225 

Kungl. Svenska Vetenskapsakademiens Handlingar. Fjärde Serien. 
Band 9, Nr. 1: The Composition of the Intermandibular Division of the 
Head in Fish and Tetrapods and the Diphyletic Origin of the Tetrapod 
Tongue. By Erik Jarvik. Pp. 74. 11 kr. Band 9, Nr. 2: Anatomical 
Studies on the Arthrodiran Head. Part 1: Preface, Geological and Geo- 
graphical Distribution, The Organisation of the Arthrodires, The Anatomy 
of the Head in the Dolichothoraci, Coccosteomorphi and Pachyosteomorphi. 
Taxonomic Appendix. By Erik Stensió. Pp. 419+62 plates. 220 kr. 
Band 9, Nr. 3: Asiatic Dicotyledonous Affinities in the Cainozoic Flora 
of Europe. By Hans Tralau. Pp. 87+5 plates. 15 kr. (Stockholm: 
Almavist and Wiksell, 1963.) [22 


Annual Report of 
Shs. 4/50. Geological 
Quarter Degree Sheet 
(Dodoma: Department of Geological Survey, 1961 oes 
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TECHNICAL ASSISTANCE FOR OVERSEAS MINING AND GEOLOGY 


3 tss long-awaited report of the Committee on Techni- 
eal Assistance for Overseas Geology and Mining 
under the chairmanship of Sir Frederick Brundrett was 
published on May 7 accompanied by & statement of 
Government policy on the Committee's recommenda- 
tions*. The Committee had been appointed in April 
1962 to report on the type of technical assistance which 
the United Kingdom could provide in geology and mining, 
and in particular to look into the functions and organiza- 
tion of a number of United Kingdom scientific establish- 
ments concerned. with these fields. 

The most important recommendation of the Committee, 
that the functions of the Geological Survey of Great 
Britain should be expanded to cover overseas work in 
geology and mineral assessment and that this should 
be accompanied by amalgamation with the existing 
Directorate of Overseas Geological Surveys, has been 
accepted by the Government. It is also agreed that as 
soon as possible the Extraction of Metals Group of the 
National Chemieal Laboratory should be transferred to 
the Mineral Processing Division of Warren Spring Labora- 
tory with the programme of which its research is already 
closely linked. ] : 

These steps towards the integration of organizations 
dealing with geology and mineral exploration on the one 
hand, and with mineral dressing and extraction metallurgy 
on the other, should be warmly welcomed. The expanded 
Geological Survey of Great Britain will in future fall into 
line with the United States Geological Survey, the French 
Bureau de Recherches Géologiques et Miniéres and the 
West German Reichsamt fiir Bodenforschung in concern- 
ing itself not only with the geology and mineral resources 
of the home country but also with those of overseas 
territories. The Geological Survey of Great Britain, 
founded in 1835, has provided the country with a set of 
geological maps second to none in the world and with a 
series of memoirs describing both the general geology and 
the mineral resources of the United Kingdom. In the 
production of these, the field geologists have been aided by 
a relatively small but highly skilled group of specialists in 
.such fields as petrology, mineralogy, paleontology, geo- 
chemistry, geophysics and hydro-geology. Overseas 
Geological Surveys was set up in 1947 as the Directorate 
of Colonial Geological Surveys with the object of advising 
and assisting the Geological Survey Departments in the 
various Colonial territories, by whom the bulk of the field 
geologists were employed, and of affording them certain 
specialist services through its Mineral Resources, Geophysi- 
cal and Photogeological Divisions. Under the proposed. 
reorganization these specialist services would be reinforced 
by the Atomic Energy Division of the Geological Survey 
of Great Britain, the only branch of that organization 
which concerned itself to any great extent with overseas 
geology. 

The often-quoted dictum that the primary aim of a 
geological survey is to produce geological maps is one 
which, though indisputable, can be open to misconstruc- 

* Department of Technical Co-operation. Report of the Committee on 
Technical xo E for Overseas Geology and Mining. Pp. 32. (Cmnd. 
doe daniel Assistance for Overseas Geology and Mining: Policy on the 


Recommendations of the Committee. Pp. 7. (Cmnd. 2352.) 8d. 
(London: H.M.S.O., 1964.) 


net. . 


tion. The production of maps is indeed the basic long- 
term research of a geological survey, since geological maps 
are all in some measure interpretations which must be 
continually revised in the light of advancing knowledge 
and new techniques. A comprehensive geological survey 
to-day should involve & variety of specialist studies, 
some of them, geophysical, structural or sedimentological, 
carried out largely in the field, others dependent on the 
provision of up-to-date chemical, mineralogical, spectro- 
graphic, X-ray and electronic laboratory facilitios. This 
is a reflexion of the fact that the past 20 or 30 years have 
seen a revolution in the techniques and instrumentation 
of geology, as was pointed out in the 1963 presidential 
address to the Institution of Mining and Metallurgy by 
Prof. K. C. Dunham. 

The geological maps and accompanying memoirs 
provide the national store-house of information regarding 
the geology of any territory and indicate the areas in 
which more detailed exploration for mineral resources 
is worth while. The prosecution of these more detailed 
investigations is as important a duty of a geological survey 
as the production of the basic maps and memoirs. Much 
excellent work of this kind has been carried out both at 
home and in present and former Colonial territorios 
overseas, but in gerieral the geological surveys have been 
prevented. by limitations of staff and of resources from 
conducting such investigations on anything like the 
necessary scale. Opinions differ as to the stage to which a 
State organization should prosecute mineral exploration 
before handing over to private enterprise, bub it is signili- 
cant that many of the countries in which mineral explora- 
tion is most active—Canada, Australia, the former French 
torritories in Africa and, nearer home, the Irish Republie-— 
are those whore the State organization goes further in the 
exploration of areas of potential mineral wealth than has 
been customary either in the United Kingdom or m 
British Colonial and ex-Colonial territories. 

The authors of the Brundrett Report clearly recognize 
the need for an extension in the activities of the expanded 
Geological Survey of Great Britain, in particular to provide 
mobile teams of geologists and mining engineers, skilled 
in economic assessment, to carry out technical assistance 
overseas. It may be added that were the fiscal climate 
at home a little more favourable to mining there would bo 
opportunities to use these teams in the United Kingdom as 
well. These activities will call for a very considerable 
increase in staff, and perhaps the most disquieting aspect | 
of Government reaction to the Committee’s recommenda- 
tion is tho suggestion that this can be satisfied by the 
addition of four new senior posts on the complement of 
the Ovorseas Geological Surveys while the need for further 
appointments to the home establishment is kept under 
reviow. It cannot be too strongly emphasized that nothing 
less than a doubling of the present size of the combined 
home and ovorseas organizations will meet the needs of 
the present time. So great an expansion, entailing an 
increase both in field-staff and in specialists, including in 
particular geologists with economie experience, must be 
carried out over a period of years if the high standards of 
scientific ability which have been demanded by the 
geological surveys in the past are to be maintained. 


332 


However, at the present time there are able and experi- 
enced geologists from the staffs of the ex-Colonial surveys, 
not all of whom will wish to stay on under contract in the 
newly independent territories. An immediate and reassur- 
ing Government statement about the scale and scope of 
the new Geological Survey should lead many of these to 
transfer to its service at the same time as attracting a 
steady flow of the most able young graduates from the 
universities. 

Apart from personnel, the reorganized Geological Survey 
of Great Britain will need enhanced laboratory facilities 
if it is to carry out tho type of work, much of it of high 
economic importance, which is done by the United States 
Geological Survey. Among these facilities equipment for 
radiometric age determination and for eloctron micro- 
analysis may be mentioned since both can contribute 
significantly to understanding tho origin and hence the 
distribution of ore deposits. In view of the spread of 
mineral exploration beyond the land masses some facilities 
for marine geology may also prove necessary. 

The combined budgets of the existing Geological Survey 
of Great Britain and Overseas Geological Surveys are of 
the order of £1-75 million. Even double this figure would 
still compare poorly-with the £7-25 million spent annually 
by the Bureau de Rechorches Géologiques et Miniéres, 
three-quarters of it on work directly comparable with that 
envisaged for the expanded Geological Survey of Great 
Britain, let alone with the annual budget of the United 
States Geological Survey of more than 70 million dollars. 
In the light of the statistics quoted in the Brundrett 
Report, showing that in 1961 sixteen territories in which 
Overseas Geological Surveys havo operated produced 
minerals to a value of more than £440 million, an annual 
expenditure of a few million pounds might seem an 
excellent investment. 

Several recommendations of the Brundrett Committoe 
are concerned with the general matter of publicizing the 
technical services available from the reorganized Geologi- 
cal Survey of Great Britain both to governments of 
developing countries and to the mining industry at large. 
British geologists and mining engineers have experience 
second to none to offer the newly independent nations, 
and, in return, Britain might hope to gain good will, 
markets for mining machinery and equipment and security 
of sources of mineral supply. Government reaction to 
these recommendations while acquiescent is largely 
unspecific as to how the object is to be achieved. It is 
suggested that opportunities should be afforded to 
political and official heads of departments visiting Great 
Britain to see the work being undertaken in the goological 
and mining fields, but it is ominous that now, when it is 
more necessary than ever before that tho reorganized 
Geological Survey should be easily accessible, there has 
been talk of its headquarters being moved out of London. 
While it might well prove desirable to open somewhere in 
the south of England a branch office on the lines of those 
in Edinburgh, Belfast and Leeds, it would soem essential 
that the Directorate together with the bulk of the special- 
ist staff, the headquarters of the mobile teams and the 
Museum of Practical Geology should remain in London. 

From the aspect of publicity no less than of general 
policy, it is most regrettable that the Government has 
not been able to accept the Brundrett Committee's 
recommendation that a highly qualified advisory com- 
mittee be established to consider problems of technical 
assistance and how they can best be met. Such a Com- 
mittee would have to be in touch with the needs of develop- 
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ing countries, with long-term trends in demand for minerals 
and with all sources of technical assistance in geology and 
mining in the United Kingdom. It might go far towards 
framing, for the first time, a coherent mineral resources 
policy for Great Britain. The establishment as proposed 
by the Government of a committee of the Geological 
Survey Board, inevitably limited to considerations on a 
departmental level, would be no substitute for a top-level 
advisory committee. Any committee which is to be 
effective must be in a position to survey not only its 
own department but also all the facilities of the universi- 
ties, the mining houses and the consultants. 

The extent to which geological surveys should invite the 
co-oporation of university staff in their work has always 
been & controversial problem. The Service de la Carte 
Géologique de France and the Service Géologique de la 
Belgique both rely largely on university personnel for 
their routine geological mapping. This system has dis- 
advantages. It doos not lead to tho building up, within 
the organization, of the stock of experienco and knowledge 
which the staff of a good Survey need. The Surveys do 
not have full administrative control of their collaborators 
or of their programme. Although there is much mapping 
ability in the universities many academics tend to be 
specialists in certain aspects of their science and would be 
reluctant to give all facets of the geology the impartial 
attention they would get from a professional surveyor. 
In specialist fields, however, the universities have much 
to offer, and in the roorganized Geological Survoy with its 
greater emphasis on short-term work this will be more 
than over the case. Overseas Geological Surveys have 
for a number of years made use of university personnel for 
special investigations, and their relations with the Centre 
for Geochemical Prospecting at the Royal School of Mines 
have been a particularly happy example of Survoy- 
university collaboration. Both the British and Overseas 
Surveys have had fruitful co-operation with consultant 
firms in, for example, aerial or geophysical surveys or deep 
drilling. 

On the subject of the provision of professional and 
technical training the Report might porhaps havo laid 
greater emphasis on the importance of developing facili- 
ties for this in the newly independent countries. Many 
of the universities in these lands have close links with 
British universitios, and it should be a matter of high 
priority to encourage the establishment and expansion 
of departments of geology and mining in them. While it 
is to be hoped that students from overseas will continue 
to attend British universities and schools of mines, the 
competition for places is likely to be severe for some time 
and the number that can be accepted must inevitably be 
limited. 

The Brundrett Committee envisaged the combined 
Geological Surveys and the enlarged Mineral Procossing 
Division of the Warren Spring Laboratory as both coming 
under the control of the Department of Scientific and 
Industrial Research. The recommendations of tho Trend 
Report on the Organization of Civil Science, however, 
threaten to separate them and indeed to give rise to a 
disastrous fragmentation of what may be called the 
‘earth sciences’, a coherent group including all aspects of 
geology, mineralogy, geochemistry, geophysics and physi- 
cal oceanography. There is perhaps reason to hope that 
the original Trend proposals may be modified in such a” 
way as to preserve the unity of the earth sciences, and it f 
would facilitate the provision of technical assistance if 
geological surveys and mineral processing, even if not 
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within the same organization, were at least controlled 
by the same department or research council. Many 
geologists will regret the passing of the Department of 
Scientific and Industrial Research which in the past has 
served the earth sciences well. 

The Brundrett Committee interpreted its terms of 
reference as excluding any problems of financing mineral 
development. While no doubt it was right in this, 
there seems substance in the comment of a critical editorial 
in the Mining Journal of May 15 that the failure to direct 
attention to the consequences of divorcing financial 
from technical assistance is the Report’s major weakness. 
Some mechanism must be developed whereby, when an 
area with economic possibilities is delimited, whether at 
home or overseas, Government can endeavour to interest 
private enterprise in its exploitation. The Bureau de 
Recherches Géologiques et Miniéres spends about a quarter 
of its £7-25 million annual budget on shares and partner- 
ships in companies to exploit newly proved resources. 
The Irish Mianrái Teoranta carried development to a stage 
far beyond that hitherto envisaged by the British or 
Overseas Geological Surveys and financial assistance to 
mining companies was given by the Industrial Credit Co. 
on behalf of the Department of Industry and Commerce. 
In his 1962 presidential address to the Geological Society, 
Prof. S. E. Hollingworth speculated as to what the attitude 
in France or Germany would have been to the discovery 
of the substantial potash deposits of north-east Yorkshire, 
which, after ten. years, are still undeveloped for technical 
reasons which do not appear insurmountable. In Great 
Britain the National Research and Development Corpora- 
tion exists to develop and to exploit inventions where the 
public interest so requires, and of recent years the Depart- 
ment of Scientific and Industrial Research has placed con- 
tracts in industry for the development of new and techni- 
cally advanced products. Is it too much to hope that 
in the reorganization of the facilities for technical assist- 
ance in geology and mining the opportunity may be taken 
to make comparable provision for the development of 
newly discovered mineral resources ? 


PLANT TAXONOMY SEEN AS A 
SCIENCE 


of Angiosperm Taxonomy 

By Dr. P. H. Davis and Dr. V. H. Heywood. Pp. xx+ 
556. (Edinburgh and London: Oliver and Boyd, Ltd., 
1963.) 95s. net; paper-back version, 75s. net. 


"S most welcome book is the first major work of 
recent times devoted to the theory of plant taxonomy. 
As a first approach to it, I recommend the reading of the 
four pages of conclusions that bring the text to an end. 
Not before has there been a clearer or more objective 
statement of the principles and issues involved in 
taxonomy to-day, nor rarely has there been & more cate- 
gorical dispelling of humbug. For those who care for 
humbug in taxonomy—and these include both makers 
and users—there is much to shock and incense in these 
pages. If this impels them to a thorough study of the 
carlier chapters of Principles of Angiosperm Taxonomy, 
all to the good, for there they will find a rational and 
dispassionate exposition of a set of aims, methods and 
concepts for taxonomy which, when generally adopted, will 
bring it much nearer towards being & science than it has 
managed to be heretofore. 

The authors’ stance is revealed by their first three 
principles: ‘‘(1) Classification is a fundamental activity 
and is undertaken for primarily practical purposes. (2) 
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Biological classification is an extension of general classifica- 
tion and is governed by the same basie prineiples. (3) 
Different classifications are needed for different purposes; 
no one classification can serve all purposes." Wol said ! 
Tt may be damaging to the mystique cherished by many 
who practise taxonomy to have these points so clearly put, 
but the more widely it is acknowledged that taxonomy 
is concerned first and foremost with the establishment of 
systems of classification with maximum utility as data 
storage and retrieval agencies, the better for biology as & 
whole. The corollary is that romantic notions about tho 
place of phylogenetic speculation in taxonomy are overduo 
for abandonment. The authors make no bones about this 
issue, either. “In the Angiosperms,” they say, “‘classifica- 
tions based, upon phylogeny are unattainable except for 
special cases, and then mostly at or near the species level. 
Because of the complexity and multi-dimensional naturo 
of evolutionary relationships, what pass for such classifica- 
tions vary from unconsciously phenetic classifications to 
distorted special classifications produced by unjusti- 
fiable weighting of characters.” The phenetie classifica- 
tion which they themselves urge as the primary aim of 
taxonomy is one based on maximum correlation of 
attributes; that is to say, a natural classification in the 
original, pre-Darwinian sense. That natural classification 
should not mean automatically phylogenetic classification. 
seems still to be a conception quite beyond assimilation 
for many, especially those with no very deep acquaintance 
with evolutionary mechanisms. Yot, as Davis and Hey- 
wood say, the conversion of true phenetic classification into 
something that might approach a phyletic one involves a 
whole series of problems of interpreting and weighting 
characters. The construction of phylogenetic shrubs and 
trees is an intriguing activity: nevertheless it is not 
taxonomy, but merely one use of the data of taxonomy. 

Linked with their views on the basic function of 
taxonomy is the attitude of the authors towards the nower 
sources of taxonomic evidence, including cytology and 
plant-product chemistry. Their balanced appraisal of 
tho potential role of the new kinds of data in general 
taxonomy merits attention from all who would over-valuc 
the classificatory significance of one or a fow spocialized 
criteria. Neither karyological nor phytochemical data. 
they say, have any special a priori claim to importance 
for comparative taxonomic purposes; surely an cntirely 
valid conclusion, when both constitute morely expressions 
of the genotype in no way different from the more readily 
accessible morphological and anatomical characteristics. 

The special significance sometimes assumed by cytologi- 
cal data—when, for example, a difference in chromosome 
number indicates a sterility barrier—is to bo considered 
alongside experimental genetical observations bearing on 
the extent of breeding groups. The early enthusiasm for 
species concepts based on intersterility criteria never 
really impinged seriously on general taxonomic practice. 
and Davis and Heywood show once more why it cannot. 
They underwrite the view now gaining wider acceptance 
that classifications based on such criteria as gene exchange 
must be regarded as artificial, and as such to be designated 
by special terminologies. 

I have emphasized in the foregoing paragraphs thoso 
characteristics which give Principles of Angiosperm 
Taxonomy its special and refreshing flavour; but in fact 
they constitute no more than one aspect of a very rich text. 
Sections are devoted to the history of taxonomy and 
taxonomic thinking and to the thoughtful discussion of 
the concepts of taxonomic categories and characters, 
while matters of taxonomic technique are treated as com- 
prehensively and expertly as might be expected from two 
practitioners engaged themselves in major floristic 
research. The last five chapters (comprising rather more 
than 150 pp.) are devoted to experimental taxonomy and 
to the consideration of microevolutionary phenomena in 
plant populations. One can foresee a reviewer's point 
being made of the location of these chapters (“Can it be 
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that the authors aro looking at their subject upside down ? 
Can it be that they are actually unaware of the basic 
importance of genetics for their subject ?"), but the fact 
is that the taxonomic implications of population genetics 
and associated disciplines cannot be appreciated without 
an understanding of what taxonomy is all about in the 
first place. 

An admirable book, then, destinod to become a standard 
text in its own special field. For the practising taxonom- 
ist it is certainy obligate reading, whatever his present 
degree of enlightenment. From the non-taxonomic 
user of the products of taxonomy it deserves serious 
attention as a lucid and thoroughly documented treatmont 
of the purposes and philosophy of a discipline frequently 
misunderstood and often misropresented. For the student 
concerned to know what taxonomy has to offer as a 
discipline, it provides a stimulating and challenging 
introduction and guide. In this last connexion, it is 
gratifying to know that the authors are each to be con- 
cerned with new postgraduate courses in taxonomy in 
their respective universities, Edinburgh and Liverpool; 
with this text, their students should have a flying start. 

Produstion is excellent, and the price, especially of the 
paper-back version, low enough to ensure that the volume, 
massive though it is, will have the circulation it deservos. 

J. HESLOP-HARRISON 


CLASSICAL PEDOLOGY 


Treatise on Soil Science 

By K. D. Glinka. Fourth (posthumous) edition, revised 
by the soil scientists of the Dokuchaev Soil Institute, 
Academy of Sciences of the U.S.S.R. Translated from 
the Russian by Prof. A. Gourevitch. Pp. v+674. 126s. 


Chemical Analysis of Soils 
By K. K. Gedroits. Translated from the Russian by 
B. Toker and J. Schmorak. Pp. v+602. 126s. 


(Jerusalem: Israel Program for Scientific Translations 3 
London: Oldbourne Press, 1963.) 7 


Go Treatise on Soil Science is one of the classics 
in the literature of pedology, and as such its trans- 
lation into English must be welcomed. 

Bibliographical and other material omitted from the 
third edition was restored in the latest Russian edition, 
but even so, such references as “ef. objections by 
Borggreve, by Wollny, by Dokuchaev" are common, 
and the book suffers from the incomplete documentation 
so common in Russian works on soil science. 

The fourth edition was published in 1931—about the 
time that the application of X-ray diffraction to the 
investigation of soils overthrow many of the views then 
held in soil science; it follows that the first half of the 
book, which deals with “Soil Formation and General 
Properties of Soils”, has little more than historical 
interest to-day. The chief value of the book lies in the 
section on “Soil Types and Soil Geography”, which 
contains definitive descriptions of the great world groups. 

Glinka makes no concessions to the novice; names of 
soil types are introduced without definition, and even 
in the chapter devoted to a particular soil type it is 
usually necessary to read most of the chapter before 
finding a passing reference to the soil’s distinguishing 
characteristics. As in much present-day literature on 
soil, most of the information is given in the form of 
profile descriptions, which even dedicated specialists 
appear to find hard to follow. It would be a great help 
to the reader if a statement of the significant features of 
a profile were appended. 

Glinka’s essentially descriptive approach to the subject 
is exemplified by ‘the statement on p. 170 *... one 
should not forget that the main task resides in the eluci- 
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dation of the process which resulted in the formation 
of any given soil type...”. One can only commend 
this, but the paragraph continues: “Laboratory research 
should be carried out in such a way as to disclose tho 
loss and gains of each of the several horizons ... each 
and every horizon in the soil profile must be studied 
separately and its properties compared with those of 
the parent rock”. Laboratory research is thus considered 
as no more than the detection of gains and losses, but 
the fact remains that one has done no more than define 
the problem by establishing that translocation has 
occurred. It is no criticism of Glinka’s book to say that 
at present we must ask how and why translocation takes 
place; when we ask this question, the extent of our 
ignorance of soil genetics is all too apparent. 

Just as in the development of the older sciences, 
pedology has reached the stage at which the descriptive 
approach initiated by Dokuchaev, and developed so 
ably by the Russian school, needs to be supplemented 
by experimental investigation of the fundamentals of 
soil-forming processes. 

Units are often omitted from tables of analytical data, 
and the basis on which percentages are calculated is not 
always specified. The table on p. 142 contains a typo- 
graphical error carried over from the Russian edition, 
as well as several minor errors in calculation. The 
translator directs attention to several similar errors in 
the Russian version. 

Despite a slightly un-English syntax the translation 
reads smoothly, although the word ‘chemism’, which is 
used throughout the book, caused some hesitation; 
it seems to mean “chemical composition-cum-chemical 
properties”. Misprints are few and, with the exception 
of the omission of the latter part of a sentence on p. 402, 
do not obscure the meaning. 

Gedroits’s Chemical Analysis of Soils must have beon 
& very good book in 1932 when it was last re-edited, 
but its value to-day is questionable. About one-third 
of the book consists of a supplement of newer methods 
compiled after the death of Gedroits, and which gives 
references up to about 1953. However, apart from 
descriptions of the use of some Russian optical equipment, 
the supplement contains little that is not already available 
in the literature. 

Gedroits’s original section is characterized by an 
extremely thoughtful approach and he emphasizes the 
need for selecting the method most appropriate for the 
particular purpose. For this reason the book has some 
value as background reading, but it is unlikely to find 
much use on the bench of the practising analyst. 

C. BLOOMFIELD 


PHARMACEUTICAL ANALYSIS 


The Quantitative Analysis of Drugs 

By Dr. D. C. Garratt, assisted by Dr. L. Brealey, C. A. 
Johnson, K. L. Smith and G. Sykes. Third edition. 
Pp. xiii+925. (London: Chapman and Hall, Ltd., 
1964.) 126s. net. 


g eee appearance of a revised edition of this hardy 
perennial of the analytical field is an event that will 
be welcomed by all practising pharmaceutical analysts. 
On this occasion Dr. Garratt has been assisted in the 
marathon task by a team of specialist colleagues and the 
result is one that must bring satisfaction to readers and 
authors alike. The last revision of the book appeared in 
1955, and the fact that the authors have found it necessary 
to increase the size of the present volume by some 250 
pages reflects the rapid growth in complexity of the 
subject over this period. 

The manner of presentation of material remains tho 
Same as in previous editions. Drugs are dealt with by 
means of monographs arranged in alphabetical order, 
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except, in cases such as antibiotics, steroids, sugars, 
sulphonamides, ete., where the similarities of the analytical 
methods used make group treatment the logical mode 
of presentation. 

Each monograph commences with a brief introduction 
outlining the principle on which the assay of the drug 
is based, and is followed by & detailed description of a 
recommended method. ‘The limitations of the method 
are then discussed together with any modifications 
known to be necessary to cater for specific forms of 
interference. The monographs are studded with a 
multitude of critical observations and tips culled from 
the author’s wide personal experience over many years 
as a practising analyst, and these are among the most 
valuable facets of the book. 

Methods described in the previous volume that have 
been superseded in the interval between revisions have 
been ruthlessly discarded and replaced by their modern 
counterparts, as evidenced by the wider use of physical 
techniques such as ultra-violet and infra-red absorption 
and the various forms of spectroscopy and chromato- 
graphy. The author makes reference to phase solubility 
analysis, electrophoresis and polarography and predicts 
their increasing application in pharmaceutical analysis. 
In this I am sure he is correct and to these could usefully 
be added nuclear magnetic resonance and mass spectro- 
metry. 

Much absorbing information is included in the twenty- 
one appendixes to the volume, many of which make their 
appearance for the first time. These range from practical 
hints on the elimination of emulsions during solvent 
oxtraction with immiscible liquids; a very real problem 
in the analysis of galenical preparations such as tinctures 
of Hyocyamus and Cephaelis ipecacuanha, to brief mono- 
graphs on the application of infra-red spectroscopy and 
gas-liquid chromatography in quantitative analysis. 
These latter are not intended to be comprehensive treat- 
ments but include sufficient references to enable the 
interested reader to explore the subjects further. 

The authors are to be congratulated on a formidable 
undertaking carried to a successful conclusion, and I am 
sure that the present volume will achieve a wide dis- 
tribution among all those engaged in the field of pharma- 
ceutical analysis. A. HOLBROOK 


ASTRONOMY, PRESENT AND PAST 


Watchers of the Skies 
An informal History of Astronomy from Babylon to 
the Space Age. By Willy Ley. Pp. xiii+528. (London: 
Sidgwick and Jackson, Ltd., 1964.) 45s. 

ANY histories of astronomy have been published 

during the past few years. All have followed much 

the same pattern; some have been poor, some mediocre, 
and a few good. This new book by Willy Ley is, however, 
distinctly different. Written in what the author evidently 
regards as an informal style, it nevertheless imparts a 
great deal of information not found in other books of 
its kind. 

Part 1, ^A Science Grows Up”, describes the beginnings 
of astronomy, and its gradual development up to the 
eighteenth century. Without pretending to be exhaustive 
it covers a wide field, and gives the reader an excellent 
idea of how astronomy changed from casual star-gazing 
into an exact science. Part 2 deals with “The Solar 
System”, and represents the major part of the book; 
2 chapter is devoted to each planet, not forgetting the 
mythical Vulcan, and many little-known facts are brought 
out. The final section of the book, “Approximate 
Infinity”, is briefer, and deals with developments in 
stellar astronomy and cosmology. 

The author owes much to his writing style, which is 
remarkably clear and lucid throughout. Though the 
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book is essentially popular, and can scarcely fail to 
interest the beginner, it is also valuable to the serious 
student; evidently an immense amount of work has 
gone into its compilation. There are useful references, 
together with a general bibliography, while the line 
drawings are very adequate. Wisely, Ley has resisted 
the temptation to include the usual spectacular but 
hackneyed photographs. 

So far as the Solar System is concerned, the historical 
account could scarcely be bettered. It seems, therefore. 
to be a pity that the author has not dealt with stellar 
investigations in equal detail. His account is first-class 
so far as it goes, and suffers only in comparison with the 
treatment of the planets; to extend it would mean making 
the book very long, but such a course would be worth- 
while, despite the inevitable difficulties of production. 
The account of theories of stellar evolution is, for example, 
somewhat sketchy, while radio astronomy is relegated 
to a brief note in the appendix. 

As the author has stressed in his foreword, no attempt 
has been made to write a history which is exhaustive in 
every field of astronomy. The book, as it stands, is far 
superior to any of its predecessors. The criticisms are 
made here only because there has long been a need for a 
standard work on historical astronomy, and Watchers of 
the Skies so nearly fulfils all the requirements. A suitable 
extension of the astrophysical section would set the book 
in & class of its own, and there should be every oppor- 
tunity for this, since future editions will certainly be 
called for. 

The text is extremely accurate. There are a few minor 
misprints, such as ‘Encke’ for ‘Hencke’ on p. 321, and one 
or two slips; on p. 347, for example, it should be made 
clear that the ‘South Tropical Disturbance’ on Jupiter 
no longer exists (it has not been observed since 1941), 
while E. J. Reese, who has directed particular attention 
to the surface features of Jupiter, is American and not 
British. In Part l it is stated that Newton invented 
the reflecting telescope, but there is no mention of Gregory, 
who had proposed. the principle earlier; and on p. 461 
it is said that most galaxies are spiral in form, whereas 
in fact spirals seem to be in the minority. Errors are, 
however, very few and far between. 

Tt is always easy to suggest improvements to a book, 
but it is safe to say that the reader who is anxious to 
learn something about the story of astronomy cannot 
do better than study Ley’s account. Serious students 
will benefit equally, since they will find many facts not 
readily available elsowhere in collected form. 

PATRICK MOORE 


SOVIET AMMONIA MASER RESEARCH 


Soviet Maser Research 

(Transactions (Trudy) of the P.N. Lebedev Physics 
Institute, Vol. xxi) Edited by Acad. D. V. Skobel’tsyn. 
Authorized translation from the Russian. Pp. 180. 
(New York: Consultants Bureau, 1964.) 27.50 dollars. 


F 1954, groups working at the Lebedev Institute and 
at Columbia University announced the first working 
models of the maser; both used a microwavo inversion 
transition in the ammonia molecule. This paperbound 
translation of a volume of the Transactions of tho Lebedev 
Institute contains four papers which summarize 
subsequent work at the Institute on the ammonia maser, 
mainly in connexion with its use as a stable oscillator 
and standard of frequency. ‘The title of the English 
translation is unfortunate, as it could be taken to imply 
a far wider scope for the contents than this very restricted 
field. A bibliography lists papers published by members 
of the Oscillation Laboratory of the Physics Institute 
of the Academy of Sciences from 1935 to 1961; these 
papers have only an incidental connexion with masers, 
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and cover subjects as diverse as electron paramagnetic 
resonance and the flight orientafion of birds. 

Under the title “Characteristics of Masers” G. M. 
Strakhovskii and I. V. Cheremiskin report experimental 
work on the relative stability and reproducibility of 
the oscillation frequency of a maser using the 3,3 line 
of “NH, and its dependence on various operating para- 
meters. N. G. Basov, V. S. Zuev and K. K. Svidzinskii 
describe similar work on the ND; maser, which produces 
a frequency near 1,600 Mc/s, significantly lower than that 
of the NH, maser which operates in the region of 24,000 
Mc/s. Theoretical aspects of the frequency characteristics 
of the ammonia maser are considered by A. N. Oraevskii, 
who includes proposals for the use of oppositely directed 
beams and the reduction of beam velocity to improve 
the performance of the maser. The fourth paper, by 
K. K. Svidzinskii, is a comprehensive theoretical treatment 
of a subject related to the field of molecular beam maser 
research: the hyperfine structure of the rotational 
spectra ‘of molecules. 

The ammonia maser as a reproducible frequency source 
has been superseded in turn by the cæsium atomic beam 
standard and by the hydrogen maser. As a low-noise 
amplifier the solid-state maser is more practicable and 
versatile. In spite of the dwindling interest in the 
ammonia maser itself there is a good deal of instructive 
material in these translations, and the bibliography 
may reveal papers the existence of which could not 
previously be easily discovered. J. H. SANDERS 


ELECTRON AND VACUUM PHYSICS 
IN EASTERN EUROPE 


Proceedings of the Symposium on Electron and Vacuum 
Physics, Hungary, 1962 

Chief Editor: Ernö Winter. Pp. 506. (Budapest: 

Akadémiai Kiadó, Publishing House of the Hungarian 

Academy of Sciences, 1963.) 11 dollars. 


E the present-day unhappy division of Europe into 
the Western and Eastern Spheres of influence, it is 
always of interest to gain knowledge of scientific activity 
in Eastern Europe. In this respect, this excellently 
printed volume is valuable in presenting fifty-five papers 
read at the Budapest Conference in 1962, which was 
devoted to electron and ion physics and optics, vacuum 
physics and techniques and gaseous discharges. All 
except six of the papers are from Hungary, Roumania, 
Poland, Czechoslovakia and East Germany, with the 
majority from the first of these countries, but with 
virtually no influence (except in references) from the 
U.S.S.R. Admittedly six of the papers are in the Russian 
language, but they are chiefly by Czechs, the remaining 
forty-nine are in English or German with the exception 
of that, in French, by M. Degras (from Saclay) on the 
investigation of sorption by electron bombardment. 
Moreover, the many references collected in the Eastern 
European papers are primarily concerned with American, 
British and German work. Indeed, two factors are 
noteworthy: the apparently small influence from the 
U.S.S.R. in this field of activity and the indications that 
the Eastern European countries suffer a paucity of modern 
scientific equipment. 

The direct British contribution is small and repre- 
sented by papers from L. Holland, on surface contamin- 
ation in vacuum evaporation systems, and by D. Gabor, 
on gas discharge work arising out of his experiments on 
thermionic generators. The well-known names of D. 
Alpert from the United States and P. Redhead from 
Canada appear, but otherwise the influence is dominantly 
Hungarian. 

As the content of the papers of the few authors from 
the West is more readily available in recent American 
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and British journals, the chief interest here is to survey 
briefly the topies covered within the papers from Eastern 
Europe. Electron and ion dynamics and optics are well 
represented, including two theoretical papers on quadru- 
pole mass filters, one in Russian by Č. J. Javor and a 
second in German by G. Otto. Among the papers on 
mass spectrometers is one by K. Andras, A. Dallos and 
J. Erdélyi in German, giving preliminary details of a 
new type of mass spectrometer, in which the ions move 
in spiral trajectories and selection is made at a specific 
angle of rotation in the track. Field emission cathodes 
and microscopes are clearly popular research topics, 
as is also secondary electron emission, particularly from 
the theoretical point of view. Other topics include oxido- 
coated, cermet and hollow cathodes, cæsium alloy photo- 
cathodes, conduction in gases including cesium plasma, 
breakdown initiation and Penning discharges. As in 
Western Europe, investigations of gas sorption on 
filaments appear and the omegatron is a popular research 
tool for gas analysis observations, but one wonders 
whether the many papers published on the vagaries of 
this instrument might not eventually condemn it as a 
commercial device compared with the miniature mass 
spectrometer of the deflexion type. The hot-cathode 
ionization gauge in relation to ultra-high vacuum measure- 
ment is the subject of four papers, including one giving 
details by C. Brieman and R. Leyniers in English on a 
transistorized power supply for emission regulation. 
One paper on a 2-kW experimental electron-beam welder 
appears in English by E. Fóti and one on vacuum-tight 
windows for infra-red radiation detectors. 

This volume is chiefly of use to the scientist engaged 
with research on electron tubes; it contains little of 
vital interest to the vacuum physicist able to consult 
the much vaster Western scientific literature. Perhaps 
one should be cautious here, however, after reading in 
German the opening paper by E. Winter which surveys 
the Hungarian research results in the fields of electron 
and vacuum physics within the period 1926-50, because 
he claims that several techniques in electron physics 
have originated in Hungary. Though this volume is 
unlikely to have much influence in Britain and America, 
it is nevertheless warmly welcomed as a record of research 
in countries with a growing scientific tradition. The 
excellence of the English used in many of the papers 
by Hungarian authors is, moreover, a tribute to their 
linguistic powers and to the first-class editorial work in 
preparing this book. J. YaRwoop 


‘OLD NICK’S’ METAL 


Nickel : an Historical Review 
By F. B. Howard-White. Pp. xiii+350. 
Methuen and Co., Ltd., 1963.) 45s. 


fk is no ordinary historical review, in the sense of 
scholarly detachment, but a man writing on the 
subject of his working life. There is perhaps a shadow 
of ‘Pygmalion’ in such devotion to one grey metal of 
less universal application than iron and of much inferior 
appearance to chromium. Nevertheless, nickel as an 
alloying element has played perhaps the most dominant 
part in the improvement of steels (based on iron), pro- 
vided the ideal undercoating to chromium plate, and 
furnished the cutler with an amazingly good but cheaper 
substitute for silver. The author of this book concludes, 
in fact, with the attainment of manned space flight in 
& capsule sheathed in nickel-bearing materials. 

The earliest known uses of nickel are the fortuitous 
occurrences in copper and bronze articles found in Antioch, 
Ur, and Kish, dating back some 3,500 years. The source 
of the material may be coincident with that of similar 
objects found in China. Undoubtedly, a favourite source 
of nickel was that of meteoric iron, and the word for 
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iron used in Babylonia, Egypt, and Syria in ancient 
times signified ‘heaven-sent’. Nickel was, therefore, 
a ubiquitous material long before it waa isolated by 
Cronstedt in 1751. As almost every schoolboy knows, 
the name arose as a result of attempts to smelt the nickel- 
arsenide ore occurring in the Erzgebirge, and which was 
mistaken for copper ore. The association with ‘Old 
Nick’ arose partly because no copper resulted, partly 
by virtue of the arsenical fumes (injurious to health), 
and partly because the roasted material, required by 
local potters to colour their products, sometimes failed 
to do so. 

The commercial exploitation of the metal provides a 
most fascinating story. The initial interest arose from 
the non-ferrous alloy known as German or nickel silver 
(known earlier to the Chinese as ‘white copper’), and as 
demands increased, the quest for improved nickel ores 
spread farther, and the rich deposits in Canada and New 
Caledonia began to enter a phase of intense rivalry. 
The French source contained no copper or precious metals, 
and was comparatively easy to smelt, whereas the 
Canadian source required an economical process for the 
separation of copper and other metals. Needless to say, 
a method was found, relying principally on the immis- 
cibility of two molten sulphide layers. Purification of 
the nickel became possible from the discovery of nickel 
carbonyl, and its development by Ludwig Mond. 

The subsequent use of nickel in electro-plating, its 
incorporation into steel, particularly for armaments, 
and the development of new non-ferrous alloys based 
on reduction of the Canadian ‘matte’ containing copper, 
to give ‘Monel’ and a host of derivatives, created an 
unprecedented demand. (The First World War caused 
a trebling of production during a decade.) New alloys 
appeared with the discovery of so-called ‘stainless’ steel, 
and between the two World Wars, nickel became an 
alloying element in cast irons, and a constituent of many 
magnetic materials. Perhaps the most romantic story 
of many new uses for nickel is that of the gas turbine 
and later rocket engines. 

The books contains some useful notes on each chapter, 
and five appendixes, the fifth being a key to the Annaberg 
Altarpiece by Hans Hesse, 1521, a reproduction of which 
forms the frontispiece. The style is easy to read; the 
author, as an engineer, pays full homage to the chemist 
and metallurgist, and provides an absorbing series of 
portraits of men in the industry. A professional historian 
could scarcely have done better. C. R. Torrie 


A SHORT HISTORY OF METALS 


A Hundred Years of Metallurgy 
By W. H. Dennis. Pp. ix+342. (London: 
Duckworth and Co., Ltd., 1963.) 35s. net. 


ESPITE a history extending over some six or seven 

millenia, more progress has been made in metallurgy 
during the past century than in the whole period during 
which metals have been known to man. It is no easy task, 
therefore, to compress these into some 330 pages, and the 
skill with which this has been done and the ground 
covered reflect great credit on the author. The picture 
painted is, however, in the main concerned, with that 
branch of the subject which deals with the extraction 
of the metals from the ores, and the subsequent processes 
to which they are subjected to render them fit for use 
are dealt with somewhat briefly. 

In many cases, an essential preliminary to the actual 
smelting process is the removal of the waste material 
from the ore, and ore-dressing has assumed a greater 
importance as it has become necessary to utilize leaner 
ores; the flotation process and sintering are emphasized 
especially, so far as the latter is concerned, in connexion 
with iron and stcel. Roasting is a necessary preliminary 


Gerald 


NATURE 


337 


to the subsequent extraction of the metal in the case 
of many sulphide ores, and. the introduction of the fluo- 
solid roaster in which the finely divided feed is held in 
suspension by a stream of gas is one of the more out- 
standing advances in this field. 

The electro-magnetic discoveries of Faraday havo 
had repercussions in two ways and, indeed, there are 
few better examples of the mutual interaction of dis- 
coveries in one field of knowledge on another. Tho 
demand of the electrical engineer for copper and aluminium 
as conductors and the fact that the electrical industry 
has become a major customer for lead and other metals 
have had immense economic influence on metallurgy, 
while the use of electric power in aro and induction 
melting has rendered possible techniques of which the 
metallurgist himself has taken full advantage. Hydro- 
metallurgy—the process of recovering a metal by solvent 
action as, for example, in the cyanidation of gold and 
silver ores or in the Bayer process for the extraction of 
aluminium from bauxite—is then considered. After 
this general introduction the progress made in connexion 
with the production of iron and steel, the major non- 
ferrous metals, the ‘newcomers’ and the precious metals 
are dealt with in turn. A short chapter is devoted to 
subsequent shaping process, and the book ends with @ 
very brief account of the fundamentally important 
question of metallography. 

Within the limits which the author has been allowed 
this is done well, the descriptions are clear and the material 
well chosen. It is inevitable, however, in such a wide- 
spread survey that there are minor errors, one of which 
in a historical treatment may be mentioned. It is stated 
(p. 279) that the earliest separation of gold from silver 
was effected by the use of nitric acid. The earliest Greek 
coins were made from natural electrum containing up to 
around 30 per cent silver. It was not until the reign of 
Croesus in the middle of the sixth century B.C. that a 
pure gold currency was introduced—the method of 
removing the silver being still unknown, though it is 
not improbable that it may have been done by prolonged 
heating with sulphur or a sulphide. This would eliminate 
the silver as a molten silver sulphide slag: it was certainly 
long before nitric acid was available. 

The author has done an excellent job of work, and his 
book maintains well the reputation of the series in which 
it appears. F. C. THOMPSON 


SEMICONDUCTORS 


Progress in Semiconductors 

Vol. 7. Edited by Alan F. Gibson and Prof. R. E. 
Burgess. Pp. 238. (London: Heywood and Co.. 1963.) 
65s. 


HE first and last of the four articles in this volume 

are by American authors, and the other two are by 
British; but there is little or no sign of this distinction 
in the presentations or styles of writing. Indeed, there is 
a marked similarity between the first two articles, on 
bismuth and bismuth telluride respectively, in that the best 
available data on physical properties are selected and 
used to test present-day theories of the band structure 
of each substance. 

Some licence has been taken with the definition of a 
semiconductor in including the article on bismuth, but 
that strange semi-metal with its rare and even unique 
properties deserves attention. At low temperatures, 
the surface scattering of carriers is specular rather than 
diffuse, and several properties, notably magneto-resistance, 
which result from the application of a magnetic field 
show a periodicity in the reciprocal of field strength. 
For a substance the lattice of which departs so little 
from simple cubic, bismuth has many properties which 
are highly anisotropic and not easy to interpret. 
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Bismuth telluride is noteworthy because its figure of 
merit as a material for thermoelectric generation or 
refrigeration is among the highest recorded. Exact 
stoichiometry (Bi,Te,) jn single crystals seems always 
to result in p-type conductivity; not until the tellurium 
content is increased to 63 per cent (atomic) is intrinsic 
behaviour noted. The article on this substance con- 
centrates on the galvanomagnetic and thermoelectric 
properties and thermal conductivity, without neglecting 
the elastic constants and optical properties, and reports 
some hitherto unpublished measurements of specific 
heat. 

The two elemental semiconductors, germanium and 
silicon, dominate the rest of the book. In the third 
article they are the vehicles for studies of the inter- 
actions of impurities with dislocations, a subject which 
has been attacked from several sides with some success 
even though some very obvious simplifications have been 
made in the models assumed. The elastic and electrical 
interactions and the kinetics of migration are briefly 
described before more detailed attention is directed to 
precipitation, particularly of aluminium in silicon crystals 
containing much oxygen (~10'8 atoms cm-?)—which 
may be sited interstitially or be largely combined in the 
form of silica precipitates—and of some fast diffusers 
in both germanium and silicon. The role of carbon in 
silicon, only recently appreciated in this context, is not 
overlooked. 

The fourth and longest article examines the effects of 
high hydrostatic pressures (10,000 kg cm-? and upwards) 
on the electronic properties of the two elemental semi- 
conductors and of one or two intermetallic compounds. 
Most interest has centred around the band structure, 
including, particularly, changes in the energy gap as 
deduced from measurements of resistivity and optical 
absorption, and the seattering of carriers as reflected in 
the drift mobility. The influence of pressure on the 
effects introduced by impurities, donors and acceptors 
and those giving rise to deep lying levels receives due 
attention. The authors do not fail to point out the more 
serious gaps in present knowledge: thus the pressure 
dependence of permittivity and refractive index deserve 
more attention and many measurements already made 
with temperature as a second variable have yet to be 
given satisfactory quantitative explanation. 

Many physicists and materials scientists can profitably 
explore this volume despite its specialist appeal; they 
will find the descriptive portions of each article easy 
to absorb. J. R. TOLMAN 


NEVANLINNA THEORY OF 
FUNCTIONS 


Meromorphic Functions 

By Prof. W. K. Hayman. (Oxford Mathematical Mono- 
graphs.) Pp. xiv+191. (London: Oxford University 
Press, 1964.) 63s. 


ROF. HAYMAN's monograph deals with that part 
-L of the theory of functions of a complex variable 
which discusses the roots of an equation f(z) = a, where 
f(z) is either regular in the whole plane (an integral 
function) or regular save for poles (a meromorphic 
function), with related results when the domain is the 
unit circle. The theory has a fairly long history, since it 
may be said to have begun with Picard’s famous theorems, 
that if f(z) is an integral function, f(z) = a has roots for 
all .values of a with at most one exception, and that if 
f(z) is meromorphic, there cannot be more than two 
exceptional values of c. Hadamard developed the 
theory of integral functions, using the order, which is 
p if the maximum modulus on j|z| = r behaves like 
exp(r?) The connexion between order of growth and 
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Zeros is crudely that the more zeros, the greater must 
be the order. j 

The modern theory, to which Hayman has himself 
made substantial contributions, arises almost entirely 
from the fundamental work of Rolf Nevanlinna, begun 
about 1924, described in Nevanlinna’s 1929 tract in the 
Borel collection and in one of the Springer ‘yellow- 
backs’ in 1936. On the basis of Jensen’s generalization 
of Poisson's formula, Nevanlinna derived his central 
‘characteristic function’, T, which differs boundedly 
from & sum m + N, where N measures the number of 
times the function f(z) takes the value a, and m measures 
the intensity of the approach of f(z) to a; this is in fact 
the first fundamental theorem. The second asserts that 
in general N is the dominant term in the sum m + N. 
From a study of the properties of T, a host of special 
results can be deduced, such as Picard’s theorems end 
extensions; for example, if f,(z), f,(z) assume 5 distinct 
values at the same points, they are identical (and 5 
cannot be replaced by 4). The methods extend to results 
about the derivatives of f(z). 

A somewhat similar line of thought is due to Ahlfors, 
expressed in terms of lengths and areas in mappings on 
to a Riemann sphere; here the outstanding result so 
far appears to be Ahlfors’ ‘five islands’ theorem. When 
the general theory is applied to functions meromorphic 
in the unit circle, it yields as special cases the famous 
theorems of Schottky, Landau, Bloch and Bohr. 

As & lucid and connected account of recent work in 
this field, the book will be of immense value to the young 
research worker, since it appears that the methods are 
far from being exhausted, either in their power to afford 
new results or in co-ordinating a variety of special cases 
into a simpler and more general theory. The novice, 
however, might be well advised to acquaint himself 
with Nevanlinna’s Borel tract as a prolegomenon to 
Hayman’s masterly work, a work which will surely be 
the standard text in this field for the present generation. 

T. A. A. BROADBENT 


MODERN ALGEBRA: A POWERFUL 
ENGINEERING TOOL 


Matrix Algebra for Electrical Engineers 
By R. Braae. Pp. xi+162. (London: Sir Isaac Pitman 
and Sons, Ltd., 1963.) 30s. 


OW that matrix algebra is finding its way into sixth- 
form mathematics we can expect the next generation 
of electrical engineers to be fairly conversant with it by 
the time they are professionally qualified. Many of them 
know little to-day of its elegance and power, and find 
mathematical text-books, admirable as they are, faintly 
repellent. Such electrical engineers will find Mr. Braae's 
work clear, readable and interesting. He is himself an 
electrical engineer and has written with the peculiar needs 
and difficulties of his fellow engineers in mind. 

The scope of the book is wider than the title suggests. 
The author’s declared aim is the modest one of enabling a 
beginner to reach a standard where he can read engineering 
articles that use matrices without too much difficulty. 
Any reader who absorbs this text and tackles the many 
exercises scattered throughout the work should be in a 
position to ‘originate’ articles using matrices as well as 
read them. 

In addition to the main subject of determinants and 
matrices some of the topics dealt with, and dealt with 
competently, are vectors and vector spaces, co-ordinate 
transformations, group theory, bilinear and quadratic 
forms, invariance, linear programming, applications to 
geometry and .mechanics, linear networks, diakoptics 
(that, is, the piece-wise solution of large systems, not to be 
confused with the partitioning of matrices), and an 
excellent final chapter on tensor analysis which takes the 
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reader as far as covariant and intrinsic derivatives. 
Clearly the book is not about matrices alone but about 
their place in engineering mathematics and their relation 
to allied subjects, and the ground is prepared for a deeper 
study of tensors and topology. Since the book is designed 
for self-study there are many exercises and at the end of 
each chapter a set of problems for the reader to solve. 
There is also a good bibliography designed to guide readers 
with their further reading in the allied subjects and the 
applications. 

In a disarming introduction, Mr. Braae disclaims any 
attempt at rigorous treatment, but in fact the treatment 
is more rigorous than electrical engineers need and willingly 
accept. The matter is presented so concisely that much 
ground is covered in the 160 pages of text. Yet the style 
is remarkably fluent and pleasant. It is certain that the 
author has a deep affection for mathematics. To him it is 
not just an engineering tool but a joy, and he seeks to 
arouse in his readers his own enthusiasm for a fascinating 
subject. His book can be warmly recommended to all 
electrical engineers. W. J. GIBBS 


NON-AQUEOUS SOLUBILITIES 


Solubilities of Inorganic and Organic Compounds 
Edited by Prof. H. Stephen and Dr. T. Stephen. Vol. 1: 
Binary Systems, Part 2. Pp. viii + 963-1933. (London 
and New York: Pergamon Press, 1963.) 2508. net. 


Ta book is the English edition of a compilation of 
solubilities prepared under the direction of a panel 
of scientists appointed by the Soviet Academy of Sciences. 
It deals with non-aqueous binary mixtures and completes 
the first volume of a larger work, which will ultimately 
include ternary and multicomponent systems. It is 
a useful collection of data which is well arranged, for the 
most pert in a tabular form, although graphical present- 
ation of data is occasionally used. Molecular formule 
and name indexes for the whole of the first volume are 
provided and these are easy to use and enable the in- 
formation to be readily located. Nomenclature is said 
to follow the recommendations of the International 
Union of Pure and Applied Chemistry and the indexing 
arrangement to be that of Chemical Abstracts. 

This last-mentioned claim is not entirely true, in that 
elements in the inorganic section of the formula index 
are arranged by order of Periodic classification and not 
alphabetically. In addition to being indexed by name 
and by formula, the solubility tables are arranged 
according to the chemical formula of the component 
with the smaller number of carbon atoms. There are 
nearly 3,000 tables of solubilities in all and each table 
is provided with a reference to the original work from 
which the data were obtained. It is apparent from these 
references, of which there are more than 2,000, that the 
literature has been widely surveyed. The references to 
Russian literature are conveniently numbered 1-208. 
‘An examination of the references themselves is not without 
interest and reveals that about a third of them relate 
to work completed in 1914 or earlier. The very oldest 
reference is indeed old; it is & reference to the work of 
Gay-Lussac and is dated 1819. In contrast, only about 
one-tenth of the references relate to work completed 
since 1945. This is, of course, no criticism of the authors, 
who can only collect information from available sources, 
but when one considers the prodigious number of new 
compounds isolated or synthesized since 1945, this 
paucity of information on such a mundane property as 
solubility seems almost unbelievable and surely reflects 
an unsatisfactory situation. 

On the debit side of this book, there are a number 
of omissions and misprints which although minor in 
themselves should not appear in a reference work and 
especially one at this price. 
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There are also some untranslated Russian words such 
as trace, insoluble, completely miscible, components, 
ete. These occur mostly in tables of figures and their 
presence is so obvious that it is difficult to see how they 
were missed during all the stages of preparation. Certain. 
entries in the book relate to compounds existing in 
isomeric. forms, and the nature of the isomer or mixture 
of isomers is not specified. Reference to the original 
journals, which were by no means readily accessible 
in all examples, revealed that in some cases additional 
information was available. 

No doubt in the first edition of a work translated from 
Russian, errors can more easily occur than in other works. 
One hopes, however, that in future editions the various 
mistakes will be eliminated so as not to detract from an 
otherwise valuable collection. 

The book will obviously not appeal to individuals, 
but it should prove a useful reference work for the library. 

: P. J. COOPER 


- . TECHNOLOGY FOR SCHOOLS 


Technology 

Man remakes his World. Editorial Board: Dr. J. 
Bronowski, Sir Gerald Barry, James Fisher and Sir 
Julian Huxley. (The Macdonald Illustrated Library, 
Vol. 5.) Illustrated and designed by Hans Erni. Pp. 367. 
(London: Macdonald and Co. (Publishers), Ltd., 1963.) 
55s. net. 


ee is & solid and well-produced book, worthy of 
the Verona printers who made it. In it are presented, 
in American style in two page units, the achievements of 
modern technology. The field which it ploughs is wide, 
even if the furrows are not deep. It is difficult to think 
of a technological subject which is not mentioned and 
illustrated in the book. It is an exciting book, and no 
doubt much of it will be relevant in five years time. 

Technology is the fifth volume of a library of knowledge 
“for the family”. It can be used as an encyclopedia 
or a background book for a fifth- or sixth-form pupil. 
To the older student of science it might be useful as a 
book of applications of his fundamental principles. 
The arts student should find it useful because it tells 
him of the forces which, whether he likes it or not, are 
shaping his environment. The illustrations, of which 
many are in colour, are of high quality and would make 
good teaching aids. 

Apart from the possibility of the destruction of man 
by the atomic bomb, the tone of the book is optimistic. 
“Our planet,” says the book, “will become what the 
British poet, William Blake, called ‘a green and pleasant 
land’. ‘Those who feel the need for & more exciting 
life will find it as pioneers and developers of the other 
planets in the solar system." The realistic critic, not to 
say the cynic, may feel that there are few signs of this 
at present. Perhaps it is not the fault of technology 
that it deals with means rather than ends, with techniques 
rather than values; but one might pause before this 
catalogue of human ingenuity and ponder on the in- 
creasing slaughter on the roads and of cancer of the lung, 
on high wages, leisure and adolescent crime, the starvation 
of a large part of the world, the transistor-set and noise 
nuisances, and the insidious tendencies to the erosion 
of human individuality, as a start. 

It is understandable that the sales of this book will 
be greater in the United States than in Britain, but it 
is & pity that the English reader has to endure such 
spellings as “sulfa”, "aluminum", "fiber", "center" 
and so on. Since communication theory is one of the 
subjects of the book, an intelligent sixth-former might 
ask why a common use of English for scientific com- 
munication in English speaking countries is not yet 
vouchsafed us! W. L. SUMNER 
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POPULARIZING SCIENCE 


“T)OPULARIZATION”, Dr. Martin Green! has said, 

“is one of those words that goes round doing harm: 
it is one of the prime agents in a conspiracy to divide 
and enfeeble the modern mind: for it implies that the 
thing popularized has been reduced in value, and that 
the people reading it have been fobbed off with a sub- 
stitute. It divides by implying that modern science, for 
instance, is so remote from the literary man’s under- 
standing that his idea of it is only half-true; and it 
enfeebles by implying that the only things we really know 
are a handful of specialities (if we are lucky enough to be 
specialists in something) and that the rest of our intel- 
lectual life is a game of blind-man’s buff, if not an exercise 
in deliberate fraud". 

Bad popularization is bad, of course, wherever one 
meets it: science is not singled out for special attention 
in this respect, although, no doubt, the education of 
journalists does not conduce to accurate reporting in this 
field. That scientists should make a scornful distinction 
between knowledge and half-truth is both natural and 
necessary, but those who persist in regarding populariza- 
tion as an unprofessional activity do both science and 
culture a disservice. For, at its best, popularization of 
science can be an interpretative art-form in its own right, 
comparable perhaps to literary criticism, with a culturally 
valuable integrating function: or so Mr. Maurice Goldsmith 
(Science Information Service) claimed when the Scientific 
Publications Council met at the Ciba Foundation, 
London, on April 23 to discuss the subject. But Mr. 
Goldsmith sought for a word to replace ‘popularization’ 
in vain. 

Prof. A. S. Parkes (Physiological Laboratory, Cam- 
bridge), introducing the subject, distinguished two 
possible meanings of popularization: making science 
popular as such among non-scientists, and making it 
intelligible to them. We undoubtedly have to make 
science popular, since scientific research is increasingly 
‘financed by public funds. Just as society now depends 
on science for its livelihood, so science depends on society 
for men and monoy, and both are impossible without 
public support. More complex are the questions of 
whether and how science can be made intelligible; the 
value of attempting to convey the changing detail which 
science accumulates is dubious, but it is important to 
communicate broad scientific ideas and more scientific 
and analytical ways of thinking. Of the several media 
available, Prof. Parkes commended the semi-specialist 
periodicals in particular, describing how he had been 
attracted to reproductive biology—as an academic 
pursuit—by an article in Discovery by Julian Huxley. 
Prof. Parkes imputed neither praiso nor blame to Huxley 
for this, but he did draw a moral: that popular science 
is @ great recruiting sergeant. This is important 
because the ‘brain drain’ is not only from the Old 
World to the New—it can also flow into unproductive 
forms of scholarship. It is interesting, however, that 
medicine, which receives the lion’s share of publicity, is 
nevertheless among the last in the queue for publie funds 
(although it is among the best provided for by private 
foundations, no doubt because of its high moral tone and 
philanthropic connotations). Perhaps familiarity breeds 
contempt, and maybe a certain mystique is necessary 
for respect. 

From the early days of modern science there have been 
two major strands to the thread of popularization. Ever 
since Fontenelle (secretary to the French Academy of 
Sciences) wrote Entretiens sur la pluralité des mondes in 
1686 there have been those who interpreted science to 


the public from within; and there has also been the 
equally honourable tradition of exposition from without, 
beginning perhaps with Voltaire’s Elements de la philo- 
sophie de Newton, which appeared in 1738. More recently, 
specialization has added to these a third strand, that of 
interpreting biology to the physical scientist and vice 
versa, which has given rise to new and valuable channels 
of communication—Endeavour, Scientific American and 
Penguin New Biology, for example. For a while the 
popular and semi-popular press (such as Discovery) and 
the professional science writer—including eminent men 
like Waldemar Kaempfert—seemed likely to dominate 
the scene, interpreting science, as it were, from outside. 
But the newer mass media, broadcasting in sound and 
vision, have restored the possibility of immediate per- 
sonal presentation by the scientists themselves, that was 
once confined to the limited audiences of the local leamed 
societies and the annual meetings of the British Associa- 
tion. 

Speaking from a personal point of view, Mr. Gordon 
Rattray Taylor (B.B.C. Television Science Service) took 
up the challenge on behalf of his particular mass medium. 
He distinguished five facets of popularization, namely, 
(1) news of recent advances in science; (2) knowledge of 
the great intellectual foundations of science, such as the 
theory of evolution or quantum theory; (3) appreciation 
of the scientific method and attitude: (4) the history of 
science; (5) the politics and economics of science—the 
way it is organized and financed. No doubt public finance 
necessitates popular support and may, indeed, impose an 
obligation on scientists to account for themselves, both 
individually and in general, before the public of which in 
all other respects they are themselves a part. But in the 
last analysis the justifications for popularizing science are 
the justifications for science itself: that it is an expedient 
and indeed necessary activity, that it is fun, and, most 
important of all, that it is a high intellectual enterprise 
and that any culture is flawed that is without insight 
into this great ferment of our age. 

Mr. Rattray Taylor spoke of the philosophy and the 
technique of presenting science on television. At ono 
time the approach had been to ask the scientist direct 
questions about science. There is perhaps a certain 
incongruity in asking the Astronomer Royal to discuss, 
say, the cause of the rainbow, and, although audience 
figures are not wholly reliable indexes of quality, such 
programmes did not attract wide acclaim. A more suc- 
cessful approach has been to take the television camera 
into the laboratory in order to show scientists as people 
with jobs and ways of living, rather as one might visit a 
factory and be fascinated by other men’s lives and their 
environment, absorbing the general flavour without 
straining after detail. More recently, it has become clear 
that a very large section of the public seeks from the 
scientist not so much explanations as some sort of 
orientation towards his activities and attitudes and their 
place in the wider scheme of things, and programmes 
surveying whole areas of science have attracted audiences 
as large as ten million people. 

Scientists are not infrequently rather inhibited in 
dealing with people—which may indeed have influenced 
them to go into science—and quite often poor speakers, 
but they are always to be preferred to professional actors 
in broadcast feature programmes because of their essential 
and total involvement. (Prof. Parkes thought they should 
be paid at Equity ‘star’ rates.) 

There are, of course, considerable conceptual difficulties 
wrapped in the jargon of scientific discourse, and what 
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constitutes an ‘explanation’ is itself a philosophically 
interesting question. As Mr. Rattray Taylor pointed out, 
Warren Weaver? has distinguished two modes of ex- 
planation: horizontal explanation in terms of familiar 
physical analogies (radio propagation in terms of waves 
on water), and vertical explanation by analysis into simpler 
but related concepts (radio propagation in terms of 
electromagnetic oscillations). Whether the vertical or 
horizontal mode is appropriate in any context depends 
partly on the level and aim of the explanation. The 
vertical mode is always involved at the level of quanti- 
fication and is, therefore, often thought of as the scientific 
explanation. Horizontal explanation, on the other hand, 
provides imaginative insight and is often the best basis 
for popularization, but the scientist sometimes feels 
embarrassed to be asked to speak in these terms, as 
though he were betraying a trust. However, vertical 
explanation carried to its conclusion also arrives at a set 
of irreducible concepts, which then have themselves to be 
explained horizontally (for example, by reducing electro- 
magnetism to ‘forces’ which are ultimately metaphors 
derived from muscular tensions). So Schon? argues that 
science advances by displacement of concepts from 
familiar to unfamiliar contexts, by what is essentially an 
appeal to metaphor. Scientific explanation thus depends 
on both horizontal and vertical components. Horizontal 
explanation is perfectly valid for relating the unfamiliar 
to the familiar, the unseen and conceptual to the visible 
aud tangible. To some extent familiarity is a matter of 
bodily size and sensory acuity, and the social role of 
explanation is simply to relate unusual phenomena to 
common experience. It has been one of the great achieve- 
ments of science to bring the mysterious and magical 
into the sphere of the rational and physical by this sort 
of process. 

Colin A. Ronan (London) agreed that it is one of the 
functions of popularization to discourage magical think- 
ing. It is a great tragedy that incomprehension so 
frequently breeds not respect, but fear, and one of the 
historical triumphs of science has been to cast out fear, 
as Halley did, for example, when he brought comets 
within the Newtonian scheme. Popularization helps not 
only to dispel fear and to undermine the power of char- 
latans, especially in medicine, but also to offer an alterna- 
tive to the uncontrolled mythopoeic imagination which is 
characteristic of primitive thought. 


A NEW FOSSIL HUMAN 
WADI HALFA 
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The history of science affords a great window for 
popularization (though not perhaps on television, as 
Arthur Garratt reminded the Council, where the business 
of fancy dress and writing with feathers tends to obtrude), 
probably because it deals in people with problems rather 
than the problems tout court. The International Geo- 
physical Year and now the International Biological Pro- 
gramme offer perfect opportunities to display science as 
a very human activity, a co-operative venture cutting 
across all the frontiers of tradition and politics. Here 
television comes into its own again. 

The difficulties to be overcome in popularization are 
not only, or even mainly, the conceptual ones involved 
in ‘explanation’, or those which arise when the physical 
scientist dares to explain matters of biological moment 
and vice versa. They are frequently semantic. William 
Molyneux was perhaps a little optimistic when he wrote 
to Hans Sloane in 1697, “I hear Mr. Newton’s Phil. Nat. 
Prin. Math. is out of press [print], and that he designs a 
2nd Edition. Pray advise him to make it a little more 
plain to Readers not so well versed in Abstruse Mathe- 
maticks, a few Marginal Notes and references and 
Quotations will doe the business". But mathematics 
apart, ever since science abandoned the ‘close, naked, 
natural use of language exacted from the founder 
members of the Royal Society, and substituted the 
‘didactic deadpan’ of modern usage, it has been the 
foremost task of popularizers simply to translate from 
the hieratic into the vernacular’. Mr. Ronan recom- 
monded clear thinking and plain speaking as a salutary 
discipline for scientists and writers alike. i 

At the same meeting the Scientific Publications Council 
olected a new chairman and executive committee as 
follows: Chairman, Dr. R. K. Callow (National Institute 
for Medical Research, Mill Hil), in succession to Prof. 
A. S. Parkes (Cambridge); Committee, Mr. A. L. 
Bacharach, Prof. N. F. Maclagan, Prof. J. Rotblat and 
Dr. C. C. N. Vass. Mr. A. V. S. de Reuck (Ciba Foundation, 
41 Portland Place, London, W.1) was elected honorary 
Secretary. A. V. S. ng REUCK 


1 Green, M., The Listener, 119 (January 18, 1902). 

? Weaver, W., Science, 148, 1297 (1964). 

? Schon, D. A., Displacement of Concepts (Tavistock Publications, London, 
1963). 


‘Frankfort, H., et al., Before Philosophy (Harmondsworth, 1949). 
5 Flood, W. E., The Problem of Vocabulary in the Popularization of Science 
(Birmingham, 1957). 


POPULATION FROM THE 
AREA, SUDAN 


By Dr. G. W. HEWES, H. IRWIN, M. PAPWORTH and A. SAXE 


University of Colorado Nubian Expedition, 
University of Colorado, Boulder 


URING 1962-63 the University of Colorado Nubian 
Expedition, participating in the international cam- 
paign to salvage ancient remains in that section of the 
Nile Valley to be flooded by the waters impounded by 
the new high dam at Aswan, reported the discovery of a 
fossil human mandible from a presumably Upper Palzo- 
lithic site about 650 m west of the Nile, opposite Wadi 
Halfa, Republic of the Sudan. In early 1964 another site 
was investigated, 1-5 km farther west, and 2-5 km from 
the River, which has yielded the permineralized skeletal 
remains of 38 individuals, associated with fossil bones of 
large bovids, and a flint tool complex of Mesolithic charac- 
ter. The skeletal remains, while obviously Homo sapiens, 
have several strikingly robust ‘primitive’ features, and 
appear to belong to a hitherto undescribed North African 
physical type. i j 


Traces of ancient human occupancy at this place, now 
designated Site 6.836, were noted in December 1962 by 
Hewes*, who picked up a few worked flints, but failed 
to observo the human and animal bones which lay a 
hundred metres or so south of his traverse. In mid- 
January 1964, Irwin, of the 1963-64 season's party, 
discovered burials eroding on the surface along with 
abundant faunal remains (large mammals, birds, reptiles), 
flint artefacts and hearths. Excavations were begun 
soon afterwards by Papworth, Saxe and the Expedition’s 
physical anthropologists, G. Armelagos, G. Ewing and 
D. Greene, who will prepare the-detailed analysis of the 
skeletal materials. The first task was to determine whether 
the mineralized human remains were contemporaneous 
with the fossil animals, flints and hearths. Fluorine, 
uranium oxide and nitrogen tests of the human and 
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animal bones are now being carried out at the British 
Museum (Natural History), although the evidence from 
the excavations suggests that there is no difference in 
time between the deposition of the faunal, artefactual and 
human remains. The total absence of pottery is also 
indicative of a date prior to 4000 n.c., since cultures using 
pottery are known to havo been in existence along the 
Nile both to the north and south by that time*. Age- 
determination by carbon-14 may present difficulties, 
since suitable charcoal has not been recovered from the 
hearths, though there is burnt animal bone which may 
be usable. : 

The site is located at about 21° 57’ 28” N., 31° 19’ 10" E., 
with a military grid reference of 918900 N., 647500 E., 
on the 1: 25,000 topographic map of the area‘. Tho site 
surface lies 32-35 m above the present mean level of the 
Nile at Wadi Halfa, or 152-155 m above mean sea-level 
at Alexandria. It will be subject to eventual flooding 
from the wate.» impounded by the new High, Dam at 
Aswün. The site extends 450 m north-west-south-east, 
and 300 m north-east-south-west, occupying & gently 
sloping desert plain north of a large wadi or dry wash. 
In several places this surface is cut by gullies and beds of 
clean white sand, and is veneered on its higher spots by 
gravels. According to K. Butzer®, such gullying reflects 
local episodic rainfall as the increasingly dry climate 
replaced pluvial conditions which had prevailed during 
the late Pleistocene. Destructive rainstorms still occur 
in this region of usually zero precipitation, as W. Churchill, 
C. B. M. McBurney and H. Kees have described’. Begin- 
ning around 5000 B.C., a moister climate returned to Nubia 
for the next 2,500 years. When the wadi still carried water 
down to the Nile, it presumably supported a local gallery 
foresb, and what is now the surrounding desert, totally 
devoid of vegetation, was a grassland, probably with 
brushy patches which are indicated by extensive fossil 
root-systems on what are now quite barren plains. The 
moisture and vegetation had led to soil formation, indi- 
cated by a layer of terra rossa up to 30 em thick in places, 
in which artefacts, human burials, faunal remains and 
hearths occur in situ. This relict soil is now overlain by 
gravels and wind-drifted sand. The bovid bones also 
testify to a. moister climate, since these large herbivores 
would have required sufficient pasture. 

The edges of the gullies which cross the site and ‘drain’ 
toward the wadi are marked by coarse dark sand and 
lensed fine gravel, derived from the low sandstone-capped 
escarpment to the north, which reaches elevations of 
165-176 m above sea-level. The central gully channels 
contain white sand, which also underlies the ferra rossa, 
and in turn overlies an ancient grey-brown Nile silt. 
Some hearths have been cut by the gullies. The surface 
gravel soems to have resulted from sheet-erosion from 
farther up-slope, formed during sudden rainstorms which 
at rare intervals even now afflict this normally rainless 
region. On the old silt, which is at the surface east of the 
site, are numerous molluscan shells—of the snail Cleopatra 
and the bivalve Corbicula. The Columbia University 
Expedition obtained during 1961-62 carbon-14 dates 
from these shells of around 9000 »B.c. (ref. 7). 

When the skull fragments of the first burials were 
examined in the field laboratory, it was apparent that the 
ancient population at 6836 differed Sharply from later 
pre- and proto-historic Upper Nile Valley peoples, who 
do not seem to differ much from the modern inhabitants 
of Nubia. Detailed presentation of cranial and other 
measurements and morphological observations must 
await further laboratory study and the reconstruction 
of fragmentary skulls, but the outstanding physical 
features of the 6836 population can already be described 
in general terms. 

Burial 2, typical of those on the Site, lay on its left side 
with legs flexed, hands close to the face, head to the west, 
and shallow grave. The upper parts of the skeleton had 
been somewhat eroded, damaging the skull. Some other 
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Fig. 2 


burials were multiple, with two or more persons interred 
in the same grave. In Burial 11, the head had turned 
downward, preserving the facial mask almost completely 
(Figs. 1 and 2). Judging from the pelvis, this rugged, 
muscular skull belonged to a female. Compared with 
recent Nubian skulls of the past 2,500 years, from Meroitic, 
X-Group, Christian Nubian, and later times, tho supra- 
orbital area is massive, the nasal root depressed, the 
molars thick and greatly expanded at their lower margins, 
the orbits rectanguloid and the cranial vault low. ‘The 
mandible has wide ascending rami, which flare outward 
at the gonial angles; the chin is rounded rather than sharp, 
the symphysis high and thick. Yet this mandible is not 
the most massive; that of Burial 14 (Fig. 3) is more so, 
and has an even broader ascending ramus. The stature 
of the presumed female of Burial 11 has been estimated 
from long bones to be 160 em. (5 ft. 3 in.) The crania 
intact enough to measure (and there are several in excel- 
lent condition) indicate that the population tended toward 
brachycephaly, but a definitive statement must be post- 
poned until more of the skulls can be reassembled. 
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Advances in Water Pollution 
Research 


This important work in three volumes is 
the authoritative report of the 
proceedings of the First International 
Water Pollution Research Conference, 
held in London in September 1962 


Volume 1 - Editor: B.A.Southgate, 
Director, Water Pollution Research 
Laboratory, Stevenage 

Contents : 

Biological extraction and accumulation in 
stream self-purification — C.J.Velz and 
J.J.Gannon; The oxygen régime and the 
processes of self-purification in reservoirs 
with retarded discharge — S.M. Drachev; 
The effect of the current on the composi- 
tion of biocoenoses in flowing water 
streams — O.Jaag and H.Ambiihl; Self- 
purification of fresh water streams as 
affected by temperature and by the content 
of oxygen, nitrogen and other substances — 
E.Leclerc; Án electronic monitor system 
for river-quality surveillance and 

research — E.J.Cleary; Án analog 
computer for oxygen sag calculations — 
J.G.W.Rennerfelt ; The prediction of 
stream reaeration rates — M.A.Churchill, 
H.L.Elmore and R.A.Buckingham; The 
research program on the Mississippi river 
in the vicinity of Minneapolis and St. Paul 
— G. J. Schroepfer, M.L.Robins and 
R.H.Susag; Recovery and identification of 
organics in water — R. D.Hoak ; Investiga- 
tion of a small watercourse accidentally 
polluted by phenol compounds — 
H.Krombach and J.Barthel; Salmonellae 
in crude sewage effluent and sewage- 
polluted natural waters— J.H.McCoy; The 
role of aquatic actinomycetes in self- 
purification of fresh water streams — 
J.K.G.Silvey; Determination and charting 
of the waste load in a flowing stream — 
G.Müller- Neuhaus; The effect of heated 
effluents on fish — J.S.Alabaster; Effects of 
domestic and industrial discharges on the 
ecology of rifles in Midland streams — 
H.A.Hawkes; Some effects of plants and 
animals on the conditions in fresh-water 
streams with particular reference to their 
oxygen balance— R.W.Edwards. 

352 pages 


Volume 2 — Editor: W.W.Eckenfelder, 
Associate Professor of Civil Engineering, 
Manhattan College 

Contents: 

A study of purification by biological 
means — G.Brebion, S.Prat and J.Prat; 
Concentration effects in the biological . 
oxidation of trade wastes — IL.S.Wilson; 
Mechanism of gas absorption by turbulent 
liquids - W.E.Dobbins; The present state 
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Pergamon Press Publications 


of purification of town sewage in the city 
of Moscow — N.M.Popova and 
O.T.Bolotina; Water reclamation, algal 
production and methane fermentation in 
waste ponds — W.J.Oswald, C.G.Golueke, 
R.C.Cooper, H.K.Gee and J.C.Bronson; 
The biological filtration of coal carbon- 
ization plant effluents — S.H.Jenkins, 
J.A.Slim and (the late) G.W.Cook; 
Methods for the removal of phosphorus 
and nitrogen from sewage plant effluents — 
G.A.Rohlich; Removal of biologically- 
resistant pollutants from waste waters by 
absorption — J.C.Morris and W.J.Weber, 
Jr.; Experimental studies on high-rate 
digestion of nightsoil - S.Iwai, A.Honda 
and Chin- Yuan Chuang; Nutrient 
requirements and biological solids 
accumulation in anaerobic digestion — 
R.E.Speece and P.L.McCarty; Flow 
patterns in a rectangular sewage sedimen- 
tation tank — R.F.Wills and C.Davis; 
Recent work on the treatment and 
dewatering of sewage sludge — 
J.D.Swanwick, F.W.Lussignea and 


. R.C.Baskerville; Growth and endogenous 


phases in the oxidation of glucose — 
T.R.McWhorter and H.Heukelekian; 
Determination of the size of tanks for the 
aerobic and anaerobic degradation of 
organic wastes — F.Pópel; Human enteric 
viruses in water: source, survival and 
removability — N.A.Clarke, G.Berg, 
P.W.Kabler and S.L.Chang; The use of 
ceramic sponges for high level waste 
disposal— C.W.Christenson, R.G.Thomas, 
W.H.Adams, E.B.Fowler and G.D:Kelly. 
584 pages 


Volume 3 ~ Editor: E.A.Pearson, 
Associate Professor of Sanitary 
Engineering, University of California 
Contents: 

Considerations on the siting of outfalls for 
the sea disposal of radioactive effluent in 
tidal waters — R.T.P.Whipple; Scientific 
parameters of marine waste discharge — 
H.F.Ludwig and B.Onodera; Marine 
dilution and inactivation of sewage — 
R.H.Thomas; The occurrence, effects and 
fate of oil polluting the sea — C.E.Zobell; 
Nearshore winds and currents of 
Guanabara state, Brazil - R.E.Selleck and 
E.C.Peixoto; Mixing and dispersion of 
wastes by wind and wave action — 
F.D.Masch; Mixing in the surf zone — 
T.F.W.Harris, J.M.Jordaan, 
W.R.McMurray, C.J.Verwey and 
F.P.Anderson; Effect of wind, tide and 
weather on nearshore ocean conditions — 
J.D.Parkhurst, W.E.Garrison and 
M.L.Whitt; Some physical and biological 
characteristics of open coastal waters and 
their relationship to waste discharge — 





R.B.Tibby and J.L.Barnard; Ecology of 
the rocky nearshore environment in 
southern California and possible influences 
of discharged wastes — W.J.North; 
Toxicity of copper and chromium in the 
marine environment —- J.E.G.Raymont and 
J.Shields; Water pollution and Minamata 
disease — R.Kiyoura; The calculation of 
pollution of the Thames estuary by a 
theory of quantized mixing — W.S.Preddy 
and B.Webber; The mixing processes in a 
tidal estuary — K.F.Bowden; Photosyn- 
thetic oxygenation of a polluted estuary — 
G.H.J.Hull; Nitrogen transformations in 
a polluted estuary —L. Wilkinson; Chair- 
men’s summaries —B.A.Southgate, 
W.W.Eckenfelder and E.A.Pearson; 
Abstract of comments — M.D.Hollis; 
Votes of thanks ~ O.Jaag and 
M.D.Hollis; Closing remarks — 
E.Leclerc. 
444 pages 

Set of three volumes £15 net ($45.00) 


Atmospheric Pollution, 
Its Origins and Prevention 


A.R.Meetham, Principal Scientific 
Officer, National Physical Laboratory 
3rd Revised Edition 

Contents: 

Introduction; Origin of Fuel; Natural 
Solid Fuels; Mineral Oils and Gases; 
Manufactured Fuels; Industrial Boilers; 
Power and Electricity; Industrial 
Furnaces; Domestic Heat Services; 
Atmospheric Pollution; Measurement of 
Atmospheric Pollution; Distribution of 
Pollution; Changes in Pollution; Effects of 
Pollution; Prevention of Atmospheric 
Pollution; The Law and its Administra- 
tion: Index. 

314 pages. 70s net ($10.00) 


Offered for sale by: 


Robert Maxweli 
& Co Ltd 


International, University and 

Industrial Booksellers 

Waynflete Building, 1-8 St. Clements, 
Oxford. /4 & 5 Fitzroy Square, London, 
W.1./2 & 3 Teviot Place, Edinburgh 1. 
44-01 21st Street, Long Island City 1, 
N.Y. /24 Rue des Ecoles, Paris Ve. ' 
Kaiserstrasse 75, Frankfurt-Am-Main. 


Pergamon Press books are distributed in the 
Western Hemisphere and the Philippines by The 
Macmillan Company, 60 Fifth Avenue, New 
York 11, N.Y. 
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NOW! A whole range of 
Fully Interchangeable, Accurate 
Thermistor Temperature Probes 


The YSI ‘400 Series’ THERMISTEMP Temperature Probes 
incorporate thermistors manufactured to follow the same 
resistance/temperature curve. These probes are of various 
configurations, for use in many different fields of temperature 
monitoring, from medical and pathological to industrial lab- 
oratories, in agriculture, food storage, and in industrial plant. 

Readings are taken on the portable battery-operated YSI 
Telethermometers, of which there are five basic models. 
The Model 41 (illustrated) can take six probes, and fast, 
accurate comparative temperature measurements can be 
made by simply switching from channel to channel. 

Write or phone today for full details of YSI Temperature 
Probes and Telethermometers. 








}SHAN DON) SHANDON SCIENTIFIC COMPANY LIMITED 
65 POUND LANE WILLESDEN LONDON NWIO Tel: WiLiesden 8671 











Alloys prepared as ingot, wire, rod or foil. 
Also available—antimony and tellurium (lead content 
less than .001%) for thermo-electric applications. 





ASSOCIATED LEAD 


MANUFACTURERS LIMITED 

Clements House, 14 Gresham Street, London, E.C.2, 
Crescent House, Newcastle upon Tyne 1. 
Lead Works Lane, Chester. 
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The ancient population of 6836 as known so far do not 
appear to be Bushmanoid, as has been claimed for the 
isolated Singa skull, found on the Blue Nile 320 km south 
of Khartoum’, nor are they much like the Mesolithic 
Caucasoid populations of the Maghreb, such as Afalou 
bou-Rhummel, Taforalt, Mechta al-Arbi, and so on, who 
had flaring, massive jaws, short faces, but high cranial 
vaults and rather sharp chins’. If the 6B36 people were 
Negroid, they did not closely resemble either the man of 
Asselar, found in the western Sahara, or the inhabitants 
of the Early Khartoum site!*. Surprisingly few skeletal 
remains have been reported for times prior to the immedi- 
ate Predynastic Period in the Nile Valley! Fossil 
human remains of apparent antiquity, but undated and 
undescribed, have been reported from Kau el-Kebir, 
south of Asyüt, by Vignard in 1923, from Gebel Silsileh 
(a single frontal bone), from Kom Ombo Plain (also by 
Vignard), and from the east bank of the Nile near Wadi 
Halfa by the Columbia University Expedition during 
1961-62. One or more of these finds may turn out to be 
approximately contemporaneous with the 6536 popula- 
tion, and perhaps even physieally similar to it. 

Tools at 6836 are mostly chipped uniface flint points 
and scrapers, amounting to about 1,000 specimens, plus 
about ten times that number of cores and scraps. The 
chipped implements were prepared from pebbles which 
occur in profusion on tho higher terraces and hilltops. 
There are mullers or manos of reddish sandstone con- 
glomerate, which takes a rough finish, and which must 
have contributed to rapid tooth wear among those who 
ate seed meal ground on them. Small flake points were 
made by a backing technique, leaving a steeply faced edge 
on one side, a sharp flake edge on the other, and part of 
the striking platform on the base. There are crescent 
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flakes, ‘geometric’ flakes of microlithic proportions, side- 
scrapers, perforators, some real burins, and notched 
flakes which may have been used as shaft smoothers. 
The absence of bifacially flaked stemmed or concave- 
based projectile points, which are quite common in North 
Africa and the Sahara, and which occur in the Egyptian 
Neolithic-Copper Age sequence, is noteworthy. Ostrich 
egg-shell beads were also found. 

Until more data are available, including radiocarbon 
dates from burnt bone on the site, and the results of more 
thorough analysis of the lithic industry, we can only mako 
a guess at a date for Site 65836, namely, about 6000 B.C. 
The Site was almost certainly occupied and used as a 
burial-place prior to 4000 B.C., or we should have found 
pottery. Site 6B27, which lies 1-5 km east, has yielded a 
carbon-14 date of 7312 + 600 B.c., and its stone tools 
appear to represent a slightly earlier stage in the develop- 
ment of the local sequence. Site 6B36 implements aro 
notably different from those on still another nearby 
ancient campsite, 6B29, which has been dated by carbon- 
14 at 13,150 + 750 years. The radiocarbon tests were 
performed by Geochron Laboratory, Inc., Cambridge, 
Massachusetts. 

The analysis of the local lithic tool sequence is being 
carried out by H. Irwin; the detailed site report for 6B36 
is being prepared by A. Saxe. M. Papworth served as 
field director for the Expedition in the 1963-64 Season, 
with R. H. Lister and J. B. Wheat as senior research 
associates. G. W. Hewes was administrative director for 
the project. We thank Sayed T. H. Thabit, commissioner 
for archeology, Sudan Antiquities Service, and his staff, 
for assistance in the field. The work was supported by 
the U.S. Department of State under Public Law 480 
Funds, and by U.S. National Science Foundation grants. 
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A NEW CHROMOSOME MODEL 


By Dr. DEEPESH N. DE 


Applied Botany Section, Indian Institute of Technology, Kharagpur, 
S.E. Rly., India 


EVERAL attempts have been made to construct a 
workable model of chromosome based on the struc- 
ture of DNA. Taylor? proposed a ‘centipede’ model in 
which the DNA molecules are arranged in a lateral fashion 
on a protein backbone. Later, Taylor? proposed another 
model in which DNA segments are attached to protein 
blocks on two sides. Schwartz? proposed the side-chain 
structure with DNA strands interlinked by protein for its 
integrity. Kaufmann and De‘ proposed that a chromosome 
is made of pairs of pairs of fine strands. Later, Steffensen® 
supported the structure. Recently, Cole* has proposed a 
complicated structure which needs large mechanical 
activity for replication and function. This model is 


based on a successive series of helical condensations uf a 
linear thread composed of DNA segments covalently 
joined by short segments of either protein or specialized 
DNA. Unfortunately none of these models can explum 
all the established biochemical and cytological facts about 
a chromosome. Here I propose a simple model of the 
structural and functional unit of the chromosome, which 
conforms with all the cytological, genetical and biochemi- 
cal data. 

The proposed model is based on a large number of 
circumstantial and experimental evidence. Frey-Wyss- 
ling’, examining the scattering of nucleic acid chains of 
chromosomes, concluded that the nucleic acid molecules 
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are at right angles to the long axis of the chromonema. 
Mirsky and Ris® consider the backbone of the chromo- 
some to be a protein framework. Removal of the DNA- 
histone complex by sodium chloride solution does not 
destroy the integrity of the chromosome, and they there- 
fore consider the residual chromosome to be the basic 
unit. Enzyme digestion studies with DNase, RNase, 
pepsin and trypsin on animal chromosomes have led 
Kaufmann et al.*:1? to conclude that, both structurally and 
funetionally, the chromosomes of higher organisms repre- 
sent an integrated fabric, in which histone and non-histone 
proteins combine with RNA and DNA. "Wilkins! and 
Zubay and Doty concluded that histone polypeptide 
chains are wrapped around both the small and the large 
grooves. From the works of Bloch and Godman’, Rasch 
and Woodward!* and others, it can be concluded that the 
DNA-histone ratio is maintained 1:1 throughout the 
cell oycle. With the aid of autoradiographic techniques, 
Do has shown that DNA and histone are synthesized 
concomitantly. Dounce e£ al.!* have shown that residual 
proteins are firmly bound to DNA by covalent bonds at 
the end of DNA chains. Kirby and Frearson!’ also exam- 
ined the DNA-protein bonds. On the degradation of 
DNA-protein they’ noticed that some glutamic acid, 
alanine and serine remained with the polynucleotide frag- 
ments.  Steffensen* has indicated that divalent cations 
are bound to the chromosomes and they have a stabilizing 
effect on the chromosomes. Kaufmann and De‘ have 
shown from electron microscope examinations of chromo- 
somes of Tradescantia that the most prominent unit of 
the fibres in the chromosomes is about 1000 A in diameter. 
Gall: has shown that the diameter of the chromatid in 
the lampbrush chromosomes is about 500 A. Galli? has 
also shown recently that the identifiable nuclear material 
from red blood cells of newt, human and grasshopper cells 
consists entirely of long fibres having a diameter of 
approximately 400-600 A. 

The proposed model is of a chromonema—the structural 
and functional unit of the chromosome. It follows the 
structural principle of Watson-Crick DNA model?*, 
According to this model, the chromonema is made of two 
separate sub-units, each with a backbone of residual non- 
basie protein which is continuous along the length of the 
chromonema (Figs. 1 and 2). Several polypeptide chains 
are bound to each other by divalent cations Ca++, The 





Fig. 1. General view of the model—a long, spirally coiled, double-stranded 
structure. The arrows indicate M erence between the protein 
ackbones 


NATURE 


July 25, 1964 VoL. 203 





De recrear DNA -HISTONE 


RES AL 







RESIDUAL 
PROTEIN 
BACKBONE 


Details of the model. 
like the rungs of à ladder and the protein backbone forms the two 
Dark regions of the rungs represent the histone wrapped. 
around DNA. Free ends of the DNA strands are exaggerated. The 


Fig. 2. DNA-histone segments are arranged 


spines. 


spacing between the consecutive DNA segments is not constant; 
nevertheless, there is a certain space between two consecutive segments. 
Two or more segments can form a group and act as a functional unit 


two protein backbones are so constituted they are unlike 
in some structural organization that restricts reunion of 
like strands when exchanges occur. The DNA segments 
are approximately at right angles to the length of the 
chromonema axis and are parallel to each other. For a 
given chromonema, the sequence of the DNA segments 
along the length of the chromonema is constant and 
species-specific. Each strand of the DNA duplex is 
attached by covalent bonds to one of the protein back- 
bones at one end, the other end remaining free and the 
complementary strand to the other protein backbone in 
the same fashion. The DNA segments are wrapped around 
with histone. The length of the DNA segment across 
the chromonema could be in the order of 500-1000 A, 
which may vary from species to species. The spacing 
between consecutive DNA-histone segments may not be 
constant, and the segments may be grouped in closer 
proximity to act as functional units. The chromonema is 
not structurally rigid and its dimensions would vary with 
degree of coiling and folding, and presence and absence 
of additional products of chromosomal activity. Never- 
theless, the integrity is always maintained. The ionic 
environment would play a great part in coiling of the 
chromonema. In the proposed structure, RNA is not 
involved, but it may be associated with it as a metabolic 
product. 

The replication of the chromonema is like the semi- 
conservative replieation mechanism of DNA molecule. 
The atomic identity of the sub-units of the chromonema 
is conserved, although effecting a permanent separation 
of the two sub-units from each other in course of repliea- 
tion. The replication begins with untwisting and gradual 
separation of the two sub-units from both ends of the 
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Fig. 3. A replicating chromonema, in which the upper arms rotate in 
the opposite direction of the lower arms. Replication and unwinding 
proceed pari passu 


chromonema. The unwinding and replication proceed 
part passu. Since the proposed model is supposed to 
replicate from both ends, the daughter chromonemata at 
one end will rotate clockwise and the other end anti- 
clockwise (Fig. 3). The DNA segment also starts replica- 
tion from both ends (Fig. 4). The free end of each strand 
of the DNA duplex untwists and separates and the 
complementary strand is progressively synthesized until it 
reaches its bound end. Finally, two hybrid molecules are 
produced. This is in perfect conformity with the results 
of Meselson and Stahl?!, The histone chain may or may 
not separate from the parent DNA duplex, depending on 
whether the basic groups of a single histone chain simul- 
taneously bind the phosphate groups of both the strands 
of the DNA duplex. Anyhow, after replication both the 
daughter DNA segments would be wrapped around with 
one old and one new histone protein. At this stage, small 
pieces of newly synthesized residual protein would be 
attached to the unbound end of the hybrid DNA. Joining 
together of these residual protein -DNA histone complexes 
in ‘zipper’ fashion would progress from both ends of 
the chromonema until they meet each other at a place 
which may very well be the centromere as indicated by 
Taylor*. Thus the replication mechanism of the chrom- 
onema is in complete accord with the results of Taylor, 
Woods and Hughes’. 

Steffensen* has opined that any proposed mechanism of 
replication must satisfy at least the following restrictions: 
(1) labelled chromosome strands assort every other 
generation}; (2) DNA molecules are hybrid molecules?!; 
(3) each fibril unit is organized in a progressive order of 
pairs of pairs‘; (4) sister-chromatid exchanges are limited 
by the direction of the synthesis**; and (5) a mechanism of 
chromosome replication is compatible with DNA structure 
and synthesis?. The proposed model of chromonema 
structure and replication perfectly complies with all these 
restrictions. 

The model is attractive in its simplicity and in its con- 
formity with the general pattern of double-stranded 
coiled structure. It is likely that replication of the model 
would not need large mechanical activity. The model is 
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expected to explain very easily almost all the cytological 
biochemical and genetical aspects of the chromosome. 

The matrix is probably an artefact which is produced 
by extraneous material on the chromosome. The model 
fits with the observation that the end-view of a chromo- 
some and fine fibres at the electron microscope level 
present a ‘doughnut’ or ring appearance, as has been 
shown by Kaufmann?! and Kaufmann and De‘. The 
euchromatin and heterochromatin regions of the chromo- 
somes would probably have very little structural differ- 
ence, but they probably differ in functional aspects. 
Optically observable chromomeres may be certain regions 
of the chromonema where DNA-histone segmente are 
densely located and little more coiled. Cytologically 
observable centromeric granules are not different from 
chromomeres as electron microscopic studies have so 
far revealed no special structure. The centromeric granules 
could be visualized as a certain region of the chromonema 
where closely packed DNA segments synthesize a specific 
protein and/or where a special protein is attached to the 
residual protein, so that during spindle formation this 
protein couples up with the protein of the spindle. 

The polytene structure of Drosophila salivary gland 
chromosomes are produced due to complete despiraliza- 
tion and increase in the length of the protein backbones 
of the numerous chromonemata without any loss in its 
integrity. One or more DNA segments of the chromonema 
give rise to band regions and the relatively wider spaces 
between the DNA segments to interband regions. This 
contention is supported by the fact that no DNA is ob- 
served in the interband regions as reported by Woods, 
Gay and Sengun* and Steffensen^. 

The induced and spontaneous chromosomal aberrations 
could be derived from breaking or loss of eitber one or both 
of the protein backbones of the proposed chromonema. 
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Fig. 4. Details of the replication mechanism.  Histone round DNA 

segments are omitted for clarification. Arrows of the strands of DNA 

indicate free ends. Broken lines represent newly synthesized com- 

ponents. Each daughter chromonema is hybrid in both DNA and 
protein components 
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The breakage would not involve any damage to DNA 
segments. Wolff?! has shown that protein synthesis is 
necessary for the rejoining of radiation-induced chromo- 
some breaks. It has also been strongly suggested by 
Sharma and Sharma?’ that chemically induced chromo- 
some breaks are chiefly due to hazards of protein synthesis. 
The mechanism of crossing-over could be easily explained 
by the proposed structure in which the protein backbone 
plays the vital part. 

Mutation due to structural aberration is understood. 
The point mutations would involve change in the DNA 
segment. Any damage to DNA segment would cause 
intragenic mutation. According to Rhoades’, in maize 
none of the mutations has been demonstrated by cyto- 
genetic evidence to be an intragenic change. Nevertheless, 
position effect can be explained in the following way. A 
break of the protein backbone occurs between a particular 
sequence of DNA segments and the distal portion is 
rejoined to some chromonema in the chromosome comple- 
ment. Even though the segments are not lost, the 
sequence is altered, causing alteration or blockade of gene 
function. The restoration of the segment-sequence 
restores normal gene function. 
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OBITUARY 


Dr. G. W. Monier-Williams, O.B.E. 


Wir the death of Dr. G. W. Monier-Williams one of 
the last links, if not the last, with the control of food and 
drug administration by the old Local Government Board 
has been severed. 

Dr. Monier-Williams was born on April 17, 1881, and 
came of a well-known legal family, the effects of which 
were often displayed in his approach both in his chemical 
work and also in his dealings with those with whom he 
came in contact in his official capacity. He was educated 
at University College, Oxford, where he took a first class 
in chemistry in 1903, having spent part of the summer 
vacation in 1902 at Leipzig studying physical chemistry. 
From Oxford he went to Freiburg (1903-05), where he 
undertook research and obtained his Ph.D., after which 
he spent some weeks at Cognac studying distillation. He 
spent short periods as research chemist at the tar works 
of the Gas Light and Coke Company at Becton, and with 
A. Chaston Chapman, before commencing work in January 
1909 as an assistant inspector of foods at the Local 
Government Board under Sir William Power, medical 
officer, and Dr. G. S. Buchanan, who was in charge of the 
newly formed food section. 

Monier-Williams’s name was first mentioned in the 
eighth report on the application of formaldehyde to meat, 
when he received a mention for having examined a 
formaldehyde preservative; but after this a steady stream 
of reports began to appear over his own name and dealt 
with such diverse topics as the colouring matters of flour, 
the artificial bleaching of flour, and preservatives. His 
report on tho freezing-point test for the determination of 
added wator in mill: appeared in 1914 and contains about 
100 referencos to the scientific literature—surely almost a 
record at that time. This work was interrupted by service 
during the First World War, when ho went to France 
with the Expeditionary Force and transferred to the 
Special Brigade, Royal Engineers, on its formation in 
1915, being appointed adjutant at the depot at Helfaut, 
France, where he remained for the remainder of the War, 
being awarded the M.C. and the O.B.E. for his services. 
Owing to his retiring nature he gave the impression that 
he was reserved, but with his tall and rather handsome 
appearance combined with his government experience he 
made an ideal officer for the post. 


With the formation of the Ministry of Health the series 
of reports on foods was discontinued, and Monier-Williams 
read occasional papors to the Society of Public Analysts, 
though a few important and authoritative reports issued 
by the Ministry wero written by him, notably those on 
the solubility of glazes and enamels used in cooking 
vessels, antimony in enamelled hollow-ware, the determ- 
ination of benzoic acid in foods, the determination of 
sulphur dioxide in foods, the effect on foods of fumigation 
with hydrogen cyanide, and lead in food. After his 
retirement he wrote his well-known book on Trace Elements 
$n Food, a volume which will remain a standard for 
many years, although the methods used for analysis 
are now being superseded. It is probably safe to say 
that few analysts have issued so many reports, which, 
though few in total number, will remain for so many 
years as the outstanding works on their particular 
subjects. 

Apart from his work as an analyst and inspector of 
foods, Monior-Williams was a recognized authority at the 
Ministry, to whom public analysts or manufacturers could 
appeal for advico not merely on what was believed to be 
tho legal interpretation of various food orders, but, even 
more important, what had boen the underlying intention of 
the Ministry, whon a particular item had boen introduced 
into a statutory order. Public analysts had cause to bo 
grateful to Monier-Williams and his colleague Mr. R. 
Butcher, for the investigation of any complaints which 
they might have in thoir dealings with local authorities. 
Although he served for three periods on the Council of 
the Royal Institute of Chemistry, and published articles 
in the Journal of the Chemical Society and the Biochemical 
Journal, it was to the Society of Public Analysts, now the 
Society for Analytical Chemistry, that he gave his greatest 
support, serving for no less than seven periods as a member 
of council or vice-president and finally, during 1945-46, 
as president. Monior-Williams was no mean artist and 
exhibited his landscapes at the Royal Academy and 
elsewhere; but with increasing deafness he tended to 
withdraw gradually from public life, much to the regret of 
his colleagues and friends. He was twice married, his 
first wife dying young, and our sympathy is extended to 
his widow and children, who survive him. 

T. McLACHLAN 
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NEWS and VIEWS 


Chairman of the Medical Research Council's Clinical 
Research Board: Sir Robert Platt 


Sm ROBERT PLATT, professor of medicine at the Univer- 
sity of Manchester, has been appointed chairman of the 
Medical Research Council's Clinical Research Board, from 
October 1, in succession to Prof. E. J. Wayne. Sir 
Robert was a member of both the Medical Research 
Council and the Clinical Research Board from 1953 to 
1957, and has been chairman of the Council’s Committee 
for Research in General Practice since its formation in 
1957. He is a member of the Central Health Services 
Council, and was chairman of the Health Departments’ 
Working Party on Medical Staffing Structure in the 
Hospital Service. The Clinical Research Board was set 
up in October 1953, with the task of assisting the Medical 
Research Council in the promotion of clinical research on a 
national scale, and of advising the Health Departments 
on their scheme for decentralized research. 


National Physical Laboratory, Aerodynamics Division: 
Dr. W. P. Jones 


Dr. W. P. Jones, superintendent of the Aerodynamics 
Division of the National Physical Laboratory, has been 
appointed director of the NATO Advisory Group for 
Aerospace Research and Development. Dr. Jones joined 
the staff of the National Physical Laboratory in 1935 after 
a distinguished academic career. He graduated with first- 
class honours in mathematics at St. David’s College, 
Lampeter, where he was a mathematical scholar from 
1927 until 1930. He then went up to Oxford, as a senior 
student, after winning the Jodrell Mathematical Scholar- 
ship at the Queen’s College. In 1932 he again graduated 
with first-class honours in mathematics but, instead of 
taking the usual course of working for a D.Phil. degree, 
he decided to read physics and passed his final examination 
in 1934 after only two years of special study of this 
subject. At the National Physical Laboratory he was 
attached to a group that specialized in research on flutter 
and vibration of aircraft under the leadership of the late 

Dr. R. A. Frazer. In 1946 Dr. Jones became the leader 
` of the group, and in 1953 he succeeded Mr. A. Page as 
superintendent. During the past decade Dr. Jones has 
been: concerned with the planning and development of 
new facilities for aerodynamic research and with the 
general supervision of the Division’s research programme. 
The Division is now particularly well equipped for research 
on. high-speed flows, including hypersonic and low-density 
flows and gas dynamics. Dr. Jones’s published work has 
been mainly concerned with flutter and the theory of 
airflow over oscillating surfaces. He was awarded a D.Sc. 
by the University of Oxford in 1953, and in the following 
year he was elected Fellow of the Royal Aeronautical 
Society and also of the American Institute of Aeronautics 
and Astronautics. Dr. Jones has served on the Aero- 
nautical Research Council of the Ministry of Aviation and 
on many of its committees and sub-committees. He is 
also a member of the International Advisory Committee 
on Rarefied Aerodynamics. In 1960 he was elected by 
the Massachusetts Institute of Technology to the Jerome 
Clarke Hunseker visiting professorship for that academic 
year, and gave the 1961 Minta Martin Lecture sponsored 
by the Institute of Aerospace Sciences. In 1962 he 
delivered the Lanchester Memorial Lecture to the Royal 
Aeronautical Society. 


Dr. R. C. Pankhurst 


Dr. R. C. PANKHURST has been appointed to succeed 
Dr. Jones. After graduating with honours in physics in 


1937 at the Imperial College of Science and Technology, 
where he held a Royal Scholarship, Dr. Pankhurst spent 
two years on research in molecular spectroscopy, par- 
ticularly the emission spectrum of sodium hydride, in the 
Astrophysics Department of the College. A by-product 
of this work was the discovery of a highly complex band- 
spectrum due in part to the triatomic molecule SiO,: 
this was of particular interest as the spectra of very few 
polyatomic molecules had been obtained in emission. Ho 
became interested in aerodynamics through spending a 
summer vacation at the Royal Aircraft Establishment, 
and joined the Aerodynamics Division of the National 
Physical Laboratory in 1939. During the Second World 
War he was engaged in theoretical work on the design 
and performance of the propellers for high-speed aircraft, 
under the guidance of the late Mr. C. N. H. Lock, and 
also carried out extensive wind-tunnel experiments on 
the aerodynamic performance of contra-rotating pro- 
pellers. After the War, Dr. Pankhurst worked on the 
characteristics of aerofoils in two-dimensional flow, and 
became an authority on boundary-layer control, including 
its application to the reduction of aerofoil drag and the 
increase of maximum lift. Other noteworthy contributions 
in this field were wind-tunnel experiments (with Dr. B. 
Thwaites) on the flow with circulation around a porous 
circular cylinder. He has also maintained particular 
interest in experimental methods in fluid dynamics. For 
several years he has been leading a group concerned with 
(1) aerodynamic problems of vertical take-off and landing 
and the interaction of jets with surrounding streams; 
(2) flow laminarization with application to slender-delta 
wings; and (3) the study of turbulence in jets and 
boundary-layers with special reference to the mechanism 
of the production of aerodynamic noise. Dr. Pankhurst 
was elected a Fellow of the Royal Aeronautical Socicty 
in 1957. He is a member of several committees of the 
Aeronautical Research Council and was formerly asso- 
ciated with the Commonwealth Advisory Aeronautical 
Research Council, to which he made valuable contributions 
during its formative years. 


Applied Mathematics in the University of Reading : 
Prof. J. N. Hunt 


Dr. J. N. Howr has been appointed to the newly 
instituted chair of applied mathematics in the University 
of Reading. Dr. Hunt, who is thirty-six years of age, 
after serving for two years as a Royal Air Force instructor, 
joined the Imperial College of Science and Technology, 
London, where he obtained, in 1950, a first-class honours 
degree in mathematics and, in 1952, a Ph.D. degrea working 
under Prof. A. T. Price on the mathematical theory of 
gravity waves of finite amplitude in deep and in shallow 
water. During 1952-55 he held the post of scientific 
officer at the Department of Scientific and Industrial 
Research Hydraulics Research Station, Wallingford, 
where he worked on problems in hydraulics, such as 
viscous wave damping, beach erosion, tidal currents 
and storm-surges in the Thames estuary. He then trans- 
ferred to the Atomic Weapons Research Establishment. 
Aldermaston, where for three years he worked on com- 
pressible flow, atmospheric oscillations, and on numerical 
computations connected with various models of the 
Earth's atmosphere. He spent the session 1958-59 as 
associate professor at the Georgia Institute of Technology, 
Atlanta, Georgia, working on wave propagation ovor a 
permeable surface. In 1959 he was appointed lecturer in 
mathematics and later reader in physical oceanography 
at the Imperial College of Science and Technology. Most 
of Dr. Hunt’s published work has been connected with 
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waves, either in water or in air, and deals with damping, 
sedimentation and mass transport, turbulence, instability, 
wind or currents. He has published a text-book on incom- 
pressible fluid dynamics and is working on a book on 
gravity wave theory and its engineering applications. 
He will take up his duties on October 1. 


U.S. National Science Foundation Division of Engin- 
eering 


A Division of Engineering has been established by the 
U.S. National Science Foundation. Dr. John M. Ide, 
formerly director of the SACLANT Antisubmarine War- 
fare Research Centre, La Spezia, Italy, has been appointed. 
director of the new Division. t 

Engineering research supported by tho National Science 
Foundation has brought all the traditional disciplines of 
Science to bear on technical problems. Not limited to the 
physieal sciences, although it has historically had most 
connexion with them, engineering research has involved 
biology or the social sciences. Hitherto, basic research 
in engineering has been supported within the Foundation 
by the Engineering Section of the Division of Mathe- 
matical, Physical and Engineering Sciences. Engineering 
now becomes the fourth research Division, the other three 
being the renamed Division of Mathematical and Physical 
Sciences, the Division of Biological and Medical Sciences 
and the Division of Social Sciences. 

Engineering research eligible for support by the 
National Science Foundation will have to be of a true 
scientific nature and not routine engineering practice. 
Examples of the types of engineering research that may 
be supported are: the development of principles and 
techniques in systems engineering design;  interdis- 
ciplinary research related to such matters as biomedical 
engineering, transportation, urban planning, fire pre- 
vention, etc.; the development of principles of generation 
and control of energy systems and information Systems; 
the analysis and synthesis of processes and Systems which 
contribute to mastery of the environment. 

Research supported by the National Science Founda- 
tion in the engineering sciences for the fiscal year 1963 
totalled nearly 12 million dollars, through approximately 
290 grants; in 1962 it was 9 million dollars through about 
240 grants. During the fiscal year ending June 30, 1964, 
the Foundation granted approximately 13 million dollars 
for basic research in engineering. 


Universities of Manchester and Liverpool Joint Research 
Reactor 


THE research reactor which was built for the univer- 
sities of Manchester and Liverpool at Risley, near War- 
rington, with a grant of £350,000 from the Department 
of Scientific and Industrial Research, became critical on 
July 7. The reactor will be used for postgraduate study 
and research, in the fields of nuclear engineering, radio- 
chemistry and neutron and solid-state physics, mainly 
by workers from the two universities, although facilities 
will be made available to other universities and technical 
colleges in the north-west. It will also provide valuable 
facilities for the production of short-lived isotopes which 
are not at present available in the north of England. The 
reactor is based on an American design which has been 
considerably modified in order to raise the power from 
10 kW to 100 kW and to increase its flexibility for experi- 
mental purposes. The main contractors for the reactor 
wore Pye, Ltd., acting under licence from the American 
Machine and Foundry Co. of New York. The main con- 
tractors for the building were Harry Fairclough, Ltd., 
Warrington. The United Kingdom Atomic Energy 
Authority, acting as agents for the universities and the 
Department of Scientific and Industrial Research, placed. 
contracts for the manufacture and supervised construc- 
tion of the reactor, associated buildings and services on 
the site purchased by the University of Manchester. 
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Employment of Graduates 


Tue eighteenth annual report of the Appointments 
Board of the Universities of Newcastle and Durham for 
the year 1962-63 (Pp. 18. Newcastle and Durham: Tho 
Universities, 1964) covers the last year of operation of the 
Durham University Appointments Board—the Appoint- 
ments Board of the Federal University having been re- 
constituted under a new title, but for tho time being 
continuing to be responsible for appointments work on 
behalf of students and graduates of the two new Univer- 
sities. In reviewing the general employment situation of 
graduates in 1963, the report suggests that demand by 
the private sector of the economy was little, if anything, 
stronger than in 1962, although there appears to be no 
reason for thinking that an end is in sight to the shortage 
of mathematicians, physicists and engineers. The report, 
however, is very critical of the forecast in the report 
issued by the Advisory Council on Scientific Policy, The 
Long-Term Demand for Scientific Manpower, in 1961. 
It suggests that the forecast failed to foresee the imminent 
explosion of demand for teaching man-power and that it 
also took too much account of short-term recession in 
industrial demand. While taking note of explicit demand, 
it neglected inarticulate demand, and was too complacent 
about staffing schools with science specialists. It implied 
also that only @ small, and perhaps comparatively un- 
important, section of the scientific community needed a 
good mathematical background. The report insists that 
discussions of the problem of teaching man-power com- 
monly neglect quality and deployment and concern 
themselves mainly with numbers. While opportunities 
for some science and engineering graduates became 
scarcer in 1962 and remained so until quite late in 1963, 
the difficulties largely arose because of inflexibility on 
the part of the graduates. There are signs of significant 
increase in industrial interest in the recruitment of 
biologists. The Board is watching with interest the 
progress of trends towards subject-specificity in employers' 
demands for graduates in non-technical subjects, and 
away from subject-specificity in fields where it is at 
present fairly uniformly assumed. 


Political and Economic Affairs in France, 1959-64 


A PAMPHLET issued by the Press and Information 
Service of the French Embassy gives a concise survey of 
political and economic affairs in France for the period 
1959-64 (A Survey of Political and Economic Affairs in 
France, 1959-1964. Pp. 26. London: Ambassade de 
France, Service de Presse et d’Information, 1964). It 
covers first the political institutions and recent innova- 
tions, which have ended the instability of Government, 
the decolonization measures, including the Evian agree- 
ments and the measures taken in Black Africa and 
Madagascar, changes in economic and financial affairs, 
and in defence and foreign policy. The pamphlet is a 
distinct contribution to the understanding of the situation 
in France and the changes in French domestic and foreign 
policy. 


Sound Radio in the Television Age 


In the sixth of the second series of Lunch-Time Lectures 
arranged by the British Broadcasting Corporation, 
“Sound Radio in the Television Age", which has recently 
been published, Mr. F. Gillard observes that while there 
are unmistakable signs that radio will continue to be a 
medium in wide and accepted currency, the form of sur- 
vival is more important and significant than survival 
itself (Pp. 16. London: British Broadcasting Corporation, 
1964). So long as sound radio continues to uphold the 
principles of public service, integrity, independence, fair- 
ness, impartiality, sense of taste and sense of purpose, it 
will continue to flourish and justly hold its head high 
among the mass media of our day. Nevertheless, there 
will be change, and flexibility is essential —broadeasting 
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must be sensitive to new developments, particularly in 
education. Flexibility is also called for in the techniques 
of programme planning. As regards technical develop- 
mont, very high frequency, ‘VHF’, is undoubtedly the 
radio system of the future. The possibility of stereophonic 
broadcasting on some regular scheduled basis is just 
beginning to show above the horizon. Even to-day, some 
6 million people who have no television depend entirely 
on sound for their broadcasting service, and the needs of 
this audience are as diverse as ever. Extensions which 
the British Broadcasting Corporation has in mind at 
present concern particularly the Light Programme and 
the Third Network. The Corporation also wishes to 
introduce a completely new service in a system of local 
broadcasting, but on this the Government has reserved 
its position. The Corporation has great faith in the 
potential of this new dimension of sound broadcasting. 
Administratively, the local stations would be part of its 
regional system. 


Library Service in the Manchester Region 


THe 111th annual report of the Libraries Committee of 
the City of Manchester covers the year ending March 31, 
1963, in which issues from the lending libraries increased 
by 45,000, and from the reference libraries by some 
120,000 (Pp. 36. Manchester: The Public Libraries, 
1964). The Committee’s plans for reorganizing the 
service have continued, but have fallen far behind the 
programme approved in January 1960. A feature of the 
year was the large number of visitors from educational 
establishments of all kinds and also from overseas. In 
the technical library, the number of readers increased to 
a new record of 830,000 and additions during the year 
brought the total stock to 101,000 volumes. The tech- 
nical lending library’s book stock now exceeds 19,000 
volumes and more than 16,000 volumes were issued from 
the collection during the year, but the phenomenal issue 
from the patents library of the previous year decreased 
by some 5 per cent. The use made of the information 
services to firms and institutions throughout Britain con- 
tinued to expand. The collection of technical translating 
dictionaries in all the major languages now exceeds 500 
volumes. 

A guide to some of the resources available in the tech- 
nical library at the Central Library, Manchester, in 
addition to books has been published by the Libraries 
Committee (What’s Available in the Technical Library: a 
Guide to Some of the Resources in Addition to Books. By 
F. R. Taylor. Second Edition. Pp. 29. Manchester: Librar- 
ies Committee. Available from the technical librarian, 
Central Library, 1964. 2s. 6d.). In it Mr. Taylor describes 
the whole range of resources in detail, and particularly the 
periodicals, periodical indexes and abstracts, periodical 
location guides, standards, atomic energy documents, trade 
catalogues, literature surveys, technical translating dic- 
tionaries, patents and micro-texts. Finally, Mr. Taylor 
explains the service that is offered to industry and the 
way in which the library forms an integral part of the 
national library network. 


Termite Studies in Africa 


A coLLoquium on African termites was held at the 
Lovanium University, Leopoldville, during May 11-16 
and was organized jointly by the University and Unesco. 
M. Michel Colin, Minister for Education, République du 
Congo, presided at the opening session. The attendance 
of delegates from abroad was facilitated by Unesco in 
arranging a meeting of the Termite Sub-committee of the 
Humid Tropics Research Programme in Leopoldville 
during the course of the colloquium. In the ten years 
which have passed since the founding of Lovanium, 
Prof. A. Bouillon has developed a large and active 
Department of Zoology, in which special attention has 
been directed to the investigation of the Isoptera, a group 
of insects well represented in the grounds of the Univer- 
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sity. In his opening address, Prof. Bouillon strossed the 
importance of termite investigations from both the 
scientific and the economic points of view, not only to 
the Congo but also to the Tropics as a whole. In the 22 
papers presented by workers at Lovanium a wide range 
of interests was exhibited, covering taxonomy, morph- 
ology, social behaviour and ecology, with special reference 
to the large mound-building Macrotermes natalensis, a 
new species of Cubitermes making small mounds in grass- 
land, and three species of the genus Apicotermes, the 
elegant subterranean nests of which are one of the marvels 
of insect architecture. Co-operation with workers in other 
departments of the University has resulted in interesting 
developments in techniques and apparatus for investi- 
gating termites; for example, the use of microanemo- 
meters to measure air-flow in mounds, the estimation of 
pterines and their possible role as regulators in tho sexual 
cycle, and the application of pedological techniques to 
investigations of mounds. A number of papers were con- 
tributed by the visiting entomologists. The proceedings 
of the colloquium are in course of publication by the 
University in its series Studia Universitas Lovanium. 


Stonehenge 


STONEHENGE has always fascinated everyone who has 
visited the monument. Who made it and when and why 
was it erected ? The first two queries have now been 
answered by the archeologist with reasonable cortainty, 
though to what extent, if any, Mycenzan architects 
helped in the erection remains doubtful. But the reasons 
why the building was put up are less certain; clearly it 
was not for fun. Years ago, Sir Norman Lockyer pointed 
out that the orientation of some of the stones mado it 
clear that a line on the rising of the Sun at midsummor 
could be obtained, and that, therefore, the ‘temple’ was 
of the nature of a calendar. Such a purpose would, of 
course, be vital for an agricultural people, who would 
want to know when to sow their crops, etc. Articles on 
the subject by Prof. G. Hawkins have recently appeared 
in Nature (200, 306; 1963; and 202, 1258; 1964). At 
the same time, and seemingly independently, Mr. C. A. 
Newham has published a pamphlet on the same problem 
(The Enigma of Stonehenge and its Astronomical and Geo- 
metrical Significance. Pp. 42. Tadcaster: C. A. Newham, 
5 Sedge Rise, 1964). Both agree that the ‘priests’ at 
Stonehenge were interested in the Moon as woll as in the 
Sun at midsummer, but Mr. Newham goes further and 
brings the Pleiades into the picture. Many authorities, 
when writing about Stonehenge, refer to Diodorus, an 
author who was writing about 50 B.c. In one passage he 
is thought to be describing the monument, and he men- 
tions the Metonic (19 year) cycle which does, of course, 
involve the Moon. Unfortunately, the exact original 
position of every stone cannot be determined with com- 
plete accuracy, and, as Mr. Newham points out, much of 
the work can be likened to trying to aim & gun when the 
back sights are defective. It is interesting to find two 
investigators working independently on this problem, and 
much information can be gained from both. 


Applied Science and Technology in Japan 


Or the Memoirs published periodically by the Faculty 
of Industrial Arts, Kyoto Technical University. Matsuga- 
saki, Sakyoku, Kyoto, Japan, Science and Technology (12, 
December 1963) gives an impression of the versatility of 
the research work carried on in this important institution. 
This issue, entirely in English, contains six papers: 
measurement of fibre fineness by horizontal air-flow. by 
M. Uno, A. Shiomi and Y. Yanagawa; approximation 
theory of general thin elastic shells, by O. Matsuoka; 
autoxidation of alcohols and their reactivities, by S. Kato 
and F. Mashio; mineralogical study on the Brazilian 
aluminium phosphate ores, by T. Arimori and N. Yoshida; 
on the flow of flaming gases in the end-fired glass melting 
tank furnace, by K. Terada and M. Wakamatsu; and on 
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the dynamic fatigue life and cracks of rubber vibration 
isolator. This particular Memoir is well printed, and the 
English translations are reasonably good, the papers, 
whero appropriate, being illustrated with ample diagrams 
and reproductions of original photographs. 


U.K. Central X-ray Library 


THE first central library of X-ray films in Britain is to 
be set up by the Faculty of Radiologists in London, with 
the aid of a grant from the Wellcome Trust. The object 
of the library is to gather in one place a wide range of 
X-ray studies of common and rare diseases, since recog- 
nition of an uncommon disease may depend on the 
knowledge gained from similar cases. Radiological tech- 
niques are of special importance in providing knowledge 
about the condition of inaccessible organs during life. A 
number of major advances in medical knowledge have 
already resulted from radiological investigations. In the 
past, clinicians and research workers investigating rare 
diseases have had to gather X-ray examples from different 
hospitals throughout Britain. The new central library 
will enable a quick comparison to be made of a cross- 
section of previous investigations of a particular disease. 
The Wellcome Trust was created by the will of the late 
Sir Henry S. Wellcome, who died in 1936. In the past 
six years it has made grants totaling more than £4 
million for work in medical and allied sciences. 


Nucleonic Instrument Modules 


A NEW booklet which describes the Wells series of 
Nucleonic Instrument Modules is now available from EMI 
Electronics, Ltd. (The Wells Series of Nucleonic Instrument 
Modules. Pp. 12. Hayes, Middx.: EMI Electronics, 
Ltd., 1964). This series of all-transistor modular units 
can be assembled in any order to provide a wide variety 
of facilities in the nucleonic instrument field. Individual 
instruments which can be assembled from the modules 
include a simple or an automatic counting system, a 
y-spectrometer, and a simple or a comprehensive rate- 
meter for Geiger-Müller and scintillation counter probes. 
They can be either mains or battery operated. Plug-in 
printed circuit boards facilitate servicirg and a special 
panel can be supplied if required so that the modules can 
fit into a standard 19-in. rack. The range of modules at 
present available consists of a linear amplifier, a single 
channel pulse-height analyser, a linear rate-moter covering 
0-5 ke/s in six linear ranges, a scanning recorder for use 
with the analyser ard rate-meter, a five-decade scaler 
with a resolution time of 1 usec, y-probes and a y-spectro- 
meter. The range is to be extended. 


The Geochemistry of the Rarer Elements 


In 1956 the U.S.S.R. Academy of Sciences established 
a specialist institute for the investigation of the mineralogy 
and geochemistry of the rare elements (I.M.G-R.E.), from 
which an extensive flow of publications has since been 
maintained. Several of its works, including monographs 
on beryllium, selenium and tellurium, have been trans- 
lated into English under the egis of the Geochemical 
Society. The latest and most important publication of 
I.M.G.R.E., sponsored jointly by the Academy and by 
the State Geological Committee, comprises three encyclo- 
pedic volumes designed to summarize all aspects of the 
distribution of certain rarer elements in the lithosphere 
and hydrosphere (Geokhimiya, Mineralogiya i Genetiche- 
skie Tipy Mestorozhdenit Redkikh Elementov (Geo- 
chemistry, Mineralogy and Genetic Types of Deposit of 
the Rare Elements), 1. Edited by K. A. Vlasov. Pp. 
688. Moscow: “Nauka”, 1964. Price 4r. 43k.). The first 
volume is concerned in successive chapters with the geo- 
chemistry of the elements Li, Rb, Cs, Be, Sr, Sc, Y, TR, 
Zr, Hf, Nb, Ta, Cd, Ga, In, TI, Ge, Se, Te and Re (the 
&ctinides and the noble metals are outside the Institute's 
province). A great deal of new material has been incor- 
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porated and the work is likely to-remain the most impor- 
tant reference text in its field for a good many years. . A 
second volume, to be published in July 1964, will deal in 
detail with the mineralcgy of these elements, describing 
the 415 relevant mineral species, of which 26 were first 
recognized in the laboratories of I.M.G.R.E. The third 
part of the work is concerned with field geology, para- 
genetic relationships, and classification of deposits, and 
will appear early in 1965. Altogether about 80 geo- 
chemists have been er gaged in this large-scale co-operative 
enterprise, on the first results of which Dr. Vlasov and 
his colleagues are to be warmly congratulated. 


Milk Iron in a Lactating Marsupial 


I. Kaldor and Eric Ezekiel, of the Dopartment of 
Physiology, University of Western Australia, have 
administered, in the lactating quokka (Setonix brachyurus), 
parenteral iron, as forrous ammonium sulphate solution, 
in an attempt to raise tho milk iron (Austral. J. Exp. 
Biol., 42, Part 1; February 1964). Following a single 
large intraperitoneal dose, a rise in milk iron occurred 
within two hours. There was, however, no clear relation- 
ship between the rise and the amount of iron injected 
and there was reason to believe that the rise had been 
associated with unphysiologieally high plasma iron 
concentrations. During continuous intravenous infusion 
of iron at controlled rates, plasma iron was elevated 
to maximal levels not exceeding plasma total iron- 
binding capacity and, under these conditions, no sig- 
nificant alteration in milk iron occurred within four hours. 
A progressive and statistically significant rise in total 
plasma iron binding capacity which occurred during 
intravenous infusion of iron was probably the mani- 
festation of a redistribution of intra- and extra-vascular 
transferring in response to the need for more rapid 
removal of iron from the plasma. 


Post-doctoral Fellowships in Neoplastic Growth 


Tue Jane Coffin Childs Memorial Fund for Medical 
Research supports investigations in the fundamental 
aspects of neoplastic growth, and awards post-doctoral 
fellowships to candidates of outstanding potential in the 
same field. Applications for grants-in-aid are reviewed 
by the Board of Scientific Advisers and the Board of 
Managers of the Fund three times a year, in the autumn, 
winter and spring. Final dates for receipt of applications 
are September 1, November 1 and March 1. Fellowship 
applications are reviewed at the winter meeting of the 
Fund, the final date for applications being October 1 of 
each year. Grants-in-aid and fellowships are not restricted 
to United States citizens, but fellowship programmes 
should involve scientific interchange with the United 
States. Further information can be obtained from the 
Office of the Assistant Director, Jane Coffin Childs 
Memorial Fund for Medical Research. 333 Cedar Street, 
New Haven, Connecticut 06510. 


National Amateur Astronomical Convention 


Tue Rank Taylor Hobson and Ratcliffe College Astro- 
nomical Societies are holding their second national 
amateur astronomical convention at Ratcliffe College, 
Leicester, during September 4-6. Among the lectures 
which have been arranged are: “Polar Wander and Con- 
tinental Drift”, by Dr. H. C. King, curator of the London 
Planetarium; “Radio Telescopes and Radio Observa- 
tion”, by Mr. D. Barber, Royal Radar Establishment, 
Great Malvern; "Cosmology and Space Research", by 
Dr. R. C. Jennison, Jodrell Bank Experimental Station ; 
“The Astrophysics of Visual Binaries”, by Dr. D. Jones, 
Royal Greenwich Observatory ; “Solar Activity”, by Dr. J. 
Reed, acting director of Dunsink Observatory, Dublin; 
“Current Work at the Royal Observatory, Edinburgh", 
by Dr. P. Fellgett, Royal Observatory, Edinburgh; and 
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“Mechanical Design of Satellite Trackers and Radio 
Telescopes", by Mr. B. R. Tuppin. An exhibition has 
been arranged, which will include a satellite tracker model, 
an Allouette exhibit from Canada, and a colour film of 
the Blue Streak rocket. Further information can be 
obtained from the convention secretary, Mr. J. Maxwell, 
81 Gresham Street, Belgrave, Leicester. 


University News: Aberdeen 


Dr. R. G. Smith and Dr. P. A. Orkin have been 
appointed to senior lectureships in engineering and 
natural history, respectively. Mr. J. H. Savage Blaxter 
has been appointed to a lectureship in natural history 
(zoology). Dr. D. A. Archer and Mr. B. J. van der Kamp 
have been appointed to research fellowships in chemistry 
and forestry, respectively. 


Cambridge 


THE roport of the head of the Department of Engineer- 
ing, University of Cambridge, Sir John Baker, for the 
year 1962-63, records a total of 926 students, an incroaso 
of 8 on the previous yoar, although the undergraduate 
ontry docreased by 5 to 272 (Pp. 14. Cambridge: The 
University, 1964). Research students in residence num- 
bored 111, almost double tho number in 1957 and 14 moro 
than in 1961-62, whilo 12 postgraduate students took 
the Course of Advanced Study in Engineering. The main 
development was that tho Electrical Optics in Part I of 
the Tripos was held for the first timo. Some notes are 
included on research in progress in applied thermo- 
dynamics and gas dynamics, control engineering, oloc- 
tricity, fluid dynamics and structures, and there is a list 
of 95 publications. 


Liverpool 


Tue following appointments to lectureships have been 
announced: D. W. Dickens (psychology); B. Selby 
(mathematical statistics); J. C. Wilkinson (numerical 
analysis); C. H. Taylor-Robinson (bacteriology); M. J. T. 
Peaston (clinical pharmacology); G. Hall (civil engineer- 
ing); J. A. Rees (electrical engineering); J. W. Cleaver 
and Dr. R. P. N. Jones (mechanical engincering). 


Sussex 


Dr. F. G. Barrgv, at present reader in Asian anthro- 
pology in the University of London, has been appointed 
professor of anthropology, with effect from October. Prof. 
J. F. Sutcliffe, at present professor of botany in the 
University of London, has been appointed professor of 
plant physiology. Dr. Marie Jahoda, at. present head of 
the Department of Psychology and Social Scienco at 
Brunel College of Advanced Technology, has been 
appointed professor of social psychology. Dr. N. S. 
Sutherland, at present lecturer in experimental psychol- 
ogy in the University of Oxford, has been appointed 
professor of experimental psychology. Prof. J. C. West, 
at present professor of electrical engineering at Queen’s 
University of Belfast, has been appointed professor of 
engineering and dean of the school of applied sciences. 
Prof. R. W. Cahn, at present professor of materials tech- 
nology in University College, Bangor, has been appointed 
professor of materials science. The last-mentioned five 
appointments take effect from 1965. Other appointments 
have been made as follow: Reader, Dr. M. F. Lappert 
(chemistry); Dr. E. A. Barnard (biological sciences). 
Senior Lecturer, Dr. G. Martelli (experimental physics) ; 
Dr. H. R. Post (philosophy of science). Lecturer, Mr. 
R. W. Bott, Mr. J. R. Hanson, Dr. J. B. Pedley and Dr. 
P. Simmonds (chemistry); Dr. P. J. Bushel, Dr. J. A. 
Laurie, Dr. R. R. Laxton, Dr. W. Parry and Dr. Rutovitz 
(mathematics); -Dr. M. Springford, Dr. J. Venables and 
Mr. A. J. Walton (experimental physics); Dr. N. Dombey 
and Dr. D. A. Goodings (theoretical physics); Dr. R. J. 
Cole (biological sciences). - 
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St. Andrews 


THE following appointments have been announced: St. 
Salvator’s College, Dr. D. C. Wecks, senior lecturer in 
botany; Queen's College, Dr. J. MeManus, lecturer in 
geology. 


Announcements 


Dr. B. C. HEEZEN, of the Lamont Geological Observu- 
tory, Columbia University, has been awarded the third 
Henry Bryant Bigelow Medal by the Trustees of the Woods 
Hole Oceanographic Institution “in recognition of his 
physiographic studies of the deep ocean and of rclated 
marine sedimentary and tectonic processes”. This medal, 
accompanied by a cash prize of 2,500 dollars, was estab- 
lished by the Trustees in 1960, “to be awarded to those 
making significant inquiries into the phenomena of the 
sea”. 


A SYMPOSIUM on “‘Chromatography”, organized by the 
Belgian Society of Pharmaceutical Sciences. will be hold 
in Brussels during September 14-15. Further information 
can be obtained from the Secretary, Belgian Society of 
Pharmaceutical Sciences, 11 rue Archimédo, Brussels 4. 


THe fourth international conference of the Inter- 
national Association for Analogue Computing will be held 
in Brighton during September 14-18. Further information 
can be obtained from the B.C.S./A.1.C.A. Honorary 
Sceretariat, Ferranti, Ltd., Kern House, 36 Kingsway, 
London, W.C.2. 


THE second congress of the Czechoslovak Socicty of 
Arts and Sciences, ontitled “Czechoslovakia, Past and 
Prosont", will be held in Columbia University, Now York, 
during September 11-13. Further information can be 
obtained from Dr. M. Recheigl jun., 1703 Mark Lane, 
Rockville, Maryland. 


THE third International Measurement Conference will 
bo held jointly with the sixth International Instruments 
and Measurements Conference in Stockholm during 
September 14-19. Further information can be obtained 
from the Secretary, Socicty of Instrument Technology. 
20 Peel Strect, London, W.8. 


Tus first Matscience summer school in “High Energy 
Physies", supported by the Council of Scientifie and 
Industrial Research, will be held in Bangalore during 
August 24-September 14. Further information can bo 
obtained from the Offico of the Director, Matscience, 
Institute of Mathematical Sciences, Madras 20. 


Tue 1964 World Conference on Radio Mcteorology. 
which will incorporate the eleventh Weather Radar Con- 
forence, will be held at Boulder, Colorado, during Septem- 
ber 14-18. Further information can be obtained from 
Mr. J. W. Herbstreit, Central Radio Propagation Labora- 
tory, National Bureau of Standards, Boulder, Colorado. 


Tue seventh International Embryological Conference 
will now be held in London, and not Edinburgh, as 
announced earlier (Nature, 202, 650; 1964). during 
September 6-10, 1965, at Bedford College, Regent's Park, 
London, N.W.1.. Further information can be obtained 
from Dr. A. S. G. Curtis, Department of Zoology, Univer- 
sity College, Gower Street, London, W.C.1. 


Tue second International Congress of Endocrinology 
will be held at the Imperial College of Science and Tech- 
nology, London, during August 17-22. The progranuno 
will include symposia and lectures under the following 
general headings: general and comparative endocrinology ; 
brain-endocrine relationships; reproductive physiology; 
clinical problems; tumours; steroid hormones; thyroid 
hormones; protein and polypeptide hormones. Further 
information can be obtained from Dr. D. A. Pyke, King’s 
College Hospital, Denmark Hill, London, S.E.5. 
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INHALED RADIOACTIVE 


"qus third Hanford Biology Symposium, held at 
Richland, Washington, U.S.A., during May 4—6, 1964, 
was devoted to inhaled radioactive particles and gases. 
It was organized by a committee of Hanford scientists 
under the chairmanship of Dr. W. J. Bair. The 200 
participants included representatives of nine countries, 
who were welcomed by Dr. H. A. Kornberg, head of the 
Hanford Biology Laboratories. 

Proceedings were opened by Dr. W. E. Lotz, head of 
the Division of Biology and Medicine of the U.S. Atomic 
Energy Commission. Consequent on the test ban treaty 
a proliferation of effort was in progress, and a glimpse was 
given of the novel and interesting outlets for atomic 
expertise which were being attempted. 

Foremost among these were the systems for nuclear 
auxiliary power units; these are heat sources, operated 
by various nuclides, in the range 40-240 kilocuries, which 
generate electricity by thermoelectric inversion, using 
semiconductors. Lights for marine buoys with a life of 
10 years produce 10-60 W; a 25-W generator for a 
navigational satellite was also described. 

Nuclear-powered rocket engines carry a finite risk of 
re-entry after launching which can be faced by designing 
either for burn-up or by ensuring that the isotope con- 
tainer remains intact. At a height exceeding 100,000 ft. 
@ fuel cone can disintegrate or burn-up into particles 
smaller than 10y which dilute sufficiently in the biosphere 
to offer no risk; a ground contamination of 2,000 mo. /mile? 
would not be exceeded. 

Dr. T. T. Mercer (Lovelace Foundation, New Mexico) 
made a comparison of laboratory and field problems in 
handling aerosols of mixed fission products; there were 
hazards associated with natural sources of radon, with 
fuel melting in accidents and with fuel recovery operations. 

Generation of laboratory clouds by aqueous sprays 
presented the possibility of the aerosol behaving anoma- 
lously owing to the particles carrying electric charges. 
These could arise from statistical fluctuations of ion con- 
centration when liquid was fragmented from bulk. 
Natanson’s theory had been verified at low numbers of 
particles, the mean charge being proportional to the 3/2 
power of the diameter and the square root of the number 
per em?. The charge could amount to 100 electrons per 
particle. At higher concentrations the charge was in- 
dependent of the number and proportional to the square 
root of the diameter. 

Such charges can seriously distort deposition from 
laboratory aerosols and a tritium source was used to 
discharge them. Sampling had been most successfully 
carried out with the conifuge, which is a true aerosol 
spectrometer, in contrast with other so-called instruments, 
because the aerosol intake stream is narrow and confined 
between guard layers of pure air, which ensures that the 
site of deposition is sharply determined by Stokes’s 
diameter. Mass parameters are needed for isotope in- 
halation investigations and their derivation from particle 
counts involves shape and density complications. The 
cascade impactor is useful for sampling because it yields 
mass parameters directly. Small jets, 0-015 om diameter 
operating at 1/3 sonic velocity, had been useful for im- 
pacting very small particles. 

Particles, particularly those containing plutonium which 
constituted an inhalation hazard when airborne, were 
discussed by K. Stewart (U.K. Atomic Energy Authority, 
Aldermaston). One problem was the large amount of 
extraneous material which accompanied the dangerous 
aerosol. For example, 4 x 10-5 uc./m? of plutonium was 
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equivalent to only 100 particles/m? of lu diameter; this 
is only a minute fraction of the total adventitious aerosol 
in many circumstances. 

High-altitude burn-up results in small particles because 
the entire mass is expanding; near the surface of the 
Earth there is massive and inhomogeneous entrainment. 
There are great difficulties in predicting the outcome o 
a quenched fireball in water. : 

Oxidation processes result in aerosols by break-away of 
particles of oxide from the surfaco; a higher temperature 
gives coarser particles. Some alloys had an adherent 
oxide film. In an ignition of plutonium only some 0.1 
per cent of the material was likely to be found in the 
hazardous range of particle size. Whereas uranium aero- 
sols contained large aggregates of spheres, particles of 
plutonium were usually individual fragments. 

Investigations of the particle size distribution of air- 
borne plutonium in work rooms, using filters, were 
described by B. V. Andersen, of the Hanford Laboratories. 
Membrane filters with 2u pore size had been found useful 
and 5-50 a-tracks per particle were obtained by auto- 
radiography. As a rough rule, doubling the particle size 
resulted in a ten-fold increase in radioactivity. ***PuO, 
was found in lognormal distributions with geometrical 
standard deviation (sg) of 1-8-3. 85 per cent of tho 
activity was in the largest 1 per cent of sizes. Plutonium 
carbide melt operations yielded the finer clouds with a 
maximum diameter of l-7u, GMD 0-2-0-48p and g= 
1:4—1-8. ` : 

R. E. Albert et al. (Department of Industrial Medicine, 
New York University) have developed techniques for 
making monodisperse spheres of ‘Lucite’ and of iron oxide 
using & spinning disk. The sizes are uniform within 
10 per cent standard deviation over a range of 1-8u. 
The lucite solution which is fed to the disk contains a 
tagging isotope—either in carrier-free form or chelated 
with acetyl acetone. The presence of acetyl acetone 
in the xylene solution was found essential to the pro- 
duction of spheres with unwrinkled surfaces. These 
particles are not taken up by phagocytes. Good uni- 
formity has also been achieved in the dispersal of sols of 
colloidal iron oxide. These particles are stable in wator 
and are taken up by phagocytes. Various isotopes have 
been used for examining the rate of leaching out. In each 
case the particles require to be collected from the spinning 
disk generator and redispersed for experimental work. 

Montmorillonite clay will absorb a number of radio- 
nuclides by ion exchange and can then be dispersed as an 
aerosol by spraying a suspension. The technique was 
described by S. Posner (Lovelace Foundation, Albu- 
querque). He also found that latex spheres would absorb 
iodine-131 from solution in ethyl alcohol. Data on isotope 
leach-out were given. 

Two papers dealt with radioactive dust and gas from 
uranium mines. H. Fusamura et al. had sampled radon in 
Japanese mines with an ionization chamber and transis- 
torized vibrating reed electrometer. The concentration 
ranged from 0-3 to 10-0 x 10-7 po.[c.c. and increased to 
3 x 10-5 uo./c.c. when the mine ventilation was stopped. 
Daughter producta were collected by filtration and the free 
ion concentration roughly estimated by placing a 2-m long 
diffusion tube in. front of the filter; it was reckoned that 
free ions accounted for 20 per cent of the RaA. The dust 
on the filter contained 0-01-0-08 per cent U;0, which 
corresponds to 1-45 x 10-8 uc./c.c. 

Dr. Palmer (Hanford Biology Laboratories) had taken 
a whole-body counter to two Colorado uranium mines, 
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one of which was disused and one in operation. Sempling 
was performed with membrane filters for daughter 
produets and activated charcoal for radon. The counter 
was used very soon after exposure and the entire length 
of the subject’s body could be scanned. Some 20 per cent 
of activity was found in the head, 10 per cent in the neck 
and 70 per cent in the chest. The maximum chest con- 
contration was in the right side, 3 in. off centre. It seemed 
that all the activity inhaled by the subjects while in the 
mines was still in thoir bodies when measured by the 
counter. 

Several papers dealt with the elimination of dust from 
the lungs, including an outline of the processes by S. Engel. 
The theory of fluid transport, rather than carriage by 
phagocytes, to the pulmonary lymph nodes was supported 
by P. Gross, who considered. that insoluble particles which 
deposit in the alveoli are sequestered on the wall in 
nodules or plaques, although a few penetrate the wall 
directly. Sequestered particles may be freed in due 
course, and eliminated via the bronchial epithelium. 

Three phases of clearance, at decreasing rates, were 
identified by L. J. Casarett and P. F. Milly (University 
of Rochester); these comprised bronchiolar clearance, 
phagocytosis from alveoli and transport to the lymphatics. 
Tho half-time for alveolar clearance ranges from 15 to 
50 days and depends on the material and tho animal. 
Much of the material deposited in the alveolar regions is 
found in macrophages after 2 h. Chemitaxis is a factor, 
but different substances do not have half-times in line 
with their solubilities. Protein binding favours phago- 
cytosis. It was suggested, in the discussion on this paper, 
that the phagocytosis of radioactive particles may be 
delayed. 

In formulating a theory of dust clearance account had 
to be taken. of the long period during which some particles 
remained in the alveoli; a macrophage development 
sequence was visualized in which cells of the alveolar 
epithelium, which may have been penetrated by insoluble 
particles periodically detach themselves. According to 
the way in which the cell lies in the alveolar wall, detach- 
mont may procecd either into the air space or into the 
interstitium. 

R. G. Thomas (Lovelace Foundation, Albuquerque) 
described experiments with aerosols of thorium, pluto- 
nium, niobium, uranium and polonium which were inhaled 
by dogs. All the data were grouped along a straight line 
when the proportion of lung content in the lymph nodes 
was plotted against time, using logarithmic scales. The 
proportion of the whole-body content eliminated in the 
fæces fell off exponentially much more rapidly than 
urinary excretion; this indicates the change-over from 
lung elimination as ciliary removal declines. 

A biochemical examination of rabbit lung by J. M. 
Felts (University of California Medical Center) showed 
that 8-10 per cent of the oxygen uptake was used in lung 
tissue for the oxidation of long-chain fatty acids bound to 
serum albumin. Using carbon-14 it was shown that lung, 
in contrast to liver, converted fatty acids into phospho- 
lipids, mainly lecithin. Glucose probably acts as an 
acceptor intermediate. Lung phospholipids are & key 
component of the surfactant which stabilizes the alveoli 
by reducing surface tension to an extremely small value. 

B. B. Boecker et al. (Lovelace Foundation) described 
a new whole-body plethysmograph in which a dog could 
be placed with its nose protruding through & rubber seal 
into an aerosol chamber. Air moving to and from the 
plethysmograph box was recorded with a pneumotachy- 
graph inserted between the box and another sealed cham- 
ber. This system eliminates difficulties due to drift of 
pressure. The boxes were made of 3-in. ‘Plexiglass’ which 
responded to pressure changes in the room when strong 
winds blew outside. 

An inhalation apparatus for small animals breathing 
1CO, was described by D. L. Joftes (New England 
Deaconess Hospital, Boston). The increase in carbon-14 
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in the atmosphere is important since carbon dioxide may 
be a direct precursor of DNA. Assuming the animal fixes 
0-5 per cent of the carbon dioxide available, a dose of 
0-1 rad was calculated in 10 days. The exposure chamber 
was provided with constant environment and a metered 
supply of carbon dioxide up to 4 per cent. Estimates of 
individual testes by autoradiography and liquid scintil- 
lation counting were planned. 

Experiments on the inbalation of cæsium-137 by rats 
had been performed at the Lovelace Foundation by Miss 
R. Lie. Aerosols of the chloride and nitrate in concen- 
trations between 0-05 and 9-0 per cont were used and 
tissue and excreta samples analysed for 4 months. 

C. E. Miller (Argonne National Laboratory) gave an 
account of the examination of two persons who had 
accidentally inhaled cxsium-137. Whole-body analysis 
was performed by the tilting chair technique and the 
distribution of cesium-137 and potassium-40 was found 
in a low background room using a simulated 7-crystal 
array. No appreciable amount of cesium-137 was found 
in the lungs after 9 days from exposure. There was no 
translocation over 185 days and a biological half-time of 
about 80 days was indicated. Tho nuclide was distributed 
throughout the body. 

A case of human exposure to plutonium-239 was dis- 
cussed by W. S. Snyder (Oak Ridge). On the model of 
the ‘standard man’, an elimination half-time of 120 days 
is assumed for insoluble lung deposits, most of this 
material being disposed of in the feces. Thero is, however. 
some indication that plutonium-239, and other heavy 
metals, reach the blood in significant quantities, so that 
transfer to bone is possible. The bone may thus be tho 
critical organ. Whereas the lung may carry a higher 
concentration for the first few years of exposure the bone 
content would eventually predominate and might become 
the limiting factor in permitting continuous exposure for 
a working life. 

An investigation of the metabolism of radio-mercury 
by rats during chronic exposure for two months was per- 
formed by A. Rothstein and A. Hayes (University of 
Rochester). The body burden was determined by whole- 
body counting and fluctuated with the exposure régime. 
After three weeks, intake and excretion were in balance. 
On terminating exposure the body burden declined 
exponentially with a half-time of 15 days. Most mercury 
was found in the kidneys; there was an appreciable loss 
of mercury vapour via the lungs and the skin. 

The production of test aerosols for lung clearance 
investigations in rabbits was the subject of a paper by 
A. Kajlend et al. (Karolinska Institute, Stockholm). 
Octadecanol was dispersed by a spray-fed thermal gener- 
ator with the nucleating substance dissolved in tho 
octadecanol. The coefficient of variation in particle sizo 
was 5-10 per cent for diameters of 2u-10p and 20 per 
cent for lu-2u. A spinning disk spray gave & variation 
coefficient of 10 per cent for spheres of ‘Lucite’ produced 
from & 0-2 per cent solution in 5 per cent acetone and 
95 per cent acetamide. The use of a mixed solvent is 
necessary if smooth, unwrinkled spherical particles are to 
be obtained. 

Lung clearance was measured by a profile-scanning 
method which allowed multiple examinations and re- 
exposure of a single animal. It had been observed that 
the phagocytosis of octadecanol was low. 

A. novel technique for measuring ciliary cloarance from 
the lungs of rats was devised by A. A. Spritzer and J. A. 
Watson (Graduate School of Public Health, Pittsburgh). 
All material swallowed is collected through a polyethylone 
tube placed in the animal’s esophagus; the caudal ond 
of the tube empties into a 100-c.c. bottle fastened to the 
flank. Rats were kept alive for 7 days and daily col- 
lections were made; there was no interference with 
swallowing. The pulmonary phlegm was flushed out by 
the water drunk. Following intratracheal injection of 
133BgSO, particles it was found that 8 per cent, or about 
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half the total pulmonary clearance, was by the ciliary 
mechanism. 

Experiments on inhalation by man of aerosol par- 
ticles were described by L. Dautrebande (Brussels) and 
W. Walkenhorst (Bergbauberufsgenossenschaft, Bochum, 
Western Germany); few particles were found in exhaled 
alveolar air, this being claimed to represent 90 per cent 
deposition. In contrast, C. N. Davies (Medical Research 
Council and London School of Hygiene and Tropical 
Medicine) emphasized, by comparing size distributions of 
lung dust and airborne dusts, that the access of particles 
to the alveoli of man during normal breathing, was more 
limited than was commonly supposed. Curves of alveolar 
deposition, derived by indirect arguments from total 
deposition experiments, considerably  over-estimated 
alveolar deposition and could not be explained by phago- 
cytosis from the alveoli. 

Calculation of the cancor-related dose from the in- 
halation of radon and daughter products had been carried 
out by a synthetic approach by B. Altshuler et al. (In- 
stitute of Industrial Medicine, New York University). 
The dose was estimated from the surface activity on the 
bronchial mucosa, not from material lodged within 
pulmonary tissue. The atmosphere was supposed to 
contain 100 pc. (picocuries) of radon, 150 unattached 
daughter atoms and 200 pe. total daughter products per 
litre. The deposition of ions, nuclei and particles in the 
different regions of the respiratory tract was calculated 
on Landahl’s model and the mucus transit timo worked 
out for each region; the available «-activity on the surface 
of the bronchial mucus at all regions could thus be 
estimated. Allowing for the thickness of the mucus film 
and of the epithelial cells, an estimate was made of the 
dose to the basal cells of the bronchial epithelium through- 
out the regions. The thickness is a critical factor in the 
calculations. The basal cells of the segmental bronchi 
were found to receive the greatest dose, which amounted 
to 30 rads/working year of 2,000 h. In terms of animal 
experiments this indicates that the atmosphere assumed 
"would deliver & carcinogenic dose in a working life-time. 

A somewhat similar calculation was presonted by W. 
Jacobi (Hahn-Meitner Institute of Nuclear Physics, West 
Berlin. He took 10* particles/em® with an average 
diameter of 70 my for RaB and RaC and 100 my for ThB 
and ThC. The mean percentages of unattached atoms 
are 100 per cent ThA, 25 per cent RaA and 1 per cent 
RaB. Deposition and mucus transport in the various 
regions of the respiratory tract were estimated and the 
mean biological half-time in the lungs was measured as 
8h. He found, like Altshuler, that the dose from inhaled 
decay products was not negligible and that the basal 
cells of the lower bronchi received the highest rate. His 
overall figure was about 30 per cent below that of Alt- 
shuler. It is evident that current normal exposure runs 
near to the limit. 

Observations on the contamination of Yugoslav miners 
of uranium were described by D. Djuric e£ al. (Institute 
of Occupational Health, Belgrade). Levels of radon up 
to 16 times the maximum allowable concentration had 
been recorded in the past, but improvement of the 
ventilation system had now been effected. 

Assessment of polonium-210 in the urine correlated 
with radon exposure; the exposure to polonium-210 from 
dust was gauged by determining polonium, radium and 
uranium in the dust. There is an exposure to polonium-210 
from cigarette smoke. 

The pulmonary function of uranium miners had been 
measured by V. E. Archer et al. (U.S. Public Health Ser- 
vice, Salt Lake City). The data suggest that working for 
short periods in high levels of radon and daughter products 
improves ventilatory function, but long exposures are 
detrimental above tho losses resulting from ageing and 
from cigarette smoking. 'The effects of silicious dust and 
of radiation could not be separated. The action of the 
latter comprises specific injury to the bronchial epithelium 
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and diffuse injury to lung tissue. It has been suggested 
that tho inhalation of positive ions causes the bronchi to 
contract while negative ions produce relaxation. <A 
negative charge on dust particles has been claimed to 
increase phagocytosis. 

G. Saccomanno (St. Mary’s Hospital, Grand Junction, 
Colorado) reported an increase in the lung cancer of 
uranium miners. Most tumours were undifferentiated, in 
contrast to 71 per cent epidermoid for a non-uranium 
miner group. 79 per cent of the tumours were of the oat 
cell type with a preference for the hilar area. 

A general review of the biological effects of radiation 
on the lung was made by M. Kuschner and N. Nelson 
(New York University). The syndrome of radiation 
pneumonitis was defined in 1920. Bronchial mucosal 
changes include the evolution of abnormal epithelial cells 
which are sloughed off; along with this an interstitial 
fibrosis develops. The dose response relationship is poor. 
Effects have been reported at 500 r and thore is 20-50 per 
cont incidence at 2,000-6,000 r. The fibrosis is related to 
deposits of inhaled activity; alveolar capillary block may 
follow with a reduction of diffusing surface area. 

Cancer is bronchogenic in origin. Long exposure is 
necessary to induce it and it was first demonstrated 
experimentally in 1957. 103-10! rads will induce tumours. 
63 yc. of strontium-90 in & capsule will yield a squamous 
cell carcinoma of the lung when embedded for 3-15 
months. 

In ealeulating dose it is necessary to define a target 
area in an organ, because cancer does not begin in an organ 
but in a tissue. It is possible to over-interpret early 
metaplastic response; for example, the implantation of 
a 5-pe. ruthenium pellet produced denudation of epithe- 
lium followed by regeneration one or two cells deep; 
chemical irritants give a similar epithelial response. If a 
tumour is to appear it does so explosively after a steady 
induction period of metaplasia lasting, in rats, some 120 
days; this follows the initial hyperplasia which increases 
for the first month. Work with S. Laskin showed that the 
tumour yield was proportional to the amount of radio- 
isotope. 

Peripheral tumours develop in areas of fibrosis which 
may play a part, as in scar cancer. Many Colorado miners 
have silicosis. Questioned on the nature of malignant 
change, the speaker said he regarded virus and radiation 
as co-carcinogens, each a tool which manipulated genetic 
material. 

H. Cember (University of Cincinnati) had induced lung 
tumours in rats with the chloride and fluoride of cerium- 
144. Intratracheal doses of 0-5--50 yc. were injected. The 
mean radiation dose absorbed during survival time was 
calculated from lung clearance data and when plotted 
against the cumulative tumour frequency, extrapolated 
to zero at a value of 250 rad. This is interpreted as the 
threshold dose for lung tumour induction in rats by 
radioactive particles in the lungs. 

The inhalation of ‘CeO, by dogs was the subject of a 
paper by B. O. Stuart, A. W. Casey and W. J. Bair 
(G. E. Hanford Laboratories). Aerosols of various particle 
sizes between 0-091. and 1-40u were administered and the 
amount deposited ranged from 50 to 2,200 pe. The 
effective half-life was similar to the radioactive one, 
285 days, and the biological half-time was 1-5-5 years. 
Up to 900 pc. failed to produce significant change in 
blood gas or serum enzyme, but heavy doses up to 130 
kilorads produced severe damage in lungs, mediastinal 
lymph nodes and liver. 22 per cent of the body burden 
at death was in the lungs, 44 per cent in the liver and 
27 per cent in bone. 

From the same laboratories a paper by J. W. Park, 
W. J. Clarke and W. J. Bair dealt with the chronic effects 
of inhaled **?PuO, in dogs. The aerosol was generated by 
calcining in air at 300° C. The radiation dose to the lungs 
was 9-23 kilorads; the clinical symptoms were cardio- 
pulmonary defect and lymphopenia. Bronchial and inter- 
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stitial tumours were found, locally invasive and of mul- 
tiple origin. No metastases were seen. For the period of 
exposure, up to 48 months, the lung was the critical 
organ causing death. 

An original technique for the safe radiological visual- 
ization of the human lung was due to G. V. Taplin e al. 
(University of California). 

Serum radioalbumin in a 1 per cent solution is readily 
aggregated by adjustment of pH and heating at 79° for 
20 min. 10-20 my particles act like bacteria and are 
removed by the liver on first passage. By lowering the 
pH. macro aggregates of 5-50u are formed. These are too 
large to pass through the capillaries of the lung, where 
they are temporarily trapped for 1-2 h. The lung can 
be scanned photographically during this period, and on 
the resulting picture it is possible to detect pulmonary 
emboli, lung infarcts, pneumonia, atelectasis, certain 
tumours and cysts causing local ischemia. 

Work at the U.S. Public Health Service (Taft Labora- 
tories, Cincinnati) on the intake of radiostrontium by 
infants was presented by B. Kahn et al. Levels in air, 
water and prepackaged baby foods were measured and 
the ingestion calculated. Retention was deduced by 
subtracting the activity in the excreta; strontium-89 
and -90 are present in air in soluble forms. 
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The last papers read dealt with the removal of inhaled 
radioactive materials. I. Schmidtke (University Clinic, 
Freiburg-im-Breisgau) treated guinea pigs with diethylene 
triamine penta acetic acid after exposure to *'Y C], aerosol. 
A 95 per cent diminution of retention was found, in 
comparison with untreated animals, after 8 days. The 
action was mainly on the kidneys, and most of the 
activity was recovered from the urine. E. G. Tombro- 
polous (Hanford Laboratories) considered that chelating 
agents were the most effective means, when applicable, 
of removing radioactive particles from the lungs. Drugs 
which decrease mucus secretion or increase phagocytosis 
are also worth testing. F. Gensicke and H. W. Nitschke 
(German Academy of Sciences, Berlin-Buch, G.D.R.) 
reported that sodium hexametaphosphate had a scaveng- 
ing effect on inhaled yttrium-91 in mice. 

Papers read in title dealt with a spinning disk atomizer, 
@ routine technique for estimating plutonium in large 
biological specimens, fall-out from burnt-up uranium and 
plutonium, Zr- Nb in human lungs from medium life 
fission products in the atmosphere, atmospheric analysis 
for total B-activity and the monitoring of human subjects 
who had accidentally inhaled fission products. 

The papers will be published in full in the December 
1964 issue of Health Physics. C. N. Davies 


BIOSYNTHETIC PATHWAYS IN HIGHER PLANTS 


HE biosynthetic pathways leading to all the major 

groups of compounds present in higher plant tissues 
were discussed at the seventh annual general meeting of 
the Plant Phenolics Group which wes held at Bodington 
Hall, University of Leeds, during April 13-15. The 
wide range of topics covered by the symposium coincided 
with a decision by members to change the name of the 
Group to the Phytochemical Group with the view of 
promoting the advancement of the chemistry, biochemistry 
and related sciences of all plant products. 

The opening address was given by Prof. N. A. Burges 
(University of Liverpool), who discussed the biological 
aspects of biochemical reactions and the possible differ- 
ences between reactions in vivo and in vitro. This is 
an important consideration which is still sometimes 
overlooked by chemists. Biochemical reactions in vivo 
are commonly studied by feeding in potential precursors 
labelled with ‘heavy’ or radioactive isotopes. Dr. T. 
Swain (Low Temperature Research Station, Cambridge) 
gave a critical account of these methods. In particular 
he noted that feeding experiments often led to an under- 
standing of the starting and end points of a pathway but 
gave little information regarding the individual steps and 
the control mechanisms. He emphasized the need for 
investigating the enzymes which catalyse each step, and 
he brought to the attention of the meeting other con- 
ditions, such as environmental and genetical factors, 
which could affect biosynthesis. 

The first paper on a particular group of plant constit- 
uents was presented by Prof. T. W. Goodwin (University 
of Aberystwyth), who gave an account of the formation 
of terpenoids, compounds which appear to play a key 
part in chloroplast development. When etiolated seedlings 
are illuminated there is a massive synthesis of terpenoids 
as the functional chloroplasts are produced. During the 
greening period, carbon dioxide but not mevalonate is 
incorporated into the chloroplast terpenoids, but the 
reverse is true for the related sterols which are also present. 
It is believed that the biosynthesis of terpenoids in develop- 
ing seedlings is regulated by enzyme segregation and 
specific membrane permeability. A second paper con- 
cerning the detailed steps involved in the elaboration of 
carotenoids, starting from acetate, was also presented 
by Prof. Goodwin. 


An account of the amino-acids found in plants was given 
by Dr. L. Fowden (University College, London). In his 
lecture he concentrated on the large number of non- 
proteinogenic derivatives of which at least two groups 
are recognized. First, those which are intermediates 
in the formation of the twenty protein amino-acids and 
also those which arise by the non-specific action of enzymes 
normally associated with the metabolism of the protein- 
ogenic compounds. The role of most of them is un- 
known. 

Studies with micro-organisms have provided evidence 
that DNA controls the synthesis of proteins. This 
evidence was reviewed together with the mechanism 
of amino-acid polymerization by Dr. D. Boulter (Uni- 
versity of Liverpool). He also described the similar 
findings made with higher plants and commented on 
the work being carried out at the University of Liverpool 
on protein synthesis in developing seeds. 

The vast field of carbohydrate biochemistry was also 
reviewed (Dr. J. S. D. Bacon, Macaulay Institute, 
Aberdeen) mainly with reference to simple sugar phos- 
phates and the more complex nucleotides derived from 
them. The synthesis of insoluble polymeric carbohydrates 
still remains something of a mystery. For example, 
although cellulose is the most abundant plant poly- 
saccharide, we know very little about the formation of 
this material. Recent investigations by Hassid et al.) at 
Berkeley have implicated guanosine diphosphate glucose, 
and Prof. R. D. Preston (University of Leeds) was able 
to tell the Group of other interesting observations, of a 
biophysical nature, which help in the general under- 
standing of this problem. He discussed the arrange- 
ment of cellulose microfibrils in the cell-walls of seaweeds 
and showed electron micrographs of spherical granules 
which are apparently involved in the synthesis and 
orientation of the polymer strands. 

An equally complex problem, which was summarized 
by Dr. F. A. Isherwood (Low Temperature Research 
Station, Cambridge), is the structure and biogenesis 
oflignin. Progress in this field has slowed down consider- 
ably during the past few years and the molecule still 
rofuses to give up all its secrets. There is little doubt, 
however, that the aromatic rings in this polyphenol 
are derived from shikimic acid and it is probable that the 
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C,:C3 units, of which it is composed, are condensed 
together in a random fashion. The development of 
methods for determining the sequence of these units in 
the polymer is, therefore, awaited with great interest. 
The shikimic acid pathway is also utilized by plants for 
the formation of flavonoids. Prof. H. Grisebach (Uni- 
versity of Freiburg) described recent theories regarding 
the synthesis of these pigments. These involve the 
condensation of cinnamic acids with malonyl-CoA, but 
so far the formation of the necessary activated cinnamic 
acids has not been demonstrated using plant enzymes. 
The early stages of hem and chlorophyll biosynthesis 
follow a common pathway and this has been deduced 
mainly by investigations with preparations from animal 
tissues and photosynthetic bacteria. Dr. J. Lascelles 
(University of Oxford) outlined this chain of reactions 
and gave an account of the interesting investigations 
which are in progress, using Chlorella mutants and 
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photosynthetic bacteria, on the final stages in chlorophyll 
synthesis. 

The final paper in the symposium, by Prof. S. L. Ranson 
(University of Newcastle), was concerned with the form- 
ation of aliphatic carboxylic acids by plants. Some of 
these, such as malate, citrate and oxalate, commonly 
accumulate to a relatively high concentration in the cell. 
Others, such as fumarate and aconitate, accumulate in- 
frequently. Why some cells accumulate one acid and 
others a different acid is a problem which remains to be 
settled. 

The Group is indebted to the University of Leeds for 
the facilities which were placed at its disposal at Bodington 
Hall. Profs. F. C. Happold, I. Manton and R. D. Preston, 
all from the University, kindly acted as chairmen during 
three of the symposium sessions. J. B. Pram 


1 Elbein, E. D., Barber, G. A., and Hassid, W. Z., J. Amer. Chem. Soc., 86, 
309 (1964). 


UNUSUAL FORMS AND ASPECTS OF CANCER IN MAN 


ITHER too much or too little tends to be made of the 
rarities in medicine: purely chance phenomena are 
described in extenso, whereas sight is lost of significant 
observations in the flood of scientific literature. The 
conference held by the New York Academy of Sciences 
on “Unusual Forms and Aspects of Cancer in Man”, in 
October 1963 (ref. 1), was an attempt to assess the impor- 
tance of certain cancer rarities by grouping them together 
and discussing them in open forum. Many of the data and 
views presented at the conference had previously been put 
forward elsewhere. However, earlier communications 
were scattered through a variety of journals and several 
were not widely known. The publication of the proceed- 
ings of the conference therefore constitutes a valuable 
addition to the medical literature. 

The comparative value of different types of cancer 
treatment can be assessed relatively simply, but it is less 
easy to assess the value of treatment per se during an era 
in which almost overy case receives some form of therapy. 
From his survey of 250 female cases of untreated breast 
cancer included in the 1805-1933 records of the Middlesex 
Hospital Charity, Bloom? comes to essentially the same 
conclusions as Doland?, Greenwood! and Nathanson and 
Welch’. He records a mean survival period of 3} years 
from the onset of symptoms, with almost 20 per cent of 
patients surviving for 5 years and 3 per cent for 10 years. 
Bloom is satisfied that all generally accepted methods 
of treatment both prolong life and reduce suffering from 
the effects of the disease. On the other hand, it appears 
that no measurable improvement in the results of treat- 
ment of breast cancer has occurred during the past few 
decades*. The possible value of radiography in the detec- 
tion of early breast cancer has been under investigation 
for more than thirty years, but, mainly because of failures 
in techniques, it has not found general favour. It is now 
clear that, in the hands of tho expert, mammography 
sometimes results in the detection of breast cancer before 
a positive diagnosis could be made clinically by inspection 
and palpation®:?. Nevertheless, in the opinion of Egan‘ it 
is too early to opine whether biannual mammography 
should bo used to screen the femele population for early 
breast cancer. 

Tn an age of nuclear weapons, the carcinogenic effect of 
ionizing rediation is a political issue. It has therefore 
achieved more prominence than is justified by the facts. 
Investigations on the survivors of Hiroshima and Naga- 
saki! revealed the expected excesses of myeloid leukemia® 
and thyroid cancer’. In addition, an excess of anemia 
due to myelofibrosis has been observed. Many of the 
thyroid cancers were microscopic and did not contribute 


to the death of the victim. Moreover, the incidence of 
small foci of thyroid cancer has not been adequately 
investigated in comparable unirradiated populations. 
This raises another problem. One is apt to assume that 
there is little scope these days for changes in standards of 
diagnosis. In fact, attempts at earlier diagnosis*-’, 
increasing autopsy rates, the classification of microscopic 
lesions as cancer?:!ó32, and a gathering interest in aged 
pstients!? are steadily altering the background against 
which other more closely investigated events are studied. 

It is generally held that the majority of lung cancers 
arise in the large bronchi within a few inches of the bifurca- 
tion of the trachea. It is within the same areas that the 
particulate matter present in inhaled tobacco smoke 
and polluted air tends to be deposited!^. Rigler presents 
a survey of patients in whom routine chest roentgenograms 
were taken at intervals prior to the diagnosis of lung 
cancer. The first radiological signs were usually present 
almost a year before the onset of significant symptoms. 
In some cases the interval between the first sign and the 
making of a definitive diagnosis was as long as 5-10 years. 
The finding that the majority of tumours arose in the 
lung periphery and were not symptomatic until they had 
spread centrally is surprising, since it suggests that the 
deposition of particulate matter is not closely related to 
cancer induction. One wonders how often centrally 
arising tumours would have been detected radiologically 
in their early stages, and to what extent Rigler’s con- 
clusions are influenced by the fact that they are based on 
selected material. 

Successful treatment of cancer discovered during 
pregnancy may involve the loss of the fœtus. Most would 
regard this loss as an unfortunate necessity, but whether 
the discovery of cancer per se provides grounds for the 
deliberate termination of pregnancy is another matter. 
Rarely, cancer cells cross the placental barrier and grow 
metastatically in the foetus 46, The demonstration of 
so-called vertical transmission of murine leukemia 
viruses??18 prompts the search for examples of similar 
transmission of tumour viruses in man. However, as 
yet no human tumour viruses have been positively identi- 
fied. A few forms of cancer have an undoubted familial 
tendency. It is exceptionally rare for one of these types 
of cancer to be diagnosed for the first time during preg- 
nancy. Cancer during childhood is rare, and the occur- 
rence of two cases in one family suggests a transmitted 
genetic or viral factor. Dargeon’ records six examples of 
malignant disease arising in two children of the same 
family: in no case was it possible to say whether these 
arose as the result of coincidence, transmission of a genetic 
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aberration, or transmission of a tumour virus, and in no 
case was malignant disease recorded in the mother during 
or before either of the pregnancies. The remaining con- 
sideration is whether the continuance of the pregnant 
state adversely affects the progress of the cancer. This 
is & complicated question without any clear answer. 
Most would agree that it is necessary to judge each case 
separately on its merits. 

If cancerous foci of microscopic dimensions are taken 
into consideration, the incidence of multiple primary 
malignant neoplasms is relatively high. Moertel?® writes, 
“The traditional concept of carcinoma as a single neoplasm 
intruding in an otherwise normal tissue is not always 
tenable. In a significant number of cases the initial 
neoplasm is only the first and most obvious manifestation 
of a carcinogenic process that may involve a large portion, 
or all, of a given tissue". Mersheimar, Ringel and Eisen- 
berg’s?? results suggest that second cancers arise in the 
same tissue or system more frequently than would be 
expected by chance where the first cancer was in the breast, 
skin, colon, rectum or genito-urinary tract. According to 
Moertel?®, these findings should be taken into account 
in deciding the best treatment for cancers of these 
sites. 

A series of contributions on the occurrence and treat- 
ment of certain uncommon or rare neoplasms are valuable 
for reference purposes. Of more general interest are 
papers on the relation between immune mechanisms and 
cancer and on the spontaneous regression of cancer. 
According to Grace?!, the immunological impairment not 
infrequently observed in cancer patients??? is often 
related to disease directly affecting the lymphatic system. 
On the other hand, there are several examples of patients 
reacting immunologically to components or products of 
their own tumours; and the failure of advanced cancer 
patients to accept autografts of their own tumours is a 
puzzling phenomenon which needs further investigation. 
Everson’s*‘ survey of examples of the spontaneous regres- 
sion of cancer is superb and it would be fitting to conclude 
this article with his assessment of the significance of this 
phenomenon: ''(1) The existence of spontaneous regres- 
sion of cancer, in at least some cases, supports the concept 
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-Of biologie control of cancer and reinforces the hope that 


à more satisfactory method of treating cancer than surgerv. 
and/or radiation, may be found in future years. 

"(2) The occurrence of spontaneous regrossion of 
cancer demonstrates the need for caution in the assessment 
of the value of chemotherapeutic and unorthodox thera- 
peutic measures in isolated ‘cures’ of cancer. 

“(3) The possibility of spontaneous regression of cancer 
must be considered in the evaluation of the prognosis of 
certain cancers. The remote possibility of spontaneous 
regression of cancer may be of some psychotherapeutic 
value in the patient with cancer which is not amenable to 
surgical and/or radiation treatment." F. J. C. RoE 


1 Moss, N. Henry, Warren, S., Pack, George T., and 56 other authors. 
Ann. N.Y. Acad. Sci., 114, Article 2: Unusual Forms and Aspects of 
Cancer in Man. Pp. 717-1083. (New York: New York Academy of 
Sciences, 1964.) 7.50 dollars. 
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BRITISH TECHNICAL CO-OPERATION OVERSEAS 


N replying to a series of questions in the House of 
Commons on June 25, the Secretary for Technical 
Co-operation, Mr. R. Carr, said that he was charged to 
give the sort of help to the developing countries which 
they themselves said they most needed. British Embassies 
and High Commissions kept under review the progress 
and results of his Department’s work, and specialist 
advisers and other staff from his Department made 
frequent tours overseas. The £175 million spent on over- 
seas aid this year was a record figure and illustrated the 
rapid rate of expenditure over recent years. Consultation 
with the Agency for International Development in the 
United States was close and continuous. The 2,900 
recruited under the auspices of the British Government 
in 1963 for service in the developing countries included a 
very small number not of British nationality; the 1962 
figure was 2,300. Questioned as to alleged difficulties 
experienced by professional people in finding suitable 
employment on return to Britain from service overseas, Mr. 
Carr said that the Overseas Services Resettlement Bureau 
has been set up specially to assist members of the Overseas 
Civil Service retiring prematurely, and was doing so with 
outstanding success. His Department did all it could to 
encourage employers to release staff on terms which pro- 
vide for their re-absorption and also to encourage general 
recognition that overseas service is of positive value in a 


professional career. He would welcome assistance in 
making the arrangements better known. 

On Latin America, he said that more than £500,000 
had been allocated from his Department’s funds in this 
financial year compared with £90,000 in 1963, and this 
represented about 2 per cent of Britain’s total bilateral 
technical assistance expenditure and about 20 per cent of 
that allocated to foreign countries. Much of the £400,000 
allocated by the British Council to Latin America was 
also for technical assistance, and he hoped there woulc 
be 70 experts in Latin America by the end of the year. 
Britain could probably help most in agriculture anc 
natural resources work and in technical education. 

During the past 12 months, Mr. Carr said he had had 
requests for training in the United Kingdom of 20 Indians 
for maintaining and operating new plant to be installec 
at the Durgapur Steel Works; for 4 engineering experts 
to assist the chief construction engineer; and for con. 
tinuing the services of the British general manager until 
September 1965. More than 400 Indian steel workers had 
been trained in Britain, and Britain had also supplied sub- 
stantial managerial and technical staff to the Durgapur 
Steel Works. Mr. Carr estimated that Britain's expendi- 
ture on technical assistance in Malaysia, excluding the 
Overseas Aid Service, would be about 50 per cent higher 
in 1964-65 than in 1962-63. 
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On locust control, he said that the work of the Anti- 
Locust Research Centre had become the basis for the 
international strategy of locust control Two of tho 
major types of plague locust had now been under control 
for more than 10 years and a third was at its lowest ebb 
for 24 years. The cost of killing à swarm of locusts had 
been reduced by 98 per cent compared with 20 years ago. 
The Centre had recently moved into new premises, which 
gave it greater scope. On the whole, research, including 
much field work, was done in Britain. Mr. Carr also 
referred to a startling and satisfactory increase in recruit- 
ment of teachers, which had risen by 300 per cent since 
his Department was established, compared with an average 
increase in recruitment of 80 per cent. Doctors still 
constituted a difficult field. Expenditure on bilateral 
assistance to foreign countries had risen by 170 per cent 
and was now 10 per cent of the total. 

On research institutions in East Africa and the Carib- 
bean, Mr. Carr said that the 27 such institutions in these 
regions employed about 260 senior and 350 supporting 
scientific staff and were doing most valuable work in 
medicine, agriculture and the development of natural 
resources. He had no specific proposals for increased 
grants before him at the moment, and his Department’s 
research expenditure was now on a triennial basis. He 
estimated that his Department’s expenditure on technical 
assistance to Pakistan was about £650,000 in 1962-63 
and it would be about 20-30 per cent higher in 1964. He 
was somewhat disappointed at the initial response to the 

- scheme of Commonwealth awards to university teachers. 
His Department employed or supported financially more 
` than 1,200 research staff in research on problems affecting 
developing countries at a cost of about £2 million a year: 
just more than & quarter were in home-based units. Under 
the Low-priced Books Scheme, the university text-books 
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series was available to 32 African countries and included 
technical and other text-books suitable for use in technical 
colleges. Preliminary investigations were being made of 
problems involved in extending the scheme to Latin 
America, but no decision had been taken. E 

In a written answer on June 25, Mr. Carr gave the 
number of overseas students in full-time education in 
Britain in 1950 as about 12,500, compared with 64,320 in 
1963, of whom 50,100 were from the developing countries. 
In January 1963, 2,600 teachers were serving in develop- 
ing countries who had been appointed under the auspices 
of the British Government; just more than 1,300 were 
appointed in 1963 and more than 400 were sent out by 
other bodies, in addition to an unknown number recruited 
direct. 

Also in a written answer on June 25, Mr. Carr gave the 
distribution of the 915 research workers overseas supplied 
by his Department, 643 of whom were in Africa, 142 in 
the West Indies and 108 in the Far East and the Pacific. 
Of these at December 31, 1963, 343 were senior staff, 36 
being directly employed, 18 supported 100 per cent, 251 
between 50 and 100 per cent, and 38 less than 50 per cent 
supported. For the supporting staff, the figures were: 
100 per cent, 10; 50-100 per cent, 485; and less than 
50 per cent, 77. Twenty of those directly employed were 
in agriculture, including forestry; 2 in veterinary science; 
5 in medicine; and 9 miscellaneous. Twenty-seven of 
those receiving 100 per cent support were in medicine. 
Of those receiving 50-100 per cent support, 383 were in 
agriculture, 41 in fisheries, 53 in pest control, 118 veter- 
inary and trypanosomiasis, 99 medical, and 12 social and 
economic sciences. Of those receiving less than 50 per 
cent support, 30 were in agriculture, 49 in pest control, 
4 veterinary science, 18 medical, and 8 social and economic 
sciences. 


DEVELOPMENT AND SUPPORT OF SYSTEMATICS IN BRITAIN 


A present many universities are re-considering the 
teaching of biology and proposing a unified syllabus. 
A recent committee of the Royal Society has made certain 
recommendations on the place that taxonomy should take 
in the development of biology!. The Systematics Asso- 
ciation (c/o British Museum (Natural History), Cromwell 
Road, London, S.W.7) has appointed a small committee 
to consider the part the universities should play in this 
development. Members of the committee are: Prof. P. C. 
Sylvester-Bradley, Department of Geology, University of 
Leicester; Dr. V. H. Heywood, Hartley Botanical Labora- 
tories, University of Liverpool; Dr. P. H. A. Sneath, 
National Institute for Medical Research, London, N.W.7. 
The committee felt that in any consideration of university 
policy on systematics it is important to distinguish between 
the broader field of systematics, which is concerned with 
the scientific study of the diversity and differentiation of 
organisms and the relationships which exist between them, 
and taxonomy, which is that part of systematics which 
deals with the study of classification, including its bases, 
principles, procedures and rules. Their respective roles 
in general biological courses and in the specialized training 
of taxonomists are different. The following aspects, 
although they interact with each other, should be con- 
sidered separately: (1) the teaching of systematics at the 
undergraduate level; (2) the training of taxonomists; 
(3) the promotion of research in systematics. 

The role that systematics should occupy in under- 
graduate courses in biology has been hotly debated in 
recent years. Some university biology departments hold 
that everything that is not molecular biology or bio- 
chemical physiology is ‘systematics’. Thus such diverse 
fields as anatomy, morphology, palynology, ‘ecology. 


cryptogamic botany, paleontology, populations genetics, 
etc., have been added to the responsibilities of the system- 
atist. Partly as a consequence of these views, and partly 
as a result of the rapid expansion of the frontiers of biology 
into chemistry and physics, the expansion of systematics, 
not only to serve biology by the production and inter- 
pretation of classifications, but also to assume responsi- 
bility for the furtherance of several of its basic fields, 
has led to a situation that needs to be pondered by all 
biologists. Some experimental biologists feel that system- 
atics has an insufficiently rigorous scientific basis, and have 
thus accorded to the subject a limited portion of the time- 
table. All too often the resources and staff allocated are 
quite inadequate for systematics to be carried out 
effectively. As a consequence many of the basic biological 
disciplines on which we depend for the consolidation of 
our factual information are in a state of neglect. T'he result 
of these attitudes is that it is becoming difficult to obtain 
suitably qualified staff in many fields, and this in turn 
leads to failure to apply modern techniques to these fields. 

The point of view that these subjects have been by- 
passed by modern developments in biology is untenable. 
Although anatomical investigations may lack the glamour 
of molecular biology, it is research in systematics which 
contributes to the advance in our knowledge of whole 
organisms and on which we ultimately rely for a full com- 
prehension of the significance of biological science. 

The importance of systematics in biological courses was 
considered at a meeting of the Systematics Association in 
Birmingham, on the “Place of Taxonomy in the Teaching 
of Biology’’*. There the role of systematics as a focus for 
the integration of knowledge on biological diversity was 
stressed, and this, it must be pointed out, is quite inde- 
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pendent of the special interests of students. In other 
words, it is important for all biological students, not just 
for potential taxonomists. 

Little attempt has been made in Britain, largely due to 
the departmental system, to teach systematics as a unified 
subject. Thus it is possible for the same topics (classifica- 
tion, phylogeny, species concepts, evolution, etc.) to be 
taught separately and in widely diverse (sometimes even 
conflicting) ways in different departments within the same 
biological school. Wherever possible, taxonomy should 
be taught as a unified subject and not compartmentalized 
between botany, paleontology, zoology, etc. 

The teaching of taxonomy in Great Britain could 
often be greatly improved. In many universities it is 
not taught at all in a recognizable form. Undergraduate 
teaching in taxonomy should enable the student to 
negotiate with reasonable success almost any group of 
organisms without being a specialist in them, and with 
a minimum of help from specialists. To achieve this it is 
necessary to instil the basic principles of taxonomy which 
are applicable, with some modification, to all groups of 
organisms. At the same time, teaching should not be 
restricted to narrowly taxonomic subjects, but should 
include the wider aspects of systematics and be integrated 
with evolutionary, cytological, genetical and physiological 
work. On the other hand, systematics without taxonomy 
will lead to an equally unbalanced point of view. 

The specialized training of students in taxonomy must 
of necessity follow the undergraduate course. The kind 
and duration of the training will depend to a large extent 
on the future occupation which is envisaged for the 
candidates. One approach is to establish one-year M.Sc. 
or diploma courses in taxonomy, like those recently 
initiated at Edinburgh and Liverpool. These are directed 
at providing adequate preparation in taxonomic methods 
and procedures for those who are unable to spend 2-3 years 
on a Ph.D. course, or who do not require such extensive 
training (it should be remembered that a short taxonomic 
training may be required for people working in related 
fields). For the successful running of such 1-year training 
courses it will be necessary to establish postgraduate 
schools of taxonomy, each staffed by several taxonomists. 
Two or three universities should set up such schools as 
part of their forthcoming expansion plans. Wherever 
possible they should be based on existing nuclei in universi- 
ties where the existing staff and facilities could be quickly 
increased. There is also much to be said for such a school 
to be formed at one of the new universities. The appoint- 
ment of additional taxonomists scattered over the country 
is not a satisfactory alternative to the establishment of 
a few postgraduate schools of taxonomy, since lone 
taxonomists can no more be expected to make a satis- 
factory contribution to teaching and research in a large 
biological school than can any other lone scientists. 

After a training course for one year in taxonomic 
methods, as suggested here, the best experience for a 
future taxonomist is a period of creative research leading 
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to a Ph.D degree. This stage will require special herbarium, 
museum or library facilities. It is for this reason that the 
number of schools of taxonomy should be limited. 
Adequate provision for the financing of fieldwork. both 
at home and abroad, should be made, and this will be 
assisted by the proposal to set up “Wallace” studentships 
made in the Royal Society Report}. It is also essential 
that financial provision be made for travel to consult 
material in other institutions, in this country and abroad. 

Research in taxonomy and systematics is closely linked 
with teaching and training in these fields. Thriving’ 
research schools cost money, and it should be the aim of 
the schools of taxonomy which are recommended here to 
provide facilities which are comparable with the best 
found in the United States and on the Continent. In some 
of the fields of systematics which are listed below as 
appropriate for further development, little satisfactory 
progress can be made if the basic resources are not 
available. There is a need for intimate practical know- 
ledge of traditional approaches if radical new develop- 
ments are to be expected. A large number of such 
developments of interest both to systematics and tax- 
onomy are being initiated even with the limited support 
that is at present available. But there are many aspects 
of taxonomy which have remained essentially unchanged 
for decades or even centuries, and up-to-date methods are 
neglected. This is in part a consequence of the concen- 
tration of Britain’s taxonomic resources in the national 
museums which are largely obliged—by their nature and 
finance— to restrict the amount of pure research they can 
carry out without prejudice to their heavy practical 
obligations. Their divorce from the universities and 
academic research institutions further aggravates this 
situation. It is urgent that, in addition to the build-up 
of basic resources and facilities in a few selected univer- 
sities, substantial support should be given to setting up 
research units in such fields as comparative biochemistry, 
comparative physiology and ethology, comparative sero- 
logy, data-processing methods and machines, develop- 
mental physiology, environmental control, epigeneties. 
population cytology, DNA comparison, numerical tax- 
onomy, paleobiochemistry, protein-sequence taxonomy 
and theoretical taxonomy. 

Systematics occupies to-day a dual role in biology. 
Systematists have the function of evaluating, interpreting 
and co-ordinating the greatly increased flow of data from 
many fields so as to serve biology as helpfully as possible. 
They are also having to assume, increasingly, respons- 
ibility for developing many of those aspects of biology 
that are discarded by its advancing spearheads. If other 
biologists wish systematists to occupy these roles 
effectively, they must be prepared to accept that adequate 
support be made available to them for teaching and 
research. 

1 Tazonomy : Rep. Committee appointed by the Council of the Royal 
Society (Royal Society, London, 1963). 
? Nature, 198, 346 (1963). 


B.B.C. ENGINEERING MONOGRAPHS 


EVERAL times a year the Engineering Division of 
the British Broadcasting Corporation publishes a 
monograph either describing some novel technical equip- 
ment used in the development and operation of the 
Corporation's sound and television services, or making 
an appraisal of some aspect of its engineering activities. 
For example, Monograph No. 46 was published in February 
1963, under the title The Application of Transistors to 
Sound Broadcasting, by S. D. Berry*. This describes 


* British Broadcasting Corporation. BBC Engineering Monograph, No. 46: 
The Application of Transistors to Sound Broadcasting. By S. D. Berry. 
Pp. 20. (London: British Broadcasting Corporation, 1963.) 5s. 


the circuit arrangements and mechanical construction 
of a number of transistor audio-frequency amplifiers 
and associated apparatus designed for general use in the 
sound broadcasting services of the B.B.C. 

Of a somewhat different type is Monograph No. 48 
(June 1963) entitled The Development of B.B.C. Internal 
Telecommunications, by J. M. Chorley and J. 8. Norwellf. 
In order to support the sound and television broadcasting 
services a comprehensive network of telecommunications 


t British Broadcasting Corporation. BBC Engineering Monograph, No. 48: 
The Development of BBC Internal Telecommunications. By J. M. Chorley 
and J. p Norwell. Pp. 23. (London: British Broadcasting Corporation, 
1963.) 5s. 
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is essential. While the British Post Office provides many 
of the required facilities over its country-wide network, 
the Corporation is concerned with special circuits and, 
particularly, with their termination at various centres 
throughout the United Kingdom. This Monograph 
traces the development of such B.B.C. telecommunications 
^ and describes some of the equipment used. It does 
not, however, deal with the distribution of television 
and sound programmes. 

The most recent of the published Monographs (No. 52: 
March 1964) is entitled Stereophony: The Effect of Cross- 
Talk Between Left and Right Channels, by H. D. Harwood 
and D. E. L. Shortert. As the short list of references 
appended to this publication shows, the B.B.C. has been 
exploring the practical possibilities of stereophonie 
broadeasting for several years. One of the technical 
defects which may appear in a stereophonic sound system 
is the unintentional transfer of a portion of the signal 
in one channel to the other channel, & phenomenon 


} British Broadcasting Corporation. BBC Engineering Monograph, No. 52: 
Stereophony—The Effect of Cross-Talk Between Left and Right Channels. 
By H. D. Harwood and D. E. L. Shorter. Pp. 23. (London: British 
Broadcasting Corporation, 1964.) 5s. 
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known as ‘cross-talk’ in telephone engineering. This 
results in a displacement or blurring of the reproduced 
sound images. The experiments described have covered 
the investigation of certain occurrences of cross-talk 
increasing at high or low frequencies, as well as cross- 
talk being independent of frequency. It was concluded 
that the minimum perceptible degree of cross-talk is 
influenced to some extent by the position of the observer 
in the listening room, but is largely independent of the 
acoustics of the room and of the bandwidth of the 
system. 

Other Monographs published recently deal with such 
differing subjects as the measurement of the non-linear 
distortion generated by a loud-speaker system, and the 
methods of testing and measuring the properties of 
lenses used in the photoelectric components of television 
cameras. All these publications serve to demonstrate 
the extent to which the operation of the British Broad- 
casting Corporation’s services are well supported by the 
comprehensive work of the Research, Designs and Lines 
Departments of the Corporation’s Engineering Division. 

R. L. Surru-Rosz 


ISOLATION OF SEROLOGICALLY ACTIVE FUCOSE-CONTAINING 
OLIGOSACCHARIDES FROM HUMAN BLOOD-GROUP 
H SUBSTANCE 


By Mrs. VAIJAYANTI P. REGE, Dr. T. J. PAINTER, Dr. WINIFRED M. WATKINS 
and Pror. W. T. J. MORGAN, C.B.E., F.R.S. 


Lister Institute of Preventive Medicine, London, S.W. 1 


f Be results of hemagglutination inhibition experi- 
ments demonstrated more than ten years ago that 
L-fucose, or more exactly an O-«-L-fucopyranosyl struc- 
ture, is an important part of the serologically specific 
grouping in the H-specific blood-group substance?. Since 
that time other evidence, involving the inhibition by 
L-fucose of the enzymatic decomposition of H substance? 
and the demonstration that r-fucose is the sugar most 
readily liberated from H substance by the action of 
specific H-decomposing enzymes from Trichomonas foetus? 
and from Bacillus fulminans*, has supported these early 
conclusions. More recently, results of a further serological 
analysis’ with the eel serum anti-H reagent suggested 
that the L-fucose concerned in H specificity may be joined 
to the next sugar by an «-(1—2) linkage. Thus, 2-0-«-L- 
fucopyranosyl-L-fucose and 2-0-«-L-fucopyranosyl-p- 
galactose are more powerful inhibitors than either 
3-0-«-L-fucopyranosyl-L-fucose or 4-O-«-L-fucopyranosyl- 
L-fucose. . 
Difficulties in drawing clear-cut inferences from these 
results arise from the fact that methyl-«-L-fucopyranoside 
inhibits the eel reagent as strongly as the disaccharides 
containing the «-(1—2)-linkages and that other oligo- 
saccharides, such as lacto-N-fucopentaose I (ref. 6), aro 
poor inhibitors of hemagglutination although they contain 
o.-L-fucopyranosyl-(1—>2)-galactose units as terminal non- 
reducing end-groups. The anti-H reagent extracted from 
Lotus tetragonolobus seeds shows similar anomalies®, and it 
was pointed out that the failure to obtain greater inhibition 
with «-L-fucosyl.(1—2) compounds than with the simple 
methyl «-L-fucoside might be due to the limitation imposed 
by the heterologous nature of the eel and plant seed anti-H 
agglutinins, the receptor sites of which may be largely 
saturated by a simple «-L-fucopyranosyl grouping. Never- 
theless, further support for the belief that L-fucose is linked 
«-(1->2) in the H determinant structure was gained from 
experiments with partially purified enzymes from T. 
foetus’; preparations which destroy the serological activity 


of H substance split fucose from oligosaccharides in which 
the sugar is joined by «-(1—>2) linkage to galactose but not 
from an oligosaccharide in which u-fucose is joined by a 
(1-4) linkage to N-acetyl-p-glucosamine. 

That more than one terminal non-reducing sugar residue 
may be important for H specificity was indicated by 
inhibition experiments with anti-H reagents from seeds of 
the plants Cytisus sessilifolius and Laburnum alpinum 
These reagents are strongly inhibited by human Ħ sub- 
stances but are not inhibited by t-fucose®. The disaccharide 
4-O-(N -acetyl-B-n-glucosaminopyranosyl) - N - acetyl-D - 
glucosamine (N,N’-diacetyl-chitobiose), however, inhibits 
both Cytisus and Laburnum reagents’, indicating that an 
N-acetyl-8-p-glucosaminopyranosyl structure may be a 
serological determinant unit in H-substance in addition to 
an «-L-fucopyranosyl residue. 

Valuable as the results of inhibition and enzymatic 
experiments are as indirect pointers to the structures of the 
serologically active groupings in the blood-group macro- 
molecules, the final proof of structure must rest on the 
chemical characterization of active fragments isolated 
from the substances themselves. Examination of the 
four di- and the three tri-saccharides obtained from the 
partial acid hydrolysis products of a human blood-group H 
specific substance*? revealed two serologically active 
fragments, the disaccharide 3-0-(N-acetyl-8-p-glucos- 
aminopyranosyl)-D-galactose, and the trisaccharide O-(N- 
acetyl-B -D - glucosaminopyranosyl) - (1—3) - O-B-p -galacto- 
pyranosyl-(1—3)-N-acetyl-p-galactosamine. These com- 
pounds, however, inhibited only the Cytisus anti-H 
reagent and failed to inhibit human, rabbit or eel anti-H 
agglutinins. This is not surprising, as none of the oligo- 
saccharides described contained L-fucose owing to tho 
rapid liberation of this sugar under the conditions of 
hydrolysis used. An investigation of the isolated frag- 
ments indicated the presence of two main types of carbo- 
hydrate chain in H substance for which the following 
partial structures were proposed? : 
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(1) 8-Gal-(1—3)-B-GNAo-(1—3)-8-Gal-(1—3)-GalNAc- 
(2) 8-Gal-(1—4)-B-GNAe-(1—3)-8-Gal-(13)-GaINAc- 


(Gal = p-galactopyranose; GNAc = N-acetyl-D-glucos- 
aminopyranose; GalNAc = N-acetyl -D -galactosamino- 
pyranose.) 

The isolation and identification of three H-active fucose- 
containing oligosaccharides from H-specifie substances 
are now reported. Alkaline degradation was previously 
observed to give good yields of fucose-containing oligo- 
saccharides from blood-group substances’, and two of 
those now described were obtained from the products of 
partial alkaline hydrolysis. The third was isolated in low 
yield from a partial acid hydrolysate*'? of H-substance. 

Alkaline degradation of blood-group H substance 
(obtained from human ovarian cyst fluid?) was accom- 
plished by heating 1 g portions at 60° for 18 h in 50 ml. 50 
per cent aqueous methanol containing 2-5 per cent v/v 
triethylamine. The volatile base was then removed by 
distillation under diminished pressure, and the residual 
solution was dialysed against water in a ‘Cellophane’ sac. 
After six further treatments of the indiffusible residue in 
the same way, 70 per cent of the starting material was 
converted into diffusible fragments. 

The diffusible material (2:1 g) from 3 g of H substance 
was adsorbed on a column (15 x 3:6 em) of charcoal/ 
‘Celite’ (1 : 1 w/w). Stepwise elution of the column with 
water (3-5 1.) and aqueous ethanol (3-5 l. of 1-5 per cent 
v/v, followed by 3 1. of 2-5 per cent v/v) displaced a com- 
plex mixture of monosaccharides, chromogens"*, acidic 
degradation-products of sugars and other unidentified 
components. Aqueous ethanol (5 per cent v/v; 6 1.) then 
displaced a fraction (300 mg) which, after further resolu- 
tion by preparative paper chromatography, yielded 85 mg 
of a sugar (I) having Rinctose= 1-55 in ethyl acetate/pyri- 
dine/water (10: 4:3 v/v; solvent a), and Mg=0-47 in 
borate buffer at pH 10 (ref. 13). It reacted rather 
slowly on paper with tho silver nitrate-sodium hydroxide 
reagentli, and with tho benzidine—trichloroacetic acid 
reagent!5 gave a dark brown colour similar to that givon 
by D-galactose. 

The sugar (I) was obtained as a hygroscopic glassy solid, 
having [«]3? — 53? (c= 0-8 in water). Chromatography of its 
acid hydrolysis products indicated the presence of fucose 
and galactose, and when the glycitol of the sugar, prepared 
by reduction with sodium borohydride, was hydrolysed 
and examined, fucose and galactitol were the only detect- 
able products. Analysis of the sugar by the phenol- 
sulphuric acid method!* and estimation of its fucose 
content}? showed that fucose and galactose were present 
in equimolar proportions. 

That the disaccharide was (1—>2)-linked was suggested 
by its failure to give a red colour with alkaline triphenyl 
tetrazolium chloride’, and by its resistance to degradation 
by alkali?*. Confirmation of this, together with evidence 
that the fucose residue was in the pyranose form, was 
obtained by periodate oxidation. In 0-01 M sodium 
metaperiodate at 22°, the disaccharide consumed 3:1 mol. 
of oxidant within the first 4 h and liberated 1-0 mol. of 
formic acid; further oxidation took place more slowly 
and after 24 h gave 1-0 mol. of formaldehyde; over- 
oxidation was observed. Oxidation under tbe same 
conditions after borohydride reduction?" resulted in the 
rapid (4 h) eonsumption of 4-9 mol. of periodate and 
liberation of 0-98 mol. of formaldehyde; there was no 
over-oxidation. 

Disaccharide (I) was therefore identified as 2-O-a-r- 
fucopyranosyl-D-galactose. Comparison of the crystalline 
1-benzyl-1-phenylhydrazones (m.p. and mixed m.p. 164°) 
showed this disaccharide to be identical with a specimen 
of 2-O-«-1-fucopyranosyl-p-galactose kindly supplied by 
Prof. R. Kuhn?.. 

After the displacement of disaccharide (I), the charcoal 
column was eluted with more aqueous ethanol (2 1. of 5 
per cent v/v; 5 1. of 7-5 per cent v/v; and 5 1. of 12-5 per 
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cent v/v). The 12-5 per cent aqueous ethanolic efluent 
contained 140 mg of carbohydrate material which, after 
fractionation on paper chromatograms, yielded & com. 
ponent (II; 12 mg) having Riactose= 1-11 in solvent a and 
Mg=0-39 in borate buffer at pH. 10. With the benzidino-- 
trichloroacetic acid reagent!55, it gave a golden-yellow 
colour similar to that given”? by 4-O-8-n-galactopyranosyl- 
N-acetyl-p-glucosamine (N-acetyl-lactosamine). 

The compound (II) had [x]? —45° (¢=0-5 in water). 
Chromatography of its acid hydrolysis products indicated 
the presence of fucose, galactose and glucosamine, and 
analysis'¢-17,28 showed that these monosaccharides were 
present in approximately equimolar amounts. However. 
after reduction of (II) with sodium borohydride, its hexos- 
amine content, determined by the Elson-Morgan method”: 
after acid hydrolysis, was negligible whereas the content of 
galactose and fucose was unchanged. The trisaccharide 
gave a negative indirect Ehrlich reaction™, indicating?’ 
that the reducing terminal N-acetyl-glucosamine residue 
was substituted at position 4. 

When trisaccharide (II) was heated in 0-02 N-poly- 
styrene-sulphonic acid?* at 80°, fucose was rapidly split 
from the molecule, with the formation of a disaccharide 
which was chromatographically and ionophoretically 
indistinguishable from N-acetyl-lactosamine and which 
gave, with the benzidine-trichloroacetic acid reagents. 
the golden-yellow colour characteristic of that sugar®?, Tho 
disaccharide also gave a negative indirect Ehrlich reaction 
and slowly underwent further hydrolysis to give galactose 
and N-acetylglucosamine. 

In aqueous methanolic triethylamine?’ at 80°, trisac- 
charide (II) was very slowly degraded, at a rate similar to 
that of N-acetyl-lactosamine, with the liberation of a 
disaccharide which was completely resistant to further 
degradation. This disaccharide was chromatographically 
and ionophoretically indistinguishable from 2-O-«-L-fuco- 
pyranosyl-p-galaetose (disaccharide I), and also resembled 
that sugar in its behaviour with the benzidine-triehloro- 
acetic acid, silver nitrate-sodium hydroxide, and alkaline 
triphenyltetrazolium chloride spray reagents. 

In 0-01 M. sodium metaperiodate at 22°, trisaccharide 
(II) consumed 3:07 mol. of oxidant within 4 h and liber- 
ated 0-96 mol. of formic acid and 0-14 mol. of formalde- 
hyde. Further oxidation under these conditions was 
very slow. The glycitol of the trisaccharide obtained by 
reduction with borohydride?? consumed, under the same 
conditions, 3-96 mol. of periodate in 4 h and liberated 0-99 
mol. of formaldehyde.  . 

On the basis of this evidence, trisaccharide (II) is 
believed to be O-«-r-fucopyranosyl-(1—-2)-O-B-n-galacto- 
pyranosyl-(1—-4)-N -acetyl-p-glucosamine. 

In addition to disaccharide (I) and trisaccharide (IT), 
at least five other fucose-containing compounds were 
present in the alkaline degradation products of H 
substance. None of these has yet been fully identified. 
but one of them (IV), believed to be either a tetra- or 
penta-saccbaride, was obtained sufficiently pure for 
serological examination (Table 1). Oligosaccharide (IV) 
was isolated from the 20 per cent v/v aqueous ethanolic 
effluent of the charcoal column and yielded fucose, galac- 
tose and glucosamine on acid hydrolysis; it had Rinto 
= 0-73 in solvent (a), and [a]? — 54° in water. 

The third chemically characterized fucose-containing 
oligosaccharide (III) was obtained from a partial acid 
hydrolysate*:? of 2-7 g of H substance, and appeared in the 
7-5 per cent v/v and 10 per cent v/v aqueous ethanolic 
effluents from tho charcoal—‘Celite’ column used for frac- 
tionation. After purification on paper chromatograms. 
5 mg of the sugar was obtained as a syrup. It had [x]?: 
— 36° (c= 1-0 in water) and Riactose = 0°83 in solvent a. Tt 
gave a strong indirect Ehrlich reaction and with the 
benzidine-trichloroacetic acid reagent gave a greenish- 
brown colour similar to that given?? by 3-0-6-p-galacto- 
pyranosyl-N-acetyl-p-glucosamine (lacto-N-biose 1) (ref. 
27). 
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Table 1. H ACTIVITY OF FRAGMENTS ISOLATED FROM ALKALINE AND ACID HYDROLYSIS PRODUCTS OF HUMAN H SUBSTANCE 
Minimum amount of substance giving inhibition (ug/0-1 ml.) 
Cytisus Ulex 
Human Rabbit Eel sessilifolius europaeus 
anti-H anti-H serum reagent reagent 

Human H substance 0-03 0:07 0-03 0:1 0:07 
Alkaline degradation products ` 

Disaccharide (I) (2-0-a-L-fucosyl-D-galactose) 500 1,000 4 2,000 > 2,000 

Trisaccharide (II) (O-a-L-fucosyl-(1—2)-O-f-p- 

galactosyl-(1—4)-N-acetyl-D-glucosamine) 125 63 250 16 32 

Oligosaccharide (IV) — 16 — 8 16 
Acid degradation product 

Trisaccharide (III) (0-a-r-fucosyl-(1—2)-O-8-n- 

galactosyl-(1—3)-N-acetyl-D-glucosamine) — 32 — 16 16 

Control sugars 

4-0-8-D-Galactosyl-N-acetyl-D-glucosamine > 2,000 > 2,000 > 2,000 > 2,000 > 2,000 

3-O-B-D-Galaectosyl-N-acetyl-D-glucosamine > 2,000 > 2,000 > 2,000 > 2,000 > 2,000 

4-0-(N-Acetyl-8-D-glucosaminoyl)-N-acetyl-p-glucosamine > 2,000 > 2,000 > 2,000 63 2,000 

L-Fucose > 2,000 > 2,000 16 > 2,000 > 2,000 

D-Fucose > 2,000 > 2,000 > 2,000 > 2,000 > 2,000 




















(All non-reducing sugar residues are in pyranose form.) 


Chromatography of the acid hydrolysis products of (III) 
indicated the presence of fucose, galactose and glucosamine 
in approximately equal amounts. However, after reduc- 
tion of (III) with sodium borohydride, its hexosamine 
content was negligible, whereas the amounts of fucose and 
galactose present were unchanged. On mild acid hydrolysis 
as described for trisaccharide (II), fucose was rapidly 
split from the molecule with the liberation of a disaccharide 
which, on further hydrolysis, slowly gave galactose and 
N-acetylglucosamine. The disaccharide was chromato- 
graphically indistinguishable from lacto-N-biose 1, and 
gave a strong indirect Ehrlich reaction. 

Trisaccharide (III) was extremely sensitive to alkali and 
on heating at 65° in 0-1 N aqueous pyridine?! was com- 
pletely degraded within 30 min with the liberation of 
free chromogen!??? and a disaccharide which was chro- 
matographically and ionophoretically indistinguishable 
from 2-0-a-L-fucopyranosyl-p-galactose (disaccharide I). 
The liberated disaccharide was identical with disaccharide 
(I) in its behaviour with the spray reagents named earlier 
and in its resistance to alkaline degradation. 

Trisaccharide (III) is therefore considered to be O-«-L- 
fueopyranosyl- (1—2)- O-B -D -galactopyranosyl- (1—3)-N - 
acetyl-p-glucosamine. 

The structures of trisaccharides (II) and (III) suggest 
that, in the native blood-group H substance, the two 
type of chain (1) and (2), depicted here, have «-L-fuco- 
pyranose residues attached to position 2 of their non- 
reducing terminal galactose residues. Support for this 
idea arises from a consideration of the probable mechanism 
by which disaccharide (I) and trisaccharide (IT) are 
formed by alkaline degradation of the specific substance. 
The chains must presumably be joined to the rest of the 
molecule by alkali-labile linkages and, once liberated, 
should undergo stepwise degradation from their reducing 
ends according to the accepted mechanisms?’ until a 
relatively alkali-stable linkage is reached. Chains of the 
first type (1) consist entirely of alkali-labile (1—+3)- 
linkages, and therefore disaccharide (I) probably origin- 
ated mainly from chains of this type although a small 
amount could be formed by further degradation of tri- 
saccharide (II). Trisaccharide (II) must originate from 
chains of the second type (2)—the stepwise degradation in 
this case being largely arrested by the relatively resistant 
N-acetyl-lactosamine structure. The very alkali-labile 
trisaccharide (III) does not survive alkaline degradation 
of H-substance. 

The fucose contents (20-25 per cent) of some prepara- 
tions of H substance are higher than can be accounted 
for on the assumption that each of the two types of chain 


carries only one fucose residue. It is likely, therefore, that 
some of the chains carry additional fucose residues 
attached to sugar units other than the non-reducing 
terminal D-galactose residue. The assignment of locations 
to these additional fucose residues must await the identi- 
fication of larger oligosaccharides from the alkaline 
degradation products of H substances. 

Anti-H agglutinins of human, animal or plant origin 
are all, by definition, inhibited in their action on group O 
red cells by human H substance; they differ, however, in 
the ease with which they are inhibited by low molecular 
weight compounds, in the nature of the small units which 
cause inhibition and in the extent and nature of the 
changes which can be brought about in H substances 
before specificity is lost*". It is, therefore, important to 
test isolated fragments with a number of different anti-H 
reagents.  Disaccharide (I) and trisaccharide (II) were 
tested for inhibition with the following anti-H agglutinins: 
(1) a human serum from a donor of the ‘Bombay pheno- 
type'!; (2) an immune rabbit serum prepared by 
injection of human H substance coupled with the con- 
jugated protein from Shigella shigae®?; (3) a natural eel 
serum??; (4) an extract of seeds of Cytisus sessilifolius?* ; 
(5) an extract of seeds of Ulex europaeus?. Owing to the 
limited quantities available for test, trisaccharide (III) 
and the unidentified oligosaccharide (IV) were examined 
only with rabbit and plant seed reagents. The results 
(Table 1) show for the first time inhibition of human 
and rabbit anti-H sera by low molecular weight fragments. 
Disaccharide (I) was only slightly inhibitory with the 
human, rabbit or plant seed reagents, but the trisac- 
charides were considerably better inhibitors. When both 
trisaccharides were tested with any one reagent the 
inhibition titres were the same or differed by only one two- 
fold dilution factor. The total absence of inhibition with 
any of the anti-H agglutinins noted for 4- and 3-0-8-p- 
galactosyl-N-acetylglucosamine, which are derived from 
trisaccharides (II) and (III), respectively, by the removal 
of fucose, once more points to the dominant role of 
L-fucose in H specificity. The unidentified oligosaccharide 
(IV) was slightly more active than any of the identified 
fragments, indicating that a trisaccharide unit does not 
represent the complete H determinant structure for the 
reagents examined. The results with the eel serum 
differed from those of the other anti-H agglutinins in that 
disaccharide (I), as had been shown previously®, was a 
good inhibitor, whereas trisaccharide (II) had consider- 
ably less inhibiting potency. The reason for this anomalous 
behaviour is not clear; but the decrease in inhibiting 
power with increasing size of fragment, even when the 
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terminal non-reducing units are identical, is consistent with 
the earlier results obtained with eel serum’. The inhibition 
of the Cytisus anti-H reagent by the fucose-containing 
trisaccharides which did not have terminal non-reducing 
6-N-acetylglucosaminoyl groupings introduces a new 
aspect into the specificity requirements of this plant seed 
reagent, and an evaluation of these and the earlior results 
must await further work. Human anti-Le?, anti-Leb, 
anti-A or anti-B sera were not inhibited by disaccharide 
(I) or trisaccharide (II). 

Disaccharide (I) and trisaccharide (II) have been 
detected in the products of alkaline degradation of A and 
B substances that had H activity, but have not been 
detected in the products of an Le® substance that showed 
no H activity (unpublished results). These observations, 
together with the results of the hemagglutination in- 
hibition tests, strongly suggest that oligosaccharides (I), 
(II) and (III) represent integral parts of blood-group H 
specific determinant structures. 

This work was supported in part by a grant from the 
Medical Research Council. 
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HÆMOGLOBIN Gaccra 
By Dr. H. LEHMANN and D. BEALE 


Medical Research Council Abnormal Haemoglobin Research Unit, 
University Department of Biochemistry, Cambridge 


AND 


F. S. BOI-DOKU 


Central Clinical Laboratory, Accra 


N 1954 the major hemoglobin types, A, M, S, C, D, E 

and F, had been described, and tho observation of a 
new variant, hemoglobin G (ref. 1), was the first of a series 
of reports on rarer human hemoglobins which is still 
continuing. The hemoglobin then described—and differ- 
entiated from other hemoglobins with identical or 
similar electrophoretic properties as hemoglobin Gaccra 
—has never been found again, except in the family in 
which it was originally observed. Hemoglobin Gaccra 
is abnormal in the f-chain?. The hemoglobins with 
identical electrophoretic and chromatographic properties 
hitherto examined were a-chain abnormal pigments. 
There are three: (1) hemoglobin Gphiladelphia with 
which numerous other hemoglobins observed in West 
Africa, or in persons of West African origin, are identical? ; 
(2) hemoglobin Gcninese, which has only been found in 
persons of Chinese extraction‘; (3) a hemoglobin found 
in a British family, hemoglobin Gyorfoik*. There is one 
other hemoglobin named G which also carries its sub- 
stituted amino-acid residue in the p-chain-hemoglobin 
Ggan Jose’, but this pigment differs from hemoglobin 
Gaccra in its electrophoretic properties, and should 
perhaps have been described under a different letter. 

Hemoglobin Gaccra is remarkable for the fact that it 
is the only rare hemoglobin for which an individual 


has been described the homozygous state of which could 
be established on the basis of family investigation 
and of laboratory findings’. This homozygote was found 
to be healthy without an enlarged spleen, without anemia, 
and his red cells were morphologically indistinguishable 
from those containing only normal hemoglobin. This 
was, and still is, in contrast with what is seen in tho 
hemoglobin S, C, D and E diseases, the only other 
homozygous conditions for adult hemoglobin variants 
so far described. 

There was, therefore, a special interest in establishing 
the precise nature of the amino-acid substitution in 
hemoglobin Gaccra- Whatever its nature, it does not 
have a similar effect on the morphology and, presumably, 
the life span of the red cell which is produced by the 
known substitutions in hemoglobins S, C, D and E. 

Amino-acid Substitution in Hemoglobin Gaccra. Hemo- 
globin G was purified from the blood of the homozygoto 
and a peptide-chromatogram (fingerprint) was prepared 
according to Ingram® and Baglioni®. It was noted that 
peptide 6 according to the old numbering system, or 
tryptic peptide BTpIX according to the new nomon- 
clature!?, was missing and another new peptide was seen 
instead which had moved nearer towards the cathode 
(Fig. 1) The new peptide gave a positive colour reaction 
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Fig. 1. 

right arrow points to the area where PATpIX is missing, and the left 

arrow to the peptide which has taken its place—fGTpIX. +, Point of 
application 


Fingerprint of the tryptic digest of hemoglobin Gaccra. The 


for histidine!!, as does the BTpIX of hemoglobin A 
(B&TpIX). This peptide contains in hæmoglobin A 
16 amino-acid residues??? (Table 1). 


Table 1. AMINO-ACID SEQUENCE OF TRYPTIC PEPTIDE IX OF THE f-CHAIN 


OY HJEMOGLOBIN A 


YalJeu-gly-ala-phe-ser-asp-gly-leu-ala-his-Jeu-asp-asn-leu-lys 
: 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 


The NH,-terminal group's, was valyl in both peptides, 
and leucine amino peptidase* which splits off amino- 
acids from the NH,-terminal part of a peptide chain 
released valine and leucine in both. As the peptides had 
arisen from tryptic digestion which implies lysyl or 
arginyl as the COOH-terminal, and as the colour reaction 
and amino-acid analysis failed to show arginine’, 
lysyl had to be the COOH-terminal group. 

Table 2 shows a comparison of the results of quan- 
titative amino-acid analysis on an EEL automatic 
analyser!5, after the acid hydrolysis of the two peptides 


from hemoglobins A and G. 1t will be seen that the . 


results were the same in both, although the electro- 
phoretic mobility of the G-peptide had indicated that it 
had a greater positive charge than the corresponding 
A-poptide. The only explanation was that one of the 
two aspartic acid residues of PAT pIX had been replaced 
by an asparaginyl in BGT'oIX, and that this had been 
converted into aspartic acid on acid hydrolysis. 


Table 2. MOLAR RATIO OF AMINO-ACID RESIDUES AFTER ACID HYDROLYSIS 
OF TRYPTIO PEPTIDES IX FROM HÆMOGLOBIN A AND HEMOGLOBIN GaAccra 


Residues BATyIX BGTpIX 
Asp 2-8 2-7 26 2:6 
Thr Trace Trace "Trace Trace 
Ser 1-0 1-2 11 1:3 
Glu Trace Trace Trace Trace 
Pro Trace Trace Trace Trace 
Gly 2:1 2-0 1:9 22 
Ala 25 2:4 2:8 2: 
Val 1:3 11 1:0 0-9 
Leu 3:6 9-7 87 37 
Phe 1:0 1:9 11 12 
Lys 0:9 0-9 l1 11 
His 0-9 11 0-9 1:2 


Although on electrophoresis at pH 6-4 the mobility of the A peptide is 
0-0 and that of the G peptide --0-17 (lysine= +1-0) there seems to be no 
difference in amino-acid composition after acid hydrolysis. 


To investigate this possibility, both peptides BTpIX 
were eluted with 10 per cent (v/v) pyridine to prevent 
hydrolysis of asparaginyl, and then digested with pronase 
. for 4h using the same arrangement as had been used for 
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Table 3. PRODUCTS OF PRONASE HYDROLYSIS OF fATpIX AND fGTpIX 


Mobility* ^ Amino acids on acid nal COOH- 
hydrolysis DNP terminal 
—1:00 Asp- 
-077 Asp, gly Asp 
— 0-68 Asp 
— 0°64 Asp, gly, leu Asp Leu 
BATpIX — 0-52 
0-00 Val, gly, leu, asp 
Ala, phe, ser 
40:53 His 
*- 0-07 Leu, lys Leu 
1:00 Lys 
—1:00 Asp 
—078 Asp, gly Asp 
— 0:62 Asp, gly, leu Asp Leu 
—0°54 
0-00 Val, gly, leu, asp 
BOGTplXxX Ala, ser, phe 
+0°51 His 
+0°67 Leu, lys Leu 
+1:00 Lys 


* Electrophoretic mobility is measured at pH 6:4 using as markers aspartic 
acid ( — 1:00) and lysine (+ 1-00). 


trypsin, and the resulting smaller peptides and amino-acids 
were separated by high voltage electrophoresis at pH. 6-4. 
Pronase attacks virtually all peptide linkages, although it 
is relatively inactive towards those which involve aspartic 
acid residues. Table 3 shows the electrophoretic mobility 
of these breakdown products, and their amino-acid com- 
position found after acid hydrolysis. This latter method of 
course converts asparaginyl to aspartic acid. It will be 
seen that the number of acidic breakdown products in 
which aspartic acid could be demonstrated differed in the 
two peptides—four from hemoglobin A, and three from 
hemoglobin G. Three seemed to be the same in both 
hemoglobins. Free aspartic acid was obtained from both, 
and there were two peptides which had nearly the same 
electrophoretic mobility, and the same amino-acid com- 
position in both. One peptide with the mobilities of — 0-77 
and — 0-78 respectively was hydrolysed into aspartic acid 
and glycine with aspartyl as the NH,-terminal residue. 
The other peptide with the mobilities of — 0-64 and — 0-62 
respectively showed on hydrolysis only aspartic acid, 
glycine, and leucine with NH,-terminal aspartyl and 
COOH-terminal leueyl!U. The sequence 73-75 was 
therefore the same in both f4 and 8G, namely, asp-gly-leu, 
and the substitution of aspartyl in hemoglobin G had to 
be in position 79 of the B. chain. 

From BATpIX one other peptide yielding aspartic acid 
was obtained. It had a mobility of — 0-68 but produced 
aspartic acid only. However, aspartic acid or an asp-asp 
peptide would have had a mobility of — 1:00, hence this 
peptide had to consist of aspartyl and asparaginyl, and it 
represented the 79-80 sequence of the B4-chain, namely, 
asp-asn. 

This peptide was not found in BGTpIX. However, free 
asparagine could be demonstrated in the neutral band 
before hydrolysis. No free asparagine was found in the 
neutral band of BATpIX. From this it could be concluded 
that the residue next to leucyl in position 79 of the pG- 
chain was asparaginyl and hemoglobin Gaccra could be 
defined as af 93° Asn, 

The sequence asn-asn-leu in hemoglobin G would 
explain why pronase digestion produced the peptide 
asp-asn from BAT'pIX preferably to the free asparagine as 
obtained from BGT'oYX. In pGT'pIX due to the aspartyl—> 
asparaginyl replacement the 79-80 linkage was more 
easily broken because of the absence of an acidic aspartyl 
residue. 

Homozygote. The homozygote is now sixty-four years 
old, or even & little older, and is physically fit with the 
exception of a mild hypertension of 160/100 mm mercury. 
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Fig. 2. 
chromic and the target cells and other abnormal forms associated with the blood picture of 
hemoglobin S, C, D and E homozygotes are absent 


Stained blood smear of the hamoglobin-G homozygote. 


From 1923 until his retirement in 1963 he worked con- 

tinually as a printer in the Accra Governmont Printing 

Department. Of his twenty children by two wives, all 

but one is alive and well. The age of the oldest offspring 

is thirty-six years and the youngest is eleven years old. 
His blood shows the following values: 


hemoglobin 12-6 g/100 ml. 
red cells 4,500,000/mm? 
packed cell volume 40 per cent 


The mean corpuscular values are: 


cell volume 894? 
hemoglobin 28yy 
hemoglobin concentration 32 per cent 


The red cell fragility showed an almost normal dis- 
tribution: initial hemolysis at 0-5 per cent sodium 
chloride, 50 per cont hemolysis at 0-415 and 90 per cent 
hemolysis at 0-3 per cent sodium chloride. The only 
unusual feature was that 10 per cent of the cells were 
still not hemolysed at 0-3 per cent sodium chloride, and 
that complete hemolysis was only achieved in distilled 
water. There was no enlarged spleen, the red cells were 
normal in appearance, and there were no target cells. 
Hemoglobin A, was within normal limits, and no hemo- 
globin F was demonstrable. These findings contrast 
with those in hemoglobinopathies of the homozygotes 
for the genes controlling hemoglobins S, C, D and E. 
Hemoglobin «^ 67° Asn seems to cause no hemoglobino- 
pathy and the substitution of an asparaginyl rosidue for an 
aspartyl in position 79 of the Q-chain seems to have no 
deleterious effect. 

Differences in the Morbidity of Haemoglobin Variants. 
Of the rarer hemoglobins only hemoglobin Gaccra has 
so far beon soen in tho homozygous stato. It is probable 
that many of the other rare hemoglobins may bo similarly 
harmless, and that thero is a relation between tho offoct 
a hemoglobin has on tho red cell morphology in the 
homozygote and the advantage it confers on the hetero- 
zygote in natural selection which causes its high fre- 
quency in a population. 

In the heterozygote for the genes for hemoglobin A, 
and for hemoglobins 8, C, D and E respectively, the 
proportion of the abnormal variant is less than 50 per 
cent. This has usually been interpreted as the outcome 
of a difference in tho rate of production of normal and 
abnormal polypeptide chains within tho cel. An 
alternative explanation has recently been proposed by 
Levere, Lichtman and Levino!*. From iron incorpor- 
ation studies in &nsmie sicklo-cell trait (A + S) carriers 
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they concluded that, in the case of h:mo- 
globin A + S at least, cells with a wide rango 
of A:S proportions are produced-- some 
with A < S and some with A > S. The first 
are rapidly eliminated and as u result the 
final over-all proportion of A : 8 becomes 
greater than 1. 

In the case of hemoglobin A + CiAcera 
heterozygotes, the proportion of the two 
hemoglobins is exactly 1. We have estab- 
lished this by & number of investigutions 
because by ordinary paper electrophoresis at 
alkaline pH. the leading (A) band contains 
about 53 per cent of the total hemoglobin 
This proportion is also obtained when an 
artificial mixture of 50 per cent A and 50 per 
cent G is submitted to electrophoresis nt 
alkaline pH. Furthermore, when open bown- 
dary electrophoresis of hemoglobin froin the 
A + G heterozygote was performed at pH 
6-5 (ref. 7) and the G fraction was the leading 
component, the G fraction then amounted to 
from 50 to 55 per cent of the total pig- 
ment. 

This equal proportion of A and (+ in 
the heterozygote would indicate that there 
is no elimination of cells with a hisher 
proportion of G than A, and that the whole rango of 
cells survives equally, those with A < G., and those 
with A > G. 

One might predict that other hemoglobins which 
show an equal proportion of A. and abnormal variants in 
the hemolysates from heterozygotes are similarly harm- 
less as hemoglobin Gaccra. There would, therefore. be 
& series of hemoglobin types: (1) Harmless in homo- 
zygotes and heterozygotes (heterozygotes show 50 per 
cent of the abnormal variant): example, hemoglobin 
GAcera. (2) Harmful in homozygotes, harmless in heter- 
zygotes (abnormal variant < 50 > 20 per cent). Hwino- 
globins 8, C, D and E would belong to this group. (3) 
Harmful in heterozygotes (abnormal variant < 20 per 
cent). To this would belong the hemoglobins which aro 
associated with hzemolysis even in the heterozygote, 
such as hemoglobin Köln”. 

The correlation between the morbidity of a hemoglobin 
and its molecular structure might throw an important 
light on the function of hemoglobin as a whole. 

We thank Mr. D. Irvine for valuable assistance, also 
Dr. G. Braunitzer and his colleagues of the Max Planck 
Institute fiir Biochemie, Munich, Germany, for advice and 
discussion. 
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INHIBITION OF INTERFERON ACTION BY p-FLUOROPHENYLALANINE 


By Dr. ROBERT M. FRIEDMAN* and Dr. JOSEPH A. SONNABEND 
National Institute for Medical Research, Mill Hill, London, N.W.7 


To mechanism of action of tbe antiviral protein 
interferon? is unknown. Incubation for some hours 
at 37? C is necessary for interferon action since cells 
treated with interferon and kept at 2° C showed much 
less resistance to virus infection than cells similarly treated 
but kept at 37? C (ref. 2), suggesting that an active meta- 
bolic process is necessary for development of full antiviral 
activity. The action of interferon also requires DNA- 
dependent RNA synthesis on the part of the cell since 
interferon action was blocked in cells incubated with 
actinomycin D before the addition of interferon?. 

Since RNA synthesis is required for interferon action, 
it was of interest to determine whether protein synthesis 
is also necessary. The results of the work recorded here 
indicate that protein synthesis is required, as interferon 
action was inhibited in cells incubated with both interferon 
and the amino-acid analogue p-fluorophenylalanine (FPA). 

The origin and preparation of the Semliki Forest virus 
(SFY) pools used in these investigations and the prepara- 
tion of chick embryo fibroblast (CEF) cultures have been 
previously deseribed?. The virus growth medium con- 
sisted of tris (0-002 M) buffered Gey’s salts with 0-25 per 
cent lactalbumin hydrolysate, 0-1 per cent peptone, and 
2.5 per cent calf serum. During treatment with FPA, 
buffered Gey’s salts only was used for both experimental 
and control plates. In experiments using FPA the virus 
growth medium was supplemented with DL-phenylalenine, 
100 ug/ml. SFV was assayed and interferon titrated by 
previously described methods‘. DL-FPA was obtained 
from Calbiochem. In all experiments it was used at a 
concentration of 100 ug/ml. 

In order to estimate interferon action in the experi- 
ments to be described, CEF's were infected with SFV at a 
virus plaque-forming unit to cell multiplicity of 20:1. 
This multiplicity of infection was shown in preliminary 
examinations to yield maximum virus growth at 8 h after 
infection; in addition, endogenous interferon production 
had not yet started at that time. After 1 h at 37° for 
virus adsorption the cells were washed, and the virus 
growth medium added. After an additional 7 h at 37° 
the plates were frozen and thawed and the fluids assayed 
for SEV. 

CEF plates were incubated with buffered Gey’s salts, 
or FPA, or interferon, or FPA with interferon. After 5 h, 
the cells were washed three times and infected with SFV. 
The results of assays for SFV growth are shown in Table 1. 
In this experiment pretreatment with FPA only slightly 
inhibited the growth of SFV. Interferon 1-2 or 0-6 units f, 
respectively, inhibited virus growth to 5 and 11 per cent 
of virus controls. On plates incubated with both FPA 
and interferon, growth of the virus was inhibited, respec- 
tively, to 35 and 49 per cent of virus controls. The figures 
in parentheses in Table 1 and the other tables are the 
percentage of virus growth in the plates treated with 
FPA and interferon if the plates treated with FPA alone 
are taken as controls. 

At both concentrations used in this and other similarly 
conducted experiments, the antiviral action of interferon 
was inhibited by FPA. Preliminary investigations 
utilizing tritiated adenosine or leucine labelled with 


* U.S. Public Health Service, at present attached to the National Institute 
for Medical Research. 


T One unit of interferon reduced by 50 per cent the number of vaccinia 
virus plaques formed on CEF. 


Table 1. INHIBITION OF INTERFERE ries BY p-FLUOROPHENYLALANINE 

Pretreatment Yield of SFV Virusgrowth 
of at8h as 96 of virus 
cells* (PFU x 105/ml.) control 

None (virus control) 215 100 

FPA only 210 98 (100) + 

Interferon (1-2 units) 11 5 

FPA + Interferon (1-2 units) 70 33 (33) 

Interferon (0:6 units) 23 11 

FPA + Interferon (0-6 units) 105 49 (50) 


* Cells were pretreated with buffer, interferon, FPA (100 g/ml.) or both 
interferon and FPA (100 ggm) for 5 h, then washed 3x and infected with 
Semliki Forest virus (SFV). 


Tt Figures in parentheses represent virus growth in plates treated with FPA 
and Lr dins as a percentage of the growth of virus in plates treated with 
only : 


carbon-14 showed that chick cells treated with 100 ug/ml. 
of FPA had rates of RNA and protein synthesis equal to 
those of untreated controls confirming the findings of 
other workers®. 

It was of interest to determine whether the inhibition 
of interferon action by FPA waned with time. CEF’s were 
therefore treated in the same manner as in the previously 
described experiment. Immediately after the FPA and 
interferon had been washed off, one set of plates was 
infected with SFV (Table 24). Another set was allowed 
to incubate at 37° O for 20 h with virus growth medium 
and then infected with SFV (Table 24). On the plates 
infected immediately after the removal of FPA and inter- 
feron the inhibitory effect of the FPA was not completely 
reversed by washing and addition of phenylalanine. The 
virus growth in plates treated with interferon was 5 per 
cent of that of the virus control. In plates treated with 
both interferon and FPA, the virus growth was 13 per 
cent of the controls, 25 per cent if the inhibition due to 
FPA was considered. 

On plates kept for 20 h before being infected, the anti- 
viral action of the FPA had been almost completely 
reversed. The effect of the interferon was somewhat less 
than in the plates infected immediately. The action of 
FPA to inhibit the antiviral activity of interferon was not 
reversed by the prolonged incubation between the removal 
of FPA and interferon and the infection with SFV, since 
virus growth was increased to 34 per cent of controls in 
these samples. These results indicated that FPA. in- 
hibition of interferon action was persistent. 

The preceding experiments suggested that protein syn- 
thesis was required for full interferon action. The following 
experiment was performed to test whether FPA could 
inhibit the antiviral activity of interferon after protein 
synthesis had been allowed to proceed for some time fol- 
lowing the addition of interferon. CEF’s were treated with 
interferon for 5 h and then with FPA for 5h. The results 
(Table 2B) showed again that interferon and FPA togéther 
had less inhibitory action than interferon alone. When 
cells were first incubated with interferon and then with 
FPA, however, the inhibitory action of interferon was the 
same as in cells treated with interferon and then with 
tris buffered Gey’s salts. These results indicated that once 
protein synthesis had been allowed to proceed after the 
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Table 2. FPA INHIBITION OF INTERFERON ACTION 


(A) Persistence of FPA inhibition of interferon action 
SFY infection immediately after removing FPA and interferon 


Pretreatment Yield of SFV Virus growth 
o at8h as % of virus 
cells* (PFU x 10*/ml.) control 
None (virus control) 39 100 
FPA only 20 50 (100) t 
Interferon (0-6 units) 21 5 
Interferon (0-6 units)+ FPA 5:0 18 (25) 


SFV infection 20 h after removing FPA and interferon 


None (virus control) 32 100 

FPA only 29 90 (100) 
Interferon (0-6 units) 3-9 12 
Interferon (0-6 units) + FPA 11 34 (38) 


(B) Lack of inhibition of interferon action by FPA added after interferon 
FPA and interferon added simultaneously 


None (virus control) 52 100 

FPA only 45 87 (100) 
Interferon (0-6 units) 8 15 
Interferon (0:6 units) + FPA 16 32 (36) 

Interferon added before FPA 

None (virus control) 54 100 
FPA, then buffer 33 61 (100) 
Interferon, then buffer 6:5 12 
Interferon, then FPA 43 8 (13) 


*, T, See footnotes for Table 1. 


1 Cells were pretreated with FPA (100 ug/ml.) or interferon {(0'6 units) 
for 5h, FPA or interferon washed off, then buffer or FPA (100 ng/ml.) added 
for 5 h and washed off. Plates were then infected with SEV. 


addition of interferon, the antiviral activity of interfsron 
could not be inhibited by FPA. 

FPA is incorporated into proteins which in some 
instances investigated have reduced biological activity*. 
Since no inhibition of RNA synthesis was found at the 
concentration of FPA used in this work, the inhibition of 
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interferon action observed indicates that synthesis of 
protein is required for interferon action. 

The findings that interferon did not directly inactivate 
viruses’, that a period of incubation at 37° was necessary 
for interferon action?, and that protein and RNA syn- 
thesis? are required for interferon action all indicato that 
metabolic activity is necessary for interferon action. This 
suggests that either interferon itself is altered intra- 
cellularly to express its antiviral action, or the antiviral 
action is due to an induced change within the cell. As 
protein synthesis is required for interferon action, the 
latter would appear to be the simpler explanation of inter- 
feron action, though the former is possible. Interferon 
could be an inducer of a specifie RNA which in turn acts 
as a messenger for the production of an antiviral protein. 
Interferon does not stimulate interferon production’ so 
that interferon itself could not be the antiviral protein. 
Since interferon inhibits both RNA and DNA. virusos, 
the proposed antiviral protein might act on RNA syn- 
thesis. There is indeed some indication that both crude. 
and purified interferon inhibit total cellular RNA syn- 
thesis. 

After the experiments described in this work had been. 
completed, a paper by Lockart was published with con- 
clusions generally in agreement with those reached by 
us’. The experimental evidence presented by Lockart 
was, however, open to other interpretations than that 
protein synthesis was necessary for interferon action. 
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PROTEIN SYNTHESIS AND TURN-OVER IN CULTURED PLANT TISSUE : 
SOURCES OF CARBON FOR SYNTHESIS AND THE FATE OF 
THE PROTEIN BREAKDOWN PRODUCTS* 


By Da. R. G. S. BIDWELL 


Department of Botany, University of Toronto 


AND 


Dr. R. A. BARR and Pror. F. C. STEWARD, F.R.S. 
Laboratory of Cell Physiology and Growth, Cornell University, Ithaca, New York 


ya ees a investigation of metabolism and protein 
synthesis in highly organized plant cells directed par- 
ticular attention to the contrast between actively growing 
carrot colls and those in a more quiescent state^?. It 
was then found necessary to recognize the complexity of 
the cells, that is, the existence of distinct compartments 
in which the same metabolite might undergo differont 
reactions. It was also necessary to distinguish between 
different sources of carbon for protein synthesis and to 
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furnished the valuable assistance of Mrs. M. O. Mapes with the aseptic culture 
methods and provided for a large amount of analytical work under the 
immediate supervision of one of us (R. A. B.). Part of the work was carried 
out in the Toronto Laboratories with the assistance of grants from the 
National Research Council of Canada and the Ontario Research Foundation 
to one of us (R. G. S. B.). 


involve the carbon of protein after turn-over in the general 
metabolism of the cell to a greater extent than is usually 
donc. A. diagrammatic scheme to express these general 
ideas was formulated (ref. 1, loc. cit. Fig. 1). 

Further experiments along these general lines have been 
made from several points of view. (a) To bring new 
evidence to bear on the sources of carbon for protein 
Synthesis; (b) to provide new evidence on protein turn- 
over in these colls and to show the metabolic fate of the 
carbon so roleased; (c) to contrast the metabolism of 
asparagine and glutamine in cultured plant cells. 

Because in toto the experimental data are extensive, they 
will be presented here in summary form only. The purpose 
of this summary is to bring the results obtained into the 
context of present-day thinking on cellular metabolism. 
This is of particular interest because of present views 
on the mechanism of protein synthesis, its genetic: 
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determination, and the mechanisms which are at present 
invoked to link the action of the gones—through amino- 
acid activation, messenger-RNA, soluble RNA complexes, 
and the template surface—to the actual process of syn- 
thesis. It is also necessary to bring these results into 
harmony with present-day ideas on the path of carbon 
in the breakdown of sugar through such events as glyco- 
lysis, the Krebs's cycle in its various forms, the pentose 
pathway, ete. To demonstrate these various metabolic 
pathways they are best investigated soparately, whereas 
in the cell they occur concurrently; but, although all the 
enzymes for these different systems may be present 
concurrently, the machinery of the cell may emphasize 
one part or another. Therefore, these experiments 
represent & contribution to the undorstanding of the 
metabolism of the whole growing coll regarded as an 
integrated mechanism. 

The new experiments are of three types which will be 
described in general terms before the results are summar- 
ized. Experiments were performed with explanted tissue 
from the storage root of the carrot under aseptic conditions. 
The explants were either in the actively growing state 
(achioved by the use of coconut milk) or in the virtually 
non-growing state (using the basal medium without 
coconut milk). These experiments were performed after 
the explants had become adjusted to these conditions 
for a period of 8-10 days. In addition, some experiments 
have been made with freely-suspended, cultured, cells 
derived from carrot root, potato tuber, tobacco stem, 
peanut cotyledon and Haplopappus shoot. These cells 
were grown and cultivated by methods which simulate 
those commonly in use for micro-organisms*4. 


Summarized Description of the Experiments and 
Methods 


(A) Experiments which bear on the sources of carbon for 
protein synthesis and its entry into protein from the soluble 
compounds of the cell. Hap. Al. The plan of this experi- 
ment was simple and direct. The carrot explants were 
supplied with radioactive sucrose as the major carbon 
source, either with or without a general non-radioactive 
source of amino-acids in the form of casein hydrolysate. 
The objective was to ascertain whether the cascin hydro- 
lysate would interfere with the movement of carbon from 
sugar into the protein, perhaps by furnishing, pre-formed, 
the obvious amino-acid precursors of protein. 

Exp. A2. In this experiment 8 parallel samples of 
tissue explants were exposed to a medium containing 
sucrose and 7 different amino-acids, but in any one 
treatment only one of these compounds was radioactive. 
This design permits one to detect the accessibility of each 
of these: exogenous compounds to the stored soluble 
compounds of the cell and to the protein. 

Exp. A3. In this experiment the tissue was furnished 
with specifically labelled substrates (amino-acids or sugars) 
to see whethor the carbon entered into the amino-acids 


Table 1. 
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of the protein by incorporating certain molecules intact 
or only after their prior metabolism in the soluble phases 
of the cell. 

(B) Experiments which relate to the turn-over of protein 
and to the fate of the carbon so released. Exp. Bl. In this 
experiment the carrot tissue was pre-grown for seven 
days and then treated with 4C-sucrose for another seven 
days, in order to label the protein heavily. The 1C- 
substrate was then replaced in the external medium with 
12C-sugar, and the subsequent fate of the 140-]abelled 
soluble compounds and protein amino-acids was determined 
at five successive intervals during a further period of 
one week. The thought here was that the soluble pools 
would rapidly lose their radioactivity, and the fate of any 
carbon-14 from the radioactive proteins should be detect- 
able. In this way it should be possible to determine 
the respective contribution to respiration of carbon 
drawn from the soluble compounds and from the proteins. 

(C) Experiments on the respective roles of sucrose, glut- 
amine and asparagine in protein synthesis and respiration. 
Exps. C1 and C2. In both these experiments C-glucose, 
14C-glutamine or !!C-asparagine were separately furnished 
to the tissue. In experiment C1 a short pulse of very 
high specific activity substrate was supplied, and the 
subsequent progress of the carbon-14 was followed during 
the metabolism of the cells. The carbon-14 labelled 
sucrose and glutamine of ospecially high specific activity 
were prepared by one of us (R. G. S. B.) by methods 
developed for the purpose. In experiment C2 the carbon- 
14-labelled source was continuously available to tho tissue 
but at a much lower specific activity. In these experi- 
ments, rapidly growing tissue explants, slowly or non- 
growing tissue explants, and rapidly growing but freely 
suspended cells from various plants were used. 


Methods and Analytical Techniques 


In these experiments the compounds to be analysed, 
whether in the alcohol-soluble fractions of the cells or in 
the hydrolysates of protein, were first soparated by two- 
directional paper chromatography and their radioactivity 
was detected by autoradiography. The important com- 
pounds were then isolated from the paper, analysed, and 
their radioactivity determined for the calculation of 
the specific activity of the carbon. Where necessary, 
results obtained by the quantitative paper chromato- 
graphic methods were compared with, and checked by, 
data obtained with an automatic Beckman/Spinco 
amino-acid analyser in series with an automatic recording 
scintillation counter. The respired carbon dioxide was 
collected, and its radioactivity determined, after acidifica- 
tion, in an electrometer. All these techniques have been 
described?5-8 and shown to be sufficiently accurate for 
the purposes of these experiments. It would not be 
appropriate, however, to present the full details here. 

All these experiments were carried out in the dark, 
in order to avoid the complications of light fixation of 


Exp. 42. Amounts of radioactive carbon (as ug of carbon per 20 explants) acquired by the free (F) or protein (P) amino-acids during 23h 
from various substrates supplied to rapidly growing carrot explants 








Compound analysed 


Component of the medium which was radioactive 











free (#) or protein (P) Sucrose Glutamic acid | Serine Alanine Valine 
amino-acid 

F P F P F P F P F P 
Aspartic acid 6-7 2:9 1:0 0-46 2:2 0 0 3-1 0 0 
Glutamic acid 17:3 Some 11 27 0 0 0 11 0 0 
Berine 27 9-3 0 0 30 8-0 20 0 0 0 
Threonine 0 1:3 0 0 0 0 0 1:6 0 0 
Alanine 66 2:6 0 0 0 0 134 11 0 0 
Valine 0 4:0 0 0 8-2 0 0 1:8 60 1-0 








Interpretation: Note the lack of relationship between the amount of carbon from various sources which entered the free, as compared with the protein, 
amino-acids. For example, serine supplied carbon for free but not for protein aspartic acid. Alanine, on the other hand, labelled protein aspartic acid but 


not the free substance. 


Other similar examples may be seen. Sucrose frequently su) 


plied more carbon to the protein amino-acids than did the corresponding 


free amino-acids, Also note that alanine tended to supply carbon to a number of the amino-acids and preferentially entered the protein. 
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Radioactivity (mye. per 20 explants) in free (F) and protein (P) amino-acids and in the respired carbon dioxide of rapidly growing 
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(plus coconut milk) or slowly growing (no coconut milk) carrot explants, after the supply of “C-labelled substrates for 24 h 














| 110-Substrate supplied and specific activity of the labelled carbon atcms 











Compound analysed Glutamic acid-1-“C 258 ue./mg C 


Glutamic acid-3,4-"'C 129 uo./mg C 


Glucose-UL-"C 12:5 ue./mg C 








free (F) or proram (P) 





Fast growing 


Slow growing Fast growing |. Slow growing 

















amino-acid or CO, Fast growing Slow growing 
F P F P 
Glutamic acid 159-4 13-2 24.8 0 
Aspartic acid 0 0 0 0 
Serine 0 0 0 0 
Alanine 0 0 0 0 
CO; 1,104 930 











F P F P F f P | 
47-3 11-4 30°0 13:1 45:8 T6 
3'8 9:4 21:4 6:6 6:8 6:9 
23 0 24-6 1r6 12-0 4:9 
8:8 0 75:0 13:9 3r. 5 41 
936 890 








Interpretation: Note the greater radioactivity of protein amino-acids and the decreased radioactivity of the CO; when glutamic acid-3,4-"'C was supplied 
compared with glutamio acid-1-«C. This shows that 2 major portion of supplied glutamic acid only enters protein after decarboxylation and reconstitution. 


Also note that œ 


ucose-!^C generously labelled the protein amino-acids (although its specific radioactivity was very much lower than that of the glutamic acid). 


Little difference was observed between the results from glucose-UL-'*C, as here recorded, and those for glucose labelled in the 1, 2. or 6 position; this shows 
that all these carbons of glucose are equally accessible for protein synthesis. It is noteworthy that free aspartic acid acquired about 25 times as much 


radioactivity from gluta 


Table 3. Exp. Al. Specific activities of carbon in the soluble and the 

insoluble compounds and the CO, of rapidly growing (plus coconut milk) and 

slowly growing (no coconut milk) explants after 24 h of contact with sucrose- 

UL-M( (sp. act. of carbon, 387 myc./myzmol) with or without the addition 

of 2 per cent casein hydrolysate to the medium. Results as 4c. per 
millimol of carbon 


Rapidly growing explants Slowly growing explants 
(plus coconut milk) (no coconut milk 
Analysed — Casein +Casein — Casein + Casein 
compound Sol. Insol. Sol.  Insol. Sol. Insol. Sol. Insol. 
Sucrose 6:78 = 6-66 - 5-38 = * = 
Asparagine 14-2 - 76 — 12-56 - + - 
Glutamine 13-8 — 114 - 9-02 = 7-58 = 
Asparticacid + 6:62 + 8-29 + 6°47 + 12:2 
Glutamic acid 31:9 612 28-0 697 238 5-51 + 11:8 
Serine 0 5-88 0 5-90 0 0 0 7-68 
Glycine 0 6-64 — 8-88 0 0 0 10-7 
Alanine 376 81 270 740 583 4:79 + T91 
Valine 0 0 0 582 0 517 0 143 
Leucine 0 288 0 315 0 0 0 2-96 
Phenylalanine — 4-97 - 5°55 0 0 - 15:4 
CO, collected 
0-6 h 7-45 - 9-09 - 7-33 - 7-88 = 
CO, collected 
18-24 h 50-1 — 518 — 443 — 496 - 


Interpretation: The casein hydrolysate caused no change in the specific 
activity of the soluble sugar in the cells, but it depressed that of the free 
amino-acids in the tissue; in spite of this it caused an increase in the specific 
activity of protein amino-acids and respired CO, This effect was more 
noticeable in the slowly growing tissue because of the much smaller amounts 
of carbon present in these explants. The casein hydrolysate supplied 
nitrogen and thereby caused a greater conversion of carbon from Sagar into 
protein amino-acids. Note that alanine in the fast-growing tissue is the only 
exception to this rule. 


HOO, Experiments showed that dark fixation of carbon 
dioxide, although it occurred, was very low, and the 
products did not interfere with the interpretations which 
have been drawn. 

In these experiments all the identifiable sugars and 
ninhydrin reactive compounds were analysed in the man- 
ner described. Records were made of their total carbon 
and their total radioactivity; the specific activity of their 
carbon was then calculated. The radioactivity of other 
carbon compounds (organic acids, peptides, phosphoryl- 
ated compounds, etc.) was also measured. The movement 
of carbon to and fro within the soluble pool, and into and 
out of the protein, was calculated from data obtained on 
tissue samples taken in time sequence. The data selected 
to illustrate this article are, therefore, part of a large 
body of consistent information which is not presented 
here in full. 


Experimental Results and their Interpretation 


(A) Hvidence on the various sources of carbon and its 
entry into protein. The selected results from experiments 
41-3 are presented in Tables 1-3, and the special points 
to be noted are enumerated in their legends. The cumula- 
tive conclusions to be drawn from these three types of 
experiments (A1~—3) are the following: 

(i) Sugar from an exogenous source proved to be a 


more direct source of carbon for the amino-acids in protein’ 


than either exogenously supplied amino-acids or the 
internal pools of stored amino-acids in the cells (Tables 1 
and 2). 

(ii) Externally supplied amino-acids (that is, in the 
form of casein hydrolysate) tended to increase the use of 


c acid 3,4-1*C as from glucose-“C yet the resultant protein aspartic acid was only twice as radioactive. 


MC-carbon from sugar in protein synthesis. This is bocause 
the amino-acids provided a source of nitrogen, but not 
necessarily of carbon, which increased the overall pace of 
metabolism and the demand for carbon for protein 
synthesis (Table 3). 

(ii) Although carbon from free glutamic acid can appear 
in protein, both as glutamic and as other amino-acids. 
only a small fraction enters tho protein directly; a largo 
part of its carbon framework needs to be re-worked in 
metabolism. The «-carboxyl of glutamic acid largely 
comes off as carbon dioxide, and the remaining carbon 
enters the metabolic pool to form carbon acceptors for 
nitrogen prior to protein synthesis (Table 2). 

(iv) The results in Tables 1-3 and the conclusions drawn 
from the aforementioned (i-iii) require that thero are 
isolated and protected pools of amino-acids in the cell. 
These are very closely connected with sites of protein 
synthesis, but they are separate and remote from the 
pools of the stored amino-acids. 

These concepts can be illustrated in tho form of a 
diagram (Fig. 1) the salient features of which are: 

(1) The main source of the carbon for protein synthesis 
is sugar. 

(2) The amino-acids which are en route to protein and 
which derive their carbon from sugar are protected or 
isolated from the storage pools of amino-acids. 

(3) Of the amino-acids investigated only alanine is able 
to bridge these two pools with ease. 

(4) Whereas the nitrogen for protein synthesis can be 
drawn either from external sources or the stored amino- 
acids the carbon of the stored amino-acids is not so 
readily used. 

(5) From evidence previously reported)? and to be 
summarized in sections (B) and (C) which follow it is 
necessary to postulate some protein breakdown and 
turnover and that the amino-acids of breakdown con- 
tribute to the storage pool and supply carbon for respira- 
tion and the evolution of carbon dioxide. 

Thus the conclusions A i-iv summarized in Fig. 1 are 
compatible with concepts which emerged from earlier 
experiments', with other experiments on leaves?:?9, 
and also with the results from the other experimonts, now 
to be described, in sections (B) and (C). 

(B) Evidence for protein turn-over and the fate of the 
carbon so released. The broad conclusions from these 
experiments are as follows: 

(i) The data require that most of the amino-acids of 
protein must, of necessity, be subject to turn-over. The 
following type situations which were encountered and 
which demand this conclusion are: 

(a) Where the total protein remained approximately 
constant but its radioactivity changed (Table 4); (b) 
where, during growth, the total protein increased but its 
radioactivity concurrently decreased (Table 5); (c) where 
the protein remained constant, or increased only slightly, 
although there was a large increase in its radioactivity 
which could not be accounted for by a net gain of protein 
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Fig. 1. The relationships of exogenous sugars and amino-acids to soluble pools in the celland to protein synthesis 


from an obvious radioactive source (because no source of a 
sufficiently high specific activity was available). It is 
necessary, in these circumstances, to assume that a 
protein moiety of low radioactivity was replaced by new 
protein containing more radioactivity than that which was 
degraded. This situation (Table 4) is, therefore, a special 
case of that shown at (a). 

(ii) It is possible to calculate minimum turn-over rates 
of protein amino-acids. These aro of the general order of 
‘0-2-2-0 per cent per h of the total carbon in the protein; 
‘Table 6, however, measures the turn-over of protein 
‘carbon in absolute units as affected by the addition of 
‘coconut milk. Clearly the coconut milk growth-promoting 
stimulus also promotes the turn-ovor. 


Table 4. Exp. Bl. Total carbon (umols) and total radioactivity (muc.) 

and specific activity (muc./“mol) of carbon in protein glutamic acid of slowly 

growing carrot explants (basal medium without coconut milk). ™“C-sugar 

was supplied for one week previous to Time 1, !?C-sugar after Time 1. All 
the data refer to 20 explants 


Time 1 Time 3 Change, 
(0 h) (36 h) Time 1-3 
Total carbon ; 2-94 2-95 +0-01 
Total radioactivity 82 97 +15 
Specific activity 27-9 32-9 


Interpretation: The specific activity of soluble sugar during Time 1-3 was 
29-8 muc./umols carbon. The total activity which could have been intro- 
duced into protein glutamic acid from sugars by the observed increase of 
carbon was 0:3 myc. (0:01 x 29-8) compared with the observed increase of 
15 muc. Therefore, there must have been a loss by turn-over of non-radio- 
active carbon from the protein to cause the observed increase in specific 
activity. This kind of result is characteristic of most of the protein amino- 
acids of slowly growing explants over the several time-Intervals during which 
measurements were made. 


Table 5. Exp. Bl. Total carbon (umols), total radioactivity (myc.) and 

specific activity of the carbon (muc./“zmols) in protein aspartic acid of rapidly 

growing explants (basal medium plus coconut milk). ?!O-sugar was supplied 

for one week before Time 1, OMA after Time 1. Allthe data refer to 
20 explants 


Time 1 Time 2 Change, 
(0 h) (12 h) Time 1-2 
Total carbon 148 17:3 +25 
Total radioactivity 231 195 — 36 
Specific activity 15:6 11:3 


Interpretation: Since the total radioactivity in the form of protein aspartic 
acid decreased by 36 muc. during the period of observation while the total 
amount of protein aspartic acid increased by 2-6 umol of carbon, it is obvious 
that radioactive carbon in this protein amino-acid must have been replaced 
as a result of turn-over by carbon of lower specific radioactivity. This kind 
of result is characteristic of most of the protein amino-acids in rapidly 
growing explants over the several time-intervals during which measurements 
were made. 


Table 6. Exp. Bl. Minimum turn-over as ug of rates carbon per 100explants 

per day, of protein amino-acids in rapidly growing (plus coconut milk) or 

slowly growing (no coconut milk) carrot explants, calculated from data of 
the type shown in Tables 4 and 5 


Turn-over rates of rapidly Turn-over rates of slowly 


Amino-acid growing explants between growing explants between 
analysed times specified (h) times specified (h) 

-12 12-36 36-96 96-128 0-12 12-36 36-96 96-128 
Aspartic acid 26-7 71 105 0 - 14* 0-85 3-1 
Glutamic acid 41 050 301 174 1:6* 0-02 - 
Alanine 0 39:3 9-0 8&7  076* 050* 241 0-08 
Serine - 0 5:0 0 0 0-39* 019 - 
Glycine — 33-4 5-6 26" 1:3* 0-60* 0-37 = 
Threonine 9:3 11:9 5:5 $3 0.04* 1-06 0:38 = 
Valine 0 28:3 0-98 51 64* 101 0 0-26 
Leucine - 9-6 76 28 34* 0 0-40 - 
Isoleucine - 31-9 0 7-7 32* 073 0 - 
Tyrosine - 55t 1-2 = ~ = - 
Phenylalanine — 21-6 1-7* 6-5 2:1* 1:04* 0-44 - 
Proline - 3:5 0 0 17* .82* 017 - 
Lysine 4:9 - 4:0 T1 0 11* 0 1: 
Arginine 0 9-2 $9:2* 0 0-14 0:33 


* Figures derived using equation (2) below. All others derived using 
equation (1) below. 


T Figures between columns were derived from data extending over two 
time intervals. 


Interpretation: These rates were calculated by the method of Hellebust 
and Bidwell (ref. 6) derived from that of the earlier work (ref. 2) as follows: 
When turn-over of a protein amino-acid occurs, the observed change in total 
activity, 4A, will differ from what would be expected if no turn-over took 
place, 4C.SA, (change in carbon times specific activity of source carbon), 
by the amount of activity added or removed by turn-over, CT (SAs-SAp), 
where CT is the amount of carbon turned over and SA pis the specific activity 
of carbon in the protein amino-acid and S.A; that of the free substance. Thus: 


4A — AC.SA,— CT(SA,— SAp) and 


1.44 - 46.84, 
Va =- SA; -SA 


In situations where negative values would be obtained from this formula, 
as when 4C.SAs was less than 44, and SAp was greater than SAs, the data 
require that some protein of low radioactivity was breaking down and being 
replaced by more strongly radioactive protein. In these circumstances, S.A p 
approaches zero, and the formula becomes: 


4A-C.SA 
CT = 4784s 2 
S4, (2) 


These expressions determine the amount of carbon turn-over necessary to 
account for the observed changes in carbon and activity which occurred. 
Various values for SA, are possible; so the value used is the one which gave 
a minimum figure for turn-over. Equation 2 was used (*)if the datarequired 
that carbon leaving proteins did so from a fraction of lower specific activity 
than the whole. In this case SAp was assumed to have a value of 0 to give 
minimum turn-over rates. 

It should be stressed that these calculated values for turn-over are minimal ; 
the data permit much higher rates. The turn-over rates recorded here 
represent values of 0-02-2:0 per cent of the total proren amino-acid per 
hour, or 0-5-50 per cent per dav. Note the greatly increased turn-over 
rates in rapidly growing as compared with slowly growing explants. 


(1) 
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(ii) It is concluded that the breakdown products that 
result from protein turn-over contribute directly to 
respiration (Tables 7 and 8) and may account for as much 
as 27 per cent of the total carbon dioxide which is pro- 
duced (Table 9). 


Table 7. Exp. B1. Specific activities (muc./umol) of carbon in soluble 

sugars, protein amino-acids (average), and respired CO; of rapidly growing 

(plus coconut milk) carrot explants at various times following the replace- 
ment of !!C-sugar by !*C-sugar 


Specific Time after removal from C sugar 
activity of: 0-12h 12-36h 36-96h 96h 168 h 
Soluble sugars 16-1 10-7 78 6-2 3-2 
Protcin amino-acids 15:2 10-7 7-4 0:9 5:2 
Respired CO; 15:8 11-2 91 T4 5:0 


Interpretation: The specific activity of CO, was initially below that of the 
soluble sugars in the tissue, but progressively it rose above this value. This 
could be brought about by the utilization of a source of carbon for respiration, 
in addition to the sugars, which in the later time periods had a higher specific 
activity than sugars, that is, the proteins. The average specific activity of 
the protein amino-acids was probably slightly below the true value for those 
protein amino-acids which turned over rapidly because of the presence of 
some more stable protein of lower specific activity. Another effect of protein 
turn-over, that is, the decrease in specific radioactivity of proteins with time, 
is clearly to be seen. 


Table 8. Exp. B1. Total carbon (umols per 20 explants) and specific 

activity of carbon (muc./umol) of certain free and protein-bound amino-acids 

in rapidly growing (plus coconut milk) carrot explants. All data refer to 
20 explants 


Compound Time after removal of C-sugars 
analysed Oh 12h 36h 6h 168 h 
Free glutamic acid, 
Carbon 6-75 8-13 7:16 5-10 6-65 
Sp. act. 27 33 30 26 19 
Free glutamine, 
Carbon 7-87 10-1 - 101 9:3 
Sp. act. 28-0 30-2 - 30:2 21:0 
Protein glutamic acid, 
15-0 11:9 9:0 5:0 3-3 
Free alanine, 
Carbon 20-7 30:6 314 32-9- 443 
Sp. act. 19:1 15:5 10-6 8&5 6-6 
Protein alanine, 
Sp. act. 17:8 10-4 11-5 8:0 53 


Interpretation: Note that the total quantity and specifle activity of both 
glutamic acid and glutamine did not change much, while the specific activity 
of protein glutamic acid decreased greatly with time, largely due to turn-over. 
Thus the glutamic acid released from proteins by turn-over (having a lower 
specific activity) did not enter the soluble pool of glutamic acid and glut- 
amine, but must have been converted to COs. The specific activity of the 
soluble alanine pool, on the other hand, closely followed that of protein 
alanine, showing that they were in equilibrium. The alanine which left the 
protein could not, however, be freely available for re-synthesis of protein; 
otherwise turn-over values of 0 would be obtained. Since this is not so (see 
Table 6), there must have been some preferential conversion of alanine from 
protein into CO;. 


Table 9. Exp. Bl. ‘Che contribution of carbon derived from protein 
turn-over to respired CO; in rapidly growing (plus coconut milk) or slowly 
growing (no coconut milk) carrot explants during 12-36 h after replacing 
*C-suzar by #C-sugarin the medium. | All results on the basis of 20 explants 


Tast growing Slow growing 


Total protein turn-over *, ug C/h 1:37 0-093 
Total respired COs, ug O/h 5-0 1-3 
Percentage of respired carbon 

derived from protein turn-over 27 T2 


* Derived from results of the type shown in Table 6. 


Interpretation: A substantial percentage of the carbon of respired carbon 
dioxide was derived from the products of protein turn-over and this was 
increased by treatment with coconut milk. 


(iv) The fates of alanine and glutamic acid after they are 
released by protein breakdown are different. The alanine 
passes through a homogeneous soluble pool en route to 
carbon dioxide without any evidence of its protracted 
storage. The behaviour of the carbon of alanine thus 
resembles that of sugar much more closely than that of 
other amino-acids. This alanine pool may well be replen- 
ished from sugar and, from the results of experiments 
.41-3 (Tables 1-3), the cellular pools of alanine may well 
be in dynamic equilibrium with exogenous alanine. By 
contrast, however, it is necessary to assume that the 
glutamic acid from protein by breakdown yields carbon 
dioxide directly, without passing through the main 
storage pool of glutamic acid which is in equilibrium with 
glutamine (Table 8). ` 

These conclusions (i-iv) may be illustrated in a diagram 
(Fig. 2a and b) and its salient features are as follows: 

(1) The amino-acids of the protein are in a state of turn- 
over. 

(2) Carbon released from protein by turn-over con- 
tributes to respiration and is evolved as carbon dioxide. 
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(3) Carbon for the re-synthesis of protein in turn-over is 
supplied by sugar, the nitrogen being re-cycled. 

(4) Glutamic acid released from protein enters a dis- 
tinct and isolated pool en route to carbon dioxide and dors 
not mix with storage glutamic acid or glutamine. By 
contrast, alanine released from protein mixes freely with 
the main soluble pool of alanine and also contributos its 
carbon to a variety of other compounds including carbon 
dioxide. 

(C) Evidence on the respective roles of sucrose, glutamine 
and asparagine in metabolism, protein synthesis and 
respiration. The main conclusions which emerged from 
these experiments are summarized as follows: 

(i) As shown previously, “C-sugar again labelled the 
amino-acids of the protein both quickly and gencrallv 
(Table 10). 

(ii) The carbon of exogenously supplied glutamino 
behaved in the same general way as sugar, and was much 
more effective than glutamic acid in furnishing carbon to 
the amino-acids of protein (Table 11; cf. Tables 1 and 2). 
In this way exogenous glutamine behaved very differontly 
from the storage pool of glutamine which resulted from 
protein breakdown and to which previous reference has 
been made (Section B, Table 8) and which is less prone to 
act as a source of carbon for re-synthesis (cf. ref. 2). 


Table 10. Exp. C1. Amounts of radioactivity (mac. per sample) in protein 
amino-acids of slowly growing explants (no coconut milk), rapidly growing 
explants (plus coconut milk) and cultured cells of carrot, following 4 h cf 
exposure to !'C-sucrose of very high specific activity. (Specific activity of 
supplied sucrose, 450 me./millimol). (Samples consisted of 10 slowly growiru 
explants, 5 fast growing explants or 100 mg of free cells) 


Time in hours, after removal of 


Compound Tissue HC-substrate 
analysed type 0 8 20 44 
Aspartic acid Slow growing 0 31 3-9 5:0 
Fast growing = 6-8 114 10-0 
Free cells 2-03 5:25 3-48 2-90 
Glutamic acid Slow growing 15 5-0 9-7 17-0 
Fast growing - 16-8 22-2 16-0 
Free cells 5:51 145 0:58 0 
Alanine Slow growing 0 0 0 9-5 
Fast growing - 11 15-6 11-2 
Free ceils 0 + 4-64 0 
Valine Slow growing 0 0 0 0 
Fast growing - 19-4 21:0 13:0 
Free cells 0 + 7:26 2:90 
Interpretation: 'The proteins of the slowly growing explants acquired 


radioactivity slowly and continuously throughout the experiment. ‘The 
proteins of fast growing explants first acquired radioactivity, then lost it. 
showing that rapid turn-over of the proteins was taking place. The behaviour 
of eultured cells was similar to that of rapidly growing explants, but was 
greatly accentuated. 


(üi) Asparagine behaved very differently from glut- 
amine. Although it reached high concentrations in the 
soluble fraction of the cells, it contributed its carbon 
almost exclusively to aspartic acid in the protein. Other 
protein amino-acids acquired small amounts of carbon-14 
from asparagine, but only after long exposure. Therefore, 
it is very clear that asparagine and glutamine stand in 
quite different relationships to protein synthesis in these 
cells (cf. Table 11). 

(iv) These experiments also furnish supplementary 
evidence for protein turn-over in growing tissue explants 
and especially so in free cells, whereas turn-over in the 
non-growing explants took place only slowly, if at all 
(Table 10). 


Concluding Remarks 


The major general points to be emphasized are as 
follows. 

Protein turn-over has again been demonstrated to be a 
general feature of the intermediary metabolism of plant 
cells during their growth, but it is not confined to cells in 
active proliferation and growth, for it also occurs in colls 
in @ more quiescent, non-growing state. The evidence for 
protein turn-over, at minimum rates of the order of 0-2- 
2-0 per cent per h, seems unequivocal. An alternative 
interpretation that might have been raised can be dis- 
missed. This is that the protein breakdown occurs in 
different cells from the protein synthesis. This would 
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and respiration. Distinct and immiscib 


constitute protein turn-over within the tissue mass 
though not in individual cells. However, this would 
imply the irreversible change, senescence, or death of 
cells at a minimum rate of 0-2—2-0 per cent per h. This docs 
not occur in the slowly growing explants on basal medium, 
which do exhibit turn-over, and certainly not in the rapidly 
growing explants in the exponential phase of their growth. 
Therefore, neither simple accretion of new protein during 
growth, nor irreversible loss of old protein during senes- 
cence and death of some cells, can account for the results. 
Cyclical protein turn-over, that is, breakdown and re- 
synthesis, is the only possible explanation. 

It is again found that the carbon of protein, via turn- 
over, becomes much more involved in the processes of 
respiration than is usually considered. Sharp distinctions 
are again made between sugar as the most effective 
source of carbon for protein synthesis in the intact cells 
and the stored, free amino-acids as the most obvious source. 

Sugar, which either enters the cells exogenously or is 
locally produced, is metabolized and thereby produces 
carbon skeletons for the formation of the amino-acids out 
of which protein is built. Tho nitrogen either comes from 
nitrate reduction or ammonia or is donated by nitrogen- 
rich compounds. The amino-acids used to build protein 
are, however, strictly localized and do not mix with other 
pools in the cell. Protein synthesis, as it is at present 
conceived, proceeds from these protected pools of amino- 
acids which are derived from sugar in this way. The 
breakdown products from protein turn-over, some of 
which are re-worked to form the nitrogen-rich storage 
products, enter separate pools or phases from the amino- 
acids which are en route to protein. Much of the carbon 
of these stored amino-acids (which do not build up con- 
spicuously during growth) is eventually converted to 
carbon dioxide during respiration and may account for 
more than 25 per cent of the total carbon dioxide, whereas 
their nitrogen becomes re-available for protein synthesis 
(ref. 1, loc. cit. Fig.:1). Within this general scheme 
different behavioural patterns of individual amino-acids 
have been encountered, such as the contrasted behaviour 
of alanine and glutamic acid and its amide glutamine as 
shown in Fig. 2 and the sharply contrasted roles of 
asparagine and glutamine as shown in Table 11. 

In all these respects, therefore, it is necessary to add to 
conventional ideas of the paths of carbon in respiration 
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and the mechanisms of protein synthesis some further 
concepts which involve the organization of the cells. 
The localization of given intermediates in special com- 
partments in the cells accounts for their distinctive roles 
in metabolism. The many interactions between distinct 
parts of the cells here postulated and between different 
metabolic processes now help us to account for the 
difficulties which have so often been encountered in 
reproducing some of the major synthetic attributes of 
intact cells in cell-free systems. This has been especially 
notable in the case of protein synthesis. Cell-free systems 
by their very nature can include only a part of the machin- 
ery of the intact cell, so that any essential features which 
depend on interactions between its parts are obviously 
lacking. The localization of function and of sogregated 
pools of metabolites in distinct compartments or organelles 
obviously provides for ‘division of labour’ within the cell; 
it also provides for the degree of complexity required of 
the organized growing cell, but it also involves a need 
to bring these diverse activities under co-ordinated and 
regulatory control. 

It is, therefore, now necessary to relate modern concepts 
of metabolism, as conceived in terms of gene-controlled 
enzymes, to the organization of the cells within which the 
reactions occur and by which they are modulated. Present 
views on molecular biology may go far to reveal the 
individual reactions of cells and the way these capacities 
are inherited. Much more than this is, however, necessary 
to understand how cells work as integrated metabolic 
Table 11. Exp. C2. Amounts of radioactivity, as mac. per 5 explants, 
which entered the protein amino-acids of rapidly growing (plus coconut milk) 


carrot explants during 48 h from exogenous ‘C-labelled sucrose, glutamine 
or asparagine. (Specific activity of carbon in sources, 0:66 uc./umol) 


Compound 4C-substrate supplied "n 
analysed Sucrose Glutamine Asparagine 
Aspartic acid 40 32.4 40-8 
Glutamic acid 144 33-6 40 
Serine 40 12-0 2:0 
Glycine 8 24-0 2:4 
Alanine 56 0 28 
Valine 56 0 0 
Leucine 84 16-0 0 
Phenylalanine 60 0 0 
Proline x 40 22-8 0 
Threonine 0 13:8 0 


Interpretation: Note the relative case with which sucrose and glutamine 
label a wide range of protein amino-acids in comparison with the weak 
labelling from asparagine, except in aspartic acid. Similar results were 
obtained for different time intervals and a variety of other tissues and 
cultured cells. Whereas alanine and phenylalanine in the protein were 
readily labelled from sugar, they were not labelled by glutamine. 
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machines, and to show how, during active growth or 
steady states, their metabolism is brought and kept under 
regulatory control. These major problems of cellular 
organization need to be solved to bridge the gap between 
our knowledge of molecules and reactions in homogeneous 
systems and of the heterogeneity which is necessary for 
life. In doing this, a place must be found for the regulatory 
role of stable substances, not of nuclear origin, which may 
even be supplied exogenously to the plant colls within which 
they can control the pace of growth and protein synthesis. 

Though tho very recent article on “What is Heredity?” 
by Dr. Dean and Sir Cyril Hinshelwood' can only be 
cited, it contains many penetrating observations on the 
role of structural organization and cytoplasmic archi- 
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tecture that seem relevant even to the very different kind 
of system which is here discussed. 
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A LEUCINE AMINOPEPTIDASE POLYMORPHISM IN Drosophila buskii 
By F. M. JOHNSON and R. K. SAKAI 


Department of Genetics, University of Hawaii, Honolulu 


HROUGH the use of the starch-gel zymogram tech- 

nique"? a wide variety of electrophoretic enzyme 
variations have been described in recent years. In 
Drosophila melanogaster electrophoretic variations in 
the esterases have been found by Wright? and by Beckman 
and Johnson‘. These variations were found to be con- 
trolled by two independent loci on the third chromosome. 
Three different phenotypes can be observed for each of the 
esterase systems: F/F (a fast-moving component), S/S 
(a slow-moving component) and F/S (the heterozygous 
type with both fast- and slow-moving components). 
Crossing experiments suggest that about 20 recombina- 
tion units separate the two esterase loci. 

Another biochemical variation in Drosophila melano- 
gaster is the leucine aminopeptidase (Lap) system described 
by Beckman and Johnson’. Leucine aminopeptidase is 
operationally defined as an enzyme that hydrolyses 
L-leucyl-Q-naphthylamide. In the work done by Beckman 
and Johnson, two independent Lap systems were found 
and were observed to be controlled by two closely linked 
genes. Not & single case of recombination was found in 
their investigation. 

This preliminary report is also concerned with the 
enzyme leucine aminopeptidase but in a relative of 
Drosophila melanogaster, Drosophila buski. 

The stocks of D. buskii used in this investigation were 
obtained from Dr. M. Wheeler of the University of Texas, 
who is at present engaged with tho Drosophila research 
group in the University of Hawaii. The flies were cultured 
on a medium containing the following ingredients: 
water, 1,000 ml.; agar, 10 g; banana, 300 g or 400 ml.; 
yeast, 50 g; cornmeal, 30 g; propionic acid, 5 ml.; ethanol, 
5 ml. 

These flies were originally collected from the Tantalus 
area in Honolulu, Hawaii, during July-August 1963. 
The cultures were started from relatively 
small numbers of individuals, but were rs 
mass iransferred when fresh medium was 
required. Approximately 22 generations 
had elapsed between collection and examin- 
ation for leucine aminopeptidase. 

Single Drosophila individuals (larve, pups — | 
or adults) were placed on a microscope slide — : 
and homogenized with a lancet in a small l 
drop (approximately 0:02 ml.) of distilled 





water. The homogenate was absorbed into [e ur 
a 4mm x 6mm piece of filter paper and i 
inserted into a vertical slot in the starch gol. i~ t> 


In order to prevent streaking from cell 
fragments in the electrophoresis, a small 
piece of thin paper (single layer of *Kleenex 


Mi MS SS MS MS FM FM MS 
Fig. 2. Photograph of typical electrophoretic run showing some of the various Lap types 
in D. buskii. Genotypes are below each sample. 


Celluwipes’, Kimberley-Clark Corp.) was first placed 
over the drop of homogenate to act as a filter. 

The discontinuous buffer system of Poulik* was used 
and the electrophoresis was carried out for 2-5 h or until 
the brown borate front zone had migrated 7 cm past 
the sample slot. A voltage gradient of 6-8 V/em at room 
temperature was used. 

On completion of the electrophoresis the gels were 
sliced horizontally and one-half stained for 2 h in & 
solution consisting of 40 mg u-leucyl-$-naphthylamide, 
50 mg Black K salt and 100 ml. 0-2 trismaleate buffer, 
pH 5-2. The other half of the gel was stained with a 
non-specific protein dye, amido black. After staining, the 
gels were fixed and preserved in a solution of acetic acid, 
methanol and water (1:5: 5). 
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Fig. 1. Diagrammatic comparison of isozyme variations in D. melano- 


gaster and D. buskii: Sample (1), major protein zones of D. melanogaster 

s revealed by amido black staining; (2), major protein zones oi D. 

a led b ido black stain (2) j tei f D 

buskit; o) lap zones of D. melanogaster (a heterozygote for the D zone 

is shown); (4-8), some different lap types of D. buskti. The arrow Shows 
the direction of migration 
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The arrow indicates the direction of 
migration 
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When single individuals are run in the electrophoresis, a 
number of different! Lap patterns are observed (Figs. 1 
and 2). Either a single band or two bands may be present 
in any of three different positions in the starch gel. These 
three positions are designated F for the fastest band, S 
for the slowest band, and M for the band of intermediate 
mobility. Preliminary experiments indicate that indi- 
viduals with only a slow band are homozygous (LapS/ 
Laps). Similarly, LapM/LapM is thought to produce 
an enzyme of intermediate mobility and LapM/Lap$ both 
an intermediate and a slow band. In like manner it is 
suggested that the other patterns, where a single zone is 
present, is due to à homozygous Lap gene, and where two 
Zones are present, the pattern is due to heterozygosity 
at the Lap locus. Thus the basis of determination of the 
Lap type is apparently three co-dominant alleles. Pre- 
liminary examination of our cultures indicates that the 
gene frequencies of F, M and S are 0-130, 0-538 and 
0-332 respectively. All the patterns described for D. 
buskit have been observed in the larval, pupal and adult 
stages whereas in D. melanogaster strong Lap activity is 
found only in pups. 
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Leucine aminopeptidase is a proteolytic enzyme that 
is probably of considerable importance in protein degrada- 
tion during metamorphosis. The fact that one species 
produces the enzyme in all developmental stages while 
in another enzyme production is limited to the pupal 
stage suggests that different evolutionary pathways 
have been followed. It seems in general, though this is 
but a preliminary finding, that continued investigation 
of enzyme variations, through the use of starch-gol 
electrophoresis, promises to be a powerful tool toward 
greater understanding of phylogeny especially when it 
involves such a genetically well-known group as the Droso- 
phila species. Furthermore, the presence of an apparently 
tri-allelie polymorphic system in D. buskii, in which the 
three homozygous types as well as the heterozygotes 
are easily recognized, can be of considerable importance 
in the investigation of certain population genetic models. 
1 Hunter, R. L., and Markert, C. L., Science, 125, 1924 (1957). 

? Markert, C. L., and Moller, F., Proc. U.S. Nat. Acad. Sci., 45, 753 (1959). 
? Wright, T. R. F., Genetics, 48, 787 (1903). 
* Beckman, L., and Johnson, F. M., Hereditas, 51 (in the press). 


* Beckman, L., and Johnson, F. M., Hereditas, 51 (in the press). 
* Poulik, M. D., Nature, 180, 1477 (1957). 


BOUND WATER, METABOLITES AND GENETIC CONTINUITY 
By Pror. S. J. WEBB 


Department of Bacteriology, University of Saskatchewan, Saskatoon 


pole work has shown that there is a parallelism 
between the mechanism by which desiecation!-3, ultra- 
violet light‘ and X-ray* damage both bacterial cells and 
viruses. "These experiments suggested that the removal 
of water bound to cell macromolecules causes a change 
in the structure of the latter which leads to death of the 
cell. This hypothesis was supported further when it was 
found that the protection of a cell by an added chemi- 
cal relied on the presence of strategically placed —NH, 
or —OH groups in the structure of the added molecule 
with inositol the most efficient all-round stabilizer!-5. 
Using this latter compound, the only function of the cell 
protected appeared to be its ability to synthesize new 
proteins" and it was assumed that inositol reacted in 
some way with the nucleoproteins. This assumption was 
rendered more plausible when Rous sarcoma virus (RSV) 
was found to be protected by inositol both against desicca- 
tion® and ultra-violet radiations® and that this compound 
appeared able to displace nucleoproteins from a dried 
cell, During the course of these investigations it was 
noticed that colour mutant cells appeared in greater 
numbers when cells were damaged in the dry state at 
certain levels of relative humidity, which suggested that 
desiccation alone could bring about mutation. Since 
inositol appeared able to prevent this particular mutation, 
and in the light of its protective ability against ultra-violet 
end X-rays, it was assumed that death and mutation were 
part of one process and that inositol and other small 
molecules were responsible for maintaining the biological 
integrity of large conjugate molecules. It was of interest 
then to examine further the mutagenic action of desicca- 
tion, and it is the purpose of this article to describe some 
rather remarkable findings which seem to shed some light 
on the mechanism of enzyme induction, protein and DNA 
replication, and the method by which the DNA code 
functions. 

Cultures of a Lact strain of Escherichia coli were 
grown on either (a) a minimal medium containing 0-25 
per cent ammonium sulphate plus 2-0 per cent glucose in 
0-01 M phosphate buffer pH 7, or (b) a full medium contain- 
ing 2:0 per cent glucose, 1-0 per cent casamino acids, 
and 0-05 per cent yeast extract. After growth for 24h at 
37° C on a rotary shaker the cells from 20-ml. aliquots 


either aerosolized directly (slurry), washed once in 0-85 
per cent NaCl and once in distilled water and resuspended. 
in the mother liquor (supernatant) or in 20 ml. of a solution 
of inositol or lactose. In the case of the adaptation experi- 
ment, film drying was used as previously described’, 
Aerosol samples were collected in saline and plated on: 
(a) the minimal medium, (b) the full medium and (c) 
lactose-eosine methylene blue agar. After growth for 
18 h, large plates of (a) containing approximately 1,000 
colonies were photographed and overlaid with agar 
containing a mixture of 16 amino-acids. 

- The medium in which the cells were grown had a 
significant effect on their stability in aerosols. Those 
grown in minimal medium were far moro resistant to 
desiccation than those grown on the full medium, and 
apparently the addition of the minimal medium spent 
culture fluid offered protection to both kinds of cells. 
The interesting point seemed to be the considerable 
stability of the minimal medium grown cells aerosolized 
as a slurry; they displayed almost the same stability as 
those cells to which inositol had been added (Table 1). 
It was evident, also, that the added protection afforded 
cells by growth in minimal medium resulted from the 
extra metabolites produced. However, since washing 
removed some of the protection their position in the cell 
as a result of physiological processes was assumed to be 
important. 

It was noticed that the recovery of cells grown in the full 
medium after aerosolization was always slightly larger if 
the cells were plated on a full medium, and since desicca- 
tion damage appeared to result in the inability of cells to 


Table 1. EFFECT OF GROWTH AND PLATING MEDIUM ON THE DEATH-RATE 
OF AIR-DRIED E. coli 
Death-rate (K)* 
MM M 


Aerosolization conditions F. 
(plating) (plating) 
FM cells in water 0-048 0-042 
MM cells in water 0-026 0:021 
FM cells in slurry 0-033 0-028 
M M cells in slurry 0-009 0-009 
FM cells in MM spent culture fluid 0-010 0-012 
MM cells in FM spent culture fluid 0-021 0-018 
FM cells in 5 per cent inositol 0-006 0-007 
FM cells in 2 per cent arginine 0-018 0-017 


FM, fullmedium; MM, minimal medium 
* Death rate calculated from Ni = Nokt, 
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synthesize protein it seemed likely that some specific 
blocks might have developed. This was found to be true 
when overlays of amino-acid agar allowed the development 
of a few more cells which on sub-culture proved to have 
a genetic block in amino-acid synthosis. The specific 
nature of these blockages was not determined as it had 
little bearing on the objective of the investigations. When 
this phenomenon was investigated further, the number of 
these mutant cells was found to be dependent on the 
relative humidity at which the airborne cells were held 
(Fig. 1). Therefore, since relative humidity is known to 
control the bound-water content of the cells’? and as 
these mutants did not appear in minimal medium slurries 
or when inositol was added, both bound water and meta- 
bolites appeared to be involved, not only in preserving the 
viability of the cells, but also in preventing mutation. 
In an attempt to clarify the situation the ability of cells 
to produce adaptive f-galactosidase was studied using 
the spectrophotometrie method with O-nitrophenol-Bp- 
galacto-pyranoside. As had been reported earlier*'", cells 
dried at 40 per cent relative humidity from water showed 
reduced ability to menufacture the enzyme. However, if 
inositol, lactose or glucose was added to the cells prior to 
aerosolization this loss of inducibility was prevented, even 
though the latter two compounds only reduced the death- 
rate of the full medium grown cells from 0-042 to 0-021 
and 0-028 respectively. Similarly, cells grown in minimal 
medium and aerosolized as a slurry retained their inducibil- 
ity. It now seemed clear that inositol and cell metabolites 
prevented damage to those molecules concerned in protein 
synthesis, but why lactose and glucose should perform this 
function also was not immediately clear. Since it is well 
known that glucose will inhibit 8-galactosidase syntheses, 
its ability to preserve the adaptive powers of the cell had 
to reside in a competitive association with another mole- 
cule and presumably this association also led to the pre- 
servation of the integrity of this associated molecule. 
In the light of the previous findings with the occurrence of 
amino-acid deficient mutants it was considered possible 
that a combination between the sugars or inositol and DNA 
might be responsible, hence it appeared logical to look 
for sugar-deficient mutants in the form of lactose negative 
(Lac-) cells. The initial experiments with cells grown on 
minimal or full media and plated on 'EMB-lactose' 
medium failed to demonstrate mutants in any significant 
numbers. Then it was realized that glucose was, in fact, a 
starting point of metabolism and that some glycolytic 
enzymes might be adaptive. Tho full medium was changed, 
therefore, and, instead of glucose, sodium acetate or 
succinate was added. After several sub-cultures in the 
above medium the cells produced Lac- mutants in rela- 
tively large numbers on drying, and since glucose, lactose 
or inositol appeared able to prevent their occurrence 
(Fig. 2) it could only be assumed that a combination 
between these additives and DNA prevented this particu- 
lar mutation. 

In a later series of experiments the airborne cells, 
aerosolized in minimal medium or distilled water, were 
irradiated for 5 min with a G.E.R.S. sunlamp, and while 
all the phenomene described here for unirradiated cells 
were observed the relative humidity rarge at which the 
mutants appeared was much sharper (Fig. 1). 

Since ‘early’ protein synthesis is required for bacterio- 
phage DNA replication, and these proteins are considered 
to be the DNA polymerase and enzymes concerned in the 
syntheses of hydroxy-methyl-cytosine, it appeared likely 
that drying might interfere with a similar system in unin- 
fected cells. Cells of a thymine-deficient Æ. colt were 
grown in a medium containing a mixture of amino-acids 
1-0 per cent, glucose 1-0 per cent and a mixture of the 
five nucleic acid bases. 10 ml. aliquot were washed in 
phosphate buffer and allowed to starve in buffer for 1 h. 
1 ml. of these cells was then placed in the same medium 
as above, except that each cold compound was replaced by 
the carbon-l4-labelled metabolite under investigation. 
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Fig. 2. Effect of relative humidity on the production of lactose negativa 
mutants of Escherichia coli by desiccation and ultra-violet light 


From these experiments it was clear that there was an 
immediate uptake of uracil, amino-acids and lactose which 
lasted for about 10 min during which time there was no 
thymine uptake.  Q-Galaetosidase activity occurred. 
however, along with the ‘early’ proteins. In the next 
10-20 min the uptake of the former three components 
almost ceased, but DNA synthesis occurred very 
rapidly, then, as this slowed the uptake of amino-acids, 
uracil and ®-galactosidase activity increased again. 

This behaviour strongly suggested that carly protein 
synthesis was required for DNA replication in a normal 
cell even when there was no change in medium. Dried 
cells protected with inositol or minimal medium super- 
natant behaved as the controls, but the pattern of cvents 
with unprotected cells was somewhat confusing. The 
initial uptake of uracil by these cells was far greater thun 
the controls, yet there was no speed-up of either amino- 
acid uptake or B-galactosidase activity; in fact the latter 
two were considerably delayed. This simulated earlier 
findings!^ where this large uracil uptake was found to be 
correlated not with survival but with death. Apparently 
the delay in enzyme synthesis and DNA replication is 
connected with the survival mechanism, and it seems 
reasonably clear that this delay is evident only during 
the first 30 min; from then onwards the cells behave 
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Table 2. SYNTHESES OF PROTEIN AND NUOLEIO ACIDS BY AIR-DRIED AND 
NORMAL CELLS OF E. coli 


Compound Time (min) 
examined 5 10 15 30 45 60 
Thymine-4C A  Ni* 14 242 231 839 1,821 
B Ni Ni 18 275 272 86 
Uracil-*C A 455 637 651 1,192 1,363 1,923 
B 683 984 1,892 2,106 2,505 4,217 
Amino-acids-“C A 213 233 1,052 1,884 2,049 
B 34 85 196 241 1,104 2,108 
Laetose-MC A 21 139 132 105 — — 
B 15 21 138 142 — — 
B-Galactosidase A Nilt 0-5 0-08 0-19 0-26 0-41 
B Nil Nil 0-10 0-08 0-18 0-28 


A, controls; B, unprotected dried cells 


* Counts/min per 107-viable cells. 
1 O.D. of o-nitrophenol in sonic filtrates of cells. 


normally. The most significant finding would seem to be 
the fact that & definite amount of amino-acid uptake is 
necessary before DNA replication occurs as well as the 
small lactose uptake during this time. 

Because of the apparent role of bound water in main- 
taining the biological integrity of macromolecules, and 
since most chemical carcinogens as well as ultra-violet 
and X-rays could be considered as moleculer desiccants 
they would compete with or remove bound water from, 
Swiss mice were inoculated with normal spleen and thymus 
cells obtained from young mice. Some of the animals were 
given undried cells washed in basic salt solution, and others 
cells dried for 30 min at 40 per cent relative humidity. 
After 12 months, surviving animals were killed, autop- 
sied and the malignant nature of each tumour confirmed 
by histological examination. All the leukemias could be 
classified as lymphoblastic lymphomas with thymus, 
lymph nodes, liver, spleen and kidney generally involved. 

The results given in Table 3 show clearly that in those 
groups given dried cells the number of animals with 
tumours jumped from 11-0 to 42 per cent, and the total 
tumours from 12-6 to 56 per cent. Most of the increase, 
however, was in the incidence of leukemia. 


Table 3. INOIDENOE OF TUMOURS IN SWISS MIOE INOCULATED WITH DRIED 
OR NON-DRIED NORMAL CELLS 


Animals Total 
Group No. of with tumours Total No. of tumours 
animals (per cent) tumours (per cent) 
Controls 72 (4)t 11:0 5 (L)* 4 (MO) 12:6 
Dried 50 (4) 42:0 22 (L) 6(MOC) 56-0 


*(L) = leukemias; (MC) = mammary carcinomas. 
1 No. of separate groups set up. 


Previous work over many years has demonstrated that 
the aerosol is an excellent and unique way of investigating 
the role of bound water and chemicals in the maintenance 
of molecular structure and integrity of metabolic pro- 
cesses'-?, The results presented in this article tend to 
support the hypothesis that bound water and some small 
molecules, with strategically placed groups, maintain 
biological integrity. One could argue that an association 
between an enzyme and its substrate, or the attachment 
of a substrate to RNA, leads to a more stable cell. How- 
ever, if DNA is the master molecule, damage to either a 
protein or RNA should be reparable. This is perhaps why 
protein synthesis in the damaged cells is delayed since new 
messenger RNA. will be required. There seems to be no 
doubt that both RNA and DNA can be protected. by 
inositol, and the latter by metabolites also. It is possible, 
therefore, that some of the proteins synthesized during the 
first 10 min are manufactured by the existing RNA, and the 
preservation of its structure may help to prevent death 
of the cell, provided no drastic change has occurred in 
the DNA. 

Whether the observed increase in incidence of tumours 
represents an acceleration of tumour development, or 
an actual induction, either by virus release or mutation, 
remains to be determined. However, the latter hypothe- 
sis is favoured in view of past experience with desiccated 
bacterial and mammalian cells and because the observed 
increases go well beyond the normal incidence found in 
these mice. Unless one assumes that enzymes and RNA 
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are responsible for genetic continuity, the foregoing 
arguments do not explain the observed mutation in 
bacteria and their prevention by inositol or metabolites. 
A more plausible explanation seems to be that mutation is 
one step towards desth, or, in other words, damage to 
DNA leads to mutation, then death. If one makes this 
assumption, then it becomes necessary to explain why 
small molecules preserve the integrity of a gene. Proteins 
are known to be bound to the ‘outside’ of the DNA mole- 
cule, and from time to time there have been reports 
of sugars and even inositol being associated with this 
molecule; water certainly is. Also, cells grown on minimal 
medium are known to be independent of the amino-acids 
usually necessary for the production of back mutant 
prototrophs", and an explanation of these facts now 
appears possible from the data presented. 

The types of investigations we have carried out in our 
laboratories are perhaps an unusual approach to the 
problem of genetic continuity; but the implications from 
stability studies nevertheless seem quite valid. In order 
to explain the results, however, one must view the whole 
picture of experimental facts. (a) Desiccation at certain 
relative humidity-levels, ultra-violet irradiation and 
X-ray are all lethal and mutagenic. (b) The efficiency of 
the latter two agents on semi-dried cells is also dependent 
on relative humidity. (c) Protection appears to rely on 
the right compound in the right place or on strategically 
placed —OH groups such as in inositol. (d) Protection 
against all three agents is afforded cells by the same com- 
pounds. (e) The action of inositol seems to be to replace 
water and some metabolites. (f) The gene or genes con- 
trolling certain physiological functions can be protected 
by the metabolites themselves or inositol. (g) The genes 
for many metabolic pathways appear to be in linear 
array. (hk) The replication of DNA requires ‘early’ 
protein syntheses. (?) The addition of such compounds 
as chloramphenicol prevents the synthesis of biologically 
active protein, stops the production of mutants and 
protects cells against desiccation!. 

If all the experimental facts are considered it would 
appear that the biologically active code of the DNA 
molecule is not only the base-pair H-bonds of the Watson 
and Crick model, but also the display of groups on the 
‘outside’ of the molecule. It is suggested, therefore, that 
the ‘operational’ gene for enzyme production is a particu- 
lar configuration on the outside of the DNA plus a given 
metabolite, and that in the absence of the metabolite the 
structural configuration is preserved by hydrogen-bonded 
water molecules which can be replaced by inositol or like 
compounds. If this particular DNA configuration is 
damaged by loss of water on desiccation or irradiation it 
will obviously affect the inner code when the two halves of 
the helix separate and deformed daughter DNA will 
result. The idea is shown schematically in Fig. 3. 

A, and A, are meant to represent the deep and narrow 
grooves, respectively, on the outside of the intact double- 
helix DNA molecule. In the various parts of the shallow 
groove certain configurations exist which allow the 
attachment of specific small hydrated molecules or water. 
The exposed configuration of the DNA surface is altered 
by their attachment &nd.protein formed on this will 
automatically be coded for the attached substrate. The 
formation of the protein will result, also, in the production 
of a specific RNA coded for the enzyme. The attachment 
of the substrates, proteins and RNA will seriously affect 
the strength of the base-pair hydrogen-bonds and the two 
halves of the helix will separate exposing the ‘inner’ 
code. Because of the presence of protein (P,) in the 
deep groove of the single strand it will attract the neces- 
sary complementary bases and form a new double helix 
with a narrow groove ready for action. Protein (Pi) is, 
therefore, considered to be a DNA polymerase the internal 
energy of which is sufficient to ‘activate’ an existing single 
strand of DNA and naturally it cannot function unless 
some DNA is present. The happenings on the other half 
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Fig. 3. A suggested scheme showing why protein synthesis is necessary 
for DNA replication 
A and B represent the two single strands of DNA; P represents proteins; 
R represents RNA; M represents metabolites 


of the original DNA molecule must be somewhat different, 
and it is suggested that the action of the formed enzyme 
changes the original substrate and forms a new inter- 
mediary compound; this results in the liberation of the 
coded RNA and the enzyme and the re-orientation of 
the new metabolite in the same site or its positioning 
in the next site along the DNA molecule (or more probably 
along a given chromosome). The latter process will 
allow a second daughter molecule to form plus new P, 
protein. The process will now repeat itself using the 
newly formed substrate. Since RNA coded for these 
various enzymes is being made and shed as the protein 
functions, it follows that on reaching the cytoplasm it 
will manufacture more enzyme molecules and protein 
synthesis as such will go on regardless of what is happening 
to the DNA. Moreover, if the RNA molecule is a double 
helix it will duplicate itself in the same fashion as proposed 
for DNA; the only difference between it and DNA will be 
that the duplication of the latter takes place in orderly 
sequence along the chromosomes so that the continuity 
of the linear arrays, so essential to the life process, is kept 
intact. There can be no doubt that the RNA carries out 
of the nucleus parts of these arrays intact, and it can only 
be assumed that the RNA viruses have reached a stage 
where their duplication is independent of DNA. 

The foregoing hypothesis fits the facts known about gene 
expression and protein synthesis. It follows that DNA 
duplication will rely on active protein synthesis, yet once 
started the latter process can occur without DNA. The 
necessity of linear array of genes governing the synthesis 
of a compound, such as an amino-acid, immediately 
becomes apparent as well as the mechanism by which 
DNA synthesis takes place in linear fashion on the chromo- 
some. If such assumptions are made, the induction of 
enzymes becomes the normal method of protein synthesis 
rather than the abnormal one and our present-day ideas 
as to what is an adaptive enzyme are largely a matter of 
the kinetics of the reactions. 

Apart from these physiological pointers the stability 
of a gene towards ultra-violet, X-rays and desiccation in 
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terms of water content, growth medium and phase of 
growth is readily explained. If metabolites do act in 
combination with the gene, it follows that in the presence 
of the metabolite the gene and cell may be more stable, 
and this is exactly what is found. Presumably the inactive 
genes are merely hydrated, and hence they are damaged 
more easily and it can only be assumed that their replica- 
tion requires the correctly orientated water or attachment 
of a non-specific molecule such as inositol. This could 
lead to the production of non-enzymatic histones at bio- 
logically inactive sequences of gene sites. These sites, 
however, would be freed when DNA replication occurred. 

If the assembly of amino-acids on the DNA is necessary 
for its replication, it follows that some cells, as is demon- 
strated here, may develop multiple blocks in amino-acid 
syntheses on irradiation, and, hence, only when an external 
supply of amino-acids is supplied can the DNA replicate 
and the cells divide. If, as is usual, complementary 
molecules exist in the cells, some of the progeny will 
receive DNA in which only the back mutation is apparent. 
On the other hand, cells grown in minimal medium will 
possess pre-coded RNA capable of manufacturing the 
amino-acids and these cells will not require an external 
supply. 

Finally, as is generally accepted, a compound able to 
bind with the inner code may stimulate the incorporation 
of an incorrect base. However, irreversible binding of 
small molecules to the outer codes, or the loss of structural 
water, could well lead to the distortion of the DNA mole- 
cule when it attempts to replicate. Also, compounds able 
to bind with the outer codes of RNA or DNA should be 
capable of mducing the synthesis of specific enzymes. 
Tn the work recorded here the fact that the cells in minimal 
medium slurries were so stable would suggest that the 
metabolites are not removed as a result of enzyme forma- 
tion. 

However, it is well known that DNA synthesis goes on 
during about 80 per cent of the lifetime of a bacterial 
cell, so presumably most of the metabolites remain in 
position. The cell is small, and there is little room to 
house all the formed enzymes and supplied metabolites; 
perhaps this is why it has such a short mean generation 
time. Alternatively, it is possible that the formed enzymatic 
proteins do not separate from the DNA and, hence, only 
one of the daughter DNA molecules with the open narrow 
groove will actually function. In any event, the concept 
that the ‘outer’ grooves of the DNA molecule have separate 
integrities and have definite separate biological functions 
in the coding of protein and RNA seems to fit not only the 
present data but also most of the facts known concerning 
protein syntheses and gene expression. Considered 
from the point of view of energetics and the shifts in 
hydrogen-bond strengths that will occur when metabolites 
are attached or freed from the DNA molecule, the fore- 
going hypothesis seems not unreasonable and further 
experimentation designed to test it is being conducted. 
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RELEVANCE OF BIOCHEMICAL TAXONOMY TO THE PROBLEM OF 
LATHYRISM 


By Dr. E. A. BELL 
Department of Biochemistry, King's College, London, W.C.2 


ARIOUS species of Lathyrus are cultivated throughout 

the world, and it has been known from earliest times 
that the seeds of some of these species are toxic when 
ingested by man and domestic animals, giving rise to a 
‘disease’ known as lathyrism. In man, lathyrism is charac- 
terized by a loss of muscular control, paralysis of the 
legs and in extreme cases death. These symptoms have 
usually been associated with the ingestion of seeds of L. 
sativus, although seeds of L. cicera and L. clymenum have 
also been implicated. Lathyrism is endemic in certain 
parts of Asia, particularly India, where outbreaks of 
exceptional severity have been reported during periods 
of famine when excessive quantities of Lathyrus meal 
have been eaten for want of other food'?. Isolated out- 
breaks have also been reported from time to time from 
Europe and the Mediterranean countries. 

In seeking the cause of lathyrism some confusion has 
arisen in the past from conflicting reports as to which 
experimental animals are affected by the ingestion of 
Lathyrus seeds and from equally conflicting reports as 
to the symptoms manifested by those which are. I 
believe that this confusion has resulted from a failure to 
appreciate sufficiently the important differences which 
exist between the plant species themselves, and I suggest 
that the key to the problem lies in the biochemical 
taxonomy of the genus. _ 

The fact that there are at least two toxie syndromes 


associated with the ingestion of Zathyrus seeds was - 


recognized by Selye!, who proposed that the term ‘neuro- 
lathyrism’ should be used to describe the classical 
symptoms caused by those species previously mentioned, 
and the term ‘osteolathyrism’ to describe the effects, 
which include skeletal changes, seen in rats and other 
animals following the ingestion of L. odoratus seeds. 

' The first toxic compound to be isolated from this genus 
was the 'osteolathyrogen' obtained from seeds of L. 
pusillus by Dupuy and Lee’, and from seeds of L. odoratus 
by McKay, Lalich, Schilling and Strong‘. This compound 
was later shown to be B-(y-glutamylamino)propionitrile’, 
the toxic portion of the molecule being the Q-amino- 
propionitrile’. Some while later, Ressler ef al. isolated a 
second toxic compound, showing neurological properties, 
from seeds of L. latifolius. This they identificd as ay- 
diaminobutyric acid’. 

When these findings were related to the survey made by 
` me? of all the amino-acids and related compounds occur- 
‘ring in relatively high concentration in the seods- of 

forty-nine species of Lathyrus, it was apparent that those 
species responsible for ‘neurolathyrism’ in man contained 
nsither §-(y-glutamylamino) propionitrile nor «y-diamino- 
butyric acid. These three species, however, all fell into 
one of the sub-genera into which Lathyrus may be divided 
on the basis of associations of amino-acids and related 
compounds in its seeds. The sub-genus concerned was 
characterized by the presence of high concentrations of 
two unidentified ninhydrin-reacting compounds. One 
of these has since been isolated from seeds of L. cicera® 
and L. sativus’ and shown to be L-homoarginine. While 
the possibility that this amino-acid may be toxic to man 
cannot be completely discounted on evidence obtained 
from experiments with animals, n-homoarginine does not 
produce neurological symptoms in chicks!, which are 
affected by extracts of the whole seed!?. 


The second ninhydrin-reacting compound (designated 
A, by me) is acidic in character and has recently been 
isolated by Adiga, Rao and Sarma", and also independ- 
ently by Murti, Seshadri and Venkitasubramanian!*, 
This compound has been identified as «-amino-f-oxalyl- 
aminopropionie acid!* and, like the seed extracts of L. 
sativus, produces characteristic neurological symptoms 


- when injected into chicks. There can be little doubt that 
. «-amino-B-oxalylaminopropionic acid is the compound 


responsible for classical ‘neurolathyrism’ in man. 

In my survey it was found, however, that of the twenty 
species which contain «-amino-B-oxalylaminopropionie 
acid (4,), nine (to which a tenth has since been added) 
also contain two other unidentified acidic ninhydrin- 
reacting compounds which were designated A, and A;. 


Aspartic acid . 


Glutamic acid +4, . 


Unresolved neutrals 


Bs 





Lathyrine 


Bi+B; 


Arginine . 
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Fig. 1. Extracts of the seeds of two species from each of groups 1-4 
after ionophoresis : 
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Table 1. AMINO-AOIDS AND BELATED COMPOUNDS IN SEEDS OF Lathyrus 


Group No, Name B, B, B, 
1 1 L. alatus ++ 
2 L. articulatus ++ 
3 L. arvense ++ 
4 L. setifolius — . ++ 
5 L. pannonicus ++ 
6 L. ochrus ++ 
7 L. clymenum ++ 
8 L. sativus ++ 
9 L. megallanicus ++ 
10 L. quadrimarginatus ++ 
11 L. cicera ` ++ 
2 12 L. sylvestris ++ 
13 L. latifolius ++ 
14 L. heterophyllus ++ 
15 LL, gorgoni TG 
16 L. grandiflorus ++ 
17 L. cirrhosus ++ 
18 L. rotundifolius ++ 
19 L. tuberosus ++ 
20 L. multiflora ++ 
21 L. undulatus t 
22 L. aurantius tc 
28 L. luteus ++ 
24 L. laevigatus 
Sp. aureus ++ 
3 25 L. pratensis ++ 
26 L. laevigatus 
sp. occidentalis T 
27 L. varius + 
28 L. niger t 
29 L. machrostachys T 
30 L. maritimus + 
31 L. aphaca + + 
32 L. sphaericus + + 
33 L. tingitanus + ttt 
34 L. cyanus + ++ 
35 L. alpestris + 
36 L. variegatus + 
37 L. venetus t 
38 L. inconspicuous T 
39 L. incureus ++ 
i 40 L. vernus +++ 
41 L. montanus +++ 
42 L. palustris ++ 
43 L. aureus tt 
44 L. neurobolus + 
45 L. nissolia ++ 
5 46 L. roseus 
47 L. hirsutus 
48 L. odoratus T 
19 L. pisiformis T 
50 L. annuus T 
51 L. angulatus T 
52 L. laetiftrorus T 
53 L. venosus + 


T=trace, B,—homoarginine, B,= a,y-diaminobutyric acid, B, =y-hydroxyhomoarginine, 


N,-unidentifled, 4,=a-amino-f-oxalylaminopropionic acid, Ag a-amino: 
diaminobutyric acid, A, — unidentified, Lat. = lathyrine, Arg. — arginine. 


- Li 


+++ 
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mx T 
ii T 
4 ++ + 
+++ 1 
++ 
++ n 
++ 
T T 
T ; 
T T 
T + + T +++ 
+ + T ++ 
+ + T ++ 
+ + T T 
+ + T T 
t + T + 
T + + T + 
+ + T + 
T T + T + 
+ T ++ T + 
T 
T 
T 
T 
T T 
T T 
+ T 
+ T 
+ Tc T 
+ + T 
++ T 
+++ T 
++ T 
++ T ++ 
++ T +++ 
++ T ++ 
++ T 
++ T + 
ttt T t 
++ + 
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B,=unidentified, .N,— f-(y-glutamylamino)propionitrile, 


-y-oxalylaminobutyrie acid (tentative), As=second acidic derivative of ay- 
Of the five last species listed, three (Nos. 49, 50, 51) contained low concentrations 


of amino-acids and were not assigned to the previous groups ; L. laetiflorus contained a neutral compound and L. venosus a basic compound not seen in other 


species. All species contained traces of glutamic acid an aspartic acid. 


Using seed of L. latifolius the isolation and identification 
of A,, A, and A, were undertaken in this laboratory prior 
to the isolation of o-amino-B-oxalylaminopropionie acid 
from seed of L. sativus. While this work is not yet com- 
plete, it may be of interest to report that in addition to 
confirming the presence of «-amino-f-oxalylaminopro- 
pionic acid in seeds of L. latifolius, it has beon found that 
A, is an oxalyl derivative of «y-diaminobutyric acid (the 
toxic amino-acid previously isolated from the same 
species). It has been tentatively identified as «-amino-y- 
oxalylaminobutyrie acid’, the higher homologue of the 
‘neurolathyrogen’ first isolated from L. sativus. Pre- 
liminary experiments have also shown that A; is yet 
another acidic derivative of the same amino-acid. 

The distribution of these compounds and of other 
amino-acids found in seeds of Lathyrus is summarized in 
Table 1, from which it will be seen that the seeds of all 
species in group 1 contain a-amino-f-oxalylaminopro- 
pionic acid and their ingesticn may be expected to produce 
symptoms of classical 'neurolathyrism? in man. The 
seeds of the last three species in group 2 contain o-y-diamino- 
butyric acid, and their ingestion would induce the. neuro- 
logical symptoms associated with that amino-acid. The 


seeds of the remaining species of group 2 contain both 
«-amino-f-oxalylaminopropionie acid and «y-diamino- 
butyric acid, the last-named being present both in tho 
free form and combined in-two different acidie deriva- 
tives. The 'osteolatbyrogen', f-(y-glutamylamino)pro- 
pionitrile, is found in the seeds of species in group 5 
(and also in L. pusillus, a species which has not been 
examined in this laboratory)- 

When considering methods for the prevention of 
lathyrism in man, Murti et al.!3 suggested that the seeds 
of L. sativus might be rendered non-toxie by boiling 
in water to remove the «-amino-§-oxalylaminopropionic 
acid. While such & measure might be used effectively 
as a temporary expedient it would seem that the perm- 
-anent eradication of the disease can only be achieved 
by - providing seed and encouraging ‘the cultivation 
of alternative legumes in the areas concerned. If the 
choice of alternatives is to be made from species of 
the same genus, agricultural evaluation may be limited. 
on the basis of the present account, to species other than 
those of groups 1, 2 and 5. While some, or all, of the 
remaining species may yet prove to be toxic, lathyrine 
«B-(2-aminopyrimidin-4-yl) alanine), which occurs in 
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high concentration in many of them, has been found (like 
homoarginine, which it accompanies) to be without toxic 
effects in the mouse and chick". The toxicity of y- 
hydroxyhomoarginine!*-?, which also occurs in varying 
concentrations in certain of these species, has not yet 
been determined, however, nor have the compounds 
designated A,, N, and B, been isolated in the pure state. 

To illustrate the sub-division of the genus and the 
resolution of most of the compounds discussed, extracts 
of the seeds of two species from each of the first four 
groups of Table 1 have been subjected to ionophoresis 
(5 kV for 15 min) on paper at pH 3-6 (Fig. 1). p-(v- 
Glutamylamino)propionitrile being uncharged at pH 3-6 
is not resolved from the neutral amino-acids by this 
method, but its presence may be readily detected chromato- 
graphically on paper using lutidine-water (65: 35 by 
vol.) which separates it from the other ninhydrin-reacting 
compounds found in comparable concentrations in the 
extracts examined (E, 31). 

It is appreciated that much work on the biosynthesis 
of these compounds, their phylogenetic significance and 
in some instances their toxicity remains to be done. 
Nevertheless, it is hoped that this account may explain 
some of the unexpected and apparently contradictory 
results reported in the literature on lathyrism and lead 
to a clearer understanding of the problems involved. 
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/ CONTINGENT NEGATIVE VARIATION: AN ELECTRIC SIGN OF SENSORI- 
MOTOR ASSOCIATION AND EXPECTANCY IN THE HUMAN BRAIN 


By Dr. W. GREY WALTER, Dr. R. COOPER, V. J. ALDRIDGE, W. C. McCALLUM 
and A. L. WINTER 


Burden Neurological! Institute, Stapleton, Bristol 


d e amplitude of the electric responses evoked in the 
human brain by sensory stimulation is usually rather 
small compared with that of the intrinsic background 
activity. However, recently developed methods of 
electronic averaging and cross-correlation? have disclosed 
consistent patterns of response, particularly in the 
extensive non-specific regions of the frontal lobes’. 
Records from scalp electrodes (which inevitably introduce 
considerable spatial diffusion) have been compared with 
those from multiple electrodes implanted in frontal cortex 
for therapeutic purposes?; these latter can be left in posi- 
tion for several months and demonstrate convergent 
responses to auditory, visual and tactile stimuli in most 
regions of medial, lateral and orbital frontal cortex. The 
scalp responses are seen as compounded of these wide- 
spread synchronized discharges which, however, involve 
only a very small proportion of the neural tissue in any 
one zone. 

The non-specific responses (in contrast with those in 
specific primary sensory areas) showed marked ‘habitua- 
tion’ when stimuli in any modality are repeated frequently 
and monotonously, but their amplitude is restored when 
stimuli are associated. The rule is that the electro-nega- 
tive components of the responses to the first (that is 
conditional or warning) of two stimuli are progressively 
augmented while those to the second stimuli (considered 
as unconditional or ‘indicative’) are progressively attenu- 
ated. These offects are generally emphasized and acceler- 
ated if the subject is instructed to perform an operant 
response to the indicative stimuli, which thereby become 
‘imperative’. 

A series of experiments has been performed to investi- 
gate the effects on these components of varying the 
probability of association between the conditional 
and imperative stimuli, and also the influence of varia- 


tions in effector participation and mental attitude. The 
effects of direct suggestion under hypnosis have already 
been described’. 

The non-specific responses to conditional stimuli 
usually consist of three main components: a brief surface 
positive wave, a brief surface negative wave superimposed 
on this, and a much more prolonged surface negative 
component which may last several seconds, particularly 
in children. The details of the first two components 
depend somewhat on the modality, the responses to 
auditory stimuli being usually larger, simpler and more 
consistent than those to visual or tactile stimuli. The 
features which seem most closely related to the contingency 
of the situation and to the attitude of the subject are the 
prolonged secondary negative waves and their interaction 
with the subsequent responses to imperative stimuli. 

Because of its dependence on the statistical relationship 
between the conditional and imperative stimuli this 
protracted component of the conditional response is 
referred to here as the ‘contingent negative variation’ 
(CNV). This effect can be recorded accurately only with 
equipotential non-polarizable electrodes and long time- 
constants or directly coupled amplifiers. For these 
experiments, specially prepared and selected silver- 
silver chloride electrodes were used, connected to an 
Offner type TC 16-channel recorder, fitted with a two- 
channel automatic wave analyser and a two-channel 
barrier-grid averager*. In order to permit comparison of 
responses in a variety of situations during a session. of 
reasonable duration with intervals of several seconds 
between stimuli, the results from sets of only six or twelve 
presentations were stored and averaged, and the outputs 
from the averagers were written out directly on the 
recorder with increased gain and paper speed at the end 
of each set of presentations, which lasted about 90 sec. 
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The stimuli, singly or in pairs, were presented auto- 
matically at irregular intervals of 3-10 sec. When 
paired, the interval between associated stimuli was usually 
one-half or one second, but longer intervals have also been 
used. The conditional stimuli were either single flashes 
(F) or single clicks (C); the indicative or imperative 
stimuli were repetitive clicks or repetitive flashes. The 
operant response was provided by & button which the 
subject was asked. to press when the repetitive imperative 
stimuli were given; this could be connected so that it 
terminated the imperative stimuli, but the circuit was so 
arranged that it was ineffective if pressed before the onset 
of the imperative stimuli. 

Observations have also been made during the establish- 
ment of involuntary conditioned blink fesponses to clicks 
preceding puffs of air to the cornea. Records were 
obtained from electrodes on several parts of the head, but 
those illustrated here were all from a vertico-mastoid pair, 
an upward deflexion indicating negativity of the vertical 
electrode with respect to the mastoid. Simultaneous 
records were also obtained of the electro-myogram of the 
operant muscles, the stimuli, variations in palmar skin 
resistance, pulse rate and respiration. 

The development of the CNV and its interaction with 
the imperative responses are illustrated in Fig. 1, which 
is from a normal adult subject. The averages of 12 
responses to isolated clicks (Fig. 14) consist of a small 
positive wave almost obscured by a much larger negative 
component. The responses to isolated trains of flashes 
(Fig. 1B) show several brief negative components, also 
superimposed on a small positive deflexion. When the 
clicks are paired with the flicker about 1 sec later (Fig. 1C) 
both responses are reproduced with little alteration. In 
these conditions both responses dwindle to noise-level 
after about 50 presentations. The addition of an operant 
response by the subject (Fig. 1D) is accompanied by 
a pronounced change in the conditional response to 
the clicks; a large CNV appears, rising to the peak 
amplitude of the imperative response during the inter- 
val between them. The imperative response itself is 
now seen merely as a sharp drop in potential difference 


A . 
A 
Click 
TES 
Flashes 
C 
l 
Click Flashes 





L 37117777 
Click Flashes terminated by button 
Calibration 
| 
1 sec 184V 


Fig. 1. Averages of responses to 12 presentations. A, response in fronto- 

vertical region to clicks; B, flicker; C, clicks followed by flicker; D, clicks 

followed by flicker terminated by the subject pressing a button as 

instructed, The contingent negative variation (CNV) appears following 

the conditional response and submerges the negative component of the 
imperative response 
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Fig.2. Averages of 6 presentations. .A, responses to flicker followed by 
clicks terminated by subject’s operant response. The CNV is fully 
developed; B, average of first six presentations after withdrawal of the 
imperative stimuli; the CNV is slightly attenuated and there is a ‘con- 
ditional’ negative wave at the phase where the clicks would have been 
expected; C, D, E: progressive diminution of the CNV as the expectancy 
of reinforcement subsides. F, restoration of the imperative stimulus 
quickly re-establishes the CNV 


to the base line. This pattern is maintained indefinitely 
as long as the subject is attentive and presses the 
button promptly. It is the same whatever tho 
modalities of the first and second stimuli (Fig. 24). 
However, when the imperative stimulus is withdrawn, the 
responses to the*unreinforced conditional stimuli show a 
progressive subsidence of the CNV which disappears 
almost entirely after 30 unreinforced trials (Fig. 24—E), 
Restoration of the imperative auditory stimulus immedi- 
ately re-established the CNV (Fig. 27). The dependence 
of the CNV on the contingency of the association between 
the two stimuli is shown most clearly when their relation 
is made equivocal. After a long series of regular associa- 
tions of flashes with clicks (Fig. 3A) the probability of 
association was ‘diluted’ by presentation of 27 unrein- 
forced flashes at random between 21 associated pairs, 
providing only 21 reinforcements out of 48 presentations. 
Averages taken during this series of equivocal presenta- 
tions show that the ONV is progressively reduced to about 
half its previous amplitude, while the imperative response 
reappears as a negative wave (Fig. 3B, C, D). In most 
normal adult subjects the CNV shows signs of attenua- 
tion when the probability of occurrence of the association 
drops below 0:7 during 12 or more trials; but the total 
number of trials, their distribution in time and the 
critical proportion of reinforcements needed for suppression 
of the CNV vary considerably from subject to subject. 
Unequivocal restoration of the conditional stimulus once 
again brings about a rapid re-establishment of the CNV 
with submergence of the imperative negative wave 
(Fig. 3E). 

Another factor which influences the form of the CNV 
is the attitude of the subject. During one experiment the 
subject was told that during a long series of unequivocal 
presentations of clicks followed by flashes he could decide 
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Flash Clicks terminated by button 
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Clicks terminated by button 
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Flash 


Fig. 3. Averages of six presentations. A, responses evoked by regular, 

repeated association of flashes with clicks terminated by subject; B, 

eight unreinforced flashes interspersed at random between the six 

associated stimuli reduce the C by equivocation; C, D, continued 

equivocation progressively attenuates the CNV and the negative 

component of the imperative response emerges; E, unequivocal asso- 
ciation again restores the CNV . 


not to press tho button for the operant response. The 
average of six of these trials showed almost complete 
absence of a CNV (Fig. 44), but this reappeared immedi- 
ately when the subject decided to resume the operant 
response. The CNV is also susceptible to social stimuli 
in the form of verbal statements. When the imperative 
stimulus was withdrawn without notice or warning 
(Fig. 2B-E) the change in the pattern of physiological 
stimuli ultimately suppressed the CNV, but only after 
about 30 trials. In contrast, when the subject was told: 
"There- will be no more flashes’ the CNV disappeared 
immediately (Fig. 4B). In this objective sense, therefore, 
progressivo changes in subjeotive expeetaney produced 
by repetitive physiological experience can be matched 
against those established by a single phrase. There may 
be a qualitative as well as a quantitative difference 
between the effects of physiological and social suppression. 
In Fig. 2B, the first average after unexpected withdrawal 
of the visual imperative stimuli, the CNV is slightly 
smaller than during reinforcement, but there is a small 
negative wave followed by an abrupt fall in potential 
difference exactly 1 sec after the conditional stimulus, 
that is at the instant when the imperative stimuli would 
have been oxpected. Bearing in mind that this is the 
average of six trials and that the second, third and fourth 
sets of unreinforced trials show steadily diminishing signs 
of this effect, it may be regarded as a true conditioned 
brain response induced by the long experience of unequivo- 
cal presentations but extinguished as the probability of 
association declined when the imperative stimuli were 
withheld. There was no sign of this conditioned response 
when the subject was told beforehand that there would 
be no reinforcement (Fig. 4B); in fact, with this ‘social 
extinction’ there was a slight slow positive variation 
following the conditional response. Before the next 
series the subject was told that the flashes would be 
restored, but this was not done; the first three trials showed 
an appreciable CNV but the second three showed nona, 
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and the average consequently contained only & small 
CNV (Fig. 4C). These features reflected accurately the 
subjective reports of fluctuations in expectancy induced 
by the conflict between the verbal and physiological 
experiences. 

When a subject has becomo accustomed to the presenta- 
tion of conditional and imperative stimuli separated by 
1 or 2 sec the CNV can be sustained even when the 
imperative stimulus is omitted if he is instructed to 
estimate the time-interval and perform some action at 
the moment when the imperative stimulus would have 
occurred (Fig. 4D and E). The termination of the CNV 
is therefore not an ‘off-effect’; furthermore, a purely 
mental judgment of a time-interval, without- operant 
response, is often accompanied by a prominent CNV in 
trained subjects. 

In most adult subjects the development of a consistent 
CNV with an abrupt termination is associated with a 
marked reduction in reaction-time to the imperative 
stimulus. This is not due to the establishment of a time- 
reflex, as was at first supposed, since the subjects seldom 
make a single false response when the imperative stimulus 
is withdrawn, as in the extinction or equivocation trials. 
Electromyograms of the operant muscles sometimes show 
a slight change in their tonic balance following the first 
few unreinforced conditional stimuli, suggesting a per- 
sistent anticipatory bias. 

The close correlation between attentiveness, expectancy, 
contingent significance, operant response and the ampli- 





Click Flashes terminated by button 
But subject arbitrarily decided to press ` 
button only once in six presentations 
B 
-L 
Click Subject told in advance that there 


would be no flashes 





Subject told falsely that flashes 
would be restored 





Average button press (estimating 1 sec) 





VA eges ee 


TNI a 


Average button press (estimating 2 sec) 


A 
Click 
Fig. 4. Averages of six presentations. A, the subject decided arbitrarily 


not to press the button in response to the clicks: the ppears 
(compare Fig. 1D); B, when told in advance that the imperative stimuli 
would be withdrawn the CNV vanishes at once (compare Fig. 2 B-E); 
C, subject told falsely that flashes would be restored ; CNV reappears for 
first three presentations and then subsides; D, without imperative 
stimulus, subject is asked to press button at estimated one second after 
click; CNV develops as for associated stimuli; Æ, the same, with subject 
estimating 2 sec for button press 
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tude of the CNV suggests that this may be the electric 
sign of cortical ‘priming’ whereby responses to associated 
stimuli are economically accelerated and synchronized. 
The final discharge, whether in voluntary action or mental 
decision, is indicated by the abrupt decline in the CNV 
about 120 msec after the imperative stimuli, corresponding 
with the positive phase of the non-specific response to 
isolated stimuli. 

The mechanisms underlying this remarkable effect 
can be inferred from other sources. Caspers* has described 
similar variations in cortical potential in rats during 
sensory stimulation and arousal which are attributable to 
depolarization of the apical dendritic foltwork of the 
cortex. Rowland and Goldstone’ observed slow shifts of 
voltage in cats with implanted cortical electrodes during 
conditioning; they interpret these as “extension of an 
electrical arousal effect in terms of activation of cortical 
structures based on relation to drive’’. Rusinov® has also 
described slow negative waves recorded by Shvets?, 
which appeared in the cortex of rabbits with the first 
appearance of conditioned movements; these were more 
generalized in the early stages than when the responses 
were ‘concentrated’ and vanished during extinction. 

In patients with chronic electrodes implanted over 
frontal cortex the CNV can be recorded from widely 
separated areas and remains generalized indefinitely during 
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Fig. 5. Averages of 12 presentations; ‘classical’ conditioning of involun- 

tary blink. Conditional stimulus click, unconditional stimulus air-puff 

toeye. A, first 12 trials show brain responses to both clicks and puffs; 

blink starts just after puff; B, second 12 trials: CNV appears, with 

conditioned blink just before puff which evokes no brain responses since 

eyelid is shut before corneal stimulus; C, D, E, progressive decline in 
CNV as conditioned response is consolidated 
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Fig.6. Averages of 12 presentations of click and puff to eye (same series 
as Fig.5). A, first 12 presentations after interval; CNV is larger than in 
Fig. 5E but conditional response is still present; B, second 12, CNV is 
smaller; C, equivocal association of clicks (only 12 of 27 reinforced) 
abolishes CNV and conditioned blink; brain response reappears since eye 
is open to corneal stimulus; D, regular association of clicks and puffs 
restores CNV and conditioned blink; E, equivocation asin C, but subject 
detected slight difference in oes of reinforced and unreinforced 
clicks 


operant conditioning as in scalp records. During the 
establishment of a ‘classical’ defensive reflex, however, 
the CNV is more prominent in the early stages. This is 
shown in Fig. 5, taken during the acquisition of a condi- 
tioned corneal blink reflex elicited by clicks followed by 
puffs of air to the eye. In Fig. 5A the blink follows tho 
air puff, but in Fig 5B, the average of the second dozen 
presentations, there is a prominent CNV, the blink 
precedes the air puff and the brain response to the corneal 
stimulus, which was prominent at first, has disappeared. 
In subsequent trials (Fig. 50, D, E) the CNV shrinks 
progressively, until after about 60 trials it is scarcely 
above the base-line and the eye is closed well before the 
air-puff. The effects of ‘probability dilution’ or equivoca- 
tion are particularly clear in this situation (Fig. 6). When 
the significance of the association between the auditory 
and corneal stimuli is diminished by partial reinforcoment 
both the CNV and the conditioned response vanish entirely 
and the brain response reappears (Fig. 6C). However, 
when the subject discovered a slight difference betweon 
the reinforced and unreinforced conditional stimuli the 
CNV and conditioned response return, Fig. 6E. 

Although the electric field of the CNV is generally 
limited to the anterior regions, there is some indication 
that variations in its spatial oxtent may be related to the 
degree and pattern of contingent response interaction, 
particularly in children. The application of these methods 
to the investigation of neuropsychiatric disorders has 
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already shown a surprisingly close correspondence between 
the objective signs of cerebral expectancy and the mental 
state of disturbed patients. 
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RECEPTORS IN THE SUCKER OF THE CUTTLEFISH 
By Pror. P. GRAZIADEI 


Department of Anatomy, University College, London 


(1 ss proprioceptors of crustaceans have proved 
to be useful in experimental investigations because 
both the cell body and dendrites lie at the periphery’*. 
This situation has been found in the mantle of cephalo- 
pods®*, The work recorded here shows that such multi- 
polar nerve cells with the characteristics of receptors are 
also found in the suckers of the cuttlefish. 

The general arrangement of the tentacular arm of 
Sepia officinalis has been described by Guérin* and my 
previous p&pers*-*. The sucker is cup-like, joined to the 
arm by means of a short peduncle (Figs. 1 and 2). Tho 
cup contains three principal zones where primary receptors 
can be demonstrated. These are: (1) the external side 
of the infundibulum (A, Fig. 1); (2) the flat rim of the cup 
(B, Fig. 1); (3) the bottom of the acetabulum (C, Fig. 1). 
These three zones contain several sorts of sensory cells, 
differing in shape and presumably in their capacity of 
recording information. Zone A is covered with columnar 
epithelium 30-40u thick (all the numerical data given in 
this paper are related to suckers of approximately 3 mm 





Fig. 1. Diagram of a sucker of Sepia officinalis, showing the general arrangement of the 
organ and its nerve supplies. .4, B, C, zones of the sucker provided with different types of 
receptors. a, acetabular muscle; ac, acetabulo-cutaneous muscle; 7, infundibular muscle; 
nb, nerve bundles radiating from the ganglion into the sucker: p, peduncle of the sucker; 
ra, receptors of the zone A; rb, receptors of the zone B; re, receptors of the zone C; 8, 
principal sphincter of the sucker; sc, sucker’s nerve; sg, sucker ganglion; ss, secondary 

sphincters of the acetabulum 


diameter, from adult animals, 10 cm mantle-length). 
There are two types of receptors, probably touch- and 
chemo-receptors, in zone A. The touch-receptors have 
round or flask-like cell bodies lying in the inferior third 
of the epithelial layer and their axons go to one of the 
twelve nerve bundlos that radiate from the peduncle into 
the wall of the sucker (Figs. 1 and 2). From the intra- 
epithelial course of the axon may arise some fine collaterals 
branching between the epithelial cells and intermingling 
with each other in a fine plexus at the base of the epithelial 
layer. The other type of cell is probably a chemo-receptor, 
because similar cells have boen found in the lip of Sepia 
officinalis. These cells are tapered and end at the free 
surface of the epithelium with a tuft of short cilia (2-3. 
long). It is very difficult to state the number of these 
receptors because they stain only sporadically with the 
methods used (Bielschowsky, Cajal), but an approximate 
estimate is not less (probably much more) than 600 and 
100 for touch- and chemo-receptors respectivoly in each 
sucker. 

The flat rim of the sucker (zone B) is 
covered by a single layer of epithelium, 
unusual in that each cell is covered by a 
tooth-like cuticular apparatus (Fig. 3). The 
size of the epithelial cells is 30-40p long and 
the cuticle is not less than 40—50y. thick. 
The cuticle provides a ring-shaped surface 
by means of which the sucker holds the 
objects grasped. There are multipolar 
nerve cells between the epithelial cells 
(approximately 300 in each sucker) which 
send branching processes (‘dendrites’) to 
the base of the stratum (Figs. 4, 5 and 6). 
These cells are presumably tension re- 
ceptors. The size of these irregular nerve 
cells varies from 20 to 60u (the size is taken 
as the average of the two largest diameters 
of the cell) and the processes of each cell 
spread over an area of 100p diameter, each 
dendritic field overlapping the neighbouring 
ones. The axon arises from the hillock of 
the cell but light microscopy shows no 
changes in structure (Nissl and Cajal 
methods). The diameter of the axon 
remains considerable (8-12u) along its 
entire course, and it may run without 
collaterals for more than 50y in the epith- 
elium (Fig. 4), where it turns into the 
muscular wall of the sucker (Figs. 1 and 6). 
Here it intermingles with the fibres forming 
the nerves of the sucker running to and 
from the arm ganglion. In this epithelium 
some very fine fibres of unknown nature 
(probably coming from the sucker ganglion) 
branch and intermingle with the dendritic 
processes of the nerve cells previously 
described. 
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Magazine 


The purpose of this book is to provide an under- 
standing of the operation of diodes and transistors, 
their technology, and their application in circuits. 
Engineers, other than electrical engineers, seeking 
acquaintance with semiconductors will find here a 
useful introduction to the subject, and the book 
will offer a firm background of fundamentals to 
technicians and others engaged in the field of elec-^ 
tronics. It also provides numerous illustrative 
exáriples to aid in the ‘understanding of the theory 
and applications. - 
AET ee eX .. 287 pages, 50s. 
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The Adiabatic Motion of 
Charged Particles 


THEODORE G. NorTHROP, University of California, 
Lawrence Radiation Laboratory, Berkeley 


Number 21 in the series Interscience Tracts on 
Physics and Astronomy. It contains a deductive 
and complete treatment of the approximate (ie., 
adiabatic) theory of charged particle motion in a 
slowly varying electromagnetic field. The trajectory 
of such a particle can be obtained more exactly by 
numerical integration of the non-linear equation of 
motion. However, the approximate theory is ade- 
quate for many purposes. It is particularly useful 
in space physics, where the time and space scale of 
events is very large. It is also the basis of much 
theory used in plasma physics and the controlled 
thermonuclear work. 

109 pages, 45s. 


Lectures in Theoretical 
Physics 
Volume V 


edited by W. E. BRITTIN, B. W. Downs and J. Downs, 
Department of Physics, University of Colorado 


This new volume of “ Boulder-Lectures " maintains 
the high standard of the well-known series. 


Contents: Behaviour of De Broglie Wave and 
Wave Packets; Recent Developments in Scatter- 
ing Matrix Theory of Particles and Resonances ; 
Theories of Ferroelectricity in KH2POs; Topics in 
Quantum Electronics ; Group Theoretical Approaches 
to Nuclear Spectroscopy ; Dynamics of Electrons in 
Crystals ; Theory and Practice of the Fermi Surface 
of Metals; The Universe in the Light of General 
Relativity ; Mach’s Principle as Boundary Condition 
for Einstein’s Field Equations. 

585 pages, 90s. 


Crystal Structures 
2nd Edition, Volume | 


RaLPH W. G. WyckorF, Professor of Physics and 
Bacteriology, University of Arizona 


This is. the first volume in a five volume series 
describing and illustrating all known crystal struc- 
tures. Previously published in loose-leaf format, 
it is the only complete and up-to-date comparative 
description available of existing crystal structures. 
An ample bibliography and a clear statement of 
atomic positions are included, and the visualization 
of structures is achieved by extensive illustration, 
showing the way atoms “ pack " together in forming 
crystals. Each chapter is provided with master 
tables which list the crystals described and give the 


aragraph references. 
P 480 pages, 132s. 
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Fast Neutron Physics, Part Il 


Experiments and Theory 


edited by J. B. Marion, University of Maryland 
and J. L. Fow.er, Oak Ridge National Laboratory 
(Interscience Monographs and Texts in Physics and 
Astronomy, edited by R. E. Marshak, Volume 4) 


The first part of this two volume work was con- 
cerned with experimental techniques: Part II gives 
the results obtained from experiments involving fast 
neutrons and describes the theoretical basis for the 
interpretation of these results. There is an extensive 
system of referencing, not only to original literature, 
but also to compilation in this field of neutron 
physics, which leads the reactor engineer or nuclear 
scientist to the source of neutron cross section 
literature which has been compiled, in part. from 
the experiments described in this book. 

1,284 pages. 340s. 
Part I: 1960. 1,007 pages, 265s. 


Organic Electronic Spectrai 


Data 
Volume 1V—1958-1959 
edited by J. P. PHILLIPS and F. C. NACHOD 


This volume is a compendium of ultraviolet and 
visible spectra, abstracted by more than fifty con- 
tributors from the 1958 and 1959 issues of over 80 
chemical and allied periodicals. Volume I (1946- 
52 edited by M. J. Kamlet) and Vol. II (1953-55, 
edited by H. E. Ungnade) were published in 1960. 
Vol. Ill is in preparation. These volumes will repre- 
sent an unique collection of organic electronic 
spectral data and form a convenient, comprehensive 
catalogue. 
Vol I: 188s. 
Vol. II: 113s. 

1,192 pages, 150s. 


Polymer Single Crystals 


Puur H. GEIL, Research Triangle Institute, 
Durham, North Carolina 


Volume 5 in the series POLYMER REVIEWS. 
edited by H. F. Mark. This book covers for the 
first time in detail the morphology of crystalline 
polymers. The application of electron microscopy 
to crystalline polymers has shown that a vast amount 
of detailed morphological information is susceptible 
to study and description. The data that have been 
reported for crystals grown from both solution and 
melt are considered. In addition the author discusses 
the initial steps that have been taken towards tbe 
description of polymers on a molecular scale. 
through the joint application of microscopy and a 
number of other techniques. 

560 pages, 120s. 
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RECENT SCIENTIFIC and TECHNICAL BOOKS 


Volumes marked with an asterisk (*) have been received at ‘‘Nature’’ Office 


Mathematics 


ATKINSON, F. V. Discrete and Continuous Boundary Problems. (Mathe- 
matics in Science and Engineering : a Series of Monographs and Textbooks, 
Vol.8.) Shin. x 64 in. (23:5 cm x 16cm). Pp.xiv--570. (New York : Academic 
Press, Inc. ; London : Academic Press, Inc. (London), Ltd., 1964.) 118s.* 

BELLMAN, Richard. Perturbation Techniques in Mathematics, Physics and 
Engineering. (Athena Series : Selected Topics in Mathematics.) 94 in.x 6i in. 
(24 em x 16 cm). Pp. viii--118. (New York and London: Holt, Rinehart and 
Winston, 1964.) 30s.* 

BICKLEY, W. G.,and THOMPSON, R. S. H. G. Matrices : Their Meaning and 
Manipulation. (General Engineering Series.) 8$ in.x 52 in. (22 cmx 15 cm). 
Pp. xiii--168. (London: The English Universities Press, Ltd., 1964.) 2ls. net.* 

BOURGIN, D.G. Modern Algebraic Topology. 94 in. x 64 in. (24 cm x 16 cm). 
Pp. xii4-544. (New York: The Macmillan Company ; London: Collier-Mac- 
millan, Ltd.,1963.) 84s.* 

DOMORYAD, A. P. Mathematical Games and Pastimes. Translated by Halina 
Moss. (Popular Lectures in Mathematics, Vol. 10.) 82 in. x 53 in. (22 cmx 
14 cm). Pp. xi--298. (London and New York : Pergamon Press, 1964.) 35s. 
net. 

DYNKIN, E. B., and USPENSKII. Mathematical Conversations. Part |: 
Multicolor Problems. Pp.66. 12s.6d. net. Part 2: Problems in the Theory of 
Numbers. Pp. 117. 17s. net. Part 3: Random Walks. Pp. 80. I4s. 6d. net. 
(Survey of Recent East European Mathematical Literature.) 8in.xS5iin.(20cmx 
13 cm). (Boston, Mass. : D. C. Heath and Company ; London: George G. 
Harrap and Co., Ltd., 1963.)* 

FOX, L. An Introduction to Numerical Linear Algebra. (Monographs on 
Numerical Analysis.) 93 in.x 6$ in. (24 cmx 16 cm). Pp. xi+295. (Oxford : 
Clarendon Press ; London : Oxford University Press, 1964.) 50s. net.* 


HUNTER, J. Number Theory. (University Mathematical Texts.) 7% in.x 
54 in. (I9 cmx 12:5 em). Pp. ix+149. (Edinburgh and London: Oliver and 
Boyd, Ltd., 1964.) 10s. 6d.* 


JANS, James P. Rings and Homology. (Athena Series: Selected Topics in 
Mathematics.) 94 in.x 6} in. (24 cm x 16 cm). Pp. vii--88. (New York and 
London : Holt, Rinehart and Winston, 1964.) 28s.* 

KAMKE, E. Théorie des Ensembles. Traduit par A. M. v. d. Lahr-Degout. 
(Monographies Dunod.) 6i in.x 42 in. (16:5 cmx Il cm). Pp. ix4-228. (Paris : 
Dunod, 1964.) [9 francs.* 

KHINTCHINE, A. Ya. Continued Fractions. Translated by Peter Wynn. 
Hia in. (23 cm x 15:5 cm). Pp. 101. (Groningen : P. Noordhoff, Ltd., 1963.) 

.25 D.fl. 

LEDERMANN, Walter. Introduction to the Theory of Finite Groups. Fifth 
edition. (University Mathematical Texts.) 7 in.x5 in. (19 cmx I2:5 cm). 
Pp. ix4-174. (Edinburgh and London: Oliver and Boyd, Ltd. ; New York : 
Interscience Publishers, Inc., 1964.) lOs. 6d.* 

MOSTOWSKI, A., and STARK, M. Introduction to Higher Algebra. Trans- 
lated from the Polish by Dr. J. Musielak. (International Series of Monographs on 
Pure and Applied Mathematics, Vol.37.) 82in.x52in. Q2 cmx I5 cm). Pp. 474. 
(London and New York : Pergamon Press ; Warszawa : PWN-Polish Scientific 
Publishers, 1964.) 45s.* 

MUNROE, M. Evans. The Language of Mathematics. (Ann Arbor Science 
Library.) 8L in.x51iin.(2l cmx 13cm). Pp.94. (Ann Arbor, Michigan : Univer- 
ux of Michigan Press; London: The Cresset Press, Ltd., 1963.) 4 dollars ; 

s.* 

PAPY, Georges. Groups. Translated by Mary Warner. 8}in.x6in. (22cmx 
15:5 cm). Pp. xvii-+-220+32 plates. (London: Macmillan and Co., Ltd. ; New 
York : St. Martin's Press, Inc., 1964.) 42s. net.* 

PERVIN, William J. Foundations of General Topology. (Academic Press 
Textbooks in Mathematics.) 94 in.x 6% in. (23-5 cmx 16 cm). Pp. xi+209. 
(New York : Academic Press, Inc. ; London : Academic Press, Inc. (London), 
Ltd., 1964.) 64s.* 

ROSATI, Mario. La Funzioni e le Varieta Quasi Abeliabe dalla Teoria del 
Severiad Oggi (Pontificiae Academiae Scientiarum Scripta Varia, Nr.23.) 9k in.x 
64 mu cmx 16:5 cm). Pp. 194. (Vatican City}: Pontificial Academy of Science, 
1962.) n.p. 

SEVERI, Francesco. Funzioni Quasi Abeliane. Seconda edizione ampliata. 
(Pontificiae Academiae Scientiarum Scripta Varia, Nr.20.) 9p in.x 6L in. 24 cmx 
16:5 cm). Pp.406. (Vatican City : Pontificial Academy of Science, 1961.) n.p.* 

SHIROKOV, P. A. A Sketch of the Fundamentals of Lobachevskian Geometry. 
Translated from the first Russian edition by Leo F. Boron, with the assistance of 
Ward D. Bouwsma. 8% in.x54 in. (2:5 cemx 14 cm). Pp. 87. (Groningen : 
P. Noordhoff, Ltd., 1964.) 11.75 D.fl.* 

SHREIDER, Yu. A. (edited by). Method of Statistical Testing. 9 in.x6 in. 
(23 cm x 15:5 cm). Pp. ix4-303.. (Amsterdam, London and New York: Elsevier 
Publishing Company, 1964.) 90s.* 

TÓTH, Fejes. Regular Figures. (International Series of Monographs on Pure 
and Applied Mathematics, Vol. 48.) 82 in. x 52 in. (22 cmx I5 cm). Pp. xi-+ 
339. (London and New York: Pergamon Press, 1964.) 84s. net.* 

WRIGHT, Fred B. (edited by). Ergodic Theory. (Proceedings of an Inter- 
national Symposium held at Tulane University, New Orleans, Louisiana, October 
1961.) 94 in.x 6% in. (23:5 cmx 16cm). Pp.xiid-316. (New York : Academic 
Press, Inc.; London : Academic Press, Inc. (London), Ltd., 1963.) 64s.* 


Physics 


ADLER, Irving. Inside the Nucleus. 83 in.x 53 in. (2:5 emx 14cm). Pp. I91. 
London : Dennis Dobson, 1963.) 25s.* 

BARROW, William. Unified Physics: a Practical Handbook of 65 Class 
Experiments. 8$ in.x 52 in. (22 em x I5 cm). Pp. 157. (Southsea, Hants : The 
Lamer Press, 1963. Distributed by Macdonald and Co. (Publishers), London.) 
12s. 6d. 

BEER, Albert C. Galvanomagnetic Effects in Semiconductors. (Supplement 4 
to Solid State Physics : Advances in Research and Applications.) 9} in.x6ł in 
(23:5 cm x 16cm). Pp. xiv-+-418. (New York : Academic Press, Inc. ; London : 
Academic Press, [nc. (London); Ltd., 1963.) 96s. 6d.* 

BETHE, Hans A. Intermediate Quantum Mechanics. (Lecture Notes and Supple- 
ments in Physics.) 94 in. x 6L in. (23-5 cmx l6 cm). Pp. x--278.. (New York and 
Amsterdam: W. A. Benjamin, Ine., 1964.) Clothbound 9 dollars ; Paperback 
4.95 dollars.* 

BLATT, John M. Theory of Superconductivity. (Pure and Applied Physics : 
a Series of Monographs and Textbooks, Vol. 17.) 94 in.x61in. (23-5 cm x l6 cm). 


Pp. xii+-486. (New York: Academic Press, Inc. ; London: Academic Press, 
Inc. (London), Ltd., 1964.) 89s.* 

CALLAWAY, Joseph. Energy Band Theory. (Pure and Applied Physics : a 
Series of Monographs and Textbooks, Vol. 16.) 93 in. x 61 in. (23:5 cmx 16 cm). 
Pp. x4-357. (New York : Academic Press, Inc. ; London : Academic Press, Inc. 
(London), Ltd., 1964.) 80s.* 

CARERI, G. (edited by). Proceedings of the International School of Physics 
“Enrico Fermi"', Varenna on Lake Como, July 3—July 15, 1961. Course 2l : Liquid 
Helium. (Italian Physical Society.) 92 in.x 62 in. (25 cmx I7 em). Pp. vi--442. 
(New York: Academic Press, Inc.; London : Academic Press, Inc. (London), Ltd., 
1963.) 114s. 6d.* 

CONVERSI, M. (edited by). Proceedings of the International School of Physics 
“Enrico Fermi"', Varenna on Lake Como, July 23-August 4, 1962. Course 26 : 
Selected Topics on Elementary Particle Physics. (Italian Physical Society.) 92 in. 
x62 in. (25 cmx17 cm). Pp. xi4-294. (New York: Academic Press, Inc. ; 
London : Academic Press, Inc. (London), Ltd., 1963.) 80s.* 

DE VRIES, Louis, and CLASON, W. E. (compiled by). Dictionary of Pure and 
Applied Physics. Vol. 2: English-German. 7% in.x5% in. (19 cm» I3 cm). 
Pp. 341. (Amsterdam, London and New York: Elsevier Publishing Company, 
1964.) 55s.* 

FOCK,V. The Theory of Space, Time and Gravitation. Second, revised edition. 
Translated from the Russian by N. Kemmer. 92 in. x6 in. (25 cm - 16:5 cm). 
Pp. xii+448. (London and New York : Pergamon Press, 1964.) 100s. net.* 

FOX, Jerome (edited by). Proceedings of the Symposium on Optical Masers, 
New York, N.Y., April 16, 17, 18, 19, 1963. (Microwave Research Institute 
Symposia Series, Vol. 13.) 9 in.x 6in. (23 cm x 15:5 cm). Pp. xxv--652. (Brook- 
lyn, N.Y. : Polytechnic Press of the Polytechnic Institute of Brooklyn, 1963. 
Distributed by Interscience Publishers, a Division of John Wiley and Sons, Inc.. 
New York and London.) 113s.* 

FUTTERMAN, Walter |. (edited by). Propagation and Instabilities in Plasmas. 
(Seventh Lockheed Symposium on Magnetohydrodynamics.) 94 in.x 63 in. 
(23:5 cm x 16 cm). Pp. vi--144. (Stanford, Calif. : Stanford University Press ; 
London : Oxford University Press, 1963.) 36s. net.* 

GIBSON, Alan F.,and BURGESS, R. E. (edited by). Progress in Semiconductors, 
Vol. 8. (A Heywood Book.) 10 in.x6% in. (25-5 cmx 16 cm). Pp. vi4-244. 
(London : Temple Press Books, Ltd., 1964.) 70s. net.* 

HASTED, J. B. Physics of Atomic Collisions. (Butterworths Advanced 
Physics Series: Monographs on lonization and Electrical Discharges of Gases.) 
10 in. x 6 in. (25°5 cmx 16 cm). Pp. ix+536. (London: Butterworth and Co. 
(Publishers), Ltd., 1964.) 130s.* - . 

JEFFREY, A., and TANIUTI, T. Non-Linear Wave Propagation with Applica- 
tions to Physics and Magnetohydrodynamics. (Mathematics in Science and 
Engineering : a Series of Monographs and Textbooks, Vol. 9.) 9} in.» 6 in. 
(23-5 cmx 15-5 cm.) Pp.ix--369. (New York : Academic Press, Inc. ; London : 
Academic Press, Inc. (London), Ltd., 1964.) 86s.* : 

KNOX, Robert S. Theory of Excitons. (Supplement 5 of Solid State Physics : 
Advances in Research and Applications.) 9% in.x6 in. (23-5 cm x 15:5 cm). Pp. 
vii--207. (New York: Academic Press, Inc. ; London: Academic Press, Inc. 
(London), Ltd., 1963.) 68s.* 

LOMPE, A. (herausgegeben von). Technisch-Wissenschaftliche Abhandlungen 
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viii--307. (Berlin: Springer-Verlag, 1963.) n.p.* 

MACLACHLAN, James H., MCNEILL, K. G., and BELL, John M. Matter and 
Energy : The Foundation of Modern Physics. 9$ in.x72 in. (25 cm x 18:5 cm). 
Pp. viii--408. (London: George G. Harrap and Co., Ltd., 1964.) 30s.* 

OPTICAL TRANSITION PROBABILITIES : A Representative Collection of 
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Optics and X-Ray Microanalysis. (Third International Symposium, Stanford 
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SMITH, R. A. (edited by). Proceedings of the International School of Physics 
“Enrico Fermi”, Varenna on Lake Como, July I7-Aug 5, 1961. Course 22 
Semiconductors. (ltalian Physical Society.) 93 in.x6$ in. (25 em» 17 cm). 
Pp. xi+540. (New York: Academic Press, Inc. ; London : Academic Press, 
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Pp. xvi +190. (London and New York: Pergamon Press, 1964.) 70s. net.* 

MARTON, L. (edited by). Assisted by MARTON, Claire. Advances in Elec- 
tronics and Electron Physics, Vol. 19. 94 in.x 6$ in. (23:5 cmx 16 cm). Pp. 
x--323. (New York: Academic Press, Inc. ; London : Academic Press, Inc. 
(London), Ltd., 1964.) 86s.* : 

NAGIEV, M. F. The Theory of Recycle Processes in Chemical Engineering. 
Translated by R. Hardbottle. Translation edited by R. M. Nedderman. (Inter- 
national Series of Monographs on Chemical Engineering, Vol. 3.) 94 in. x 6} in. 
(23:5 cmx 16 cm). Pp. xvi--278. (London and New York: Pergamon Press, 
1964.) 100s. net.* 

NELSON, Wilbur C. (edited by). The High Temperature Aspects of Hyper- 
sonic Flow. (Proceedings of the AGARD-NATO Specialists’ Meeting sponsored 
by the Fluid Dynamics Panel of AGARD, held at the Technical Centre for Experi- 
mental Aerodynamics, Rhode-Saint-Genése, Belgium, 3-6 April 1962. AGARDo- 
graph No. 68.) 10 in. x 6} in. (25-5 cm x 16.5 em). Pp. xiv-|-786. (London and 
New York : Pergamon Press, 1964.) 300s. net.* 

NUMACHI, F. (edited by). Cavitation and Hydraulic Machinery. (Proceedings 
, of IAHR-Symposium, Sendai, Japan, 1962.) 103 in.x71 in. (265 cmx 19 cm). 

"*Pp. 5I8--52. (Sendai, Japan: IAHR-Symposium, c/o Institute of High Speed 
Mechanics, Tohoku University, 1963.) n.p.* 

ROBINSON, J. E. L. (edited by). Abnormal Loads on Power Systems. (Report 
on the Symposium on Transient, Fluctuating and Distorting Loads and Their 
Effect on Power Systems and Communications, held in London, 25th and 26th 
February 1963.) Il in.x 84 in. (28 cm x 2l-5 cm). Pp.vi4-186. (London : Insti- 
tution of Electrical Engineers, [964.) 90s.* 

SUCHER, Max, and FOX, Jerome (edited by). Handbook of Microwave 
Measurements. Third edition, completely revised and enlarged. Vol. | : Pp. 
Xix4-I-416. Vol.2: Pp.xv+417-804. Vol.3 : Pp.xv--805-1[45. Il in. x 84in. 
(28 cm x 21:5 cm). (Brooklyn : Polytechnic Press of the Polytechnic Institute of 
Brooklyn, 1963. Distributed by Interscience Publishers, a Division of John Wiley 
and Sons, Inc., New York and London.) 300s.* 

TAFT, V. A. Electrical Circuits with Variable Parameters including Pulsed- 
Control Systems. Translated by F. Immirzi. Translation edited by R. C. Glass. 
8t in. x Shin. (22 cm x 14 cm). Pp. xii-I- 109. (London and New York: Pergamon 
Press, 1964.) 50s. net.* 

U.S.S.R. DIRECT CURRENT RESEARCH : Reports of the Leningrad Direct 
Current Research Institute. Translated from the Russian by Louis Anderson Fenn. 
93 in. x 6} in. (23-5 cm x l6 cm). Pp. 287. (London and New York: Pergamon 
Press, 1964.) 100s. net.* 


NATURE . 


July 25, 1964 


Geology : Geophysics : Geochemistry : Mineralogy 


CHALLINOR, John. A Dictiona of Geology. Second edition. 82 in.x 
5i in. Q2 cm x [5 cm). 7 Jai A E 


3e Pp. xv--289. (Cardiff : University of Wales Press, 1964.) 


DONNELLY, Thomas W. (edited by). The Earth Sciences: Problems and Pro- 
gress in Current Research. 92 in.x6 in. (23:5 cmx l6 cm). Pp. vii+ 195. 
(Chicago and London : University of Chicago Press, 1963. Published for William 
Marsh Rice University.) 6 dollars.* 

HODGSON, John H. Earthquakes and Earth Structure. 8L in.x 54 in. (2l cm x 
14 cm). Pp. ix-- 166. (Englewood Cliffs, N. J., and London : Prentice-Hall, 
1964.) 24s.* 

: SINDEEVA, N.D. Mineralogy and Types of Deposits of Selenium and Tellur- 
ium. 9} in.x 6} in. (23-5 cmx l6.cm). Pp. xv4-363. (New York and London: 
Interscience Publishers, a Division of John Wiley and Sons, 1964.) 102s.* 

TRUEMAN, Sir Arthur E. An Introduction to Geology. Revised edition 
prepared by J. A. G. Thomas. 7} in.x5 in. (19 cmx 12:5 cm). Pp. x4322. 
(London : Thomas Murby and Co., 1964.) 16s. net.* 

VANSTRAATEN, L. M.J. U. (edited by). Deltaicand Shallow Marine Deposits : 
Proceedings of the Sixth International Sedimentological Congress, The Nether- 
lands and Belgium, 1963. (Developments in Sedimentology, Vol. 1.) 9% in.x 
6i in. (24 cmX]7 cm). Pp. xvi--46l. (Amsterdam, London and New York : 
Elsevier Publishing Company, 1964.) 130s.* 


Crystallography 


BRILL, R. (edited by). Advances in Structure Research by Diffraction Methods, 
Vol. l. (Fortschritte der Strukturforschung mit Beugungsmethoden, Band I.) 
9% in. x 6} in. (24 cmx 16:5 cm). Pp. 221. (Braunschweig: Friedr. Vieweg 
und Sohn ; New York and London : Interscience Publishers, a Division of John 
Wiley and Sons, 1964.) [02s.* 

SCHUBERT, Konrad. Kristallstrukturen Zweikomponentiger Phasen. (Reine 
und Angewandte Metallkunde in Einzeldarstellungen, Band 17.) 91 in.x 6% in. 
(235 cmx l6 cm). Pp. xii+432. (Berlin, Gottingen und Heidelberg : Springer- 
Verlag, 1964.) 96 D.M.* 

SHUBNIKOV,A. V., BELOV, N. V. ,and others. Colored Symmetry. Translated 
from the Russian by Jack Itzkoff and Jack Gollob. Edited by William T. Holser. 
8i in.x 5k in. (22 cmx 14cm). Pp. xxv 4-263. (London and New York : Perga- 
mon Press, 1964.) 70s. net.* 


Chemistry : Chemical Industry 


AMINO ACIDS AND SERUM PROTEINS. (Advances in Chemistry Series, 
No. 44.) 9} in. x 63 in. (23:5 cm x 16 cm). Pp. xxiii--154. (Washington, D. C. : 
American Chemical Society, 1964.) 5.50 dollars.* 

BATES, Roger G. Determination of pH : Theory and Practice. 9} in.x6 in. 
(23:5 cmx 15:5 cm). Pp. xv4-435. (New York and London : John Wiley and 
Sons, 1964.) [00s.* 

BORON-NITROGEN CHEMISTRY : an International Symposium sponsored 
by U.S. Army Research Office—Durham, at Duke University, Durham, N.C., 
April23-25, 1963. (Advances in Chemistry Series, No. 42.) 9in.x6in. (23 cmx 
15:5 cm). Pp. x4-330. (Washington, D.C. : American Chemical Society, 1964.) 
7.50 dollars.* 

BRUNI, Giuseppe. Chimica Generale e Inorganica. XII edizione. 9k in.x 
7 in. (24 cmx I8 cm). Pp. xxii+724. (Milano : Tamburini Editore, 1964.) 


7,000 lire.* 
CRAIG, H., MILLER, S. L., and WASSERBURG, G. J. (edited by). Isotopic 
and Cosmic Chemistry. 9 in. x6} in. (23 cm x 16cm). Pp. xxv+553. (Amster- 


dam : North-Holland Publishing Company, 1964.) 108s.* 

DE MAYO, Paul (edited by). Molecular Rerrangements, Part 2. 91 in. x 61 in. 
(23-5 cm x 16 cm). Pp. viii-- 709-1244. (New York and London: Interscience 
Publishers, a Division of John Wiley and Sons, 1964.) |50s.* 

DOMANGE, L. Précis de Chimie Générale et de Chimie Minérale, Tome I. 
(Collection de précis de Pharmacie.) 81 in.x64 in. (21 emx16:5 cm). Pp.’ 
viii--404. (Paris: Masson et Cie., 1964.) 38francs.* 

DREW, Thomas B., HOOPES, Jr., John W., and VERMUELEN, Theodore. 
Advances in Chemical Engineering, Vol. 4. 93 in.x6 in. (23:5 cmx 15-5 cm). 
Pp. x-F374. (New York : Academic Press, Inc. ; London : Academic Press, Inc. 
(London), Ltd., 1963.) 100s.* ý : 

EDWARDS, John O. Inorganic Reaction Mechanisms: an Introduction. 
(The Physical Inorganic Chemistry Series.) 9} in. x 61 in. (23-5 cmx 16 cm). 
Fp; xit 190, (New York and Amsterdam: W. A. Benjamin, Inc., 1964.) 7 

ollars. 

KLOTZ, Irving M. Chemical Thermodynamics : Basic Theory and Methods. 
Revised edition, 92 in.x 62 in. (23-5 cmx l6 cm). Pp. xiv-I-468. (New York 
and Amsterdam : W. A. Benjamin, Inc., 1964.) 9.75 dollars.* 

KLOTZ, Irving M. Introduction to Chemical Thermodynamics. 9 in.x6 in. 
Q3 cm x 15-5 zm). Pp. ix--244.. (New York and Amsterdam: W. A. Benjamin, 
lnc., 1964.) 3.95 dollars.* z 

KOLTHOFF, I. M., and ELVING, Philip J. (edited by). With the assistance of 
SANDELL, Ernest B. Treatise on Analytical Chemistry. Part | : Theory and 
Practice, Vol. 5. 9$ in.x 6 in. (24 cmx 17 cm). Pp. xx4-2707-3345.. (New York 
and London : Interscience Publishers, a Division of John Wiley and Sons, 1964.) 

s. 

KONDRAT'EV, V. N. Chemi:al Kinetics of Gas Reactions. Translated from 
the Russian by J. M. Crabtree and S. N. Carruthers. Translation edited by N. B. 
Slater. 91 in.x6i in. (23-5 cm x I6 cm). Pp.xiv--812. (London and New York : 
Pergamon Press, 1964.) 105s. net.* 

LEE, J. D. Concise Inorganic Chemistry. 9} in.x 6% in. (23:5 cmx 16 cm). 
Pp. xii+248. (Princeton, N.J.: D. Van Nostrand Company, Inc. ; London : 
D. Van Nostrand Company, Ltd.,1964.) Clothbound 50s. ; Paperbound 27s. 6d. * 

LODGE, A. S. Elastic Liquids : an Introductory Vector Treatment of Finite- 
Strain Polymer Rheology. 94 in.x6} in. (23:5 cmx l6 cm). Pp. xii+389. 
(London : Academic Press, Inc. (London), Ltd. ; New York : Academic Press, 
Inc., 1964.) 75s.* 

MOELWYN-HUGHES, E. A. Physical Chemistry. Second revised edition. 
9i in. x 6d in. (25 em x 16 cm). Pp. vii-- 1334. (London and New York: Perga- 
mon, Press, 1964.) 84s. net.* 

MÜNSTER, Arnold. LesLiquides Simples : Théorie et Donnés Expérimentales. 
(Monographies de Chimie Physique.) 94 in.x6 in. (24 cmx [5:5 em). Pp. 77. . 
(Paris : Gauthier-Villars, 1964.) 14 francs.* 

PARTINGTON, J. R. A History of Chemistry, Vol.4. IOin.x 64 in. (25-5 cmx 
16:5 cm). Pp. xxxi--1007. (London: Macmillan and Co., Ltd. ; New York: 
Sc. Martin's Press, Inc., 1964.) 210s. net.* 

PESTEMER, Max. Anleitung zum Messen von Absorptionsspektren im Ultra- 
violett und Sichtbaren. 9 in.x6 in. (23 cmx 15-5cm). Pp.viii--78. (Stuttgart : 
Georg Thieme Verlag, 1964.) 7.80 D.M.* 
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RAO, C. N. R. Chemical Applications of Infrared Spectroscopy. 91 in.x 
6; in. (23:5 cmx 16 cm). Pp. xiii--681. (New York: Academic Press, Inc. ; 
London : Academic Press, Inc. (London), Ltd., 1963.) 139s. 6d.* 

REAGENTS AND REACTIONS FOR QUALITATIVE INORGANIC ANALYSIS: 
Fifth Report. (International Union of Pure and Applied Chemistry. Analytical 
Chemistry Division : Commission on Analytical Reactions. Pure and Applied 
Chemistry, Vol. 8, No. 1, 1964.) 10 in. x 6 in. (25-5 cemx l6 cm). Pp. x+88. 
(London : Butterworth and Co. (Publishers), Ltd., 1964.) 32s. 6d.* 

REISS, H. (edited by). Progress in Solid State Chemistry, Vol. | : 91 in. x 6l in. 
(23:5 cmx 16 cm). Pp. vii--536. (London and New York: Pergamon Press, 
1964.) 120s. net.* 

ROSE, J. Advanced Physico-Chemical Experiments : a Textbook of Practical 
Physical Chemistry and Calculations. 82 in. x 53 in. (22cmx14cm). Pp. xviiit+ 
414. (London: Sir Isaac Pitman and Sons, Ltd., 1964.) 50s. net.* 

SINGH, B. K., and PERTI, O. N. Optical Activity and Chemical Constitution. 
(Uttar Pradesh : Scientific Research Committee Monograph.) 84 in.x53 in. 
Ur cma !4 cm). Pp. xii4-149. (London: Asia Publishing House, 1963.) 

s. 

SZYMANSKI, Herman A. IR : Theory and Practice of Infrared Spectroscopy. 
9i in. x6% in. (23-5 cmx l6 cm). Pp. xiv+375. (New York: Plenum Press, 
1964.) 15 dollars.* 

TAYLOR, H. F. W. (edited by). The Chemistry of Cements, Vol. 1. 92 in.x 
6h in. (23:5 cm x I6 cm). Pp.xi+460. (London : Academic Press, Inc. (London), 
Ltd. ; New York : Academic Press, Inc., 1964.) 100s.* , 

WASER, J. Quantitative Chemistry : a Laboratory Text. Revised edition. 
92 in. x 63 in. (23-5 em x 16 cm). Pp. xiii4-432. (New York and Amsterdam : 
W. A. Benjamin, Inc., 1964.) Clothbound 6 dollars ; Paperback 3.95 dollars.* 

WHISTLER, Roy L. (edited by). Methods in Carbohydrate Chemistry. Vol.4: 
Starch. 9 in.x 6 in. (23 cm x [5-5 cm). Pp. xvi4-335. (New York: Academic 
Press, Inc. ; London: Academic Press, Inc. (London), Ltd., 1964.) 96s. 6d.* 

WILLEMSENS, L. C. Organolead Chemistry : a Concise Review, with special 
reference to the Literature covering the period January 1953 to July 1963. 93 in. 
X 64 in. (24 cemx 16:5 cm). Pp. III. (New York: International Lead Zinc 
Research Organization, 1964. Distributed by Organisch Chemisch Instituut, 
T.N.O., Croesestraat 79, Utrecht, The Netherlands.) Gratis.* 


Biochemistry : Physiology : Pharmacology 


ANDY, Orlando J., and STEPHAN, Heinz. The Septum of the Cat. 9iin.x 
62 in. (23:5 cnx I6 cm). Pp. xii--84. (Springfield, Ill.: Charles C. Thomas, 
1964.) 6.75 dollars.* 

ANFINSEN, Jr., C. B., ANSON, M. L., and EDSALL, John T. (edited by). 
Advances in Protein Chemistry, Vol. I8. 91 in.x6l'in. (23:5 cmx 16 cm). Pp. 
x4-335. (New York: Academic Press, Inc. ; London: Academic Press, Inc. 
(London), Ltd., 1963.) 100s.* a 

BOEKENOOGEN, H. A. (edited by). Analysis and Characterization of Oils, 
Fats and Fat Products, Vol. |. 91 in.x6 in. (23:5 cmx 15-5 cm). Pp. xiii 4-421. 
(London and New York : Interscience Publishers, a Division of John Wiley and 
Sons, 1964.) 84s.* 

BRACHET, Jean, and MIRSKY, Alfred E. (edited by). The Cell : Biochemistry, 
Physiology, Morphology. Vol. 6: Supplementary Volume. 9 in.x6} in. 
(23-5 cm x l6 cm). Pp. xiv+564. (New York : Academic Press, Inc. ; London: 
Academic Press, Inc. (London), Ltd., 1964.) 128s. 6d.* 

CHICHESTER, C. O., MRAK, E. M. and STEWART, G. F. (edited by). Advances 
in Food Research, Vol. 12. 91 in.x6tin. (23-5 cm x 16cm). Pp. ix+433. (New 
oL Academic Press, Inc.; London : Academic Press, Inc. (London), Ltd., 1963.) 

Os. 

COMAR, C. L., and BRONNER, Felix (edited by). Mineral Metabolism : 
An Advanced Treatise. Vol.2: The Elements, Part A. 9}in.x 62 in. (23:5 cmx 
l6 cm). Pp. xiv--649. (New York : Academic Press, Inc. ; London : Academic 
Press, Inc. (London), Ltd., 1964.) 157s.* 

FLORKIN, Marcel, and STOTZ, Elmer H. Comprehensive Biochemistry. Vol. 
I5: Group-Transfer Reactions. 9 in.x 6 in. (23 cm x 15-5 cm). Pp. xii-+-246. 
(Amsterdam, London and New York: Elsevier Publishing Company, 1964.) 
70s.* 

HALL, Victor (edited by). In association with GIESE, Arthur C.,and SONNEN- 
SCHEIN, Ralph R. Annual Review of Physiology, Vol.26. 9 in.x 61 in. (23 cm x 
dabis Pp. vii--525. (Palo Alto, Calif.: Annual Reviews, Inc., 1964.) 8.50 
dollars. 

HOCHSTER, R. M., and QUASTEL, J. H. (edited by). Metabolic Inhibitors : a 
Comprehensive Treatise, Vol. 2. 9% in.x61 in. (23:5 cmx I6 cm). Pp. xviii+ 
753. (New York: Academic Press, Inc. ; London: Academic Press, Inc. 
(London), Ltd., 1963.) 200s.* 

HOLLMANN, S. Non-Glycolytic Pathways of Metabolism of Glucose. Trans- 
lated and revised by Oscar Touster. 94 in. x 6} in. (23:5 cm x 16 cm). Pp.ix4-276. 
(New York : Academic Press, Inc. ; London : Academic Press, Inc. (London), 
Ltd., 1964.) 86s.* 

HOLMAN, R.T. (edited by). Progressin the Chemistry of Fats and other Lipids, 
Vol.7, Part 2. 9k in.x6in. (24cmx 5*5 cm). Pp. vi4-167-289. (London and 
New York : Pergamon Press, 1964.) 35s.* 

KOBLET, Hans. Physikalische Begriffe in der Klinischen Biochemie. 9} in. 
* 61 in. (23:5 cmx 16 cm). Pp. xii+274. (Stuttgart : Georg Thieme Verlag, 
1964.) 30 D.M.* 

PAOLETTI, Rodolfo, and KRITCHEVSKY, David (edited by). Advances in 
Lipid Research, Vol. I. 94 in. x 6} in. (23:5 em x16 cm). Pp. xii+418. (New 
HÀ atem Press, Inc. ; London : Academic Press, Inc. (London), Ltd., 

E s. 

PAOLETTI, Rodolfo (edited by). Lipid Pharmacology. (Medical Chemistry : 
a Series of Monographs, Vol.2.) 92 in. x 6} in. (23:5 cmx l6 cm). Pp. xiii 4-538. 
(New York: Academic Press, Inc. ; London : Academic Press, Inc. (London), 
Ltd., 1964.) 125s.* 

PAVLOV, |. P. Lectures on Conditioned Reflexes. Translated and edited by 
W. Horsley Gantt. Vol.1: Pp.4l4. Vol.2: Pp.199, 8hin.x54 in. (21-5 emx 
14cm). (London : Lawrence and Wishart, 1963.) Set of two volumes 63s. net.* 

PEETERS, H. (edited by). Protides of the Biological Fluids : Proceedings of the 
Eleventh Colloquium, Bruges, 1963. 94in.x 62in. (24 cm x 17 cm). Pp.xii+536. 
(amsterdam, London and New York: Elsevier Publishing Company, 1964.) 

"s. 

PINCUS, Gregory, THIMANN, Kenneth V., and ASTWOOD, E. B. (edited by). 
The Hormones : Physiology, Chemistry, and Applications, Vol.4. 94 in.x 6} in. 
(23:5 cmx l6 cm). Pp. xiii--688. (New York : Academic Press, Inc. ; London : 
Academic Press, Inc. (London), Ltd., 1964.) 157s.* 

STANEK, Jaroslav, CERNY, Miloslav, KOCOUREK, Jan, and PACAK, Josef. 
The Monosaccharides. 94 in.x 64 in. (24 cm x [6-5 cm). Pp. 1006. (New York 
and London: Academic Press ; Prague: Publishing House of the Czechoslovak 
Academy of Science, 1963.) 228s. 6d.* 

STAPLE, Peter H. (edited by). Advances in Oral Biology, Vol. |. 94 in.x 
6} in. (23:5 cmx 16 cm). Pp. xiii--353. (New York: Academic Press, Inc. ; 
London : Academic Press, Inc. (London), Ltd., 1964.) 100s.* 
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THE HARVEY LECTURES, Series 58. (Delivered under the auspices of the 
Harvey Society of New York, 1962-1963.) 8 in. 5} in. (20 cma I4 em). Pp. 
xiv--33l. (New York: Academic Press, Inc. ; London : Academic Press, Inc. 
(London), Ltd., 1963.) 76s.* 

WALSH, E. Geoffrey. Physiology of the Nervous System. Second edition. 
9 in.x6 in. (23 cmx 15:5 cm). Pp. xv-+615--66 plates. (London: Longmans. 
Green and Co., Ltd., 1964.) 50s. net.* 

WANG, G. H. The Neural Control of Sweating. 82in.* 52:in. (22cm, 15cm), 
Pp.ix--129. (Madison : University of Wisconsin Press, 1964.) 5 doliars.* 

WOLSTENHOLME, G. E. W., and O'CONNOR, Maeve (edited by). Diet and 
Bodily Constitution. (Ciba Foundation Study Group, No. I7.) 74 in.: 5 in. 
(19 em x 12:5 cm). Pp. 120. (London: J. and A. Churchill, Ltd., 1964.) 15s.” 


Medical Sciences 


„COCKBURN, A. The Evolution and Eradication of Infectious Diseases. 92 in. > 
61 in. (23-5 cm x 16 cm). Pp. xi-+-255+ 14 plates. (Baltimore, Md.: The Johns 
Hopkins Press ; London : Oxford University Press, [963.) 60s. nct.* 

FIELD,John W., SANDOSHAM,A.A.,and FONG, Yap Loy. The Microscopical 
Diagnosis of Human Malaria. Part | : A Morphological Study of the Erythrocytic 
Parasites in Thick Blood Films. Second edition. (Studies from the Institute for 
Medical Research, Federation of Malaya, No. 30.) lO in.x 73 in. (25-5 cm v 19 cm). 
Pp. xiii--236. (Kuala Lumpur : Institute for Medical Research ; London : High 
Commissioner for Malaysia, 1963.) 12 Malayan dollars ; 28s.* 

FLORKIN, Marcel. Médecins, Libertins et Pasquins. (Médecine et Médecins au 
pays de Liàge,lll.) 92 in.x72in. (25 cmx 18:5 cm). Pp. 198. (Liège: Librairie 
Fernand Gothier, 1964.) n.p.* 

RICHTER, G. W., and EPSTEIN, M. A. (edited by). International Review of 
Experimental Pathology, Vol. 2. 9L in.» 6} in. (23:5 cm x l6 cm). Pp. xin - 
446. (New York : Academic Press, Inc. ; London : Academic Press, Inc. (Lon- 
don), Ltd., 1963.) 114s. 6d.* 

SMOKING ANDHEALTH: Report of the Advisory Committee to the Surgeon- 
General of the Public Health Service. (U.S. Department of Health, Education, and 
Welfare : Public Health Service.) 9} in.x6 in. (23-5 cm.x 15:5 cm). Pp. xvii 
387. (Princeton, N.J. : D. Van Nostrand Company, Inc. ; London. D. Van 
Nostrand Company, Ltd., 1964.) 27s. 6d.* 

WELT, Isaac D. Index-Handbook of Cardiovascular Agents, Vcl. | (1931- 
1950). Il in. x92 in. (28 cm x 23:5 cm). Pp. xxvi--2067. (New York : McGraw- 
Hill Book Company, Inc. ; Maidenhead : McGraw-Hill Publishing Company, 
Ltd., 1963.) 260s.* 


Biology 


ALLEN, Robert, and KAMIYA, Noburó (edited by). Primitive Motile Systems in 
Cell Biology. (Proceedings of a Symposium on the Mechanism of Cytoplasmic 
Streaming, Cell Movement, and the Saltatory Motion of Subcellular Particles, held 
at Princeton University, April 2-5, [963.) 9} in.x 62 in. (23-5 cm ~ l6 cm). Pp. 
xix--642. (New York: Academic Press, Inc. ; London : Academic Press, Inc. 
(London), Ltd., 1964.) [57s.* 

BAER, Jean G. Comparative Anatomy of Vertebrates. Translated by Dr. 
June Mahon. 9 in.x61 in. (23 cmx I6 cm). Pp. viii-I-193-] 68 plates. (Londen : 
Butterworth and Co. (Publishers), Ltd., 1964.) 60s.* 

BATES, Marston. Animal Worlds. lii in.x84 in. (29 cmx 2L-5 cra) Pp. 
316+plates. (London : Thomas Nelson and Sons, Ltd., 1963.) 84s.* 

BAUER, Ludwig, und WEINITSCHKE, Hugo. Landschaftspflege uad Natur- 
Schutz: Eine Einführung in ihre Grundlagen und Aufgaben. 94 in. 6? in. 
CAm XIZ cm). Pp. 194. (Jena: Veb Gustav Fischer Verlag, 1964.) 23.30 

BÜNNING, Erwin. The Physiological Clock : Endogenous Diurna: Rhythms 
and Biological Chronometry. [0 in.x62 in. (25-5 cmx I7 cm). Pp. via-[45. 
(Berlin : Springer-Verlag, 1964.) 19 D.M.* 

BURNAZYAN, A.I., and LEBEDINSKII, A. V. (edited by). Radiation Medicine. 
Translated by Harry Asher. Translation edited by Dame Janet Vaughan. (Inter- 
national Series of Monographs on Nuclear Energy. Division Ill: Biology. Vol. I.) 
8£in.x5kin. (22cm x I4 cm). Pp.xii +363. (London and New York : Pergamon 
Press, 1964.) 84s. net.* 

BURSTROM, H. G., and ODHNOFF, Camilla. Vegetative Anatomy of Plants. 
o: I XS in. (21 emx I6 cm). Pp. 149. (Stockholm: Svenska Bokförlaget, 

964.) n.p. 

CHILD, Charles M. Physiological Foundations of Behavior. First published 
1924. 9Lin.x 6% in. (23:5 cmx l6 cm). Pp. xvi-+-330. (New York and London : 
Hafner Publishing Company, 1964.) 7.50 dollars. * 

COGHILL, G.E. Anatomy and the Problem of Behaviour. (Lectures delivered 
at University College, London.) 83 in. x 5$ in. (21-5 cmx 14 cm). Pp. xii -- 113. 
(New York and London: Hafner Publishing Company, 1964.) 4.75 dollars.* 
First published 1929. 

COLE, Sonia. Animal Ancestors. Drawings and Reconstructions by M. Mait- 
land Howard. 10 in.x73 in. (25-5 cmx19 cm). Pp. 78. (London: Phoenix 
House, Ltd. ; New York : E. P. Dutton and Co., Inc., 1964.) 13s. 6d. net." 

COLEMAN, William. Georges Cuvier : Zoologist—a Study in the History of 
Evolution Theory. 8j in.x 55 in. (21-5 cmx I5 cm). Pp. x4 212. (Cambridge, 
Mss Harvard University Press ; London: Oxford University Press. 1964 ) 

s. net. 

DE GROODT-LASSEEL, M. Functie en Vorm van der Interstitiéle Cellen van 
het Ovarium. (Résumé Frangais—English Summary.) 94 in. x6} in. (24 cm 
16 cm). Pp. 25. (Brussel: Arscia Uitgaven N.V.; Presses Académiques 
Européennes S.C., 1963.) 410 B.Fr.* 

DE SCHAUENSEE, R. Meyer. The Birds of Colombia and Adjacent Areas of 
South and Central America, 9} in x 62 in. (23-5 cmx 16cm). Pp. xvi * 427+20 
plates. , (Narberth, Pennsylvania: Livingston Publishing Company, 1964.) 10 
dollars. 4 

GANS, Carl, and PARSONS, Thomas S. A Photographic Atlas of Shark 
Anatomy : The Gross Morphology of Squalus acanthias. 7 in. «82 in. (I8cm 
22 em). Pp. 106 (40 plates). (New York: Academic Press, Inc. ; London - 
Academic Press, Inc. (London), Ltd., 1964.) 32s.* 

HARRIS, T. H. The Yorkshire Jurassic Flora. 11: Caytoniales, Cycadales ana 
Pteridosperms. 12 in. x 92 in. (30-5 cm x25 cm). Pp. viii4-191-1 7 plates. (Lon- 
don : British Museum (Natural History), 1964.) 130s. net. * 

HERRICK, C. Judson. Brains of Rats and Men : A Survey of the Origin and 
Biological Significance of the Cerebral Cortex. Originally published 1926. 
84 in.x52 in. (21:5 cmx15 cm). Pp. xviii--382. (New York and London: 
Hafner Publishing Company, 1963.) 6 dollars.* 

JENSEN, William A., and KAVALJIAN, Leroy G. (edited by). Plant Biology 
Today : Advances and Challenges. (A Symposium sponsored by the American 
Association for the Advancement of Science and the Botanical Society of America.) 
8} in. x 5} in. (21-5 cmx 14 cm). Pp. xi--114. (Belmont, Calif. : Wadsworth 
Publishing Company, [nc. ; London: Macmillan and Co., Ltd., 1963.) 12s. 6d. 
net,* 


cl |» NATURE 


JORDAN, David Starr. The Genera of Fishes and a Classification of Fishes. 
I0 in.x7 in. (25-5 emx 18 cm). Pp. xv--800. (Stanford, California : Stanford 
University Press ; London : Oxford University Press, 1963.) 140s. net.* 

KNIGHT, Maxwell. Birds as Living Things : an Introduction to the Study of 
Birds. 8 in.x54 in. (20 cmx 13 cm). Pp. 1924-24 photographs. (London: 
William Collins, Sons and Co., Ltd., 1964.) i2s. 6d. net.* 

LAWRENCE, John H., and GOFMAN, John W. Assisted by HAYES, Thomas 
L. Advances in Biological and Medical Physics, Vol.9. 91 in.x 61 in. (23-5 cm xX 
16 cm). Pp. ix-+-496. (New York: Academic Press, Inc. ; London : Academic 
Press, Inc. (London), Ltd., 1963.) 114s. 6d.* Dx 

NIKOL'SKII, A. M. Fauna of Russia and Adjacent Countries. Amphibians : 
Salientia and Caudata. Translated by Dr. F. Por. 94 in. x 62 in. (24 cmx I7 cm). 
Pp. 225. (Jerusalem : Israel Program for Scientific Translations ; London: 
Oldbourne Press, 1962.) 64s.* . 

NOBLE, Elmer R.,and NOBLE, Glenn A. Parasitology : The Biology of Animal 
Parasites. Second edition. 94 in.x 6 in. (24 cm x 15:5 cm). Pp. 7244-4 plates. 
(London : Henry Kimpton, 1964.) 82s. 6d.* du 

NULTSCH, Wilhelm. Allgemeine Botanik : Kurzes Lehrbuch für Mediziner 
und Naturwissenschaftler. 74 in.x4} in. (19 emxI2 cm). Pp. xii+372. 
(Stuttgart : Georg Thieme Verlag, 1964.) 9.80 D.M.* 

OGNEV, S. 1. Mammals of the U.S.S.R. and Adjacent Countries. Vol. 6: 
Rodents. Translated by Dr. A. Birron and Z. S. Cole. Edited by Z. S. Cole. 
Itin. x 62 in. (24 cm x I7 cm). Pp.508. (lerusalem : Israel Program for Scientific 
Translations ; London : Oldbourne Press, 1963.) l04s.* . M 

PERRING, F. H., SELL, P. D., and WALTERS, S. M. A Flora of Cambridgeshire. 
With a section on Bryophyta by H. L. K. Whitehouse. 73 in.x 5 in. (19 cmx 
12-5 cm). Pp. xvi-+366-+8 plates. (Cambridge : At the University Press, 1964. 
Published in association with the Cambridge Natural History Society.) 30s. net.* 

PFEIFFER, Carl C., and SMYTHIES, John R. (edited by). International Review 
of Neurobiology, Vol. 6. 94 in.x 6} in. (23-5 cmx l6 cm). Pp. xi+476. (New 
York: Academic Press, Inc. ; London: Academic Press, Inc. (London), Ltd., 
1964.) 107s. 6d.* 

ROGERS, W. P. The Nature of Parasitism : The Relationship of Some Meta- 
zoan Parasites and Their Hosts, (Theoretical and Experimental Biology: an Inter- 
national Series of Monographs, Vol. 2.) 91 in.x61 in. (23:5 cmx l6 cm). Pp. 
ix+287, (New York: Academic Press, Inc. ; London: Academic Press, Inc. 
(London), Ltd., 1962.) n.p.* . 

WILLIAMS, C. B. Patterns in the Balance of Nature and Related Problems in 
Quantitative Ecology. (Theoretical and Experimental Biology : an International 
Series of Monographs, Vol.3.) 92 in. x6 in. (23-5 cmx l6 cm). Pp. vii 4-324. 
(London : Academic Press, Inc. (London), Ltd. ; New York : Academic Press, 
inc.,1964.) 60s.* 

WILLIER, Benjamin E., and OPPENHEIMER, James M. Foundations of Experi- 
mental Embryology. (Prentice-Hall Biological Science Series.) 9} in.x6 in. 
(23:5 cm x 15-5 cm). Pp.xi--225. (Englewood Cliffs, N.J., and London: Pren- 
tice-Hall, 1964.) 42s.* 

YAMAGUTI, Satyu. Parasitic Copepoda and Branchiura of Fishes. 51 in. 
x 64 in. 23-5 cm x ló'5 cm). Pp. vii-+ 1104 (333 plates). (New York and London : 
Interscience Publishers, a Division of John Wiley and Sons, 1963.) 563s.* 

ZHADIN, V.I.,and GERD,S. V. Faunaand Flora of the Rivers, Lakes and Reser- 
voirs ofthe U.S.S.R. Translated by A. Mercado. Edited by R. Finesilver. 9lin.x 
‘62 in. (24 cm x17 cm). Pp. 626. (lerusalem : Israel Program for Scientific 
‘Translations ; London: Oldbourne Press, 1963.) 128s.* 


Microbiology : Virology 


ANDREWES, Sir Christopher. Viruses of Vertebrates. 92 in.x 6i in. (23:5 
ema I6 em). Pp. xi 4-401. (London: Bailli&re, Tindal! and Cox, Ltd., 1964.) 
'63s. net. 

SALTON, Milton R.J. The Bacterial Cell Wall. $$ in.x 62 in. (25 cmx I7 cm). 
Pp. xiii--293. (Amsterdam, London and New York: Elsevier Publishing Com- 
pany, 1964.) 80s.* 

SLANETZ, L. W., CHICHESTER, C. O., GAUFIN, A. R., and ORDAL, Z. J. 
Microbiological Quality of Foods. (Proceedings of a Conference held at Franconia, 
New Hampshire, August 27, 28, 29, 1962.) 93 in. x 64 in. (23:5 cmx 16 cm). Pp. 
xxiii--274. (New York : Academic Press, Inc. ; London : Academic Press, [nc. 
(London), Ltd., 1963.) 72s.* 

SMITH, Kenneth M., and LAUFFER, Max A. (edited by). Advances in Virus 
Research, Vol. 10. 92 in.x6in. (23:5 em x [5-5 cm). Pp. viiit-277. (New York : 
Academie Press, Inc.; London : Academic Press, Inc. (London), Ltd., 1963.) 

S. 

WINNER, H.I., and HURLEY, Rosalinde. Candida Albicans. 94 in. x 62 in. 
(24 cmx 16 cm). Pp. x4-306. (London: J. and A. Churchill, Ltd., 1964.) 60s.* 


Cytology : Genetics 


BOURNE, G. H., and DANIELLI, J. F. (edited by). International Review of 
‘Cytology, Vol.16. 94 in. x 6} in. (23:5 cmx l6 cm). Pp. viii--345. (New York : 
ror ids Press, Inc. ; London: Academic Press, Inc. (London), Ltd., 1964.) 

s. 

CYTOLOGIE DE L'ADÉNOHYPOPHYSE. (Colloques Internationaux du 
‘Centre National de la Recherche Scientifique, No. 128, Paris, 9-14 Septembre 
1963. Publié sous la direction de Prof. Jacques Benoit et Prof. Christian Da 
Lage.) 103 in. x8} in. (27 cm x 21-5 cm). Pp. 434. (Paris: Éditions du Centre 
National de la Recherche Scientifique, 1963.) 98 francs.* 


Psychology : Psychiatry 


ARGYLE, Michael. Psychology and Social Problems. 8$ in.x 5$ in. (22 cmx 
15cm). Pp.232. (London: Methuen and Co., Ltd., 1964.) 25s. net.* 

FISH, Frank. An Outline of Psychiatry for Students and Practitioners. 9 in. Xx 
5} in. (23 cmx 14 cm). Pp. vii+270. (Bristol: John Wright and Son, Ltd., 
1964.) 32s. 6d.* 

HEARNSHAW, L. S. A Short History of British Psychology, 1840-1940. 
(Methuen's Manuals of Modern Psychology.) 82 in.x 52 in. (22 cm x I5 cm). 
Pp. xi-+331, (London : Methuen and Co.,Ltd., 1964.) 35s. net.* 

LASHLEY, K. S. Brain Mechanisms and Intelligence : a Quantitative Study of 
‘Injuries to the Brain. (Behaviour Research Fund Monographs.) First published 
1929. 9i in.x 6} in. (23-5 cm x l6 cm). Pp. xiv4-186--1! plates. (New York 
and London: Hafner Publishing Company, 1964.) 5.50 dollars.* 

LE NY, Jean-Francois, DE MONTPELLIER, Gérard, OLÉRON, Geneviave, et 
FLORES, César. Traité de Psychologie Expérimentale, IV : Apprentissage et 
Mémoire. [0 in. x 63 in. (25-5 cm x 16:5 cm). Pp.300. (Paris: Presses Universi- 
taires de France, 1964.) 22 francs.* 

LIPSITT, Lewis P., and SPIKER, Charles C. (edited by). Advances in Child 
Development and Behaviour, Vol. I. 93 in.x6 in. (23:5 cmx 15:5 cm). Pp. 
xiii--387. (New York: Academic Press, Inc. ; London: Academic Press, Inc. 
(London), Ltd.,1963.) 86s.* 
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MILLER, George A. Psychology: The Science of Menta! Life. (Hutchinson 
Science Library.) 8} in.x54 in. (21-5 cmx I4 cm). Pp. xi+388. (London: 
Hutchinson and Co. (Publishers), Ltd., 1964.) 30s. net.* 

PIÉRON, Henri, FESSARD, Alfred, et FRAISSE, Paul (Directeurs). l'Année 
Psychologique 1963, Fascicule 2. Soixante-troisitme Année. 821 in.x5} in. 
(22 cmx [4 em). Pp. viii4-281-620. (Paris: Presses Universitaires de France, 
1963.) 28 francs.* 

WEPMAN, Joseph M., and HEINE, Ralph W. (edited by). Concepts of Person- 
ality. 94 in.x 62 in. (24 cmx l6 cm). Pp. xxix4-514. (London : Methuen and 
Co.,Ltd., 1964.) 70s. net.* 

WORTIS, Joseph (edited by). Recent Advances in Biological Psychiatry, Vol. 6. 
(The Proceedings of the Eighteenth Annual Convention and Scientific Program of 
the Society of Biological Psychiatry, Atlantic City, N.J.,June 7-9, 1963.) 9} in.x 
sin. (23-5 cmx I6 cm). Pp. xii--278. (New York : Plenum Press, 1964.) 13.50 

ollars.* 


Education : Sociology 


FLORENCE, P. Sargant. Economics and Sociology of Industry: a Realistic 
Analysis of Development. 8din.x 53in. (22cm x I4cm). Pp.xiii--258. (London: 
C. A. Watts and Co., Ltd., 1964.) 27s. 6d. net.* 

HANDICAPPED CHILDREN AND THEIR FAMILIES. (Reports to the Carnegie 
United Kingdom Trust on the Problems of 600 Handicapped Children and Their 
Families.) 8% in.x 52 in. (22 cmx 15 cm). Pp. xvi--349. (Dunfermline: The 
Carnegie United Kingdom Trust, 1964.) 5s.* 

KAHN, Jack H., and NURSTEN, Mildred, Unwillingly to School : The Place 
of the Child Guidance Clinic in the Treatment of School Phobia. (The Common- 
wealth and International Library of Science, Technology, Engineering and Liberal 
Studies. Mental Health and Social Medicine Division, Vol. I.) 72 in.x 5 in. 
(19-5 cm x 12-5 em). Pp. xv4-187. (London: Pergamon Press ; New York : 
The Macmillan Company, 1964.) 5s. net. * 


Miscellany 


BRIDGES, Lord. The Treasury. (The New WhitehallSeries, No. 12.) 8g in.x 
5} in. (22 cmx I5 cm). Pp. 248. (London: George Allen and Unwin, Ltd. ; 
New York : Oxford University Press, Inc., 1964.) 30s. net.* 

BROOKS, Stewart M. Laboratory Manual and Workbook for Integrated 
Basic Science. 104 in.x 72 in. (26:5 cmx 18-5 cm). Pp. 33l. (Saint Louis: The 
C. V. Mosby Company ; London : Henry Kimpton, 1964.) 36s.* 

COMMONWEALTH UNIVERSITIES YEARBOOK 1964: a Directory of the 
Universities of the Commonwealth and the Handbook of their Association. 
94 in. x 64 in. (24 cm x 16-5 cm). Pp. xxxi+1930. (London: The Association of 
Commonwealth Universities, 1964.) 105s.; 15 dollars.* + 

DEMCZYNSKI,S. Automation and the Future of Man. in. x 52 in. (22 cmx 
I5 cm). Pp.238. (London : George Allen and Unwin, Ltd., 1964.) 32s. net.* 

DIBNER, Bern. The Victoria and the Triton. 8 inx53 in. (20 cmx 14 cm). 
Pp. viit+110. (New York and London: Blaisdell Publishing Co., a Division of 
Ginn and Co., 1964.) Paper 1.95 dollars ; Hardbound 3.50 dollars.* 

DU NOOY, Pierre Lecomte. Entre Savoir et Croire. 74 in. x 53 in. (19 cmx 
14 cm). Pp.xxxii--30l. (Paris: Hermann, 1964.) 15 francs.* 

EAGER, Alan R. A Guide to Irish Bibliographical Material. 82 in.x 5$ in. 
iM gmx 15 cm). Pp. xiii4-392. (London: The Library Association, 1964.) 


ECKERT, G., COTTAZ, Y., and DE LAUNAY, J. (material assembled by). 
World History Teachers in Conference: Index to References. (International 
Commission for the Teaching of History.) 83 in.x 53 in. (21-5 cmx 14 em). Pp. 
xiii--208. (London and New York : Pergamon Press, 1964.) 40s. net.* 

FIESER, Louis F. The Scientific Method : a Personal Account of Unusual Pro- 
jects in War and in Peace. 94 in.x 64 in. (24 cmx 16 cm). Pp.242. (New York: 
Reinhold, Publishing Corporation ; London : Chapman and Hall, Ltd., 1964.) 

ls. net. 

HARTLEY, Dorothy. Water in England. 9} in.x6i in. (23-5 cmx l6 cm). 
a 43542 plates. (London: Macdonald and Co. (Publishers), Ltd., 1964.) 

s. net. 

HILLABY, John. Journey to the Jade Sea. 82 in.x 5 in. (22 cmx l4 cm). Pp. 
vii4-2344-20 photographs. (London : Constable and Co.,Ltd., 1964.) 30s.net.* 

KERR, Clark. The Use of the University. 8 in.x 5% in. (20 em x 14 cm). Pp. 
vii--140. (Cambridge, Mass. : Harvard University Press, 1963.) 2.95 dollars.* 

KING, David. Training within the Organization : a Study of Company Policy 
and Procedures for the Systematic Training of Operators and Supervisors. 82 in.x 
5i in. (22 cm x I5 cm). Pp. xxii--274. (London: Tavistock Publications (1959), 
Ltd.,1964.) 38s. net.* 

MILLER, David. Thomas Cawthron and the Cawthron Institute. 82 in.x 
5i in. Q2 cm x I5 cm). Pp. vi--248. (Nelson, N.Z.: The Cawthron Institute 
Trust Board, 1963.) N.Z.30s.* 

MOHANTY, J. N. Edmund Husserl's Theory of Meaning. (Phaenomenologica, 
Nr. 14.) 94 in. x 6} in. (24 cmx 16cm). Pp. ix+148. (The Hague: Martinus 
Nijhoff, 1964.) 15.30 dollars.* 

NEVILLE, H. H., JOHNSTON, N. C., and BOYD, G. V. A New German/ 
English Dictionary for Chemists. 74 in.x 52 in. (19 cm x 13 cm). Pp. xviii 4-330. 
(London and Glasgow : Blackie and Son, Ltd., 1964.) 55s.* 

ROSKILL, S. W. The Art of Leadership. 8$ in.x6 in. (22 cmx I5:5 cm). 
Pp. 191. (London: William Collins, Sons and Co., Ltd., 1964.) 2Is. net.* 

ROSS, Alan S. C., and MOVERLEY, A. W. The Pitcairnese Language. With 
contributions by E. Schubert, H. E. and Alaric Maude, E. H. Flint and A. C. Gimson. 
(The Language Library.) 82 in.x 53 in. (22 cmx 14 cm). Pp. 269. (London : 
Andre Deutsch, Ltd., 1964.) 45s. net.* 

SAVAGE, Sir Graham. The Planning and Equipment of School Science Blocks. 
83 in. x5} in. Q2 cmx 14 cm). Pp. v+78-+16 plates. (London: John Murray 
(Publishers), Ltd., 1964.) 7s. 6d. net.* 

SCIENCE CITATION INDEX : An International Interdisciplinary Index to the 
Literature of Science. Vol. 1: AABE-CAPL, 1961. [I2 in. x 94 ín. (30cm x24 cm). 
Pp. xxx4-496. (Philadelphia: Institute for Scientific Information, 1963.) Set of 
5 volumes 700 dollars.* 

SHAH, A. B. Scientific Method. 73 in.x 5 in. (19 cm x 12:5 cm). Pp. xx+122. 
(Bombay : Allied Publishers Private, Ltd., London : George Allen and Unwin, 
Ltd., 1964.) 12s. 6d. net.* 

SPARROW, W. J. Knight of the White Eagle : a Biography of Sir Benjamin 
Thompson, Count Rumford (1753-1814). 94 in.x6 in. (23-5 cm x 15:5 cm). Pp. 
302-410 plates. (London : Hutchinson and Co. (Publishers), Ltd., 1964.) 50s. 
net. 

STAMP, L. Dudley. The Geography of Life and Death. (The Fontana Library.) 
Zin.x4tin. (I8cmx1I cm). Pp. 160. (London and Glasgow : William Collins, 
Sons and Co., Ltd., 1964.) 6s.* 

STEIN, Edith. On the Problem of Empathy. Translated by W. Stein. 94 in. 
x61 in. ER cmx l6 cm). Pp. xxi+113. (The Hague: Martinus Nijhoff, 1964.) 
14.50 guilders.* 
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Constant working distance allowing adequate room 
for manipulation and dissection. 


Instant magnification changes by turning indexed 
drum. 

Uses transmitted or reflected light. 

Magnification range 3.6 x to 88 x. 

Field of view from 42 mm to 2.6 mm. 

Measuring eyepiece and graticules. 

Universal stand has 8 in. rack and pinion horizontal 
movement. 


Price £134 complete. 
(or £125 without stand) 7 days delivery. 






Our Advisory Department will gladly answer your 
enquiries with regard to the suitability of this equip- 
ment for your specific uses, Furthermore, these 
instruments are available to you for 14 days without 
obligation in order that their versatility may be 
determined under your actual working conditions. 
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Meopta agents for AS AUTOMATIVE & SCIENTIFIC EQUIPMENT LTD. 
E HOME e 8 Oxford Walk, Cambridge Road, Southall, Middlesex. SOUthall 3927 





Emission & Absorption Spectroscopy; X-ray, 

Raman & Mass Spectrometry; X-ray Diffraction; 
Interference Microscopy; Cytology; Lunar Mapping; 
Research on Photographic Emulsions. 


















MICRODENSITOMETER 


The Joyce, Loebl Microdensito- zn nore 
meter has become established as BE I ae 
a standard instrument in all 
types of basic research situations. 
The instrument employs a double 
beam self-balancing wedge 

system giving direct recording 
of density and will resolve 
down to a few microns. 


W infinitely variable primary and end slits 
(variable in both directions). 
apid interchange of wedges of different 


anges and also of different laws. For further information 
and demonstration requests please write to :- 





PE Piate advance proportional to rate of rise of 


Hensity at the end slit. JOYCE, LOEBL AND COMPANY LIMITED 
oupled sample and record tables, driven by PRINCESWAY, TEAM VALLEY, GATESHEAD, CO. DURHAM 


a single motor. Ratios 1~-1,000 :1 or more. Telex: 53257 Cables: Jayell, Gateshead Telephone: Low Fell 77891 

F : LONDON OFFICE: i 

W Automatic Integrator optional. AMOUNTS | Great West Road, Heston, Middlesex 
SALES AND SERVICE IN MANY COUNTRIES 
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if you use a 


MIGROSGOPE 


you need a 


SINGER 


FULLY PATENTED 


MIGROMANIPULATOR 


Singer micromanipulators are used in 
most laboratories all over the world. 
Three types available: 

Mk I Low power for magnifications 
X1 to x200 

Mk II For magnifications x1 to 
x500 

Mk III High power for magnifications 
X100 to x1,000 p/us 

The most advanced instruments for 
micromanipulation. As described by 
Barer and Saunders-Singer with further 
improvements. 

Full details and demonstrations upon 
request to : 


SINGER INSTRUMENT CO. LTD., 
Fountain Court, 83 London St., 
Reading, Berkshire, England, 
Telephone: Reading 53613. 


MICROMANIPULATORS |: 





You can be SURE about what 


co 
B.S. 410:62 HESS 


U.S. and other 
National Standards 


O No crevices 
€ No blind spots 


9 Projector selected 
wire cloths 





an ENDEGOTT test sieve 


Unsurpassable for the separation of powder 
and aggregates, particle analysis, and micro 
sieving problems. Recovering Service. 








LOMBARD ROAD - MORDEN FACTORY ESTATE - LONDON 8w19 
PHONE LiBerty 8121/2/3 - GRAMS ENDFILT LONDON 








URS £8 ces 
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Electrophoretically 
prepared 


ENZYMES 
by Worthington 


iy Purfed-crytalized ELASTASE 
WORTHINGTON (water soluble) ` h 
| i The preparation is similar to that described by Lewis, Williams 


| and Brink (J. B. C., 222, 705, 1956). Its activity is approximately 
8x that of crystalline elastase. . 


"| it Purified 


"eRT D-AMINO ACID OXIDASE 


| a stable, yellow, soluble lyophilized preparation containing 
i FAD. It is approximately 50x more active than the crude 
Ih jl material heretofore available 
; 


] 
"m 


|: Purified MICROCOCCAL NUCLEASE 


For information, write: 


WORTHINGTON 


uiy i" 


WORTHINGTON 


| BIOCHEMICAL CORPORATION 
| 


Freehold 19, New Jersey 
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-fine instruments 
but... 


There are no buts with DERRITRON- 
specialists in precision pH testing 

Prices are realistic... instruments 

re of advanced design and accurate 

to laboratory standards. 


Continuing the tradition of high quality, Derritron include 
Bridges, Standards, Potentiometers, pH Meters and 
Electrodes in their wide Doran range. Send for illustrated 
literature about any or all of these instruments. 








DERRITRON INSTRUMENTS LIMITED 
PARKLANDS, STROUD, GLOS. © STROUD 331/2 
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TRADE MARK 





made-to- 
measure 
crystal 
clear 
cases 
for the preservation of 
all specimens wet or dry 






Officially appointed stockist for 


*PERSPEX*?* ACRYLIC SHEET & ROD 


THE “VISIJAR” LABORATORIES LTD 
149 London Road, Croydon; Surrey * "phone CRO 8228/0 
“°&.- *" PERSPEX’’ is an I.C.!. Trade Mark `. ` 
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FINE 
MICROSCOPES 
FROM 


IESU E E LAN 
ARE 
INEXPENSIVE 





This is an example from the wide range of 
highly functional instruments of fine Russian 
craftsmanship —equal in specification and 
performance to equipment of much higher 
price—and made available with full mainien- 
ance and servicing by the sole importers, It «il 
pay you to inspect this fine value. T.O.E. are 
specialists in the supplyof microscopes, lenses, 
cameras and photographic equipment. Fuliy 
descriptive literature is available NOW. 

MBR.1 Binocular Biological Microscope with rack a^: 
pinion focusing substage and Abbe condenser, iris d.a 
phragm, rotating circular stage, quadruple nosep.ec. 
Objectives x 8, x 40 and x 90 (oil immersion). Coarse an : 
divided fine focusing adjustment, graduated in .002 nr 
An inclined monocular eyepiece is supplied as standar ! 
and the MBR.1 is available (as Illustrated) fitted with typo 
AY-12 Binocular attachment providing Huyghenian pa re ! 


eyepieces of magnifications x 7 and x 10 and type CT-*2 
, Mechanical Stage. 


Total price: £104. 0. 0. 


TECHNICAL & OPTICAL 

EQUIPMENT (LONDON) LTD., 

99, ST. MARTIN'S LANE, LONDON, W.C.2 
Tel: TEM 6575 


To: Technical & Optical Equipment (London) Ltd., 

99, St. Martin's Lane, London, W.C.2. 

Please supply full technical literature on 
microscopes/cameras/lenses/photographic equipment. 


NAME - ES z E HS 











ADDRESS . D 
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Back Numbers 
of Periodicals 
required 


Analyst 
Vol. 71; 68 No. 3 


Biochemical Journal 
Vols. 8, 32-39, 21 No. 4, 22 No. 2 


Biological Abstracts 
Vols. 19-20, 28-31 


Brain 
Vol. 70 


British Journal of Nutrition 
Vol. 1 


Computers and Automation 
Vols. 1, 2,4 


Faraday Society. Transactions 
Vols. 28 ; 38 No. 1; 42 Nos. 3, 4 


Institution of Production Engineers. Journal 
Vols. 1-8 


Journal of Biological Chemistry 
Vols. 109-130 


Journal of Physical Chemistry 
Vols. 1, 26, 27, 40, 41 


Mechanical Engineering 
Vols. 55, 66, 67, 73 


Naturwissenschaften 
Vols. 11, 23-25, 28-30, 38 


Society for Experimental Biology and 
Medicine. Proceedings 
Vols. 50, 51, 55, 59, 63 


Zeitschrift Fuer Physik 


Vols. 1-3, 5-7, 13, 14, 77, 93-95, 98-115, 123, 


124 


Robert Maxwell & Co Ltd 


Waynflete Building, 1-8 St Clements, Oxford 
Telephone 64881. Cables LEXICOM 
Telex 83177 


We are always interested in buying your collections of 


duplicates of Scientific, Technical and Medical 


Journals at the highest prevailing prices. Please send 
us your lists of surplus journals which will receive our 


immediate attention. ! 
We invite you to write in for our regularly issued 


Bulletins and Catalogues and should be pleased to be 


of assistance in your acquisitions. 


Offices also at 


Maxwell Scientific International Inc, 44-01 
21st Street, Long Island City 1, NY 


Robert Maxwell & Co Ltd, Kaiserstrasse 75, 
Frankfurt am Main. Telephone 33.74.61 


Librairie des Sciences et Techniques Etrangéres, 


24 Rue des Ecoles, Paris Ve. Telephone ODEon 30-00 
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Fig. 2 
Fig. 2. Transverse section of an arm of Sepia officinalis, showing two 
suckers (Bielsehowsky-Gros). The brachial ganglion (bg) and the sucker 
ganglion (sg) are joined by means of a nerve trunk, the nerve of the 


sucker. Nerve bundles (nb) radiating from the peduncle into the sucker 
carry sensory as well as motor fibres 


Fig. 3. Epithelium of the zone B, with its tooth-like cuticular apparatus. 
Method: hematoxylin-eosin 





Fig. 4. Tangential section of the epithelium of zone B, with two 
multipolar nerve cells. The arrow shows the axon (Cajal-Young) 





Fig. 5. Samo epithelium as in Fig. 4, with two multipolar nerve cells 
(Cajal-Young) 


The bottom of the sucker (zone C, Fig. 1) also contains 
primary receptors, of the three types already mentioned. 
Two of these closely resemble those previously described 
in zone A. There are very fow, perhaps not more 
than 50, tapered sensory cells with a tuft of cilia, and 
there are about 200 flask-shaped cells at the base of tho 
epithelium. The third category of roceptors consists of a 
small number of multipolar norve colls (Fig. 7), perhaps 
not more than 20, found only in a limited area of the 
epithelium above the ganglion that lies in the peduncle. 
'These cells are triangular or polygonal in shape. Three 
or four dendritic processes leave the cell body. Each has 
a large base and maintains a large diameter (10u or more) 
between the epithelial cells, in spite of giving off frequent 
collaterals. The dendrites of each cell form a dense 
arborization at the base of the epithelium, each one cover- 
ing an area, 100-200 in diameter and intermingling with 
the neighbouring ones. There are, however, some differ- 
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ences between these cells and those previously described 
of zone B (Figs. 4 and 5). The cell body of zone 5 (Figs. 
4 and 5) is large, with an irregular mass of cytoplasm 
round the nucleus and the processes arise from short. 
irregular laminar expansions of the cell body, forming 
a complex hair-like ramification round the cell. In zone 
C the cells have a small, pyramidal body, with little cyto- 
plasm, and the dendrites arising are few and large (Fig. 7). 
The common feature of these two types of receptors is 
that their dendrites expand only in one plane, parallel 
to the epithelial surface and near the basal membrane so 
that some tangential sections show the entire complexity 
of every cell covering with its processes an area of 100u. 
or more, diameter. 

In the peduncle of the sucker (Figs. 1 and 8) there is a 
small, pear-shaped ganglion containing about 200 nerve 
cells. The larger cells (30-50p) are motor ones sending 
axons to the muscles of the sucker. The ganglion is in 
the path of the bundles running from the arm ganglion 
to the sucker (Fig. 2) and these bundles carry approxinn- 
ately 1,000 fibres of various types (motor, sensory and 
interconnecting fibres). 

The three types of receptors presumably send inputs of 
different kinds from the sucker of Sepia to tho arm ganglia. 
The tapered ciliated cells may be chemo-receptors as 
comparative observations with light- and electron- 
microscope seem to confirm”, and the flask-shaped recep- 
tors are perhaps touch-receptors. The multipolar nerve 
cells found in zones B and C seem to belong to a particular 
category of sensory clements which can now be called 
‘tension receptors’. In fact, these cells lie under a deep 
stratum of cuticle (Figs. 3 and 6) or at the bottom of the 
sucker, where tactile stimuli can scarcely be recorded (if at 





Fig. 6. Schematic diagram of the epithelium of the zone B, covered by n 

deep stratum of cuticle (in black). The sensory cell (s) lies between the 

epithelial cells, above the basal membrane, to which it sends flne, hair- 
like dendritic processes. (a) Axon of the sensory cell 





Fig. 7. Multipolar nerve cell of the zone C. The arrow shows the uxon 
(Cajal- Young) 
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Fig.8. Transverse section of the peduncle of the sucker (Cajal- Young). 

The ganglion of the sucker is surrounded by the peduncular muscles (ml). 

A fine network of nerve fibres in the core ofthe ganglion constitutes the 

neuropil (p). Between the neuropil and the nerve cell bodies lie 

bundles of fibres (nb) connecting the chen to the arm ganglion (see also 
igs. 1 and 2 
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all). The extension of the dendritic field and the close 
relationship of the dendrites with the epithelial basal 
membrane suggest a comparison with the stretch-recep- 
tors previously described in the muscles of these animals 
by some authors?:1, When the animal grasps an irregular 
object or prey,.the rim of the sucker bends and the 
deformation of the cup cannot be detected by the other 
receptors. There seem to be no muscle stretch-receptors 
in these organs and the third type may be the morpho- 
logical structure underlying the recording of stretch 
events. ] 

I thank Prof. J. Z. Young for his helpful advice. Mr. 
A. J. Aldrich took the photographs and drew Fig. 6, and 
Mrs. J. I. Astafiev drew Fig. 1. 

* Alexandrowicz, J. S., Quart. J. Micro. Sci., 92, 163 (1951). 

* Eyzaguirre, C., and Kuffer, S. W., J. Gen. Physiol., 39, 87 (1955). 
? Alexandrowiez, J. S., J. Mar. Biol. Assoc. U.K., 89, 419 (1900). 
“Gray, J. A. B., J. Physiol., 153, 573 (1960). 

^ Guérin, G., Arch. zool. éxp. gén., 8, 1 (1908). 

* Graziadel, P., R. Acc. Naz. Lincei, 95, 504 (1958). 

? Graziadei, P., Z. Anat. Entwickl., 191, 103 (1959). 

* Graziadei, P., Boll. Zool., 26, 159 (1959). 

* Graziadei, P., R. Acc. Naz. Lincei, 29, 398 (1960). 

1° Graziadel, P., Z. Zell. (in the press). 
1! Graziadei, P., Proc. Roy. Soc., B (in the press). 


OF SILICA FIBRES 


R. G. C. ARRIDGE and KATHLEEN PRIOR 
Rolls-Royce, Ltd., Advanced Research Department, Old Hall, Littleover, Derby 


e many diseussions of the strength of glassy materials 
reference is made to the rapid cooling rate achieved 
when fibres are drawn from a melt. This rate is held to 
be so high that relaxation processes in the glass do not 
have time to occur and therefore the filamentary glass 
retains the structure belonging to a higher temporature. 

During the exploratory stage beforo the development 
of a silica fibre drawing-coating process, we decided to 
measure the temperature of a silica fibre by a direct 
method since the fibres appeared to be much hotter than 
expected on Anderson’s theory! 

The method used was an adaptation to high tempera- 
tures of the Culpin and Madoe Jones? hoatod thermocouple 
method. The thermocouple was welded to a thin strip of 
nickel-chromium alloy resistance element bent into a V 
shape. The temperature attained by the strip on heating 
electrically was recorded by the thermocouple potentio- 
meter. When this device was dabbed momentarily on to 
the running silica thread a kick of the potentiometer 
needle was obtained in one direction or another accordingly 
as the thread conveyed heat to, or away from, the thermo- 
couple. When a position on the thread was found whero 
the temperature corresponded to that of the thermocouple 
no kick in either direction was registered. 

Surface temperatures of threads could therefore be 
measured either by selecting a particular temperature and 
moving up or down the thread until no deflexion was 
registered on dabbing, or by selecting one place and 
adjusting the thermocouple temperature to give no 
deflexion. Both methods gave the same result to within 
experimental error. 

The thermocouple device was calibrated by inserting it 
into a uniform temperature enclosure. 

The effect of frictional heating was shown to be negligible 
by tests on cold running threads. 

Fig. 1 shows the cooling curves for fibres of various 
diameters (28-68) drawn from 4-mm rod at speeds of 
178-508 cm/sec. For comparison, the calculated (Ander- 
son) cooling curve for a 48u fibre drawn at 178 cm/sec is 
shown in the same diagram. 


Fig. 2 shows the cooling curve for the 48u fibre ro- 
plotted on a log temperature-time basis which should 
yield a straight line if Newton’s law of cooling were 
followed. The curve shows a turning point at about 
150° C, the departuro from Newton’s law becoming 
excessive below this temperature. 

Comparison of the measured times with Anderson’s 
predicted values shows that the measured value is about 
30 times greater than that predicted in the logarithmic 
cooling region and becomes even greater below the critical 
temperature, 150° C. 

On Fig. 3 we have plotted the measured times for cooling 
to 200° C against the fibre radius on a log-log plot. 

The fit is reasonably linear for all speeds and gives a 
slope of 1-8. 

Thus the time for cooling to 200° C is proportional to 
(radius)*-* as against Anderson’s predicted figure (radius)?:5. 
There are too few results really to comment, but it would 
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appear that Anderson’s law of radius dependence is not 
followed. 

In the (one) case of a change of speed where the radius 
is kept constant the faster thread, in fact, cools more 
slowly than the slower, whereas Anderson’s theory pre- 
dicts & v-* relation. 

Anderson's theory predicts a relation: 
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B ~ 400 for silica (using a value 0-007 for the 
thermal diffusivity) 
n= 
y = (T — TIG — To) 
R is the radius of tho thread, v tho velocity. 
We assume T; — 1,750? C, T, — 20? C. 
Using this relation we have calculated the cooling times 
predicted by the Anderson theory for our fibres. for com- 
parison with the observed values. 


Table 1 


Process Time to cool to Time to cool to Time to cool to 
(speed/ 400? C (msec) 200° C (msec) 100° C (msec) 

radius) Theor. Obs. Theor. Obs. Theor. Obs. 
508/14 2:1 85 2-9 200 
381/17 “1 100 42 220 
254/20 51 165 6-9 310 
178/24 54 130 8:0 190 10-8 300 
178/34 13:5 375 183 540 
178/18 52 130 7:0 220 
360/24 56 240 T6 — 


: We-offer no explanation of the large time difference 
between Anderson’s predicted and our measured values, 
but a possible explanation of the departure from Newton's 


‘law of cooling below about 150? C is as follows. 


When a silica fibre is being drawn it is nearly invisible, 
yet.on touching it & bright spot of light is seen where the 
intornally reflected radiation from the hot molten zone 
can emerge at the point of damage. 

The magnitude of the radiative heat transferred 
assuming a black body radiator of area equal to that of 
the fibre is 5 x 10-* cal/sec. On Newton’s law of cooling, 
the heat lost per second. by the fibre at, say, 100? C is of 


` the order of 1:37 x 10-? cal/sec. Allowing for the possi- 


bility that a larger area may be involved in radiation at 
the point of draw than the area of the fibre cross-section 
(for example, during draw down) then the radiative term 
may affect & measuring instrument more than tho Newton 
term and, being of constant value, contribute increasingly 
at the lower temperatures. 

The fact that the times of cooling are considerably 
longer than are predicted on the Anderson theory calls 
into question some of the ideas about structure which 
require rapid cooling times. Either these ideas are 
erroneous (for example, the frozen-in high temperature 
structure) or the relaxation time in silica is several orders 
of magnitude longer than it was thought to be. 

1 Anderson, O. L., J. App. Phys., 29, 9 (1958). 
2 Culpin, M. F., and Madoc Jones, D., J. Sci. Instrum., 36, 28 (1959). 


ELECTRON MICROSCOPE OBSERVATION OF NUCLEAR REACTIONS 


By Dr. LEWIS T. CHADDERTON and IAN McC. TORRENS 
Laboratory for the Physics and Chemistry of Solids, Cavendish Laboratory, Cambridge 


T has been shown that it is possible to observe by 
electron microscopy the tracks formed in various 

crystals due to the passage of heavy charged particles 
such as fission fragments!—, and that the appearance of 
these tracks is sensitive to the energy and mass of the 
bombarding particle and to the thickness of the crystal*. 
In an attempt to observe directly the damage caused by 
lightly ionizing particles, thin crystals of molybdenum 
trioxide were irradiated with helium-3 ions of energy 
29 MeV. 

Molybdenum trioxide was prepared by condensation 
from the vapour directly on to a carbon support film on 
an electron microscope grid: grown by this method the 
erystals ranged in thickness from less than 50 A to several 
thousand A. The grids were mounted on brass backing 
plates and bombarded for varying periods of time with 


29-MeV helium-3 particles accelerated by the Nuffield 
cyclotron of the University of Birmingham, the total doses 
ranging from 10" to 1016 ions/em?. The irradiated crystals 
were investigated using the A.E.I. E.M.6 electron 
microscope operating at 75 keV. 

Observation of crystals bombarded by 1015-10!* ions/ 
em? revealed a number of particle tracks, which were 
occasionally darker than the surrounding crystal due to 
the operation of diffraction contrast but were more often 
light tracks due to the removal of material of the crystal 
(Fig. 1). The track thickness was generally considerably 
less than that of fission-fragment tracks, varying from 
~ 25 À to ~ 100 A. A comparison with an electron 
micrograph of fission-fragment tracks in MoO, is given in 
Fig. 2. The density of the tracks, which was estimated 
to be ~10%/cm? in a grid bombarded by 10!5 helium-3 





Fig. 1. Tracks in a *He-irradiated crystal of MoOs. 
appear to come from a thick crystal: 


ions/em*, was extremely low in comparison with the 
beam intensity. It varied considerably over any one grid 
square, in that the tracks tended to occur in clusters where 
the density was up to a thousand times the average density, 
and there were large areas containing no visible tracks. 
Similarly, the directional variation of the tracks was quite 
uniform when averaged over a complete grid, but they 
were usually well collimated (to within 20°) in any one 
crystal or group of crystals, though not in any particular 
crystallographic direction. In this respect it is significant 
that they were not visible in all crystals, and were more 
often observed where a thin crystal was close to a cluster 
of thick crystals, aligned approximately in the direction 
of the cluster. 


Mechanism responsible for track formation. The evidence 
presented here suggests that what we are observing is 
some form of secondary effect caused by the interaction 
of the incident helium-3 ions with the atoms of the crystal 
or with the copper of the electron microscope grid. The 
bombardment was performed with the plane of the grid 
perpendicular to the ion beam, and so the tracks in thin 
crystals must make an angle of ~ 90° with the incident 
particles. Consideration of the types of secondary effects 
possible shows that they must be created by one or more 
of the following effects: (1) the helium-3 particles them- 
selves, having undergone large angle collisions; (2) 
primary knock-ons due to small impact parameter colli- 
sions of the incident ions with the molybdenum or oxygen 
atoms of the crystals, or with copper atoms of the grid; 
(3) ions resulting from nuclear transmutations initiated 
by the helium-3 particles in the nuclei of the crystals or 

id. 

S is unlikely that the tracks are formed directly by the 
incident ions after being scattered through approxim- 
ately 90°. The rate of loss of energy by ionization and 
excitation of a heavy energetic charged particle passing 
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through matter can be calculated using 
equations derived by Bohr* and by 
Bethe and Bloch’. The Bohr equation 
applies to a particle the effective charge 
of which decreases as it slows down in 
the medium, and is therefore mainly 
used in calculations involving very 
energetic heavy ions. The Bethe- 
Bloch equation can be stated: 


4nN Zi et 
0 Mev? 





2 Me v? 
Zs loge “KZ, 


where v is the velocity of the charged 
particle, m, and e the electronic mass 
and charge, N the atomic density of 
the matter (No. of atoms/c.c.), K is a 
constant of the order of 11:5 eV, Z, 
and Z, the atomic numbers of the 
particle and material through which it 
is travelling, and Z1 is the effective 
charge of the energetic particle, which 
depends on its degree of ionization. 
By considering Z, as a weighted 
average of the atomic numbers of 
molybdenum and oxygen, the energy 
loss rate for a helium-3 ion travelling 
in MoO, can be calculated by the 
Bethe-Bloch equation to be: 


dE 
——— = 0-00247 erg/em 
( dz /sge g/ 


This ean be compared with the energy 
loss for a median-light fission fragment 
(at the lower mass peak in the fragment/ 
distribution curve’) where Z, = 39, 
E = 95 MeV : 


dE 
( = pasion = 0:654 erg/em 
fragment 


which is very much larger than that for a helium-3 ion. 

Since the energy transferred to the crystal in this way 
dissipates mainly by ionization and localized heating and 
hence track formation, we should expect that the helium 
ion will form a very narrow track which will under most 
conditions be invisible in the electron microscope. This 
hypothesis is supported by the fact that no helium-3 
tracks have so far been observed in similar specimens of 
MoO, bombarded at low angle (10°) with a radiation dose 
of 10°10" particles/em?. At these doses individual 
particle tracks, if visible, could be resolved. Thus it is 
fairly certain that tho tracks observed here must be due to 
a heavier particle. 

In addition, we can eliminate primary knock-ons as a 
possible, cause by considering the mechanics of a close 
collision between a helium-3 ion (E = 29 MeV) and an 
atom of the crystal or grid. In the classical approximation, 
which is sufficient for our purposes, the differential cross- 
section for Rutherford scattering of an energetic ion may 
be expressed in terms of the energy transfer T: 


aT 
are 


b? 
do (E, T) = T Tm 


where E is the incident particle energy, b is the collision 
diameter, and Tm is the maximum energy‘transfer which 
can occur in the collision. In a collision between particles 
of masses M, and M,, and charges Z,e and Ze: 


4 M, M, 


Tm = (M, + M,)* 
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Fig. 2. a, Track produced by a rocoiling nucleus showing diffraction 
contrast and a large angle collision (arrowed). The width is much less 
than in tracks formed by fission fragments (b) 


and: 
Z, Z: (M, + M.) 


b= M, Ë 





Consideration of the variation of do with T reveals that 
the scattering process favours low energy knock-ons. 
These inevitably carry off much less energy than would be 
transferred in a head-on impact (Tm ~ 4 MeV), and their 
rate of loss of energy is therefore not sufficient for track 
formation. 

The removal of this possibility leaves us with the third 
and most probable cause, namely, the heavy ion end- 
products of nuclear reactions. The cross-section for a 
reaction of the form: 


X -:He— Y +z 


(where X and Y are heavy ions and z represents one or 
more light particles) in crystals of the thickness normally 
used in transmission electron microscopy is negligibly 
small, even with as high a dose of radiation as has been 
used in these experiments. This would explain qualita- 
tively why the tracks were extremely rare in isolated thin 
crystals. The cross-section for reactions in a cluster of 
crystals thick enough to be opaque to the electron beam 
is greatly increased, both by the much greater distance 
travelled by the helium-3 ions in the crystal, and by the 
fact that the energetic heavy ion products can be emitted 
at a smaller angle than 90? with the incident beam direction 
and still form visible tracks in adjacent thin crystals. The 
probability of heavy ion emission from the nuclear reaction 
is obviously greatest in a forward direction with reference 
to the incident beam, and it is quite possible that some 
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of the tracks observed here could result from the large- 
angle scatter of these ions into the plane of the thin 
crystals. 

Reactions most likely to give rise to the observed tracks 
are those yielding heavy energetic radioactive ions of 
isotopes with mass number in the region of that of the 
crystal atom struck by the helium-3 ion. For example, 
the following reactions with oxygen atoms in oxides and 
nuclear emulsions have been observed*?: !*O(3He, d)"F; 
1 0(0He, p)*?F; 19O(SHe, )!5Ne; *O(He, *He)5O. 
The products of reactions such as these are generally 
unstable, tending to decay with half-lives varying from a 
few minutes up to several days. In this connexion it is 
interesting to note that the specimens and backing plates 
were observed. to be radioactive immediately after irradia- 
tion. Similar reactions in copper and molybdenum 
trioxide have been detected, with helium-3 and helium-4 
as the incident ions!*-?. In a reaction of this nature, the 
incident particle energy and the Q-value of the reaction 
are shared by the end-products, and thus it is probable 
that the heavy ion will have energy 10-20 MeV, which is 
quite sufficient to form a visible track. 


Conclusion. The results so far imply that the tracks 
observed in these crystals are formed as a consequence of 
collisions between helium-3 ions and nuclei of the crystal 
or grid atoms, in which penetration of the nuclear poten- 
tial barrier occurs, leading to transmutation and a high- 
energy transfer to the product nuclei. If this is the case, 
we not only have an efficient solid-state detector, but a 
possible method of investigating the mechanism of track 
formation. An accurate quantitative treatment of 
fission-fragment tracks is normally impossible since little 
is known about the statistics of the particle. The energy 
and mass can lie at any point on the twin-peaked curve of 
the fragment distribution, and the energy is further 
influenced by the depth of uranium foil traversed by the 
fragment between its point of creation and the surface of 
the foil”. In the ease of the ion tracks observed after *He- 
irradiation, although the energy can lie within a fairly 
broad range, the mass may be reasonably estimated to 
within a few atomic mass units if, as seems possible from 
differences in track thickness, we can differentiate between 
ions resulting from a *He-*O reaction and those from a 
3Ho-**Mo reaction. In the reaction with a molybdenum 
atom, the product heavy ion could have a mass number 
considerably less than 96, if, for example, 3 «-particles 
were emitted, but the cross-section of this type of reaction 
is relatively small compared with those in which the mass 
change is three or less. Thus it may be possible to compare 
track parameters such as thickness and frequency of large 
angle collisions with theoretical predictions in an attempt 
to discover more about the mechanism of track formation 
in a binary crystal such as MoQ3. 

We thank Dr. F. P. Bowden for help and encouragement, 
Dr. J. H. Fremlin for valuable discussions and permission. 
to use the cyclotron, and the Ministry of Education 
(Northern Ireland) for the award of & research grant 
to one of us (I. McC. T.). 
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HENBURY IMPACT GLASS: PARENT MATERIAL AND BEHAVIOUR OF 
- VOLATILE ELEMENTS DURING MELTING 


By Dr. S. R. TAYLOR and P. KOLBE 


Deparcment of Geophysics, Institute of Advanced Studies, Australian National University, Canberra 


HE naturo of the parent material of tektites has been 

discussed for many years. A basic question is whether 
the present composition reflects that of the source material, 
or whether it has been modified during melting, with loss 
of more volatile constituents. We are concerned here 
only with elements which wil] be lost at temperatures in 
excess of 1,000? C, and exclude the material, such as water, 
lost at lower temperatures, commonly reported in chemi- 
cal analyses as ‘lost on ignition’. Elements which have 
been thought to be volatile during the processes of tektite 
formation include the alkali elements??, zinc, copper? and 
germanium‘. Other possibilities are lead, thallium and 
mercury. 

In most potential source materials, sodium and potas- 
sium will be present at concontration-levels of a few per 
cent, and the others in trace quantities. The selective 
loss of these elements would raise some difficulties in 
identification of the parent material, but would not modify 
the concentrations of the other elements by more than a 
few per cent. If there has been no appreciable loss of the 
volatile elements, the present concentrations can be used 
to identify possible parent materials. Losses of up to 
10 or 20 per cent of the concentrations of the volatile 
elements will not seriously hinder the search. Some 
workers!-* have attempted to show that tektites may be 
derived from granitic-type igneous rocks by loss of such 
elements. 
^ Friedman ef al. found no evidence for selective loss 
during fusion of rocks at 2,500° C in air and concluded 
that “tho observed composition of tektites probably 
reflects the composition of the material from which they 
came". In extensive investigations of the composition 
of australites*.? no effective depletion of volatile elements 
such as cesium and rubidium has been observed. Jt has 
not been necessary to invoke such mechanisms to account 
for the chemical composition of these tektites, which may 
be matched with that of terrestrial sedimentary rocks. 
Geochemical examinations of the enigmatic Darwin glass 
have led to similar conclusions’. 

A useful new approach is to examine the composition 
of undoubted terrestrial impact glasses and their source 
material. The extrapolation to the unknown conditions 
of tektite formation is uncertain, but may be distinctly 
possible because glass formation probably occurs under a 
similar range of conditions whether the event is large or 
small. A further reason for this investigation has been 
the lack of comprehensive trace element data for impact 
glasses which has handicapped workers on tektites and 
other glasses of debatable origin. 

Suitable areas to compare impact glasses and their 
parent materials are rare. At Henbury, Northern Terri- 
tory, Australia (24° 35’ S.; 133° 09’ E.), the impact of an 
iron meteorite shower has produced twelve craters and 
minor amounts of glass associated with the largest crater. 
This occurrence is well described by Alderman? and 
Spencer’. The rock outcropping at the surface is sand- 
stone, dipping south at a low angle. Blocks of an under- 
lying subgreywacke are exposed in the main crater. Glass 
samples from two areas, one on the crater rim and the 
other about 100 m north, were collected. The glass occurs 
as small brown cellular masses. Samples for analysis were 
obtained by gentle crushing without metallic contact, 
followed by ultrasonic cleaning and hand-picking of the 


washed material under a binocular microscope. Eight 
samples of tho sodiments were also analysed. Full details 
of sample localities, descriptions, samplo preparation and 
‘analytical methods will be reported elsewhere. 

A brief comment on the analytical methods is necessary. 
The major elements were determined by Dr. H. B. Wiik 
using wet chemical methods. The trace elements were 
determined by emission spectrochemical methods utilizing 
standard methods previously developed’? and used 
for the analysis of tektites®? and Darwin glass®. Instru- 
‘mental calibration was carried out using interlaboratory 
standard samples!*. The high content of iron and nickel 
in the glasses made it necessary to check commonly 
used spectral lines for interference by lines of these two 
elements. A correction for titanium interference by the 
line at 8518 A was made for the cæsium analytical line 
at 8521 A. This line was resolved from the iron line at 
8514 A. Work is proceeding on the determination of 
gallium. The line at 2944 A is subject to nickel inter- 
ference at the concentrations observed in the glasses, the 
lines at 2874 A and 4172 A are subject to interference by 
iron lines and the line at 4033 A is unusable because of 
the presence of a strong manganese line. 


Table 1. MAJOR ELEMENT DETERMINATIONS ON HENBURY GLASS AND 


SUBGREYWACKH 
Glass No. 1 Glass No. 2 Sediment No. 5 
A B C D E P 
sid, 70:84 75-09 68-11 15:60 75:01 Ti-26 
A105 11:02 12:32 . 11312 12:34 10:54 10-85 
Fe,0,; 3-01 — 2:39 — 2.80 — 
FeO 5:83 — 11:48 — 1-00 — 
FeO* (9°34) 3-71 (13-57) 371 (3-80) 371 
MgO 2°25 2-39 2-10 2-33 1:96 2-01 
Cad 0:70 .074 0-53 0-59 0-81 0-8$ 
Na0 0-87 0-92 0-78 0-87 0:97 1-00 
K,O 3-01 3-19 2-95 3:27 2-86 2-95 
TiO, 0-83 0-88 0-80 0-89 0-80 0-82 
H,0* 0-00 — 0-00 — 2-08 = 
H,0- 0-05 — 0-08 — + 0-45 — 
P05 0-03 — 0-03 — 0-02 — 
CO; 0:00 — 0-00 — 0:20 — 
100-28 09-20 100-83 99-60 99-65 99-48 


Columns B and D, meteoritie iron content removed. 
Column F, water and carbon dioxide removed. 
* Total iron expressed as FeO. 


The analytical results obtained answer three questions: 
the nature of the parent material; the extent of addition 
of iron, cobalt and nickel from the meteorite; and the 
effect of melting on the chemical composition of the source 
material. i f 

Preliminary qualitative spectrochemical analysis showed 
a close correspondence in composition between the glass 
and the subgreywackes, except for iron, cobalt and nickel, 
which wero present in much higher concentrations in the 
glass. The composition of the sandstones was not similar to 
that of the glass. These conclusions have been confirmed 
by the quantitative data. A comparison of the major 
elements, expressed as oxides, is given in Table 1 for the 
two glass samples and tho sediment closest in composition. 
The high iron content of the glasses is noteworthy. 
Columns B and D give the glass composition with the 
excess iron removed. Results for the non-volatile trace 
elements are given in Table 2, which also includes data 


for the major-constituents expressed as elements. There 


is a close correspondence in composition between glass 
and sediment except for iron, cobalt and nickel. Using the 
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Table 2. ANALYTICAL RESULTS FOR SOME NON-VOLATILE ELEMENTS IN 
HENBURY IMPACT GLASS AND SUBGREYWACKE 
ae Sediment 
Element Glass No. 1 Glass No. 2 No. 5 
A . B C D E 
B p.p.m. 140 148 130 144 135 
Ba p.p.m 600 640 700 780 620 
Ca % 0:50 0-53 0-38 0-42 0-60 
Cr p.p.m. 78 83 81 89 56 
La p.».m. 53 56 56 62 5 
Mg % 36 1-44 1:27 1-41 122 
Mn p.p.m. 1,050 1,110 980 1,090 840 
Se p.p.m. 1 12 1 11 11 
Sr p.p.m, 0 85 0 100 90 
Ti p.p.m. 4,980 5,280 4,790 5,320 4,930 
v p.p.m. D 82 "7 85 65 
Y p.p.m. 5 63 65 12 90 
Zr p.p.m. 415 440 430. 480 630 
Fe % 1:26 10:55 2-88 
Co p.p.m 190 370 11 
Ni p.p.m 2,500 4,000 26 


Columns B and D corrected for meteoritic iron contribution. 
Column E corrected for 273% loss on ignition. 


Table 3. ‘VOLATILE’ ELEMENT CONTENT IN HENBURY IMPACT GLASS AND 
SUBGREYWACKE 
Sediment 
Glass No. 1 Glass No. 2 No.5 
A B C D E 
Li p.p.m 38 40 32 36 35 
Na 96 0-65 0-69 0-58 0-64 0-74 
K 26 2-50 2°65 2:45 2-72 2-44 
Rb p.p.m 120 127 105 117 110 
Cs ppm 4 2 5 8 3 
Cu p.p.m 37 39 47 52 18 
Pb p p.m. 90 21 23 26 24 


Columns B and D corrected for excess iron. 
Column E corrected for 2:73% loss on ignition. 


sediment data as representing tho original composition, 
the iron/nickel and nickel/cobalt ratios derived from con- 
tamination by the impacting meteorite average 18-4 
and 12-5. These compare with iron/nickel ratios of 12-8 
and 12-1 and nickel/cobalt ratios of 33 and 20 from pub- 
lished analyses of the Henbury iron!*. The match for the 
other trace elements is close, with chromium and vanadium 


higher and titanium, zirconium and yttrium lower in the’ 


glass compared with the sediment. Probably the parent 

material of the glass was slightly richer in clay and poorer 

in resistant minerals such as zircon than the sediment 
listed. 
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Results for the ‘volatile’ elements are given in Table 3. 
The composition of the two glasses and the sediment is 
very similar. Sodium is about 20 per cent higher in the 
sodiment. Lithium, potassium and rubidium aro closo in 
concentration, and the volatile element, cæsium, is higher 
in the glasses than in the sediment. Tho higher concon- 
trations of cæsium parallel the higher copper, vanadium, 
chromium and magnesium contents, which may be inter- 
preted to indicato that the source material of tho glass 
was slightly higher in clay content than the sediment 
listed. The volatile element, lead, is present at similar 
concentrations in both glasses and sediment. It scoms 
clear from an examination of Table 3 that no significant 
depletion of the ‘volatile’ elements has occurred during 
glass formation. The slight differences observed may be 
readily attributed to minor differences in composition of 
tho source rock. The results do not exclude losses of a 
fow per cent, but limit selective distillation to a minor 
role, not materially affecting the composition. The 
changes in composition are limited to tho addition of 
iron, cobalt and nickel from the impacting metcorito. 

The results considered here strengthen the interpreta- 
tion based on internal compositional evidence that the 
compositions of australites*? and Darwin glass? have not 
been: seriously modified by loss of the more volatile con- 
stituents, so that their present compositions reflect that 
of the parent materials. 

We thank Dr. H. B. Wiik for analyses of the major 
element and Mrs. A. Halsey for carrying out the spectro- 
graphic determinations. 
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LAYERED INTRUSIONS OF THE GILES COMPLEX, CENTRAL AUSTRALIA 
By Dr. R. W. NESBITT and Dr. A. W. KLEEMAN 


Department of Geology and Mineralogy, University of Adelaide, South Australia 


HE Giles Complex! consists of a series of basic- 
ultrabasic layered intrusions of Archean age, which 
are situated in Wostern Australia and the north-west 
corner of South Australia." Basic igneous rocks were 
first recorded from the area'by Basedow?, and later 
examination of this matorial* ‘showed their ultrabasic 
nature. The investigation recorded here deals with those 
intrusions found in the South Australian part of the 
complex, with particular emphasis on the largest of these 
at Mt. Davies (Fig. 1). : EA 
The Mt. Davies, intrusion is an east-west trending 
elongate body about 10 miles long and 3'miles wide. The 
intrusion is marked by spectacular compositional banding 
which in the main body of the intrusion dips north at 
70°-80°. The rocks are almost unweathered, making 
them ideal for petrological and geochemical investigation. 
Contacts with the country rocks are often faulted. but 
the common presence of biotite in.the igneous.rocks at 
some of the contacts, suggests that these represent the 
true margins of the body, which have been contaminated 
by the incorporation of acid granulites. 


Petrological and geochemical investigations of the 
intrusion are at an early stage of development, and 
although there has been & major specialized investigation 
of the intrusion by å commercial organization and by 
the South Australian Department of Mines, no systematic 
petrological doseription has been published. 

Some chemical analyses on gabbros and norites have 
already been made, and olivine and feldspar compositions 
determined. The olivine compositions wero determined 
using the method of Yoder and Sahama* with the modifica- 
tion that zinc oxide instead of silicon has been used as an 
internal standard. The results indicate.a progressive 
enrichment in the iron molecule fayalite from 5 per cent 
in the ultrabasic zone to 30 per cent in the olivine norites 
on the south side of the intrusion. 

It is considered that if the layering in the body is 
gravitational in origin (that is, originally close to the 
horizontal) then the mineralogy indicatos that the rocks 
are younger to the south and so are overturned. This 
leads to & tentative subdivision of the intrusion into: 
(1) ultrabasic zone; (2) olivine-enstatite-gabbros grading 
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up into (3) olivine-norites with prominent anorthosite 
bands, the total thickness being approximately 15,000 
ft. The ultrabasic zone consists of repeated layers of green 
clinopyroxenites, olivine clinopyroxenites, black anorthos- 
ites and more normal olivine gabbros. The whole sequence 
of ultrabasics and olivine-enstatite-gabbros is remarkably 
free of opaque material, and magnetite does not appear 
until the olivine-norites of the upper part of the intrusion. 

Optical investigations on the plagioclases indicate that 
the composition remains fairly constant in the ultrabasic 
and olivine-enstatite-gabbro zones (Anss-so) but changes 
in the olivine-norites, becoming more albitie (4m, 
especially toward the southern contact. 

Immediately north of the ultrabasic zone there is a 
zone of jasper which separates the main body of the 
intrusion from about 6,000 ft. of layered olivine-norites 
and picrites, again dipping north at about 80°. The 
jasper occupies a major fault area and the rocks on either 
side of this fault are remarkably dissimilar. This 
northern sector is characterized by fine-scale banding, 
slump structures and high concentrations of magnetite 
and ilmenite, and it is thought that these rocks are not 
part of the Mt. Davies intrusion, but are the sheared por- 
tion of another body. Olivine determinations show a 
range of F'@zs-s5 

A programme of chemical analyses has been com- 
menced and initial results are presented in Fig. 2. The 
specimens so far analysed are all olivine gabbros or olivine- 
norites from the main part of the intrusion and from the 
layered gabbros of the ultrabasic zone. The overall iron 
enrichment observed in the olivines toward the south 
margin of the body is substantiated by analysis of five 
specimens taken from varying parts of the intrusion. The 
values of MgO, total iron as FeO, and total alkalis are 
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plotted in Fig. 2 to indicate the trend in specimens from 
the northern margin (excluding the zone north of the 
jasper) through to a rock which occurs about 5,000 ft. 
from the southern contact. The increase in total iron is 
from 2-1 to 4-3 per cent and there is little doubt that subse- 
quent analyses of material higher in the intrusion (that 
is, toward the south) will continue to show this trend. 
Fig. 2 is also of significance in that it indicates the 
unusual deficiency in iron exhibited by the rocks of the 
Mt. Davies intrusion. As yet we have been unable to 
find any described examples of gravity stratified intrusions 
in which the ratio of total iron to magnesium is so low. 
For comparison, the trends of Stillwater®, Skaergaard*, 


Total Fe as FeO 





K,0 + Na,0 MgO 


Fig.2. [], Great Dyke (ref. 8); A, Stjernoy (ref. 9); x, Mt. Davies; 
< ---,Skaergaard (ref. 6); e, Stillwater (ref. 5) 
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the Great Dyke of Southern Rhodesia’, and Stjernoy in 
Norway? are plotted. 

The importance of the Mt. Davies body appears to 
lie in its possible contribution to the relationships of 
the alpine-type and stratiform complexes’. Thus its 
affinities to the stratiform bodies may be listed as: (1) 
regular layering which is continuous over several miles ; 
(2) eryptie layering especially exhibited by the olivines; 
(3) the absence of any large quantities of dunite or perido- 
tite; (4) the preponderance of pyroxene over olivine in 
the ultramafic zone; (5) lack of stress effects in olivines 
except at the margins; (6) presence of abundant anorthos- 
ites. On the other hand, it also bears relationships to the 
‘alpine-type’ complexes: (1) very high MgO/FeO ratio, 
not only in the ultramafic rocks but also in the gabbros; 
(2) forsterite-rich olivines; (3) almost vertical layering 
and sheared contacts; (4) the absence of rocks more acidic 
than bytownite gabbro. 
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Further work in the area is planned to elucidate tho 
relations between the various intrusions and their relation- 
ship to the country rocks and & major petrological pro- 
gramme is envisaged. 

We thank the Nuffield Foundation for financial support 
and the Department of Aboriginal Affairs and the Weapons 
Research Establishment, South Australia, for their co- 
operation. Chemical analyses were carried out by the 
Australian Mineral Development Laboratories. 
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RATE OF ACCUMULATION OF SNOW AT THE SOUTH POLE AS 
DETERMINED BY RADIOACTIVE MEASUREMENTS 


By E. PICCIOTTO and G. CROZAZ 


Service de Géologie et Géochimie Nucléaires, Université Libre de Bruxelles 
AND 


W. DE BREUCK 


Laboratorium voor Fysische Aardrijkskunde, Rijksuniversiteit te Gent 


ab. importance and the difficulties of estimating the 
annual rate of accumulation of snow on the Antarctic 
polar plateau have been stressed by various authors’’. 
These difficulties are basically due to the very low annual 
rate of accumulation which could give rise to complete 
disappearance of an annual or seasonal layer by wind 
erosion or by some other mechanism. Thus all methods 
based on identification of annual layers would tend to 
under-estimate the number of years, whether these methods 
be stratigraphic or isotopic. 

In order to overcome this difficulty two methods based 
on radioactive measurements have recently been proposed ; 
these methods avoid the subjective interpretations in- 
herent in glaciological and isotopic methods. 

The first method? is based on radioactive fall-out from 
the Castle thermonuclear bomb test which is used to 
identify a reference-level corresponding to the 1954-55 
austral summer. This method could be used to measure 
the mean accumulation over the past nine years. The 
second method? is based on the radioactive decay of 
the lead-210 contained in the precipitation. This method 
would normally allow the dating of the snow layers for 
up to one hundred years in the past. 

During the course of a summer campaign supported 
by the U.S. Antarctic Research Program (U.S. National 
Science Foundation), two of us (E. P. and W. D. B.) were 
&ble, in December 1962, to collect a series of samples of 
snow and firn to be investigated by both methods. 

A number of samples, at depths of up to 26 m, were 
collected in the 'Snow-Mine'* of the Amundsen-Scott 
South Pole Station and were brought frozen to Belgium. 

Estimations of the rate of accumulation of snow at the 
South Pole published so far are based on three groups of 
results: 

(1) Stratigraphic observations. The most extensive are 
those of Giovinetto®, which deal with the 26-m section of 
the ‘Snow-Mine’ representing a period of more than 
two hundred years. He reports a mean annual accumula- 
tion of 6-6 em of water during 1760-1947 with, however, an 
annual rate of 7-4 cm over the past hundred years. 

More recent observations* confirm the figure of 7-0 cm 
of water as the annual rate over the past few years. 


(2) Direct measurements carried out, since 1957. on 
stakes placed in the vicinity of the station. The mean value 
of these measurements kindly communicated by L. Aldaz. 
indicates an accumulation of 20 em/yr. in the relative 
level, which, taking into account a density of 0-35 for the 
surface snow, confirms the value of 7-0 em of water. 

(3) Variations in the oxygen isotope ratio. Sharp and 
Epstein! note a systematic disagreement between the 
values of the annual accumulation deduced from their 
measurements of the 0-18/0-16 ratio and those obtained 
by direct measurement or deduced stratigraphically at 
various locations in West Antarctica. They suggest the 
possibility that the accepted rate of accumulation for the 
whole West Antarctica may have been under-estimated by 
a factor of 2. 

They put forward an annual rate of accumulation of 
water at the South Pole of the order of 15 cm. This figure 
results from the analysis of an 80-cm ice section, showing 
only 3 isotopic alternations. 

This article presents the results obtained by our 
stratigraphic observations, and by the measuremonts on 
the fission products and on lead-210. 

(a) Stratigraphy. Fig. 1 presents the stratigraphic 
profile of a glaciological pit dug in the north-east quadrant, 
about 500 m from the Amundsen-Scott South Pole 
Station. 

The stratigraphic features of the snow cover in this 
area have been previously described’-’. The identified 
summer layers are shown in Fig. 1. The average annual 
accumulation deduced for the period 1951-62 inclusive is 
7-5 em of water. One or more year-level having probably 
been missed, this value must be considered an upper 
limit. For the period 1955-62 inclusive, for which the 
stratigraphy is more clearly marked, the average annual 
increase is 6:3 cm. 

(b) Fission products. Fig. 1 also shows the values of the 
gross B-activity of the snow as a function of depth in the 
same pit (cf. ref. 2 for experimental details and interpreta- 
tion). According to the results obtained at the King 
Baudouin Base, the sudden increase in the f-activity 
noted above the —145-cm level should correspond to 
early 1955. The results here reported confirm this con- 
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Table 1. INDEPENDENT ESTIMATIONS OP THE ANNUAL ACCUMULATION AT 
THE SOUTH POLE 
Snow Water 100 
- Annual Method accumula- equiva- 
interval of ion lent Ref.. 80 
(estimated) measurement (cm) (em) 60 
Feb.- Direct (‘New 20 7-0 L. Aldaz 4 
Nov. 1962 Field’, 140 (private communi- A 40 
Stakes) | cation) p 
Feb.1958- Direct (‘Old 185 6-6 E p 
Nov.1902 Field’, 36 d 
stakes) = 20 
(1947-1850) Stratigraphy T4 Giovinetto (ref. 5) > 
(‘Snow-Mine’) . e 
(1958-1954)  0—18/0-16 15 Sharp ana Epstein & io 
ref. 
(1963-1951) Stratigraphy 20 T5 Present work z 8 
(1963-1055)  Fall-out 17:55 65405 » 0» 2 
(1963-1850)  Lead-210 6x1 eH z 6 
t 
< 


clusion and are in good agreement with the stratigraphic 
interprotation of the upper 140 cm. They indicate a mean 
annual accumulation of 6-5 + 0-5 om of water between 
1955 and 1962. 

(c) Lead-210. We have measured the lead-210 activity 
on @ 2-m deep section covering the 1962-54 interval and 
on 60-em thick specimens collected in the ‘Snow-Mine’ 
at intervals of about.4 m up to a depth of 26 m. The 
experimental details are described elsewhere‘. The 
results are shown in Fig. 2 in which the logarithm of the 
lead-210 activity is plotted with respect to tho depth, 
expressed in em of water. 
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Fig. 1. South Pole: ‘Pit 1’. Stratigraphic prone and gross f-activity. 
The interpretation of the stratigraphic profile in terms of annual layers 
is given on the right side of the figure 
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Fig. 2. South Pole: ‘Snow-Mine’. Variation of the lead-210 activity in the 

firn as a function of depth. The slope of the line, in semi-logarithmic 

co-ordinates, corresponds to an annual accumulation of (6+1) em of 
water 


It will be noticed that, within experimental error, the 
lead-210 activity decreases exponentially with the depth, 
the most plausible interpretation? being that the rato 
of accumulation of the water and the initial activity of 
lead-210 in the snow have remained constant over the 
past hundred years. Taking the half-lifo of lead-210 as 
21-4 years*, the mean annual accumulation over the past 
century is found to be 6 + 1 em of water. 

This value is slightly lower than that deduced by 
Giovinetto from the 'Snow-Mine' stratigraphy for the 
same period, but confirms, however, the excellent quality 
of his observations carried out under particularly difficult 
conditions. The results are summarized in Table 1. 

In conclusion, three completely indepondent methods 
(stratigraphy, fission products and lead-210) lead to a 
mean value of the annual rate of accumulation between 
6 and 7 cm of water at tho South Pole. The two former 
methods lead to an average over the past nine years, 
whereas the lead-210 activity decay (in agreement with 
the stratigraphic observations of Giovinetto) indicates 
that this average has not appreciably varied over the past 
hundred years. 

The value of 15 em of water put forward by Sharp and 
Epstein does not appear to be acceptable. Possible 
reasons for this disagreement have been already discussed’. 

This work was carried out under contracts 44-4922 


` and AA-487 with the U.S. Antarctic Research Program, 


National Science Foundation, and was supported by the 
U.S.A.R.P. and the Task Force 43, U.S. Navy. Financial 
support was also supplied by the Institut Interuniversi- 
taire des Sciences Nucléaires de Belgique. 

A part of the equipment used in the work is the property 
of the ‘Association EURATOM Université Libro de 
Bruxelles-Comitato Nazionale per Energia Nucleare’, 
contract 013-61—7 AGEC.. . 

We thank Mr. J. Deschamps for help in carrying out 
the radioactivo measurements. 
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LETTERS TO THE EDITOR 


PHYSICS 


Bearing of Recent Experiments on the Special 
and General Theories of Relativity 


In a recent communication Dr. L. Essen! concluded 
that special relativity cannot be applied to a rotating 
system. Jennison? and Synge? have previously treated 
the problem considered by Essen and have shown it to 
be consistent with special relativity. As the application 
of special relativity in this context is of considerable 
importance and in order to clarify its correct application 
the following points should be noted. 

(1) Any point in the system may be considered to 
exist instantaneously in a Lorentz frame. This frame 
only applies momentarily to the elementary locality or 
neighbourhood around the point but is sufficient to estab- 
lish local time and angular measure. 

(2) If a signal is transmitted from any point particip- 
ating in steady-state rotation and received by another 
point in the same rotating system, then, over any distance 
exceeding the elementary size of a Lorentz locality and 
within the range of velocities or < c, the Lorentz frame 
associated with the neighbourhood of transmission always 
differs from the Lorentz frame associated with the neigh- 
bourhood of reception. 

(3) The ray angle associated with the locality of 
transmission is related to the ray angle in the locality 
of reception by the usual relativistic aberration for the 
angles in the Lorentz frames appropriate to the velocities 
of the localities concerned. 

(4) When the appropriate aberration is introduced 
the Doppler shift that is computed is precisely that 
observed in the Móssbauer experiments and predicted 
by general relativity. No Doppler shift occurs for trans- 
mission and reception between any two points equi- 
distant from the centre, for the angles of transmission 
and reception are precisely those which are necessary 
for the transmission from one Lorentz frame to be 
received in another at the identical frequency. 

(5) One should exercise care in considering distances 
in the Lorentz frame associated instantaneously with a 
point in the system, for the Lorentz frame embraces 
the conditions in only a vanishingly small locality of the 
rotating system. Only the identical instantaneous 
velocity and not the radius is required for the computation 
of the Doppler shift and local ray angles by special 
relativity. 

It is in this respect that special relativity may be 
misleading, but not incorrect. 

Consider the velocity of an inertially radial pulse of 
light relative to a rotating system of radius r and angular 
velocity œ. In a frame of reference containing the 
centre let the group velocity of the pulse relative to the 
system (and the system relative to the pulse) be c. Then 
the tangential velocity of the pulse in the system is cr 
o?r? 


t 
x) . This defines 


the light path in the rotating system as a circular arc of 


and the radial velocity = (1 i 
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It is now helpful to use brackets and subscripts to 
indieate where in the rotating system the measurements 
shall be made. Thus the rotating radius measured from 
the centre: 
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But the rotating radius measured from a rotating point 
at inertial radius 7 is given by: 
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appears to rotate to a rotating observer at the rotating 
radius (r). The unit of time is taken as the ticking of 
his own (standard) atomic clock and the unit of distance 
as the wave-length that he associates with the same clock. 
The relationships for (o). and (r) may also be obtained 
by considering radar signals transmitted and received 
by a single observer having an appropriate local time 
and restrained at constant distance from the centre. 
In individual inertial systems there appears no transverse 
relativistic contraction despite the dilatation of time, for 
when the observer is considered to be in motion relative 
to the target, the ray geometry introduced by the finite 
transit time cancels the contraction that might be ex- 
pected by radar. The rotating system, however, is 
constrained so that the observer is maintained at the 
same distance from the target at all times and the result 
follows from the removal of the geometric factor. The 
radial contraction may also be demonstrated by con- 
sidering signals continuously propagated between two 
radar transponders, one at the centre and the other in 
the rth ring, each triggering the other so that they set 
up & regular series of pulses. The pulse repetition 
frequency may be measured at each end in terms of local 
atomic clocks and thus gives the radar range; as the 
frequency of the clocks may also be transmitted for 
comparison it will be observed that the radar range con- 
tracts in the manner predicted. Similarly, if a signal is 
made each time that a point in the rth ring passes over 
a fixed point in the inertial system of the centre and this 
information is transmitted to the centre together with 
the ticking of a local clock, the increase in angular velocity 
is immediately apparent. 

It should be noted that the product wr is always equal 
to the associated product (c). (7), for a given point or 
ring in the steady-state system, but: 








or 

(e)? (r) = wren 

(1 BEP ) 

Whence, multiplying both sides by m»: 
Mo 
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milo)’, (r) = 7— — apis 
de) 
c 
The left-hand side of this equation is the correct expression 
for the centrifugal force at the point where it is considored 
to act, and where the proper angular velocity and radius 
are (o), and (r). respectively. 

It is of interest to consider the r&y curvature and 
limiting redius (ref. 2, Fig. 3 of which requires slight 
amendment), in the plane normal to the spin axis, of a 
particle which has an independent spin parallel to the 
axis of rotation in & system which itself has a very high 
value of w at the centre and therefore a much higher 
value at the particle. The theory predicts the possibility 
of completely isolating the particle in this plane, while 
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maintaining the steady-state rotation, by virtue of the 
combined spin at the particle. The application of these 
principles to the understanding of the quantization of 
angular momentum deserves some attention. ` 

Finally it is interesting to note that the observed 
geometry is such that a disk remains a disk under Steady 
State rotation. 

Note added in proof. Essen has courteously shown me 
his reply; the Lorentz frames in my treatment are per- 
manent, only the co-existence (or coincidence) is fleeting. 


R. C. JeNNISON 
Department of Physics, 
University of Manchester. 
! Essen, L., Nature, 202, 787 (1964). 


? Jennison, R. C., Nature, 199, 739 (1963). 
? Synge, J. L., Nature, 198, 679 (1903). 


Dr. JENNISON quotes only a part of my conelusion 
and it seems to me that he does not answer any of the 
points I raised. 

In paragraph (1) of his communication it is stated that 
any point in the system can be considered to exist 
instantaneously in a Lorentz frame. In the experiment, 
however, the absorber is continuously accelerated and 
Jennison’s assumption is therefore not in accord with 
the experimental conditions. 

His definitions of ‘instantaneously’ and ‘elementary 
locality’ are both strange and variable. In his paragraph 
(1) the duration and extent are sufficient for local time 
to be established. For this the procedure described by 
Einstein must be adopted. A light signal is sent from the 
local clock to the distant clock and back again. The time 
is thus that of the double journey—which is double the 
time occupied in the actual experiment under discussion— 
and the 'elementary locality? includes the absorber and 
emitter. In (2), on the other hand, it is stated that for a 
distance exceeding the ‘elementary size of a Lorentz 
locality’ the absorber and emitter are in different frames. 
In (8) the elementary locality is called ‘vanishingly small’. 
The assumptions in (2) and (5) thus contradict those in 
(1) Those in (1) cause the acceleration to be neglected 
while those in (2) and (5) enable the effects to be attributed 
to the acceleration. This is the very weakness in Einstein’s 
argument to which I directed attention. 

Later in his communication Jennison uses the practice 
so popular in discussions on relativity of propounding 
an imaginary experiment and of stating the result ob- 
tained. Although this artifice may occasionally have 
some illustrative value, it is in general useless and mis- 
leading. It is useless because an imaginary experiment 
cannot yield any information, and misleading because it 
appears to provide exporimental support for what are 
mere assumptions. Jennison, for example, discusses the 
results observed in his experiment. In imaginary experi- 
ments there are nejther observers nor observations and 
tho use of such expressions is simply a misuse of language. 
Scientific theories, if they are to be of value, must be 
based on the results of actual experiments. 

L. ESSEN 

50 Wensleydale Road, 

Hampton, Middlesex. 


Scattering and Attenuation due to Snow 
at Optical Wave-lengths 


THE narrow beam-widths obtainable with coherent 
light permit one to examine forward scattering caused by 
atmospheric effects in some detail. For example, it is 
found that inhomogeneities of refractive index in the 
otherwise clear atmosphere give rise to considerable 
broadening of & narrow beam. However, when heavy 
snow is falling, scattering and the ensuing attenuation 
of the optieal wave are caused predominantly by the 
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Fig.1. Beam broadening due to snow: 4, 0:634; path-length, 2:0 km. 
Data of 2/10 and 2/11/64. Excess attenuations in curves 1-5 are 3-5, 
5-0, 13-6, 15-6 and 17-9 db/km respectively, corresponding to increasingly 
heavy snowfalls. The attenuations are measured at dead reckoning, 
that is, with the receiving aperture on the maximum of the beam pattern 


flakes; this also holds true in propagation through droplets 
of fog and rain. 

Fig. 1 shows beam patterns measured at a wave-length 
of 0-63u over a path 2-6 km in length. The source consists 
of a helium-neon optical maser operating in several modes, 
and a cassegrainian telescope of 3-5 in. in diameter; the 
receiver is a 2-in. telescope with a photomultiplier. If 
the intervening path were vacuum, this combination 
would produce a half beam-width at the —5 db points of 
about 5 sec of are as indicated by the narrow dashed 
curve. The broadening shown in curve l, where the 
snowfall and corresponding attenuation are quite light, 
is due mainly to refractive effects, that is to say, it does 
not differ much from beam patterns measured during clear 
weather. However, as the rate of snowfall and attenuation 
increase, the beam-width does likewise, as indicated by 
curves 1-5. The patterns are normalized at 0 = 0. In 
curve 5, corresponding to an excess attenuation of about 
18 db/km, the — 5 db point of the pattern has increased to 
almost 50 sec of arc and the beam appears quite flat. 

Although beam-broadening due to snow is a readily 
measurable effect, its onset occurs when the attenuation 
is fairly high. On the other hand, in the case of rain, 
broadening effects are observable at much lower attenua- 
tions; this is because raindrops are more efficient than 
snowflakes in forward scattering, the latter suffering from 
poor geometry and, more often than not, random orienta- 
tion. Unfortunately, consistent data on beam-broadening 
due to rain are not obtained as readily as those of snow 
because of the time variability and inhomogeneity in 
rainfall along a given path. 

D. C. Hoce 


Bell Telephone Laboratories, Inc., 
Crawford Hill Laboratory, 
Holmdel, New Jersey. 


Effect of Precompression on the Critical 
Tension of Liquids 


A PRIOR application of pressure may alter the properties 
of a liquid when subjected to tension. Harvey! found 
that precompression of water up to a pressure of 1,000 atm. 
increased its ability to withstand tension. In his experi- 
ments the tension was generated by means of a hammer 
blow, that is, the liquid was subjected to stressing under 
‘dynemic’ conditions. In our work we have applied 
tension under ‘static’ conditions and have investigated. 
the effect of precompression using the Berthelot tube 
method described by Temperley and Chambers?. 
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Briefly, a Berthelot tube consists of a cylinder, closea 
at both ends, and is almost completely filled with the 
liquid under investigation. When this tube and iis 
contents are heated the liquid expands at a greater 
rate than the tube and fills the tube completely at & 
certain temperature ty, the ‘filling’ temperature. When 
the tube is later allowed to cool the liquid adheres 
to the walls and continues to fill the tube at temperatures 
below tr. Thus as the temperature falls below f; 
a gradually increasing tension is set up in the liquid 
until it eventually ruptures at a temperature tə, the 
‘breaking’ temperature. At the temperature tè the sudden 
release of tension is accompanied by a sudden increase 
AV in the external volume of the Berthelot tube. The 
value of the critical tension T in the liquid just before 
the break can be estimated if AV can be measured. 
Furthermore, the value of T will depend on í£»; for a 
given Berthelot tube, the lower t» the greater the critical 
tension set up and vice versa. 

To investigate the effect of precompression on the 
value of t» for water, a sealed steel Berthelot tube was 
chosen the ¢, of which was previously determined as 59:5?C. 
The tube was then heated slowly to a temperature above 
ty. As the temperature rose above tp the water in the 
tube became subjected to a pressure which increased 
as the temperature rose. It can easily be shown that the 
internal pressure P at any temperature ¢’ (>t) is given 
in atm. by: 
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P= (8 — «) AK (1) 
where At = (t — £j), « is the coefficient of cubical ex- 
pansion of steel, B that of water and .K the compressibility 
of water in atm.-! over that range of temperatures. If 
such a precompression resulted in a change in the critical 
tension this should be accompanied by & corresponding 
change in the breaking temperature ¢. The results 
of one set of such experiments are shown in Teble 1. 


Table 1 
At P tb (° C, mean 
Co (atm.) of four readings) 
5:6 80 51-7 
108 146 51:6 
153 204 51-6 
21:1 286 52-0 
25:8 350 51:7 
30-5 414 519 


The values of P in the second column were calculated 
from equation (1). From the last column it is seen that 
& precompression of the water of up to 414 atm. had no 
appreciable effect on the breaking temperature. 

Again the length of time for which this maximum 
pressure of 414 atm. was applied had mo signifieant 
effect on ts. This was seen in another series of experi- 
ments in which the temperature //^ was kept constant 
at 90? C for varying periods of time +t; the results are 
summarized in Table 2. 


Table 2 
T ig (° C, mean 
(h) of four readings) 
0-25 518 
1:0 52-0 
2-0 51.9 


We conclude that a precompression of water to pressures 
of the order of 400 atm. had no discernible effect on the 
value of the critical tension set up in it. It is possible that 
the explanation for the difference between these results 
and those of Harvey lies in the fact that the tension in the 
water is built up far more slowly in our experiments 
than in those of Harvey. The matter is by no means 
straightforward and requires further investigation. 


E. P. REES 
D. H. TREVENA 
Department of Physics, 
University College of Wales, Aberystwyth. 


1 Harvey, E. M., J. Cell. Comp. Physiol., 1, 23 (1944). 
? Temperley, H. N. V., and Chambers, Ll. G., Proc. Phys. Soc., 58, 420 (1946). 
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Preparation of Spherical Caps for Use on 
Terrestrial Globes in Investigations of 
Palzomagnetism and Continental Drift 


In many different fields of geophysics and goology it 
would be convenient to be able to plot data on a terrestrial 
globe and then move the plotted data over the globo. 
For example, anyone interested in seeing how good the 
fit between the east coast of South America and tho west 
coast of Africa really is would like to bo able to trace an 
outline of South America on a transparent spherical cap 
and then move this outline against Africa. 

Carey! used a terrestrial globe and a mould with the 
same radius of curvature turned from Huon pine. He 
stretched a suitable tracing plastic across this mould, 
fixed the film in place by a press and moulded the plastic 
to the shape of the globe by using boiling water and a 
drumstick swab. The moulded plastic film could be used 
for tracing directly from the globe. 

I use the 12-in. terrestrial globes of the National 
Geographic Society. These globes are handy in use be- 
cause there is no fixed axis which can get in the way and 
because they show the bathymetry of the oceans. They 
are large and accurate enough for rough work in continen- 
tal drift and paleomagnetism. 

A mould of plaster of paris was made from this globe. 
First, however, the globe was given two coats of clear 
plastic varnish which ensured that the entire globo was 
absolutely waterproof. A 16 in. x 16 in. box, 5 in. high, 
was made of 0-5 in. plywood, and this was filled with best 
quality plaster of paris. Tho globe was pressed into the 
plaster and held there for some time, so that a spherical 
cap mould with a semi-angle of about 50° resulted. which 
is large enough to accommodate every continent except 
Eurasia. After the plaster had set the undamaged globe 
could be removed, and the top surface of the block was 
scraped flat. 

An arrangement was then made so that the spaco 
between the plaster mould and a plastic film lying flat 
on top of the mould could be partly evacuated by means 
of a vacuum pump. In an earlier arrangement. four 
horizontal tubes were used about 0-75 in. below the rim 
of the mould. In a newer model, there is only one tube 
which comes up vertically through the plaster and ends 
flush with the surface of the mould at its deepest point. 

For the actual moulding two different processes arc 
available—a wet process and & dry process. For the wet 
process, which is that of Carey! with vacuum suction 
added,:a 16 in. x 16 in. piece of tracing plastic is stretched 
across the mould with its matt surface down and clamped 
in place by & circular wooden ring which has a sponge 
rubbor gasket on its lower surface. Near-boiling water is 
poured on, vacuum applied and, without much rubbing, 
a perfect spherical cap can be moulded. Tho hot water 
is then gradually replaced by cold water with the vacuum 
still applied so that the plastic becomes firm again and 
preserves its shape. 

One difficulty encountored in the wet process is that it 
is not always easy to obtain locally types of tracing plastic 
which become sufficiently plastic at temperatures less 
than 100° C as the present trend is towards dimensionally 
extremely stable tracing plastics. For this reason I 
now use a dry vacuum moulding process. The tracing 
film with its matt side down is stretched across the mould 
and firmly clamped in place as described before. The 
tracing film is then heated gently by means of heat lamps 
or any other source of radiant heat (two 250-W brooder 
lamps were used), vacuum applied and a perfect mould 
is made in a few minutes. i 

Though these spherical caps, on which one can traco and 
erase, aro useful for many purposes, they are particularly 
useful for the fitting of land forms and geology in investiga- 
tions of continental drift, and for plotting paleomagnotic 
results. For example, one may plot on one or several 
combined spherieal caps the outline of & continont and 
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the appropriate palzomagnetic pole position for a given 
period, and repeat this for all continonts for the same 
goological period. One may then attempt a reconstruc- 
tion of the ancient position of the continents by making 
tho pole positions coincide (for example, on an inverted 
thumb tack fixed at the present geographic north polo of 
the globo). Each continent is then in its corroct latitude 
and is oriented correctly. By rotating the continents 
around the common pole, the uncertainty in relative 
longitude can be fully explored. This may be repeated 
for every suitably documented goological period. 


J. HosPERS 


Department of Physics, 
University of Alberta, 
Edmonton, Canada. 


Carey, S. W. (edit. by), Continental Drift, 219 (Hobart, 1958). 


CRYSTALLOGRAPHY 


X-Ray Scattering by Irradiated Single 
Crystals of Potassium Permanganate 


HIGH-ENERGY radiation intoracts with crystalline 
solids in a variety of ways, but in general the result is 
the creation of damage in the solids. Among the effects 
which may be produced is the ercation of localized static 
lattice defects, that is, defects which are small in three 
dimensions, namely, interstitials, vacancies, or agglomer- 
ates of only several atoms at the most. Theoretical 
calculations of the X-ray diffraction effects to be expected 
when lattico atoms are given small displacements from 
their lattice sitos have been carried out by Zachariasen!, 
Ekstein* and Matsubara?. All show that such defocts 
lead to the production of diffuse maxima surrounding the 
sharp Bragg reflexions at the reciprocal lattice points (re}p). 

Huang* has given a general theory of displacement 
disorders and their X-ray effects. He has considered 
the case of spherically symmetric elastic singularities in a 
face-centred cubic lattice and has predicted the following 
X-ray scattering effects: (1) an isotropic expansion of the 
lattice; (2) an artificial temperature factor; (3) no 
broadening of the Bragg reflexions; (4) diffuse scatter 
surrounding the reciprocal lattice points; the region of 
scatter taking the form of a lemniscate. 

Konazaki* has also calculated the X-ray scattering 
effects due to lattice defects. Several examples were 
treated in the case of a face-centred cubic lattice, and it 
was found that there are two possible types of diffuse 
maxima around a reciprocal lattice point. Ono is the 
lemniscate type and the other is the ellipsoid type, show- 
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ing a closed surface surrounding the reciprocal lattice 
point. In goneral in cubic crystals isolated defects 
(vacancies or interstitials) show the lemniscate, and pairs 
of defects the ellipsoid. Expansion of the lattice was also 
predicted due to distortion around the defects. 

Effects of the type predicted here have been observed 
to varying degrees in neutron-irradiated boron carbide, 
diamond, silicon carbide and magnesium oxide crystals’. 
The artificial temperature factor was not very strong with 
magnesium oxide. Lattice expansions of the order of 
1 per cent were observed in irradiated diamond and silicon 
carbide while that in magnesium oxide was about 0-1 
per cent. Pronounced diffuse scattering with the diffuso 
reflexions being roughly ellipsoid in shape was also found. 
Rochelle salt irradiated with cobalt-60 y-rays (dose 3-1 x 
10" r.) also showed pronounced diffuso reflexions’. The 
diffuso refloxions are not diminished in intonsity at liquid 
air temperature. 

Pre-irradiation of crystals of potassium permanganate 
by cobalt-60 y-rays produces crystal damage, which has a 
profound effect on the subsequent isothermal decomposi- 
tion’. In an attempt to determine the nature of the radia- 
tion damage X-ray diffraction investigations have been 
made of heavily irradiated (500 Mrads) single crystals of 
potassium permanganate. The following lattice expansions 
were found: a, 0-21 per cent; b, 0-31 per cent; c, 0-45 per 
cent. No observable artificial temperature factor is 
apparent, but pronounced diffuse scattering is present. 
Laue photographs were taken with the crystal mounted 
with the b axis (needle axis) perpendicular to the X-ray 
beam (unfiltered copper radiation, 40 kV, 20 m.amp). 
A flat-plate camera loaded with Kodak ‘Industrex’ film 
was exposed for 4 h at a distance of 4 em from the crystal, 
which was rotated 5° between successive exposures. The 
resulting photographs showed a large number of pro- 
nounced diffuse maxima. In Fig. 1, a similar set of photo- 
graphs, but with smaller angular rotations, indicate the 
nature of the diffuse reflexions associated with the 210 
relp. Fig. 1(a) shows the appearance of the 210« diffuse 
spot. Fig. l(5) shows the 2108 diffuse reflexion, and the 
Laue reflexion (L) approaching the 210« diffuse Spot. 
Coincidence of the latter two spots occurs in Fig. l(c), 
and of 2108 diffuse and Laue spots in Fig. l(d). Oscilla- 
tion and stationary crystal photographs of irradiated and 
unirradiated crystals using filtered (Ni) copper radiation 
confirmed the location of the diffuse maximum as being 
at the 210 relp. The full three-dimensional form of the 
diffuse maxima, around the relps is being investigated. 
It is suggested that the observed effects are due to the 
breaking of the Mn-O bonds in MnO, with the production 
of oxygen vacancies and oxygen interstitials. Difference 
Fourier syntheses of irradiated and unirradiated crystals 
are being computed to test this possibility. 
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Fig. 1. Laue photographs of a crystal of potassium permanganate mounted with the 5 axis perpendicular to the X-ray beam. The angles 


between the @ axis and the X-ray beam were: (a) 70°, (b) 72°, (c) 74°, (d) 76°, (e) 78°. 


The Bragg positions corresponding to the reflexions for 


copper K,, copper K, p and the Laue reflexion (Z), from (210) are indicated 
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This work was supported by the South African Council 
for Scientific Research and the Atomic Energy Board. 


E. G. PROUT 
M. E. Brown 
Department of Chemistry, 
Rhodes University, 
Grahamstown, 


South Africa. 


1 Zachariasen, W. H., Theory of X-ray Diffraction in Crystals (John Wiley 
and Sons, New York, 1945). 

? Ekstein, M., Phys. Rev., 68, 120 (1045). 

? Matsubara, T. J., Proc. Phys. Soc. (Japan), 7, 270 (1952). 

‘Huang, K., Proc. Roy. Soc., 4,190, 102 (1947). 

* Konazaki, H., J. Phys. Chem. Solids, 2, 107 (1957). 
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7 Toyoda, es Shimada, A., and Tanaka, T., J. Phys. Soc. (Japan), 15, 536 


* Prout, E. G., J. Inorg. and Nucl. Chem., 7, 368 (1958). 


Co-crystallization of Two Tautomers: Crystal 
Structure of Isocytosine 


DuRiNG the course of investigations on the crystal 
structures of purines, pyrimidines and related compounds, 
we have determined the crystal structure of isocytosine 
and, in so doing, have uncovered an example of two 
different tautomeric forms of the same molecule co- 
crystallizing in a 1:1 ratio. The two tautomeric mole- 
cules of isocytosine are hydrogen-bonded to one another 
in @ manner analogous to the pairing proposed by Watson 
and Crick for DNA? 

Isocytosine crystallizes in the monoclinic space grou 
P2,/n, with unit-cell dimensions a= 8-745 A, b=11-412 A, 
c=10-441 A and B= 94-79°. There are eight molecules in the 
unit cell and, accordingly, two crystallographically distinct 
molecules in the asymmetric unit. Complete three- 
dimensional intensity data for copper X-radiation were 
obtained from Weissenberg photographs about the a and 
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Fig. 1. The ‘difference’ electron density in the planes of the two tauto- 
meric molecules of isocytosine, showing the positions of the hydrogen 
atoms. The coefficients used in the Fourier summations were the 
differences between the observed structure factors and the structure 
factors calculated on the basis of the carbon, nitrogen and oxygen atoms 


c axes; approximately 1,750 non-zero intensities were 
measured. A trial structure was deduced from a sharpened 
three-dimensional Patterson map and was confirmed 
and improved by Fourier projections on to the (010) 
plane. Refinement was by three-dimensional least- 
squares methods, including anisotropic temperature 
factors for the heavier atoms but a single, fixed temper- 
ature factor for the hydrogen atoms. The disagreement 
factor R between observed and calculated structure 
factors is now 6-8 per cent. In order to obtain direct 





Fig. 2. 


Interatomio distances and angles and the hydrogen-bond arrangement in crystals of isocytosine 


400 
H H H H 
H—N AY =o ES B =o 
e 7 
NHe NHo 


Fig.3. The two tautomeric forms of isocytosine 


evidence for the locations of the hydrogen atoms, difference 
Fourier syntheses were caleulated in the planes of tho 
two non-equivalent molecules, which are inclined at an 
angle of about 9° to one another. A composite drawing 
of these difference syntheses is shown in Fig. 1. The 
values for the bond distances and angles at the present 
stage of refinement are shown in Fig. 2. 

The two tautomeric forms of isocytosine are shown in 
Fig. 3. In the crystal, a molecule of form A is linked to 
a molecule of form B through three hydrogen bonds, 
forming a hydrogen-bonded pair analogous to the purine- 
pyrimidine pairs proposed by Watson and Crick for the 
structure of DNA!. Each of these hydrogen-bonded 
pairs is, in turn, linked to another pair through two 
N-H ---N hydrogen bonds arranged around a centre of 
symmetry, as shown in Fig. 2. Finally, the two protons 
at N(1) and N(7) of molecule A form hydrogen bonds 
to oxygen atoms of adjacent molecules (not shown). 
All the hydrogen bond lengths are typical of relatively 
strong bonds; with the exception of the N(1)-H +++ O and 
N(7)—H-- :* O bonds, where the &cceptor oxygen atoms are 
pushed apart by intermolecular van der Waals forces, 
the hydrogen bonds are approximately linear. 

The existence of these two tautomers in the same crystal 
strongly suggests that they are of about equal stability, 
and points out the necessity of considering pH and the 
distribution of protons in formulating structures for the 
nucleic acids and their derivatives. 

This work was supported in part by research grant 
HE-02143 from the National Heart Institute of the 
National Institutes of Health, U.S. Public Health Service. 
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RADIATION CHEMISTRY 


Synthesis of Deoxyadenosine under Simulated 
Primitive Earth Conditions 


RECENT experiments havo demonstrated that many 
organic compounds of biological significance can be 
produced in a wide variety of experiments simulating 
primitive Earth conditions. The synthesis of the purines, 
adenine’? and guanine’, and the sugars, ribose’ and 
deoxyribose'5, have been reported. It was therefore of 
interest to find out whether the nucleosides and nucleotides 
present in RNA and DNA could be synthesized under 
similar conditions. 

. Previously we found that adenosine, AMP, ADP, ATP 

and A4P were formed by the ultra-violet activation of 
adenine in the presonce of ribose and ethyl metaphos- 
phate*. The investigation reported here shows that 
deoxyadenosine in appreciable yield may be synthesized 
by the use of conditions which appear to be far more 
likely to have occurred on the primitive Earth. The 
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dehydration reaction needed to link the purine adenine 
and the sugar deoxyribose can boe effected by the use of 
hydrogen cyanide. This reaction &ppears to be activated 
by ultra-violet light. The deoxyadenosine is, however, 
formed even in the absence of ultra-violet light. The 
function of the ultra-violet light appears to enhance the 
yield. 

100 ul. each of solutions of adenine-8-«C (specific 
activity: 100 uc./1-7 mg), deoxyribose, NH,H,PO, and 
NaCN, were used in a series of experiments as outlined in 
Table l. 'The concentration of the solutions used was 
approximately 10- M. The glass tubes containing theso 
mixtures wero frozen in liquid nitrogen, evacuated and 
sealed. Two sets of tubes were prepared. The first 
(‘Vycor’ glass) was exposed for 2 h to a total ultra-violet 
flux of approximately 109 ergs/cm? from four General 
Electric ultra-violet germicidal lamps, type 782H-10, 
which emit 95 per cent of their light in the mercury 
resonance line at 2537 A. The ‘Vycor’ tubes were main- 
tained at room temperature during this reaction. The 
second was allowed to stand at room temperature for 
3 days. 


Table 1 
Ultra- Room tem- 
violet erature 
(per cent) 6 er cent) 
2e Adenine 4- deoxyribose — - 
(2) Adenine + deoxyribose + NH,H;PO, — 
(3) Adenine + deoxyribose + NH,H,PO, + CN- 1 1 
(4) Adenine + deoxyribose + CN- 7 1 


100 ul. of the solution from each of these tubes was 
spotted on a thin layer plate using ‘Ecteola’ cellulose as a 
supporting medium, together with 25 ug of non-radioactive 
deoxyadenosine as carrier. The thin-layer chromatogram 
was developed in two dimensions using water in the first 
dimension and butanol/acetone/acetic acid/ammonium 
hydroxide (35 : 25 : 15 : 25 v/v) in the other. The position. 
of the non-radioactive carrier deoxyadenosine, which 
performed the function of a marker, was located by its 
ultra-violet absorption. Autoradiographs of the thin- 
layer chromatography plates on X-ray film showed coin- 
cidence of radioactivity with the location of the carrier 
deoxyadenosine. This area was then scraped off the thin- 
layer plate, eluted with N/100 ammonium hydroxide and 
re-chromatographed on Whatman No. 4 paper using 
tertiary butanol/methyl ethyl ketone/formic acid/water 
as solvent (40: 30:15:15 v/v). Once again there was 
coincidence between the ultra-violet’ absorbing area on 
the shadowgram’ and the radioactive spot on the auto- 
radiograph. This coincidence, perfect in location and 
precise in shape, clearly established that radioactive 
deoxyadenosine was being synthesized from carbon-14- 
labelled adenine and deoxyribose. Fig. 1 illustrates one 
such example of coincidence. The bright spot on the 
shadowgram represents the carrier deoxyadenosine. The 
dark area on the autoradiograph shows the radioactive 
deoxyadenosine synthesized when a mixture of adenine, 
deoxyribose, and NH,H,PO, is exposed to ultra-violet 
light in the presence of CN- The identity of the deoxy- 
adenosine synthesized was further confirmed by ion 
exchange chromatography. In a control experiment 
where adenine and deoxyribose were subjected to the entire 
procedure, except treatment with CN- and ultra-violet 
light or ambient heat, no detectable amount of deoxy- 
adenosine was produced. This control experiment also 
established that any synthesis due to microbial action 
was minimal. 

The results are summarized in Table 1. No deoxy- 
adenosine was detected in the absence of CN- or 
NH,H,PO,. The maximum yield was in the experiment. 
where CN- alone was used with ultra-violet light. The 
quantitative aspects are being further investigated. 

The synthesis of nucleosides and nucleotides involves a 
dehydration reaction. In our previous work this was 
offected by the use of phosphoric acid or ethyl meta- 
phosphate in the case of adenosine, and by ethyl meta- 
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Fig.1. Chromatogram illustrating formation of deoxyadenosine by the 

action of ultra-violet light on a solution of adenine and deoxyribose in 

the presence of CN-. Shadowgram, is on the left and the autoradiograph 
on the rig 


phosphate in the case of the nucleotides of adenosine. We 
now find that the same result can be obtained by the use 
of materials which could have occurred under primordial 
conditions. Hydrogen cyanide is one of the primary 
products of the electric discharge on mixtures of 
methane, ammonia and wator’, and presumably was 
readily available on the primitive Earth. It can react 
with a molecule of water to give formamide, which in 
turn can be hydrolysed to ammonium formate. While 
this report establishes the formation of deoxyadenosine 
by the use of CN-, the preliminary evidence indicates that 
the synthesis of nucleotides and peptides can be effected 
by this means. 

There is also evidence to indicate that cyanamide or 
Mg** can replace CN- to produce deoxyadenosine!? in 
this reaction. The action of cyanamide may be analogous 
to that of dicyclohexylearbodiimide®, which has been so 
extensively used by Khorana et al. for tho synthesis of 
nucleotides. The presence of cyanamide, however, has 
not yet been detected in simulation experiments; but 
urea, which is formed by the addition of a molocule of 
water to a molecule of cyanamide, has been identified in 
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them’. The chemical role of Mg** in this experiment is 
obscure, and it is perhaps not altogether irrelevant to 
speculate on the relationship of this reaction to the 
extensive involvement of magnesium in biological pro- 
cesses. These results are under further investigation. 


CYRIL PONNAMPERUMA. 
Patricia KIRK 
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CHEMISTRY 
Synthesis of Glucopeptides 


Tux provision of model compounds!-5 containing &mino- 
acids attached to sugars is of importance in evaluating 
the stability of the various types of carbohydrate—poptide 
linkages which may occur in glycopeptides. Hithorto, 
investigations'?»*-* with hexosamines (usually D-glucos- 
amine) have been confined largely to the synthesis of 
compounds (the so-called glucopeptides) involving single 
amino-acid residues, and instances of the condensation 
of hexosamines with dipeptides and higher peptides aro 
rare. Bertho and Maier’, for example, synthesized 
N-(dialanyl)-p-glucosamine by treatment of 1,8,4,6- 
tetra-O-acetyl-N-alanyl-p-glucosamine with 2-azidopropi- 
onylehloride followed by reduction of the azide group 
to an amine. Such syntheses involve several stages and 
are difficult to accomplish. 

The selectivity of amide bond formation in the presence 
of dicyclohexylcarbodiimide® provides a simple method 
for direct, selective N-acylation of unprotected amino- 
sugars. The exclusive formation of N -substituted doriv- 
atives in aqueous pyridine has been attributed? to the 
specific action of dicyclohexylearbodiimide and to the 
instability of O-acyl derivatives under these conditions. 
This reagent has been used recently in the synthesis!? 
of several N-aminoacyl derivatives of D-glucosamine and 
the amino-acid moiety extended in length to di- and 
tri-peptides. Thus, reaction of N-glycyl-p-glucosamino 
with N-carbobenzoxyglycine afforded N-(N-carbobenz- 
oxydiglycyl)-p-glucosamine from which the protecting 
group was later removed by catalytic hydrogenation. 
We have used the. alternative approach in which 
p-glucosamine has been condensed directly with suit- 
ably protected dipeptides by the following general 
procedure. ; ` 

To a cooled (0°) and stirred solution of p-glucosamine 
hydrochloride (1-2 g) in water (5 ml.) was added 2 N 
sodium hydroxide solution (2-8 ml.) and thereafter a 
solution of N-carbobenzoxyglycylglycine (1:5 g) in 
pyridine (25 ml). To this was added a solution of di- 
cyclohexylearbodiimide (1-75 g) in pyridine (25 ml.) and 
stirring was continued for 24 h at room temperaturo. 
The precipitated dicyclohexylurea was filtered off and 
unreacted dicyclohexylearbodiimide was extracted with 
ether (2 x 50 ml.) The aqueous layer was concentrated 
under reduced pressure to an amorphous residue which 
was crystallized from methanol to givo puro N-(N- 
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carbobenzoxydiglycyl)-p-glucosamine (0-74 g), m.p. 
1857-187? (decomp.), [x]g, + 77^ (equil., c, 037, in 
pyridine) (lit." m.p. 190-192? (decomp.) [e]p + 
56-7°—> + 58-4?) (found: C, 50:7; H, 5-7; N, 9-6. 
C,;E.,N,O0, requires C, 50-6; H, 5:9; N, 9-8 per cent). 
The product gave a positive response on paper chromato- 
grams with aniline hydrogen phthalate!! and potassium 
iodide-starch!* sprays but no response with ninhydrin?*. 

Tho foregoing procedure has been used in tho synthesis 
of N-(N-phthalyldiglycyl)-p-glucosamine, m.p. 220°-222° 
(decomp.) (from aqueous ethanol), lalag + 71° (c, 0-93 
in pyridine) (found: C, 51:2; H, 5-2; N, 10-0. C,,H4,N40, 
requires C, 51-0; H, 5-0; N, 10-0 per cent). The products 
resulting from a similar condensation of p-glucosamine 
with N-phthalylglycyl-pi-loucine are diastercoisomers. 
Fractional recrystallization from methanol gave a pure 
isomer, m.p. 238°-242° (decomp.), [«]g, + 138° (c, 
0.02 in pyridine) (found: C, 54:9; H, 6:3; N, 9-0. 
C,,H;,N,O, requires C, 55-1; H, 6-1; N, 8:8 per cent). 
Attempts to separate the diastereoisomers following 
condensation of D-glucosamine with N-phthalylglycyl- 
DL-alanine were unsuccessful. 

The commercial availability of a number of di- and 
tri-peptides renders this procedure of potential, general 
application in the synthesis of glucopeptides incorporating 
these units. The stability of the amide linkages in the 
foregoing compounds to acidic hydrolysis will be discussed 
in a subsequent publication. 

One of us (S. M. A.) thanks the Council for Scientific 
and Industrial Research, Pakistan, for a maintenance 
grant. 
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Optical Investigations of Film Formation 
and Removal on Gold Anodes in Acidic 
Oxalate Solutions 


RECENT investigations of the oxidation of oxalate 
ions in acidic solutions using gold anodes have provided 
electrochemical evidence for the formation of a film on 
this anode during steady-state electrolysis at potentials 
well below that for Au,O, formation, 1:36 V normal 
hydrogen electrode. The determination of the nature 
of the film on gold at potentials below 1-36 V using 
electrochemical techniques has introduced uncertainties 
as to whether the film is a 'three dimensional oxide 
film or a ‘two dimensional chemisorbed oxygen film. 
Some investigators?- using charging curves as their 
basis conclude that the formation of an oxide occurs 
only above 1-36 V, the formation of a chemisorbed 
oxygen film being the process occurring below this 
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potential The formation of this chemisorbed oxygen 
film begins at potentials as low as 1-15 V (ref. 6). Other work, 
however, also based on electrochemical evidence, indicates 
that the formation of an oxide film does occur below 
1-36 V (ref. 7). 

This communication describes work that is directed 
at resolving these uncertainties and supplementing the 
evidence for concurrent film formation with oxalate 
oxidation’ by applying an optical technique, ellipso- 
metry*. This technique enables one to study the form- 
ation and decay of films on anodically polarized metal 
surfaces. With ellipsometry it is possible to determine 
in & more direct way the nature and extent of formation 
of the film found on gold below 1-36 V than by the purely 
electrochemical methods used in the previous studies 
described here. ° 

All observations were made in a cell similar to that 
previously described? with the exception that no attempt 
was made to exclude air. The solutions were prepared 
directly from reagent grade sodium oxalate and c.p. 
sulphuric acid. All experiments were performed at room 
temperature. The gold electrodes (both foil and rod were 
used) were degreased in spectroscopic grade acetone and 
methanol, then famed in a burner briefly before use. 
They were then placed in the cell and the potential of 
the gold brought to selected potentials by means of a 
potentiostat. The gold surface was either cleaned by 
evolving hydrogen vigorously or by reduction at 0-0 V. 
Either treatment was equally satisfactory. Ellipsometer 
readings were then made at various anodic potentials 
in two different concentrations of oxalate—4 g/l. and 
20 g/l. in 1 M sulphuric acid or in a 1 M sulphuric acid 
solution containing no oxalate. 
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0-6 0-8 1:0 12 1-4 1:6 1:8 2:0 
Potential-(V) (normal hydrogen electrode) 
Fig.1. A,l1Msulphuricacid; 6,1 M sulphuric acid and 4 g/l. Na,C,0, 


A film formed in the 1 M sulphuric acid solution with 
and without 4 g/l. Na,C,0, as indicated by the observ- 
ation that relative phase retardation, A, varied linearly 
with the anode potential above 1:1 V (Fig. 1) The 
relative amplitude reduction (tan W) was essentially 
constant in this potential region. The fact that A de- 
creased while tan W was essentially constant with in- 
creasing potential (increasing film thickness) indicates 
that a film having a refractive index greater than that 
of the solution (1-33) was forming”. This would strongly 
indicate that an oxide of gold, which would be expected 
to have a refractive index higher than the solution, would 
be formed rather than an oxygen film, the optical constants 
of solid oxygen films on gold being 1-25 (ref. 8). For such 
a film, calculations using the equations connecting A 
and tan ¥ (ref. 8) show that, if a film is thin (< 30 A), 
a reasonable estimate of the film’s thickness can be made 
without knowing the exact value of its refractive index; 
namely, a 2° decrease in A corresponds roughly to a 
10 A increase in film thickness. This is the basis fo 
the estimated thickness values shown in Fig. 1. This 
figure also shows that the growth of a film on gold (above 
1-1 V) oceurs in & continuous manner, and not at discrete 
potentials, in general agreement with the type of mechan- 
ism proposed by Laitinen and Chao”. 
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The time-interval between successive values of potential 
was sevoral minutes. If, however, the potential was kept 
constant, the film continued to grow very slowly with a 
logarithmic dependence on time. Thus after 1,000 min 
at 1-74 V the film thickness was observed to be ~ 20 A. 
The fact that optical changes occurred while the potential 
was constant indieates that these changes were due to 
film growth rather than to changes in optical parameters 
occurring in the solution at the metal-solution interface 
produced by a change in the potential of the metal surface. 

Once the film had begun to form in the solution con- 
taining 4 g/l. of Na;C,O, the rate of oxalate oxidation 
decreased. Lowering the potential from 1-74 V to 1-24 V 
resulted in a fairly slow first-order decay of the film. 
The same was true on open circuit. The film was easily 
reduced by setting the potential to values below 1-1 V 
with the potentiostat. Essentially the same results 
were obtained in 1 M sulphuric acid alone, but the film 
was not readily removed by the acid either on lowering 
the potential to about 1:2 V or on open circuit. With 
a sodium oxalate concentration of 20 g/l. the rate of 
reaction of oxalate with the film was so rapid that no 
film formation was observed up to 1-94 V, within the 
limit of detection of the ellipsometer. 
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Infra-red Spectra of Aqueous Solutions 
by the Attenuated Total Reflectance 
Technique 


Ir has recently been suggested^? that the attenuated 
total reflectance (ATR) technique is superior to the 
conventional transmission technique for obtaining the 
infra-red spectra of aqueous solutions, with the impli- 
cation that the intense absorption bands of liquid water 
appear to be relatively weaker in ATR spectra. We 
have examinod the spectra of a number of aqueous 
solutions by both methods and have in no case found 
the ATR spectra to be superior. 

It is generally accepted that in the ATR system the 
radiation beam interacts only with the surface layer of 
the sample although the exact depth of penetration is 
a function of the complex refractive index, angle of 
incidence and wave-length. Parker? reports an apparent 
transmission of about 50 per cent for pure water by ATR 
methods at the 6-3 um absorption peak. The transmission 
spectra of Ackermann? show that a path length of the 
order of 5 um does in fact allow 50 per cent transmission 
at this wave-length. 

It seems, therefore, that the ATR technique possesses 
no inherent advantage over the transmission technique 
for the examination of aqueous solutions. For con- 
centrated solutions in regions of intense water absorption, 
the ATR technique circumvents the practical difficulties 
of filling and cleaning very short path length trans- 
mission cells. Where adsorption on the ATR prism 
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surface allows higher solute concentrations to be estab- 
lished, the multi-reflexion ATR technique could probably 
be used with advantage, although the spectrum of the 
adsorbed material will not necessarily be the same as 
that of the material in true solution. These observations 
in no way detract from the value of the ATR technique 
for obtaining the spectra of intractable water containing 
samples which would be difficult or impossible to examine 
by transmission methods. 

We thank the Research and Industrial Instruments 
Co., London, for assistance in the examination of ATR 
spectra. 
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Electronic Structures of Kryptates and 
Xenates 


THE recent preparation of kryptates! and xenates? by 
Grosse et al. opens a new chapter in rare-gas chemistry. 
Up to now the compounds that havo been made have 
presented no new problems in chemical bonding; no 
problems that were not already present in the chemistry of 
iodine and tellurium, ete. Most of the fluorine and 
oxygen compounds of xenon that have been prepared have 
isoelectronic analogues in the chemistry of iodine, for 
example, XeF,(IF,-), XeF,(IF,), XeF.(ICl;), XeO, 
(I10,-) and XeO,t-(IO,*-). Xenates based on XeO,°- are 
thorefore à new type of compound. Similarly krypton 
forms KrO,(BrO;-), but kryptates (KrO,--, KrO,*-?) have 
no isoelectronic counterparts. 

Rubidium and cesium follow krypton and xenon in the 
periodic sequence, and in these elements the circum-rare- 
gas electron is in a 5s or a 6s orbital. While these elec- 
trons are loosely bound (Rb, 4:2 eV; Cs, 3-9 eV) it seems 
reasonable to suppose that such orbitals may play some 
part in bonding in rare-gas compounds. Calculations by 
Craig and Zauli? have shown that many ligands and 
especially electron attracting ligands can, by polarizing the 
valency-shell electrons of a non-transitional element, 
confer on the diffuse and loosely bound d orbitals an 
enhanced bonding potential. The empty 5s and 6s 
orbitals that surround krypton and xenon should be 
similarly affected by ligands such as oxygen and fluorine. 
These ligands will also enable the krypton 4d and tho 
xenon 5d and 4f orbitals to play some part in bonding. 
Oxygen's 2p orbital is less tightly bound than fluorine's. 
It is, thorefore, nearer in energy to the 5s (Kr) or 6s (Xe) 
orbitals and, being more diffuse than the fluorine orbital, 
it wil overlap better with the loosely bound rare-gas 
orbitals. These two effects combine! in making the outer 
orbitals of krypton and xenon more important in bonding 
to oxygen than to fluorine. 

In the tetrahedral oxy-anions, germanate, arsenate, 
etc., the four oxygen ligands may be thought of as each 
having one p orbital directed towards the central atom. 
These four p orbitals will belong to irreducible represen- 
tations a, and £, of the point group Te. The a, oxygen 
orbital will, therefore, interact with the valency 4s orbital 
and the empty 5s orbital in these anions. Ignoring the 
possible effect of the 5s orbitals it has been argued? that 
since the 4s orbital becomes more tightly bound in going 
from germanium to bromine the efficiency of a,-type bond- 
ing will decrease. In BrO,- only the bromine 4p orbitals 
contribute effectively to the bromine-oxygen bonds. Thus 
BrO,- is stable, but, in the absence of other effects, BrO,- 
Should be unknown. (In isoelectronic CIO,-. 3d orbitals 
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form n-bonds with oxygen enhancing the anion's stability. 
Because of the presence of a spherical node 4d orbitals do 
not x-bond well.) 

The effect, of including the 5s orbital, on bonding in 
these tetrahedral oxygen complexes is to change the ‘anti- 
bonding’ molecular orbital associated with the a, oxygen 
orbital into a ‘bonding’ orbital for krypton and possibly 
for bromine as well. In these elements the 4s orbital is 
very tightly bound (Br, 23-8 eV; Kr, 27-5 oV)* and so will 
play little part in bonding with the oxygen orbitals. 
Thus s-a, is the more important interaction and a 
molecular orbital, bonding relative to the oxygen 2p 
atomic orbital, is generated. 

When electrons are put into this orbital (a,) framowork 
the first two will contribute little or nothing to the bonding 
and KrO,, like BrO,-, should be unknown. But the next 
two electrons can enter a bonding molecular orbital so that 
Kr0,-- should be stable and perhaps BrO,— as well. A 
further possibility is RbO,-, but the rubidium 4p orbitals 
are quite tightly bound (20-7 eV) and t, bonding to oxygen 
might be too weak for the anion to exist. 

Octahedral co-ordination of the third row elements is 
rare. While this may be due to the radius-ratio effect’, 
it may also be ascribed to the absence, if 4s, 4p, 4d; and 
4d,:-y» are’ all used for o bonding, of enough suitable 
orbitals with which oxygen might form x bonds. In the 
fourth-row elements a small effective nuclear charge (~ 3) 
is sufficient to bring the radial maximum of 4f hydrogen 
like orbitals? into the bonding region. Elements such as 
tin, iodine and xenon can enjoy octahedral co-ordination 
by oxygen and also the formation of x bonds. Kryptates 
are, therefore, expected to be KrO,— but xenates Xe0,*-. 
Cesates based on CsO,5- might also be formed, and since 
the 5p orbitals of cesium are less tightly bound than the 
4p orbital of rubidium, they might be more stable than 
rubidiates. 

As with krypton, xenon’s outer 6s orbital may well 
interact strongly with the ‘antibonding’ a, molecular 
orbital derived from 5s-a,, (oxygen) interaction (weak 
with xenon because the 5s orbital is tightly bound, 23-4 
eV), making it bonding relative to the oxygen 2p atomic 
orbital In per-xenates (XeO,!-) this bonding pair is 
absent but x bonding strengthens the bonding in both 
anions. Tetrahedral co-ordination of tellurium and 
iodine by oxygen is also known (TeO,--, I0,-). In these 
anions x bonding probably strengthens weak c bonds as 
in ClO,-. Xenon might, therefore, form isoelectronic 
XeO, and xenates based on Xe0,— may also be formed. 

The models for xenates and kryptates considered here 
have been based on regular octahedra and tetrahedra. 
This is reasonable only if the 4s (Kr) and 5s (Xe) orbitals 
are so tightly bound that they have no stereochemical 
effect. Since the formation of these anions depends on the 
s orbitals being tightly bound this does not seem too 
extreme an assumption. 

Note added in proof. Since this communication was sub- 
mitted the preparation of XeO, has been reported?. 


D. S. URON 


Queen Mary College 
(University of London), 
London, E.1. 
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Free Radicals from Selenium and Sulphur 
Antioxidants 


RESEARCH on the biochemical function of trace selenium 
in animal nutrition indicates it probably functions in 
lipid antioxidant and free radical acceptor reactions. 
Selenoprotein fractions from selenate-fed animals have up 
to 500 times the antioxidant activity of vitamin E 
(ref. 1). Selenoamino-acids were very effective in reducing 
free-radical damage to enzymes and amino-acids when 
aqueous solutions were exposed to ionizing radiation?. 
Woodbridge? found organic selenium compounds to be 
powerful antioxidant agents. These unusual properties 
of selenium compounds in reacting with free radicals 
suggested that an electron paramagnetic resonance 
investigation of selenium amino-acids and antioxidants 
and their sulphur analogues would be of interest. 

Sulphides and selenides were irradiated at 2537 A at 
liquid nitrogen temperature in quartz tubes for periods 
up to several hours. Spectra were immediately taken on 
an X-band electron paramagnetic resonance spectrometer 
with the samples maintained at liquid nitrogen tempera- 
The electron paramagnetic resonance spectra fall 
into four categories characteristic of the radicals formed by 
irradiation. These are: alkyl radicals, benzyl-type radi- 
cals, sulphur radicals and selenium radicals. 

Alkyl radical, —CH,CHCH,—, spectra were obtained 
from di-n-dodecyl and di-n-octadecyl sulphide and selen- 
ide. These consist of eight-line spectra centred at g = 
2-002. 

Dibenzyl sulphide, dibenzyl selenide and dibenzyl 
diselenide each gave a simple spectrum centred at g = 2 
and 30 gauss wide. Since no sulphur or selenium spectra 
are observed we interpret the results as the spectrum of a 


benzyl radical, —X—CH— . A similar spectrum 
from selenocystine suggests that it may form the radical 
HOOCCH(NH,)CHSe -- -. 

Electron paramagnetic resonance spectra of the sul- 
phur radicals gave a derivative pattern with seven points 
of inflexion indicating three unequal g values (Table 1). 


Table 1. g VALUES OF SULPHUR RADICALS 


Irradiated compound 91 oz fa 

Cystine 2-001 2-022 2:002 
Cysteine 2-000 2:025 2-052 
Dibenzyl disulphide 1:095 2-024 2-053 
Di-2-butyl disulphide 1:998 2-025 2-058 
Di-n-dodecyl sulphide 1-098 2:022 2:057 


Spectra that we assign to selenium radicals have de- 
rivative shapes characteristic of axially symmetric g 
factors. The g factors are designated as g, and g; for 
directions parallel and perpendicular to the symmetry 
axis. As a check on this interpretation, an average g 
value was calculated, <g> calc = 1/3 gı + 2/3 gi, 
and compared with the experimental <g> value. The 
g values for selenium are given in Table 2. The agreement 
between <g> alc and <g>exp is within experimental 
error. The g values for selenium are higher than those 
for sulphur, as would be expected since the g-value shifts 
depend on the degree of spin-orbit coupling which in- 
creases rapidly with atomic number. 


Table 2. g VALUES FOR SELENIUM RADICALS 


Substance Radical 9n 2| <g> <I> cate 
Di-n-octadecy] selenide CH,(CHs)::Se- 2-115 2-088 2095 2-004 
Di-n-dodecyl selenide CH;,(CH,Se 2122 2:088 2:008 2-099 
Benzyl seleno- f Na : , " " . 

US RE D CH,Se 2124 2091 2099 2102 


General results of ultra-violet irradiation and electron 
paramagnetic resonance examination of these sulphur 
and seleniumi antioxidants are: (1) in disulphide com- 
pounds the disulphide bonds always rupture; (2) in di- 
selenide compounds the diselenide bond does not rupture; 
but a radical may be located elsewhere, usually on 
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a methylene carbon; (3) in thiol and —SeH compounds 
the proton on sulphur or selenium is labile; (4) in di- 
aliphatic sulphides and selenides the C—S or C—Se bond 
usually ruptures; (5) in dibenzyl sulphide and selenide 
compounds the C—S or C—Se bonds do not rupture; 
instead, a proton is removed from the methylene group. 
J. J. WINDLE 
A. K. WIERSEMA 
Western Regional Research Laboratory, 
Agricultural Research Service, 
U.8. Department of Agriculture, 
Albany, California. 
A. L. TAPPEL 
University of California, 
Davis, California. 
1 Hamilton, J. W., and Tappel, A. L., J. Nutr., 79, 493 (1963). 
? Shimazu, F., and Tappel, A. L., Science, 143, 369 (1964). 
2 Woodbridge, D. T., M.Sc. thesis, Univ. London (1959). 


BIOPHYSICS 


Light-induced Absorption-change Transients 
in Some Blue-green Algae 


As reported recently'?, in aged chloroplasts of spinach 
the decay of the light-induced absorption decrease at 
430 my. becomes biphasic when the system is coupled 
with ascorbic acid and an appropriate amount of the 
redox dye phenazine methosulphate. It was further 
found that the slowly decaying portion becomes saturated 
at a lower actinic intensity and the rapidly decaying 
portion starts to appear only when the actinic intensity 
exceeds the threshold-level. The biphasic decay was 
attributed to the re-reduction of two separate photo- 
oxidized species, possibly the chlorophyll complex P700 
and cytochrome f. 

In this communication is reported the finding of a de- 
crease in light absorption at 430 my. with a similar complex 
decay kinetics in whole cells of several blue-green algae. 
Plectonema boryanum, Phormidium luridum, Gloocapsa 
alpicola, and Anacystis nidulans have been examined, 
and all show more or less the same characteristics. Fig. 1 
shows a typical transient absorption change at 430 mu 
obtained from Plectonema, which gave the largest signal 
among the species studied. The total optical density 
change shown in Fig. 1 was about 0-006. Broad-band 
red (645—745 my) flashes of 20-usec duration spaced at 
9.sec intervals were used for excitation. The signal 
shown in Fig. 1 was obtained by integration of 30 flashing 
cycles through the CAT-computer. Detailed experimental 
procedures have been described previously?. 

On the average, the decay constants of the rapid and 
slow portions are 10 and 300 + 50 msec, respectively. 
In most fresh blue-green algal cells, the ratio of the two 
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Fig. 1. Light-induced absorption, change in Plectonema boryanum at 
430 mg 
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signal heights is nearly unity. The extent of the rapidly 
decaying portion usually decreases on storage. Plecton- 
ema stored in the dark at 0° C for one month still retained 
50 per cent of the activity without change in tho signal 
ration. Preliminary examination indicates that the 
light-minus-dark difference spectrum of the rapidly 
decaying portion resembles that of an oxidized cytochrome 
while the difference spectrum of the slowly decaying 
portion agrees closely with that of the oxidized P700*°. 

Since blue-green algae are relatively heat-resistant, 
the transient absorption changes are little affected when 
the cells are heated for 5 min at temperatures up to 50° C. 
When heated to higher temperatures, the rapidly decaying 
portion is affected and begins to disappear, while the 
slowly decaying portion remains intact. When heated 
above 60° C, both signals are eliminated. 

The actinic-intensity dependence of the composite 
signal in blue-green algae is similar to that of aged chloro- 
plasts^?. At the threshold intensity of approximatoly 
2 x 1014 quanta cm- per flash, the rapidly decaying 
signal starts to appear. At lower actinic intensity, only 
the slowly decaying portion can be observed. 

Cells incubated with 3 x 10-5 M. 3(3,4-dichlorophenyl)- 
1,1-dimethyl urea yielded practically the same composite 
signal. Sonicated cells, from which phycocyanin was liber- 
ated, yielded transients of smaller signal height, but with 
similar complex decay kinetics. The 430 my. transient 
presented here is associated with the long-wave-length 
reaction centre. This is shown by the fact that 10 my-wide 
flashes at 680 or 690 mu can also induce the complex tran- 
sient signal but it has smaller overall height. Preliminary 
examination with actinic flashes at 620 or 590 mp, at which 
phycocyanin absorbs, showed that the accessory pigment 
has a quite different behaviour of sensitization. Detailed 
investigations of the action spectrum are in progress 
and will be reported elsewhere. 

Bacon KE 

Charles F. Kettering Research Laboratory, 

Yellow Springs, Ohio. 
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BIOCHEMISTRY 


Direct Extraction of Actin in the Fibrous 
Form from Fish Muscle 


WATER extraction of an acetone-dried muscle powder 
preparation of rabbit! is one of the standard methods of 
producing a solution of globular or G-actin. Such a solu- 
tion possesses no birefringence of flow and has a low 
specific viscosity?. On making this solution 0-1 M with 
respect to potassium chloride, 0-001 M. with respect to 
Mg** and allowing to stand, a marked birefringence of 
flow develops and the solution has a considerably increased 
specific viscosity. These changes havo boen classically 
considered to be a result of the polymerization of the 
G-actin, as extracted, to the fibrous or F-form. 

During tho course of investigations of the muscle pro- 
teins of various animals it was observed that actin can 
apparently be oxtracted directly from fish acotono-dried 
muscle powders in the F-form. Acetone-dricd muscle 
powders were prepared from salt- and fresh-water fish of 
various species by the method of Barany, Barany and 
Quba!. The fish were killed by decapitation or & blow on 
the head, the dorsal muscle dissected out as quickly as 
possible and minced twice through an ordinary kitchen 
mincer. The muscle was thon treated twice with 10 vol. 
0-4 per cent sodium bicarbonate, washed with 15 vol. of 
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water and dried thoroughly with pre-cooled acetone. 
The powder was allowed to dry in the air overnight at 
room temperature and stored at 4? C. The muscle powder 
must be prepared very carefully, particularly during the 
stage of acetone drying. For examplo, in the caso of chub, 
which appears to have an unusually looso texture of the 
myonemes, unless great care is taken to express water from 
the musclo granules during the final acetone drying pro- 
cedure a preparation results which on extraction gives 
actin in the G-form. 

Actin was obtained from the acetone-dried muscle 
powder by treatment with 10 vol. of boiled out de-ionized 
water for 1 h at room temperature without stirring. 
Such a wator extract of fish muscle powder possosses 
a marked birefringence of flow and a relatively high 
specific viscosity, suggesting that a proportion of the 
extracted actin is in the fibrous form. F-actin extracted 
directly in this manner has been termed Jn-actin to 
distinguish it from F-actin prepared by the normal poly- 
merization process. Table 1 shows the results obtained 
from various species of fish togethor with the results of a, 
rabbit muscle extraction for comparison. 


Table 1. COMPARISON OF ACTIN EXTRACTED FROM RABBIT AND FISH 
ACETONE-DRIED MUSCLE POWDER 
Before adding salt After adding salt 
Protein Bire- n Bire- p] 
conc. fringence spec. fringence spec. 
Rabbit 27 0 0-03 * 0:31 
Fresh-water fish 
Trout 2-05 T 0-45 + 65 
ub 8-0 + 0:47 + 0-74 
Barbel 71 + -28 T -79 
Dace — t — + — 
Perch 4-4 + +29 + 0-54 
Salt-water fish 
Cod 15:0 T — * — 
Pollack 2:5 + 0:23 + -93 
Plaice 3-0 + 0-36 + 0-80 
Conger eel 42 t 0-15 + 0-83 


The fact that the fish actin is not extracted completely 
in the fully polymerized form is suggested by the increase in 
viscosity on the addition of salt. 

It has also been noted that the ability to extract Fn- 
actin from a muscle powder decreases with time of storage 
at 4? C as may be seen from Table 2. After sevon days the 
proportion of actin extracted directly in the F-form is 
considerably decreased, although the fact that the actin 
is still polymerizable is demonstrated by tho viscosity 
increase on adding salt. Thus to obtain a good Fn-actin 
extraction it is necessary to uso froshly prepared muscle 
powder. 


Table 2. AGEING OF FISH ACETONE-DRIED MUSOLE POWDER AT 4°C 


Age ` Viscosity ( spec.) —— 

(days) Before adding salt After adding salt 
1 0-44 0-01 
7 0-23 0-52 

30 0-18 0:22 


The observation that actin may be extracted directly 
from fish muscle in the F-form appoars to reinforce the 
argument that actin is present in the intact myofibril 
in the fibrous form, as suggested by Barany, Barany and 
Guba's! experiments on the preparation of actin from 
muscle without prior extraction of myosin, and Martinosi, 
Gouvea and Gergely?, who came to the same conclusion 
as a result of isotope investigations. Further support 
to this theory comes from Tsuboi and Hayashi’s‘ recent 
demonstration that acetone-dried muscle powder itself 
contains no ATP (the bound nucleotide component of 
G-actin) but that it is synthesized from the ADP present 
during the water extraction procedure, and they further 
suggest that there must be complicating reactions in the 
generally accepted preparativo procedure for actin. 

If it is accepted that actin is present in acetone-dried 
muscle powder in the F-form, as indicated by the absence 
of ATP, then it would follow that one of the reactions 
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proceeding during water extraction is that of depolymer- 
ization. The fact that actin may bo extracted in the 
partially polymerized form from fish muscle would suggest 
that tho depolymerization reaction is possibly under the 
control of some system which is absont or inhibited in the 
caso of fish. The figures in Tablo 2 indicate that the 
ability of a muscle powder to produco Fn-actin decreases at 
a faster rate than the ‘activity’ (as measured by ability to 
polymerize) of the G-actin. This could be explained by the 
presence of a labile polymerizing-depolymorizing system in 
muscle, the balance of which varies in animals from differ- 
ent species or may be altered by tho techniquo of prepara- 
tion of the muscle powder or its subsequent treatment. 
In order to substantiato this hypothesis, a close examina- 
tion must be made of tho reactions occurring during the 
process of extraction of actin from acetone-dried muscle 
powder together with a comparison of this process in 
muscle powder extraction systems from various species. 
This work is in progress and the results will bo published 
elsewhere. 

This work was supported by the Muscular Dystrophy 
Association of Amorica, Inc. 

G. N. GRAHAM 


Astbury Department of Biophysics, 
University of Leeds. 
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Conjugated Oxosteroids in Human Urine 


Ir has long been known that oxosteroids are excreted 
in human urine in conjugated form chiefly as sulphates or 
glucuronidates. In order to test the hypothesis that the 
choice of either sulphate or glucuronidate in different 
individuals may be wholly or partially determined by 
genetical factors it was necessary to devise a simple and 
rapid method for the separation and identification of 
these two groups of conjugates. In the course of these 
experiments it was found that a third type of conjugate, 
oxosteroid phosphate, also occurred in human urine. 

Methods for the high-voltage electrophoretic separation 
of steroid conjugates have been described’. It was 
found, however, that the conjugates could be very con- 
veniently separated at lower voltages by the following 
procedure. 

The K or Na salts of dehydroepiandrosterone sulphate, 
androsterone sulphate?, and androsterone: glucuronidate*, 
as well as dehydroepiandrosterone phosphoric acid and 
its sodium salt*, were prepared. These substances were 
assayed without previous hydrolysis by a modified 
Zimmermann reaction. The steroid moieties were 94 
and 91 per cent respectively of the theoretical values 
for dehydroepiandrosterone sulphate and androsterone 
sulphate, 99 per cent for the dehydroepiandrosterone 
phosphoric acid and 95 per cent for the androsterone 
glucuronidate. The glucuronic acid moiety was 93 per 
cent of theory. The pyridinium salts of androsterone 
and dehydroepiandrosterone potassium sulphates were 
also prepared*. The steroid content was 100 and 95 
per cent respectively of theory. 

Electrophoresis was carried out in a horizontal glass 
tank using Whatman No. 3 MM paper and veronal 
buffer pH 8-6-8-9. The paper was 52 cm in length and 
separate lanes were made by cutting out 2-mm strips. 
Androsterone potassium sulphate and androsterone 
glucuronidate were applied in the first lane, dehydro- 
epiandrosterone potassium sulphate and androsterone 
glucuronidate in the second lane, and a mixture of the 
three conjugates in the third lane. Electrophoresis was 
carried out at 320 V for 4 h at room temperature and the 
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Origin 





Fig. 1. Copy of electrophoretogram showing separation of: (1) ASO;K 

from A gluc.; (2) DHASO;K from A gluo; (3) ASO,K and DHASO,K. 

from A gluc. Strips a, developed with Zimmermann reagent, strips b, 

with naphthoresorcinol. Electrophoresis 4 h, veronal buffer pH 8-6, 
320 V, Whatman No. 3 MM paper 


Origin 





Anode 


Fig. 2. Copy of chromatogram showing separation of DHASO;K from 
DHAPO;H; in Schubert’s system E: (1) DHASO;K; (2) mixture of (1) 
and (3); (3) DHAPO,H, 


paper then dried at 65?—70? C for 30 min. 1 em of each 
of the 2.em strips was developed for glucuronidate by 
dipping into a modified naphthoresorcinol reagent and 
heating to 120? C for 10 min. The remaining strips were 
developed with the Zimmermann reagents. 

Fig. 1 shows that the steroid sulphates separate well 
from androsterone glucuronidate but not from each other, 
neither do their pyridinium sulphates separate from each 
other. i 

Dehydroepiandrosterone phosphate was also separated 
effectively from dehydroepiandrosterone sulphate, the 
latter having the greater mobility. For the location of the 
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phosphate, published methods™! were modified as follows: 
the paper was dried at 65? C for 30 min, cooled to room 
temperature, dipped into molybdate reagent and the 
excess solution allowed to drain off before reheating for 
7 min at 85°-90° C. The paper was cooled, drawn through 
the reducing reagent and dried in a current of air. After 
a few minutes a light blue colour developed. 

Effective separations were also achieved for sodium 
pregnandiol glucuronidate and glucuronic acid from each 
other and from dehydroepiandrosterone potassium 
sulphate, and for glucuronic acid from androsterone- 
glucuronidate. 

Urinary 17-oxosteroid sulphates were extracted as 
pyridinium salts’. Total pyridinium salt in the extracts 
ranged from 2-2 mg to 5-5 mg/g creatinine in the urine. 
Electrophoresis of 80 ug of these mixtures showed 3 
well-defined Zimmermann reacting zones. The zone 
with least mobility contained steroid phosphate. 

A chromatographic separation of dehydroepiandro- 
sterone phosphate from the potassium, salt of dehydro- 
epiandrosterone sulphate was also effected in Schubert's 
system Æ (ref. 9). 

The mobility of dehydroepiandrosterone phosphate 
was 3 times ‘that of the potassium salt of dehydroepi- 
androsterone sulphate as shown in Fig. 2. 
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Polymorphism of Zinc-«;-Human 
Glycoprotein 


GENETICALLY determined variants of a large number of 
proteins, including many blood proteins, have been dis- 
covered, especially since the introduction by Smithies! 
of the gel-electrophoresis technique. «,-Acid glycoprotein, 
one of tho low-molecular-weight normal human plasma 
proteins, proved to be polymorphic near its isoelectric 
point. Pooled a,-acid glycoprotein revealed seven and, 
after enzymatic removal of its sialic acid, two bands?. 
The human ;-muoeoid the molecular weight of which is 
similar to that of the mentioned «,-globulin showed a 
very similar resolution’. We report in this communication 
the polymorphism of a low-molecular-weight «.-glycopro- 
tein, zinc-%,-glycoprotein‘. 

Zine-a,-glycoprotein was isolated as described earlier! 
from large pools of outdated normal plasma collected in 
the New England area. This glycoprotein appeared 
homogeneous on ultracentrifugation, electrophoresis, 
chromatography, and NH,-terminal amino-acid analysis. 
Its extinction coefficient was again found to be 18 (ref. 4). 
Horizontal starch gel electrophoresis! was carried out 
in the cold over the pH range of 2-7-8-6. 

At pH 8-6 in borate or tris-EDTA-borate buffer zinc- 
&-glycoprotein exhibited a single band. Near pH 6 
in cacodylate, citrate or phosphate, one main band was 
observed. Between pH 5:5 and 4-7 this plasma globulin 
revealed eight zones, whereas twelve bands were found 
in the pH range 4:0-3-5. The higher resolution noted 
over the latter pH region is probably related to the 
partial denaturation of this protein, which is known to 
occur at pH values acid to its isoelectric point’. At pH 
3-0 in phosphate buffer, zinc-a,-glycoprotein showed 


408 





Fig. 1. Starch-gel electrophoretic patterns of zinc-a,-glycoprotein. 
Native zinc-a,-glycoproteln was analysed at pH 5:0 (A) and Ms sialic 
acid-free form at pH 6-6 (B). "The tonic strength of the acetate buffers 
used for the gel was 0-02 and that of the electrode compartments 0-1 


five bands and at pH 2-5 one broad zone. The best 
resolution was achieved on the slightly alkaline side of 
the isoelectric point of this globulin (Fig. LA). After 
essential removal of its sialic acid by neuraminidase, 
zinc-a,-glycoprotein was again analysed. The most 
distinct separation resulted between pH 5:5 and 6-0, and 
essentially two bands were observed (Fig. 1B). Compar- 
able findings were obtained by investigating the barium- 
&-glycoproteins®. 

The present state of knowledge on the chemical differ- 
ences between the genetic variants of certain blood 
proteins appears to indicate that these differences reside 
in: the polypeptide chains of these macromolecules. 
Several human plasma glycoproteins with molecular 
weights near 45,000 reveal a resolution on starch-gel 
electrophoresis which is higher than that of their sialic 
acid-free native forms. However, transferrin, a plasma 

‘glycoprotein with a higher molecular weight and a 
significantly lower carbohydrate moiety, and its deriv- 
ative obtained by neuraminidase digestion, show patterns 
the respective numbers of bands of which are in inverse 
ratio to those of the mentioned glycoproteins*:?, Thus, the 
present work points to the importance not only of elucid- 
ating whether the polymorphism of zinc-«.-glycoprotein 
reported here is an expression of genetically determined 
variants, but also of initiating enquiries into the sig- 
nificance of the sialic acid of the plasma glycoproteins. 

This work was supported by research grants from the 
U.S. National Science Foundation (@B-611) and the 
National Institutes of Health (@M-10374.) 
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Biological Activity of Natural and Synthetic 
Insulin A-chain Preparations on the 
Isolated Rat Diaphragm 


Tux possibility that separated insulin chains may be 
active to a certain extent on some of the insulin activity 
tests at present available has been repeatedly put to ques- 
tion within recent years either with insulin derivatives!? or 
with other disulphide hormones*. Dixon and Wardlaw? 
demonstrated that, when all disulphide linkages of insulin 
were cleaved by sulphitolysis, none of the resulting thio- 


NATURE 


July 25, 1964 VoL. 203 


sulphate derivatives of the A and B chains was active on 
glycogen. deposition in the isolated mouse diaphragm or in 
the mouse convulsion test. If, however, the primary 
action of insulin on the receptor tissue is mediated by a 
disulphide-sulphydryl interchange, as suggested by the 
action of N-ethylmaleimide on the cell membranet-5, an 
at least partially intact disulphide structure would be 
required for this action. 

Àn insulin A-chain derivative with &n intact intra-chain 
disulphide bridge, A chain-6-11-disulphide-7,20-bis-thio- 
sulphate, has been recently isolated from beef insulin by a 
modified sulphitolysis procedure’. 

We have now found that this compound exhibited 
insulin-like activity in the following three tests which have 
previously been proved to be mutually independent: 
(a) glucose uptake by the isolated rat diaphragm (1-2 
per cent activity as compared with native insulin); (b) in- 
corporation of labelled inorganic phosphate (33P) into 
‘energy rich’ compounds of isolated rat diaphragm?; (c) 
incorporation of “C-labelled methionine in & protein 
fraction of the diaphragm according to Manchester’. 
However, the biological activity of A-chain preparations 
isolated from natural insulin might originate from traces of 
intact insulin or contaminating B chain which could have 
escaped detection by chemical means. 

We have, therefore, examined a synthetic A-chain 
preparation. It was obtained from N-carbobenzoxy- 
6,7,11,20-tetra-S-benzyl-heneicosipeptide!! by random air 
oxidation for 18 h in 0-05 per cent concentration in iris 
buffer at pH 8-3 after removal of the protecting groups by 
sodium in liquid ammonia. It may be assumed that 
during random air oxidation & partial recombination of the 
6-11 intra-chain disulphide ring of the native A chain 
would occur. The synthetic A-chain preparation exhibited 
insulin like activity in all three tests: this activity amount- 
ed to 0-513 per cent (based on native insulin) according 
to the glucose uptake of the isolated rat diaphragm (A= 
0-12, limits of error for P=0-95 : 0-22 per cent and 1-49 
per cent). The stimulating effect of synthetic A chain on 
the two other metabolic tests is summarized in Tables 
land 2. Control experiments with performic acid oxidized 
A chain isolated from beef insulin showed no stimulation of 
uptake of glucose, even at very high levels of the A 
chain-6,7,11,20-tetra-sulphonic acid. 

Thus it appears that isolated diaphragm of the rat 
responds to A chain-6-11-disulphide-7,20-bzs-thiosulphate 
and to randomly oxidized synthetic A chain qualitatively 
in the same way as it does with intact insulin. The results 
suggest that the 6-11 intra-chain disulphide bond of 
insulin A chain may play a specific part in the mechanism 
of insulin action and provides a new argument in favour 
of a primary disulphide-sulphydryl interchange between 


Table 1. INFLUENCE OF SYNTHETIO INSULIN 4 CHAIN ON THE STIMULATION 
OF THE LABELLING OF PHOSPHATES IN THE ISOLATED RAT DIAPHRAGM 
Specific activity (percentage of extracellular or intracellular phosphorus) 


Insulin (ug/ml.) 0 10 — = 

Synthetic A chain (ug/ml.) — — 20 100 

Intracellular inorganic 

phosphorus 4°45 4-89 4:55 3-57 

P.C. * a) 40-0 57.2 60-3 725 
ATP a 45-0 59:5 59-0 67:5 
ADP (I) 23-7 27-6 20-8 42-0 
U+Gt (I) 24-0 41:0 45-5 65:5 


(E) Percentage of extracellular inorganic phosphorus. 
(I d Ferocntage ofintracellular inorganic phosphorus. 
* Phosphocreatine, T Sum of uridine and guanosine phosphates. 


Table 2. INFLUENCE OF SYNTHETIC INSULIN A CHAIN ON THE INCORPORATION 
oF HC L-METHIONINE INTO A PROTEIN FRACTION OF THE ISOLATED RAT 


DIAPHRAGM 
Insulin (ug/ml.) 0 10 — — — 
Synthetic 4 chain (ug/ml.) — — 5 10 20 
Incubation medium 4,350 3,630 4,100 4,890 4,179 
(counts/100 mg) 
Intracellular medium 3,924 4,760 4,480 4,295 4,918 
(counts/100 mg tissue) 
Protein fraction 151 394 236 237 332 
(counts/mg protein) 
(3°84) (8-25) (5-20) (5:55) (6°72) 


Percentage ofintracellular medium in parentheses. 
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Table 3. BIOLOGICAL ACTIVITIES OF A CHAIN PREPARATIONS ALONE AND 
ON COMBINATION WITH B CHAIN (PERCENTAGE BASED ON NATIVE INSULIN, 


27 1.U./mg). 
Activity A chain Activity A+B 
alone chains 
A chain preparation Mouse Mouse 
Glucose convulsion Glucose convulsion 
uptake test* uptake test * 
A chain-6-11-disulphide-7,20- 1-2% 0-5-1-0% — 6-7% 
bis-thiosulphate 
Synthetic A chain, randomly 0:5% 0-495 2-395 — 


oxidized 


* Carried out by Dr. C. Gloxhuber, Farbenfabriken Bayer AG, Wuppertal- 
Elberfeld; Zahn, H., Brinkhoff, O., Gloxhuber, C., and Meienhofer, J. (pub- 
lication in preparation). 


this hormone and its receptor in the musele. In addition, 
we want to point out that recombination studies with 
insulin A and B chains should be considered with some 
caution in cases where the activities obtained are not 
larger than those which may be elicited by A chain alone. 
In our work (Table 3) recombinations of natural and 
synthetic A and B chains yielded higher activities. 
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Mutagenic Action of Hyponitrous Acid and 
Glucose Oxime 


One of us has demonstrated!-5 with his co-workers that 
hydroxylamine, nitrous acid, hydrogen peroxide, hypo- 
nitrous acid and oxime can induce viral nuclear poly- 
hedrosis in healthy silkworms. Among these, the 
mutagenic action of the first-mentioned three sub- 
stances has recently been proved by Freese®, Gierer? 
and Wyss*. We have now found that acidified 
hyponitrite and glucosoxime produce & mutation in 
& bacteriophage. 

Sodium hyponitrite (Na;N,0,8H40) was prepared 
immediately before use, according to the method of 
Jones’. As hyponitrite is unstable, a resin was 
applied to remove a greater part of sodium ions: 
‘Amberlite IR-120 (Rohm and Haas Co.) was 
treated with hydrochloric acid, washed with water 
and dried under 80° C. About 200 mg of sodium 
hyponitrite were dissolved in 1 ml. of water, passed 
through a column of 2-g resin and washed with 0-5 
ml. of water. The pH of the solution obtained was 
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3-5. The loss of hyponitrous acid by this treatment was 
negligible. 

The phage used was T4 (Benzer), the host E. coli B 
and the medium bouillon. In order to estimate the 
inactivation of T4 and the production of its mutants, l:3 
ml. of the hyponitrous acid solution was mixed with 0-1 11!. 
of T'4-phage suspension in 0-1 M phosphate buffer of pH 
7-0 and kept at 35? C. The pH of the mixture was 5-2 at 
the beginning of incubation and 5-7 efter 3 h. The con- 
centration of hyponitrous acid in the mixture was 0-4 M 
and the decomposition of the acid during the incubation 
was less than 10 per cent. The mutants produced were 
T4r (r) and mottled T'4r (m). Some of the results are given 
in Table 1. 


Table 1. INACTIVATION AND MUTATION OF T4 BY ILYPONITROUS A«ID 
Reaction time Inset) rate Mutation rate 


(min) T4[ml.) ((r + m) x 100.74) 
0 2-6 x 10° 0-035 
60 12 x 10° 0:135 

180 7-6 x 10° 0:301 


In the control, ib was observed that the rato of spon- 
taneous mutation for r plus m is 0-034 per cent on the 
average. The experiments further showed that the 
production of mutants increases to a certain degree with 
the elevation of hyponitrous acid concentration, and that 
both the inactivation and mutation do not occur at the 
neutral reaction. 

To investigate the mutagenic activity of glucosoxime, 
1-8 ml. of 1-1 M oxime solution in 0-1 M phosphate buffer of 
pH 5 was mixed with 0-2 ml. of T4-phage suspension in 
0-1 M phosphate buffer of pH 7 and maintained at 35° C. 
The pH of the mixture was 5-6 and there was almost no 
change in the acidity during the incubation. Some of the 
data obtained are given in Table 2. 


Table 2. INACTIVATION AND MUTATION OF 74 BY GLUCOSE OXIME 
Reaction time Inactivation rate Mutation rate 
(min) Cr4[ml.) ((r + m) x 100/74) 
0 47 x 107 0-040 
40 2-8 x 107 0:077 
200 5-0 x 10* 0-533 


The reaction mixture contained 0-05 M hydroxylamine 
at pH 5:6, owing to the partial hydrolysis of glucose 
oxime. It was confirmed, however, that the hydroxyl- 
amine of this concentration causes no mutation. The 
mutagenic function of hydroxylamine itself, as reported 
by Freese®, can be detected in a solution of much higher 
concentration, in the presence of a fairly large amount of 
sodium chloride. We observed further that both the phage 
inactivation and mutant production do not take place m 
the mixture at pH 6-6. 

On the basis of our diseovery!9-1? of six new enzymes, 
we have established a nitrogen cycle?. On the other 
hand, we found that the intermediates in this cyclic 
reaction, hydroxylamine, hyponitrite, nitrite and oxime, 
inhibit cellular catalase without lowering respiration, thus 
leading to an accumulation of hydrogen peroxide!*-'*. and 
that the enzymes participating in the cycle are widely 
distributed in animals, plants and microbes!*. Based on 
these findings and the foregoing observations, Yamafuji 
now proposos the following scheme: 


NH,OH* <—H,N,0,* <—HNO,* 
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Yamafuji’s cycle producing virogens* and mutagens* 
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It is noteworthy that normal nutritional or metabolic 
reactions produce a series of virogenic and mutagenic 
substances. 
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Biosynthesis of L-Serine Ethanolamine 
Phosphodiester 


From recent work! it would seem that r-serine ethanol- 
amine phosphodiester (r-SEP) is found only in the tissues 
of fish, amphibians, reptiles and birds. D-SEP, on the 
other hand, appears to be confined to earbhworms?, where 
it is the biological precursor of lombricine?. The status 
of the work on both isomers has been summarized by 
Ennor and Rosenberg*. These authors had previously 
shown! that dinitrophenol (3 x 10- M) completely 
inhibited the biosynthesis of L-SEP and that cytidine 
triphosphate (CTP) appeared to be required. Thus it was 
shown that chicken kidney homogenates, supplemented 
by CTP, incorporated more inorganic phosphorus-32 into 
L-SEP than when this nucleotide was omitted. 

This communication is concerned with an extension of 
this observation and with the development of a theory to 
account for the biosynthesis of r-SEP. 

Crude chicken kidney homogenates have been used 
throughout and were prepared by homogenizing 10 g of 
fresh kidney in 20 ml. of ice-cold 0-25 M. sucrose containing 
EDTA (10? M) in a Potter-Elvehjem type homogenizer 
for 30 sec. The homogenate was centrifuged at 500g for 
10 min at 0° and the supernatant was used without further 
treatment. Incubation mixtures containing 1:0 ml. of the 
supornatant wero incubated for 1 h in phosphate buffer 
pH 7-2 at 37° in tho presence of various compounds labolled 
with carbon-14 and in a total volume of 2-0 ml. (Table 1). 
At the end of tho incubation period trichloroacetic acid 
was added; a crude phospholipid fraction was prepared 
from the precipitated material and r-SEP was isolated 
from tho supernatant by previously described chromato- 


Table 1. INCORPORATION OF P'C-ETHANOLAMINE INTO L-SEP AND 
PHOSPHOLIPID IN CHICKEN KIDNEY HOMOGENATES 
96 of added c.p.m. recovered in 
Additions L-SEP  phospholipid 
(1) CDP-“C-ethanolamine (a) 81 22 
(b) 8-2 74 
(c) 9-5 30 
(e) As (1a), enzyme boiled 0-4 2:0 
(8) As(1a)--unlabelled 
ethanolamine phosphate Viri 38 
(4) MC-ethanolamine phosphate 0 0 
(5) ™C-ethanolamine oT 25 


The labelled compound added in each experiment had a radioactivity of 
approx. 5,000 c.p.m. 
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graphic techniques*. The radioactivities of the phos- 
pholipid fraction and of L-SEP were determined in a 
Packard ‘Tricarb’ scintillation counter. 

The results (Table 1) indicate that appreciable incorpora- 
tion of 'C-ethanolamine into both phospholipid and 
L-SEP was achieved only when CDP-“C-ethanolamine 
was the isotopic source and that this incorporation was 
enzyme dependent. It should also be noted that neither 
HC-ethanolamine nor !*C-ethanolamine phosphate was 
incorporated into the phospholipids or L-SEP and that 
no isotopic dilution occurred when unlabelled ethanol- 
amine phosphate was added together with CDP-'C- 
ethanolamine. 

These results suggest that the final step in the bio- 
synthesis of L-SEP involves the reaction: 


cytidine diphosphate-ethanolamine + r-serine 
— cytidine monophosphate + r-SEP 


which is presumably catalysed by a specific enzyme. 
Work now in progress is designed to determine the exis- 
tence of this reaction and the results, together with full 
details of the present work, will be submitted for publica- 
tion elsewhere. 

We thank Dr. K. P. Strickland, of the Department of 
Biochemistry, University of Western Ontario, for a gift of 
CDP-'C-ethanolamine. 

H. RosENBERG 
A. H. ENNOR 
SADAKO Sucar* 
Department of Biochemistry, 
John Curtin School of Medical Research, 
Australian National University, 
Canberra. 


* Present address: Department of Biochemistry, Tohoku University, 
School of Medicine, Sendai, Japan. 


1 Rosenberg, H., and Ennor, A. H., J. Biochem. (Tokyo), 50, 81 (1961). 

* Rosenberg, H., and Ennor, A. H., Biochem. J., 78, 521 (1959). 

? Rossiter, R. J., Gaffney, T., Rosenberg, H., and Ennor, A. H., Nature, 185, 
383 (1960). 


* Ennor, A. H., and Rosenberg, H., in Amino Acid Pools, edit. by Holden, J., 
187 (Elsevier Publishing Co., Amsterdam and New York, 1963). 


5 Kennedy, E. P., J. Biol. Chem., 222, 185 (1950). 


* Gaffney, T. J., Rossiter, R. J., Rosenberg, H., and Ennor, A. H., Biochim. 
Biophys. Acta, 42, 218 (1960). 


PHYSIOLOGY 


A Biologically Active Metabolite of Vitamin A 
and Vitamin A Acid 


A RECENT report by Zachman and Olson! described the 
formation of acidic water-soluble metabolites from 
vitamin A. (retinol) and vitamin A. acid (retinoic acid) by 
perfused rat liver. We have isolated an acidic metabolite, 
with potent vitamin A-like activity, from both retinol and 
retinoic acid. No compound metabolically related to 
retinol or retinoic acid with growth-promoting activity has 
hitherto been described. 

Circumstantial evidence has for long suggested? that 
retinol is changed into an ‘active form’ in the course of 
its metabolic function. When tbe vitamin A-like activity 
of retinoic acid was discovered by Dowling and Wald’, 
this acid was at first considered to be the ‘active form’. 
However, it could not be detected in the rat, even after 
administration of it to deficient animals which were being 
cured*. Apparently it was extremely rapidly metabolized. 
Therefore, the thought arose that retinoic acid, too, is 
changed into the actual metabolically active compound. 
The metabolite reported here may be closer than retinoic 
acid to the active compound, or may be the active com- 
pound itself. Whether it arises naturally from retinol via 
retinoic acid, or independently from either, has not been 
determined. 

Retinol-deficient rats were given retinol (1 mg in 0:2 ml. 
cottonseed (Wesson) oil per day) orally by intubation or 
retinoic acid (1 mg in 0-2 ml. aqueous saline, pH 8, per 
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Table 1. YIELDS OF METABOLIC PRODUCTS FROM RETINOIC ACID AND 
RETINOL 
6,7-4C- 
6,7-1*C-retinoic acid * retinol 
acetateT 
Hours after injection 1 2 3 4 10dayst 2 
No. of rats used (wt. 180- 
200 g) 3 4 6 5 2 
Total dose injected (uc.) 
Into allrats 452 452 15:66 22-68 61:80 3-82 
Weight of combined intes- 
tines (g) from all rats 18 17 25 36 34 12 
% of dose in acidicfraction 12-64 12-18 6:60 0:85 0-49 7:35 
% of dose in compound 5 133 135 079 0314 0-08 1:04 


* Specific activity 19-9 Loc./mg. 
T Specific activity 6-45 uc./mg (compound given orally in Wesson oil). 

Compound administered orally, 1-24 uc.|rat/day, the last feeding 4h 
before termination. 
day) by intraperitoneal injection for 2 weeks and then 
received an intraperitoneal injection of 14C-retinol or 
MO-retinoie acid, respectively, in amounts indicated in 
Table 1. The animals were killed after tho time indicated, 
and the large and small intestine were removed and homo- 
genized in 0:25 M sucrose containing 0-025 M. potassium 
chloride and acetone. The supernatant solution obtained 
after centrifugation was concentrated and then saponified 
with ethanolic potassium hydroxide for 1 h at room tem- 
perature under nitrogen. After acidification, an acidic 
fraction could be extracted with ether. The ether extract 
was concentrated and the resulting mixture separated by 
thin-layer chromatography on Merck ‘Silica gel G", in 
benzene (10): CHCl, (2-5): CH,OH (2-5). The mixture 
separated into 9 spots as shown by the faint yellow fluores- 
cence in ultra-violet light, but 10 spots were revealed by 
iodine vapour. Spot No. 5, ‘compound 5’ (Rr 0-32), and 
spot No. 9, ‘compound 9’ (Rr 0-85), as detected by iodine 
vapour and counting .the origin as spot No. 1, were the 
only radioactive spots. They were eluted separately, 
re-chromatographed and eluted. An ester of compound 5 
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Fig. 1. Gains in weight of rats fed retinol-deficient diets and given 
compounds indicated, 8 zg dissolved in 0-2 ml. cottonseed (Wesson) oil 
per day orally by intubation, or Wesson oilalone. Verticallines show 
standard deviations of weight gains for 4 rats 2 days prior, 1 day after and 
9 days after administration of compound 5. Rats on compound 9 died of 
the deficiency on the seventh day. —, Compound 5 (4 rats). Average 
weight on day of administration, 141-5 g; —- —., compound 6 ester 
(2 rats) Average weight on day of administration, 178-5 g; —..—.., 
compound 9 (2rats) Average weight on day of administration, 135-0 g; 
— — —, Wesson oil (1 rat). Average aoe on day of administration, 
"Ug 


NATURE 


‘retinol are shown in Table 1. 


411 





Th 


Compound 5 Ester 













Compound 5 


Ratio of compound 5 to ester and compound 9 






Compound 9 


1 2 8 4 
Hours 


Fig.2. Ratios of radioactivity of compound 5 ester and compound 9 to 
compound 65, in relation to time after injection of 6,7*C-retinoic acid, 
with compound 5 taken as unity 


‘could be obtained from the, intestinal extract prior to 


saponification. On thin-layer chromatography it remained 
at the origin. On saponification it yielded compound 5. 

Growth curves of rats on retinol-deficient diets when 
given compound 5, its ester, compound 9 or Wesson oil as 
control are shown in Fig. 1. The curves demonstrate that 
weights returned to normal after feeding compound 5 or its 
ester for 3 days, but not compound 9; and dropped to the 
deficient level after withdrawal of compound 5. The rats 
cured from the deficiency by compound 5 not only regained 
their weights, but also lost their eye-lesions and ruffed fur. 
That compound 5 was not contaminated by retinoic acid 
was shown by the fact that it was radioactive after 
administration of labelled retinoic acid, whereas, in the 
same experiment, retinoic acid, when added as carrier in 
the isolation procedure, and obtained along with com- 
pound 5 by thin-layer chromatography, was not radio- 
active. Besides, the Rr of compound 5 (0-32) differs 
greatly from that.of retinoic acid (0-82) in the solvent 
system used above. . 

The yields of compound 5 from labelled rétinoic acid and 
It can. be seen that it 
appears rapidly, and begins to decline after 2 h. Con- 
comitantly, compound 9 concentration increased. The 
same relation holds between compound 5 ester and com- 
pound 5 (Fig. 2). It would, therefore, be tempting to 
suggest a sequence such as this: retinol — retinaldehyde 
— retinoic acid — compound 5 ester — compound 5 — 
compound 9. 

The last column of Table 1 shows that compound 5 can 
also be formed from retinol. The identity and purity of 
compound 5 obtained from retinoic acid and retinol was 
further demonstrated by reversed-phase paper chromato- 
graphy in 2 different solvent systems (MeOH : BuOH : 
H,O, 70:25:5, and CHCl,:1 per cent acetic acid in 
MeOH, 2: 1; silicone impregnated paper). Only a single 
spot was found for compound 5 from either precursor, 
different from the spots given by retinol or retinoic acid. 
Compound 5 occurs also in liver and kidney. 

Rats cured from retinol deficiency by compound 5 aro 
totally nightblind as determined by electroretinogram. 
Therefore, a conversion of compound 5 back to retinol is 
excluded. A conversion of compound 5 back to retinoic 
acid was shown to be unlikely because, when radioactive 
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compound 5 was given to 2 rats for 3 weeks, no label was 
detectable in added carrier retinoic acid. 

Compound 5 is obviously a carboxylic acid derived from 
retinol and retinoic acid, by loss of at least the carbon 
atom No. 15, since 15-4C-retinoic acid does not yield 
radioactive compounds 5 or 9. Compound 5 occurs 
naturally as an ester with an unknown alcohol, as well as 
in the free form. It does not produce any colour with the 
Carr—Price reagent. Its ultra-violet spectrum shows a peak 
at 252 mu. The infra-red spectrum shows a broad absorp- 
tion band between 3,550 and 3,450 cm-? (OH-group), 
CH, and CH, peaks (at 2,937 aud 2,898 em-1), a C=O 
peak (at 1,589 cm-!) and a COO- peak, possibly conjugated 
(at 1,715 em). Compound 5, therefore, has presumably 
2 double bonds in conjugation with the carboxyl group, 
and a hydroxyl group. Attempts are now being made to 
determine the structure of compound 5. 

We thank Prof. O. Wiss, of Hoffman-LaRoche and Co., 
Basle, for a gift of labelled retinol and retinoic acid, and 
Dr. J. E. Dowling, of Harvard Univorsity, for performing 
the electroretinograms. This work was supported by U.S. 
Public Health Service grant HE 07157 (NTN). 
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Hemagglutination of Erythrocytes coated 
with 6-Aminopenicillanic Acid 


Since unaltered benzylpenicillin has not been shown 
to be capable of forming stable covalent bonds with 
proteins’, it has been suggested that the hapten complex 
associated with penicillin hypersensitivity involves the 
intermediate degradation compound p-benzylpenicillenic 
acid?-*, Levine and Ovary! have shown that D-benzyl- 
penicillenic acid will react with serum proteins, especially 
lysine s-amino groups, to form the mixture of dia- 
stereomers of ¢-N-(D-«-benzylpenicilloyl)-lysine groups. 
Such compounds are stable antigens giving wheal and 
erythema reactions in sensitized individuals. De Weck 
and Eisen*, on the other hand, have produced evidence 
that D-benzylpenicillenic acid enters into mixed di- 
sulphide linkages especially with proteins enriched with 
SH groups and that antibody to such complexes has an 
affinity for the oxazolone ring structure of p-benzyl- 
penieilenie acid. 

Previous investigations have shown that sera 
from certain patients treated with benzylpenicillin 
will agglutinate erythrocytes coated with this sub- 
stance®:*, However, the majority of such individuals 
show no evidence of clinical hypersensitivity and no 
information is available concerning the possible 
identity of antigenic determinant groups involved 
in hemagglutinin production and in hypersensi- 
tivity, although De Weck and Eisen? have sugges- 
ted that the erythrocytes may in fact be coated 
with D-benzylpenicillenic acid, which forms rapidly 
in aqueous solutions of benzylpenicillin. If 
so, the hemagglutinin would most likely be 
spatially orientated to fit the determinant oxazo- 
lone ring. The reaction of 6-aminopenicillanic 
acid with carbon dioxide suggested a means of 
determining whether this view is correct. 

If human group O, Rh-negative erythrocytes are 
added to 6-aminopenicillanic acid, which has been 
dissolved in 0-85 per cent saline and the pH adjus- 
ted to 7-0 with sodium hydroxide to increase solu- 
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bility, no hemagglutination occurs in the presence of sera 
capable of agglutinating benzylpenicillin-coated erythro- 
cytes. However, hemagglutination occurs if 6-aminopeni- 
cillanic acid is dissolved in sodium bicarbonate solution’. 
Johnson and Hardcastle? have shown that in these 
circumstances 6-aminopenicillanic acid rearranges to 
form 8-hydroxypenillie acid according to Fig. 1, 
which involves the formation of two intermediate com- 
pounds. Compound 3 is of great interest since its attach- 
ment to erythrocytes could leave exposed a reactive 
determinant group, either the oxazolone ring or the 
thiazolidine ring depending on the mode of attachment. 

Hemagglutination tests were performed with positive 
sera obtained from patients treated with benzylpenicillin 
as previously described, with the modification that 
tubes were incubated for 0-75 h instead of 1:5 h. Success- 
ful agglutination was found to be dependent on the 
concentration of bicarbonate and also on the time of 
reaction of 6-aminopenicillanic acid with bicarbonate 
before addition of erythrocytes (Table 1). 


Table 1 
A Conc. of NaHCO, 
g %) 16 8 4 2 
Hmmagglutination Tr Td m = 
B Time of reaction 
6-APA with 
NaHCO, (h) 1 4 8 24 
Hæmagglutination TB ttt + - 


Maximum hemagglutination was obtained with satu- 
rated bicarbonate solutions prepared at 37-0° C (approxi- 
mately 16g per cent), and also when erythrocytes were 
added immediately or within 4h to the mixture. Speci- 
fically, no agglutination occurred with bicarbonate 
concentrations of 4 per cent or less or when erythrocytes 
were added after 24h. It appears that 8-hydroxy- 
penillic acid is unable to coat cells and leave an active 
determinant group exposed to antibody in the same way 
that penillic and penicilloic acids also give negative 
results. Of the two intermediate compounds, compound 
3 seems most likely to constitute the active hapten. 
In this event, it seems that 8-hydroxypenillic acid may 
in fact inhibit optimum coating of the cells since optical 
density measurements at 322 mu (which is specific for 
the oxazolone ring structure of penicillin degradation 
compounds), after 24h interaction of 6-aminopenicillanic 
acid and bicarbonate solution, showed that compound, 
3 was still present and that the reaction had not proceeded 
to completion under the conditions of the experiment. 
However, it is not clear whether this represents inhibition 
of attachment to the cells or a steric hindrance effect 
on the cell surface. 

Inhibition investigations with various haptens showed 
that equimolar concentrations of 6-aminopenicillanic 
acid dissolved in either sodium hydroxide or bicarbonate 
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gave identical degrees of inhibition (effective concen- 
trations of 0-00075 M. with a 1/8 dilution of a positive 
serum which agglutinated benzylpenicillin-coated cells 
to a titre of 1/256). Since the oxazolone ring structure 
would not be produced in the presence of sodium 
hydroxide the results suggest that the antibody is more 
likely to present a complementary pattern to the thia- 
zolidine ring. This would explain the ability of peni- 
cilloic acid to inhibit the reaction and also the observation 
of De Weck and Eisen? that penillic acid and 6-amino- 
penicillanic acid have only very slight activity in in- 
hibiting precipitation of p-benzylpenicillenic acid-protein 
conjugates in the presence of p-benzylpenicillenic acid 
antisera. Furthermore, hemagglutination was inhibited 
by cephalosporin C at a molar concentration about 
250 times greater than with 6-aminopenicillanic acid, 
suggesting a cross-reaction with the related dihydro- 
thiazine ring. 

Since hemagglutinin is often present in sera in the 
absence of evidence of hypersensitivity, antibody form- 
ation associated with each of these phenomena may not 
depend on identical determinant groups forming in vivo 
during the degradation of benzylpenicillin. 

K. C. Watson 
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H/EMATOLOGY 


A Relationship between the H Chain Groups 
of 7S y-Globulin and the Gm System 


EvIDENOE has been obtained recently that 7S y-globulin 
and myeloma proteins can be divided into three types on 
the basis of antigenic characteristics as well as other 
differences in the H chains!3. A variety of antisera in 
rabbits to individual myeloma proteins as well as monkey 
antisera to H chains have served to bring out these 
variations. Splitting of y-globulin with papain has also 
brought out differences in these three types*. Since the 
determinants involved in the Gm system have been local- 
ized to the H chains*5, it was thought of interest to test 
y-globulins of the three types for the various factors 
involved in the Gm system. For this purpose, myeloma 
proteins of the three types were utilized®:”. Also included 
were investigations of the newly described Gm(f) factor’, 
which has been found in the majority of myeloma proteins 
which were previously found to be negative for the Gm(a) 
and Gm(b) factors®. Striking differences in the distribution 
of the Gm factors were encountered for the proteins of 
cach type. 

Myeloma proteins were isolated by zone electrophoresis 
and were typed for Gm(a) (b) and (f) characters as de- 
scribed previously*:4.9. For the Gm(a) determinations 
several normal serum agglutinators were used. The 
Gm(b) reagents included both several normal serum agglu- 
tinators and agglutinators from patients with rheumatoid 
arthritis. Some of the Gm (6+) myeloma globulins were 
typed with three different Gm(b) systems with concordant 
results; one had been typed with five different anti- 
Gm(b) including Harboe’s original anti-Gm(b) J. K.2°. 
Two different anti-Gm(f) sera were used, both from donors 
without rheumatoid arthritis®. 
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Table 1. PATTERNS OF REACTIVITY BY AGAR PLATE ANALYSIS OF VARIOUS 

MYELOMA PROTEINS AND THREE ABSORBED ANTISERA WHICH BRING OUT 

Four DIFFERENT H CHAIN GROUPS, ALSO SHOWN ARE THE Git PHENOTYPES 
OF THESE MYELOMAS 


Anti Anti Anti Ci L Myeloma 

Vi Sp abs. chain Gm 
abs. € Sp abs. ¢ Vi e We group phenotype 
Vi TB 0 0 IL a-—b-f- 
Fe ++ 0 0 I a-—b+f- 
Ap ++ 0 0 I a-b+f—- 
Bu ++ 0 0 I a—b+f—- 
Ma t+ 0 0 I a~-b+f- 
We 0 ++ 0 I a+b—f— 
Me 0 ++ 0 I a+b-f- 
Le 0 ++ 0 I atb—-f— 
Cu 0 ++ 0 I a—b—-ft+ 
S 0 tett 0 II a—b-f+ 
o 0 ++ 0 Il a—b-f+ 
Ly 0 ++ 0 I a-b—-ft 
Gr 0 ++ 0 II a-b—f* 
Ge 0 0 ++ I a—b-f- 
€i 0 0 +++ I a-b-f- 
Ro 0 0 ++ i a—b-j- 
Ne 0 0 0 II a-b-f- 
Wh 0 0 0 I a-b-f- 


Table 1 shows the reactions of three absorbed antisera 
with different representative myeloma proteins. These 
have been selected and the numbers in different groups 
do not indicate the exact relative incidence. Itis apparent 
that these antisera recognize at least four different classes 
of 7S y-globulin. The first three groups are recognized 
both in & positive and a negative fashion and appear to be 
clear-cut classes, and are termed Vi, We and Ge groups, 
respectively. The fourth type at the bottom of Table 1 
was only recognized as deficient by all the antisera. 
Other antisera in addition to those shown showed similar 
breakdown of the different types. Particularly striking 
was a monkey antiserum to H chains of the Vi group which 
gave the exact same distribution of reactivity as that 
obtained with the Vi rabbit antiserum. Fig. l illustrates 
the reaction of anti-Vi antiserum, unabsorbed and 
absorbed with Sp, with members of the Vi group of 
myeloma proteins as compared to those from the second 
groups of Table 1 (the We group). 

Determination of the Gm phenotype of the myeloma 
proteins of the different groups brought out marked 
differences. AI the Gm(b + ) myeloma proteins fell into the 
Vi group. Four of these are illustrated in Table 1. An 
additional eleven Gm(b+) myeloma proteins were also 
tested and they all fell into the Vi group antigenically. 
The ‘H chains’ from a patient Zu with H chain disease” 
also were Gm(b + ) and fell into the Vi group. Two myeloma 
proteins which fell into the Vi group were (a-b-f-) includ- 
ing myeloma Vi itself. The incidence in a total of 84 
7S type, myeloma proteins which were not selected on & 
basis of Gm type was ten Vi group myeloma proteins 
with eight Gm(b + ) and two Gm(b — ). 

The majority of myeloma proteins (approximately 
60-70 per cent) were found in the We group. All the 
Gm(a +) or Gm(f+) myeloma proteins fell into this group. 
No single myeloma protein contained both factors but 
contained one or the other factor. 


Vi 





Fig. 1. Reaction of anti-Vi antiserum, unabsorbed and absorbed with 
Sp, with myeloma proteins of the Vi group (Vi, Ap, Fe) and heterologous 
myeloma proteins of the We group (We, Me, Sp) 


414 


Five myeloma proteins of the Ge group, three of which 
are shown in Table 1, were negative for all the Gm charac- 
ters. These myeloma proteins were found to show a 
unique fast mobility for the F component produced by 
papain splitting not found with other myeloma proteins?. 
This suggests a considerable degree of individuality for this 
class of protein although they still cross-reacted in the 
F fragments with myeloma proteins of the other groups. 

In addition to the Ge group, the Gm(b-) members of the 
Vi group, and the rare member of the We group, a number 
of other myeloma proteins were encountered which were 
also (a—b-f-). Two of these are shown at the bottom of 
Table 1. Most antisera showed these myelomas to be 
deficient but as yet no antiserum has been obtained 
which recognizes them in a positive fashion. Evidence 
also was obtained indicating that this was not a homo- 
geneous group but consisted of a mixture of types. 

Experiments on the distribution of tho various groups 
among the molecules of normal y-globulin indicate that 
they in general parallel the incidence among myeloma 
proteins. Quantitative precipitin analysis on twenty 
normal sera indicates a range for the Vi type protein from 
0-1 to 1-1 mg/e.c. (ref. 2). A counterpart for the Ge 
group was also found and this occurred at a lower level. 
All sera, examined, including those from whites of different 
Gm phenotype, negroes, Chinese and American Indians 
contained the Vi, We and Ge type proteins. 

It has been thought in the past that genes Gm« and 
Gm? are alleles in Caucasians!?. Certain unusual 
features, however, have been encountered in other racial 
groups?/*, The results presented here showed that types 
Gm(a -- ) and Gm(b+) did not occur in the same group of 
7S y-globulins. All Gm(a+) and Gm(f+) myeloma pro- 
teins fell into the We group which, furthermore, did not 
include any Gm(b+) proteins. It is known that the 
distribution of Gm(b) and of Gm(f) is very similar in Cau- 
casians, because white individuals are, with rare excep- 
tions, positive for both or for neither*?. Combining these 
results, it seems possible that Gm/ (certainly not Gm) 
may be the true allele of Gm. Tt is then a reasonable 
concept that the “We locus’ (with Gms and possibly 
Gmf as major alleles) and the ‘Vi locus’ (with Gm? and 
at least one unknown allele) are closely linked. Reasoning 
along these lines leads to the prediction that Gm(b—) 
Y-globulins of the Vi group contain the product of the 
true allele(s) of Gm* and that genes at a third locus, the 
*Ge locus', as well as other loci, determine characteristics 
of the H chains of other 7S y-globulin molecules. 

We thank Dr. R. Bachmann, Dr. C.-B. Laurell and 
Dr. U. Nilsson, of the Department of Clinical Chemistry, 
Malmó General Hospital, for certain of the myeloma sera 
and myeloma fractions. 
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PHARMACOLOGY 


Transfer of Oxytocin from the Maternal 
to the Foetal Circulation in the Ewe 


LITTLE is known of the transfer of peptides betwoon 
the maternal and fœtal circulation. In their exhaustive 
review, Hagermann and Villee! mention the results of the 
work of Krzysztoporski?, who showed that simple peptides 
cross the placental barrier, and those of Knobil and 
Josimovitch? that insulin crosses the mono-layered 
placenta of the rat. Other information on the placental 
penetration of peptide hormones is sparse and contra- 
dictory. High concentrations of oxytocin in maternal 
blood during parturition have been reported‘ and it seemed 
therefore of interest to investigate the possibility that oxy- 
tocin in the maternal circulation might reach the foetus. 


Table 1. OXYTOOIO ACTIVITY IN F(ETAL LAMB PLASMA BEFORE AND AFTER 
INJECTION OF OXYTOOIN INTO THE MATERNAL UTERINE ARTERY 


Days Interval between Oxytocic activity of plasma 
Ewe before  Doseof oxytocin injection extracts mu/ml. blood 
No. full oxytocin and starting col- After 
term (units) lection of blood Control oxytocin 
sample (seconds) injection 
1 25 40 10 3:0 3-0 
2 17 40 90 2:8 39:4 
3 17 40 90 9:3 6:0 
4 16 20 90 12 27 


The experiments were carried out in pregnant ewes of 
the Welsh breed, in which the dates of conception were 
known. The ovine placenta is cotyledonary and has 
five layers, the foetal and maternal circulations coming 
into juxtaposition in the cotyledons. About 20 days 
before term, the lamb or lambs were removed from the 
uterus by Caesarian section under spinal nerve block 
anesthesia with the umbilical cord intact. (The operations 
were kindly carried out by Prof. Messervy and his staff.) 
Control samples of about 20 ml. of blood were withdrawn 
from the umbilical artery into heparinized syringes. 
Oxytocin (20-40 units ‘Syntocinon’, Sandoz) was injected 
into the uterine artery of the ewe, and a second sample of 
arterial blood withdrawn from the cord either before or 
after the oxytocin-induced contraction of the uterus. 
After centrifugation at 0° C the plasma was separated 
and extracted by treatment with acetone and ether 
according to the method of Ginsburg and Smith’. 
Oxytocie activity in the extracts was assayed on the 
superfused rat uterus’ using ‘Syntocinon’ as standard. 
The results are shown in Table 1. Oxytocic activities 
equivalent to 1-2-3-3 mu oxytocin/ml. were found in 
control plasmas. In one experiment the second sample 
of umbilical arterial blood was collected 10 sec after the 
injection of oxytocin and before the uterus contracted; 
there was no difference in the oxytocic activity of the 
plasma before and after injection. In the remaining 
three experiments, in which the second samples were 
collected 90 sec after oxytocin injection when the uterine 
contraction was apparently maximal, the oxytocic activity 
of the second plasmas was 50-125 per cent greater than 
that of the controls. Treatment of the extract of the 
second sample of plasma in experiment 3 with thiogly- 
collate? reduced the oxytocic activity from 6 mvu/ml. 
to 3 mu/ml. blood, that is, to the level found in the control 
sample. It seems likely that the oxytocic activity in the 
control sample was due to the presence of kinins in the 
extract® but that the additional activity after injection 
was due to oxytocin, suggesting that the placental barrier 
is not impermeable to oxytocin. B. A. Noppie 
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A Non-cholinergic Synaptic Inhibition in the 
Central Nervous System of a Mollusc 


Tauc and Gerschenfeld^? have shown that in Aplysia 
depilans and Helix pomatia acetylcholine (ACh) possibly 
mediates synaptic excitation on neurones conventionally 
named D cells and also synaptic inhibition in other 
neurones called H cells. D neurones are recognized 
because they have only one type of input which is excita- 
tory in character and cholinergic in nature. The analysis 
of synaptic activity in intracellular recording in the isolated 
nervous ganglia of the Argentine land-snail, Cryptom- 
phallus aspersa, reveals also the presence of typical H and 
D cells. Besides them the perio-cesophagic ring of this snail 
contains also other types of neurone that in addition to a 
cholinergic excitatory input as in D cells, show a direct 
inhibitory synaptic input. These cells will be con- 
ventionally named here DInhi (D cells with Inhibition) 
neurones. 

DInhi neurones constitute a group of cells having a 
typical pattern of synaptic activity and pharmacological 
response. They are located in the caudal pole of the 
visceral ganglion, and their number is difficult to ascertain 
although it is certainly more than 5 or 6. In these cells, 
the inhibitory input may be mainly evoked by electrical 
stimulation of the visceral nerve, but sometimes an 
afference entering through the right pallial nerve could 
evoke a response. The inhibitory synaptic action is con- 
veyed through an interneurone. The visceral nerve not 
only brings inhibitory afferences but also some excitatory 
ones. A single shock stimulation of this nerve provokes 
after a short latency period a direct inhibitory synaptic 
potential followed by depolarization and an excitatory 
burst (Fig. 14). A single shock, or more often a short 
repetitive electrical stimulation at low frequency, provokes 
a repetitive firing of the inhibitory interneurone following 
the excitatory burst (Fig. 14). This repetitive response 
consists of a long discharge composed by a variable 
number (generally 20-30) of elementary post-synaptic 
potentials lasting up to 40-60 sec (Figs. 14 and 24). In 
Fig. LA the repetitive elementary IPSP’s completely 
inhibit the spike firing, but in other cases the IPSP only 
partially inhibit the spikes, and both spikes and IPSP 
appear intermingled in different proportions. 

Inhibitory post-synaptic potentials appearing in DInht 
cells have at the resting potential level (40-45 mV) mean 
amplitudes of 5-6 mV and a duration of 200-300 msec. 
The time course of this synaptic action is similar to that 
described by Tauc in Aplysia and Heliz*. Impaling a 
DInhi cell with a double-barrelled microelectrode filled 
with 0-6 M sodium sulphate it was possible to pre-set the 
membrane potential to the desired levels. In Fig. 2, when 
the membrane potential is driven to — 70 mV (Fig. 2E), 
the repetitive elementary IPSP’s are reversed. At a 
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Fig. 1. 
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Recordings from a DInhi cell impaled with an intracellular microelectrode. 
A, a Bingle electrical stimulation of the visceral nerve evokes an IPSP immediately followed 
by an excitatory burst and the repetitive firing of the inhibitory interneurone. The 
Jatter results in a serles of IPSP's giving an oscillatory appearance to the recording. 
B, during the discharge of IPSP's the application of acetylcholine 10 by perfusion 
depolarizes and excites the neurone 





Fig. 2. DInhi cell impaled with a double-barrelled microelectrode. 

A, ‘Spontaneous’ appearing IPSP’s resulting from the epee firing 

of an inhibitory interneurone. The membrane potential is driven to 

different levels injecting inward current through one of the barrels in 

B, C, D and E. Notice the reversal of IPSP's in D and E, and the 

inversion potential level in C. Potential levels are indicated in the left 
bottom angle of the recordings 


potential of about — 60 mV the inhibitory synapses do not 
show any overt action, and this level may correspond to 
the equilibrium potential of the ionic permeability change 
provoked by the transmitter (Fig. 2C). This inversion 
potential is similar to the reversal level of cholinergic 
IPSP's in Aplysia and Helix‘, 

Acetylcholine depolarizes and excites the DInhi 
neurones. Fig. 1B shows this effect when the drug is 
applied during the repetitive discharge of the inhibitory 
interneurone. From this evidence it becomes clear that 
acetylcholine cannot be the transmitter responsible for 
IPSP’s. On the contrary, it is possible to demonstrate 
that p-tubocurarine and atropine sulphate block the 
excitatory post-synaptic potentials elicited in a DInhi cell 
by electrical stimulation of the left pallial nerve. This 
excitatory input generally shows up uncomplicated with 
an inhibitory action, as in the case of the visceral nerve 
stimulation. 

Recent electron-microscopic®, biochemical®.? and micro- 
physiological‘ results have suggested that 
the gastropodal nervous system may have 
a complex pattern of possible synaptic 
transmitters. Of the other chemical sub- 
stances supposed capable of acting as 
transmitters and normally existing in 
molluscan ganglia only dopamine has a 
constant strong inhibitory action on DInhi 
cells. These are sensitive to the drug down 
to a concentration of 10-°M. «-Adrenergic 
blocking agents, such as dibenamine and 
dihidroergotamine, do not alter the inhib- 
itory input to DInhi cells. It is not 
possible to demonstrate a specific activity 
of ®-adrenergic blocking agents at the 
synaptic level; that is, dichloroisoprotere- 
nol blocks nerve conduction® and guane- 
thidine impairs interneurone firing. 

Other synaptic blocking agents, active on 
other vertebrate and invertebrate inhibi- 
tory synapses?, such as picrotoxin, strych- 
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nine, tetanus toxin and metrazol, were not effective in 
modifying the inhibitory input to DInhi cells. Further 
work is being carried out to clarify the possible physio- 
logical role of DInhi neurones and the nature of the inhibi- 
tory transmitter involved in this non-cholinergic synaptic 
inhibition. 
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PATHOLOGY 


Failure to induce Atherosclerosis in 

‘Triton’ Hyperlipemic Guinea Pigs 
Ir has been shown that ‘Triton-WR 1339’, a non-ionic 
surface-active agent, induces high hyperlipemia in 
rabbits! rats*, mice*, guinea pigs’! and dogs’. Typical 
atheromasie changes of the aorta, coronary and pul- 
monary arteries have been demonstrated in "Triton'- 
treated dogs*. These findings are of some interest, since 
dogs are usually less susceptible to atherosclerosis, and 
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Average values and their standard deviations of blood 
lipids for the three groups of animals are given in Table 1. 

Serum total cholesterol, phospholipids, total lipids and 
8-lipoproteins are much higher in the second and third 
group than in the first group. 

The organs and aortz of the animals of all groups were 
found almost completely devoid of any change. 

Chromotrope subintimal ground substance was very 
scarce in the arterial wall of the control guinea pigs, their 
endothelial cells lying just directly on the internal elastic 
membrane. 

High blood lipids have previously been demonstrated in 
‘Tritonized’ guinea pigs‘, but at lower levels, presumably 
because of the shorter period of treatment; moreover, no 
morphological studies on “Triton’-treated guinea pigs have 
been carried out. In our experiments hyperlipzmia has 
not been followed by any significant change of tho aortic 
wall or even by any lipidic infiltration. of the liver, spleen. 
and kidneys. These findings agree with the chemical 
results obtained by Patnode et al. on guinea pigs*, although 
they aro different from those observed in “Triton’-treated 
dogs*. 

It has been shown! that lipolithic activity of intimal 
arterial layer of animals less susceptible to experimental 
atherosclerosis (for example, guinea pigs) is higher than 
that observed in the same tissues of more susceptible 
species (for example, rabbits). This could justify the 
unexpected lack of any atheromasic findings into the 
&orbz of the guinea pigs of the present experiments, since 
their endothelial cells may be particularly efficient in 
lipidie metabolism. 

Moreover, our observations of scarce chromotrope 
ground substance in the intimal tissues of control un- 
treated guinea pigs could also explain the failure to induce 
atherosclerosis in these animals, since the ground sub- 
stance could favour the deposition of lipids into the 
arterial wall. 


Table 1. AVERAGE VALUES AND STANDARD DEVIATIONS OF WEIGHT AND BLOOD LIPIDS FOR THE ANIMALS OF ALL THE GROUPS 





























Weight (g) Total Total 
No. of At the At the cholesterol | Phospholipids lipids . 
animals beginning end (mg/100 mL) | (mg/100 ml.) | (mg/100 ml.) | Lipoproteins 
of treatment (%) 
First group. Control untreated guinea 10 435 432 48-9 51:4 192-5 93-9 
pigs 76 114 18-4 28-5 40-6 3-9 
Second group. Guinea pigs treated with 18 587 522 604-0 1,396-1 7,634-4 99-2 
‘Triton-WR’ 1339 52 108 200-5 489-9 3,560-1 : 0-82 
Third group. Guinea pigs treated with 19 517 500 572-1 1,176:2 6,761:0 98-8 
“‘Triton-WWR 1339’ and hyaluronidase 64 118 187-3 315-2 2,380-5 0:54 








tho atheromasic changes have been obtained in animals 
fed with a normal diet. 

On the basis of the foregoing results, 37 guinea pigs of 
both sexes have been treated with ‘Triton-WR 1339’. All 
the animals were divided into three groups and fed with a 
commercial standard diet to which carrots and green salad 
were added. Ten (first group) were not treated, 18 (second 
group) were given subcutaneously a 20 per cent "Triton- 
WR 1339 in saline at a dose of 400 mg/kg every fourth 
day, for 19 weeks; 19 (third group) were given ‘Triton’ as 
the latter ones, and furthermore received subcutaneously 
& single dose of 1,000 viscosimetrie units of lyophilized 
testicular hyaluronidase diluted into 3 ml. of saline, 30 
days before the end of the treatment with ‘Triton’. Treat- 
ment with hyaluronidase was given to enhance & possible 
atherogenic effect of "Iriton', as shown in cholesterol-fed 
rabbits*-?. All the animals were killed by cardiac puncture. 
The serum level of total cholesterol, phospholipids, total 
lipids and Q-lipoproteins were determined. The entire 
aorte, previously fixed in 10 per cent neutral formalin, 
and stained with Sudan III, were grossly and indepen- 
dently observed by three persons. Furthermore, the 
aorte and the other organs were properly processed for 
histological examination. 


Comparative anatomical examination of the vascula" 
Structures of species differently susceptible to athero- 
sclerosis might be worth while in this respect. 

G. B. Rossi 
P. ORIENTE 
M. CuzzuPOLI 
A. VEOCHIONE 
: M. MANONI 
Institute of Pathological Anatomy and 
Institute of Medical Pathology, 
School of Medicine, 
University of Naples. 
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Impact of the Laser on Dental Caries 


Tum characteristics of the laser beam which are of great 
interest and importance from the biomedical aspect are 
the ability to direct and to focus, intense energy density 
and some solectiviby!. Since the laser beam is a light 
beam, it can be focused most accurately by using lens 
systems. Energy density is intense. In these experiments, 
the energy density was approximately 9,000 joules/cm? in 
the target area. Selectivity indicates that materials 
which are coloured absorb more of the incident beam of 
the lasers now available than uncoloured materials. In 
addition to these properties, of interest to the dentist is 
the fact that the duration of the impact is in the order 
of a millisecond. 

Following a series of experiments of a study on impact 
of high-energy lasers, 300-joules exit energy, on bone, 
preliminary studies were done of the impact of the laser 
‘on teeth. These experiments were done with a pulsed 
ruby laser, 90-joules exit energy, beam width approxi- 
mately 3/8 in., with an energy density of the focused 
beam of approximately 9,000 joules/em?. Some experi- 
ments were done also with special glass rods which 
transmitted the laser beam directly into the cavities. 
The teeth used in these experiments were fastened to 
holders on the optical bench.  Pre- and post-impact 
pictures were obtained with a standard colour photography 
set-up. The teeth after impact were observed under a 
stereobinocular microscope. In these studies, sections 
have been made of the teeth by John Gray and will be 
reported later. 

The report will be concerned with the effects on areas 
of caries. Subsequent reports will give details of effects 
of drilling of the tooth, temperature of the root canal after 
impacts, effect on calculi, vaporization of amalgams and 
poréelains and also the development of techniques to 
permit direct impact on selected areas of teeth in patients. 
In addition, impacts have been done to attempt to make 
the surface of the teeth more resistant to infection. 

The teeth were not hot on the outside, even after 
repeated impacts. The effect on the area of caries varied 
from small 2-mm deep holes to complete disappearance 
of the caries tissue (Fig. 1), with some whitening of the 
rim around. With the use of lasers with high repetition 





Fig. 1. Depth of impact on the buccal cusp of the lower bicu spid as 

‘compared with the impact on the mesial] carious portion of the uppe« 

right centralincisor. Impact from focused beam of pulsed ruby laser 

with exit energy of 90 joules. The increased penetration of the carious 
portion is due to the darker colour of this area 





Fig. 2. Broad area of impact in a deep carious area by transmission of 
the laser beam through a special glass rod. The laser beam is from a 
pulsed ruby laser of 90-joules exit energy 
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rate of firing, the areas of destruction by focused beam 
will be greater. In several experiments, the unfocused 
beam of the laser was transmitted through special glass 
rods. Approximately 38 per cent of the energy was 
transmitted. These experiments were performed to show 
how the laser beam may be used in inaccessible areas on 
the tooth (Fig. 2). The unfocused beam with energy-levels 
as indicated produced broad but superficial areas of 
removal of the brownish carious material. Focused 
impacts produced deeper areas of removal of the infected 
material. In this series, no cultures were made pre- and 
post-impact, since the teeth specimens were not fresh. 
Thermistor readings were taken with large thermistors. 
Significant temperature rises were recorded. However, 
the response time of the thermistors was quite long and 
the experiments will be continued with faster thermistors. 

Preliminary experiments indicate extensive destruction 
of carious areas of teeth by the unfocused and focused 
beams of the high-energy pulsed ruby laser. Areas of 
destruction were smaller but deeper with focused beams. 
These investigations indicate that the applications of the 
laser to dentistry should be examined in great detail, not 
only as regards basic studies, but also for the application 
for investigative clinical research. 

This work was supported by a grant from the John A. 
Hartford Foundation. 
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Cincinnati, Ohio. 
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IMMUNOLOGY 


Production of SV-40 Complement-fixing 
i Antigen 


Maver et al.! describe the preparation of complement- 
fixing antigen of vacuolating agent SV-40 in monkey 
kidney cell cultures. Strain No. 776 of SV-40 used for 
the work described here was obtained from Dr. H. M. 
Meyer. In our attempts to prepare a satisfactory comple- 
ment-fixing antigen, two types of cell cultures were used: 
primary African green monkey kidney (AGMK) and 
serially propagated BS-C-1 (ref. 1). These cultures were 
obtained from Microbiological Associates, Inc., and 
maintained at 34° C on Eagle's basal medium containing 
2 per cent agamma calf serum, 100 mg of streptomycin 
per ml., 100 units of penicillin per ml. and 2 mM of 
glutamine per ml. 

Following inoculation they were fed once a week until 
appearance of definite cytopathic effect. With small 
doses cytopathic effect appeared within 3—4 weeks. With 
larger inocula incubation time was shortened to 2-4 
days. Tissuo cultures were collected at the time of maxi- 
mum cytopathic effect by freezing at — 70°C. On thawing 
out, the cells were shaken off the glass and homogenized 
for 1 min at maximum speed in a Servall high-speed 
omnimixer. The resulting crude suspension was used as 
complement-fixing antigen. As antibody source, a 1/40 
dilution of pooled ‘normal’ monkey serum with an original 
complement-fixing titre of 1/128 was used. At multi- 
plicities greater than 10, relatively little complement- 
fixing antigen as measured in the ‘microtitre’ system? was 
obtained. The complement-fixing antigen yield increased 
significantly, however, at lower virus inputs (Table 1). 

This observation was confirmed when 32-oz. flasks of 
AGMK and BS-C-1 cultures were inoculated with 
approximately 10-1,000 T'CI.D;, of SV-40 virus (Table 2). 
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Subsequent preparations of SV-40 complement-fixing 
antigen utilizing minimal amounts of seed virus and 
BS-C-l tissue culturos have rogularly yielded titres of 
1:16 or greater and in almost every case comploment- 
fixing and infectivity titres were higher than in cultures 
inoculated with the more concontrated soed (Table 3). 


RELATION OF COMPLEMENT-FIXING ANTIGEN PRODUCED TO SIZE 
OF SV-40 INOCULUM 


AGMK( ae pool No. 1) BS-C-1 (virus pool No. 2) 
8 


Table 1. 


be Tubes 
Multi- — infected/ CF Multi- infected/ , CF 
plicity * Tubes titrey plicity * Tubes titre t 
inoculated inoculated inoculated inoculated 
107? 3/3 <2 10- 2/2 <2 
107 3/3 ^ <2 10-? 2/2 <2 
10+ 3/8 2 10^ 2/2 2 
10-5 3/3 4-8 10-* 2/2 2-4 
10-* 0/3 <2 10-5 3) 2 32-04 
NS cerea of infective doses given per cell, assuming a cell population of 
er tu 


t 50= highest dilution giving a 2+ fixation within arange of — to 4+. 
Where this end-point was between two dilutions the bracketing dilutions 
are given. 


Table 2. PRODUCTION OF COMPLEMENT-FIXING ANTIGEN AND INFECTIVE 
VIRUS IN CULTURES INOCULATED WITH VARYING AMOUNTS OF S V-40 VIRUS 


Cells Virus Multi- CE Infectivity 
used inoculum* plicity f titret titre§ 
AGMK 10 10-51 2-4 274 
AGMK 1,000 107i «2 5:2 
BS-C-1 10 10-91 16-32 277 
* TOI Dio 


t Number of infective doses given per cell, assuming a cell population of 
107 Chen flask. 


50. 
i 10 TCID;[ml. 


Table 3. DILUTION OF SV-40 INOCULUM AND COMPLEMENT-FIXING ANTIGEN 
PRODUCTION 
Exp. Host Sizeof Dilution inoculated into test culture: 
No. system culture n 0: -1 -2 -3 -4 -5 -6 

1 AGMK RT 2 «2* «2 2 '4«8 «2 
2 AGMK 8202 8 «29 - 2-4 - 
3 BS-C-1 3207 9 <2 E 16 
4 BS-C-1 RT TÈ . 4-8 16 3264 . 
5 BS-C-1 RT 1 «2 «2 8-16 2 M 
6 BS-C-1 RT 2 8-16 32 32-04 «2 
7 BS-C-1 RT 2 4-8 8-16 32-64 


n, number of replicates incorporated in mean titre. 

32 oz., 32-ounce flask, approximately 120 cm?. 

RT, roller tube cultures. 

*OF 50; titres of test cultures harvested at 4+ cytopathic effect. 


Proliminary experimental data suggest that the cause 
of this phenomenon is not interferon, nor the presence of 
toxin or a contaminating virus. Noither does age of the 
BS-C-1 or AGMK host cell cultures seom to influence 
virus yield sufficiently to oxplain the observed differences. 
Detailed investigations to elucidate this phenomenon aro 
now being carried. out. 

I thank Dr. W. P. Rowe for his advice and Jean S. Y. 
Lee, Edith DeLong, and Joan Maryak for their assistance. 

This work was supported by the U.S. National Insti- 
tutes of Health, National Institute of Allergy and Infec- 
tious Diseases (EE qu 200). 
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Proliferation of Transferred Spleen Cells. . 
. after Antigenic Challenge 


Tue transfer of immunologically competent cells to an 
immunologically inert recipient is a tochnique which has 
boen useful in the: examination of the antibody-forming 
capacity of the donor cells. Under these conditions, 
circulating antibody may bo found in the recipient, if the 
antigenic stimulation is given to the donor prior to 
transfer, or to tho recipient aftor transfer^?. That the 
donor cells are responsible for tho antibody found i in the 
recipient is evident in that disruption of the donor cells 
eliminates the antibody response. 
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In tho intact animal it has boon demonstrated that 


proliforation of antibody-producing cells occurs after the 


injection of antigen?. Lymphoid cells have been shown to 
proliforato after antigenic challenge in a transfer oxpori- 
ment, although there has been no direct ovidence that the 
cells responsible for tho antibody response undergo 
division. This oxperimont testod whothor transforrod 
antibody-forming cells divided after the injection of 
antigen. Tho combined fluorescent antibody-autoradio- 
graphic mothod as described by Baney et al.4 was used. 
With this technique, antibody-forming cells are identified 
by the fluorescein conjugate method of Coons and the 
mitotic activity of tho fluorescent cell is determined by 
an autoradiograph. The results indicate that mitosis of 
donor antibody- producing cells occurs after antigen 
injection in the recipient as well as in the intact animal. 
Isologous donor B,AF, mice (Roscoe B. Jackson 
Momorial Laboratories, Bar Harbor, Maine) were 8-10 


-weeks old-at the beginning of the experiment. They were 


primarily immunized with the intraperitoneal injoetion of 


46 ug bovine y-globulin (BGG) nitrogen in 0-1 ml. ‘Bonto- 
nito-BGG suspension on each of threo succossive days 
,9-6 weoks prior to oxporiment. 


A. donor spleen cell suspension of 35-45 x 10° nucleated 
cells was injected intravenously into the tail vein of 

X-irradiated B,AF, (620 r. givon one day prior to injection 
of cells) recipient mice of the same age. 

Immodiately after the injection of the primarily 
immunized donor spleen cells, recall antigenic challenge 
was provided by the injection of the recipients with 
0-1 ml. of a 2 per cent solution of BGG intraperitoneally. 
Some recipient: mico.were given in addition 75 ug bacterial 
lipopolysaccharide (Difco) (one-half LD,, for these mice) 
in. 0-15 ml. salino intraperitoneally as a -non-spocific 
adjuvant at the time of cell transfor. Each recipiont 
roceived 3-3 uc. tritium-labelled thymidine (New England 
Nuclear, Boston, Mass.) (6-7 ¢./mM) in 0-1 ml. intra- 
peritoneally three times daily. Isotope injections began 
immediately after.cell transfer and continued until the 
time of killing on days 3 and 4. 

After killing, brush smears of recipient sploéns were 
made. Following fixation, the antibody-forming cells 
were identified by fluorescent staining. Localization of 
the cells was accurately rocorded with tho microscope 
vornior co-ordinates and a photograph. After auto- 
radiography, the previously fluorescent antibody-forming 
cells were re-identified and an estimation of the previous 
mitotic activity of tho coll made by counting the grains 
over the nucleus. Cell nuclei labelled with eight grains or 
more, greater than background, were considered positive. 

Two experimental groups wore studied; In the first, 
X-irradiated recipient mico rocoived spleen cells from 
immunizod donors plus antigenic stimulation with 325 ug 
N BGG. The second group was identical to the first 
except that 75 ug endotoxin was given to the recipient 
along with antigen and killed on day 3 and day 4. 
In both groups tritium-labelled thymidine” injections 
began. immodiately after antigen injection and continued 
threo times daily until killing. The number of antibody- 
producing cells which contained tritium label in the two 
groups is outlinod in Tablo'1. In the first group 43 per 
cont of the antibody- producing cells-also were tritium- 
labelled. In the second group, with death on day 3 and 
day 4, 60 and 53 per cent respoctively of the antibody- 
producing cells were labelled with tritium-labelled 
thymidine. The differonces in the percentages of cells 
labolled at the varying time periods is not significant. 
Table 1. ANTIBODY-PRODUCING CELLS TRITIUM-LABELLED AFTER ANTIGEN 


INJECTION 
Cells + ES T Cells + Antigen t+ Endotoxinf 
Day* No. cells Percen- No. celis Percen- 
d cells labelled tage cells labelled tage 
3 20 12 60 
4 42 18 43 68 36 53 


* After cell transfer and antigen injection. 


1325 ug N BGG. 
t75 ug (one-half LD,.) endotoxin. ue Te 
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Tho number of non-fluorescent cells found to be randomly 
labelled was 4:4 per cent based on 1,000 cells counted. 
Control recipient animals receiving antigen alone or 
antigen plus endotoxin (without cells) had no clearly 
identifiable antibody-producing cells by this technique. 
No attempt was made to identify cells as to their morpho- 
logical type. Hemagglutination titration of a pool of donor 
sera revealed a titre of 1: 500. Individual titrations of 
recipient serum at tho time of killing failed to reveal 
significant hemagglutinating antibody titres. 

Tritium-labelled thymidine is known to be incorporated 
selectively into the DNA of dividing cells®. The presence 
of label in cells producing antibody is direct evidence of 
DNA synthesis and donor cell division in the recipient 
X-irradiated mouse. 

This work was supported in part by research grant 
AI-03978 from the National Institutos of Health, U.S. 
Public Health Service. 

MARTIN J. COHEN 
Epwarp P. COHEN * 


Dopartmont of Medicine, 
University of Colorado Medical Center, 
Denver, Colorado. 


*Career Research Development awardee of the U.S. Public Health 
Service. 


1 Chase, M. W., in The Nature and Significance of the Antibody Response, 
edit. by Pappenheimer, jun., A. M., 156 (New York: Columbia Univ. 
Press, 1953). t 

2 Makinodan, T., and Gengoyian, N., Radiation Protection and Recovery, 
edit. by Hollaender, Alexander, 316 (Pergamon Press, New York and 
London, 1960). 


3 Harris, S., Harris, T. W., and Farber, M. G., J. Immunol., 72, 148 (1954). 


* Baney, R. N., Vazquez, J. J., and Dixon, F. J., Proc. Soc. Exp. Biol. and 
Med., 109, 1 (1962). 


5 Hughes, W. L., Bond, V. P., Beecher, G., Cronkite, E. P., Painter, R. B., 
eerie H., and Sherman, F. G., Proc. U.S. Nat. Acad. Sci., 44, 476 
1958). 


RADIOBIOLOGY 


Effect of Sulphydryl Reagents on the 
Frequency of X-ray-induced Autosomal Recessive 
Lethal Mutations in Drosophila melanogaster 


Topoacetic acid (or its derivative iodoacetamide) is 
known to enhance the lethal effect of ionizing radiation on 
mammals!-3, mammalian cells in tissue culture’, and 
bacteria®:*; but there are no reports of enhancement of 
damage which may unambiguously be called genetic. 
N-ethylmaleimide, on the other hand, enhances both the 
lethal and mutagenic effects of radiation on bacteria’, 
but has not been reported to affect higher organisms. 
Indeed, it was shown to be quite ineffective in enhancing 
radiation damage to red blood corpuscles in contrast to 
iodoacetic acid. 

It was decided to test for enhancement of genetic 
damage in an organism with structural chromosomes. 
The induction of autosomal recessive lethals in Drosophila 
melanogaster males was investigaged by means of the brood 
analysis technique, which tests germ cells irradiated at 
all stages of maturation from spermatogonia to mature 
sperm. Irradiations with X-rays (tube voltage 250 kV, 
half-value layer 1-2 mm copper) were carried out under 
anoxia since, with bacteria, N-ethylmaleimide is most 
effective under these conditions. Flies were placed in a 
container through which a rapid stream of B.O.C. ‘white- 
spot’ nitrogen was passed for 20 min before and during 
irradiation with 800 r. Injections (approx. 0-3 ml.) (ref. 
12) of 0-4 per cent saline, or 0-4 per cent saline plus 
5 x 10-4 m-N-ethylmaleimide (NEM) or iodoacetamide 
(LAAm), were carried out approximately 35 min before 
irradiation. Immediate survival from these treatments 
was 100 per cent. 

Mutation frequencies in flies injected with [AAm and 
NEM but not irradiated did not differ significantly from 
the expected spontaneous frequency of 0-4 per cent. The 
mutation frequencies in the irradiated groups are shown 
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in Fig. l. So few mutants were observed in broods VI 
and VII that they could not be included in the statistical 
analysis. Cochran's test, which was applied to broods 
I-V, showed a significantly higher mutation frequency 
in the group treated with NEM compared with the saline 
injected group (P < 0-01). The overall frequencies of 
induced mutants (after subtracting 0-4 per cent spontano- 
ous mutants) were 3-99 and 2-03 per cent respectively. If 
mutation induction were linear with dose and if NEM 
acts as a dose-modifying factor!? the enhancement ratio 
for NEM would be 1-97, that is, the same as that observed 
with bacteria’-*. It is not possible with the present data 
to compare the relative effect of NEM on different broods. 


Lethals (per cent) 





Brood I II III IV v VI 


VII 

No, [Saline 347 328 342 281 351 323 976 
tesieq ] NEM 378 354 334 — 202 297 304 268 
IàAm 191 205 208 141 152 151 143 


Fig. 1. The effect of injected N-ethylmaleimide and iodoacetamide on 
frequency of recessive lethal mutations after 800 rads under anoxic 
conditions. O, Saline; A, NEM; @,IAAm 


Mutation frequencies in the TA Am and saline injected 
groups did not differ significantly from one another 
(P z 0-1). 

The induced mutations, the radiation-induced fre- 
quency of which is increased by N-ethylmaleimide, are 
probably the expression of chromosomal damage of a 
much grosser kind than that in Escherichia col??, where the 
lesion may well be confined to one of a few specific base 
pairs*. Work on enhancement with N-ethylmaleimide 
and its interrelations with the effect of oxygen is being 
continued. 
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Biological Vectors and Reservoirs of 
Strontium-90 


TEE dispersion of radioactive contamination in the 
environment by mobile organisms has been reported by 
several authors. Davis! noted significant amounts of 
radioactivity in caddis flies and midges (Orthocladiinae) 
attracted to lights from the nearby Columbia River. As 
the result of aquaria investigations on the uptake of radio- 
nuclides by aquatic insects, Peredelskii and Bogatyrev* 
concluded that a bioecological purification of contamin- 
ated reservoirs would occur as the consequence of emergent 
insects flying to the surrounding watershed. Auerbach? 
questioned their conclusions because the quantities of 
radioactivity transported by insects were less than that 
accumulated from fall-out. However, it was noted that 
lack of data on emergent insects biomass made it difficult 
to test the general applicability of the hypothesis. The 
purpose of this communication is to assess the role of 
emergent Chironomidae as vectors of strontium-90 and 
freshwater clams as reservoirs of strontium-90 in the 
Clinch and Tennessee Rivers. 

A comprehensive investigation of the fate of low-lovel 
radioactive wastes released .by Oak Ridge National 
Laboratory to the Clinch River has been in progress since 
1959 (ref. 4). In connexion with this investigation a large 
collection of adult chironomids was caught in an insect 
light trap operated on the Clinch River bank at dusk. 
These adult chironomids contained 3-55 + 1-13 x 10-5 uo. 
strontium-90/g or 8-76 times as much strontium-90 
activity as an equal quantity of river-bottom sediment 
from that location. Investigations elsewhere'- have 
shown emergent chironomid biomass ranges from several up 
to about 20 g/m*/year, the higher productivities arising 
from eutrophic situations. The Clinch River is not greatly 
enriched with organic matter, therefore a productivity 
in the River of 10 g/m?/year is a reasonable estimate. 
With this productivity emergent chironomids would 
remove 3-55 + 1-13 x 10-5 pe. strontium-90/m?/year 
from the river bottom. The average increment of stron- 
tium-90 from fall-out in the United States? between 1959 
and 1960 was 4-2 x 10-3 ¢./mile? (1-62 x 10-° uoc./m?). 
Thus, fall-out entering the River directly would add 45 
times as much strontium-90 as was removed by the 
emerging chironomids. Movement of insects from a 
contaminated terrestrial environment was found to play 
a similar inconsequential part in the dispersal of radio- 
activity®. It is apparent that the general dispersion of 
strontium-90 by insects is not of great importance. 

Previous investigations'® showed that freshwater 
clams concentrated strontium in their shells by factors of 
2,500-9,000 times that in water and therefore are useful 
as indicators of strontium-90 in the environment. Since 
there is a commercial clam fishery on the Tennessee River 
downstream from the confluence of the Clinch River, 
calculations were made to estimate the removal of stron- 
tium-90 from the River in clam shells. The annual harvest? 
of shells ranges from about 4-5 x 10° to 9 x 10? g. By 
using the maximum harvest and the average strontium-90 
concentration in clam shells (7.0 x 10-* uc./g), the cal- 
culated removal of strontium-90 was 63 mo./year. If 
strontium-90 releases were constant, and if growth of the 
population was in equilibrium with the harvest, a similar 
amount of strontium-90 would be incorporated into the 
population each year. These mollusc populations were 
investigated recently" and from this investigation we can 
estimate a total population of approximately 4-5 x 107 
clams in this area. Assuming a weight of 250 g for each 
clam (actually a high value) and using the average 
strontium-90 concentration, the reservoir of strontium-90 
in the clams in the river is 79 mc. The annual removal 
and reservoir of strontium-90 in clams is small when 
compared with laboratory releases of strontium-90, 
which in the past have ranged from 22 to 1650 
c./year!. 
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An organism having a significant biogeochemical 
effect on the distribution of an element in Nature must 
concentrate an element from its environment. In the 
instance of strontium-90 in molluscs, even though there 
is a significant concentration of strontium in their shells, 
there is no large reservoir of strontium-90. This is due 
primarily to the low specific activity ratio ("Sr atoms/ 
total Sr atoms) in the river water. In the Tennessee 
River’ there are approximately 101° atoms of stable 
strontium for each atom of strontium-90. This ratio 
suggests that it would be exceedingly improbable for 
significant quantities of strontium-90 to occur in biological 
reservoirs. Parker!‘ estimated the total biomass that 
might be present in the Clinch River at any one time, and 
by using the maximum observed strontium-90 and 
cesium-137 concentrations in fish, calculated that at 
most 39 me. of strontium-90 and 8 me. of cesium-137 
would be present in the fish population. 

The transport of radionuclides by organisms within a 
stream?’ as well as from a stream! has been investigated. 
Detection of contaminated insects is a useful tool for 
examining their biology, but, when mass movement of 
radioactive material is considered, quantities are small. 
Localized problems may exist!, but a general contamina- 
tion of the landscape by mobile organisms is unlikely. 
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Potentiation of Virus Leukamogenesis in C57BL 
Mice by X-irradiation or Urethane 


LvwPHOID tumours can be induced in high incidence 
in strain C57BL mice by fractionated whole-body 
X-irradiation!. Urethane has also been shown to act 
as an independent leukemogenic agent when administered 
to C57BL mice shortly after birth?. In adult mice, 
urethane acts as a co-leukemogenic agent, potentiating 
the leukzmogenic effects of radiation or other carcinogenic 
agents, but exhibits little or no leukemogenic activity 
when used alone’. 

The aim of the work recorded here was to examine the 
effect of X-irradiation and of urethane on lymphoma 
development induced by & virus (RLV) isolated from 
radiation-induced leukemia of strain C57BL mice? and 
serially passaged in this and other strains for more than 
fifteen generations. It has previously been established 
that a high incidence of lymphoid tumours can be induced 
in C57BL mice by neonatal inoculation of RLV*5, 

Strain C57BL/Ka mice of various ages were used in 
all experiments. RLY was obtained from virus-induced 
lymphoid tumours of strain C57BL mice. The pooled 
thymus glands, spleens, and lymph nodes were homo- 
genized in 9 volumes of chilled phosphate-buffered saline. 
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The homogenate was centrifuged 10 min at 10,000g, 
and the pellet discarded. After 3 cycles of centrifugation, 
the final supernatant was used directly for inoculation. 
It was administered in intraperitoneal injections of 
0-1 ml. each. 

The mice were irradiated in groups of 6-10 in plastic 
boxes, except in experiments in which the bone marrow 
was to be shielded; then the mice were anesthetized with 
amytal and irradiated under a 3 mm-thick lead shield, 
in which a window has been cut out in the area over the 
thymus. The physical factors of irradiation were 250 kV, 
1-0 mm aluminium plus 0-25 mm copper filter, 83 r./min. 

In the urethane experiments, new-born mice received 
2 single inoculation of a cell-free centrifugate of RLV, 
followed by ten weekly intraperitoneal injections of 
urethane, starting at different intervals after RLV in- 
oculation. When urethane administration was started 
2 or 10 days after virus inoculation, the dose of urethane 
(dissolved in distilled water) was limited to 0-5 mg/g 
body-weight, to minimize leukemogenesis by urethane 
itself. When urethane administration was delayed until 
20 or 30 days after virus inoculation, the urethane dose 
was 1 mg/g body-weight. 

Animals were caged in groups of 6-10, fed ‘Purina 
Laboratory Chow’ and water, and routinely autopsied 
at death or when moribund. The tissues were examined 
histologically in all but indubitable lymphomas. 

Exp. 1. Mice aged three weeks were given three in- 
jections of RLV, 4 days apart. At 1-7 days after the 
last injection, they received the first of 4 weekly whole- 
body X-ray exposures of 100 r. each. Control animals 
received either treatment alone. In another group of 
mice, the treatment sequence was reversed; X-irradiation 
was begun at about five weeks of age, and RLV 
inoculations started 1— days after the last X-ray exposure. 
Control mice received RLY only at the corresponding age, 


Table 1. LYMPHOMA DEVELOPMENT IN RLV-INJECTED AND X-IRRADIATED 


ADULT FEMALE C57BL MICE 


Treatment Net Mice with 
RLV RLV No. lymphomas Age at death (days) 
pre- X-ray ost of Per- Median Range 
X-ray -ray mice No. cent 
+ + = 29 28 96-6 104 125-217 
+ None - 30 8 26:7 194 109-359 
= + = 39 17 43-6 197 165-351 
= + + 45 35 77:8 201 152-345 
— None t 32 4 12:5 233 180-357 
The results are summarized in Table 1. Combined 


treatment with RLV and irradiation increases lymphoma 
incidence well above that resulting from either treat- 
ment alone and reduces the average latent period as 
well. The enhancement by the combined treatments, 
regardless of sequence, is significantly greater than 
mere summation of the components (P < 0-001), suggest- 
ing a synergistic interaction between RLV and X-rays. 
It appears that enhancement is more marked if virus 
administration precedes rather than follows X-irradiation. 
The time interval between completion of one treatment 
and start of the other could be varied from 1 to 7 days 
without affecting the outcome. Experiments are at pres- 
ent under way to determine the effect of increasing this 
interval up to 30 days. It is not essential that the X-ray 
exposures be fractionated; we have obtained similar, 
though less pronounced, results with single 400 r. expo- 
sures. 

Exp. 2. The experimental conditions were slightly 
modified to reduce the effects of the individual treat- 


Table 2, LYMPHOMA DEVELOPMENT IN RLV-INJEOTED ADULT FEMALE 
C57BL MIOE AS A FUNCTION OF X-IRRADIATION 


Net Mice with 
No. lymphomas Age at death (days) 
Troatment of Per- Median Range 
mice No. cent 
RLV injections only 41 8 19-5 215 141-304 
RLV followed by whole-body 
X-irradiation 41 40 98 162 105-258 
RLY followed by X-irradiation 
to thymus area 41 82 78 204 114-294 
Whole-body X-irradiation only 43 2 46 314 294-334 
Thymus X-irradiation only 41 0 — — m 
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Fig. 1. Cumulative incidence of lymphomas in RLY-injected C57BL 
female mice as function of subsequent X-irradiation 


ments. Weanling (30 + 2 days) mice received only 
two injections of RLY at four-day intervals. One week 
later, whole-body X-irradiation was begun in four-weekly 
doses of 75 r. each. A second group of animals was 
treated similarly, except that they were shielded during 
irradiation, so that only the thymus area was exposed. 
Appropriate controls were included. 

The results are shown in Fig. 1 and Table 2. "There is 
a striking enhancement of lymphoma incidence, coupled 
with a reduction of latent period. Synergism is even 
more evident here than in the previous experiment because 
of the low level of radiogenic lymphomas. Iiis interesting 
to note that enhancement also occurred in animals in 
which radiation was limited to the region of the thymus. 

Exp. 3. Lymphoma incidence following combined 
RLV and urethane treatment was markedly increased, 
compared with that resulting from either treatment alone 
(Table 3). The response to combined treatment again 
exceeds expectation for simple additivity. When urethane 
administration was begun 2 or 10 days after neonatal 
virus inoculation, the average latent period for lymphoma 
development resulting from the combined treatment was 
markedly decreased, whereas when urethane treatment 
was delayed until 20 or 30 days after the virus inoculation, 
there was little decrease in latent period. 

The potentiation of virus leukemogenesis by urethane 
was also tested in 20-day-old mice, which received three 
RLY inoculations at 4-day intervals; seven days after 
the last inoculation, 10-weekly intraperitoneal injections 


Table 3. EFFECT ON LYMPHOMA INCIDENCE IN STRAIN C57BL MICE OF 
COMBINED TREATMENT WITH RLV AND URETHANE 


Age at Lymphoma Average 

urethane Urethane No. incidence latent 

Treatment injection dose injections Nos.pos./ Per period 

(days) (mg/g) total cent (days) 
RLV plusurethane 2 0:5 10 18/24 75 160 
RLY alone — — — 6/21 28 252 
Urethane alone 2 0-5 10 6/29 20 312 
RLY plus urethane 10 0:5 10 17/24 70 184 
RLY alone — — — 6/18 33 300 
Urethane alone 10 0-5 10 8/36 22 330 
RLV plus urethane 20 1.0 10 18/19 94 221 
RLV alone — — — 10/27 37 275 
Urethane alone 20 1-0 10 8/38 21 320 
RLY plus urethane 30 1-0 10 25/31 80 210 
RLV alone — — — 15/40 37 262 
Urethane alone 30 1-0 10 6/31 20 322 
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Table-4. EFFECT ON LYMPHOMA INCIDENCE IN STRAIN C57BL MICE OY COMBINED TREATMENT WITH RLV AND URETHANE 
Age at RLV No. Ageaturethane Dose (mg/g)and Lymphoma incidence Average latent 
Treatment injection (days) injections injection (days) No. ofinjections No. pos./total Per cent period (days) 
Group 1 
RLY plus urethane 20 8 35 10x10 24/24 100 215 
RLV alone 20 3 — — 6/9 66 212 
RLY alone 1 1 — — 10/10 100 117 
Urethane alone — — 35 1:0x10 8/40 20 820 
Group 2 
RLV plus urethane 20 3 35 1:0x10 17/30 56:6 215 
RLV alone 20 3 — — 1/16 6-2 366 
RLY alone 1 1 — — 0/15 0 > 3888 
Urethane alone — — 35 10x10 6/28 21 330 
of urethano (1 mg/g body-weight) were administered. BIOLOGY 


Two different serial passages of the leukemia virus 
were used in this experiment. The results are presented 
in Table 4. In Group 1, the RLV preparation proved too 
active to allow full expression of the potentiating effect 
of urethane. Significant potentiation was observed 
in Group 2, using an RLV preparation from another 
serial passage, which had minimal activity alone in either 
newborn. or 20-day-old mice. 

In all experimental groups the tumours were typical 
lymphocytic lymphosarcomas, identical with those arising 
after irradiation of adult mice or RLV inoculation of 
neonatal C57BL mice’. 

It is concluded that X-irradiation and urethane 
potentiate the leukemogenic activity of RLV in mice of 
strain C57BL. Enhancement of susceptibility to other 
oncogenic viruses by radiation has been reported®-*, 
The mechanism of this potentiation is not established. 
Depression of the host’s immunological defences is 
probably not an important factor, since X-ray dosage 
was relatively low. A more likely explanation is perhaps 
provided by the fact that irradiation and urethane 
cause thymic injury and regeneration, with a concomitant 
repopulation by immature lymphocytes. The presence 
of these cells has been correlated with susceptibility to 
virus leukemogenesis*!°, When bone marrow is shielded 
during irradiation, as in Exp. 2, thymic repair proceeds 
at & more rapid rate, thus shortening the period of 
prevalence of the immature lymphocytes. This may 
explain the lesser enhancement observed in these animals. 

The present result with urethane is in striking contrast 
to the inhibition of lymphoma development by urethane 
in C3Hf*|Lw mice carrying the Moloney leukemogenic 
virus, Perhaps investigations of the latter strain, 
comparable to our work on strain C57BL with respect 
to the capacity of urethane to produce concomitant 
thymic and bone-marrow injury!?, would help to reconcile 
these apparently antithetical observations. 

This work was supported in part by research grant 
CA-03352 from the National Cancer Institute, National 
Institutes of Health, U.S. Public Health Service. 
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Effect of Photoperiod on Cyclic Patterns 
of Body Temperature in the Quail 


THE nature of body temperature rhythms in gallinace- 
ous birds can best be described when exogenous factors 
such as disturbances, movement (muscular activity), and 
temperature extremes are controlled. Normal fluctua- 
tions in body temperature usually are associated with 
concomitant forms of daily activity. The magnitude of 
variation differs considerably among species. In chickens 
kept in an uncontrolled, but moderate, environment the 
diurnal differential in body temperature is approximately 
1:3? C (refs. 1 and 2). The highest body temperature 
occurs at 1700 h and the lowest at 0400 h. In à controlled 
environment where temperatures were held constant ab 
21-1? C, the diurnal body temperature change in chicken 
was 0-17? C (ref. 3). The body temperature of Gambel 
quail (Lophortyn gambelii) maintained at ambient tempera- 
tures between 24? and 26? C fluctuates between 40? and 
41:6? C during the day and has a range approximately 
1:5? C Jower during the night*. Most investigators agree 
that activity per se is the principal factor which causes 
change in body temperature. Since the light period 
induces or exaggerates activity, it is of interest to determ- 
ine the influence different photoperiods have on altering 
the circadian changes of body temperature in coturnix 
(Coturnix coturnix japonica). 

The body temperature of six mature coturnix females 
kept in individual cages (5 in. x 7 in. x 10 in.) in a 
temperature and light-controlled chamber was measured 
continuously with a Minneapolis-Honeywell 16-point 
potentiometer. Average daily room temperature ranged 
from 19-5? to 25? C. The birds were subjected to artificial 
incandescent light. 

Plastic coated copper-constantan thermocouples (24- 
gauge) were inserted into the abdominal cavity of each 
bird through an incision approximately 2:5 cm dorsal 
and 2-5 em posterior to the tip of the keel. Each thermo- 
couple lead was shaped snugly to the side of the body and 
secured to a harness ring on the top side of an adjustable 
quail harness (Le Captive adjustable quail harness, 
manufactured by Kennel Crafts, Inc., Orlando, Florida). 
The leads were laced through a piece of spiral plastic 
wrapping. One end of the wrapping was fastened to the 
upper ring of the quail harness; the opposite end was 
attached to the top of the cage. The coiled wrapping 
allowed the quail to move freely, except that it restricted 
rotational movement. Individual body temperatures were 
recorded every 8 min. The birds were given 7 days to 
recuperate after insertion of the thermocouple before the 
experiment was started. 

Temperature curves for the five light treatments are 
shown in Fig. 1. In treatment 1, the daily body tempera- 
ture fluctuated between 41-8° and 42-4? C. The average 
body temperatures for the light and dark periods were 
42-2? and 41-9? C, respectively. Maximum temperature 
occurred at 1300 h and the minimum at 2400 h. The 
daily fluctuation in body temperature was less than that 
reported for chicken (1-3? C (ref. 2) ) a.d for Gambel quail 
(1:5? C (ref. 4) ). 

Shifting the light period to the interval between 2000 
and 1000 h without changing the total increment of 
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Fig.1. Mean hourly body temperatures of Coturniz exposed to different 
photoperiods. Data for mean room temperature included. Brokenlines 
represent mean temperatures for the 24-h period 


light (treatment 2) resulted in a change of the body temper- 
ature pattern. In all birds the rhythm of the body tem- 
perature shifted in response to the new light schedule 
within 24 h. Average body temperatures during the 
light and dark periods were 42-3? and 41-6? C, respectively. 
The mean temperature during the dark period (1000- 
2000 h) was less than the mean of 41-8? C recorded in 
treatment 1, even though the period of darkness in treat- 
ment 2 occurred during hours of natural daylight. 

The average daily fluctuation in body temperature of 
coturnix given continuous light was 0-3? C. The relatively 
small fluctuation in daily body temperature of coturnix 
kept in a moderately controlled environment is compar- 
able to that reported for chickens*. From general observa- 
tions it appeared that the birds became relatively inactive 
several times during the day. 

The relationship between photoperiod and the period of 
activity is demonstrated clearly in treatment 4, where the 
birds were exposed to an intermittent light schedule of 
3 h light and 3h dark. The mean body temperatures for 
the light and dark periods were 42-4? and 42-0? C, respec- 
tively. The average minimum temperature of 41.9? C 
recorded during the Ist, 2nd and 4th dark periods ap- 
proaches the minimum body temperature of 41-8? C 
recorded for the same birds in treatment 1. These data 
imply that, on the onset of the dark period, the temperature 
regulatory mechanism(s) rapidly can adjust the body 
temperature to a level typical of the resting stage. 

The average maximum body temperature of the birds 
kept in continuous darkness (treatment 5) was recorded 
at 0900 h. The increase in body temperature started at 


Table 1 
Duration of 
Treatment treatment No. of Light cycle 
(days) females on-off 
1 5 6 0600-2000 
2 7 6 70001000; 
8 7 6 Continuous lighi 
4 7 5 RE P Wo ligh 
5 7 4 Continuous sae 
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0600 h and began to decline at 1500h. This period roughly 
coincided with the outside light period of the day. It is 
doubtful that the minor changes in room temperature 
would have initiated an activity response, since Bartholo- 
mew and Dawson‘ reported that in & sustained environ- 
mental temperature of 39° C the daytime temperature of 
Gambel quail was not elevated above that normally 
maintained in the absence of heat stress. 

During the experiment the quail displayed excitement 
when approached for the purpose of checking thermo- 
couples or for servicing feeders and waterers. The degree 
of excitement depended on whether the birds were 
handled. When handled, their temperature increased 
approximately 1-0° C within 8 min; it returned to normal 
about 16 min later. This fright reaction is not uncommon 
in fowl. The body temperature of ruffed grouse (Bonasa 
umbellus umbellus) increased to 0-8? C when the birds 
were removed from the cage and forced to run for 10 min 
(ref. 5). The body temperature of the eastern house wren 
(Troglodytes aédon aédon) was reported to increase 2-2? C 
following eapture*. However, the temperature dropped 
very soon after the birds quieted down. 

From results of the tests recorded here, it appears that 
normal cyclic fluctuations in temperature of birds kept in 
moderate environments are associated with concomitant 
forms of physical activity which usually are restricted to 
the light period. In these tests, it was possible by imposing 
different experimental photoperiods to alter the rhythm 
of body temperature in coturnix. 

This work was supported in part by grant NS F-GB 987 
of the U.S. National Science Foundation. 
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Mechanism of Capacitation of Rabbit 
Spermatozoa 


RABBIT spermatozoa must be exposed to the environ- 
ment of the female tract for several hours before acquiring 
the capacity to fertilize ova^?. This phenomenon was 
termed capacitation!, and appears to be a general requiro- 
ment for fertilization in several species?. Chang! later 
discovered that spermatozoa capacitated in utero could be 
decapacitated by brief incubation in seminal plasma. 
Decapacitation appeared to be due to a definite substance 
in seminal plasma‘. 

With the discovery of the decapacitation factor in 
seminal plasma it appeared possible that capacitation was 
removal of the spermatozoa from seminal plasma and hence 
removal of the decapacitation factor as the spermatozoa 
progressed up the female tract. Two lines of evidence 
opposed this hypothesis. Austin? and Chang? showed that 
epididymal spermatozoa must be capacitated. Bedford 
and Chang? showed that the decapacitation factor existed 
in seminal plasma from vasectomized males. This 
evidence suggested that epididymal spermatozoa do not 
contact the decapacitation factor until the time of 
ejaculation yet must undergo capacitation. It occurred 
to us, however, that since the tubular portion of the male 
tract has a common embryonic origin, the decapacitation 
factor could exist also in the epididymis and hence 
contact the spermatozoa before ejaculation. Demon- 
stration of the decapacitation factor in epididymal fluid 
would support the hypothesis that capacitation is the 
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removal or inactivation of the decapacitation factor. 
We report in this communication the decapacitation of 
capacitated spermatozoa by epididymal fluid and their 
recapacitation on further in utero incubation. 

Epididymal fluid was collected by distending the 
excised epididymis (still attached to the testis) with air 
injected through the stump of the vas deferens. A cut 
was made in the epididymis, the fluids pressed out, and 
the epididymis flushed with calcium-free Krebs—Ringer 
phosphate solution. The final volume was adjusted so 
that 1 ml. contained the flushings of two epididymes. 
Spermatozoa were removed by centrifugation at 1,100g 
for 10 min and the supernatant frozen. Uterine sperma- 
tozoa were obtained by flushing each excised uterus with 
5-0 ml. of Krebs-Ringer phosphate solution 12-15 h 
after natural, multiple matings and observed for motility. 
The spermatozoa suspension was divided, centrifuged at 
400g for 3 min and concentrated to 0-6 ml. The treated 
spermatozoa were incubated with 0-2 ml. of epididymal 
fluid for 30 min at room temperature. The control 
spermatozoa were subjected to an identical treatment 
except that Krebs-Ringer phosphate solution was sub- 
stituted for epididymal fluid. Good motility was observed 
after both treatments. Two preparations of epididymal 
fluid were used in these experiments each of which pro- 
duced 100 per cent decapacitation of uterine spermatozoa. 
2 h after ovulation surgical insemination was performed 
on virgin New Zealand does, 6-8 months old, which had 
been in isolation for at least 21 days and had received 
3-3 mg of pituitary luteinizing hormone (Armour-Baldwin 
Laboratories) by intravenous injection 12 h earlier. The 
rabbits were anesthetized with sodium pentobarbital 
and ether, a midline incision was made, and 0-05 ml. of 
spermatozoa suspension containing 0-76-12 x 10* cells 
was injected into each oviduct through the infundibulum 
at a depth of approximately 2-0 em. Treated sperma- 
tozoa were placed in one oviduct and the controls in the 
other. Following surgical closure, each doe received 
100,000 units procaine penicillin G and 0-126 g strepto- 
mycin sulphate intramuscularly. Ova were recovered 
26-40 h later by flushing from the oviducts and observed 
for regular division characteristic of fertilization. Table 1 
illustrates the results of these experiments in which 40 out 
of 50 (80 per cent) of the control eggs were fertile, while 
none of the eggs inseminated with spermatozoa which 
had been incubated in epididymal fluid were fertilized. 
These results indicate that the spermatozoa had become 
capacitated and that treatment with epididymal fluid 
prevented fertilization. 


Tablei. REVERSAL OF CAPACITATION WITH EPIDIDYMAL FLUID 
Additions to capaci- 


tated spermatozoa Ova recovered Fertile Non-fertile 
None 50 40 (80%) 10 
Epididymal fluid 88 0 38 


Table 2, REOAPACITATION OF DECAPACITATED SPERM 


va Non- 

Spermatozoa treatment recovered Fertile fertile 
Freshly ejaculated, washed 13 8 5 
Decapacitated with epididymal fluid 16 15 1 


To establish that the spermatozoa were not perman- 
ently damaged by incubation with epididymal fluid and 
to demonstrate that epididymal fluid contained a sub- 
stance with decapacitation factor action, spermatozoa 
treated with epididymal fluid were recapacitated. The 
spermatozoa were capacitated as before, incubated in 
epididymal fluid, and injected into the uterine lumen 
with a 24-gauge needle 4 h prior to ovulation. Washed, 
ejaculated spermatozoa served as controls in this experi- 
ment. 

The results in Table 2 show that capacitated spermato- 
zoa decapacitated with epididymal fluid were recapacit- 
ated by im utero incubation. (In the control group one 
oviduct contained 5 ova in which spermatozoa had 
penetrated the zona pellucida, but the ova failed to cleave.) 
This demonstration of recapacitation shows that the 
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decapacitation factor in epididymal fluid has the same 
functional properties as described for decapacitation 
factor in seminal plasma». 

The data contained herein suggest the hypothesis that 
capacitation is the inactivation or removal of the decapaci- 
tation factor from sperm. This is not in conflict with 
Chang's? observations that epididymal sperm must be 
capacitated and that the decapacitation factor is also 
produced in the male tract below the vas deferens’. 
The hypothesis is also consistent with Austin’s! suggestion 
that ejaculated spermatozoa contain an inhibited muco- 
lytic enzyme which permits ovum penetration and 
capacitation is removal of the inhibitor. 

Besides the foregoirg experiments on the epididymal 
decapacitation factor, we have confirmed and slightly 
extended earlier work on the decapacitation factor of 
seminal plasma. Bedford and Chang* showed that 
decapacitation factor activity was removed from seminal 
plasma by ultracentrifugation and resuspending the pellet 
in the seminal plasma would restore activity. We have 
found that ultracentrifugation of seminal plasma at 
105,000g for 4 h gave a pellet which retained activity 
after washing and resuspending in buffer, thus demon- 
strating that the supernatant of the seminal plasma was 
not necessary for decapacitation factor activity. 

This investigation was supported in part by a U.S. 
Public Health Service fellowship J—J'3-GM-22,244, 
Grant GM 10034 and Career Award 5-K3-GM 483 from 
the National Institute of General Medical Sciences. 
We also thank the Population Council for Grant 
M-6424. 
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Mallophaga on Catarrhine Monkeys: Colobus 
guereza, a Natural Host of Procavicola colobi* 


Accorpine to Hopkins and Clay! and Eichler? no 
Mallophaga exist on Old World monkeys. An adult 
female Colobus monkey (Colobus guereza guereza Rüppell, 
1835), however, collected in Djam-djam, Shoa Province, 
Ethiopia, by Prof. D. Starck in 1956 and now in the col- 
lection of the Anatomical Institute of Frankfurt, was found 
to be heavily infested by Procavicola colobi (Kellogg, 1910). 
This species was first described as Trichodectes colobi 
from Colobus guereza caudatus Thomas, 1885, at Mount 
Kilimandjaro. Eichler’ made Trichodectes colobi the type 
species of a new genus Meganarionoides based on the 
description by Kellogg.  Werneck! has re-examined 
Kellogg’s specimens and has found that they are members 
of Procavicola, a genus otherwise known from many 
species of hyraxes (Procaviidae) only. He recognizes 
Meganarionoides as a sub-genus of Procavicola. Werneck 
doubted that the natural host of Procavicola colobi was a 
Colobus monkey, especially as he has found a second lot 
of Procavicola colobi at his disposal contaminated with 
other mallophaga, obviously originating from Procaviidae. 
Consequently, he suggested that the natural host is 
Dendrohyrax validus. In this he has been followed by 
Hopkins* and Hopkins and Clay!. 

Our Colobus monkey from Ethiopia has nevor been in 
contact with a Dendrohyrax or any other Provaviidae after 
its death. Yet we have found hundreds of eggs and adult 
and larval Procavicola on it, all clasping the hairs tightly; 

* Results of the Ethiopia Expedition, 1956, No. 10. 
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most of them on the back and on the throat. The eggs are 
clearly distinguishable from those of the sucking-louse, 
Pedicinus pictus Ferris, 1934, some specimens of which 
have also been found on this monkey. There is no doubt 
in our opinion that Colobus guereza is & natural host of 
Procavicola (Meganarionoides) colobi. 

Considering the general host-specificity and the sup- 
posedly parallel phylogeny of hosts and Mallophaga, it is 
interesting to find a member of a group of Mallophaga, 
which is otherwise confined to Procaviidae, on a monkey. 
Kichler? had united the ischnoceran Mallophaga parasitiz- 
ing primates in the sub-family Cebidicolinae of Tricho- 
dectidae. In 1963, after Werneck’s investigation, he 
removed Meganarionoides from this sub-family. But 
even tho relationship of the two remaining genera 
(Lorisicola from the slow lemur (Nycticebus), and Cebidicola 
from some New World monkeys) seems highly uncertain. 
Hopkins and Clay? consider Lorisicola “doubtfully distinct 
from Felicola”, a genus widespread on carnivores. In any 
event, it seems hazardous to base any theories about the 
relationship of lemurs and New World monkeys on the 
relation of their parasites, Lorisicola and Cebidicola, as, 
for example, Vanzolini and Guimar&ües* have done. 

The Mallophaga probably have never been able to 
colonize the primates in populations sufficient to enablo 
them to follow the phylogeny of these hosts, due possibly 
to the intensive care given to the skin by most primates. 
Suitable niches have opened, for example, in the nocturnal 
Aotes (Aotiella, Amblycera) or the thumbless African 
Colobus monkeys, in which sucking-lice of the genus 
Pedicinus also have reached a climax in numbers of species 
and individuals among Old World monkeys". These 
niches must have been occupied by different Mallophaga 
invading from different orders of hosts. 

H.-J. Koun 
Primatologische Abteilung, 
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Universität, Frankfurt-am-Main. 
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Nucleic Acid Content of Chloroplasts of 
Spinach isolated by a Non-aqueous Technique 


THERE is strong evidence for cytoplasmic inheritance of 
chloroplasts in higher plants. This genetic autonomy, 
together with the demonstration of protein synthesis^? 
and the presence of ribosomes*- in chloroplasts, has 
generated considerable interest in the nucleic acids 
associated with chloroplasts. 

Many investigators have reported the occurrence of 
chloroplast nucleic acids*, but there is considerable quanti- 
tative disagreement in these results. This is undoubtedly 
in part due to differences in the material analysed and 
the analytical methods utilized. These methods include 
cytochemical procedures, which depend on the specific 
staining of RNA and DNA in the chloroplasts of intact 
cells, and the chemical analysis of RNA and DNA 
extracted from chloroplasts isolated in isotonic aqueous 
media. A more recent technique is the incorporation of 
tritium thymidine into Spirogyra’ or tobacco teaves®, and 
intracellular localization by means of autoradiography. 
Electron microscopy indicates the presence of DNA in 
Chlamydomonas chloroplasts’. Sedimentation investiga- 
tions in cæsium chloride density gradients indicate that 
DNA extracted from higher plant chloroplasts?*, and 
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Table 1 
Mg polynucleotide per 100 mg non-aqueous 4 
chloroplasts | 
— ILL -—- 
Method of Diphenyl- ' 
analysis | Ultra-violet amine Orcinol | 
absorption test for test for , Phosphate 
Treatment (260 mg) | deoxyribose | ribose | | 
(1) Strong acid hy- i 
drolysate (5% 7:95 0:40 7:80 | 8:10 
perchloric acid, (DNA + (DNA) (DNA) (DNA + 
15 min, 90° C) RNA) | RNA) 
(2) Mild alkaline ] 
hydrolysate (0:3 N 7:49 0 710 , 7:62 
KOH, 16 h, 34°C) | (RNA) | RNA | @NA) | 
(3) Residue from (2) ! | 
after strong acid 0-795 0:37 0 | 0:41 | 
hydrolysis, as in (1) (DNA) (DNA) | (DNA) i 
wel 








algal chloroplasis’-11, differs in density from that of tho 
nucleus. 

The amounts of nucleic acid reported in chloroplasts 
using cytochemical procedures are at the lower limit of 
the sensitivity of the method’. This lack of sensitivity is 
circumvented by direct chemical analysis of polynucleo- 
tide extracted from isolated chloroplasts. However, in 
this procedure, artefacts are encountered, owing to con- 
tamination of the plastids by nucleic acids from other 
cell components during isolation. This contamination 
has been elegantly avoided for chloroplasts DNA by Baltus 
and Brachet?, whose results were confirmed by Gibor 
and Izawa?. These workers removed the nucleus of 
Acetabularia, prior to chloroplast isolation and analysis. 
Additional errors in these experiments may also arise 
by the loss of nucleic acids from chloroplasts either by 
leakage, or enzymatic degradation, particularly when 
aqueous isolation procedures are used. However, these 
difficulties are largely avoided if plastids are isolated 
by the non-aqueous method. This communication reports 
the chemical estimation of RNA and DNA in spinach 
chloroplasts isolated by a non-aqueous density technique. 

Chloroplasis were isolated by modifications of methods 
by Heber". Polynucleotides were estimated by the 
Smillie-Krotkov modifieations!5 of the Schmidt-Thann- 
hauser procedures. The purity of the chloroplasts was 
checked by phase microscopy after staining with methyl 
green, and an electron micrograph taken by one of us 
(R. B. P.) of a similar preparation has been published by 
Heber’. This micrograph, together with enzymatic checks 
by Heber, also demonstrates the purity of the preparations. 

100-mg samples of non-aqueous chloroplasts were 
extracted with methanol, cold trichloroacetic acid, ethanol 
and ethanol-ether mixtures, and the insoluble residues 
were either subjected to mild alkaline hydrolysis for RNA 
nucleotides, or strong acid hydrolysis for total nucleotide 
estimations. The results are summarized in Table 1. 

The confirmation of values obtained by analysis of 
deoxyribose and phosphate is good. However, the high 
value obtained from ultra-violet absorption at 2600 A 
for DNA suggests interference by some hydrolysis products 
other than nucleotides. This emphasizes the necessity of 
working with several complementary analytical methods 
in such an investigation. 

These results show that the chloroplasts prepared by 
the non-aqueous technique contain 0-5 per cent DNA, and 
7-5 per cent RNA by weight. An objection to those 
data might be that a considerable portion of the plastid 
lipid was extracted during tho isolation procedure, yiolding 
high nucleic acid contents on a weight basis. That this is 
not the case is shown by other experiments", in which 
non-polar solvents were shown to extract not more than 
5 per cent of the chloroplast mass. 

The value obtained for the DNA content of non-aqueous 
chloroplasts is in good agreement with previous reports 
for aqueous chloroplasts. The value obtained for the RNA 
contont is considerably higher than that reported previ- 
ously (2-4 per cent), and this difference is probably due 
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to the application of the non-aqueous technique for the 
isolation of chloroplasts. It is likely that RNA is leached 
from chloroplasts isolated from aqueous cellular homo- 
genates, whereas this is minimized by using non-aqueous 
techniques. In addition, the action of the chloroplast 
RNase?’ is inhibited by operation in a non-polar medium. 

In order to localize the polynucleotides within the 
chloroplasts, stroma and grana fractions were prepared}? 
and analysed using the same procedures. The polynucleo- 
tides were found to be in the stroma fraction and easily 
leached out of the chloroplasts by means of aqueous 
buffers. 

In summary, the DNA content of spinach chloroplasts 
prepared in non-aqueous media is similar to that of 
chloroplasts prepared in aqueous buffers. However, the 
RNA content of non-aqueous chloroplasts is higher than 
that of aqueously prepared chloroplasts by a factor of two. 
Tho RNA is localized in the stroma phase of the chloro- 
plast and is not bound to the quantum conversion appara- 
tus. It is suggested that the low RNA content of aqueous 
chloroplasts is due to leaching® of the polynucleotide during 
chloroplast isolation. 

This work was sponsored, in part, by the U.S. Atomic 
Energy Commission, and, in part, by the Department of 
Botany, University of California, Berkeley 4. 
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Laboratory of Chemical Biodynamics, 
Lawrence Radiation Laboratory, 
and Department of Botany, 
University of California, Berkeley. 
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Thermophylaxis in Bean Rust 


THERMOPHYLAXIS is here defined as sensitivity to heat 
resulting from a previous exposure to heat. The pheno- 
menon has been demonstrated clearly only with bean 
(Phaseolus vulgaris)! and the uredinial stage of the bean 
rust fungus (Uromyces phaseoli) in bean, but preliminary 
results with cowpea and with the powdery mildew, 
Sphaerotheca fuliginea, indicate that thermophylaxis may 
be demonstrable in many species. This report deals 
only with Uromyces, with which the phenomenon seems 
better expressed than with the other plants indicated. 

Pinto beans infected with rust and growing in a green- 
house at about 23° were first heated (predisposed) for 10— 
20 sec at 45° in a water bath at 2-4 days after inoculation. 
One primary leaf on each plant was predisposed and the 
opposite leaf of each plant served as a control. This 
predisposition dosage was about 1/3 the ED,, or 1/6 the 
ED,» for rust of this age, and in itself caused only a 
barely perceptible delay in rust development if the plants 
. were allowed to remain in the greenhouse. In such plants 
the rust in the predisposed leaves soon became more 
tolerant to heat than the control rust?. In the work 
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Fig. 1. Simultaneous adaptation and sensitization to heat in bean rust 
(Uromyces phaseoli on Phaseolus vulgaris) at 38° C 


recorded here the inoculated and predisposed plants were 
placed in a dark incubator at an air temperature of about 
38° for 1—7 h (predisposition lag), given a challenge heating 
of 0-50 sec at 50° in a water bath, returned to the green- 
house, and the number of living pustules counted or rated 
about 10 days after inoculation. Under these conditions 
rust in predisposed leaves was killed at a lower challenge 
heat dosage than rust in the control leaves (Fig. 1), and if 
the plants were left at 38° for more than 4 h the predis- 
posed rust was usually killed without any additional 
challenge heat. 

If predisposed plants were subjected to a range of 
challenge heats immediately after the predisposition heat- 
ing of one leaf, the rust in the predisposed leaves was 
killed at a slightly lower challenge heat dosage than 
necessary to kill the rust in the control leaves, but this is 
regarded as an additive effect of the predisposition heat 
dosage plus the challenge heat dosage. Thermophylaxis 
can be said to occur only if the predisposed rust is killed at 
a dosage less than the combined predisposition heat dosage 
plus challenge heat dosage applied to the control leaf of 
the same plant. The degree of thermophylaxis can be 
expressed as an adaptation index? which is the HD,, of the 
challenge heat for the predisposed leaf divided by the 
ED,, of the challenge heat of the control. Adaptation 
indexes greater than 1 indicate adaptation. Adaptation 
indexes less than 1 indicate an additive effect of heat or 
thermophylaxis. Logically and experimentally (pre- 
disposition heat of 15 sec at 45°, EDs, for control of 5 sec 
at 50°, and a temperature coefficient of 120) an adaptation 
index less than 0-7 would not and has not resulted from 
the additive effect alone. Since the adaptation index after 
2-5-7 h at 38? was always less than 0-7 in each of 16 trials 
(Fig. 1), and averaged only 0:13, it is concluded that 
thermophylaxis occurred. 

Almost as interesting is the observation that adaptation 
in the control (non-predisposed) and sensitization in the 
predisposed rust mycelium occurred simultaneously in the 
same environment. That is, the ED;, of the control 
increased with increasing exposure to 38°, while the ED; 
of the predisposed rust on the same plants decreased. The 
apparent rise in the HD,, of the predisposed rust between 
0 and 2h after the predisposition heat is likely a transient 
effect or an adaptation artefact because the temperature 
of the low heat capacity incubator (150 W) dropped tem- 
porarily to as low as 32° within a few minutes after the 
6-12 pots of plants were placed in the incubator. 

The degree of thermophylaxis reported here (0-03 times 
as much heat necessary to kill the rust in predisposed 
leaves as in control leaves) is much greater than the degree 
of heat adaptation previously reported?, where 4 times as 
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B.D.H. FOR BIOCHEMICALS 


KREBS CYCLE INTERMEDIATES 
cis-Aconitic acid 

Citric acid and sodium salts 
Iso-Citric acid 

Fumaric acid 

Malic acid and sodium salt 
Oxaloacetic acid 

«-Oxo-glutaric acid 

Succinic acid and sodium salt 


ENZYMES 
Aldolase 
a-Amylase (bacterial and pancreatic) 


p-Amylase 

Glucose-6-phosphate dehydrogenase 
Lactate dehydrogenase 

Malate dehydrogenase 
Neuraminidase 


INTERMEDIATES 

2: 3-Diphospho-glyceric acid 
barium salt 

Phospho-enol-pyruvic acid barium 

Silver salt 

2-Phospho-glyceric acid barium salt 

3-Phospho-glyceric acid barium salt 

Sodium pyruvate 





Carbohydrate metabolism 


SUGAR PHOSPHATES 


Fructose-1 : 6-diphosphoric acid dibarium salt 
Fructose-1 : 6-diphosphoric acid calcium 
dihydrogen salt 
Fructose-1 : 6-diphosphoric acid dimagnesium salt 
Fructose-1 : 6-diphosphoric acid disodium salt 
Fructose-1-phosphoric acid barium salt 
Fructose-6-phosphoric acid barium salt 
Galactose-6-phosphoric acid barium salt 
Glucose-1-phosphoric acid dipotassium salt 
Glucose-1-phosphoric acid disodium salt 
Glucose-6-phosphoric acid barium salt 
Glucose-6-phosphoric acid dipotassium salt 
Glucose-6-phosphoric acid disodium salt 
Inosito! hexaphosphoric acid sodium salt 
Mannose-6-phosphoric acid barium salt 
6-Phospho-gluconic acid barium salt 
6-Phospho-gluconic acid trisodium salt 
Ribose-8-phosphoric acid barium salt 


Further information on many of these products is contained in the B.D.H. booklet on 


‘Sugar Phosphates and Related Compounds 
both publications are free. 


in Metabolism’, and in the B.D.H. Enzymes catalogue; 
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or other values on request 
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3k aplanatic, spherochromatically-corrected lenses for 
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sk glass or quartz 


TRANSMISSION ECHELON GRATINGS 


3K 12 or 30 plates, xo mm thick 


OPTICAL COMPONENTS FOR LASERS 


3K to special order 
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much heat was necessary to kill the predisposed rust as the 
control rust. It emphasizes the high degreo of physio- 
logieal adaptation in organisms, and may be of value in 
practical heat therapy. 

This work was supported by U.S., National Science 
Foundation grant 12577. 

C. E. Yarwoop 
Miller Institute for Basic Research in Science, 
and Department of Plant Pathology, 
University of California, Berkeley. 
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Formative Response of Amsinckia intermedia to 
the Interrelated Effects of Low Temperature, 
Thiamin and 2,4-Dichlorophenoxyacetic Acid 


Tus adverse effect of temporature on plant growth may 
Sometimes be corrected by the external application of 
certain essential metabolites. As early as 1943, Bonner!, 
using Cosmos sulphureus Cav. as experimental plant 
material, found that the growth under sub-optimal 
temperature conditions was improved by thiamin applica- 
tion. Later work by Bonner? and more recently tho 
experiments by Ketellapper? showed that both high- 
and low-temperature effects on several plant species were 
overcome by chemical treatments. The investigations 
recorded here were carried out to determine whether or 
not the response of fiddleneck (Amsinckia intermedia, 
Fisch and Mey) to 2,4-dichlorophenoxyacetic acid 
(2,4-D) when grown at a low temperature can be changed 
by treatment with certain metabolites. 

Seedlings were grown in plastic pots containing 16- 
mesh silica sand in the greenhouse for one month and then 
placed in a growth chamber. Subsequent culture was at 
10° C under an 18-h light régime. Illumination was 
provided by warm white fluorescent tubes supplemented 
with 60-W incandescent bulbs giving an intensity of 
1,250 ft.-candles. Nutrients were supplied to all plants 
every otber day with Hoagland's solution. 

In the initial set of experiments, solutions of thiamin 
were applied with & pipette to individual mature leaves in 
0-01 ml. droplets at rates of 0-05—50-0 ug per plant. At 
the same time, 600 ug of 2,4-D alone or in addition to 
each of the rates of thiamin was applied to similar plants. 

In other experiments, fiddleneck seedlings were estab- 
lished as described here, and weekly treatments of 
cortain metabolites were sprayed on the foliage. Thiamin 
(20 p.p.m.), vitamin C (1,000 p.p.m.), d-biotin (1 p.p.m.), 
pyridoxin (20 p.p.m.), nicotinic acid (40 p.p.m.), adenine 
(1 p.p.m.), 2-thiouracil (1 p.p.m.), and a mixture of 
amino-acids (L-cystine, L-cysteine, L-glutamic acid, DL- 
aspartic acid and glycine—each at 1 p.p.m.) were sprayed 
on the leaves. The plants were sprayed with the solutions 
weekly for four consecutive weeks and then gathered. 
The root and shoot of each plant were separated and the 
dry weight measured. The metabolites which caused an 
improvement in growth at this temperature (10° C) were 
then applied to similar plants in combination with 
2,4-D to determine the interaction. Treatments were 
275 ug 2,4-D por plant, plus one of the following additives: 
amino-acid mixture, d-biotin (0-1 and 10 ug), nicotinic 
acid (10 and 100 ug) or thiamin (10 ug). Observations 
were recorded one month after treatment. 

The untreated and the thiamin-treated plants grew 
slowly at 10° C with no apparent morphological differences 
due to the thiamin. 2,4-D applications alone suppressed 
growth and produced a slight distortion of the apex, 
2,4-D plus 0-05 ug thiamin caused 100 per cent mortality 
(Fig. 1), and 2,4-D plus 0:5 ug thiamin caused mortality 
to 40 per cent of the plants and severe injury and distor- 
tion to 60 per cent. The 2,4-D plus the higher rates of 
thiamin (2-5, 5-0 and 50 ug) caused severe injury but 
did not kill the plants. 
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Fig. 1. Amsinckia intermedia plants growing at 10? C. Control plant 


(CO), plant treated with 2,4-D Ta at lower right and plant treated 
with 2,4-D plus thiamin (24DTH) at lowerleft. Combination of thiamin 
and 2,4-D causes increased mortality at this temperature 


The plants sprayed with the amino-acid mixture, 
d-biotin or nicotinic acid were darker in colour than tho 
control plants and dry weight of both tops and roots was 
greater. 2,4-D applied to otherwise untreated plants 
caused a suppression of the apex and some distortion of 
the youngest leaves. d-Biotin (0-1 ug) plus 2,4-D caused 
severe swelling of the apex, suppression of new growth and 
discoloration and necrotic areas in the mature leaves. 
d-Biotin at a dosage of 10 ug plus 2,4-D had much less 
effect. Nicotinic acid at the rate of 100 ug per plant 
increased the response of the plant to 2,4-D but did not 
do so at 10 ug. Thiamin-treated plants were the most 
severely injured by the 2,4-D, although they showed no 
improvement in growth from the thiamin treatment. 

The results show that: (1) low-temperature effects on 
Amsinckia intermedia may be partially overcome by the 
application of chemical substances; (2) certain metabolites 
in combination with 2,4-D are more effective in causing 
formative and toxic effects on Amsinckia intermedia 
growing at a sub-optimal temperature than 2,4-D alone. 
Of those tested, thiamin was the most effective. 

This work was supported by the Technical Research 
Committee 1-63, project 1472. 

W. G. MAULDIN 


T. J. Muzx 
Department of Agronomy, 
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Washington State University, Pullman. 
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A Steroid Growth Factor Requirement in 
a Fungus 


THE homothalie oomycete Phytophthora cactorum is 
frequently grown on oatmeal agar!, and on this medium 
it forms oospores readily. On a basal medium of sucrose 
or glucose, asparagine, mineral salts and thiamine its 
vegetative growth is less and oospores are not formed, or 
a very few aro found after a long time, and then only at 
the edge of the colony. The basal medium evidently lacks 
some growth factor or factors present in oats. The 
addition of aqueous extracts of ground oat grains to the 
basal medium stimulates vegetative growth but does not 
lead to the production of oospores. However, the addition 
of 500 mg/l. of a petroleum ether or ethanol extract of 
oats both increases the rate and amount of growth and 
results in the production of oospores. Aqueous and 
ethanol extracts of peas have similar effects. 
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Aqueous extracts of peas and oats also stimulate the 
vegetative growth of Phytophthora parasitica and P. 
palmivora, but the alcohol or petroleum ether extract 
must also be added for sexual reproduction in these species. 

In testing fractions of the extracts from ground oats 
(and later, pure substances) for their activity, P. cactorum, 
strain I.M.I. 21168, obtained from the Commonwealth 
Mycological Institute, was grown at 25° in 5-cm Petri 
dishes containing 4 mJ. of medium. A known amount of 
material for testing was dissolved in diethyl ether and 
added to the basal medium? together with agar, and the 
medium was then autoclaved. (The activity of the crude 
extract was not lost on autoclaving the extract with the 
medium at 120° for 15 min.) The inoculum was a plug 
4 mm in diameter cut from a culture growing on the basal 
medium. The resulting colonies were examined for the 
occurrence of oospores, and their number and time of 
appearance were noted; the diameter of the colony was 
also measured. 

After removal of the phospholipids, the crude petroleum 
ether extract was chromatographed on alumina, to give 
three main components consisting of vegetable oils 
(60 per cent) and two more polar yellow oils (b and 10 
per cent respectively) eluted with benzene/chloroform 
(1:1) and ethyl acetate respectively. Activity was 
found to be associated with the second yellow oil; this 
material was saponified and yielded & neutral red waxy 
solid. (5 per cent) and fatty acid material (75 per cent). 

The red waxy solid afforded sterols on crystallization 
and these were found to be active. Sterols were also 
obtained from the vegetable oil by saponification and 
digitonin precipitation of the neutral material, and were 
likewise found to be active. Previous investigation? of 
the sterols from oat grains had demonstrated the presence 
of g-sitosterol together with two di-unsaturated sterols 
tentatively identified as A51- and A"-stigmastadienol 
respectively, and a trace of stigmasterol. The sterol 
mixture from the red waxy solid was separated into mono- 
and di-unsaturated compounds by chromatography of 
the acetates on 10 per cent silver nitrate on silicagel. 
Abundant oospores were produced when both these 
fractions were added to the basal medium at 10 mg/l., 
after 5 days with the former and 8 days with the latter. 
Examination of these two fractions by gas chromato- 
graphy indicated that the former, mono-unsaturated 
fraction consisted largely of Q-sitosterol together with 
small amounts of cholesterol, campesterol and A’-stig- 
mastenol, and the di-unsaturated fraction contained two 
principal components together with small amounts of 
brassicasterol and stigmasterol and a number of other 
unidentified trace components. The ultra-violet spectrum 
of the crude sterol mixture indicated the presence of 
about l per cent of a A*7-diene system similar to that of 
ergosterol (cf. ref. 3). 

Since it appears that sterols are active materials in 
inducing oospore formation, a number of pure steroids 
and related compounds were tested, at concentrations 
(in the final medium) of 10 mg/l., with the results shown. 
in Table 1. 

Leonian and Lilly‘ found a growth factor necessary for 
sexual reproduction of Phytophthora cactorum in an alco- 
holic extract of peas, but they considered the active 
fraction was not the sterols themselves but rather was 
merely absorbed on them. By the use of pure samples we 
have shown that sterols are in fact active growth factors. 

It would appear that some step or steps in the synthesis 
of sterols is blocked; but the absence of exogenous sterols 
does not prevent vegetative growth. When 51 g (dry 
weight) of mycelium, produced from growth on 15 1. of 
liquid basal medium, was extracted with petroleum ether, 
and the resulting 10 per cent of fatty material saponified, 
no sterols could be detected in the neutral fraction on 
precipitation with digitonin followed by gas chromato- 
graphy.. The blockage in sterol synthesis thus appears 
to be complete. Further, we find that the vegetative, 
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Table 1. EFFECTIVENESS OF STEROIDS AND RELATED SUBSTANOES IN 
OosPORE PRODUOTION IN Phytophthora cactorum 


Substance added to No. of Distribution Time for 
basal medium oospores in culture production 
Cholesterol +++ Throughout 5-6 days 
Cholesterol acetate ++++ Throughout 5-6 days 
Ergosterol +444 Throughout 5 days 
Stigmasterol acetate +++ Throughout 8-10 days 
Cholest-5-ene-3-one + Only at edge 10-11 days 
Cholest-4-ene-3-one + Throughout 10-11 days 
Cholest-4,6-diene-3-one + Throughout 10 days 
Cholestane + Only at edge 14 days 
Coprostan-3-one x Only at edge 10days 
Calciferol - — — 
Diosgenin - — — 
Tomatidine + Only at edge 14 days 
4*-Pregnen-3-01-20-one + Only at edge 14 days 
Progesterone + Only at edge 14 days 
Testosterone + Only at edge 14 days 
Dehydroepiandrosterone + Only at edge 14 days 
OEstrone T Only at edge 14 days 
Squalene - — — 
DL-a-Tocopherol + Only at edge 14 days 
Sodium acetate + Only at edge 14 days 
None (control) + Only at edge 14 days 


+, Fewer oospores than in control; —, no oospores. 


growth in the basal medium is not inhibited by nystatin 
(up to 100 mg/l.), which is believed to act by combining 
with sterols in the protoplast membrane. 

When sterols are added to the basal medium, growth 
is increased and sexual reproduction occurs. Of the 
substances we have tested (Table 1), the sterols themselves 
are most active. Dehydrogenation at C3 to the ketone 
(as in the cholestenones) results in lower activity, but it 
does not always seem to destroy it completely. With the 
cholestenones, the total number of oospores is not appre- 
ciably greater than in the controls, but the oospores 
appeared several days sooner and were (in two cases) 
found throughout the culture. Derivatives in which the 
side-chain is greatly modified (for example, diosgenin) or 
shortened (progesterone, testosterone, etc.) are apparently 
ineffective. 

Sterols have been recorded as essential growth factors 
for certain protozoa*'", a Labyrinthula? and pleuropneu- 
monia-like organisms*!?, but this appears to be the first 
record of a sterol requirement by a fungus. 

This work is supported by a grant from the Department 
of Scientific and Industrial Research. 
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MICROBIOLOGY 


Relationship between the Products of Aromatic 
Biosynthesis in Mycobacterium smegmatis and 
Aerobacter aerogenes 

MYCOBACTERIA, when grown on Proskauer and Beck 
medium, accumulate salicylic acid!. This accumulation 
is greatly increased by iron-deficiency. The results 
presented here suggest that this acid originates from an 
intermediate in the main pathway of aromatic biosyn- 
thesis. i 
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Mycobacterium smegmatis was grown either on Proskauer 
and Beck medium (which contains glycerol and asparagine) 
or on: quinic acid 5:0 g, L-glutamine 1:25 g, L-asparagine 

1-25 g, glycerol 5-0 g, KH,PO, 5:0 g, MgSO, 0-4 g, and 
water 1 l., made to pH 6:8 with sodium hydroxide. In 
Some cases a medium containing shikimic acid 0-1 per 
cent, (NH4),80, 0-15 per cent, with KH,PO, and MgSO,, 
as above, was used. .Aerobacter aerogenes was grown on: 
quinie acid 2-0 g, glutamine 0-5 g, (NH,),SO, 1-0 g 
' KH,PO, 5-0 g, water 11. and made to pH 6-8 with sodium 
hydroxide. 

With both organisms, the medium, after growth, 
was freed from cells, reduced to 1/20th of its original 
volume, acidified to pH 2 and extracted with ethyl 
acetate. The extract, after drying, was evaporated to 
about 0-3 ml. and examined by paper chromatography. 

Salicylic acid accumulated after growth of M. smegmatis 
on Proskauer and Beck medium. Iron-deficiency greatly 
increased this accumulation’. After growth on either 

quinic acid or shikimic acid, the amount of salicylic 
acid found was greater than before; also identified were 
anthranilic, 3:4-dihydroxybenzoie, 4-hydroxybenzoic 
and 4-hydroxyphenylacetic acids. When M. smegmatis 
‘was grown on Proskauer and Beck medium and this 
replaced either by a further quantity of the same medium 
or by shikimie acid medium, and growth continued for 
24 h, more salicylic acid accumulated in the latter medium. 
Deficiency of iron increased the accumulation of salicylic 
acid in both cases. 

Small amounts of anthranilic and 4-hydroxybenzoic 
acids were found after growth of A. aerogenes (wild-type 
NCW) on quinic acid medium, After iron-deficient 
growth a considerable amount of 2: 3-dihydroxybenzoic 
acid was also produced. With a mutant of A. aerogenes 
(N5/36—blocked immediately after the synthesis of 
anthranilic acid). anthranilic acid, 3: 4-dihydroxy- 
benzoic acid and an N-acylanthranilic acid were found 
after growth on the quinic acid medium supplemented 
with 2 ug/ml. of L-tryptophan. Very little change was 
produced by iron-deficiency. The  N-acylanthranilic 
acid derivative which was found had spectra in the ultra- 
violet region at several pH values which were very close 
to those given by both N-formyl- and N -acetylanthranilic 
acids. The material was shown not to be the formyl 
derivative by chromatographic mobility and by its 
greater stability to 3 N hydrochloric acid. Hydrolysis 
with 6 N hydrochloric acid at 100° gave anthranilic acid, 
but the rest of the molecule has not yet been identified. 

Some work has also been carried out with Escherichia 
colt growing on 2 per cent glycerol (it is unable to utilize 
quinie acid): 2: 3-dihydroxybenzoic, 4-hydroxybenzoic 
and 3:4-dihydroxybenzoie acids have been located on 
chromatograms of extracted medium. 

Salicylic acid in M. smegmatis seoms to arise from the 
main pathway of aromatic biosynthesis, as is shown by 
the stimulatory effect of shikimic acid, or quinic acid, 
on its output. Further, it seems to have an origin close 
to that of 2:3-dihydroxybenzoie acid in A. aerogenes 

and probably F. coli as well. This is suggested by the fact 
that iron deficiency affects only these compounds among 
the number of aromatic compounds produced, as well as 
by their closely related structures. The origin of 2: 3- 
dihydroxybenzoic acid: in A. aerogenes is after the paths 
of aromatic biosynthesis diverge and before the synthesis 
of either tyrosine or anthranilic acid?. Thus, this may 
also be the point of origin of salicylic acid. It is inter- 
esting to note that salicylic acid, like 2: 3-dihydroxy- 
benzoic acid, is not metabolized once it has been excreted 
into the medium. 

It was suggested that salicylic acid might arise through 
non-introduction of an amino group into a preeursor 
of anthranilic acid, and that its aceumulation in iron- 
deficiency is due to a requirement for iron for the in- 
sertion of the amino groupi. Some support for this idea 
is given by the finding by Srinivasan and Rivera? 
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that Fe** is a co-factor in the conversion of 3-enolpyru- 
vylshikimic acid 5-phosphate to anthranilic acid by 
cell-free extracts of E. coli. 

The N-acylanthranilic acid either is a precursor of 
anthranilic acid or a metabolite of it: it will be difficult 
to reach a conclusion on this until the acyl group has been 
identified. One interesting possibility arising from the 
first alternative is that in the conversion of chorismic 
acid® to anthranilie acid a bi-cyclic intermediate may be 
formed as in Fig. 1. 
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It is possible that analogous steps, without the intro- 
duction of the nitrogen atom, are involved in the synthesis 
of an alternative bi-cyclic intermediate, which in Myco- 
bacteria is hydrolysed to salicylic acid and in A. aerogenes 
yields 2: 3-dihydroxybenzoic acid. 

The wild-type and mutant A. aerogenes were part of 
a gift from Dr. F. Gibson, University of Melbourne. 
This work was supported by grant AI 02842 from the 
U.S. Public Health Service and by Arthur Guiness, Son 
and Co. (Dublin), Ltd. I thank Mr. Frank Winder for 
his criticism and help with this work, and Dr. V. C. Barry 
for his advice. 
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Effect of Deuterium on Starving Bacteria 


Tur presence of high concentrations of deuterium 
oxide in growth media has been shown to be toxic to 
bacteria’. The effects are characterized by long lag 
periods before growth occurs and subsequent slow growth 
with the production of distorted forms. However, experi- 
ments designed to study the effect of deuterium oxide on 
bacteria starving in buffer solutions showed that deuter- 
ium oxide was not toxic under these conditions and that 
the longevity of the bacteria was increased. 

Aerobacter aerogenes N.C.T.C. 418 was used as the test 
organism, and it was grown in continuous culture at 40° C 
in a synthetic medium with glycerol as limiting substrate?. 
The storage conditions were those used by Postgate and 
Hunter (loc cit.). 

Although the increased longevity was easily detected in 
suspensions containing 15 ug dry weight of bacteria per ml. 
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and was found to be related to the concentration of 
deuterium oxide, the effect was more conveniently studied 
in suspensions containing about l mg/ml. dry weight, 
which represents about 2-5 x 10? organisms/ml., in 75 per 
cent deuterium oxide. The results of an experiment 
carried out at this concentration of organisms are shown 
in Fig. 1. The mean half-life of the suspension stored in 
aqueous buffer is 12-9+1-0 h and for storage in a buffer 
containing 75 per cent deuterium oxide, 16-6+2-9h. The 
limits represent 95 per cent fiducial limits and were kindly 
calculated by Mr. 8. Peto. The survival curve in 75 per 
cent deuterium oxide is characterized by an extended 
initial phase during which the viability falls off more 
slowly than in the final part of the curve. 
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Fig. 1. Change in viability of washed suspensions of A. aerogenes 
incubated at 40°C in saline-fris buffer pH. 7-1. O, Aqueous buffer 
solution; x, buffer solution containing 75 per cent deuterium oxide 


Deuterium oxide will permeate the whole of the cell, and 
rapid exchange will occur with ordinary water present in 
the cell substance. An isotope effect could then occur if 
the processes involved in maintaining viability utilized 
deuterium oxide. Since energy is derived from ribonucleic 
acid and protein during starvation?? investigations were 
carried out to see whether an isotope effect could be 
observed in the breakdown of these substances. 

Little difference was found in the protein and ribo- 
nucleic acid content of samples of bacteria taken during 
storage in either aqueous buffer or buffer containing 75 per 
cent deuterium oxide. The suspending fluids and the 
materials released from the bacteria by treatment with 
cetyl trimethyl ammonium bromide were examined for 
substances absorbing at 260 mp. It was found that a 
slightly slower release of these substances occurred from 
bacteria stored in buffer containing 75 per cent deuterium 
oxide. 

Although a number of enzymes are involved in the 
breakdown of nucleic acids the effect of 75 per cent 
deuterium oxide on the endogenous ribonuclease, poly- 
nucleotide phosphorylase and phosphodiesterase was con- 
veniently examined 2n vitro using the conditions described 
by Wade‘, and Wade and Lovett’. Deuterium oxide had 
very little effect on the rate of breakdown of nucleic acid 
by phosphodiesterase and polynucleotide phosphorylase, 
but the effect on the action of ribonuclease was consider- 
able (Fig. 2). In view of this result, it was of interest to 
investigate the effect of deuterium oxide on a bacterium 
which had no ribonuclease. Wade and Robinson® have 
recently demonstrated that Pseudomonas fluorescens 
(N.C.I.B. 8248) does not contain ribonuclease, and pre- 
liminary experiments with organisms grown in continuous 
culture at 30° C in a medium similar to that used by Post- 
gate and Hunter (loc cit.), except that citric acid was 
substituted for EDTA, showed that 75 per cent deuterium 
oxide did not increase the longevity of washed organisms 
suspended in a saline-iris buffer at 33? C. EDTA was 
omitted from the saline-iris buffer as it was highly toxic to 
the organisms. 
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Fig. 2. Curves showing the release of acid-soluble substances adsorbing 
at 260 mu from a suspension of 14 mg/ml. dry bum of A. aerogenes 
incubated at 37? C in a buffer containing 0-145 M. NaCl, 10 mM mag- 


nesium chloride, 10 mM sodium phosphate and 40 mM EDTA. The 


final pH was adjusted to 7-0 with NaOH solution. The bacteria were 
killed before the experiment by treating with cold 50 per cent aqueous 
acetone and any remaining acetone removed by evaporation under 
vacuum af a temperature not exceeding 5? C. ©, Aqueous buffer solu- 
tion; x, bufter solution containing 75 per cent deuterium oxide 


Although the effect of deuterium oxide on bacterial 
proteinases has not yet been investigated, the results so 
far obtained show that under the starvation conditions 
described for A. aerogenes deuterium oxide retards the rate 
of hydrolysis of ribonucleic acid which is partly used as an 
energy source in maintaining the viability of the organism. 
After a certain proportion of the ribonucleic acid is 
utilized another process ensues which is not retarded by 
deuterium oxide. 


S. LOVETT* 


Microbiological Research Establishment, 
Porton, Salisbury, Wiltshire. 


* Present address: U.S. Army Biological Laboratories, Fort Detrick, 


Frederick, Maryland. 
1 Deuterium Isotope Effects in Chemistry and Biology—Ann. N.Y. Acad. 
Sei., 84, 573 (1900). 

* Postgate, J. R., and Hunter, J. R., J. Gen. Microbiol., 29, 233 (1962). 

, Strange, R. E., Wade, H. E., and Ness, A. G., Biochem. J., 86, 197 (1003). 
Wade, H. E., Biochem. J., 78, 457 (1901). 

5 Wade, H. E., and Lovett, S., Biochem. J., 81, 319 (1961). 

* Wade, H. E., and Robinson, II. K., Nature, 200, 661 (1968). 


Antibiotics of Alcaligenes faecalis 


Alcaligenes faecalis type cultures N.C.T.C. 8764 and 
A.T.C.C. 9220 were investigated for bacteriocin production 
against members of the same species! as well as a large 
number of Escherichia, Salmonella, Serratia, Staphylococci, 
Gram-positive aerobic bacilli and Proteus’. The methods 
used were those of Frederieq?. Organisms were grown on 
the Pr, media of Ben-Gurion and Hertman?. Electro- 
phoresis was performed as previously described‘. 

The two A. faecalis type cultures were found inhibitory 
for many members of the same species as well as strains 
of Proteus hauseri, rettgert, and morgani. Large clear 
areas of inhibition were produced in the indicator lawns. 
In addition, A.'T.C.C. 9220 was also inhibitory for a number 
of Staphylococcus strains. These antibiotics are bacterio- 
static in that sub-cultures from the clear areas of in- 
hibition always yield growth identical to the original 
strains and, despite repeated attempts, no resistant 
mutants have yet been obtained. The antibiotics pass 
through 10 my filters and cellulose-dialysis tubing. 

Electrophoresis of these inhibitory agents was done 
with representatives of each of the sensitive A. faecalis 
and Proteus strains as indicators of activity (Fig. 1). 
In each case the same pattern was encountered. This 
consisted of a clear round area of inhibition towards the 
cathode. These results indicate that a single inhibitory 
substance is produced by each of the two strains. 
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Tig. l. Type cultures, N.C.T.C. 8764 and A.T.C.C. 9220, were each 
inoculated on two places in the centre of an electrophoresis plate and 


grown for 36h. The growths were then killed with chloroform vapour 

and a potential of 50 V applied across the plate for 16 h in a refrigerator. 

The plate was divided into 5 compartments with glass strips through the 

centre of each inoculum and the plate again sterilized. The compart- 

ments were then covered with soft agar containing the indicator strains 

P. mirabilis 63, P. rettgeri MR 12, P. morganii MR 21 and A. faecalis 
strain N.C.T.C. 8769. The plate was incubated overnight 


The antibiotic produced by A.T.C.C. 9220 was further 
investigated. Sterile cellulose disks were placed on agar 
plates and the organisms spread on the surfaces. After 
3 days’ incubation at 37? C, the disks and organisms were 
stripped from the surfaces and the clear agar stored at 
—15° C overnight. On thawing, the clear fluid was 
precipitated in the cold with an equal volume of alcohol- 
acetone (50 per cent v/v). The precipitate was collected 
by centrifuging at —10° C and freeze-dried. The freeze- 
dried material was dissolved in 0-1 M phosphate buffer 
pH 7-4. Dilutions were spotted on a freshly poured 
indicator lawn and incubated overnight. An inhibitory 
titre of 1: 4 was obtained. No activity could be demon- 
strated with the above method without the use of cellulose 
disks to separate the organisms from the antibiotic 
produced in the agar. The activity of the antibiotic 
solution was destroyed by heating at 85° C for 0-5 h and 
was not affected by pepsin or trypsin. The spectrum of 
activity of the antibiotic in solution was identical to 
that produced by the organism on agar and showed the 
same electrophoretic mobility. 

A large number of other A. faecalis strains examined 
were inhibitory for several members of the same species 
as well as Escherichia, Salmonella, Shigella, Serratia, 
Staphylococci, Gram-positive aerobic bacilli and Proteus. 
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Origin from Mitochondria of the Double-walled 
Viral Membrane in Saccharomyces 


INVESTIGATION of the viral infections of Saccharomyces? 
has shown that this organism is parasitized by both a 
rod-shaped virus (like tobacco mosaic virus) and a double- 
walled, spherical, nuclooid virus. Electron microscopy, 
in this laboratory, on the etiology of yeast infection has 
been carricd out on strains affected by the spherical, 
double-walled, nucleoid virus’. Electron micrographs 
show that the site of propagation of the virus is the mito- 
chondrion and that the outer double wall of the virus is 
derived from the double-walled criste of the mito- 
chondrion. Fig. 1 shows the mitochondria of a normal 
yeast coll. Fig. 2 shows a foeus of viral infection multi- 








plying at a centre from which three double-walled crista 
of a disrupted mitochondrion radiate into the cytoplasm. 
In this cell (and in Fig. 3) there are threo mitochondrial 
foci in which the walls of the mitochondria have become 
sinuous and are enveloping the viral particles. In Fig. 4 
viral particles are found within disintegrated mito- 
chondria. Fig. 5 shows a cell in which the protoplast 
has been transformed into virus particles and membranes. 

We thank Mrs. Masako Osumi and Mr. Wilbert Bowers 
for the electron micrographs. _ 

This work was supported in part by a training grant, 
571 GM 593-03, from the U.S. National Institutes of 
Health. : 
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GENETICS 


Occurrence of Transferrin D, in Korea 


So far, sixteen electrophoretically distinguishable trans- 
forrin variants have been distinguished by means of 
starch-gel electrophoresis!:?. Observations on the 
frequency and distribution of the variants have been 
recently summarized by Giblett®. In all populations 
examined transferrin C is by far the most frequently en- 
countered. Those variants which occur in a measurable 
gene frequency are usually restricted to certain popu- 
lations. Transferrin D, is widely distributed and has been 
reported most frequently in American and African 
Negroes. It has also been reported as occurring in 
New Guinea, Fiji, New Hebrides, Malaya, Thailand, 
Philippines, Formosa, Ceylon, India, Central and South 
America and Sweden. 

Recently, however, using a modification of the vertical 
gel-electrophoresis technique, it has been possible to 
discriminate a transferrin variant with a mobility very 
similar to D,. This variant was originally found in 
Chinese populations and has been designated Doni (ref. 4). 
Kirk, Parker and Bearn' re-investigated the transferrin 
D, variants previously réported from different populations 
to determine whether those transferrin previously classi- 
fied as D, might represent Doni variants. The Deni 
variant was found exclusively in Ceylon, Thailand, north- 
east India, Malaya, Turk Islands, Formosa, and Japan. 
Since no transferrin D, variants were observed in these 
areas, it seemed likely that if a transferrin variant occurred 
in appreciable frequency in Korean populations, it would 
be of the Doni type. 

Analysis of 120 samples of serum from individuals 
from Korea disclosed one in heterozygous D variant which 
proved to be D,. The occurrence of the D, variant in 
& very low frequency could be ascribed to mutation 
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Fig. 1. Comparison of Korean transferrin variant and standard CD, 
and CDon by autoradiography after starch-gel electrophoresis. Trans- 
ferrin C is the faster migrating and transferrin D the slower migrating 
of the two components. 4=CD,, B — ODcnt, C= Korean samples (CD,) 


pressure alone. It will be of interest to examine a larger 
sample to obtain an accurate estimate of the gene 
frequency of D, in the Korean population and to 
determine whether the Doni variant is also present. 
This work was supported in part by the U.S. National 
Foundation. 
Boxa-Soe Sum * 


Rockefeller Institute, 
New York. 
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Does a Connexion exist between Blood 
Group Modifications observed in Leukemia 
and Certain Chromosomal Alterations? 


A LARGE number of blood group modifications have 
been observed during the evolution of leukemias. They 
belong most often to the ABO system, and can be divided 
in two classes: (1) In the first group one can classify the 
cases where a transformation from groups A or B into A 
weak is observed, or a transformation into group O by a 
progressive substitution of the substance H, for the sub- 
stances A or B. (2) In the second group one can classify 
the cases where the diminution of the antigen A or B is 
not accompanied by a corresponding increase in substance 
H, and the cases where, the patient being group O, one 
assists progressively in the disappearance from his red- 
cells of the substance H (ref. 1). 

As these modifications occur most often in the course 
of acute myelogenous leukemias, and as there are strong 
reasons for believing that the alterations of the chromo- 
somes observed in the leukemias of this type also affect 
the erythroblasts, the blood group modifications are 
perhaps a result of a genetic alteration of the latter. 

It is known that the antigens of the ABO system blood 
group develop from a fundarfental substance formed in: 
the erythroblasts? (Morgan and Watkins, Salmon). 
This is transformed into substance H by the action of a 
pair of genes Xx and then the substance H is transformed 
into substance A by the gene A or into substance B by the 
gene B. It follows, therefore, that one can consider very 
schematically that the sum of the antigens A, B and H is 
constant in the red cell, all development of the antigen A. 
causing & reduction in the quantity of the antigen H, and 
all diminution of the formation of the antigen A ending 
in an accumulation of the substance H. 

The transformations from group A into A ‘weak’ might 
therefore result from a chromosomal alteration located 
in the locus containing the genes of the ABO system; one 
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could explain this by a damage of one of the chromosomes, 
which is frequent in the course of certain leukemias*. 
There are strong reasons in fact, for believing that this 
locus is found on chromosome 21. 

The diminutions of substance H or of antigen A not 
accompanied by a correlative accumulation of substance 
H can only be explained by a trouble situated on the locus 
carrying the genes Xx. 

Numerous cases of chromosomal aberrations in leuk- 


zemias have been published. Unfortunately, in this case. 


the investigation of the blood groups had not been carried 
out in detail, or revealed nothing abnormal. In one 
case, however, we have been able to show, in a subject 
having acute myelogenous leukemia, constrictions of a 
pair of chromosomes of group 6-12, and a transformation 
from the original blood group A, by a diminution of the 
substance A without the corresponding increase of sub- 
stance H. This allows us to bring up the hypothesis 
following which the locus Xx is perhaps carried by a 
chromosome of the medium group. ` 
Numerous observations will still have to be carried 
out to try to find the exact connexions between the 
chromosomal malformations of leukemias and the blood 
group modifications. Unfortunately, we are as yet only 
able to explore morphologically the chromosomes; but 
probably the genetic deficiency is produced on the mole- 
cular level. It would therefore be useless to attempt 
systematically to find it microscopically in all the 
leukzmias presenting a blood group modification. 
J. Ducos 
J. RUFFIE 
Y. MARTY 
A. M. SALLES-MOURLAN 
P. COLOMBIES 
Centre de Transfusion Sanguine ot d’Hématologie, 
Hópital Purpan, - 
Toulouse. 
z Ducos, x ., Ruffe, J., and Marty, Y., Rev. Franç. Et. Clin. et Biol. (in prepara- 
on). 
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VIROLOGY 


Protection of Poliovirus-infected Tissue-culture 
Cells using the I-Benzyl, I-Pentyl and 
I-Isopropy! Derivatives of 2-(«-Hydroxybenzyl)- 
benzimidazole 


Tux selective protection given by 1-alkyl-2-(«-hydroxy- 
benzyl)benzimidazoles (I) to ERK cells, infected with 
types 1, 2, and 3 poliovirus, increases from the l-methyl 
to the l-propyl compound, the effect diminishing on 
passing to the 1-butyl compound!. In the case of HBB 
(I; R= H), the D-isomer exerts greater protective 
action than the pr-isomer?. In spite of a disparaging 
impression of this difference given by the last paragraph 
of our previous publication’, the results given therein 
indicate clearly that protection against types 1, 2 and 
3 poliovirus resides largely in the p-isomer. Kadin, 
Eggers and Tamm? have since shown that p-HBB has 
a greater offect than DL-HBB against the pathogenicity 
of type 2 poliovirus towards rhesus monkey kidney 
cells and that L-HBB offers these cells no protection 
under similar conditions. We have continued our in- 
vestigation of 1,2-disubstituted benzimidazoles by prepar- 
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Table 1. 1-SUBSTITUTED 2-(a-HYDROXYBENZYL)-BENZIMIDAZOLES (I) 


M.p. Yield Required (96) Found (96) 
R CS (€) Foma O0 H N OC EH N 
Pentyl 


117-8 55  Ca4B&4N,O0 770 75 95 77 
Isopropyl 178-9 39  C4H,N,.O 767 68 105 76 
Benzy 166-7 18  C4H,4N,0 804 57 89 80 
Table 2. INFLUENCE OF VARIOUS CONCENTRATIONS OF 1-BENZYL- 


2-(a-HYDROXYBENZYL)-BENZIMIDAZOLE ON THE ONSET OF OCYTOPATBIC 
EFFECTS IN POLIOVIRUS-INFEOTED ERK CELLS 


TOD,, Average time (to nearest 0-25 day) between inoculation 
Virus units of cultures and 50 per cent cell degeneration at 37° 
type per Infected HBB 1-Benzyl-HBB 
ml controls (100 4M) 25 uM 304M 404M 504M 
1 10*5 0-75 10 1:25 15 3:5 
1055 10 1:25 8:25 4-0 >50 
10:5 r5 175 40 >50 >50 
2 10° 0-75 1-25 2°75 3:5 -50 
1055 1:25 2:5 40 >50 >50 
10*5 1:75 3-75 >50 >50 >50 
3 10*5 0-75 1-0 1:25 1:25 1:75 
10*5 125 15 1-75 25 3-0 
10% 176 2-0 2-5 8:6 4265 


Examination of culture tubes ceased on the fifth day and uninfected control 
cultures were always still healthy on this day. 


ing the 1-pentyl, l-isopropyl and 1-benzyl derivatives 
of pt-HBB. 

o-Chloronitrobenzene was condensed with pentylamine 
and with isopropylamine by the method previously 
described!. N-Benzyl-o-nitroaniline, m.p. 73°-74°, was 
prepared in 91 per cent yield by heating o-chloronitro- 
benzene (1 mole) with benzylamine (2-5 moles) at 150° 
for 5 h, cooling, extracting with water, and crystallizing 
the residue from ethanol. In each case the substituted 
o-nitroaniline (1 mole) was reduced by hydrogenation 
and the diamine immediately condensed with mandelic 
acid (1 mole) in M hydrochloric acid (2-5 moles), following 
previous procedure’. 1-Pentyl- and  l-isopropyl-2- 
(«-hydroxybenzyl)-benzimidazoles were obtained as white 
needles and the 1-benzyl derivative as white prisms from 
aqueous methanol. Yields from this synthesis in Table 
l and in earlier publications'? are based on the sub- 
stituted o-nitroaniline. 

Preliminary testing was carried out by measuring the 
delay in onset of cytopathic change in ERK cells after 
infection with one of the type 1 (L Sc 2 ab), type 2 (P 


Average of reciprocals of survival times (days!) 





F 2 3 


Logi (virus dilution) 


Fig. 1. Lines obtained in assay of the protection given by compounds 

against cytopathic effects of M type 1. (1) Control line (test- 

compounds absent) (O); (2) HBB (100 uM) (x) and also 1-isopropyl- 

HBB (40 4M) (ID; (3) 1-Pentyl-HBB (40 uM) (6); (4) 1-Benzyl-HBB 

(50 uM) (A). Examination of cells was terminated on the fifth day after 

infection. Virus concentration (betore dilution) ~107° TCD,, units 
per ml. 
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Fig. 2. Protection against cytopathic effects of poliovirus type 2. 
Legend to Fig. 1 applies, but refers to the type 2 virus 
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Fig. 3. Protection against cytopathie effects of poliovirus type 3. 
Legend to Fig. 1 applies, but refers to the type 3 virus J 


712, Ch, 2 ab), and type 3 (Leon 12 ab)-viruses using the 
method previously outlined'?. | Results are summarized 
in Figs. 1, 2 and 3, where protections given by 40 uM 
l-isopropyl (line 2), 40 uM 1-pentyl (line 3) and 50 uM 
I-benzyl (line 4) derivatives are compared with that 
given by 100 uM pr-HBB and with infected controls. 
Plotted points lie on curves, but the functions may be 
considered to be roughly linear over a restricted range 
of ‘dilutions. Recent experiments show that 100 uM 
is the maximum concentration of each of the three 
1-substituted compounds that the cells will tolerate and 
that 210 uM is the maximum tolerated concentration of 
DL-HBB. Consequently, the relative effects shown in 
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Figs. 1, 2 and 3 need very slight adjustment. The 
compounds possess no poliovirus-inactivating properties 
outside the cells. Virus-inhibition and other results will 
be published elsewhere in due course. 

Results presented in Figs. 1, 2 and 3 and the data 
given in Table 2 indicate that 1-benzyl-2-(«-hydroxy- 
benzyl)-benzimidazole has outstanding performance. The 
selective protection that it gives to ZR cells, against the 
cytopathic effects of types 1, 2 and 3 poliovirus, 
approaches that given by the l-propyl derivative of 
HBB (PHBB). The l-pentyl derivative, while less 
impressive, still provides noteworthy protection against 
the types 1, 2 and 3 viruses, while the l-isopropyl 
derivative has activity of a similar order to that of DL- 
HBB itself. We hope to gain more information from 
study of the l-isobutyl, l-phenyl and 1-(«-hydroxy- 
benzyl) derivatives of HBB. 

We thank the National Fund for Research into Polio- 
myelitis and other Crippling Diseases for financial support. 
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Effect of 5-Fluorouracil on Antigenic 
Properties of Tobacco Mosaic Virus 


INCORPORATION of 5-fluorouracil (FU) into TMV 
particles is claimed to exert a number of biological 
effects. Although the ability to initiate local lesions by 
equal quantities of normal and FU substituted virus 
is not significantly different, less virus is produced in 
a systemic host when substituted TMV is used as the 
inoculum’. Another aspect of FU incorporation is 
the increased sensitivity of substituted virus towards 
ultra-violet irradiation?. In the last case at least, the 
biological response could be traced to the altered nucleic 
acid component of the virus, in analogy to biological 
systems of higher organization>. 

On the other hand, when the-protein coat of the FU 
substituted TMV was analysed, no alterations in the 
composition of amino-acids could be detected*. However, 
there are no reports on the possible effect of FU on the 
sequence of amino-acids in the TMV protein, which 
would have greater bearing on the biological response 
of such viruses. That such a possibility should be ex- 
pected could be deduced from work with bacteria‘, 
where FU, which is known to enter primarily messenger 
RNA, radically changes the quality of enzymes produced. 
In this respect a useful criterion regarding the nature 
of the protein coat of FU-TMV could be the determin- 
ation of its antigenic properties. 

We have already recorded’? decreased serological 
activity of partially purified extracts obtained from 
TMV-infected, FU-treated plant material. In order to 
determine whether this was solely due to decreased 
virus multiplication, or also due to altered antigenicity 
of virus particles, in this report serological activities of 
standardized preparations of normal and FU-containing 
virus were examined. 

To propagate TMV (isolate ‘Mostar’), leaves of Nicotiana 
tabacum var. ‘White Barley’ were used. Incorporation 
of FU into virus particles has been described previously?. 
Virus preparations were purified by differential centri- 
fugation and standardized in their concentrations. ` Two 
FU containing virus preparations were used, and a non- 
substituted preparation served as control. -Serological 
micro-reactions were performed in a drop on a microscope 
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Table 1. SEROLOGICAL ACTIVITIES OF NORMAL AND FU SUBSTITUTED VIRUSES 














Virus Type of micro-serological 
preparation reaction 1 1:2 
ITMV—FU On microscopic slide + + 
Under paraffin oil + + 
Il TMV—FU On microscopic slide + + 
Under paraffin oll + + 
TMV control On microscopic slide + + 
Under paraffin oil T t 








Serial dilutions of virus suspensions 





i:a | 1:8 | 1:16 | 1:82 | 1:64 | 1:128 | 1:256 | 1:512 | 
[29m 

+ + + + + - - | - 

+ + + + + + - | =- 

+ + + + + - EP t 

+ + + + + + - - 

+ + + + + - - - 

4 + + + + + - z 





slide, according to the method of Limasset and Augier 
de Montgremier? and Limasset? and in a drop under 
paraffin oil, according to the method of Slogteren!?. 
The latter method is characterized by a specific precipitate 
formed in the drop at the bottom of a Petri dish. 

To follow serological reactivity, virus preparations were 
serially diluted 1:2, up to a total dilution of 1: 1,024. 
For serological analyses, TMV antiserum, produced in 
the Laboratory for Flower Bulb Research (Lisse, Holland), 
was used. From that antiserum, non-specific anti- 
bodies were removed by absorption. For controls, 
normal serum or physiological saline was used. 

In Table 1 it can be seen that positive reactions have 
been obtained up to a dilution 1:64, using the first 
method. No differences between the two substituted 
virus preparations were evident, and reactivity is the 
same as in control preparations. The paraffin-oil drop 
method proved to be more sensitive, and positive re- 
actions were obtained with the same virus preparations 
with dilutions up to 1:128. Again, as may be deduced 
from Table 1, viruses containing FU showed the same 
reactivity as control preparations. 

These findings, therefore, argue ageinst an effect which 
FU incorporation might have on the antigenic properties 
of the TMV coat protein. However, it is still necessary 
to determine whether the protein coat in the two types 
of TMV may still not differ in some subtle property. 

We thank F. Hoffmann-La Roche Co., Basle, Switzer- 
land, for the generous gift of 5-fluorouracil, and Dr. A. 
Beéarevié for helpful discussion. 
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PSYCHOLOGY 


Ageing and Noise in the Visual System 
Tur differential visual thresholds of a group of children 
aged 8-10 years and & group of adults aged 18-22 years 
have been compared using a technique similar to that 
used by Gregory and Kendon!. Subjects were asked to 


vary the intensity of a test spot 3 mm in diametor in a 
field 100 mm long by 25 mm high at a distance of 2°5 
m. A series of eight different intensities of the back- 
ground field was used and each subject was given one 
series with the background intensity increasing and onc 
series decreasing. The results of these experiments for 
the two groups of ten subjects are shown in Fig. 1 by 
plotting AI against I, where AI is the difference between 
the intensity of the background and of the test spot for 
the spot to be correctly located and I is the intensity of 
the background field. The results of trials with the 
background intensity increasing and decreasing are 
pooled, the justification for this being that the same 
result is achieved by plotting the results from the two 
series of trials separately. It will be seen that at every 
level of illumination used the adults had a lower threshold 
than the children. 


AI (ft. lamberts) 





1:50 2-00 


2:50 


I (ft. lamberts) 


Fig. 1. Data for differential visual thresholds for adults and children. 
The best fitting line for the two sets of data was found using the method 
of least squares. 6, Children; O, adults 


It is of interest to compare these results with those of 
a similar experiment by Gregory and Kendon! in which 
& progressive rise in the slope of AI against I was found 
with age from the 20s to the 70s. Our child subjects 
seem to have achieved similar results to Gregory and 
Kendon's older subjects: if we put the two sets of results 
together it appears that the overall age trend is not 
progressive but shows a reversal in young adulthood. 

It has become customary to attribute such threshold 
changes with ageing to an increase in neural noise as a 
person grows older. The treatment of vision as an in- 
formation source and noisy channel is derived from signal 
detection theory and when applied to ageing holds that 
the signal-to-noise ratio diminishes with age. Such an 
explanation is consistent with two further findings: 

(a) EEG records of older people tend to show a lowering 
of general levels of activity and slowing of the dominant 
rhythms, but some relative rise of what appears to be 
fairly fast random activity. 

(b) CFF falls from adulthood onwards. Flicker fusion 
in these terms can be thought of as occurring at the point 
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at which the difference between peak and trough of 
illumination is too small to be distinguished. This point 
will depend on the signal-to-noise ratio in the sense 
that when this is low the distinction between peak and 
trough will become blurred. Weale? has shown that some, 
perhaps most, of the fall of CFF during middle and old 
age can be attributed to alteration of light reaching the 
retina, that is, to lower signal strength, due to peripheral 
changes in the eye, but some seem clearly to be due to 
other causes and may reflect a fall of signal strength or 
2 rise of noise-level in central mechanisms. 

These EEG and CFF findings are also true of children 
who tend to show more fast EEG activity and lower 
CFF than young adults. 

The reasons for decline of signal-to-noise ratio in older 
people are commonly assumed to be the loss of functional 
cells which occurs progressively throughout life. The 
loss would tend to lower signal strength while the lower 
number of brain cells would mean that there was less 
averaging of random activity and thus, in effect, a rise 
of noise-level. It has also been suggested that shortly 
before destruction nerve cells tend to show an increase 
of spontaneous activity, which would constitute a form 
of noise in the nervous system. 

Clearly these explanations cannot apply to children. 
Any explanation of the similarity between older adults 
and children in this matter must be Speculative, but & 
possible reason might be that, as suggested by Hebb, 
there is an increased patterning during childhood of the 
connexions between nerve cells, and that this patterning 
results in an effective increase in the number of discrete 
funetional units. 
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Falling Efficiency at Sorting Cards during 
Acclimatization at 19,000 ft. 


DunrwG the course of the Himalayan Scientific and 
Mountaineering Expedition 1960-61 (ref. 1) the members 
sorted cards three times, a practice at a height not much 
above sea-level, and then two tests at 19,000 ft. Before 
the first test the average stay at 19,000 ft. had been 
2 weeks, with an additional 6 weeks at 15,000 ft. Between 
the two tests an additional average of 9 weeks had beon 
spent at 19,000 ft., plus 2 weeks at 15,000 ft. Adoquate 
data were available for only three members of the expedi- 
tion, whose ages ranged from 23 to 32 years. A compar- 
able group of eleven research scientists from the Applied 
Psychology Research Unit was therefore collected, 
covering the same range of agos and academic experience. 
These men sorted cards with the same card-sorter three 
times in Cambridge, separated by the same average time- 
intervals. Table 1 shows that the number of delayed 


Table 1 
Height 
above Mean percentage of 
sea-level Age delayed responses 
(ft.) (years) Test Test Differ- 
1 2 ence 
J. B. W. 32 2°66 2:87 0:21 
19,000 J. S. M. 30 2-86 4:05 2-00 
M. B. G. 23 2:04 3°48 1:44 
Mean of 3 men 28 2.52 3°77 125* 
« 50 Mean of 11 men 30 3:07 2:88 —0:24* 


.* Two groups reliably different (P « 0-05 on a two-tailed Mann-Whitney U 
test (ref. 3)). 
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responses increased aftor acclimatization at 19,000 ft., 
whereas it fell slightly at about sea-level. 

Each man had to sort packs of cards continuously for 
30 min into boxes according to suit. The time at which 
each card fell into a box was recorded automatically on. 
magnetic tape. A fuller description of the apparatus is. 
given in Poulton e£ al.2.. The errors of classification, 
which averaged about 4 per test in the two tests both 
at 19,000 ft. and at about sea-level, were recorded by the. 
experimenter. To be counted as delayed, the recorded 
time-interval betwoen a response and the previous response 
had to exceed 2-0 sec. The increase in the percentage of 
delayed responses at 19,000 ft. was reliably greater than 
the change in the control group at sea-level; a difference 
in mean rank order as large as that between the two. 
groups would have occurred by chance less often than once- 
in 20 experiments’. 

So far as we know this is the first time that a statistically 
reliable change in performance has been reported in men 
during acclimatization at such heights. That the change 
was for the worse is compatible with the observation that 
“all members of the party lost weight at a rate of 1-3 Ib. 
(0-45-1-36 kg) a week at 19,000 ft. (5,790 m)" (ref. 1). 
Previous work on acclimatization to height has simply 
compared the performance of men at different heights up 
to 17,500 ft. after they had become acclimatized to that 
height*:5. 

Tho tape-recordings from the experimental and control 
groups were made in different places at different times, 
and any discrepancies which could have been produced 
in this way inevitably confound the differences reported. 
betweon the two groups. By comparing the differences 
for each individual between tests 1 and 2, this criticism 
has been taken care of as far as it is possible to do so, 
since any constant added to the results of both tests 1 
and 2 will have been eliminated. But the effect of a 
constant multiplier, if present, has not been eliminated. 
The possibility of an artefact is difficult to rule out com- 
pletely when comparing the course of acclimatization in a 
remote but natural environment with the effect of time 
alone on a control group. 

A second task, number checking, showed no reliable 
change in performance over that of the control group 
until a height of 24,400 ft. was reached. This was pre- 
sumably due to the insensitivity of the task’, since 
reliable changes in performance on many tasks are re- 
corded at heights above 10,000—15,000 ft.". 

This work was carried out under the direction of Dr. 
L. G. C. E. Pugh and Mr. D. E. Broadbent. We also 
thank Dr. J. A. Leonard for help in designing the card 
sorter, the members of the Expedition and of the Applied 
Psychology Research Unit for acting as experimental 
subjects, and the Medical Research Council for financial 
support. 
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FORTHCOMING EVENTS 


Tuesday, July 28 


SOCIETY FOR ANALYTIOAL CHEMISTRY, PHYSIOAL METHODS GROUP (joint 
meeting with the Polarographic Society, at the Chemical Soctety, Burlington 
House, Piccadilly, London, W.1), at 6.30 p.m.—Dr. Dale J. Fisher oe 
Ridge National Laboratory, Tennessee): ‘‘Controlled Potential D.C. 
Polarography”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: : : 

RESEARCH OFFIOER (male) for work on helminths of economically impor- 
tant marine fish—The Director, Commonwealth Bureau of Helminthology, 
The White House, 103 St. Peter's Street, St. Albans, Hertfordshire (July 30). 

LEOTURER (botanist specializing in biochemistry or biochemist) IN BOTANY 
—The Registrar, The University, Manchester 13 (July 31). 

LECTURER (with a good honours degree, and teaching and/or research 
experience in one or more of the fields of general, social, occupational or 
experimental psychology) IN PSYCHOLOGY IN THE FAOULTY OF SOCIAL 
STUDIES, University of Nigeria, Nsukka, Eastern Nigeria—The London 
os TAG University of Nigeria, 83 Craven Terrace, London, W.2 

uly 31). 

MATHEMATICIAN or SCIENTIST (not under 26 years of age, with at least a 
second-class honours degree or equivalent, and three or more years post- 
graduate research experience) in the Radiobiological Protection Division of 
the United Kingdom Atomic Energy Authority Health and Safety Branch, 
to apply mathematical techniques to biological problems—The Admin- 
istration Officer, U.K.A.E.A., Health and Safety Branch, Harwell, Didcot, 
Berkshire, quoting Ref. H.35/J14 (July 31). 

RESEAROH ASSISTANT and a RESEARCH STUDENT IN THE DEPARTMENT 
OF MEDIOAL PHYSIOS, to work on the absorption of ionizing particles in 
liquids—Prof, H. A. B. Simons, Royal Free Hospital School of Medicine 
(University of London), 8 Hunter Street, London, W.C.1 (July 31). 

.RESEAROH ASSISTANT (Computer Programming) (with a university degree 
with mathematics as either a main or subsidiary subject) IN STATISTICAL 
ECOLOGY IN THE DEPARTMENT OF BOTANY, for work concerned with the 
preparation and running of computer programmes for the statistical analysis 
of vegetation by multivariate metho The Secretary and Registrar, The 
University, Southampton (July 31). . K 

.ASSISTANT LEOTURER, Grade “B” (qualified pharmacist, biochemist or 
biologist) IN APPLIED BIOLOGY in the Department of Science—The Principal, 
eon College, Butts, Coventry, marking envelope “application 

ugust 1). 

RESEARCH ASSISTANT (with an honours degree in physics or equivalent 
qualification and some research experience) IN PHysics to work on nuclear 
magnetic resonance in liquid metals and alloys—The Registrar, The Univer- 
sity, Sheffield (August 1). : 

THEORETIOAL PHYSIOAL CHEMIST (honours graduate, preferably with 
Ph.D., and previous experience in the mathematical treatment of physico- 
chemical systems), to study the theoretical aspects of the micropore struc- 
ture/gas absorption of porous carbons—The Assistant Secretary, Ref. A.b, 
ae ao Coal Utilization Research Association, Leatherhead, Surrey 

ugust 1). 

DEPARTMENTAL GRADUATE ASSISTANT IN THE DEPARTMENT OF PHYSICS 
to work in the fleld of geophysical hydrodynamics and magneto-hydro- 
dynamics—The Registrar, The University, Newcastle on Tyne, 2 (August 7). 

LECTURER or SENIOR LECTURER (with a higher degree in zoology, evidence 
of competence and interest in research in a field of vertebrate zoology (pre- 
ferably ecological or behavioural studies), and experience in university 
teaching) IN ZOOLOGY at the University of Queensland, Australia—The 
Secretary, Association of Commonwealth Universities (Branch Office), 
ee House, Pall Mall, London, S.W.1 (Brisbane and London, 

ugust 7). 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF GENETICS 
to teach the genetics of micro-organisms—The Registrar, The University, 
Liverpool, quoting Ref. CV/24 (August 8). 

ASSISTANT LECTURER (with an honours degree in pharmacy and preferably 
specialized in pharmacognosy, and an interest in phytochemistry) IN PHAR- 
MACY—The Registrar, The University, Manchester, 13 (August 8). 

. LEOTURER IN BIOCHEMISTRY—The Secretary, Royal Free Hospital School 
or Meale ae (University of London) 8 Hunter Street, London, W.C.1 

ugust 8). 

PRINOIPAL ELEOTRONIOS ENGINEER (physicist/engineer) to take charge of 
part of the programme of development of fishing vessels and their equipment 
—The Technical Director, White Fish Authority, Industrial Development 
Unit, Saint Andrew’s Dock, Hull, East Yorkshire (August 8). 

RESEARCH FELLOW (with at least a Ph.D. degree in chemistry or bio- 
chemistry) in the Division of Forest Products, Commonwealth Scientific 
and Industrial Research Organization, South Melbourne, Victoria, Australia, 
to participate in a programme concerned with the polyphenolic extractiyes 
and exudates of wood, their infiuence on the properties of wood, and also 
with the various factors controlling the formation of these substances by the 
tree—Chief Scientific Liaison Officer, Australian Scientific Liaison Office, 
num Fouse, Kingsway, London, W.C.2, quoting Appointment No. 290/697 

ugust 8). 

LECTURER IN FUEL TECHNOLOGY AND CHEMIOAL ENGINEERING—The 
Registrar, The University, Sheffield (August 10). 

EOTURER IN SOCIOLOGY OR ANTHROPOLOGY; and a LEOTURXR IN SOCIAL 
PsyoHOLoGy at Makerere University College, Uganda—The Secretary, 
Inter-University Council for Higher Education Overseas, 33 Bedford Place, 
London, W.0.1 (August 14). 

Puysiotst (with a good degree and interest in agricultural meteorology 
and preferably some research experience) for work on water use by plants 
and the effects of light on plant growth—The Secretary, Rothamsted Experi- 
mental Station, Harpenden, Hertfordshire (August 15). 

RESEAROH FELLOW (with a Ph.D. in metallurgy or physics or equivalent 
qualifications together with some research experience in physical metallurgy 
or metal physics, and preferably experience with modern electron micro- 
scopic or X-ray crystallographic methods) in a newly established D.S.I.R. 
Research Group on the structure and properties of alloy steels, under the 


. direction of Professor of Physical Metallurgy—The Registrar, The University, 


Sheffield (August 15). 
TUTORIAL ASSISTANT; and RESEARCH ASSISTANTS (2) IN THE DEPARTMENT 
ek AE. e Registrar, University College of Wales, Aberystwyth 
ugus! s 
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LECTURER (Clinical) IN THE DEPARTMENT OF PATHOLOGY— The Assistant 
Registrar, Medical School, The University, Birmingham, 15 (August 17). 

M. C. SMITH LEOTURER IN PATHOLOGY (Cancer Research)—The Assistant 
Registrar, Medical School, The University, Birmingham, 16 (August 17). 

SENIOR LECTURER IN CIVIL ENGINEERING— The Registrar, The University, 
Sheffield (August 17). í 

ASSISTANT LECTURER or LECTURER IN BIOCHEMISIRY—The Dean, Guy's 
Hospital Medical School, London Bridge, London, S.E.1 (August 18). 

READER (with a record of scholarship in the field of experimental psy- 
chology) IN PsyoHoLOGy—The Registrar, The University, Hull (August aa 

DS LR. RESEARCH ASSISTANT (physical chemist preferably with researc. 
experience of reaction kinetics and/or solid state measurements), to work 
on a research project concerned with the solid state properties of carbon in 
relation to catalytic activity—The Secretary, Queen's College (University of 
St. Andrews), Dundee, Scotland (August 24). N 

LEOTURER IN PHYSIos at the University of Sydney, Australia— The 
Secretary, Association of Commonwealth Universities (Srann Offce), 
Mariboroggh House, Pall Mall, London, S.W.1 (Australia and London, 
August 28). 

ASSISTANT LIBRARIANS (2) (graduates with university library experience 
and/or professional qualifications)—The Registrar, The University, Sheeld 
(August 29). s " ' 

ASSISTANT KEEPER (with some training and an interest in taxoncmy, 
preferably in that of cryptogamic plants) IN BOTANY at the Manchester 
Museum—The Registrar, The University, Manchester, 13 (August 31). . 

SENIOR RESEAROH OFFICER (with a special knowledge, preferably with 
research experience, in some branch of numerical or non-numerical analysis) 
—The Director, University Computing Laboratory, 9 South Parks Road, 
Oxford (August 31). r : . 

PUBLIO ANALYST (Fellow of the Royal Institute of Chemistry with the 
Branch E Certificate or Diploma) for the City of Southampton—The Town 
Clerk, Civic Centre, Southampton (September 1). g 

LEOTURERS/SENIOR LECTURERS (2) (graduates in medicine, science or 
veterinary science of honours standard or equivalent, with appropriate 
teaching and research experience in physiology) in the School of Physiology, 
The University of New South Wales—The Agent General for New South 
Wales, 56-57 Strand, London, W.C.2; and The Appointments Section, 
University of New South Wales, Box 1, Post Office, Kensington, New South 
Wales, Australia (September 4). 

SENIOR LECTURER or LECTURER IN MICROBIAL OR MOLECULAR GENETICS; 
and a SENIOR LECTURER or LECTURER IN COMPARATIVE or CELLULAR PHY- 
SIOLOGY IN THE DEPARTMENT OF ZOOLOGY, University of Melbourne—The 
Secretary, Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, 8.W.1; or The Registrar, University 
of Melbourne, Parkville, N.2, Victoria, Australia (Australia, September 15). 

UNIVERSITY LEOTURER (with evidence of ability and experience in teaching 
or research in animal nutrition, and preferably an interest in ruminant 
nutrition) IN ANIMAL NUTRITION— Ihe Secretary, University of Cambridge 
School of Agriculture, Cambridge (September 15). 

CHAIR OF BIOCHEBUSTRY—The Registrar, University of Newcastle upon 
Tyne, 6 Kensington Terrace, Newcastle upon Tyne, 2 (September 26). 

SECOND CHAIR OF PHYSICS at the University of Canterbury, New Zealand 
—The Secretary, Association of Commonwealth Universities (Branch Office). 
Marlborough House, Pall Mall, London, 8.W.1 (London and New Zealand, 
September 30). 

CHAIR OF ELECTRICAL ENGINEERING—The Secretary, The Queen's Umi er- 
sity, Belfast, Northern Ireland (October 10). 

CHAIR OF ORGANIO CHEMISTRY at the University of Adelaide, South 
Australia—The Secretary, Association of Commonwealth Universities 

ge Marlborough House, Pall Mall, London, S.W.7 (Australia, 

ctober 31). 

ASSISTANT LECTURER (suitably qualifled metallurgist or mechanical 
engineer, preferably with research experience) IN THE METALLURGY DEPART- 
MENT—Prof. A. V. Bradshaw, Royal School of Mines, Prince Consort Revd, 
London, S.W.7. . 

ASSISTANT LECTURER (with qualifications in physics, chemistry and 
chemical engineering together with three years’ research experience) IX THE 
DEPARTMENT OF CHEMICAL ENGINEERING AND CHEMICAL TECHNOLOGY. to 
work in the fleld of transport properties at high pressures—Head of the 
Department of Chemical Engineering and Chemical Technology, Imperial 
College of Science and Technology, London, 8.W.7. 

GASSIOT RESEAROH FELLOWS at the Meteorological Office, one for research 
in seismology and the other for research in geomagnetism— The Secretary. 
Meteorological Office, London Road, Bracknell, Berkshire. 

HEAD (with high academic qualifications and a substantial combination 
of teaching, research and industrial experience) of the Department of Che mis- 
try—The Academic Registrar, Brunel College, Woodlands Avenue, Acton, 
London, W.8. 

IMMUNOLOGIST (national of the United Kingdom or the Republic of 
Ireland, with a good honours degree in zoology or microbiology or a regis- 
trable qualification in veterinary science, and some laboratory experience 
preferably in the immunological field) at the Veterinary Research Labora- 
tories, Kabete, Kenya, to i ir hes problems of artificial immunity to 
trypanosomiasis in livestock; duties may also include studies on the blo- 
nomics of the vector tsetse flies—The Department of Technical Co-operation, 
Room 301, Eland House, Stag Place, London, S. W.1, quoting Ref. RC217/95; 


07. 

JUNIOR TEOHNIOAL OFFICER (with at least G.C.E. at "A" level in two 
science subjects, including one in a biological subject, if below the age cf 22, 
or à pass degree for age 22 and over) in a Group working on mouse genetics 
—The, Administrator, Radiobiological Research Unit, Medical Research 
Council, Harwell, Didcot, Berkshire, quoting Ref. MFL/3. 

LECTURER IN THE DEPARTMENT OF METALLURGY to lecture and to carry 
out research in physical metallurgy—The Registrar, The University, J.iver- 
pool, quoting Ref. CV/242/N (September 19). 

LECTURER/ASSISTANT LECTURER IN CHEMICAL ENGINEERING, to take a 
particular interest in process control—The Secretary and Registrar. Bristol 
geere ot Science and Technology, Ashley Down, Bristol, 7, quoting Ref. 

LECTURER IN PHYSICAL CHEMISTRY for dutiesin the B.Sc. Special Chernistry 
and B.Sc. General courses—Clerk to the Governing Body, Northern Poly- 
technic, Holloway, London, N.7. 

LECTURER IN THE APPLIED PHYSICS SECTION to teach general physic: and 
research in photoelectronies, vacuum physics, etc.—Prof. J. D. McGee. 
Thysios Department, Imperial College of Science and Technology, Londen, 

DT 

LECTURER or ASSISTANT LECTURER IN GEOGRAPHY— The Secretary, Sir 

John Cass College, Jewry Street, London, E.C.3. 
. MARINE BIOLOGIST (with an honours degree in natural science, preferably 
in biology or zoology, and one year's postgraduate expericncein appropriate 
research work, preferably in fisheries research or work of value in marine 
biology) at Hong Kong, to investigate and controlinvertebrates and minute 
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organisms of marine life and their ancillary problems which would normally 
arise as a result of the changeover of a salt-water lake to fresh-water—The 
Appointments Officer, Room 301, Department of Technical Co-operation, 
Fland House, Stag Place, London, S.W.1, quoting Ref. RC.289/81/01. 

MUSEUM TECHNICIAN (man or woman with experlence in the pre aration 
and arrangement of zoological material for museum display)—The Professor 
of Zoology, The University, Hull. , 

Posrz-DOCTORAL FELLOW for work on the chemistry of epimino-sugars— 
Dr. R. D. Guthrie, The Chemical Laboratory, University of Sussex, Brighton, 
Sussex. 

RESEARCH ASSISTANT (recent graduate or graduating this year Hons.B.Se, 
in biochemistry, physiology or veterin science) to Dr. W. J. O’Connor. 
Department of Physiology, to study water and sodium balance of dogs— 
Dr. W. J. O'Connor, Reader in Renal Physiology, Department of Physiology, 
Medical School, The University, Leeds, 2. z 

RESEARCH OFFIOER (Entomologist) (national of, and permanently resident 
in, Great Britain or the Republic of Ireland, with an honours degree in 
biology and appropriate postgraduate experience) with the East African 
Common Services Organization, to plan and carry out research on the biology 
of Malaria-carrying mosquitoes in East Africa, and to direct field and 
Laboratory work of an established entomological research team—The 
Department of Technical Co-operation, Room 404, Eland House, Stag 
Place, Victoria, London, S.W.1, quoting Ref. No. RC205/173/02. 

RESEARCH STUDENTS (2) (with a good honours degree in geology) IN THE 
DEPARTMENT OF GEOLOGY—Head of the Department of Geology, Chelsea 
College of Science and Technology, Manresa Road, London, S.W.3. 

SENIOR CHEMIST in the Division of Biochemistry, The Laboratories, 
Belfast City Hospital, for duties which willinclude the supervision of routine 
Investigations and the development of new analytical procedures—The 
Group Secretary, South Belfast Hospital Management Committee, Belfast 
City Hospital, Belfast 9, Northern Ireland. 

VERTEBRATE PALAEONTOLOGIST IN THN DEPARTMENTS OF GEOLOGY AND 
Zooroay with duties in teaching and research—Head of either the Depart- 
ment of Geology or the Department of Zoology, University of Alberta, 
Edmonton, Alberta, Canada. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


Government of Northern Ireland: Ministry of Agriculture.  Leaflet 
No. 57: Have Eggs of First Quality. Pp. 7. Leaflet No. 80: Hoose (or 
‘Husk’). Pp.4. Leaflet No. 138: Separated Milk and Milk Powder for Stock 
Feeding. Pp.4. (Belfast: Ministry of Agriculture, 1964.) 1225 

Biochemistry: The Study of the Molecular Basis of Life. By Prof. Edwin 
A. Dawes. (Inaugural Lecture delivered in the University of Hull on 7 
February 1964.) Pp.31. (Hull: The University, 1904.) 4s. net. [225 

Nuclear Power for Ship Propulsion: Report of the Working Group on 
Marine Reactor Research. Pp. 22. (Cmnd. 2358). (London: H.M. Station- 
ery Office, 1964.) 1s. 6d. net. 2 [225 

University of Cambridge: Department of Engineering. Report of the 
Head of the Department for the year 1902-63. Pp. 14. (Cambridge: The 
University, 1964. : [225 
port of the Furniture Industry Research Association, 


Third Annual 
1968. Pp. 16. (Stevenage: The Furniture Industry Research Entro 
1964. 

FM Register Office. Census 1961: England and Wales. County 
Report—Herefordshire. . Xxili-- 61. 15s. net. County Report—West 
Suffolk. Pp. xxiil+55. 14s. net. (London: H.M. Stationery Office, 
1964.) 


225 

Department of Scientific and Industria] Research. A Select List of. Medion 

Serials held in the N.L.L. Pp. ii+72. (Walton, Boston Spa: The National 

Lending Library for Science and Technology, 1964.) [225 

Meteorological Office. Weather in the Mediterranean, Vol. 2. Second 

edition. Pp. viii+372. (M.O. 391b.) (London: H.M. Stationery Office, 
1964.) 


[225 

Bee Research Association. Save Our PollinatingInsects. Pp. 6. (Chalfont 
Heights, Gerrards Cross: Bee Research Association, 1964.) 5 
Chelsea College of Science and Technology. Prospectus, 1964-65. Pp. 40. 
(London: Chelsea College of Science and Technology, 1964.) 225 
The Institution of Gas Engineers. Publication 653: Natural Gas in the 


Netherlands. By J. G. de Voogd. Pp. 22. Publication 654: Gasification 
of Liquid Hydrocarbons. By Prof. Carlo Padovani. . 12. Publication 
655: eriences in Oil Gasification at Bilston. By C. L. Maxey. Pp. 19. 


Publication 656: Economic and Statistical Research—Some Applications 
in the Gas Industry. By George Polanyi and H. G. Berrisford. . 20. 
Publication 657: The Development of Gas Production in the South West. 
By G. F. Oliver and Dr. M. J. F. Olden. Pp. 29. Publication 658: All 
Change! By H. Teasdale. Pp. 11. Publication 659: Fire Protection 
of Liquid Petroleum Gas Storage Tanks. By G. A. Bray. Pp. 9. Publica- 
tion 660: Official Programme, 101st Annual General Meoting, Blackpool, 
1st to 5th June, 1964. Pp.12. (London: The Institution of Gas Engineers, 
1 


904. [225 
Royal Observatory Bulletins. No. 81: Photographic Zenith Tube: 
Instrument and Method of Reduction. By D. V. Thomas. Pp. B195-B217. 
4s. 6d. net. No. 83: Time and Latitude Service 1903, July-September. 
Pp. B221—B240. 3s. 6d. net. (London: H.M. Stationery Office, 1964.) [226 
Filmstrip: Some Experimental Evidence for Atomic Structure. By E. W. 
Moore and A. Green. 32 frames (in colour) Notes. Pp. 34. (Surbiton: 
Marian Ray, 30 Villiers Avenue, 1964.) Film and notes 30s. [225 


Other Countries 


United States Department of the Interior: Geological Survey. Bulletin 
1043-E: Recognition Criteria of Igneous and Metamorphic Rocks on Aerial 
Photographs of Chichagof and Kruzof Islands, Southeastern Alaska. By 
J. S. Pomeroy. Pp. iv+87+110. Bulletin 1142-L: Geology, of the Tintic 
Junction Quadrangle, Tooele, Juab, and Utah Counties, Utah. By Hal 
T. Morris. Pp. iii+23+plate 1. Bulletin 1154: Geology and Ore Deposits 
of the Bokan Mountain Uranium-Thorium Area, Southeastern Alaska. 
By E. M. MacKevett, Jr. Pp. vi+125+plates 1-5. Bulletin 1180-B: 
The Helderberg Group and the Position of the Silurian-Devonian Boundary 
in North America. y Jean M. Berdan. Pp. iii+19. Bulletin 1182-D: 
Relation Between Specific Gravity and Iron Content of Rocks from the 
Red Mountain Formation, Alabama. By Richard P. Sheldon. Pp. iii+17. 
(Washington, D.C.: Government Printing Office, 1903 and 1964.) [16 
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United States Department of the Interior: Geological Survey. Water- 
Supply Paper 1419: Geological and Hydrologic Features of the San Bernard- 
ino Area, California, with Bpecia] reference to Underflow Across the San 
Jacinto Fault. By L. ©. Dutcher and A. A. Garrett. Pp. vi+114+ plates 
1-19. Water-Supply Paper 1499-F: Water Resources of the Baltimore 
Area, Maryland. By E. G. Otton, R. O. R. Martin and W. H. Durum. 
I vi+ 105+plates 1-3. Water-Supply Paper 1574: Quality of Surface 

aters of the United States, 1958. Paris 9-14: Colorado River Basin 
to Pacific Slope Basinsin Oregon and Lower Columbia River Basin. Prepared 
under the direction of S. K. Love. Pp. xiii+487. Water-Supply Paper 
1597: Geology and Ground-Water Resources of the Upper Grande Ronde 
River Basin, Union Gounty, Oregon. By E. R. Hampton and 8. G. Brown. 
Ep. v+99+ plates 1-6. Water-Supply Paper 1606: Geology and Ground- 

ater Resources of Montgomery County, Alabama. By D. B. Knowles, 
E. L. Reade, Jr., and J. C. Scott. Pp. V 76-4 plates 1-15. Water-Supply 
Paper 1562-A: Floods of J: anuary-February 1957 in Southeastern Kentucky 
and Adjacent Areas. Pp. iv+195. (Washington, D.C.: 
Printing Office, 1963 and 1964.) 1 

United States Department of the Interior: Geological Survey. Water- 
Supply Paper 1659: An Appraisal of Potential Ground-Water Salvage 
Along the Pecos River between Acme and Artesia, New Mexico. By R. W. 
Mower, J. W. Hood, R. L. Cushman, R. L. Borton and 8. E. Galloway. Pp. 
viii+- 98 +plates 1-10. Water-supply Paper 1667-B: Deposition and 
Solution of Manganese Oxides. By John D. Hem. Pp. iv+42. Water- 
Supply Paper 1669-V. Ground Water in the Lower Arkansas River Valley, 
Arkansas. By M. S. Bedinger and H. G. Jeffrey, Pp.iii--17 EA 1-6. 
Water-Su ply Paper 1669-W: The Yield of Sedimentary Aquifera of the 
Coastal Plain, Southeast River Basins, By. Joseph T. Callahan. Pp. 
iv+56+plate 1. Water-Supply Paper 1688; Magnitude and Frequency of 
Floods in the United States, Part 13: Snake River Basin. By C. A. Thomas, 
H. OC. Broom and J. E. Cummans. Pp. xi+250+plates 1-5. Water- 
Supply Paper1752: Ground-Water Resources of North-Central Connecticut. 
By Robert V. Cushman. Pp. v+ 96--plates 1-3. Water-Supply Paper 
1767-B: Ground-Water Resources of the Bengasi Area, Cyrenaica, United 
Kingdom of Libya. By W. W. Doyel and F. J. Maguire. Pp.iii--21. Water 
Supply Paper 1757-G: Ground Water in the Sirte Area, Tripolitania, United 
Kingdom of Libya. By William Ogilbee. Pp. iii+14. Water-Supply 
Paper 1779-R: Snowmelt Hydrology of a Sierra Nevada Stream. by 
S. E. Rantz. Pp.iv--80. (Washington, D.C.: Government Printing Office, 
1963 and 1964). [16 

United States Department ofthe Interior: GeologicalSurvey. Professional 
Paper 385: Geology and Minera] Deposits of the Mount Morrison Quadrangle. 
Sierra Nevada, California. By C. Dean Rinehart and Donald C. Roms. 
Pp. v+ 106+ plates 1-7, Professional Paper 419: Miocene Marine Mollusks 
from the Astoria Formation in Oregon. By Ellen J. Moore. Pp. iv+109+ 
plates 1-33. Professional Paper 422-A: Morphology and Hydrology of a 
Glacial Stream—White River, Mount Rainier, Washington. By bert 
K. Fahnestock. Pp. iv+70. Professional Paper 427-À: Desoription of 
Physical Environment and of Strip-Mining Operations in Parts of Beaver 
Creek Basin, Kentucky. By John J. Musser. Pp. ifi+25+plates 1-7. 
Professional Paper 432: Upper Cretaceous (Campanian and Maestrichtian) 
Ammonites from Southern Alaska. By David L. Jones. Pp. iv + 53+ plates 
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NE reason given in the Plowden Report for the 
changes recommended in the organization of the 
Services representing Britain overseas is the increasing 
importance of the duties which these Services have now 
acquired in connexion with giving British aid and the 
‘administration of technical assistance abroad. Again, 
while Prof. P. M. S. Blackett did not suggest that tech- 
nical aid was a reason for expanding our universities in 
his Granada Lecture in October 1963, he did point out 
that such expansion would enable Britain to play a much 
more vigorous part in assisting the progress and welfarc 
of the new and emerging nations, and he instanced 
three ways in which Britain could help. Two of thesc 
directly concerned the universities—the provision of 
academic and other professional staff on secondment at 
request, and the provision of wider training facilities in 
Britain’s universities, especially postgraduate. In recent 
debates in the House of Lords on the problem of leisure 
and on the Newsom Report, reference was made to the 
importance of Voluntary Service Overseas, both from this 
point of view of technical aid and from that of affording 
opportunity for expression of the altruism of youth. 

In view of this widespread interest in technical aid, 
both as such and from varying points of view, particular 
interest attaches to the various publications of the Over- 
seas Development Institute. One such recont publication, 
Colonial Development*, completes the Institute’s factual 
survey of British aid to developing countries, of which 
four pamphlets have already appeared. A second recent 
publication, Not by Government Alone T, reviews the work 
of voluntary organizations participating in the Develop- 
ment Decade. In a third, French Aid: the Jeanneney 
Reporti, the Institute provides a convenient abridged 
translation of the report of the Jeanneney Commission 
set up by the French Government in 1963 to examine 
independently the whole problem of French aid to the 
developing countries, its justification, its aims and its 
administration. 

France at present devotes nearly 2 per cent of her 
national income to aid for the developing countries, and 
the total of £350 million in 1962 is more than twice 
Britain’s contribution. Because this figure helps to put 
the subject in a better perspective and also because this 
Report on the politics of co-operation is a major recom- 
mendation on policy for one of the chief donors of aid 
and is likely to be treated as a basic. document by French 
Governments for some time to come, it seems useful to 
consider the January Report first. A small section of it, 
mainly concerned with administration, was regarded as 
confidential by the French Government and was not 
published. For the rest, the Report is a logical and 
cogently argued document, reviewing first, in an intro- 
duction, the conditions of economic development, the 


* Overseas Development Institute, Ltd. British Aid—5: Colonial Develop- 
ment—a Factual Survey of the Origins and History of British Aid to Develop- 
ing Countries. By D. J. Morgan. Pp. 96. (London: The Overseas Develop- 
ment Institute, Ltd., 1964.) 7s. 6d. 


t Overseas Development Institute, Ltd. Not by Governments Alone: 
The Role of British Non-Government Organizations in the Development Decade. 
By Peter Williams and Adrian Moyes. Pp. 51. (London: Overseas Develop- 
ment Institute, Ltd., 1964.) 3s. 6d. 


t Overseas Development Institute, Ltd. French Aid: The Jeanneney 
Report. (An abridged translation of ‘‘La Politique de Coopération avec les 
Pays en Voie de Développement".) Pp. 51. (London: Overseas Develop- 
ment Institute, Ltd., 1964.) 5s. 
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possible contributions by developed countries, and the 
principles of action. Next, in successive chapters, 
the reasons for aid are analysed, the resources available 
reviewed, and finally the distribution and forms of aid 
are considered. 

There is much more that is of general interest in the 
Report, as its proposals are not narrowly conceived and 
mostly bear consideration by other countries, though it 
is unlikely that all its suggestions and analyses will com- 
mand general acceptance. They should, at the least, 
stimulate some hard thinking about Britain’s own pro- 
gramme of aid and the structure and work of the Depart- 
ment of Technical Co-operation. It is recommended, for 
example, that 25 per cent of French aid should go through 
multilateral channels, and a critical look at individual 
proposals is urged: some of the present aid may he 
expensive to the aiding country but contribute little or 
nothing to the aided country. Again, developing countrics 
should not be expected to model themselves on the aiding 
country except in so far as the structures copied favour 
their development. Nor should aid to countries which 
are temporarily poor be regarded as a short-term relief. 
It should form part of a new conception of the economic 
relations between unequally developed countries, firmly 
based on contractual arrangements. Even the sacrifices 
involved in trade adjustments would, in the long run, be 
less heavy than aid in traditional forms, and they would 
be more effective for the development of countries whom 
it is desired to help, 

There are some points in the Jeanneney Report which 
should be noted particularly by scientists in Britain. 
Prof. Blackett’s plea for more help in research is fully 
supported by the observation that, in science and tech- 
nology, developed countries can not only help by making 
their knowledge available to developing countries but 
also by research in fields that are useful, particularly if 
the developing countries are associated with such research. 
No estimate is given of the extent to which either mau- 
power or financial resources at present committed to 
technical assistance is engaged in research. However, of 
46,000 people at present provided by France, nearly 
32,000 are teachers and only some 1,000 are regarded 
as real experts on an international level. Provision of 
teachers is recognized as one of the most valuable forms 
of aid, but, nevertheless, the Report insists that in 
developing countries education must be useful for develop- 
ment: the training offered in the advanced countries 
should be considered only in the light of the contribution 
its beneficiaries can make to the development of their 
country when they return. 

A similar pragmatic note is struck in respect of special- 
ists from developed countries in the comment that their 
duty to prepare for their replacement by local people :- 
less often adequately performed than their contribution 
to the smooth working of enterprises or public services. 
There are also firm reminders that if experts of the 
desired quality are to be recruited for this purpose, 
proper attention must be directed to arrangements for 
their remuneration, including not only the scale of salary. 
etc., but also its security, and to their careers on return 
to France. It is suggested that French policy should 
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encourage the activities of the numerous societies and 
institutes in France, particularly those concerned with 
agricultural and industrial techniques, the work of which 
can be valuable for developing countries. Reference is 
made to the openings for consultants; it is suggested 
that it would be useful to establish a set of rules for 
correct practices and then to keep a list of consultants 
prepared to adhere to the rules and capable of doing so. 

In view of the comments of the Plowden Committee 
on the work of scientific attachés, it is interesting to note 
that the Jeanneney Commission believes that scientific 
representation is generally inadequate in French diplo- 
matic missions in spite of the considerable opportunities 
in many countries open to scientific attachés. Not only 
competent to organize exchanges in higher education 
and research, supervise documentation centres and ensure 
that more space is given in the foreign Press to French 
science and technique, the scientific attaché should at 
least be able to talk on equal terms with the scientists of 
the country to which he is accredited, and should be 
closely in touch with travelling French scientists. While 
the Jeanneney Commission proposes some expansion in 
the number of scientific attachés and the Plowden Com- 
mittee thought that for Britain the present number was 
about righb, the two reports agree substantially as to the 
duties of such attachés. Much like the Plowden Report, 
the Jeanneney Report contemplates the appointment 
of some leading research workers as French represen- 
tatives abroad, for some 3-6 months. 

Emphasis is placed on the value of allocating aid funds 
to the supply of French books to university centres and 
libraries, and besides suggesting that currency losses on 
books sold commercially in countries where currency is 
not convertible should be balanced, it is also proposed 
that books of a suitable kind and price should be specially 
prepared for developing countries. This obviously follows 
the general lines of the scheme already adopted by 
Britain, but one other feature of the Jeanneney Report 
that should be welcomed as well as noted is the forthright 
views expressed on principles of action. While the im- 
portance of sincere acceptance of the independence of the 
developing countries could not be more clearly expressed, 
it is never suggested that respect for such independence 
means that the aiding country must ignore what it 
believes to be wrong in the aided country. The Report 
is certainly as frank as an earlier Political and Economic 
Planning Broadsheet on the importance of political 
stability, and of appropriate political régimes and efficient 
administration in the aided countries. 

This statement of principles merits consideration in 
any discussion of Britain’s programme of technical aid 
or of the activities of such bodies as the Commonwealth 
Development Corporation. Avoidance of excessive 
economic integration, for example, certainly makes it 
easier to resolve disputes with calmness and objectivity, 
though it does not necessarily ensure success. The search 
for well-adapted political structures Should be supported 
and it is welcome to find this condemnation of dogmatic 
support for particular political forms and reminder that 
neither capitalism nor communism may be suited to 
developing countries. Above all, procedures are needed 
to give protection against the effects of domination, and, 
in urging efforts to discover such procedures, the Report 
suggests that as a stert States with geographical, historical 
or cultural affinities might make agreements covering 
such points as: the distribution among the signatories of 
the burden and benefits of aid; an undertaking by the 
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rich countries to devote a certain percentage of thei: 
material product to co-operation and by the reeipient 
countries to devote a percentage of their own material 
product to investment; the taxation of foreign enter. 
prises in developing countries; the regulation of labow 
disputes in foreign enterprises; procedures for avoiding 
the allocation of aid to investments which would duplicate 
others in the same part of the world; and the conditions 
in which countries could nationalize enterprises on thei 
territory, the rules and manner of indemnification. 

The enumeration of general principles in such matter: 
might facilitate the building up of more durable relation. 
and should promote the confidence which would promote 
the most efficient supply and utilization of resources. 
Something on these lines is clearly needed, and the Jean- 
neney Report demonstrates the existence of a certain 
amount of thinking on similar lines in different countries. 


‘Similarly, the review of British non-government organ 


izations made by P. Williams and A. Moyes for the 
Overseas Development Institute shows à surprising range 
of voluntary organizations participating in the supply o! 
unofficial aid to the developing countries. In scale, thi: 
probably reaches more than £15 million a year, apart 
from the £150 million a year which British private firm: 
are thought to be investing in less-developed countries 
and probably supports about 6,000 British workers ir 
developing countries. This compares with the present 
£150 million provided by the British Government ir 
loans, grants, investments and technical assistance tc 
developing countries, mostly within the Commonwealth 
and covering the salaries, in part or in full, of abou! 
16,000 British experts and teachers in developing coun 
tries and awards to about 3,000 students and trainees ir 
Britain. 

The review is in two parts: & survey of opportunities 
which includes some suggestions for realizing them, i: 
followed by a factual account of non-government organ: 
izations concerned with helping developing countrics 
Commercial organizations are not discussed, and ar 
introduction explains the challenge of both Government: 
and private organizations for constructive thinking 
thrown down by the resolution in the General Assembly 
of the United Nations last December. Sponsored by th« 
United Kingdom Government and fourteen others, thai 
resolution called for participation by non-governmeni 
organizations in a world campaign 1965-70 to hel 
developing countries in the fields of food, health anc 
education. The resolution was adopted unanimously anc 
ib represents a continuing challenge to Governments tc 
intensify and expand official aid programmes and s new 
challenge to non-government organizations to becom 
involved in world development to a greater extent. 

Government aid depends on the co-operation of non 
government organizations for the provision of a larg: 
part of the resources, particularly for technical assistance 
and also for engendering public understanding and sup 
port for the aid programme. The relatively favourabl 
climate of public opinion in Britain towards helpin; 
developing countries is largely due to non-governmen 
organizations; however, the pamphlet suggests that thi 
variety of organizations and sims—more than a hundrec 
are listed in the pamphlet, but the total runs into hun 
dreds—confuse the public, and it is urged that thes: 
non-government bodies should present a clearer image o 
their pattern and activities to the public. They also nee 
greater resources and they should enter into a close 
working partnership with the Government. 
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Some thought must be given to the proper role, aims 
and objectives of British non-government organizations, 
the means of achieving them and the dovetailing of these 
activities into national and international effort to assist 
overseas development. A need is shown for some national 
association in which the main non-government organiza- 
tions would all be represented, but covering a wider field 
than the Freedom from Hunger Campaign or the Standing 
Conference on Voluntary Organizations Co-operating in 
Overseas Social Service. Such an association would have 

¿as its major task the job of showing how the activities 
of these bodies were related to each other and to the 
' Government's aid programme. The problem of increasing 

' the financial resources of the voluntary bodies is more 
difficult and some of them may find the criticism of this 
booklet, well founded and moderate as it is, hard to 
accept. None the less, the problem must be faced, and 
the booklet is equally clear as to the danger of excessive 
dependence of aid on Government support. Something 
of the value of Voluntary Service Overseas could-well be 
lost as the Department of Technical Co-operation becomes 
responsible for financing 75 per cent of British volunteers. 
It is interesting, if unexpected, to find in this extent of 
financial support a plea for extended support by the 
Government of overseas research, though it is not clear 
whether what is in mind is research conducted for over- 
seas countries in British research institutions or research 
in overseas institutions. 

The possibilities and opportunities as well as the degree 
of failing to achieve a fitting balance of effort between 
the private and independent bodies and the Government’s 
own official programme of technical aid are clearly dis- 
played and the booklet should be studied by the Depart- 
ment of Technical Co-operation as well as by the voluntary 
organizations themselves. The third of the three pam- 
phlets, and that which completes the factual survey of 
British aid by the Overseas Development Institute, sets 
the whole subject against the background of colonial 
development from the Act of 1929 and the Colonial 
Development and Welfare Acts from 1940 onwards. 
Indeed, Er. D. J. Morgan provides an admirable and 
lucid summary of the origins and history of British aid 
in the light of Britain’s relations with the colonies during 
the past half-century. Successive chapters review assist- 
ance to the colonies first up to and then after 1945, while 
shorter chapters are given to the subjects of sterling 
balances, colonial currency systems, and aspects of Com- 
monwealth trading. 

In a final chapter, “General Conclusions’, Mr. Morgan 
raises some questions about the future aid programme 
now that the main problem is that of aid in relation to 
independent countries of the Commonwealth and then 
outside the Commonwealth. So far as the smaller terri- 
tories are concerned, Mr. Morgan questions whether past 
criteria should continue to be applied and past methods 
used in assisting territories like St. Helena, or whether 
their organization and treatment might not be better 
assimilated to that of, for example, the Highlands of 
Scotland. Again, he suggests that aid should be extended 
to the independent Commonwealth, but rather under 
such a system of supervision as the Colonial Development 
and Welfare system provides, though he points out that 
the Committee of Public Accounts is scarcely appropriate 
for the new situation. For those independent countries 
of the Commonwealth that are unable to balance their 
budgets without grants, he advances the tentative sug- 
gestion that Britain might accept financial responsibility 
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for some such public service, such as elementary education 
or agricultural development for a term of years, possibly 
with a system of block grants. 

Here again is a challenge to some hard thinking which 
may well involve a fresh look at the structure and 
responsibilities of the Department of Technical Co-opera- 
tion. Furthermore, the note of urgency is again sounded, 
and this is further attested by the latest report from the 
Commonwealth Development Corporation, which once 
again stresses the inadequacy of the financial margin on 
which the Corporation is called on to work. Apart from 
this, the continuing demand for the services of the Cor- 
poration not only shows that its work is fully appreciated 
overseas but indicates also that the scope of its activities 
should fittingly be reconsidered in the light of the com- 
ments made in Mr. Morgan’s survey of colonial develop- 
ment, especially in the independent countries. Thore is 
no reason to doubt the imagination or the human under- 
standing which Mr. Robert Carr brings to his task as 
Secretary for Technical Co-operation. What is in doubt 
is whether he is receiving the support from the Govern- 
ment as a whole that the urgency and importance of his 
work demand. The three pamphlets noted should leave 
the Government in no doubt as to that urgency and 
importance; used with wisdom and energy they could 
also do much to promote the public understanding that 
would compel adequate support from any Government. 


EXPLORERS OF ARABIA 


Arabia Felix 

The Danish Expedition of 1761-1767. By Thorkild 
Hansen. Translated by James and Kathleen McFarlane. 
Pp. 381. (London: Collins, 1964.) 30s. 


RABIA FELIX describes the adventures of the 

first expedition to undertake scientific exploration 
in Arabia, which was despatched from Denmark in 1761 
and included the great Swedish botanist Forsskål among 
its members. Only one of them, the surveyor Carsten 
Niebuhr, lived to return to Europe in 1767. His Beschrei- 
bung von Arabien and Reisebeschreibung nach Arabien 
und andern umliegenden Lündern are among the classics 
of oriental travel. The author of the present narrative 
is a' Danish literary critic and translator of modern 
French literature, who has himself travelled in Saudi 
Arabia and the Sudan. It is decidedly popular in style. 
In emphatic contrast to Niebuhr’s works, it accords prom- 
inence to personal relations, jealousies, and the quarrels 
of the travellers. Space is even wasted in telling the 
reader what they “‘must have" thought or felt, sometimes 
even “half-consciously”. Mr. Hansen has, however, 
consulted unpublished material in the Danish State 
Archives and has used a number of books that are avail- 
able only in Scandinavian languages. There is thus 
some information, that will be new to most British readers. 
The translation is smooth, the plates, nearly all taken 
from Niebuhr’s books, have been well chosen, and the 
index is adequate, though a more detailed map would 
have been welcome. 

There are some sensible comments, as, for example. 
on the meagre achievements of the orientalist of tho 
expedition, von Haven. To state, however, that “the 
concept of colonial expansion was stil thought of as 
implying only a question of which European country was 
to control these foreign peoples" is to ascribe to theso 
men the assumptions of a later age. In 1762 a colony was, 
in Dr. Johnson's definition, “a body of people drawn 
from the mother country to inhabit some distant place". 
Before the spectacular successes of the Russians in the 
war of 1768-74 against the Turks, there was no likelihood 
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that large numbers of Ottoman subjects would pass under 
European rule, least of all in the Asiatic provinces. 
This is ‘an unfortunate error.  Niebuhr's freedom from 
such presuppositions was ono of his great advantages 
over many subsequent explorers. “In a Dane of tho 
middle of the eighteenth century,’ wrote D. G. Hogarth 
sixty: years ago in his Penetration of ‘Arabia, “the sense of 
western and racial superiority was not developed enough 
to debar him from full sympathy with an eastern people. 
Niebuhr did not see in the Yemen Arabs an interesting 
lower order of beings, nor in their creed and religious 
practices curious parodies of those of a Christian". 

The author is also wrong in supposing that to travel 
in Arab dress was then ‘‘most unusual for Europeans 
in the Orient”. There were many parts of Asia where 
very few Europeans penetrated at all, but ‘those who 
did could often not have travelled in any other way. 
Theré are a few’ mistakes. W. B. Harris.should not be 
called a great English explorer, and his book was not 
entitled merely Yemen, but A Journey through the Yemen. 
Mr. Hansen’s “Captain Pasha, the pirate’ was the 
Kapudan Pasha, the imperial Ottoman admiral, as 
Niebuhr himself says. The “village of Abb" is Niebuhr’s 
town (‘Stadt’, not ‘Dorf’) of Abb; it is the modern Ibb. 
There is regrettable, though understandable, confusion 
in the spelling of oriental place names. In his own books 
Niebubr used ‘sch’ and ‘dsj’ for the sounds usually 
represented in English by ‘sh’ and ‘j’ respectively. His 
‘Scherdsje’ and ‘Mauschid’ would be confusing enough 
for British readers, but here they become ‘Sjerdsje’ and 
‘Mausjid’. ‘Sherje’ and ‘Maushid’ would have been 
preferable. There are too many misprints in proper 
names, Palsgrave for Palgrave, Charden for Chardin, 
and Hodeia consistently for Hodeida. 

These, however, are comparatively unimportant 
blemishes in a readable and pleasantly produced volume 
which will interest anyone who wishes to know more 
about the personalities of Niebuhr, Forsskal, and their 
companions and the background of this astonishing 
expedition. Naturally, there is much more about Niebuhr 
than the others, but there is nothing here to make one 
doubt the justice of Hogarth’s memorable judgement, that 
“if he was not the most brilliant of the party, if any of 


his fellows surpassed him in energy, courage, and : 


endurance, in intelligence, or in his measure of that 
scientific temper which is equally free from prejudice 
and from laxity, then a more remarkable mission was 
never despatched to any land”. C. F. BECKINGHAM 


1 


ADVANCES IN ANALYTICAL 
CHEMISTRY 


Advances in Analytical Chemistry and Instrumentation 
Vol. 2. Edited by Charles N. Reiley. Pp. vii+408. 
(New York and London: Interscience Publishers, a 
Division of John Wiley and Sons, Inc., 1963.) 115s. 


HIS volume continues a series in which new ideas 

and instrumental techniques in analytical chemistry, 
together with developments in more classical methods, 
are reviewed by practical experts of international repute. 
The editor has again secured the services of a distinguished 
group of contributors and the generally high standard 
of the individual articles is therefore to be expected, 
but the volume as a whole might have benefited from 
a little more uniformity in the treatment of the various 
subjects. 

For example, F. Feigl, R. Belcher and W. I. Stephen, 
reviewing ''Progress in Qualitative Organic Analysis", 
have compressed this vast subject into 29 pages of text, 
the result being virtually a catalogue of the significant 
papers published during the pást ten years, in the style 
of the Chemical Society’s Annual Reports. On the 
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other hand, G. Mattock has filled 81 pages With a detailed v 
discussion of laboratory pH measurement, including : 
such useful data as a table for the locatien,of faults in 
glass electrode cells. VES: ; 

The wisdom of devoting two out of six articles to 
polarography might be questioned, but the articles them- . 
selves, on the hanging mercury drop electrode, by W. 
Kemula and Z. Kublik, and on organic polarography, 
by Petr Zuman, are excellent reviews by leading author- 
ities on these subjects, both of which are finding increasing 
application. A more massive review, occupying a third 
of the volume, is that by Harry B. Mark, jun., Louis J. 
Papa and Charles N. Reilley on “Reaction Rate Methods". 
These have applications in the determination of mixtures 
of closely related compounds such as homologues, isomers 
and copolymers, which, so far, appear to have been rather 
neglected in Britain. 

One chapter which seems out of place in this volume 
is that entitled “Mass Spectra of Organic Molecules” 
by Seymour Meyerson and John D. McCollum. ‘In fact, 
this deals only with carbonyl compounds and allylic 
and related ethers, and the section on ethers, far from 
being a review, consists entirely of the authors’ hitherto 
unpublished work. Moreover, the application of these 
results to analysis is referred to only in passing, while 
instrumentation is not even mentioned. The analytical 
chemist wishing to keep abreast of new developments, 
for whom this book is supposedly intended, would be 
sadly disappointed if he expected to find here a compre- 
hensive review of the analytical applications of mass 
spectrometry. It is to be hoped that this subject will 
receive in a future volume a treatment more comparable 
with the high standard maintained by the other articles 
in this volume and its predecessor. R. J. MresrngY 


CHEMICAL ICONOCLASM 


Noble Gas Compounds 

Edited by Herbert H. Hyman. Pp. xiii+ 404. (Chicago 
and London: The University of Chicago Press, 1963.) 
90s. 


VERY now and then we are forced into awareness of 
the areas.of unnoticed ignorance in even the best 
cultivated fields of chemistry and physics. The noble 
gases of the atmosphere have figured twice in such 
dramatic happenings: in their original discovery and 
again, very recently, in the proof that they are not, after 
all, chemically inert. With the wisdom of hindsight, 
it now seems surprising that the chemical compounds of 
the ‘inert’ gases eluded detection for so long. Pauling 
and others predicted the existence of xenon fluoride 
thirty years ago, and all the thermochemical data are 
on record to extrapolate from the energies of the Te—F 
and I-F bonds to the conclusion that XeF, ought to have 
a favourable. heat of formation. If Yost had worked in 
nickel or copper apparatus, instead of in quartz, he would 
certainly have isolated XeF, before the Second World 
War. In retrospect, the reactor chemistry group at 
Oak Ridge must actually have had xenon fluorides in 
their hands, but failed to draw the right (but seemingly 
far-fetched) conclusions from their poor mass balance 
for fission-product xenon in systems from which free: 
fluorine was being liberated. It still remained for Dr. 
N. Bartlett, at the University of British Columbia, to 
do the crucial experiment: having proved that PF, 
would oxidize molecular oxygen to [O,*] [PtF,-], to infer 
that xenon, with its similar ionization potential, should 
behave similarly. The experiment was done and the 
right inference drawn, even though it now seems he was 
wrong in identifying the product as Xet [PtF,-]. 
What happenod then exemplifies the difference 

‘between the scientific worlds of 1890 and 1960. From 
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Rayleigh’s first observation of the discrepancy in the 
density of ‘atmospheric’ nitrogen to the. isolation of 
xenon, aboyt seven years elapsed. During that. time, 
according tothe gentlemanly custom, the field was left 
to Ramsay," who had to work out tho techniques, now 
taken for granted, for manipulating and separating small 
quantities of volatile substances. If Ramsay enjoyed 
exclusive prospecting rights in virgin territory, Bartlett 
started a gold rush. His first published note on so-called 
‘XePtF,’ appeared in June 1962. By April 1963 the 
Argonne National Laboratory could organize a symposium 
with 58 papers from 105 authors, and the chemistry of 
xenon had already been pretty fully explored. The con- 
tributed papers covered the preparation and properties 
of the fluorides from XeF, to (probably) XeF,; the 
oxides and oxy-acids; their thermochemistry; their 
solution chemistry; their structures as found by X-ray, 
electron and neutron diffraction; Raman, infra-red 
and ultra-violet spectra; electron spin and nuclear 
magnetic resonance; Méssbauer effect; extensive theoret- 
ical treatment and toxicology. 

Noble Gas Compounds contains the papers presented 
at that symposium. After some papers on the historical 
background, nine laboratories contribute to the wide 
range of preparative experiments that opened up the 
field, including experiments of microcurie scale on radon 
fluorides and the isolation of krypton compounds by 
matrix isolation methods. The stability and reactivity 
of inert gas compounds are then put on a firm basis of 
thermochemistry before passing to hydrolytic reactions, 
the formation of the oxides and the perxenate salts. 
The way is next paved for theoretical treatment of the 
interesting valence problems—which are treated by 
several groups of theoreticians in the final few papers 
of the book—by establishing the stereochemistry, mole- 
cular dimensions and bond properties in great detail, 
using all the available diffraction and spectroscopic 
techniques. Rarely can so much have been done to clear 
up & new field of knowledge at one stroke. 

This is not a tidily edited review; it is a set of research 
papers setting out new discoveries. As usual, one can 
question whether such symposium papers justify public- 
ation as a separate volume and whether the same material 
wil appear repetitiously in the usual journals. In this 
case, the intense competition for priority certainly led 
to duplication of effort and identical experiments by 
different groups of workers. Thus consecutive papers 
present the crystel structure of XeF, as investigated 
(with identical results) at Brookhaven and at Berkeley. 
However, the sense of excitement and of 8 massive attack 
on an important problem are well conveyed. The papers 
are mostly terse and businesslike, logically arranged by 
the editor, and combine to give a view of the whole state 
of knowledge at that time. 

The book prompts thoughts on the power of co-operative 
research and the advantages enjoyed by laboratories 
with a great range of skills and interests. More than half 
the papers come from U.S. Atomic Energy Commission 
institutions—18 from the Argonne National Laboratory 
alone. Four papers are from industrial research Jabor- 
atories, reflecting facilities and a philosophy of research 
in industry that is almost unthinkable in Britain. Only 
four papers originated outside North America: from Yugo- 
slavia, from Birmingham and one—sadly demonstrating 
the impotence of ideas not backed with modern technical 
resources—from Germany, once the homeland of fluorine 

chemistry. 

‘All inorganic chemists will be interested in the subject- 
matter of the symposium; whether all will want to read 
: the original publications rather than critical digests is 
another matter. On the other hand, the book may 
-Stimulate some thinking about the teaching of chemistry. 
In some subjects the ‘case history’ method has been 
found an effective study tool. A student who went 
intelligently through this collection of papers would 
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emerge knowing a lot about the content and methods of 
modern inorganic chemistry, by seeing a whole range of 
ideas—preparative chemistry, theory and experiment 
in the elucidation of structure, thermochemistry and 
thermodynamic considerations, the comparative chemistry 
of the elements—all brought to bear on a single theme. 
The book should find & wide range of readers, but most 
will probably consider it rather expensive to put on their 
own. bookshelves. J. S. ANDERSON 


WHAT IS TOPOLOGY ABOUT? 


Introduction to Topology 
By Prof. Bert Mendelson. Pp. ix+217. (London and 
Glasgow: Blackie and Son, Ltd., 1963.) 35s. net. 


HIS book is outstanding. It is a modest introduction 

to a difficult subject, but the author has cast a spell 
of magie about the world of topology. He has written 
so clearly about the basic ideas of the subject, has been 
So honest in trying to bring it down to the early under- 
graduate level, that suddenly much of the difficulty 
and hazihess often encountered by students of topology 
has faded away. At last, university teachers of mathem- 
atics have a suitable text for an early course in the 
subject. 

The British edition of Introduction to Topology contains 
a preface by Dr. E. C. Zeeman, which is important 
because it puts the subject into proper perspective, 
both relative to school mathematics and in relation to 
other parts of university mathematics. Dr. Zeeman, 
who has recently been appointed to the chair of mathem- 
atics at the new University of Warwick (Nature, 200, 
734; 1963), points out that the place of topology has 
changed a great deal, in that, at least in most British 
universities, while the subject was little taught a decade 
ago, it is to-day introduced in most universities in the 
first year. This is a radical change and a recognition 
of the fact that topological ideas pervade so much of 
modern mathematics. Topology is virtually defined as 
the study of continuity, and it is pointed out that tho 
subject underlies every domain in mathematics and 
science which uses continuity. 

What is contained in this remarkable book? Tho 
first chapter deals with sets and functions, including 
composition of functions and inverse functions. Tho 
second chapter deals with metric spaces and covers 
topics such as ‘continuity, neighbourhoods, open and 
closed sets, and the equivalence of metric spaces. The 
third chapter is given to topological spaces. Such a 
space can be obtained from a metric space by discarding 
the distance function and retaining the open sets, although 
there are other ways of introducing a topological space. 

Chapter 4 is concerned with connectedness, a term 
which, although a formal definition is given, may bo 
described as follows: a subspace of a topological space 
is connected if it is impossible to decompose the subspace 
into two disjoint non-empty open sets. For example, 
on the real line single points and intervals are connected 
subsets, but the set of non-zero numbers and the set of 
rational numbers are not connected sets. There arc 
various types of connectedness and, apart from the above. 
arcwise connectedness and simple connectedness are 
discussed. The former is stronger than connectedness 
in view of the theorem that an arcwise connected topo- 
logical space is connected, but the converse is not truc. 
The falseness of the converse is proved by a counter- 
example constructed with reference to the subspace of 
the plane consisting of the points (x, y) such that either 
«=0,-lL<y <lor0 <x <1, y = cos (t/z). Some 
interesting and important applications of connectedness 
are given, including the intermediate-value theorem. 
and various fixed-point theorems (including that of 
Brouwer). : 
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Chapter 5, the final one, deals with compactness. 
At first compactness is studied in general topological 
spaces but later the restriction to a metric space is 
considered. A metric space is compact if every infinite 
subset A has at least one point of accumulation, P, 
the latter being’ defined as a point such that every neigh- 
bourhood of P contains infinitely many distinct points 
of A. The chapter closes with a section on identification 
topologies and spaces, including a discussion of the 
classical surfaces such as the torus, the Möbius strip, 
the Klein bottle and the projective plane. 

All students of topology will find the reading of this 
book rewarding, and there is little doubt that the text 
wil become a standard introduction to the subject. 

L. S. GODDARD 


ANALYSIS OF MICROCLIMATE 


Physics of Plant Environment 
Edited by W. R. Van Wijk. Pp. xvi+383. (Amsterdam: 
North-Holland Publishing Company, 1963.) 80s. 


AND plants are anchored by their roots in a porous 
medium providing water, nutrients and oxygen, and 
they grow when leaves use solar energy to reduce carbon 
dioxide to carbohydrate. Below ground, the physical 
environment of plant roots governs the conduction of 
heat, the flow of water, and the diffusion of water vapour, 
oxygen, carbon dioxide and ions. Above ground, leaves 
and stems are exposed to radiation and behave as 
sources and sinks of turbulent fluxes of momentum, heat, 
water vapour, carbon dioxide, pollutants, spores and 
small insects. The physics of plant environment is a 
diverse and youthful science. Although in British 
universities it is not yet recognized as a child of natural 
philosophy, it has reached the curriculum of several 
departments of agriculture. In Holland, Prof. van Wijk 
has for many years directed the Laboratory of Physics 
and Meteorology in the Agricultural University of 
Wageningen, and the book which he has edited and partly 
written is & summary of research, mainly in his own 
department, prefaced by three introduetory chapters. 
There is little reference to work later than 1959. 
The first chapter of Physics of Plant Environment is 
a statement of philosophy that will be shared by most 
agricultural physicists, In many ferming problems, a 
simple physical model isolating & few relevant para- 
meters will often give a better working solution than a 
purely empirical relationship derived statistically. The 
second and third chapters review the physical properties 
of the atmosphere and soil; and the theory, measurement, 
and estimation of solar and terrestrial radiation. In 
Chapters 4-6, van Wijk, de Vries and Derksen discuss 
the mathematical physics of soil temperature in the 
most comprehensive account of this topic that has 
appeared in book form. This section might more logically 
have followed Chapter 7, in which de Vries shows how 
the therrial properties of soil can be predicted from its 
composition, and summarizes measurements in several 
useful tables. Chapter 8 is on the turbulent exchange of 
heat in air with special reference to the theory of sinu- 
soidal temperature variations, and Chapter 9 is a detailed 
account of the heat balance of glass-houses, in which 
J. A. Businger shows theoretically that the ‘glass-house 
offect’? depends on shielding from wind rather than on 
preventing radiative losses. Horticultural engineers 
will find this section a valuable source of reference. 
The final chapter, by F. H. Schmidt, presents equations 
for the diffusion of atmospheric pollution and quotes 
an interesting investigation where damage to vegetation 
around a steel works was greatest almost 1-5 miles from the 
source of the pollution. 
The book has two weaknesses. First, although the 
scope of the book was never intended to match its compre- 
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hensive title, the index suggests that the editor has been 
too selective. There are 49 entries under ‘temperature’ 
and ‘heat’, 24 under ‘soil’, 13 under ‘radiation’, 4 each 
under ‘evaporation’ and ‘photosynthesis’, and 3 each 
under ‘humidity’ and ‘carbon dioxide’. Other readers 
will regret this bias. During the growing season, soil 
temperature is one of the least important components of 
plant environment, whereas evaporation and photo- 
synthesis are the main links between weather and plant 
growth and development. Evaporation is dismissed 
in a few pages and photosynthesis in a few lines. 

A quotation from p. 266 illustrates a second weakness. 
“A “systematic discussion -of the application of the 
principles (of turbulent transfer) set forth in the preceding 
text to plant environment would largely surpass the 
scope of this book." (Yet a derivation of the dry adiabatic 
lapse rate gets space in Chapter 2 and this has little 
relevance to the central theme.) The writers have tried 
to describe the environment of plants without reference 
to plants themselves or to the ways in which they modify 
their own microclimate. Several chapters open with the 
development of complex mathematical theory and close 
with much briefer reference to experimental results. 
Neglect of plant-environment feed-back is almost- in- 
evitable in this attempt to treat environmental physics ' 
as an inductive science. 

The authors, all Dutch, achieve remarkable fluency in 
English and there are very few minor flaws in a book 
that is distinguished for its clean and elegant lay-out. 
Symbols are qualified by a plethora of suffixes—many 
unnecessary. A diagram on page 97 shows an inconsistent 
heat balance. It is debatable whether the surface temper- 
ature of a lake can be measured without difficulty (p. 273); 
or whether the mathematical theory of buoyancy has 
not reached the stage of application to plant environment 
(p. 253). 

Despite limitations of content and approach, the book 
will find its way to many shelves alongside “Geiger” and 
“Sutton”, as a standard text on the physics and mathe- 
matics of soil temperature. J. L. MONTEITH 


JURASSIC FLORA OF YORKSHIRE 


The Yorkshire Jurassic Flora 

By Prof. T. H. Harris. II: Caytoniales, Cyeadales and 
Pieridosperms. Pp. viii--191--7 . plates. (London: 
British Museum (Natural History), 1964.) 130s. net. 


N Volume 1 of The Yorkshire Jurassic Flora (1961), 
Prof. Harris has described the Thallophyta, Bryo- 
phyta and Pteridophyta. In Volume 2, he deals with 
seed-bearing plants, the Caytoniales, Cyeadales and 
Pteridosperms. It has been found necessary to extend 
the series to four volumes. There are few areas of com- 
parable size to Yorkshire which have yielded such con- 
siderable collections of well-preserved fossil plants from 
one geological formation. It is fortunate, too, that most 
of the plant fragments, leaves, otc., have well-preserved 
cuticles which may be isolated and used for purposes of 
identification. This method of investigation has beon 
very effectively used by Prof. Harris in classification and 
in establishing the connexion between different organs of 
ono plant species. A great deal of the best material on 
which the work is based was collected by the late Dr. 
Hamshaw Thomas and Prof. Harris himself. 

The Caytoniales aro a particularly interesting group, 
which has received much attention from morphologists. 
Thomas considered that the group exhibits features indi- 
cating possible relationship to the Angiosperms but 
perhaps it is more generally regarded as being closely 
related to pteridosperms. Prof. Harris has been able to 
distinguish four species in the genus Caytonia. The fossil 
remains consist of detached leaves (Sagenopteris), micro- 
sporophylls (Caytonanthus) and the ovuliferous parts 
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(Caytonia). The greater part of the volume is devoted to 
the Cycadales and pteridosperms, mainly represented by 
their leaves, but a few have related fructifications. The 
principal genera are Nilssonia (9 spp.), Deltolepis (3), Para- 
cycas (1), Pseudoctenis (7), Ctenozamites (4), Ctenis (6), 
Pachypteris (2) and Stenopteris (3). Prof. Harris points out 
that a separation of these into two groups belonging to 
the Cycadales and pteridosperms respectively is difficult. 
The principal differences lie in the morphology of the leaf. 
The reproductive organs of a few are known and some 
species of Nilssonia and Pseudoctenis are cyads, while 
Lepidopteris, Dicroidium, Xylopteris, Ptilozamites and 
Pachypteris, which have known reproductive organs, are 
pteridosperms. He also suggests that Ctenis and Para- 
cycas may be regarded as cycads, with Ctenozamites and 
Stenopteris as pteridosperms. There follow descriptions 
of cycad-like reproductive organs Androstrobus (3 spp.), 
Beania (2) and Pteroma (1). 

There are three new genera and about twelve new 
Species among those described. The sixty-seven text 
figures and the plates provide excellent illustration and 
will be welcomed by those who have not had the oppor- 
tunity of examining actual specimens of the Yorkshire 
material. It is intended that Volumes 2 and 3 will be 
devoted to the Bennettitales, Ginkgoales and conifers. 

J. WALTON 


LEGISLATION ON DRUG 
ADDICTION ` 


Narcotic Addiction in Britain and America 
The Impact of Public Policy. By Edwin M. Schur. 
Pp. 281. (London: Tavistock Publications, 1963.) 35s. 


ARCOTIO ‘Addiction in Britain and America is 
primarily a reasoned criticism of the approach to 
narcotic addiction adopted by the Government of the 
United States since 1914. The first part provides a general 
introduction to narcotic addiction and summarizes the 
development of American policy. The second describes 
the British approach to narcotic addiction and includes a 
chapter on the characteristics and behaviour of narcotic 
addicts. The third part is devoted to possible reforms of 
American policy and the sources of objections to them. 
A summary of data describing a number of British 
addicts is contained in appendixes. The first summarizes 
the replies of thirteen British doctors specializing in the 
treatment of addiction to questions relating to addicts 
and addiction; the second summarizes personal data on 
thirteen narcotic addicts selected as ‘representative’ by 
these specialists; the third is a summary of a survey of 
attitudes to, and knowledge of, addiction in 147 randomly 
chosen residents in a London borough whose average age 
was just under 21 years. 

The book provides a lucid account of the development of 
American legislation on narcotics since the Harrison Act 
(1914), which was the first of a series of repreasive measures 
which have isolated the American addict from the medical 
profession and classed him as a criminal. Ags a conse- 
quence, in the United States, it is a crime to have un- 
authorized possession of narcotics or to be an addict. 
Thus, addiction is seen primarily as a legal problem. In 
contrast, the British approach is based on the belief that 
addiction is a medical problom. American doctors may 
have to stand trial for prescribing narcotics for an addict, 
a consequence which deters most of them from treating 
addicts in general practice. In Britain, narcoties may be 
prescribed under the National Health Service. 

Schur examines the effects of the punitive policy pract- 
ised in the United States and concludes that the lucrative 
black market in nareotics and the criminal behaviour of 
some addicts may simply be attributed to repressive 
legislation. This conclusion is based on a comparison of 
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the ‘typical’ addict in the United States with a much 
fuller account of British addicts. Criminal behaviour is 
rare among British addicts, who can legally obtain cheap 
supplies of narcotics from their general practitioners. In 
the United States, however, addicts tend to become 
attached to criminal sub-cultures, both in order to obtain 
supplies of drugs and to obtain the money with which to 
pay exorbitant prices on the black market. Schur 
effectively explodes the myth of the ‘criminal dope fiend’ 
and finds that addiction in Britain is not associated with 
crime. Furthermore, he emphasizes the fact that the 
punitive measures adopted to control addiction in the 
United States do not, in fact, affect the importer and 
wholesaler as much as the addict himself. 

In the last part of the book, legislative changes ere dis- 
cussed which would bring American policy more in line 
with British practice. A number of objections to liberal 
reform are disposed of, including the fear that addiction 
might increase (evidence indicates that, in Britain, 
narcotic addiction has decreased between 1935 and 1959), 
while some of the psychological factors which may sustain 
punitive legislation are critically examined. Relatively 
detailed recommendations are pub forward concerning 
the short- and long-term oare of the addict, which broadly 
reflect those of the Joint Committee of the American Bar 
Association and the American Medical Association. One 
very useful section deals with the way in which tho 
differences between British and American policies have 
been minimized by authorities in both countries. This 
has had the effect of perpetuating the most unfortunato 
legal status of the American addict. 

Narcotic addiction is considered a major problem in the 
United States and estimates of the number of addicts 
range from 45,000 to 1 million. In contrast, the number 
of narcotic addicts in Britain is probably between 450 
and 700. These two countries also differ with respect tio 
the distribution of known addicts according to age, sex 
and socio-economic status. The ‘typical’ American 
addict is young, male, and a member of an under-privi- 
leged minority group. In Britain, a high proportion of 
known addicts are doctors, dentists and nurses, and there 
is no preponderance of males. Thus addiction in Britain 
and the United States differs with respect to both incid- 
ence and distribution. Schur describes these differences 
but does not deal satisfactorily with either of them. 
though it is fair to add that they could be considered 
outside the scope of his main theme. However, his main 
arguments depend on the comparability of British and 
American addiction, in order that he may predict the 
consequences of reforming American legislative policy, 
and it is unlikely that American opponents of such reform 
will be persuaded until they are given a satisfactory 
account of the origin of the differences in the incidence of 
addiction in the two countries. 

The main criticism of the book is that while addiction 
in Britain is described more or Jess thoroughly, » much 
less complete picture is provided of the addict in the 
United States. The description of the official policies 
adopted in these two countries is excellent, but the com- 
parisons between the consequences of these policies would 
have been more compelling if comparable information 
had been supplied about these two addict populations. 
The British addiction statistics were all obtained indirectly 
from the Home Office, an all-night London chemist and, 
by questionnaire, from a number of specialists treating 
addiction. This information is supplemented by personal 
information obtained directly from five narcotic addicts. 
Some readers may consider tho investigations of individual 
British addicts to be rather sketchy and regret that this 
opportunity to gather information about their problems, 
attitudes and behaviour was not fully exploited. In spite 
of this, Schur has provided a valuable summary of in- 
formation about British narcotic addicts. 

This book is written in a fluent documentary style and 
liberally supplied with quotations which should make it 
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of interest to both the specialist and the non-specialist 
reader. The book is generally free from typographical 
errors, but the practice of collecting footnotes at the end 
of the book is an irritating one which makes it tedious to 
locate the sources of the many quotations and references. 
There is an adequate index and a selected bibliography of 
75 items. D. LEGGE 


UNIVERSITIES OF THE BRITISH 
COMMONWEALTH 


Commonwealth Universities Yearbook 1964 

A Directory to the Universities of the Commonwealth 
and the Handbook of their Association. Pp. xxxi + 1930. 
(London: The Association of Commonwealth Uni- 
versities, 1964.) 105s. 


i Rs forty-first edition of the Commonwealth Uni- 
versities Yearbook, the principal publication of the 
Association of Commonwealth Universities, follows, 
so far as its format is concerned, the traditions of its 
predecessors. This annual publication continues to be 
the most comprehensive directory as yet available of 
academic institutions of the British Commonwealth. 
It not only covers seventeen Commonwealth countries, 
ineluding the United Kingdom, but also two countries 
no longer members but which have expressed & wish to 
remain in the Yearbook and to retain close association 
with the Association of Commonwealth Universities: 
those of the Republic of Ireland and the Republic of 
South Africa (Appendixes 1 and 2). 

Commonwealth countries have been rapidly expanding 
their facilities for higher education. In Britain the 
Robbins Report on higher education recommended in 
October 1963 that there should be a further 28 institutions 
with full university status and that there should also be 
a substantial development of other sectors of higher 
education; and such plans can be paralleled in other 
Commonwealth countries. ‘The Yearbook has become 
& yard-stick with which to measure these developments; 
for example, this edition shows an increase of 105 pages 
on the fortieth edition. Entries for the first time appear 
for the Chinese University of Hong Kong; the University 
of Burdwan, India; the University of Waikato, New 
Zealand; the University of Lagos Medical School, 
Nigeria; and the Universities of Essex; Kent at 
Canterbury, Lancaster and Warwick, in England. Some, 
institutions now appear under a newly constituted form, 
and Appendix 4 contains a summary of information 
concerning the ten colleges of advanced technology in 
England and Wales, and certain Scottish institutions, 
which are to gain university status now that the Govern- 
ment has accepted the recommendations of the Robbins 
Report. 

In the Yearbook, sections are devoted to each Common- 
wealth country. These in the main are prefaced by & 
“National Introduction”, which is intended to supply 
a factual guide to the general background of university 
education in the country concerned. Then follow alpha- 
betically the universities of that country. Members of 
staff are listed according to departments and details 
are given of administrative and other staff, associated 
or affiliated institutions, general information, and ‘‘The 
Year 1962”—the last-mentioned supplying details of 
developments, retirements, resignations, statistics, and 
degrees and diplomas awarded during 1962. 

Besides the three appendixes already referred to, there 
eve six others’ which consider: university admission 
requirements (Appendix 3); students from other 
countries in United Kingdom universities (Appendix 5); 
British academic institutions outside the Commonwealth 
(Appendix 6); a short bibliography (Appendix 7); 
the Commonwealth Scholarship and Fellowship Plan 
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(Appendix 8); the Association of Commonwealth Uni- 
versities (Appendix 9). 

The Yearbook is rounded off by two invaluable indexes. 
The first, a general index, contains references to 
institutions, to subjects of study and to such topics as 
admission, degrees, superannuation, vacation courses, 
etc. The second is a name index which makes it possible 
to find at which university any of more than 50,000 men 
and women, who comprise the teaching and adminis- 
trative staff of the universities of the British Common- 
wealth, are serving. 


CITATION INDEXING 


Science Citation Index 

An International Interdisciplinary Index to the Literature 
of Science. Vol. 1: AABE-CAPL, 1961. Pp. xxx +496. 
(Philadelphia: Institute for Scientific Information, 1963.) 
Five-volume set: 700 dollars. 


A NUMBER of surveys have shown that the most 
generally used method of finding relevant papers is 
by looking at the references quoted in a known paper. 
This is a technique which is widely favoured by scientists, 
but it has the disadvantage that it can only go backwards 
in time. An attempt to overcome this point is the reason 
for the citation index, which is a directory of cited refer- 
ences each of which is accompanied by a list of citing 
source documents. Thus, knowing a relevant paper, it is 
possible to consult the citation index and find references 
to all the subsequent papers which have cited the known 
relevant paper. By working backwards and forwards in 
time it is claimed that a comprehensive collection of 
references on a given topic can quickly be obtained. 
Citation indexing has, for many years, been used in law; 
this series of volumes presents an attempt to apply the 
technique in the field of science. As such, it may be said 
to raise two points: first, whether citation indexing can 
usually be applied to scientific papers, and secondly, 
whether these volumes represent a good example. 

Undoubtedly a citation index must suffer from certain 
built-in handicaps. Most of the references which an author 
cites are not directly relevant to the main theme of the 
paper and the result is that a high proportion of the 
papers to which one is referred will be of no interest. 
Tt is a weakness of this particular citation index that the 
searcher is given only the citing author and journal 
reference. It would have been possible to have included a 
list of the citing papers with their titles; no doubt this 
was omitted because of the additional costs incurred, but 
the result is that the user is compelled to refer either to 
other indexes or to the original papers to obtain any clue 
as to which reference might be of interest. While it is 
possible, if somewhat tedious, to compile a citation index 
clerically, it involves the type of sorting operation for 
which a computer is well suited. The resulting print-out ] 
is, however, in the usual computer print face, and the 
sovere reduction in type size adds to the difficulties of its 
use. 

Volume 1 of Science Citation Index covers 102,000 
papers which appeared in the issues for 1961 of 613 
source journals. It grew out of an earlier citation index 
in genetics, and there is a consequent emphasis on journals 
in the life sciences. It is claimed in the introduction that 
the journals have been selected for their inter-disciplinary 
interest, and that the number of journals covered will be 
increased in future years. As it is, for the physicist, this 
index covers only about 5 per cent of the 800 journals 
included in Physics Abstracts for 1961. While it would be 
unwise to underestimate the possible value of this method 
of indexing. I cannot visualize many situations whero 
these volumes could be used more effectively than other 
existing indexes. C. W. CLEVERDON 
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The Complete Slimmer 
By Prof. John Yudkin. Pp. 191. 
and Kee, Ltd., 1964.) 30s. 


E his opening chapter Prof. Yudkin says that all of 
us are overweight who weigh more than we did when 
we were reasonably slim and trim.in our twenties. 
But, having depressed at the outset most of his readers 
who are more than thirty years of age, Prof. Yudkin 
proceeds to give sympathetic consideration (and under- 
standing) to our plight and provides a fairly simple 
way out of the dilemma. 

His ‘carbohydrate unit diet’ is a method of reducing 
carbohydrate intake without directly altering the intake 
either of protein or fats. This is achieved by the allo- 
cation of so many carbohydrate units daily, the units 
being calculated from a table which is provided. Fach 
carbohydrate unit is equivalent to 5 g of carbohydrate, 
and a test period of 15 units a day for two or three weeks 
is advocated to see what the effect is. If the weight 
reduction is regarded as being too fast or too slow the 
unit allocation can be adjusted accordingly. The table 
of carbohydrate units is illuminating. A raw apple 
represents 2 units (10 g), a glass of sweet wine 4 units 
(20 g) and one piece of ‘Vitaweat? lj units (74 g). 
An examination of this table brings an understanding 
of the increase in weight since the slim and trim twenties. 
One begins to recall glasses of sherry consumed over the 
years together with a decrease in the habit of running 
for buses. Innumerable lunches and dinners are re- 
membered, while recollections of 20-mile country walks 
fade into the distance. At last the truth begins to 
dawn; in this affluent society we eat and drink too much 
and exercise too little. 

Prof. Yudkin utters a warning against the numerous 
fads and miracle diets which appear annually, and he 
arms us with reason against the blandishments of the 
copywriters. For those who have a sufficiently strong 
desire to return to the slim and trim twenties, Prof. 
Yudkin undoubtedly provides a blueprint. Whether or 
not it is followed must remain an individual choice; 
but the efficacy and strength of his argument will be 
greatly helped by the purchase of a pair of bathroom 
scales. . P. D. NuTrALL 


(London: MacGibbon 


Le Développement du Vivant par Lui-Méme 
Par P. Wintrebert. Pp. 456. (Paris: Masson et Cie, 
1963.) F.44. 


HIS second volume (the first was Le Vivant, Créateur 

de Son Évolution; seo Nature, 198, 117; 1963), which 
deals with embryogeny, concludes Mr. P. Wintrebert’s 
thesis, the content of which is intended explieitly for 
the rehabilitation of the living being. Faced with two 
prevailing currents of contemporary biology the author 
writes strongly against: (1) genetics, which he con- 
siders to be & mechanism illusively rejuvenated by the 
transfer from the physical to the microphysical level of 
explanation; (2) causal embryology, a preformist idealism 
disguised under pseudo-scientific categories. “The two 
conceptions diminish the intervention of the living . . . 
in a very different way, either supernatural, by exalting 
its power, or natural, by degrading it” (p. 282). 

The chemical lamarckism of Wintrebert is essentially 
‘vitalism’: the protoplasm alone is alive, alone has the 
‘intelligence’ and the ability to change itself by adapta- 
tion. It is also 'epigenetism': everything, at every 
moment of development, is actually present, and every- 
thing leads to a functioning result. There is no entelechy, 
no 'organizers', only protoplasm, paraplasm (some mito- 
genous activities of which have misled Speman and his 
successors) and genes. The absolute precision of the 
sequences is assured by the successive and orderly com- 
binations, to the primitive protoplasm, of the genes which, 
during evolution, have accumulated ‘adaptive hormones’ 
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elaborated by it. Evolution is therefore additive and 
irreversible: as opposed to Sewertzow and de Beer, 
Wintrebert considers that there can be no possible devia- 
tions other than, at the most, untimely interruptions due 
to lesions of the genes or to the circumstances of tho 
environment (neoteny) and some lateral coenogenetic 
adaptations (like aneural motricity of the embryo). From 
the cellular to the pluricellular state and to the organic. 
the individual, as Haeckel would have it, moves, through 
a succession of first physiological and then phylogenctical 
mutations, the same way as its ancestors; but this ro- 
capitulation is essentially chemical, it generally saves the 
useless transitional forms. Therefore, it is, contrary to 
the theory of de Beer, phylogeny which constructs 
ontogeny and, contrary to the theory of Weissman, the 
soma which builds up the germen. 

The book also includes two original chapters of first 
importance on the development of Discoglossus and the 
dog-fish: after sixty years of observation, Wintrebert is 
in opposition on quite a number of essential points 
(fertilization reactions, gastrulation, origin of the gonia) 
to the classical descriptions. An appendix offers some 
reflexions on intelligence, cancer and biological ethics. 

Though the reader will not always agree with Wintre- 
bert’s ideas, he will enjoy the brilliancy of the remarks. 
the desire for clarity in the descriptions and discussions 
and, above all, the lesson in independence, which 
does not exclude fidelity to a tradition of thought: 
the diffusion of such activating substances within the 
body of a still embryonic science should not fail to help 
him to pass successfully through the unforeseeable course 
of its mutations. J. LESSERTISSEUR 


Treatise on Analytical Chemistry 

Part 1: Theory and Practice, Vol. 4. Edited by I. M. 
Kolthoff and Philip J. Elving. Pp. xxv+1751-2705. 
(New York and London: Interscience Publishers, a 
Division of John Wiley and Sons, Inc., 1963.) 189s. 


HIS volume deals concisely and comprehensively 

with one of the most neglected fields of analytical 
chemistry. The book covers magnetic field and electrical 
methods of analysis. Each subjoct is divided up into 
several excellently written, clearly illustrated chapters. 
It is a complete definitive and authoritative source of 
information for all analytical chemists working in this 
rather specialized. field. 

Magnetic field methods are covered in four chapters, 
magnetic susceptibility (125 pp., 238 refs.), nuclear 
magnetic and electron paramagnetic resonance (69 pp., 
140 refs), mass spectrometry (106 pp., 305 refs.) and 
lon-seattering methods (32 pp., 21 refs.) The section 
on mass spectrometry by Melpolder and Brown is worthy 
of special note as it critically, and yet lucidly, interprets the 
principles, practice and uses of this precise instrument, 
covering both organic and inorganic analytical applic- 
ations. The comprehensive reference system makes this 
an excellent review article. 

Electrical methods of analysis are sub-divided into 
eleven short chapters. These cover the scientific and 
instrumental fundamentals of this field. If any criticism 
can be levelled at the treatment of this subject, it might 
be that the large number of sub-sections causes a certain 
degree of overlap and a smaller number of larger chapters 
might have been better. Articles dealing clearly and 
comprehensively with electrochemical techniques (66 pp., 
94 refs.), potentiometry (30 pp., 72 refs.), polarography 
(68 pp., 347 refs.) and coulometric analysis (49 pp.. 258 
rofs.), to mention only a few, provide a wealth of in- 
formation for the practical and theoretical worker alike. 

In short, this edition more than justifies the fine 
reputation established by its predecessors, its only 
disadvantage being that it is rather expensive for in- 
dividual purchase. It is, however, a must for all libraries 
associated with analytical laboratories. J. THOMSON 
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SCIENCE AND HUMAN EVOLUTION 


By Dr. BERNARD G. CAMPBELL 
5 Madingley Road, Cambridge 


“Discovery is an art, domonstration makes the Science.” 
5 Charles Singer!. 

HILE the scientific status of social anthropology 

has often been questioned, that of physical anthro- 
pology has not, and physical anthropologists would, in all 
probability, claim that their science, a branch of natural 
science, conforms to the methodology and traditions of 
science as a whole. Though the scientific method is 
perhaps more immediately effective in the experimental 
sciences it is just as powerful a tool in those sciences which 
depend not so much on experiment as on observation. 
Paleontology is a branch of the natural sciences which 
is not subject to experimental investigation (though it 
may utilize results of experimental biology), and it seems 
therefore worth enquiring how scientific method can most 
effectively be used by students of human evolution. It is 
scientific method which makes science, not experimenta- 
tion, not discovery ; it is scientific method to which we owe 
modern knowledge and technology, on which scientific 
progress depends; and it is scientific method which makes 
scientific knowledge distinct from religious and historical 
knowledge—which makes it demonstrable and universal. 

How does this method operate in paleontology ? Most 
discoveries to-day are made as a result of a planned excava- 
tion, though this was not always the case. Important 
human fossils have been discovered by chance (Neander- 
tal, Gibraltar, Cro-Magnon, Mauer); to-day, knowledge of 
human evolution and geology enable predictions to be 
made about likely sites for excavation (such a prediction 
was made many years ago by Dr. L. S. B. Leakey about 
the Olduvai deposits, and it has since been amply justi- 
fied). A rather vague hypothesis of this kind—often 
little more than a hunch—is a necessary pre-requisite to 
paleontological investigation. After that, results depend 
not only on the skill of the investigator, but also on luck. 
(The well-organized and well-financed expedition to Java 
in 1906 under Mme Selenka returned without any further 
trace of Dubois’s Pithecanthropus.) Deduction from a 
rather general hypothesis will give us a prediction which 
can act as a guide to paleontological investigation. 

The fossils found can then be treated as the given facts 
or data of human evolution. On them are made observa- 
tions—which are our attempts to describe them. On a 
series of these observations more exact hypotheses can be 
built by induction. These can then be tested by different 
means: by comparison with other well-founded hypothe- 
ges, and by further deduction and prediction. In this 
way we can move from rather vague general hypotheses 
to more precise ones. But at all times the power or truth 
of a hypothesis is its ability to predict, and nothing else. 
The predictions must be tested, and the result may be 
that the hypothesis will be corroborated, or it may need 
to be modified, or abandoned altogether. 

In physics or chemistry, not only can experiments be 
devised to obtain data, but also observations can in some 
instances be made and interpreted without human inter- 
ference—the subjective element is thus minimized. In 
biology this is less often possible, and in paleontology 
never. The science of paleontology is dependent on per- 
sonal observations, and so by nature subject to subjective 
aberration. Even at the level of obtaining data, palzon- 
tologists face a number of difficulties: (1) data are limited 
and finite; (2) they are both difficult and expensive to 
obtain, and there is an element of luck in their discovery ; 
(3) they are organic and therefore quite complex. 


At the same time, in the observation of data, students 
of human evolution face special problems. 

(1) In the first place, observations may be made at a 
number of different levels. Thus the form of the skull 
may be recorded in a descriptive manner with words such 
as dolichocephalic, platycephalic, tapeinocephalic, etc., 
or better still by measurement. Here the number of 
measurements and method of taking them are important. 
Beyond this, drawings, photographs, chemical analyses, 


. spectrographical analyses, etc., may be made on the fossils. 


Quantitative data obtained in standard and recognized 
ways will be the least subjective and probably the most 
valuable. Owing to the limited amount of data at present 
available, however, it is essential that the maximum 
amount of observation be made on the fossil; every 
independent and descriptive measurement and every 
possible analysis must be carried out which is likely to 
prove of the smallest value. The quality of the observa- 
tions will clearly affect the value of the hypothesis to be 
derived from them. 

(2) A second difficulty which is closely related to this 
is that a number of different skills may be required in the 
observation of data. Basic anatomical knowledge is 
essential. Beyond this, genetic, taxonomic, mathematical, 
chemical, biochemical and physical skills may be required. 
In practice, the interpretation of fossil data, to be of great- 
est value to science, must be carried out, not by one man, 
but by a small team of workers with differing qualifica- 
tions. 

(3) A third difficulty is a special one for anthropologists. 
The relation of the material to its investigator is complex. 
Even in other fields of scientific research the investigator 
is subject to a host of prejudices. Wilfred Trotter? has 
written: 

“The dispassionate intellect, the open mind, the unprejudiced 
observer, exist in an exact sense only in a sort of intellectualist 
folk-lore; states even approaching them cannot be reached 


without a moral and emotional effort most of us cannot and 
will not make.” 


How much more serious this problem is in anthropologi- 
cal research, when man investigates himself. Only a 
hundred years ago the theory of evolution caused a deep 
rift in man’s mind. The idea of human evolution has still 
not been absorbed fully into our subconscious and a schism 
can be detected at many levels of thought and behaviour. 
The special relationship which we have with the material 
which we investigate affects our interpretation and 
observation of data in many ways. One of the most 
fascinating aspects of this problem is seen in the light 
of the investigator’s world-view. At one extreme man sees 
himself as an animal which has achieved its humanity 
with struggle and which can be proud of its achievement. 
Such a man sees in his ancestry, not only a reminder of 
his own racial achievement, but also an explanation of his 
all too common failings in humanity. He may well prove 
to bo tolerant and maintain his optimism in the face of 
human failure and cruelty which to another can only 
cause despair. 

At the opposite extreme, an individual may see himself 
as fallen, or at least falling, far short of his potentialities 
and needs. He finds himself miserable, cruel and perhaps 
doomed, never to rise above the level of the super-intelli- 
gent animal which he is. Those who hold this view, 
though they may never realize it, may shun the idea of the 
animal in man and wish to confine his bestial ancestry to 
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Fig. 1. Zinjanthropus, drawn by Maurice Wilson for Dr. K. P. Oakley 


the most distant past. Such a man is all too conscious of 
the gulf between what is and what could be, of the best in 
man and of the worst. Man, he believes, can become a 
superman or & god, and his failure to progress is the 
cause of the deepest pessimism. Clearly these two views 
of the condition of man cannot fail to affect the frame of 
reference in which we study our origins (Figs. 1 and 2). 
Indeed, aberration resulting from the subjectivity of 
observation may be so serious as to render interpretation 
of fossil data of no value to science. 

(4) A final difficulty which falls into this category is 
that discoveries in human paleontology receive world-wide 
publicity—tho layman is intensely interested, and the 
investigator may find himself in the public eye. Publicity 
of this kind is not only ego-enhancing, but also compelling: 
the public will not only make a discoverer famous, but 
will also demand something in exchange. Once a discovery 
is signalled as great, the discoverer is obliged to maintain 
this image in his observation and interpretation of the 
material—the pressure again may be disastrous to that 
frail vessel which is the human mind. It-has even hap- 
pened that as a reaction to this pressure, a discoverer has 
completely rejected an early and quite valid interpreta- 
tion for no good reason, and replaced it by a contrary 
form. This Dubois did, when towards the end of his life 
he revised his interpretation of the hominid Pithecanthro- 
pus find, and stated it to be a giant gibbon. The history 
of human paleontology presents us with many examples of 
how not only opinion, but money too, has caused the 
discoverer to behave in a manner antithetical to science. 
(A notorious instance was the discovery and disposal of the 
Le Moustier skeleton, by Otto Hauser. The skeleton was 
lifted from the Dordogne in 1908 without the recording of 
any archeological data and sold to the Museum für 
Völkerkunde of Berlin for 125,000 gold francs. It was 
destroyed in the Second World War.) 

The observation of data is followed by its classification, 
and the erection of a hypothesis on the basis of such data, 
together with other date and hypotheses; this new hypo- 
thesis brings to discrete observations some coherent mean- 
ing. It is at this stage that science begins— scientific 
investigation itself is an art, and a very skilled one; the 
erection and demonstration of hypotheses are the beginning 
of science and it is in this way that scientific method 
brings its unique kind of universal knowledge. The 
erection of a hypothesis follows a number of distinct 
steps. 

(1) All observations relative to the matter under 
investigation must be assembled from different sources, 
published and unpublished. Those most reliable can be 
treated as primary or self-sufficient evidence; other data 
may be set aside and tested at a later stage?. 
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(2) One or more hypotheses can then be constructed 
which account for the maximum of reliable facts or 
evidence. It is, of course, by no means essential to devote 
time to the construction of hypotheses. Invaluable 
work has been done in anthropology of a purely descrip- 
tive nature, and in the absence of experiment, observation 
and description are the essential ground-work of palzon- 
tology. Charles Darwin gathered data for five years 
before he first formulated his hypothesis of evolution, and 
it was another twenty-two years between the formulation 
of this ‘working hypothesis’ in 1837 and its publication in 
1859. 

(3) The simplest hypothesis should be selected in tho 
first place as a working hypothesis. This is the principlo 
of Occam’s Razor. The principle is particularly pertinent 
to studies of human evolution. As a result of the nature 
of the data there is no difficulty in the construction of 
unlimited hypotheses to account for them. Testing of 
complex hypotheses, which may suggest false predictions, 
has wasted much scientific endeavour. The most impor- 
tant point is that the hypothesis should not be otiose— 
it should contain no statemont which is unnecessary to 
account for the observations on which it is based. On the 
other hand, the simple hypothesis will probably enable 
one to make more predictions, and will therefore be easier 
to test. 

Oceam wrote that "plurality is never to be posited with- 
out need”. This suggests that in studies of human evolu- 
tion the simplest coherent scheme which accounts for the 
reliable facts should be tested before a morc complex 
(here probably polyphyletic) hypothesis. Adherence to 
this principle would speed the solution of many problems 
and ensure the most efficient use of scientific effort. 

(4) Test the working hypothesis by comparison with 
other hypotheses and by deduction and prediction against 
further observations of a reliable nature (new discoveries, 
etc.):. Meanwhile, the probable or possible status of 
disputed fossils can be assessed. This testing process is 
one of the most vital stages in the method of science; 
but it is here that paleontology restricts the pace. Expori- 
ments in physics and chemistry can be specially devised 
to test hypotheses. All the paleontologist can do is to 
look for new facts, a lengthy process, or make further 
observations on known data. (It may be mentioned in 
passing that there is a very large amount of fossil material 
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which has received véry little attention and may prove of 
great value in the science of human evolution. Examples 
include the fossils from Steinheim, Jebel Kafzeh and 
Montmaurin.) 

A logical corollary of the foregoing process involves the 
examination of any hypotheses or observations which do 
not support the hypothesis, together with an assessment 
of their validity. Such examination may result in a 
modification of the hypothesis, as may the addition 
of new observations. 

(5) Assuming that the hypothesis is able to account for 
the majority of the most reliable observations, the scient- 
ist should then publish it with a demonstration of its 
validity. This is the second essential stage in the method 
of science. The purpose of this publication is: (a) to 
communicate what is believed to be an.advance in know- 
ledge; (6) to make the hypothesis available for further 
testing by other workers. 

If there is one characteristic which distinguishes science, 
it is that it must be universal—it is the "search for judge- 
ments to which universal assent may be obtained’. 
This characteristic necessitates such publication. If 
judgements are to be universally accepted, their validity 
must be effectively demonstrated. As a rule, therefore, 
scientists refrain from publication of working hypotheses 
until such demonstration can be given. The publication of 
a hypothesis with insufficient evidence does, however, 
carry heuristic value, though if accompanied by expres- 
sions of certainty, it may result in unnecessary contro- 
versy, because it is, in fact, open to doubt. 

Publication is necessary at other stages, however, 
besides that of the demonstrable hypothesis. First of all 
facts must be published. In the cass of fossils, this means 
that they must be placed in a public museum for the 
observation of any suitably qualified person who may 
wish to examine them. Fossil bones should not be treated 
as personal property; to withhold scientific knowledge is 
anti-science. Secondly, personal observations should be 
made available for the benefit of those who are unable to 
examine the original fossil data themselves, or who are 
‘not qualified to do so. The maximum number of observa- 
tions should be made by standardized techniques and 
should be widely published. The withholding of observa- 
tional data can never be justified (measurements, analyses, 
etc.). 

These remarks may not only help us to analyse the work 
of others, but they may make our own contribution to the 
science more valuable. From them emerges one important 
conclusion: the science of human evolution is fraught with 
so many difficulties that it is of the greatest importance 
that a strict and rigorous methodology is followed. 
Failure to do so leads us from difficulties to confusion and 
misunderstanding. 


Nomenclature and Hypothesis 


Harrison and Weiner? have pointed out that the 
economy principle of Occam’s Razor “should be extended 
to the activity of naming new fossil finds". By "naming" 
they mean, of course, the designation of fossils with Latin 
names, which Simpson‘ terms nomina, to create new 
species. The reason for this may not at first be clear, but 
if the meaning of the sexual species concept is fully 
accepted, it follows that the creation of a nomen involves 
the erection of a hypothesis. 

The word ‘species’ is as old as the Latin tongue, but has 
changed its meaning with time. Until the cighteenth 
century, a species was a real and discrete unit—a kind of 
animal created as such by God and showing only the 
smallest variation. Although Linnzus accepted this con- 
cept he later recognized that considerable variability 
existed within species, though he did not doubt their 
original purity and constancy. Darwin observed minutely 
the geographical variation of species, and when he arrived 
at his hypothesis of evolution he saw that the term 
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‘species’ was to become a convenient label, no longer 
signifying a discrete population. The concept of the 
species had lost its meaning. 

Our understanding has now changed once more. The 
sciences of genetics and ecology combined during the early 
years of this century to nourish a new approach to system- 
atics which developed during the 1930’s. To-day we 
recognize the species as a prime biological unit with 
objective criteria. The details of this important develop- 
ment are beyond the scope of this article and have been 
often described by Huxley®, Mayr* and others. Suffice 
it to say that the use of a nomen as a ‘label’ for one or 
more fossils is no longer justified—as the concept of the 
species has developed, so the unit designated by the two 
Latin terms has come to assume a quite complex meaning. 

The history of fossil discoveries contains very many 
instances in which fossils were named for purposes of 
convenience without an understanding of the modern 
species concept. Indeed, no scientist could be blamed 
greatly for this attitude before about 1935 because the 
modern species concept was until then in its infancy. 
The meaning of the term in fact did not worry paleo- 
anthropologists because fossil finds were so few and far 
between. However, a large number of nomina accumu- 
lated and have since had to be critically assessed. The 
resulting confusion has not greatly helped the investigation 
of human evolution. 

But the modern species concept is complex, and has 
certainly not been understood by all those who have more 
recently named Hominid fossil species. It would be fair 
to say that in the field of systematics or taxonomy the 
concept is now generally accepted and understood, thanks 
to the brilliant work of Huxley, Mayr, Simpson, 
Dobzhansky and others. Outside this field the situation is 
less satisfactory. This is very troublesome for palzo- 
anthropology because fossil discoveries are usually made 
by either archzologists or geologists, and the fossils are 
usually described and published either by their finders or 
by anatomists. None of these skills is necessarily inclusive 
of taxonomic experience. The understanding of taxonomy 
usually reaches to a knowledge of the Code of Zoological 
Nomenclature, and of the hierarchical system of classifica- 
tion proposed by Linneus, but the meanings to be asso- 
ciated with the different taxonomic levels are not under- 
stood. (In practice the ineffectual designation of nomina 
does still occur. Recent examples include Homo sapiens 
shanidarensis Senyurek, 1957; Hemanthropus peti von. 
Koenigswald, 1957; Homo homo var neanderthalensis 


‘Blanc, 1961; Sinanthropus lantianensis Woo, 1964. The 


validity of all these is in doubt, and some of them are 
certainly nomina nuda.) The nomina are in fact still 
frequently treated as labels. I quote: 


“It always was and still is the custom to give generic and 
specific names to each new type without much concern for the 
kind of relationship to other types formerly known.” 

Franz Weidenreich™. 


“T think it will be more convenient to split the different 
varieties into different genera and species than to lump them.” 
Robert Broom!*, 


“Since the names which we apply, at any and every level in 
the taxonomic sequence are inevitably arbitrary and artificial 
it does not, I believe, matter what we decide to do, provided 
only that the majority of those who are concerned in the classi- 
fication, at any given time, are agreed as to how they will use 
the classification system. . .. All names and terms are after 
all, only ‘arbitrary labels’ which are made for the convenience 
of ourselves and our colleagues.” Louis Leakey". 


There is, of course, no objection to the use of names in 
any language as labels for either individual fossils or local 
populations (Simpson’s N, and N, designations’) so long 
as they do not take the binomial Latin form. To avoid 
confusion such names should be explicitly stated to 
refer not to species, but to individuals or local populations. 
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The understanding of how the species concept can be 
applied to fossil finds must follow two stages. The first 
is to be clear about the meaning of a biological species or 
biospecies; these species can only be recognized at a 
given moment in time and are defined as “groups of 
naturally or potentially interbreeding natural populations, 
which are reproductively isolated from other such 
groups"*. This concept of the biospecies is essential to 
the theory of evolution, since it is when two closely 
related groups of animals cease to interbreed that they 
become two species and henceforward can evolve in 
different directions to form eventually perhaps two 
entirely different families. But this concept of the bio- 
species can only be applied to a moment in time—it does 
not recognize the dimension of time. 

A species in paleontology is an extension of this idea. 
It is & fundamentally different kind of unit and has been 
called a chronospecies or paleospecies. Such species 
can be recognized in two instances: 

*(1) in separate lineages (contemporaneous or not) between 
which significant interbreeding does not occur ; (2) at successive 
stages in one lineage but with intervening evolutionary change 
of such magnitude that populations differ about as much as do 
contemporaneous species."4 
That is to say, that we must attempt to divide up each 
evolving lineage into temporal and morphological stages 
which show approximately the same amount of morpho- 
logical variation in time as an average biospecies does in 
space. I have quoted Simpson‘ as a convenient reference; 
but this is not a new concept. It was already fully 
accepted by 1943 7 and was in use years earlier. 

From an understanding of the concept of the palæo- 
species follows the realization that the creation of a new 
paleontological species involves the erection of a hypothe- 
sis. This unwritten hypothesis could be stated somewhat 
as follows: 

The species A-us b-us (of which specimen Reg. No. 1302 in 
the Natural History Museum, Timbuctu, is the holotype) is 
believed to have existed as a group of naturally interbreeding 
populations over a certain area . . . and with a variability 


typical of modern living biospecies, and also to have been - 


evolved from, &nd to have evolved into, other species which are 
separated by the amount of morphological difference which is 
usually associated with a species in space at the present time. 
The species represents a stage in an evolving lineage and will 
no doubt prove to be divisible (if not already so) into a number 
of sub-species in both the dimensions of space and time. 
Furthermore, the species can be distinguished from its neigh- 
bouring species (in space and time) by the following characteris- 
tics, etc. 


The Code of Zoological Nomenclature states that for a 
name to be valid it must be “accompanied by a statement 
that purports to give characters differentiating the taxon” 
(Article 13 (a) (i) ). It is scarcely necessary to state that 
this implies that the taxon must be differentiated from its 
nearest neighbours in evolution. Mayr (1942) states: 
“The diagnosis should include a direct comparison with 
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the nearest relative'"5. It would scarcely be of value to list 
the characters common to the family in which the fossi! 
falls to distinguish it from a related family; on the con- 
trary, the diagnosis must be pertinent to its function —that 
is, to enable other discoveries to be assigned to one or 
other of two species. The Code of Zoological Nomen- 
clature is not in a position to state whether such a diagnosis 
is effective, just as criminal laws can do little more than 
punish a breach of the legal code. They cannot instil 
virtue, and similarly the Code of Zoological Nomenclature 
itself cannot ensure the presentation of an effective 
diagnosis; but the methodology of science can, for ii is 
in the diagnosis that we find the demonstration. It is here 
that the hypothesis of the new species must stand or fall; 
it is here that science will train its critical eye to discover 
the validity of the hypothesis. The diagnosis must sup- 
port the hypothesis for the species to stand, not in law, 
but in reality. It is precisely here that publications of 
new species so often fail. (Many examples of this state of 
affairs could be quoted. The most topical, and one of the 
most importent, concerns the creation of the taxon 
Homo habilis*. In their original publication the authors 
stated that Telanthropus capensis “may well prove, on 
closer comparative investigation, to belong to Homo 
habilis" ; thus the effective demonstration of a novel taxon 
was negated’. The name is valid, but the species has not 
been effectively shown to have existed, as a distinct 
taxon.) 

I have here attempted to suggest how an understanding 
and strict use of scientific method may help us to avoid 
some of the problems which arise in paleoanthropology. 
Not only will this make our endeavours more fruitful, but 
also in an anthropological science a proper methodology 
will obviate much argument and ill-feeling which has. 
from time to time, been reported in the Press. Scientific 
communications must be clear, and so far as possible open 
to no misunderstanding. Since improvement in method. 
and better presentation of observation and hypothesis arc 
open to paleoanthropologists, it would be the height of 
folly to neglect them. 

I thank Prof. Philip Tobias and Mr. John Wilson for 
their advice. 
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A DARWINIAN APPROACH TO IMMUNITY 
By Sir MacFARLANE BURNET, O.M., F.R.S.* 


Walter and Eliza Hall Institute, University of Melbourne 


"Ps production of antibody by the immunized 
animal has gradually developed over the past ten 
years to become one of the key problems of general biology. 
With the progressive clarification of the process of 
protein synthesis and particularly of enzyme synthesis, 
everything points to a progressive transfer and tran- 
scription of genetic information stored in DNA, through 


* Substance of a University of London Special Lecture in Pathology 
delivered on June 11. 


the now classic machinery of messenger-RNA, ribosome 
and transfer RNA to the specific sequence of amino- 
acids in the polypeptide chain. Although there is still 
controversy on the point, there is good evidence that tho 
secondary and tertiary configuration which will be taken 
by a single polypeptide chain or a functional complex 
of more than one chain are determined essentially by the 
sequences of amino-acid residues, the siting of the cysteine 
residues capable of forming intra-molecular disulphide 
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bridges being particularly important. 'The whole Specific 
structure of an enzyme on this view is genetically determ- 
ined. At first sight, then, the apparent ability of an 
animal to produce in response to any one of many thousand 
potential antigens a protein with a precise complementary 
pattern, allowing firm and specific union to the antigen 
used, is & major paradox. The so-called instructive 
theory initiated by Breinl and Haurowitz}, refined by 
Pauling*, and given its most recent expression by Karush?, 
claimed that the differences between two antibodies 
were due, not to differences in amino-acid content or 
sequence, but resulted from the fact that the final con- 
figuration was taken up against the antigen as a tomplate, 
the initially plastic configuration being fixed by the 
development of intramolecular S—S and hydrogen bonds. 
Evidence from several sources seems to render such a 
view untenable. Koshland and Engleberger* have shown 
differences in amino-acid constitution of two antibodies 
from the same rabbit; Buckley et al.5 have shown that 
completely denatured y-globulin fractions can regain 
immunological specificity on renaturation. 

If, on the other hand, antibody specificity is genetically 
determined, we are forced to assume either that all 
antibody-patterns are laid down in the fertilized ovum 
or that they arise by a process of random emergence 
which has the general character of somatic mutation 
and which is afterwards subject to continuing selection 
Se DIM within the lymphoid cell population of the 
body. 

The present contribution is intended to support the 
view that somatic mutation is an adequate, and probably 
the ‘only, source of immunological pattern and that the 
nature of the lymphoid system is such that clonal selection, 
positivo and negative, can mould the population of 


mutants to provide the exquisitely adapted structure. 


of immunological surveillance and defence. 

Looked at broadly this gives us what can be called a 
Darwinian picture of micro-evolution among the lymphoid 
cell populations of the mammalian body. These cells; 
being highly expendable and constantly renewed, must 
necessarily be subject to a process of selection for survival 
in which clones play the part of species and sub-species 
in classical evolution. 


Somatic Mutation in Mammalian Cells 


Mutation is defined as a rare random and irreversible 
change in the genome of an organism or cell, with the 
necessary implication that any phenotypic manifestation 
of the change may potentially or actually be shown by 
all, descendant organisms or cells. If we exclude pro- 
visionally changes which might arise in hypothetical 
ribonucleic acid (RNA) structures, mutation may arise 
from any form of change in the nucleotide sequence of 
DNA. resulting either from point mutation as a single 
nucleotide or from some type of ‘break and mend’ lesion, 
deletion, inversion or even mitotic crossing-over, compat- 
ible with the continued functioning of the cell. 

There seems no reason to doubt that mutation in somatic 
cells is of the same general quality as in germ cells and 
perhaps of equal or greater frequency. The studies on 
fleece mosaicism of sheep by Fraser and Short* provide 
a striking demonstration that a certain mutation may 
occur during the period of primary segmentation of the 
fertilized ovum and that its frequency throughout is 
proportional to the number of cells present. Mutation 
can in general be equated with error resulting from accident 
and it is reasonable to assume that accidental damage to 
DNA sequence is likely to occur when the segment 
concerned is active in transcription of information to 
RNA. as well as in replication. Somatic mutation in 
relation to functional activities of a cell type may there- 
fore be considerably more frequent than germinal muta- 
tion. : 
Even so the chance of mutation will always bo small. 
If we adopt a frequency of 10-4 as the upper limit for any 
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given cistron any modified protein produced as a result 
of mutation in a single cell will be undetectable in the 
presence of 10‘ times as many unchanged cells. Somatic 
mutation is only demonstrable whon its effect can in one 
way or another be magnified. 

With only some as yet undemonstrated exceptions in 
principle, mutation in a mammalian somatic cell is 
significant only if it gives rise to an observable clone of 
descendants. The conditions under which this may 
happen are: (1) The mutation occurs early in embryonic 
development in a cell from which a significantly large 
number of descendant cells arise. (2) The mutant cell 
has, as & result of the mutation, a selective proliferative 
advantage over its congeners and finds the conditions 
that may be needed for that proliferative advantage to 
be manifest. } 

From our present point of view the most important 
of these processes is the change which makes a mutant 
susceptible to the action of a specific mitotic stimulant 
present in the body. This is one way of interpreting the 
phenomena of conditioned malignancy, and the clonal 
selection theory of immunity is based on the assumption 
that a lymphoid cell by reacting immunologically with 
8 corresponding antigenic determinant may thereby 
be stimulated to active proliferation. For ‘normal’ 
lymphoid cells, the antigenic stimulant is foreign or at 
least normally inaccessible, but in auto-immune disease 
the position approaches a conditioned malignancy even 
more closely, with a normal body constituent acting as 
the proliferative stimulus. f 

It should be emphasized that the nature of antibody 
is such that very small amounts can’ be demonstrated , 
and titrated in the presence of a great excess of globulin 
lacking the specific reactivity for which we are testing. 
If new antibody patterns arise by mutation then it may be 
possible to detect the activity of a very small clone of 
descendant mutants or even in specially suitable cir- 
cumstances a single active cell. 


Physiological Phases of the Lymphoid Cell 


There is now almost conclusive evidence that three 
functionally distinct types of cell, all with immunological 
potentialities, can be derived from stem cells of the type 
commonly present in the thymic cortex or in the substance 
of a germinal centre elsewhere in lymphoid tissue, and 
usually called large lymphocytes or blasts. These cell 
types are: (1) the small lymphocyte; on appropriate 
stimulation many, perhaps all, lymphocytes can become 
proliferating stem cells and the lymphocyte can best be 
regarded as a ‘memory’ cell from which the two actively 
functional forms can be derived; (2) cells of the plasma 
cell series, the active producers of antibody; (3) mast 
cells which can be regarded as concerned with pharmaco- 
logical concomitants of immunological activity. 

If it is legitimate to treat the stem cell and its derivatives 
as phases of the immunologically competent cell, all 
must be assumed to possess the same (somatic) genetic 
potentialities of immune reactivity. This can be most 
simply, if perhaps inadequately, expressed by saying 
that all carry receptors of the same specificity as that of 
the antibody produced by plasma cells of the family. 


Current Picture of y-Globulin Structure 


Antibodies as present in plasma or serum of an 
immunized animal are heterogeneous, both physically 
and functionally, and, for chemical examination, it has 
been expedient to concentrate on the most ‘typical’ 
antibodies such as those found after prolonged immuniz- 
ation with a well-defined antigen. In rabbits, such 
antibodies are definable as y-globulin of sedimentation 
rate 6:6-75 and mol. wt. 160,000, and it is these 7Sy2- or 
YG-globulins which have been most examined. 

The specifie relationship of antibody to the corre- 
sponding antigen is implemented by a complementary 
steric relationship of molecular pattern on relatively 
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small areas of antigen (the antigenic determinant (A.D.)) 
and antibody (the active patch (A.P.)). Antigenic 
determinants may be of widely varied chemical nature 
but the active patch must, in every instance, be composed 
of portions of one or more peptide chains. 

Examination of the proximate components of y-globulin 
has resulted in a wide acceptance of Porter’s diagram? 
as an appropriate model. In this the 7Sy-globulin 
molecule is composed of pairs of A(H) and B(L) peptide 
chains linked by S—S bonds. The A and B chains appear 
to be governed by distinct genetic determinants and there 
is some tendency to regard the portion of the A chain 
which forms Porter’s piece IIT as being distinct (? genet- 
ically) from the rest. There is some controversy about 
the relation of the active patches to the Porter model, but 
‘present American opinion (cf. Galy and Edelman’) 
seems to be firmly in favour of the APs being the joint 
responsibility of parts of both A and B chains. The two 
active patches appear to be located at each end of a 
flexible elongate molecule approximately 250 A x 40 A, 
they are of similar specificity’ and may be thought of 
as small depressions in the general surface of the protein 
into which complementary ADs can fit. 

No accurate statement can be made about the number of 
amino-acid residues directly concerned in the active 
patch. It is probable, in fact, that the number is in a 
sonse indeterminate, but a rough estimate of 10—20 per 
patch? may represent the correct order of magnitude. 
On such an estimate the 2 active patches would directly 
involve only about 2 per cent of the 1,500+ residues in 
the globulin molecule. Any change in the species or 
gequence of this 2 per cent would have a correspondingly 
great effect on specificity of the antibody. In addition 
it would always be possible that amino-acid changes in 
other parts of the polypeptide chains would have modifying 
allosteric effects on the active patches, for example, 
in increasing or decreasing avidity for a given antigenic 
determinant without change in specificity as such. 


Random Character of Immunological Pattern 


In order to account for the facts of immunological 
tolerance both natural and experimentally induced, both 
Jerne? and myself! have held that some process of 
randomization of specific pattern was necessary. Self- 
recognition is not susceptible to discussion in terms of 
instructive theories and, in any type of selection theory, 
demands the production of a large number of random 
patterns from which patterns reacting with accessible 
body constituents can be eliminated by contact with 
the antigenic determinants at an appropriate stage of 
physiological maturity. 

It is unquestionable that the common features of all 
7Sy2-globulin molecules must be genetically determined. 
These include the general character and relationship of 
the A and B chains and their main antigenic determinants. 
The same requirement will hold equally for the other 
types of immunoglobulin. It is against this background 
of genetically determined structure that the somatic 
mutational origin of diversity of pattern must be con- 
sidered, and it is axiomatic that any type of genetic change 
which destroys the character of the product as a y2- 
globulin is irrelevant to the problem. 

Smithies!! has recently provided a suggestion as to 
how such & random production of patterns could arise. 
Small inversions of the portion of the genome coding 
for significant sequences of the A and B chains could 
obviously cause major changes in specificity. In more 
general terms we ean accept that any change in the 
relevant area(s) of the genome whether by point mutation 

- or by any form of deletion, inversion or mitotic cross-over 
of ‘break and mend’ type can produce changes in amino- 
acid sequence and, depending on whether they involve 
the active patch areas or other regions, will change speci- 
ficity or modify it. The only limitation which holds 
similarly for all somatic mutations that can be examined 
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-is that the change should not destroy cell viability or so 
change the protein concerned that it is unrecognizable 
as y-globulin. 

The essence of this extension of Smithies’s hypothesis 
is that the highly specific pattern of the active patch 
based on relatively few amino-acid sequences is subject 
to major change by minor genetic reorganization in the 
appropriate segment, while change elsewhere muy be 
50 times as frequent but will produce only such changes 
as modify the avidity or range of action of the antibody 
concerned. 


Jerne’s ‘Antibody-plaque’ Technique 


One of the most striking recent developments bearing 
on clonal selection theory has resulted from the work of 
Jerne et al. using a technique by which antibody- 
producing cells can be directly enumerated. This is for 
the present limited to antibody capable of producing. 
with complement, hemolysis of red cells; in Jerno’s 
system mouse spleen provides the antibody-producing 
cells which are tested against sheep and rabbit colls. 
The essential features are: (1) in normal 8-weeks-old 
mice there are small populations, +100 cells per spleen, 
which can produce hemolysis of sheep or rabbit colls; 
(2) the two populations concerned are distinct and in- 
‘dependent; (3) immunization with sheep red cells provokes 
a rapid rise in the number of cells effective against shoop 
‘erythrocytes but no change in those lysing rabbit colls 
and vice versa. 

These results have already been confirmed in many 
laboratories and the only simple interpretation is tho 
spontaneous occurrence almost certainly by somatic 
mutation of small numbers of cells with the pattern 
needed for each particular type of immune reactivity. 


Additional Evidence in Favour of the ‘Darwinian’ 
Approach 


The concept that all immunological phenomena repre- 
sent the selection of qualities that have arisen by random 
process allows a wide range of phenomena, which have 
tended to be passed over as meaningless, to fall into 
place. Every laboratory immunologist is aware of the 
wide variability in the response to & single antigen in any 
group of animals of the same species. Dixon et al”, 
in & classic paper on the immunological production of 
nephritis, gave a large number of rabbits prolonged 
daily injections of relatively large amounts of bovine 
serum albumin. The effect on the kidney depended 
wholly on the differences in response. Those rabbits 
producing very small amounts of antibody were the 
only ones to suffer serious nephritis. Three other sub- 
stantial groups, comprising high titre antibody producors, 
medium antibody producers and those which produced no 
antibody, had transient or no lesions. Whenever we 
have immunized a group of genetically uniform inbred 
mice, there has been a wide scatter in antibody titres. 
As part of the same pattern, we have the differenco 
between poor antigens in which only a small proportion 
of animals give any antibody at all (yot, with large 
enough numbers of animals, an occasional ‘good’ serum 
can usually be obtained) and the good antigons. like 
bacterial flagella or T'2 bacteriophage, whero nearly all 
animals respond well. 

Throughout the immunological literature, thore aro 
accounts of the extreme heterogeneity of antibodies at 
both physical and functional levels. Fahey™ has rec- 
viewed the subject extensively and, more recently. 
Edelman’s indirect evidence, and the direct findings 
of Koshland and Engleberger*, indicate that there is also 
heterogeneity in amino-acid composition of physically 
similar antibodies. Evidence of a further type of hetcro- 
geneity among antibodies has recently come to light with 
the recognition bcth in rabbits?® and in human beings!’ 
of antigenic differences between purified antibodios. This, 
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presumably, points also to structural differences in amino- 
acid sequences. The highly relevant exception is the 
individuality and homogeneity of myeloma globulins 
and the retention of that character on transfer of a 
suitable mouse plasmacytoma to a new hostit. The fact 
that, with very refined methods, sub-populations of 
myeloma globulin molecules can be observed in some 
is also to be expected from the hypothesis. 

Both the irregularity of response and the extreme 
heterogeneity of antibodies are necessary consequences 
of & hypothesis of random development and selective 
proliferation. This is not the place to elaborate the many 
similarities which can be observed between the micro- 
evolutionary process by which the body develops its 
population of immunologically competent cells and 
antibodies and evolutionary processes in the standard 
sense, but, on these two points, the analogies with the 
evolutionary radiations that have occurred with each 
new step in evolution are obvious. 

This theoretical approach is concerned only with: 
(1) the origin of immunological pattern; (2) its passage 
to descendant cells and further modification by mutation ; 
(3) the process of selective proliferation under the stimulus 
of union with corresponding antigenic determinant. 
Several important and controversial problems are left 
untouched: (1) The possible transfer of genetic inform- 
ation determining immunological pattern from one cell 
to another. (2) The form in which an antigenic determ- 
inant is capable of stimulating effectively the receptors 
of a potentially reactive cell. (3) The number of anti- 
bodies which can be produced by a single cell. It seems 
likely that these questions are soluble in principle by 
experimental work in progress in many laboratories and 
that the uncertainties they represent do not invalidate 
the approach which has been adopted. 
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Summary 


An extension of the clonal selection theory of immunity 
to its logical conclusion relates the origin of specific 
immunological pattern wholly to random changes in the 
segment of the lymphoid cell genome which codes for the 
A and B polypeptide chains of y2-globulin and the 
equivalent constituents of the other immunoglobulins. 
It is suggested that no greater mutability may be required 
than in any other type of functioning somatic cell, pro- 
vided it is accepted that specific union of antigenic 
determinant with cell bound antibody acting as receptor 
initiates proliferation of the cells concerned. This would 
provide the selective forces needed to mould the popula- 
tions of the various mutants that can arise, to fulfil the 
body’s immunological requirements. 
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Y PROS AND CONS OF INTERNATIONAL RESEARCH CENTRES 


T the meeting of the Society for Visiting Scientists 

on June 3, great interest was expressed in the 
potentialities of international research centres. It was 
admitted from the outset that there is no intrinsic merit 
in international research as such, since the important 
thing in any scientific work is the result, not how or 
where the work is carried out. The justification for any 
proposed international effort must therefore be carefully 
examined: the factors making for success will by no 
means always be the same, and the fact that one such 
centre may have succeeded is no adequate reason for 
assuming that others will. In fact, both scientific and 
political factors enter into the argument and either 
element would be neglected at one’s peril. 

The first essential was the clear demonstration of a 
genuine scientific need. In the case of the European 
Organization for Nuclear Research (Conseil Européen 
pour la Recherche Nucléaire) (CERN), the obvious 
example of a successful international research centre, the 
starting-point in the demonstration of the scientific need 
was the poor state in which European nuclear physics 
found itself after the Second World War. This, of course, 
was scarcely enough in itself: there was, in addition, the 
undoubted fact that the equipment requirements of 
nuclear physics research had by this time reached such a 
stage that they were quite beyond the financial resources 
of any Western European country. The CERN syn- 
chrotron, which had taken years to build, had, in fact, 
acted as a cement for the organization. The next stage 
in the development of the subject, a 300-GeV machine, 
which was already being discussed, would cost about £100 
million, which would strain the resources of the existing 
Western European countries, and an organization was 


already being suggested which would include Europe, 
the United States, and the U.S.S.R. Any stage beyond 
this would presumably make it necessary to call in some 
of the other planets, which might raise difficulties. 

In any such demonstration of the scientific need it was 
important to ensure that the scientists themselves were 
on one's side. Some of them might well feel that expendi- 
ture on international research might reduce their own 
national research budgets. Experience at CERN sug- 
gested that this was not the case but rather that the 
success of an international project might well catalyse 
increased national expenditure. 

The proposal, now under discussion, for an international 
European institute for molecular biology presented a 
rather different picture of scientific need, though the 
sentiment behind the present drive for its formation was 
essentially similar to that which had led to the setting 
up of CERN. In this case the proposal might succeed, 
it was suggested, rather because it was so cheap than 
because it was so expensive. To begin with, molecular 
biology is a subject which needs a large group of different 
techniques and disciplines. Europe at present has nothing 
to equal the concentration of relevant techniques which 
the Boston (U.S.A.) area, to take one example, can offer. 
There is the Cambridge group, the work of Sir John 
Randall’s Department in London, and the work of the 
Pasteur Institute in Paris. None of these covers more 
than about one-third of the field. However, unlike the 
CERN concept, the subject is only moderately expensive 
in plant and equipment but is very expensive in people. 
On top of this research situation is imposed the need for 
a centre where young men in Europe can train in this 
subject. 
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To establish such a centre only one or two men from 
each country would be needed for long-term appoint- 
ments, so there would seem to be no serious risk of 
depleting the scarce man-power in each country to an un- 
desirable extent. At present, in any event, no country was 
getting full value from the men it did have working since 
these were often too isolated. The cost of an International 
Institute in this field might be between 2 million and 
3 million dollars per annum in contrast to CERN, for 
which the United Kingdom contribution alone was £2 
million per annum. There was as yet no agreement about 
where such an Institute should be situated and whether, 
for example, it should be where the subject was already 
strong or where it was weak. One suggestion was that it 
might be situated near CERN, since it would be mutually 
profitable for the molecular biologists and the physicists 
to be able to talk to each other. A note of caution was 
sounded in a suggestion that the mere establishment of 
an institute would itself tend to fossilize the discipline 
into its present channels and to inhibit new interchanges 
with yet other disciplines. It was at least generally agreed 
that there was a strong argument for setting such an 
institute in an area which could provide a wide-ranging 
intellectual background. 

A third example of an area in which international 
research was being urgently discussed was provided by 
cancer research. In this case there was at present thought 
to be no genuine scientific need for an international 
institute since there was no work to be done of & kind 
which could not be carried out in present national 
institutes. On the other hand, there were specific problems 
and projects which transcended national boundaries and. 
to which effort could only be devoted by international 
co-operation. Obvious examples were geographical 
disparities in the incidence of different types of cancer 
and the investigation of specific cancer problems in areas 
in which the national effort was inadequate. 

The experience of running CERN presented some 
interesting lessons. Given genoral acceptance of the need 
for an international organization desirable administrative 
simplicity could be achieved in running it. Each member 
country of CERN had two representatives on the govern- 
ing body and voting was on a simple majority basis 
except for budgetary recommendations. This latter point 
arose because, on a numerical basis, the smaller members 
who carry only a very small proportion of the expenditure 
could out-vote the few large members who paid. for most 
of the budget. Therefore, on budgetary matters, those 
in favour had to represent more than 50 per cent of the 
expenditure. Other administrative principles were also 
simple and desirable: for the ordering of equipment, 
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lowest tenders were accepted and there was no national 
quota (which meant that the United Kingdom received 
few of the orders); no patents were taken out, since there 
was general agreement that this was a cultural activity 
from which all would benefit; and jobs went to the best 
men, with no national considerations. The individual 
workers received contracts for three years, which were 
renewable for a further three years; thereafter, the 
individual must either obtain an indefinite contract or 
leave the organization. Indefinite contracts in practice 
usually went only to technicians and engineers and not 
to the research scientists, since the research men must 
return to their native country to teach the next generation. 

An interesting problem was what, for an indiv.dual 
country, would represent a balanced proportion between. 
national and international expenditure. In the case of 
nuclear physics, the United Kingdom’s contribution to 
CERN represented about one-fifth of total British ex- 
penditure in the field. Howevor, in the case of the smaller 
countries, most of the total national expenditure went to 
CERN. It followed that many of the smaller countries 
found it difficult to get their physicists back again from 
CERN after tbeir term of duty. Moreover, an organiza- 
tion such as CERN is suited only to the more mature 
research worker, and national facilities will be needed in 
any event to train individuals to the point at which they can 
make a useful contribution to an international organization. 

This left finally the political factors making for a 
favourable climate for international co-operation, and 
these would probably be common whatever the noeds of 
the particular field. CERN had been formed at a time 
when there was a sense of togetherness among most of 
the nations of Western Europe, a feeling which sought 
for some practical oxpression. It was important that any 
conerete form which could be given to it should not be 
controversial, should not be military, should not be a 
political disaster if it failed and that success if achieved 
should be clearly recognizable. If these factors were 
present, the way was open for the scientists, who, after 
all, led the world in international co-operation, to exert 
pressure on their political colleagues. In this context great 
interest was shown in the French proposal for devotion 
of 0-5 per cent of national defence budgets to cancer 
research. The enormous sums of money which might 
become available if this proposal were put into practice 
led to the suggestion that its scope should be extended 
beyond the field of cancor research. This was tho sort of 
political climate which one should seek and the individual 
factors which should operate. If these factors wero absent, 
bureaucracy would find ways, means and doubtless good 
reasons for stifling the effort. 


CHANGING ROLE OF SCIENCE AND TECHNOLOGY* 
By Dr. JULIUS A. STRATTON 


President of the Massachusetts Institute of Technology 


HIS is the first time in forty-two years that the 

President of the Massachusetts Institute of Tech- 
nology has been called on to deliver tho Commencement 
Address. I am immensely honoured. Fortunately 
also I am untroubled by superstitions, for the last 
occasion of this kind on the campus ended in a terrible 
downfall. By chance that was also on a twelfth of 
June. The class of 1922 chose the Great Court for 
its Commencement exercises, and some two thousand 
people gathered under an enormous tent. That day 
was bright and clear, but during the morning the wind 
began to blow, and just as President Elibu Thomson, 
over the sound of flapping canvas, launched into his 
words of exhortation to the seniors, a tremendous gust 


*Substance of the ninety-eighth Commencement Address delivered at 
the Massachusetts Institute of Technology on June 12. 


struck the tent. The outer polos cracked, and slowly the 
roof bogan to settle down on the heads of the audience. 
With flying robos and skirts, the faculty, the students and 
their parents made their way out safely, and on tho steps 
of the colonnade, under the dome, diplomas were fx:ally 
delivered in dolightful confusion. Only seldom does an 
orator suecoed in bringing down the house—and almost 
never at Commencement time. Now, in a more serious 
mood, I speak to you, who are about to receive your 
degrees, not as a transient visitor on a strange campus. 
but as one who out of the experience of many years at 
this Institute has learned at first hand what it means to 
be a student here. You havo worked hard for this 
moment. I know the pressures that have been upon you; 
the seemingly infinite demands on your capacity to learn; 
and the tremendous pace set by a quality of students that 
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constantly challonges the faculty. I believe I know, too, 
something of the hopes of your families, of their pride 
in your achievement, and of sacrifices that have made 
your oducation possible. 

You came to us out of a most extraordinary diversity of 
origins and backgrounds. There is scarcely a State in the 
Union which is not home to some of you, and you represent 
countries in every part of the globe. You have grown up 
in many faiths and traditions. You have known both 
wealth and poverty. You have attended small schools 
and large, public and private, in country districts and in 
great cities. 

Yet for all these difforences, you brought with you a 
cortain basic community of interests and abilities. You 
wore moved by much the same hopes and ambitions. 
Some of you were directed toward engineering or science; 
others toward architecture, toward economics or political 
scienco, toward psychology or managemont. But all of 
you, I suspect, shared the same concept of what the 
Massachusetts Institute of Technology stands for in the 
world to-day and viewed in the same light the role of 
science and technology in human affairs. 

Within the infinitely complox network of intellectual, 
emotional and spiritual forces which make up this strange 
body we call mankind, one may discern two primitive 
impulses that trace back to the beginning of time. The 
first is the desire to understand—tho passionate quest for 
knowledge for its own sake—about the stars, about 
matter, about living things. The second is the urge to do, 
the drive towards action and mastery of our physical 
environment. 

Tho systomatie interpretation of Nature into a frame- 
work of law wo call scienco; the effort to convert experi- 
ence and understanding to useful account is engineering. 

For countless centuries the quest for knowledge through 
science has been moving forward, slowly gathering 
momentum, while the engineer has provided sholter, 
assured our supplies of food and water, built our roads and 
bridges, and created our massive industrial technology. 
Now, suddenly—almost within your own generation—the 
whole sweeping lino of advance seems to have taken fire. 
In some strange, unforeseen way, we have come to a 
critical threshold, beyond which the forces of technical 
progress appear to be self-sustaining. The processes of 
discovery, invontion and production feed on each other. 
In every domain of the physical and biological sciences 
there is a bursting out into new fields and new theories. 
The translation of ideas into action is taking place at an 
ever-accelerating pace, so that the functional line of 
demareation betwoen scientist and enginoer has almost 
vanished. From the factories and commercial laboratories 
of the United States pours a mounting stream of new pro- 
ducts, new versions of old devices—from jet aeroplanes to 
transistor radios, from nucloar reactors to houschold 
appliances, from a multitude of new drugs to synthetic 
building matorials. We aro at tho point of being over- 
whelmed by the very bulk of our accumulated informa- 
tion, bewildered by the diversity of our manufactures; 
and we are failing to-day to assess clearly the implications 
of these developments for to-morrow. 

Yet through this maelstrom of scientific and technologi- 
cal enterprise runs the almost mystical conviction that 
somehow every technical advance will contribute ultim- 
ately to the good of society. Every responsible physicist 
bolieves intuitively or subconsciously that each new 
insight into the structure of mattor will stir someone 
else—some engineor—to the development of a useful 
piece of hardwaro; and every engineer in turn expects 
that each new product or service will in some way add 
to our health, comfort and material well-being. 

There is nothing new in this idea of technology as the 
driving force of progress. It is an idea which took form 
during the enlightenment of the eighteonth century and 
emerged from the Industrial Revolution of the nineteenth 
as a well-defined philosophy. The Massachusetts Institute 
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of Technology has its historical roots in that concept of 
the usefulness of science. Nor is there any need for me 
to demonstrate how the advance of technology has im- 
proved the material condition of mankind. 

Yot for all my own faith in, and dedication to, the work 
and methods of science, I do not believe that we can any 
longer afford to take such a thesis for granted; and I fear 
that a blind confidence in the inevitable good of material 
progress can lead only to disillusionment. The stupendous 
revolution of the twentioth century is doing more than 
adding theories, data, and apparatus to the accumulated 
store of the past. It has provided an entire new dimension 
to human affairs on a total chango of scale. 

To use words that you are particularly well qualified to 
understand, science, technology, and socicty now form a 
tightly coupled system. Each new technical advance adds 
a component to that system. In years gone by wo havo 
isolated these components and assossed their usefulness 
in terms of a specified purposo. We measured tho valuo 
of a military weapon solely by a military roquiroment ; 
a new drug by its immediato effectiveness in dealing with 
a particular pain; a new highway simply by the numbor of 
cars it carried; or a chemical waste disposal plant by tho 
interosts of local inhabitants. But now, because such 
components are coupled into an immensoly complex 
system on a huge and massive scale, it is only by an 
examination of the impact on society as a whole that we 
can pass judgment on the degree of progress. 

To draw on a biological analogy, I am saying that wo 
must advance from the anatomy of components to tho 
physiology of the organic whole—which indcod is now the 
society itself. One may prescribe an aspirin for a head- 
ache or build a turnpike to ease a traffic jam. But the 
headache may be meroly an isolated symptom of a deepor 
disorder—a disease which may be identificd only by a 
diagnosis which itself is the product of many specialists 
working together. So, too, our society—the body politie— 
is subject to old, chronic disorders and to new ailments. 
These diseases of the system are emorging in incroasing 
number; and we must be courageous in recognizing that 
they are themselves the by-products of our highly tech- 
nological environment. 

Consider the transformation of our cities—the physical 
and often social degradation of large areas—the loss of 
serenity and beauty. We have never before produced so 
many cars or such fast aeroplanes; yet transportation in 
the United States is rapidly approaching & point of crisis. 
The shift to automation in industry is accelerating and 
will have profound effects on the character of our labour 
force, on its training, and on its security. We are polluting 
our air and our water. The pesticides which we are using 
on a mounting scale are a boon to agriculture but a threat 
to our natural resources. We find extreme poverty in the 
midst of affluence. The problem of the economically 
deprived citizen; be ho coloured or white, is one of training 
and education to cope with a highly technological and 
rapidly changing society. 

These are but a few examples. I could eite many more 
—all too large, too complicated, too sophisticated to be 
conquered or even arrested by sporadic investigations 
and isolated research projects. Of course, scionce has 
generated these problems, and we can be equally confident 
that science can help us to alleviate and resolve them. 
But our efforts must now move to a highor plateau. 
We can no longer afford to nibble away piece by pieco at 
the problems of the modern city—of transportation, of 
underdeveloped economies, of automation, or of disarma- 
ment. We indulge excessively in unco-ordinsted confer- 
ences, surveys, and studies that on the whole are highly 
unproductive. Our ailments are vast and complex, and 
they will yield only to planned, collaborative attacks 
focused on clear objectives and leading to concerted action. 

One of the charges which has been most commonly 
levelled against science is that progress is leading in- 
creasingly to the fragmentation of knowledge and tho 
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proliferation of a multitude of spocialitios. But these groat 
now socio-technical problems and the systems they 
represent are now also generating strongly countervailing 
forcos toward now unitios, bringing togethor many 
different resourcos, and giving riso to a now synthesis of 
knowledgo. For in overy instanco succoss will depend 
on tho joint contributions of the physical and biological 
scientists, of oconomists and political scientists, of ongin- 
oors and architects, of historians and philosophers. Tho 
task of articulating or welding togethor these components 
of loarning into systems of understanding offers the highest 
intellectual challenge of our timo. 

As [havo reflected on theso matters—as I have pondered 
about how all this is to be accomplished and whore—it 
has soomed to mo that thero exists nowhere at tho prosent 
time any ono institution or specific kind of organization 
which is in a position to undortake alone this monumental 
task. Thero is to my knowlodge no singlo agoncy of 
government which has the necessary diversity of resourcos 
and tho freedom of action. By thoir very character those 
probloms lack the motive of profit which is tho essence of 
private entorprisc; and because thoy lead inescapably 
from tho intelloctual domain into tho field of action, they 
present definite risks and perils for the university. 

Yet it is only within the framowork of the modern 
university that one finds the wide range of intorosts, a 
common. ground for the exchange of ideas, a forum of 
discussion for scholars who draw on the arts and tho 
humanities as well as on seioneo and engincering. This is 
particularly true of an institution of the character of 
the Massachusetts Institute of Technology. I do not 
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Experimental Physics in the University of Liverpool: 
Prof. L. L. Green 
Dr. L. L. GREEN, reader in the Department of Physics, 
has been appointed to the newly established chair of 
experimente l physics in the University of Liverpool. Dr. 
Green was educated at Alderman Newton’s School, 
Leicester, and at King’s College, Cambridge, where he 
graduated B.A. in the Natural Sciences Tripos in 1944 and 
gained a Ph.D. in 1948. From 1944 until 1946 he was 
employed by the Department of Tube Alloys at the Caven- 
dish Laboratory, Cambridge, where from 1946 until 1948 he 
held a Department of Scientific and Industrial Resoarch 
research studentship. In 1948 he was appointed assistant 
locturer at the University of Livorpool and later held tho 
posts of lecturer, sonior lecturer and reader. Dr. Greon 
has lectured on nuclear reactions at conferences organized 
by tho Physical Society and the Argonne National 
Laboratory and the Universities of Yale, Pennsylvania 
and Strasbourg. His published work has beon mainly 
concerned with nuclear structure physics. Dr. Green will 
take up his duties on October 1. 


Theoretical Physics in the University of Hull : 
Prof. G. H. A. Cole 
Dr. G. H. A. Core has been appointed to the newly 
established chair of theoretical physics in the University 
of Hull. Dr. Cole is thirty-six years of age and graduated 
at Univorsity College, London, with first-class honours in 
physics in 1949. He obtainod his Ph D. in Queen Mary 
College, London, in 1952, and the D.Sc. of the University 
of London in 1963. For a time he was a scientific officer 
in the Royal Naval Scientific Service and then returned 
to take up an Imperial Chemical Industries fellowship in 
University College, London. He left there in 1957 to take 
up a visiting assistant professorship in the University of 
California for a year. Since then he has held the appoint- 
ment of senior theoretical physicist and executive of 
Clarke, Chapman and Co., Ltd., marine, mechanical and 
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beliove that we can escape the rosponsibility of taking 
part in the solution of problems which touch most deoply 
on tho welfare of our society. In the synthosis of know- 
ledge, as well as in the creation of new learning. wo must 
load the way: and though at times we shall find ourselves 
drawn more deeply into the main stream of contemporary 
affairs, we shall continue in the process to educate with 
rolovanco to our ago. This has indcod beon our historie 
mission. 

I havo wanted in these fow remarks to givo a broador 
and perhaps a now insight into the changing rolo of science 
and technology. Tho essonce of this chango lies not so 
much in the expanding scale of discovory and application; 
it lies rather in the complete penetration of scionce and 
technology into overy domain of human affairs. But 
principally it must be understood that these developmonts 
havo brought a new order of responsibility for tho conse- 
quonces of progress to our society as a whole. Some of 
this responsibility falls on our institutions—on govern- 
ment, on industry and on the university. But in a free 
society the burden of obligation rests ultimately on the 
individual. You are in a superlative position to moet tho 
technical challengos of our day. But you owe something 
more to the common account. You must be ever mindful 
of your own deepening responsibility, both to the profes- 
sion you have chosen to follow and to the society which 
will look to you for positive action. Your life will bo 
productivo in proportion to the goals that you achieve; 
rewarding in proportion to your commitment to all that 
is of value; and full in tho satisfaction that the world will 
be botter for your offorts. 
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electrical engineers, of Gateshead, Co. Durham. Dr. 
Cole’s major interests have been in the fields of fluid 
dynamics, statistical mechanics of equilibrium and non- 
equilibrium fluids and of plasmas. 


Physical Metallurgy in the University of Liverpool : 
, sr Prof. D. Hull 


Dr. D. HULL, senior lecturer in the Department of 
Metallurgy in the University of Liverpool, has been 
appointed to the newly established chair of physical 
metallurgy. Dr. Hull, who is thirty-three years of age, 
was educated at Baines Grammar School, Poulton-le- 
Fylde, and at University College, Cardiff, where he was 
awarded the degree of B.Sc. with first-class honours in 
metallurgy in 1953, and the degree of Ph D. in 1956. In 
1954 ho was awarded a Students’ Essay Prize of the 
Institute of Metals, and in 1955 the second prize in the 
British Association for the Advancement of Science 
Endeavour Competition. During the period 1956-60 he 
was employed in the Metallurgy Division of the Atomic 
Energy Research Establishment at Harwell and the 
Clarendon Laboratory, University of Oxford, being 
appointed scientific officer in 1956, and senior scientific 
officer and section leader in 1958. From 1959 until 1960 
he was secretary of the Basic Properties Committee of 
the Inter-Services Metallurgical Research Council. Ho 
was appointed lecturer in metallurgy at the University 
of Liverpool in 1960 and senior lecturer in 1961. Ho has 
been a member of the Basic Properties Committee of the 
Inter-Services Metallurgical Research Council since 1961. 
He has acted as consultant to Manlabs, Cambridge, 
Massachusetts, to the Atomic Energy Authority and to 
the International Research and Development Co., Ltd. 


Mathematical Statistics in Monash University : 
Prof. P. D. Finch 


Mr. P. D. FrscH, who is thirty-four years of age, has 
been appointed professor of mathematical statistics in 
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Monash University, Victoria, Australia. After graduating 
at the University of Durham he served in the Royal Air 
Force and was later a senior research officer in the 
Research Techniques Unit at the London School of 
Economics, a senior lecturer at the University of Mel- 
bourne, and a Fellow in the Department of Statistics at 
the Australian National University, Canberra. He has 
written many papers on queueing theory and has lately 
directed his attention to problems of statistical inference. 
His appointment at Monash will strengthen an already 
vigorous school headed by Profs. K. C. Westfold and 
G. B. Preston. 


Second Chair of Geography in the University of 
Birmingham : Prof. H. Thorpe 


Dr. H. THORPE, at present reader in historical geo- 
graphy in the University of Birmingham, has been 
appointed to the newly established second chair of 
geography from October 1. Dr. Thorpe was born in 
Derbyshire in 1913, and from Chesterfield Grammar 
School gained an exhibition to the University of Durham 
in 1931. There he graduated with first-class honours in 
geography and was awarded the Maltby Prize for the best 
thesis presented in ancient history and archeology. After 
graduation he remained at Durham as demonstrator in 
the Department of Geography, and was awarded an 
M.Litt. degree for a thesis on rural sottlement in 1936. 
During the Second World War he served with the Survey 
Branch of the Royal Engineers, first in the European 
theatre and then in south-cast Asia, where he became 
senior survey officer, Malaya. After the War he was 
appointed lecturer in geography in the University of 
Birmingham, but continued to command 529 Field 
Survey Squadron, Royal Engineers (Territorial Army), for 
the Midlands until 1958. He has remained in the Univer- 
sity of Birmingham ever since, being promoted senior 
lecturer in 1951, and given the title of reader in historical 
geography in 1954. Over many years he has directed his 
principal research to the elucidation of the evolution of 
the landscape of the West Midlands and especially of 
Warwickshire over the past five or six centuries, and the 
reconstruction of the geography of the area at certain 
periods in the past. Dr. Thorpe’s monograph on the 
City of Lichfield, published a dozen years ago in the 
Staffordshire Historical Collections, may be known to 
some, and his volume on The Printed Maps of Warwick- 
shire, 1576-1900, written in collaboration with Mr. Paul 
Harvey of the British Museum, is a model of its kind. 
Dr. Thorpe has two comparable volumes in hand, the 
first on The Printed Maps and Plans of Warwickshire and 
the second on The Printed Maps of Worcestershire, 1577— 
1900. Dr. Thorpe is a well-known figure in geographical 
planning and archeological circles in Birmingham and 
the West Midlands. He is chairman of the Birmingham 
Branch of the Geographical Association, and vice-president 
of the Birmingham Archeological Society. 


New University at Stirling, Scotland 


On the advice of the University Grants Committee, the 
Government has agreed to establish a new Scottish 
‘university at Stirling. The site recommended by the 
University Grants Committee is the Airthrey Estate, 
which is at present owned by the Scottish Home and 
Health Department. The preliminary steps for planning 
the new university will begin at once and the University 
Grants Committee will be in close consultation with the 
sponsoring Committee at Stirling. The targot for student 
numbers recommended by the Robbins Committee for 
1967-68 will be met by expansion of the existing univer- 
sities. The object will therefore be that the new university 
should be planned so as to enable it to make a growing 
contribution to the need for university places in the latter 
half of the ten-year programme envisaged by the Robbins 
Committee. Stirling will be the eighth new university 
foundation to be established in Great Britain in the past 
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five years. In recent weeks, also, the Royal College of 
Science and Technology at Glasgow has been granted a 
charter and has become the University of Strathclyde. 
The new university at Stirling will therefore be the sixth 
in Scotland. 


Overseas Students in Britain 


A LEAFLET issued by the Association of Commonwealth 
Universities gives the total number of students from other 
countrios enrolled for full-time study or research in 
United Kingdom universities in 1963-64 as 14,117, 
compared with 14,020 in 1962-63, and 13,385 in 1961-62. 
Of those, 8,280 were from other parts of the Common- 
wealth and 5,837 from non-Commonwealth countries; 
313 were in agriculture and dentistry; 3,310 in arts; 
128 in dentistry, 1,966 in medicine, 2,448 in scienco, 
2,574 in social studies, 3,269 in technology, and 110 in 
veterinary science. Postgraduate students totalled 
6,926 and 6,858 held an award of some kind. India sent 
1,543, the United States, 1,295, Nigeria, 1,022, Pakistan, 
749, Canada, 652, Iraq, 530 and Egypt, 452. 


International Survey of Scientific and Technical Personnel 


Tue June 1964 issue of the O.E.C.D. Observer, besides 
an article on the co-ordination of foreign aid, summarizes 
the findings of the Third International Survey of Scientific 
and Technical Personnel, recently published by the 
Organization for Economic Co-operation and Develop- 
ment under the title "Resources of Scientific and Tech- 
nical Personnel in tho O.E.C.D. Area”. The Survey 
provides no answer to the question whether some coun- 
tries are over-investing in education while others are 
neglecting it. Moreover, the general correlation between 
gross national income and educational efforts in member 
countries of the Organization for Economic Co-operation 
and Development does not suggest a fina] answer to the 
question as to the optional reserve allocation to education 
in individual countries. Whereas in Britain about 90 per 
cent of new entrants obtain a first degree, in some other 
countries, including the United States, only 50-60 per 
cent of university entrants do so, and while, in Italy, 
France, Germany and Britain, more than 80 per cent of 
secondary school leavers qualified for admission to higher 
education in the United States and some other countries 
the proportion was 50 per cent or less. The proportion of 
university graduates qualifying in engineering, science 
and agriculture varied from 75 per cent in Austria to 
20 per cent in the United States and 15 per cent in Greece. 
The output of scientists in Western Europe is increasing 
much more rapidly than that of engineers. The number 
of scientists and engineers, excluding techniciens, in 
member countries of tho Organization for Economic 
Co-operation and Development in 1959 was 2-6 million 
and is expected to increase 6-7 per cent in the early 1960's. 


The Lace Research Association 

Tur fifteenth annual report of the Lace Research 
Association, for 1963, refers to the complete change in the 
basis of membership with the abandonment of the levy, 
with the effect that the work of the Association is dirocted 
much more towards the interests of the Leavers makers, 
Leavers and Raschel finishers and Leavers and Raschel 
dyers providing the basic income (Pp. 22. Bilborough, 
Nottingham: The Lace Research Association, 1964). In 
the investigation of the packing density of the yarns 
wound into brass bobbins, a special technique has been 
developed to fix the yarns in position by ‘potting’ them in 
resin before a cross-section of the bobbin is made. Work 
has been initiated on a device to provide an automatic 
dropping in of bobbin threads on the brass bobbin winder. 
Steady progress was made in supplying and fitting beam- 
thread-breakage detectors on Leavers lace machines and 
further development work was undertaken with the 
prototype equipment for detecting holes appearing in the 
lace due to thread breakage, which is designed to traverse 
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and scan the facing bar. The development of the mechani- 
cal pre-cutter has further advanced, and various types of 
scalloping machines have been investigated for their 
suitability in handling Leavers’ lace. In dyeing Bourdon 
cord, the affinity of the dye was found to have an important 
effect on penetration into the core, but the nature of the 
cord and greasiness of the core also affect the penetration 
of the dye liquor. No significant advances in the exam- 
ination of new flame-proofing materials and methods for 
their suitability for lace were made during the year. 


The American Philosophical Society 


Year Book 1963 of the American Philosophical Society 
includes a brief history of the Society, a list of officers 
since 1769, biographical momoirs, among which are those 
on N. H. D. Bohr, Lyman J. Briggs, Sir Charles Darwin, 
Sir Richard W. Livingstone, and reports on meetings 
during the year (Pp. 738. Philadelphia: The American 
Philosophical Society, 1964). The reports of standing 
committees include that on research, recording: 240 
grants totalling more than 250,000 dollars approved in 
1963 from the Penrose Fund; 65 grants totalling 62,000 
dollars from the Johnson Fund; awards of four fellow- 
ships totalling 29,000 dollars from the Dallas Fund for 
research in clinical medicine. Besides these lists of grants, 
the Committee’s report includes notes on the progress of 
investigations by the recipients of grants. Tho Year Book 
also includes a list of members, and reports on finance. 


Petroleum Consumption in the United Kingdom in 
1963 


COMPARED with 1962, the final figures published by the 
Petroleum Information Bureau on behalf of the United 
Kingdom Petroleum Advisory Committee show that the 
demand for petroleum products in 1963 totalled 55,692,382 
tons, an increase of 9-4 per cent on the previous year 
(U.K. Petroleum Industry Statistics: Consumption and 
Refinery Production, 1962 and 1968. Pp. 8. London: 
Petroleum Information Bureau, 1964). This is exclusive 
of bunkers for ships engaged in foreign trade. With one 
exception, white spirit, deliveries into consumption of 
petroleum products in the United Kingdom record sub- 
stantial increases. Consumption of motor spirit was 
up by 5-6 per cent; industrial spirits (including industrial 
benzole) rose by more than 7,000 tons; white spirit 
showed a drop of 2,614 tons; demand for kerosine 
(burning and vaporizing oils) was more than 200,000 tons 
greater than in 1962; Derv (Diesel engined road vehicle) 
fuel increased by 8-7 por cent. Total deliveries of black 
oils (gas/Diesel and fuel oils) rose by 8-5 per cent. Due 
mainly to substantial increases in consumption by rail- 
ways, construction industry, domestic appliances, metal 
industries and more recently the electricity industry, 
gas/Diesel oil demand rose by 18-1 per cent. Temperature 
was largely responsible for boosting burning-oil deliveries 
by 16-9 per cent, having regard to the severe winter 
conditions in the year under review. For the rest, 
deliveries of lubricating oils and groases increased by 
3-7 per cent, bitumen supplies by 6-2 per cent, liquid gas 
by 60 per cent, due largely to growing demand by the 
Gas Boards, the latter authorities also being responsible 
for & 26 per cent increase in distillate feedstock and a 
24 per cent increase in refinery gas offtake. As in recent 
years, the demand for chemical feedstock, now a major 
product of the oil industry consequent on the remarkable 
growth in the field of petrochemicals, rose by 38-9 per 
cent. Thus the overall picture is one of steadily increasing 
demand for petroleum products in Britain, a tendency 
which is world-wide, one likely to persist for many years 
to come; notwithstanding known petroleum resources, 
of which tho Middle East would at present appear to 
possess the lion’s share, in this context the intensive 
exploration activities of the oil companies everywhere are 
clearly justified. 
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International Bird Preservation 


Tue 1963 annual report of the British Section of the 
International Council for Bird Preservation again stresses 
the widespread dangers resulting from the indiscriminate 
use of pesticides, and the urgent need for Government 
control (Pp. 29. London: The International Council for 
Bird Preservation, c/o British Museum (Natural History), 
1964. 3s.). There has been encouraging progress in the 
campaign against oil pollution of the soa, several moro 
countries, including the United Kingdom, having accepted 
the 1962 amendments to the 1954 Convention for the 
Prevention of Pollution of the Sea by Oil. There have 
also been additional adherents to the original Convention. 
Tho great mortality among birds during the bitter winter 
of 1962-63 evoked moasures for special protection in 
many European countries, and in Great Britain the 
proviously logal taking of eggs of certain common species 
was made an offence. Tho incroaso in activities of armed 
hooligans and tho acquisition and use of dangerous 
woapons by irresponsible persons is causing much con- 
cern, and the British Soction is in consultation with tho 
National Farmers! Union about the possibility of intro- 
dueing further legislation to deal with this problem. 
Sweden ratified the International Convention for the 
Protection of Birds, Paris, 1950, in March 1962, and it is 
earnestly hoped that the United Kingdom will also tuke 
this step. 


National Parks in South Australia 


Ax illustrated handbook describing national parks and 
wild-lifo reserves of Australia has been published by the 
Commissioner (South Australian National Parks and 
Wild Iife Reserves: An Account of the National Parks 
and Reserves situated near Adelaide, South Australia. 
Edited by Bernard C. Cotton. Pp. 160 (16 platos). 
Adolaide: Government Printer, 1964). All the parks 
and reserves are within easy reach of Adelaide and the 
handbook not only deseribos how they have come into 
being but also provides considerable detail about tho 
main features of each park and reserve. Plants and 
animals poculiar to Australia aro given special promin noc. 
The handbook also describes the pleasuro resorts con- 
trolled by the Tourist Bureau. Thero are many uscful 
black-and-white illustrations and some outstanding colour 
photographs. 


The Western Australian Museum 


THe annual report of the Western Australian Musewn 
for 1962-63 records that in the research collections work 
has continued in modernizing the accommodation (Pp. 
41. 7 plates. Porth: Government Printor, 1963). In 
particular, tho installation in tbe basement of firo- 
resistant rooms with automatically operating carbon- 
dioxide flooding systems for the spirit-prosorved vnd 
naphthalene-saturated zoological collections has been 
completed. In research. members of the staff havo con- 
tinued to make known the results of their work through 
publication in specialist journals. Co-operation with 
other museums and organizations at an international 
level is becoming more frequent. Modornization of tho 
Museum buildings has continued in the completion of the 
remodelled entrance hall. The Museum has had no 
addition to permanent buildings since 1899 and the 
Museum Board has made a strong appeal to the Govern- 
ment to implement a decision mado in 1958 to build an 
extension to the James Street Building. 


New Zealand Earthquakes, 1958-59 


Tus network of seismological stations contred on the 
Seismological Observatory, Wellington, New Zealand, had 
in 1958 and 1959 seventeen members. These stretched 
from Apia (13? 48-4’ S., 171° 46-5’ W.) in the north to 
Scott Base (77° 51:0’ S., 166° 48’ E.) in tho south. The 
organization of the instruments fell into two sections. 
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First, there were the short-poriod seismographs dis- 
tributed widely in New Zealand, and intended to yield 
records of earthquakes originating in the country. 
Secondly, there were the teleseismic instruments to pro- 
vide records of distant earthquakes.  Theso functions, 
however, interlocked, and every seismograph gave some 
usoful information in both categories. The discontinuance 
of recording at New Plymouth in 1958 left the network 
somewhat critically dependent on the operation of the 
station at Tongariro, but the standard of coverage was 
successfully maintained. The New Zealand Seismological 
Reports for 1958 and 1959 give details of the installations 
at all the stations together with timing arrangements and 
the readings of the seismograms. Further, there is a list 
of instrumentally determined epicentres, an index of felt 
earthquakes, and a list of staff together with a note of 
their publications during the two years. 

The principal New Zealand earthquakos of 1958 and 
1959 are discussed in tho Reports, and maps aro given 
showing: (1) epicentres of normal earthquakes; (2) epi- 
centres of deep-focus earthquakes; (3) isoseismals for 
some earthquakes. In 1958 the level of oarthquake 
activity in New Zealand was low: 55 earthquakes were 
reported felt only in North Island, 15 only in South 
Island and 6 in some parts of both Islands. In 1959, 58 
earthquakes were felt in North Island only, 19 in South 
Island only, and 5 in some parts of both Islands. On 
May 22, 1959, a large shallow shock with magnitude 6 
and an epicentre in the Marlborough Sounds region caused 
as much damage as any shock in New Zealand since the 
Wairarapa earthquakes of 1942. Picton suffered most 
severely. In all, some 460 insurance claims were lodged 
with the Earthquake and War Damage Commission. 
These mainly concerned old property. Two shallow 
shocks had magnitude 5-5, but reported intensities from 
them did not exceed MM4. On the other hand, a shock 
of magnitude 4:8 on July 30, 1959, centred some 20 miles 
north of Marton, gave rise to 40 insurance claims for 
damage in the Wanganu district. 


Dry-acid Descalers for Oil Wells 


CARBONATE scale is frequently a serious factor in 
inhibiting flow of oil to the pumps in oil wells, especially 
those past peak production but economically active and 
where water is produced along with the crude oil. After 
a time, scale builds up and clogs the perforations at the 
bottom of the casing, gradually restricting the flow of oil 
from the surrounding reservoir rock. Until recently the 
time-honoured practice of pumping hydrochloric acid into 
the well to remove this scale was customary, but this 
often involved long-distance delivery in tank-trucks to 
remote pumping sites, was costly, snd frequently 
hazardous to the oilmen concerned. Much research into 
the possibility of using & 'dry-cleaner' descaler has been 
rewarded by tho discovery and commercial production of 
an easy-to-handle compound based on sulphamic acid. This 
is packaged in 100-Ib. drums and is known as ‘Visco 900’, 
according to a recent issue of the Dupont Magazine (58, 
No. 2; March-April 1964). Tho Nalgo Chemical Co.'s 
Visco Division, Sugar Land, Texas, began marketing 
‘Visco 900’ in early 1961, and the response from oilmen 
has been very favourable. In 1960, Du Pont approached 
the Nalgo Chemical Co. with the idea of using inhibited 
sulphamic acid. After testing sulphamie with Visco 
Division’s additives for nearly a year, a suitable dry-acid 
eleaner was found. Many practical advantages are claimed 

for these sulphamic-based descalers, among which are: 
reduction in costs in oquipment and labour; in many cases 
-a ‘slug’ of the compound, dry or in slurry form, is added at 
-the well-head, displaced by the pump to perforation level, 
. and left to do its work without further attention; shipping 
-and handling dry; convenient storage at well-site; no 
fume damage to equipment or personnel; non-irritating 
*o unbroken skin; oasy removal by washing off with 
water, etc. Examples of the results of this dry-acid 
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descaling treatment are given in the article, one of which 
happoned at the Standard Oil Co. of Texas oilfield near 
Sivells Bend, Texas; output of two pumping wells had 
dropped to 17 and 21 barrels per day, respectively; after 
cleaning with ‘Visco 900’, following pretroatment with 
“Visco 1111’ (a surfactant), at the end of a 17-day period, 
the first well increased production by 10 barrels, the 
second by 15 barrols per day. Water-injection wells, used 
for pumping water back to re-pressure the oil reservoir and 
flush the oil ahoad of it to adjacent wells, and salt-water 
disposal wells, likewiso have their scale-plugging tenden- 
cies; here again the uso of the sulphamide-based descaler 
has met with success. 


Jacobian Elliptic Functions 


VoLuwE 7 of the series of Mathematical Tables issued 
by the National Physical Laboratory, Teddington, con- 
sists of tables of Jacobian elliptic functions the arguments 
of which are rational fractions of the quarter period 
(Department of Scientific and Industrial Research : 
National Physical Laboratory. Mathematical Tables, 7. 
By A. R. Curtis. Pp. iii+81. London: H.M.S.O., 1964. 
15s. net). They were prepared in order to facilitate com- 
putations occurring in & method of filter design described 
by S. Darlington (J. Math. Phys., 18, 257; 1939). The 
70 pages of tables list the functions en( MER, on (E i) 

n n 
mE 
n 5 
from 2 to 15 inclusive, and for m up to (n — 1). In place 
of uniform intervals of k or sin-'&, Jacobi's nome q, 
related to k by q = exp(—rK'/K), is used. Equally 
spaced values of q correspond to a £-distribution which 
is very dense in the region close to k = 1. The range 
covered by the tables is g = 0 to 0-35 at intervals of 
0-005, corresponding to k = 0 to 0-99933.... The cal- 
culations were performed using the Deuce computer, and 
the programmes and method used are described in the 
introduction to the tables. An alternative method of 
construction of the tables, which is perhaps more con- 
venient when k is used as argument, is also outlined. 


and d t) to 20 decimal places for integral values of n 


Use of Red Phosphorus as a Fertilizer 


THE potential use of red phosphorus as a fertilizer has 
been investigated by H. P. Rothbaum, of the Dominion 
Laboratory, Department of Scientific and Industrial 
Research, Wellington, New Zealand (New Zealand Journal 
of Science, 7, No. 1; March 1964). The oxidation rate of 
red phosphorus in four moist soils of different phosphate- 
retention capacity has been examined and the reaction is 
shown to be chemical, almost independent of phosphorus/ 
soil ratio, and dependent on temperature, particle size, 
and the presence of catalysts. The products of oxidation 
are phosphites and phosphates. Explosion hazards of red 
phosphorus in superphosphate have been investigated, 
and the results suggest that mixtures can be made which 
would be safe and economic long-term fertilizers, with 
the possibility of reducing phosphate fixation. Small 
amounts of copper may be useful in regulating the rate 
at which red phosphorus becomes available. Together 
with W. Tuft, Rothbaum has also made extended investi- 
gations on oxidation rate of red phosphorus. Chemical 
methods of estimating small amounts of red phosphorus in 
soils have been developed. The rates of oxidation of red 
phosphorus in moist and in dry soil, obtained by using 
chemical methods, were shown to be consistent with 
results obtainod by using radioactively labelled phos- 
phorus. The chemical method also demonstrated that 
the rates of oxidation determined by radioactive methods 
apply over longer periods. The rate of oxidation of red 
phosphorus alone in air was also determined; it was found 
to be slower than in soil and unaffected by the presence 
of water. 
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Handling, Processing and Packing Dates 


Ir has been estimated that atleast 1 million people are 
supported entirely by dato cultivation, and in viow of the 
nutritional value of this fruit, particularly in tho diot of 
many pooplo in the Middle East, the recently published 
Food and Agriculture Organization Development Paper, 
No. 72, wil be of considerable interesb, especially as 
hitherto thero has been no single publication dealing with 
the processing of dates (Dates : Handling, Processing and 
Packing. Pp. xxiv+392. Proparod by V. H. W. Dowson 
and A. Aten. Rome: Food and Agriculturo Organization 
of the United Nations; London: H.M.S.O., 1962. 20s.; 
4 dollars). Much of the information concerning the 
various operations to which the dato may be subjected. 
after harvesting has been provided by workers actively 
engaged in the date industry and should bo of particular 
interest to several countrics whero attempts are being 
made to improve tho quality of the fruit. Knowledgo of 
the composition and changes which constitute ripening 
is essential in the processing of dates, as is that of the 
different varieties, and these subjects have all received 
full attention from the authors. Gathering and modern 
packing-house procedures, including the equipment used, 
are described in detail. In the appendix, information is 
given of various analytical methods used to examine 
dates and of the standards used to evaluate their quality. 
There is also a most comprehensive explanatory list of 
the Arabic words so widely used by the date industry. 
The Paper is freely illustrated; the coloured plates showing 
the development stages in the Beiyuudhi date of Libya 
aro of & particularly high standard. It is perhaps a pity 
in a work of this standard that such a number of minor 
errors have occurred in the text, resulting in the inclusion 
of a rather depressing corrigenda sheet. Nevertheless, as 
a reference work this Paper will be of great valuo to all 
who are interested in the date. 


Neuropharmacology 


Tue January issue of The Practitioner (19, No. 1147; 
1964) deals with neuropharmacology. The reason for the 
choice is that in no branch of therapeutics havo there been 
more advances than in this. The introduction of the so- 
called ‘tranquillizers’ opened up a fascinating new approach 
to the management of mentally and emotionally disturbed 
patients. Many of the original claims for this new group 
of drugs were over-optimistic, but the basic concept was 
sound. This is clearly exemplified in several of the articles. 
Almost equally impressive has been the progress achieved 
in the fields of anti-convulsants and anti-Parkinsonian 
drugs, but here, as in the case of tranquillizers, the multi- 
plicity of these new preparations has proved a handicap 
to the general practitioner. To decide which of them is 
best for his individual patients is proving an ever- 
recurring problem, and it is hoped that the advice pro- 
vided in this special issue of The Practitioner will prove 
of real value. Other articles deal with therapeutic prob- 
lems that the practitioner is liable to encounter. 


Foetal and Infant Liver Function and Structure 


ALL scientists are already greatly indebted to the New 
York Academy of Sciences for the well-known series of 
articles published in its Annals. The recent publication 
entitled Fetal and Infant Liver Function and Structure 
contains the forty papers presented to a conference called 
for the purpose of bringing together numerous papers 
on the function and structure of the foetal liver that have 
been published (Vol. 111, Article 1. Pp. 1-558. New 
York: New York Academy of Sciences, 1963. 7 dollars). 
The papers given to the conference are classified under 
seven major sections: Part 1, “Morphology”, contains 
six papers on the structure, growth and regeneration of 
the liver; Part 2, "Physiology", contains five papers on 
the physiology of the liver in the foetus, new-born infant 
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and chick embryo; Part 3, "Chemistry", contains seven 
papers on the chemistry of the formation and action. of 
various enzymes; Part 4 contains papers devoted to 
bilirubin and its related compounds; Part 5, “Pathology”, 
contains six papers on the pathology of various discuses 
of the liver; Part 6 contains sevon papers discussing the 
clinical problems of jaundice in early infancy and those 
of biliary atresia; Part 7, "Discussion Workshop", 
reports discussions on various subjects, such as termin- 
ology, regeneration, enzymes, morphology, circulation, 
neonatal chemistry, bilirubin conjugation, problems of 
pathology and clinical problems. Edited by Harold E. 
Whipplo with Julian A. Sterling as consulting editor, 
these contributions by 82 authors together provide a 
valuable and factual epitome of the present-day know- 
ledge of this subject. 


Television Society Premiums 


Tue Television Society has awarded the following 
Premiums for outstanding papers read before the Society 
in 1962-63: The Mullard Premium to Mr. G. B. Townsend 
(Rank-Cintel Ltd.), for his paper on “New Developments 
in SECAM"; The Wireless World Premium to Dr. P. 
Schagen (Mullard Research Laboratories), for his paper 
on “Electronic Aids to Night Vision"; The Electronic 
Engineering Premium to Mr. A. C. Dawe (E.M.I. Elec- 
tronics Ltd.), for his paper on “Characteristics of Special 
Vidicon Camera Tubes and their Applications”; The Pye 
Premium to Mr. K. Fawdry (B.B.C.), for his paper on 
“Education by Television"; The T.C.C. Premium to 
Mr. C. F. Whitbread. (Associated, Aerials Ltd.), for his 
paper “Receiving Aerials for U.H.F. Television". 


The Royal Society of New Zealand 


TuE Proceedings of the Royal Society of New Zealand 
for April 1964 (Vol. 91, Part 1) includes the report of the 
tenth New Zealand Science Congress, with reports of the 
half-yearly meeting of the Society, 1962, and of the 
annual and half-yearly meetings, 1963. In his presidential 
address, Dr. C. A. Fleming, discussing the promotion of 
science in a Commonwealth democracy, revicws the 
formation and growth of the Society. He notes particu- 
larly the consistent desire of the Council during the past 
25 years to become more representative of New Zealand 
science by some kind of liaison with the increasing number 
of national scientific bodies serving a particular discipline, 
the desire that the fellowship should adequately represent 
the balance of science in New Zealand, and the desire that 
Fellows should play a more active part in tho Society’s 
affairs. He suggests that three changes in the fellowship 
rules are desirable. Scientific eminence should be the sole 
criterion for nomination, but all nominees should agree to 
pay, if elected to the fellowship, a substantial annual fee 
towards the Society’s administrative expenses. The right 
of nominating Fellows should be extended to groups of 
the Fellows themselves. The issue also includes Prof. H. 
Barraclough Fell’s Hudson Lecture for 1962: “Saint 
Cuthbert’s Birds and Thunderstones: Sidelights on the 
Search for Living Fossils". 


University News : Belfast 


THE following appointments to lectureships have heen 
announced: Dr. M. G. Burnett (physical chemistry 
(supernumerary)); K. G. Proudfood (plant genetics); Dr. 
R. M. Pengelly (applied mathematics (digital computing)) ; 
Dr. D. L. Smith (botany). 


Birmingham 

Tus following appointments have been made: Leciure- 
ships, Mr. B. Ahamad (econometrics and social statistics) ; 
Dr. N. Cottingham (mathematical physics); Mr. B. D. 


Giles (meteorology and climatology); Dr. L. A. Griffiths 
(physiological chemistry); Mr. E. Stones (educational 
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psychology). Research Fellowships, Mr. A. Ball (physical 
metallurgy); Mr. P. F. Barker (geology); Mr. J. H. Croft 
(genetics); Mr. D. J. Dunn (electronic and electrical 
engineering); Mr. A. G. Fraser (geology); Mr. J. G. 
Gardiner (Racal Research Fellow in the Department of 
Electronic and Electrical Engineering); Mr. N. L. Hancox 
(physics); Mr. W. J. Harvey (pure mathematics); Mr. 
G. E. Hollox (physical metallurgy); Dr. B. R. Pollard 
(mathematical physics); Mr. A. Pramnik (Imperial 
Chemical Industries Research Fellow in the Department 
of Electronic and Electrical Engineering). 


Bristol 


Dr. W. CHESTER, reader in applied mathematics, has 
been appointed to a chair of applied mathematics. Dr. 
H. E. Hinton, reader in entomology, has been appointed 
to the chair of entomology; Dr. F. Coles Phillips, reader 
in petrology, has been appointed to the chair of mineralogy 
and petrology. The following appointments to lecture- 
ships have been made: Mr. J. B. Bowes (anesthetics) ; 
Dr. J. B. Chappell (biochemistry); Mr. P. B. Garland 
(biochemistry); Mr. E. M. McKay (electrical engineering) ; 
Mr. H. I. H. Saravanamutto (mechanical engineering); 
Dr. K. A. Upton (civil engineering); Dr. J. Wilks 
(education). 


Edinburgh 


‘Tsu following have been appointed to lectureships: 
Dr. M. D. Wynne (chemical engineering); Mr. D. I. 
Campbell (education); Mr. H. Hastie (veterinary practice). 


Newcastle upon Tyne 


Tue Rev. Dr. E. E. Aynsley has been appointed to a 
professorship in chemistry. Other appointments are as 
follows: Readerships, Dr. R. J. T. Pennington (neuro- 
chemistry in the Department of Clinical Biochemistry); 
Dr. M. Fleischmann (physical chemistry); Dr. F. J. 
McQuillan (organic .chemistry). Lecturers, N. Laws 
(applied mathematics); Dr. A. M. Mearns (chemical 
engineering). Dr. Mary Richardson has been reappointed 
Junior Luccock Research Fellow in the Department of 
Physiology for a further year. 


Sheffield 


Tux title of reader has been conferred on Mr. I. S. 
Maxwell (historical geography) and Mr. J. Crangle 
(physics). The following appointments have been made: 
Lectureships, Mr. J. F. Archer (bacteriology); Mr. D. J. 
Goldstein (human biology and anatomy); Mr. D. P. Rose 
(chemical pathology). Research Fellowships, Dr. K. H. 
Swinden (metallurgy). 


Sussex 


THE University of Sussex has received a donation from 
the Bata Shoe Organization to enable it to establish a 
unit in the School of Social Studies for the study of race 
relations with particular reference to the Caribbean, West 
Africa and Brazil. The first director of the unit, with the 
title of Professorial Fellow, will be Mr. L. F. Henriques, 
at present lecturer in social anthropology in the University 
of Leeds. 


Announcements 


Pror. G. M. BADGER, professor of organic chemistry at 
the University of Adelaido, has been appointed to the 
Executive of the Commonwealth Scientific and Industrial 
Research Organization. His appointmont fills the vacancy 
caused by the death of Dr. S. H. Bastow in January. 


Aw informal open meeting of the Physical Biochemistry 
Group of the British Biophysical Socioty on “The Use of 
Electron Spin Resonance Spectroscopy in Biological 
Studies” will be held in King’s College, London, on Sep- 
tember 17. Further information can be obtained from 
Dr. A. R. Peacocke, St. Peter's College, Oxford. . 
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AN informal discussion on “‘The Electrical Double Layer 
in Surface and Colloid Chemistry”, arranged by the 
Faraday Society, will be held in the University of Bristol 
during September 21-22. Further information can be 
obtained from Dr. R. H. Ottewill, Department of Physical 
Chemistry, University of Bristol, Woodland Road, 
Bristol 8. 


A ocouRsE of lectures and practical instruction in 
*"Teratology", intended primarily for medical and scientific 
graduates working in the pharmaceutical industry but 
open to others, will be held in the University of Cam- 
bridge during September 21-25. Further information can 
be obtained from Dr. D. H. M. Woollam, Departmont of 
Anatomy, The University, Cambridge. 


THE third European symposium on “Chemical Reaction 
Engineering" will bo held, under the auspices of tho 
Europoan Federation of Chemical Engineering, in Amstor- 
dam during September 15-17. The theme for tho sym- 
posium will be “The Confrontation of Science and Practice 
in Chemical Process Development”’. Further information 
can be obtained from Dr. J. Hoogschagon, c/o A.K.U.N.V., 
Welporweg 76, Arnhem. 


Tue Autumn Meeting of the Institute of Metals will be 
held in Harrogate during September 21-24. The pro- 
gramme will include discussions on: metals versus 
plastics; the application of modern concepts of metal 
physics to the development of creep-resistant alloys; hot- 
rolling of non-ferrous metals; the structure of eutectics. 
Further information can be obtained from the Institute 
of Metals, 17 Belgrave Square, London, S.W.1. 


A MEETING, organized by the European Branch of the 
Organie Geochemistry Group of the Geochemical Society, 
will be held in Paris during September 28-30. The first 
day of the meeting will be devoted to organic matter in 
rocks, and the following days to other natural organic 
materials. Further information can be obtained from 
Dr. M. Louis, Institut Français du Petrole, 1 et 4 Avenue 
de Bois Preau, Rueil-Malmaison (S. et O.). 


A CONFERENCE on “Luminesconce”’, arranged by the 
Institute of Physies and the Physical Society, will be 
held in the University of Hull during September 15-17. 
The programme will inelude sessions on: tbo theoretical 
aspects of luminescenco; electroluminoscence; cathodo- 
luminescence; phosphor preparation; single crystal 
growth; organic phosphor systems; luminescent materials 
for lasers. Further information can be obtained from the 
Administration Assistant, the Institute of Physics and 
the Physical Society, 47 Belgrave Squaro, London, S.W.1. 


THE seventh international Mineral Processing Congross 
will be held in New York City during September 20-24. 
The programme will include sessions on: comminution; 
gravity and dense-media separation; magnetic and elec- 
trical separation; surface chemistry in mineral processing; 
flotation kinetics; chemistry of flotation; flotation 
practice; chemical processing; automation and control. 
A symposium on "Autogenous Grinding" will be held 
during the Congress. Further information can be obtained 
from Prof. M. G. Fleming, Royal School of Mines, South 
Kensington, London, S.W.7. 


THE first European colloquium on “Electron Probe 
X-ray Microanalysis”, sponsored jointly by the Electron 
Microscopy and Analysis Group of the Institute of 
Physics and the Physical Society and the Sous-Commission 
Microsonde of France, will be held in Delft during Septem- 
ber 14-15. The colloquium will be divided into three 
main sessions: instrumentation; quantitative micro- 
analysis; applications of the electron. probe microanalyser. 
Furthor information can be obtained from the Adminis- 
tration Assistant, the Institute of Physics and the 
Physical Society, 47 Belgrave Square. London, S.W.1. 
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SURFACE CONTAMINATION 


ee the auspices of the American Association for 
Contamination Control, the Health Physics Society 
and the Oak Ridge National Laboratory, an international 
symposium on surface contamination was held at Gatlin- 
burg, Tennessee, during June 8-12, 1964, and attracted 
about 170 scientists and engineers from nine countries. 

Karl Z. Morgan (director of the Health Physics Division, 
Oak Ridge) opened the proceedings and described the type 
of accident which his department might have to deal with, 
according to the practical and fundemental knowledge at 
their disposal. Five years ago a small chemical explosion 
resulted in the dispersal of 600 mg of plutonium into the 
street, with more inside the building. They cleaned down 
to 30 disintegrations a minute and sealed over with paint. 
There was much curiosity about the physics and chemistry 
of the dispersal, attachment and removal of such con- 
tamination. 

He then introduced A. M. Weinberg (director of the 
Oak Ridge National Laboratory) as & pioneer in reactor 
design and a dedicated research worker in the field of 
applying the vast and potentially cheap resources of 
nuclear energy to massive projects for the betterment of 
mankind. Dr. Weinberg spoke of the gas centrifuge, 
originally constructed for isotope separation but of limited 
value for this purpose, which was now being looked at by 
biologists as a potential separator of cell particles and 
viruses on a continuous scale. The discovery that SM 40 
virus, a carcinogen in hamsters, had been present in live 
polio virus suggested the need of & purification process 
at the end of the production line; it was possible that the 
gas centrifuge might serve as a model. 

The first of the four scientific sessions was opened by 
C. N. Davies (Medical Research Council and the London 
School of Hygiene and Tropical Medicine), who reviewed. 
the deposition of aerosols from air in enclosed spaces. 
Gravitation, thermophoresis, photophoresis, diffusio- 
phoresis and the electrical deposition of adventitious 
particles over a wide range of sizes were discussed and the 
respective rates of deposition were estimated. C. N. 
Segelstrom (Royco Instruments, Boston) gave an account 
of an electronic counter of airborne particles; light from 
a 2,850° K lamp, scattered at right angles by individual 
particles, is measured as a series of pulses which are 
claimed to be proportional to the square of the particle 
size, irrespective of its refractive index, complex or other- 
wise. In the discussion it was accepted that this claim was 
probably correct for sizes above 10u, but the instrument 
was commonly used for smaller particles and a check 
was needed. The counter is well engineered and will 
operate, also, on liquid suspensions; it is widely used in 
hospitals and the electronics industry for monitoring 
airborne contamination. 

A. A. Andersen (Provo, Utah) described a six-stage 
cascade aerosol sampler. Each stage consisted of a disk 
perforated with 400 holes which impinged on another disk. 
immediately below, made of aluminium or stainless steel. 
The flow rate was 1 ft.3/min and the jet velocities ranged 
from 3-54 ft./see for the first to 76-4 ft./sec for the sixth; 
the corresponding cut-off diameters for unit density spheres 
were 9-2u-0-5u. It was claimed that the use of multiple 
jets rendered adhesive films on the impaction plates 
unnecessary for many aerosols. 

The investigation of surfaces was introduced by S. Ross 
(Rensselaer Polytechnic, Troy, New York), who described 
the effect of contaminating diatomaceous powders used in 
chromatography with ‘Apiezon oil B’, and trieresyl phos- 
phate. The powders remained free-flowing, apparently 
dry and non-oily although carrying multi-layers of oil. 
Adsorption isotherms were obtained which were linear 


through the origin and the elution peak was symmetrical ; 
the oil film evidently made the surface of the adsorbent 
more uniform. A single equation was derived for the 
isotherms produced with varying quantities of oil. 

J. F. Pudvin (Bell Telephone Laboratories, Allentown, 
Pennsylvania) discussed methods of gauging the clean- 
ness of metal surfaces in considerable detail. A new 
method involving cooling below the dew-point was 
described. Condensation patterns map tho clean areas 
and the first formation of droplets indicates sites of 
hydrophylic activity. A neat method of measuring the 
contact angle had also been used. Gold was unusual 
among metals in always having a hydrophobic surface ; 
on other motals the presence of oxide rendered the 
surface hydrophylic. These techniques provided a new 
standard for detecting contamination in the minutest 
traces. 

An original way of measuring surface contamination had 
been developed by J. L. Anderson (Orlando, Florida). A 
film of decyl bromide containing 1-3 atoms of carbon-14 
was applied to the surface in question and a thin end- 
window counting-tube was set close above it. Nitrogen 
was passed through the gap and, if the surface was 
clean, all the decyl bromide evaporated in 30-40 sec. 
Surface contamination slowed down the rate of evapora- 
tion and was characterized to some extent by tho shapo 
of the decay curve. Tho solvent used to apply the radio- 
chemical absorbed the soft B-rays and was choson, there- 
fore, to be of much higher volatility. 

The next session was opened by Morton Corn (Univer- 
sity of Pittsburgh), whose subject was mechanisms of dust 
redispersion. The removal of particles from a surface was 
effected by centrifuging up to 250,000g and by blowing 
with a tangential air stream; the aerodynamic foree on the 
particle was calculated from the velocity profile of the 
boundary layer. In the blowing method it was found 
that time was a factor; this did not apply to centrifuging. 
Mica particles always lie flat and though their adhesion 
was less than that of glass, in the centrifuge, it was not 
possible to blow them off. 

L. A. Masironi and B. R. Fish had also constructed a 
small wind-tunnel with a 0-25-in. working section for the 
investigation of re-entrainment. Using stroboscopic 
lighting the behaviour of glass spheres 28p in diameter had 
been observed in an air current of 5,000 cm/sec. 32 per 
cent of the spheres blew right away; 6-5 per cent rolled 
first and were then detached. 6-5 per cent rolled but 
stayed on the surface and 55 per cent failed to move. 
The rolling velocity was only 10-5 of the air speed. R. L. 
Walker and B. R. Fish described an apparatus for oscillat - 
ing a surface in order to apply acceleration; no 30. 
particles had been shaken off using maximal acceleration 
normal to the surface of 90g. 

Three papers followed which dealt with the redispersion 
of particulate material from surfaces. K. Stewart 
defined the re-suspension factor, K, as tho air concentra- 
tion in pe. per m? divided by the ground concentration 
per m?. No good correlation of K with air velocity. 
particle size or density was obtainablo and values ranged 
from 10-4 to 10-5. It was not usually found that deposits 
from accidental spills out of doors weathered away; 
on the contrary, the material might weather into the top 
few millimetres of surface, rain and dew eiding this pro- 
cess and consolidating the surface. Tho ro-suspension 
factor, in general, was smaller out of doors than indoors 
because of this effect and the rough nature of outdoor 
surfaces in comparison with those indoors. The half- 
life of outdoor ground contamination was 40-100 days for 
10p particles and less for coarser ones. 
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At Harwell, I. S. Jones and S. Pond found that values 
of K as large as 5 x 10-5 were associated with vigorous 
walking and detected a consistent difference between 
plutonium oxide and plutonium nitrate. Autoradio- 
graphy indicated that activity was present in particles 
from 0-4u to 60u diameter with the number median size 
bp and the activity median l4p. The particle size dis- 
tributions were similar on the floor and in the air. At 
Windscale, R. T. Brunskill had measured values of K 
as high as 8 x 10-3, due to dust from clothing. 

Experiments on redispersion of settled dust, by B. R. 
Fish e£ al. (Oak Ridge), indicated that a person was likely 
to inhale about one particle per hour, around 3y in size, 
for every 4,000 per m? on the floor when working in a 
room contaminated with dust of copper oxide or zinc 
sulphide. The mass concentration decreased by a factor 
of only 2 in going from ankle level to the breathing 
zone. 

The session which followed was devoted to aerodynamic 
transport and deposition. S. K. Friedlander (California 
Institute of Technology, Pasadena) had developed an 
ingenious new sampling device for aerosols of particles 
between 70 À and 0-ly in diameter. It consists of a l-in. 
diameter disk rotating at 2,000 r.p.m. A spiral flow 
towards the surface of the disk is induced which has a 
component normal to the disk; the normal velocity is the 
same at all radii and depends only on the distance from 
the disk. The diffusion of fine particles from this flow, 
on to the disk, is uniform over the entire surface. An 
electron microscope slide was set in the disk and runs 
of 10-70 h enabled size distributions to be obtained of 
fine atmospheric particles. 

The next paper was by C. N. Davies, who reviewed the 
various mechanisms of deposition from moving air streams 
and directed attention to complicating factors in gravi- 
tational and turbulent deposition. 

A method of estimating ground contamination resulting 
from the destruction of an aerospace vehicle was suggested. 
by E. M. Wilkins (Dallas), who treated it as an instantane- 
ous point source expanding according to turbulence theory, 
but made no allowance for changing conditions as the 
ground was approached. 

L. P. Davis (University of Tennessee) calculated the 
deposition of particles in ducts combining inertia deposi- 
tion, due to turbulence, with Brownian motion; the 
analogy between heat and mass transfer was used for the 
latter and coagulation was allowed for. Similar velocities 
of deposition were obtained for 104% and 0-Ol diameter 
particles (about 0-1 cm/sec) with a minimum velocity 
between 0-1 and ly. 

The preceding scientific sessions were followed by 
technical sessions on control, measurement and decon- 
tamination, including papers on micro-organisms and 
chemicals. 

There was considerable discussion about working limits 
for radioactivity. H. J. Dunster (Harwell) claimed that 
the intake by breathing was negligible, and air sampling 
‘was unnecessary, if the surface contamination was below 
the maximum permissible limit. Surface contamination 
‘was oasy and cheap to measure. Ha suggested maximum 
permissible levels of 10-* uc./em? for control areas and 
10-5 for inactive areas and skin; these figures correspond 
to 20,000 and 2,000 a-disintegrations/min.100 em? or 
6,700 disintegrations per min from the hands. 

This view was contested by H. Blatz and M. Eisenbud 
(New York University), who also outlined some of the legal 
difficulties associated with standards. H. Glauberman 
and W. R. Bootman (U.S. Atomic Energy Commission, 
New York) presented data showing the wide range of air 
concentrations associated with a given surface contamina- 
tion in handling uranium and plutonium, a factor of 
more than 100 being involved, in agreement with the wide 
range of values of the re-suspension factor, K, which 
had been quoted in papers presented during the scientific 
sessions. 
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The necessity of avoiding undue interference with 
operations was stressed by G. W. Spangler (University of 
California School of Medicine). Permissible contamina- 
tion limits were derived by evaluating the external radia- 
tion hazard from surface contamination and the risk of 
body deposition from airborne material released from the 
surface. Here limits were much narrower than ihe 
International Commission on Radiological Protection air 
concentration figures and were based on surface contamin- 
ation causing no more than 10 per cent of the permissible 
dose. Inhalation came out as equated to the absorption 
by a 40 em? wound, which is a considerable area. 

The view of the Commissariat à l'Energie Atomique, 
France, was presented by J. Hamard. Inhalation was 
regarded as the main hazard from surface contamination 
which is not bound. It was indicated that, for a 40-h 
week, 105 times the maximum permissible concentration 
for air in uc./em® gave conservative limits in uoc./cm? for 
surface contamination. On this basis external B-radiation 
from the surface is taken care of. 

Four papers followed on measurement techniques. 
The filter paper ‘swipe’ had been studied by J. R. Prince 
and C. H. Wang (Oregon State University). Part of the 
paper was cut out after rubbing the surface, moistened 
with phosphor and placed in a standard vial for scintilla- 
tion counting. Millimicrocuries could be estimated with 
efficiencies up to 5 per cent or more for tritium and 50 
per cent for carbon-14. A dry swipe was better than & 
wet one. 10-4 uc./m? gave some 40 counts/min. 

J. E. Dummer (Los Alamos) had made an examination 
of use of portable radiation survey meters for surface 
B-emitting contamination. Large areas were simulated 
by dotting the outline with solution of strontium-90 + 
yttrium-90 in equilibrium. Sources up to 5-cm diam. 
were found to act as point emitters ; large correction factors 
were needed for calculating surface dose rates from the 
meter readings. 

R. Wilson and G. A. Vivian (Ontario Hydro-Electric 
Power Commission) also discussed the relationship 
between the detector indication and surface activity, 
considering geometrical factors. 

Adhesive paper, smear and ‘smair’ techniques for assess- 
ing surface contamination were compared by G. V. 
Royster and B. R. Fish (Oak Ridge). The smair sampler 
contained a filter in a housing which was pressed on. the 
surface. A. series of peripheral jets, inclined at 45°, blew 
air at 90 m/sec or more on the surface inside the hood 
and released contamination which was trapped on the 
filter. Although the actual quantity of activity collected 
by this device was often less than that removed by other 
methods it gave very much more reproducible and realistic 
results. For example, equivalent contaminations of dry 
and on oiled concrete were returned as the same by the 
filter paper smear method, whereas the ‘smair’ sampler 
detected less from th» oiled surface. 

An instrument developed at the Illinois Institute of 
Technology was described by D. Werle. This was for 
estimating traces of non-volatile residue in rocket fuels 
which created an explosion risk when present as contam- 
ination on the internal surfaces of empty fuel tanks. A 
sample of the fuel was sprayed in drops smaller than 3p, 
and after evaporation of the volatile bulk of each drop 
the residual aerosol was measured by 40° forward light 
scattering. The apparatus was calibrated with dilute 
solutions in ‘Freon’ or trichloroethylene. 

W. J. Kerrigan (of Du Pont, Aiken, South Carolina) 
had prepared a series of standard dusts in sizes of 0-2u— 
44u by sieving and air elutriation. Ground uranium oxide 
and Alcoa aluminium were available and redispersed well 
after storage in bulk. 

A. K. Baker (Chandler, Arizona) described air-flow 
problems in outflow hoods designed to protect delicate 
operations from contamination by room air. The forma- 
tion of vortices downstream of objects in the working 
zone led to the entrainment of room air. 
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A neat new tool for changing the gloves in a glove box 
without opening up the box was described by J. B. Owen 
(Dow Chemical Co., Golden, Colorado). The change could 
be effected in less than 2 min. i 

The last two papers of this section, from North American 
Aviation and Grumman Aircraft, were devoted to the 
routine of controlling dust-free areas in factories. More 
than 70 per cent of missile failures are due to contamina- 
tion; the high degree of reliability which is aimed at 
necessitates the use of ‘clean-rooms’ and the organization 
of appropriate training for the staff who build the complex 
miniaturized electronic navigational devices. 

Regular observations of the dose rate from radioactive 
fall-out had been maintained by Th. Franke of Frankfurt, 
Germany, using a 4-5-in. sodium iodide crystal for y-ray 
spectrometry. An increase from 1-5 microrads/h to 4-0 
was observed during 1962-63. Snow cut the rate by 
50 per cent. 

E. D. Graham (Argonne National Laboratory) described 
the «-particle monitoring programme which was established 
when a reactor at Idaho Falls was switched to plutonium 
core loading. The routine included aerosol sampling, 
monitoring surface contamination and external radiation, 
evaluation of internal exposure of personnel and the 
dosimetry of external exposure. 

The control of surface contamination at the Atomic 
Weapons Research Establishment, Aldermaston, was 
explained by W. N. Saxby and J. A. Hole. The genoral 
strategy was one of containment in limited areas where 
protective clothing was worn. Monitoring equipment was 
described and the derived working levels used in con- 
tamination control were summarized. 

L. K. Burton (Berkeley Nuclear Laboratories) stated 
that a serious problem at nuclear power stations was the 
lack of a quick method of assessing the relative propor- 
tions of plutonium, uranium and natural «-emitters. 
In the presence of large masses of concrete the back- 
ground of radon daughter products was high and confused 
the picture. Air sampling was to be performed with a 
small filter attached to the worker which, when combined 
with a solid-state radiation detector, would indicate 
large, active individual particles. 

Five papers dealt with microbial contamination. T. W. 
Kethley (Georgia Institute of Technology) had carried 
owt numerous experiments with bacterial aerosols which 
could be detected down to one particle, or 10-1? g/ft.3. The 
mathematical calculation of concentration in ventilated 
rooms was explained for steady-state and transient condi- 
tions. In practical situations the equivalent settling 
diameter of bacterial particles was 10-20p, due to their 
association with foreign matter. 

K. R. Goddard (U.S. Public Health Service, Savannah, 
Georgia) had used various sampling methods in investiga- 
tions of bacterial distribution in hospitals. Counts of 
airborne viable organisms of 40—50/ft.3 were regarded as 
high and at 150 conditions were bad. Investigations of 
surface coatings had shown epoxy paints and varnishes to 
be a good substitute for tile; they could be applied directly 
to concrete block walls, using the correct undercoat. 

G. S. Michaelsen and D. Vesley (University of Minne- 
sota) presented two papers. The first was based on work 
with the Casella slit sampler, supplemented by the Ander- 
sen sample for finding size distributions. Low bacterial 
counts were found to be associated with the pressure 
ventilation of operating rooms. The counts correlated with 
the movements of personnel and it was clearly desirable 
to avoid unnecessary movements. The peaks ranged from 
5 to 20 particles/ft.*. Local sources of bacteria included 
the chutes for soiled linen, which were efficient dissemin- 
ators and transferred contamination from floor to floor. 
Work with selective media had been facilitated by a 
multi-point tool for inoculating plates. The prevalent 
organisms tended to differ from one hospital to another; 
the higher Gram-positive cocci were associated with 
people and the lower ones, rods and moulds with dust. 
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Their second paper was a statistical evaluation of 
‘Rodac’ agar contact plates which, in addition to having 
some advantages over Petri dishes, when used in the 
ordinary way, could be pressed, without sliding. on a 
surface to record the surface contamination. An analysis 
of floor contamination in hospitals was made and the 
efficiency of floor disinfection methods was eval- 
uated. 

There is international agreement that spacc-vehicles 
landing on other planets must be sterile, and L. B. Hall 
(special assistant for planetary quarantine, National 
Aeronautics and Space Administration, Washington, 
D.C.) gave an account of the difficulty of implementing 
a guarantee of absolute sterility. He approached the 
subject historically, from the Mosaic laws pertaining to 
food. Experiments showed that the die-off of organisms 
on steel surfaces was complete in 48 h at 25° C and in 
8h at 50°C so long as the relative humidity was in the 
neighbourhood of 45 per cent. Higher or lower humidities 
favoured the retention of viability. 

The Boeing Co., Seattle, was also concerned with the 
same problem, and Karl Kereluk, R. Meyer and A. J. 
Pilgrim went into the problem of constructing a highly 
complicated and completely sterile planetary lander. 
‘Rodac’ plates were used in this work. 

Two papers on beryllium followed. J. J. Cohen and 
R. N. Kusien (University of California) had found it 
diffieult to correlate surface contamination with health 
hazard on account of the many factors governing redis- 
persion. R. N. Mitchell and B. C. Eutsler (Los Alamos) 
examined the air and surface contamination in a beryl- 
lium store. Small cyclones, operating at 2 ft.3/min. and 
May pre-impingers passed, respectively, 6 and 10 per 
scent of the airborne material, indicating that most of the 
beryllium was in coarse dust. Floor contamination 
ranged from 860 to 1,860 ug/ft. and the air concentrations, 
during resuspension tests, were between 2-9 and 25-8 ug 
beryllium/ft.*. 

A session on insurance and economics was opened by 
R. G. McAllister (Liberty Mutual Insurance Co., Hopkin- 
ton, Mass.). A major release of fission products had been 
regarded as a risk which involved a potential liability of 
such magnitude that two pools, involving more than 
250 private companies, had been formed to deal with this 
business. The Price-Anderson amendment of 1951 
extended the cover to 500 million dollars for any one 
nuclear incident. Exclusion clauses in domestic and auto- 
mobile policies were explained; these were intended to 
prevent duplication of coverage. The total cost of an 
incident was linked with the stringency of standards for 
residual contamination in public places and safe. but 
realistic, limits were necessary. 

R. G. Gallagher (Pittsburgh) gave an interesting account 
of a number of incidents in which radium, for medical 
use, had become disseminated by breakage of containers. 
P. Loysen (U.S. Atomic Energy Commission, New York) 
described six episodes where decontamination of buildings 
had been undertaken. The cost ranged from 0-11 to 
2-54 dollars per square foot. Here, again, the specification 
of realistic levels for residual contamination was a vital 
economic factor. 

The symposium was terminated with three papers on do- 
contamination from France, Japan and England. P. Cerre 
and E. Mestre (Saclay) gave an account of a 500-kg 
furnace which was used for melting lead. The contamina- 
tion was held in a slag of the oxides of aluminium. silica 
and calcium at the surface and was separated when the 
lead was run off into ingot moulds. An output of 2 tons 
a day was possible. Acetic acid and hydrogen peroxide 
were used for cleaning surfaces. An electrolytic polishing 
process had also been developed. 

Y. Nishiwaki spoke of the theory of decontamination. 
and the use of EDTA and DBS. They had experienced 
highly active rainfall in 1961, from Russian tests, which 
contained giant particles of 0-1-1 pe. each. Instruction 
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had been issued for fruit and vegetables to be washod and 
bread containing activated charcoal had been issued. 

G. W. Clare gave a short history of the development of 
the decontamination service at Harwell. The building 
and plant, now in use, had paid for itself in only two 
years when costed on equipment which had been saved 
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and put back into service. They moved everything by 
overhead tackle, which was much more satisfactory than 
trucking, and grid floors, with all services below, had been 
very successful The centre is adjacent to the Active 
Waste Disposal Building and carries its own trained 
staff. C. N. Davies 


STRUCTURE AND FUNCTION OF LIPID-CONTAINING SYSTEMS 


JOINT meeting of the British Biophysical Society 

and the Biochemical Society attracted more than 
200 participants to the University of Birmingham during 
April 20-21. A comprehensive survey of research 
relating to lipids and cell membranes was undertaken in 
three sessions devoted to physical chemistry of lipid 
systems, composition and molecular structure of cell 
mombranes, and the role of lipid in membrane activity. 

An introductory talk by Dr. D. G. Dervichian on the 
general theme of the symposium was followed by 20 
papers. 

Information derived from X-ray diffraction (V. Luzzati) 
and infra-red spectroscopy (D. Chapman) served to 
emphasize the liquid crystalline nature of lipid layers 
under a variety of conditions and tho complexity of phase 
relationships in mixed lipid systems. D. Attwood and 
L. Saunders, and D. B. Gammack, discussed the character- 
istics of dispersions of lipid in water as examined by light- 
scattering techniques, and A. D. Bangham and D. A. 
Haydon the interpretation of birofringence moasuroments. 
J. A Lucy and M. Glauert presented a molocular inter- 
pretation of their electron micrographs of negatively 
stained lipid preparations and discussed its possible 
significance in relation to coll membrane structure. 

A review by G. M. Gray of data on the compositions of 
a variety of cell membranes was followed by a report on 
the lipid components of membranous fractions from brain 
homogenates by J. Eichberg and R. M. C. Dawson. 
B. R. Malcolm presented evidence for the «-helical con- 


figuration in protein layers at-air-water interfacos and 
A. A. Eddy and P. Johns speculated about the possible 
arrangements of lipoprotein sub-units in the red cell 
membrane. J. B. Finean summarized present views on 
the molecular structure of cell membranes and N. R. 
Silvester discussed the analysis of the remarkably detailed 
X-ray diffraction patterns obtained from membrane 
material derived from cilia. P. F. Millington spoke of 
the various factors which influenced the widths and 
densities of lines which characterize cell membranes in 
electron micrographs, and R. Dourmashkin discussed 
correlations between tho number of sites of interaction of 
immune complexes with the surface of the red cell as seen 
in electron micrographs and the rate of lysis of the cells. 

In the final session, J. N. Hawthorne undertook an 
assessment of present ideas on the role of individual 
phospholipid components in ion transport and A. D. 
Bangham and J. C. Watkins suggested that their observa- 
tions on the accumulation of ions inside lipid micelles 
might have some relevance to this problem. G. Hiibscher 
discussed the problems associated with the assessment 
of the influonce of lipid components on the activities of 
enzyme systems and A. Martinosi presented biochemical 
and electron microscope data relating to the inactivation 
and reactivation of muscle microsomes by removal and 
restoration of the lecithin compononts. L. L. M. van 
Deenen summarized a variety of data relating to the 
metabolism of phospholipid fatty acids in cell membranes. 

J. B. FINEAN 


RESEARCH EXPENDITURE AND INDUSTRY 


N his, presidential address to the twentieth annual 
I general meeting of the Institution of Metallurgists on 
May 13, Dr. L. Rotherham dealt with the interrelation- 
ship of the growth of numbers of qualified scientists and 
technologists, the national economy as a whole, produc- 
tivity and the proper expenditure on research and develop- 
ment. Assuch, his address was a noteworthy contribution. 
Although obviously directed to the metallurgist in the 
first place, it is worthy of close study by all concerned 
with the more general problems. 

The new industries, such as electronics and man-made 
fibres, have achieved commercial success by exploiting 
scientific and technological advances and in the process 
have ploughed back large sums for increasingly expensive 
researches. Thus during a period of time they have been 
able to produce and sell a succession of products. In 
contrast, some of the older industries have been relatively 
slow to adopt new techniques though the pace will prob- 
ably quicken in the next few years. The danger is that 
they will not put aside the money required to develop ever- 
better processes and products. In 1962 industry employed 

-some 9 qualified men per £1 million of ‘gross domestic 
product’ outside the research and development depart- 
ments. In 1956 it had beon 7:9, and on the basis of 
a 4 per cent economic growth and what appears to be 
a reasonably steady figure of 10-5 qualified men per £l 
: million of ‘gross domestic product’, an additional 100,000 


scientists and technologists may expect to find employment 
in industry between 1962 and 1970. Ifall employers, even 
the smaller, were to raise the number of ‘qualified men’ 
(that is, those with degrees, diplomas and those who 
take the examinations of professional institutions) 
employed to that of the highest percentage, almost half as 
many more would be necded. This increased number of 
scientists and technologists is seen by Dr. Rotherham as 
being increasingly provided by university graduates. 

In 1961-62 about one-fifth of Britain’s total qualified 
men were engaged on research and development, and if 
this ratio remains constant, between 1962 and 1970, 
about 25,000 extra people will be required. The annual 
cost, on the average, is of the order of £11,000 per man 
engaged in such work, and for this increase a rise in pro- 
ductivity of some 3-8 per cent would suffice. The calcula- 
tion, however, depends on the assumptions that research 
exponditure remains at the 1961-62 level of 2-7 per cent 
of the ‘gross domestic product’ and that research costs 
per man do not increase by more than 3 per cent per 
annum. In Dr. Rotherham’s opinion, it might be prudent 
at this time to raise the percentage of the ‘gross domestic 
product’ devoted to research in order to counterbalance 
any shortfall in productivity. say, to 3 per cent (the 
American figure is already more than this). After making 
the usual allowances for rising costs, this should provide 
for an extra 6,000 research workers per annum. The 
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wisdom of this is further demonstrated by the graph of 
total expenditure on research and development, since 
1955, which, as can be seen from Fig. 1, seems to be level- 
ling off at £550 million per annum, and also this expendi- 
ture expressed as a percentage of the ‘gross domestic 
product’ where the graph suggests a levelling around 
2-8 per cent (Fig. 2). 

In the second half of his address, Dr. Rotherham was 
‘concerned with the prospects for metallurgists in the future 
and the part to be played by the professional institutions. 
The enhanced status of metallurgy, in which the univer- 
sities have played a major part, is indicated by the fact 
that in 1962, despite the recession, only six men who 
graduated that year in the subject were known to be still 
looking for jobs six months later. The immediate outlook 
is for about a 9 per cent increase per annum in the demand, 
even apart from increased employment in institutions of 
higher education and the special research expansion called 
for in the iron and steel industries. 


NATURE 


467 


l WI 
r0 iE 


1954 1956 1058 1960 1962 1964 1966 1963 1970 
Year 


Percentage 
12 
e 


Fig. 2. Research expenditure as a percentage of the 'gross dcmestic 


product 


A pressing need is seen by Dr. Rotherham in effecting 
a better and more realistic image of the applied sciences 
to school children, their teachers and parents, and the 
public generally. In this the professional institutions 
can play a major part, especialy since their function, 
with the increase of university graduates, will become less 
and less concerned with their own examinations. 

It is concluded, therefore, that the numbers of men 
qualifying in science and engineering are increasing and 
will continue to increase within the foreseeable future. 
Membership of professional institutions is showing a 
corresponding growth. The full employment of these men 
is governed by industrial expansion and modernization, or 
putting it another way, commercially successful industries 
will need more qualified men to design, install and manage 
new plant. These industries will also provide the money. 
either directly or from taxes paid to the Exchequer, for 
increasingly expensive research and technological devolop- 
ment. In contrast, any falling off in productivity will lead 
to a slowing up of plant modernization and research 
effort. Present indications are that industry will want all 
the qualified men it can get. F. C. THOMPSON 


FUNCTION OF AN INDUSTRIAL RESEARCH LABORATORY 


HE above title poses questions which will always be 
controversial between scientists whether ‘pure’ or 
applied—since there are no precise answers. The points at 
issue wil always hinge round the query whether an 
industrial Jaboratory should rightly embark on problems 
of academie interest, and vice versa. Can these two 
extremes be combined without detriment to both? 
The principal arguments are familiar. On one hand 
is the alleged ivory-tower complex of the academic 
scientist, isolating him from the practical realities of 
what he is investigating. On the other hand is the severely 
practical approach of the technologist, who is not allowed 
time or opportunity to wander into the by-ways of his 
subject, thereby perhaps missing new vistas which could 
lead to important discoveries. The giant industrial 
companies can, of course, afford to set up as independent 
establishments laboratories for fundamental research akin 
to those of the universities. At the other end of the scale 
the small company can afford to cater only for its day-to- 
day problems, and these inevitably are purely practical. 
The problem therefore becomes of real significance with 
companies somewhere between these two extremes, and 
there are many in this category. The opening of New 
Butler's Court, Beaconsfield, Bucks, the Research Centre 
of the Wiggins Teape Group of papermakers, on March 20, 
1963, following a visit of inspection by the Duke of Edin- 
burgh on the previous day, directs attention to a par- 
ticular case of this kind. Builer’s Court, as purchased 
by the Company in 1956 on the site of Edmund Burke's 


former home, provided 13,500 ft.? of laboratory space. 
Since then a further 19,000 ft.? of laboratories and pilot 
plant buildings have been erected, and the above occasion 
was the inauguration of these by the chairman, Mr. L. 
Farrow. 

Wiggins Teape are papermakers and paper converters 
operating, in the United Kingdom alone, 15 actual paper 
mills and 15 factories where associated manufactures are 
carried on. Although the general research requirements 
of the paper industry are handled by the British Paper 
and Board Industry Research Association which the 
Wiggins Teape Group supports, the Company has perhaps 
more specialized problems than eny other of its Kind, 
since it manufactures speciality papers and in particular 
the so-called ‘industrial papers’. Examples are: papers for 
impregnation with plastics, photographic base papers, 
leather papers, photo-copying and other copying papers, 
and chart papers resistant to water and oil. These, of 
course, are in addition to the usual types of high-grade 
writings and printings, and speciality wrappings such as 
vegetable parchment and glassine. 

With a wide and varied production of this nature tho 
interface betwéen pure and applied science becomes 
increasingly diffuse. However, Dr. H. F. Rance, technical 
director, recently summed up the policy of his company 
quite unambiguously by pointing out that research and 
development are regarded as a business activity which 
must show returns commensurate with expenditure. 
Since they exist to promote change, in the interest of the 
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Company, they must themselves be flexible and adaptable. 
For this reason Butler’s Court has been built, item by 
item, to meet specific needs. 

Such a policy does not of necessity exclude fundamental 
research. Thus a basic approach has been made to the 
investigation of the structure of paper with special refer- 
ence to the statistical geometry of the arrangement of 
fibres in & sheet. This has enabled the arrangement of the 
fibres during the formation of the sheet to be predicted 
mathematically, and thence it should be possible to predict 
also many of the physical properties of the finished paper. 
Such work has a natural practical sequel in the possibility 
of designing papers with special properties, and in the 
subsequent mill control necessary to ensure that these 
properties are achieved continuously in practice. Hence 
the existence of a printing room and a pilot plant aqueous 
coater, solvent coater and an extrusion laminator which, 


together with the papermaking pilot plant area, workshop , 
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and electricity substation, cost £235,500 for building and 
equipment. The coating plant is a special feature, since 
it can run at 3,000 ft. per min and can be operated with 
air knife or blade coater methods. 

Finally, the implementation of all this development work 
involves an effective system of mill control to ensure that 
the papers are manufactured to the correct standard of 
quality, and, of course, profitably. Quality control in 
the form of factory instrumentation, the development 
and application of testing instruments, and a system of 
routine testing, is a major activity directed from Butler’s 
Court. 

This, briefly, is one Company’s general conception of 
the function of an industrial research laboratory. The 
recent opening of the extension to Butler’s Court is at once 
full justification for the initial step taken in 1956, and a 
tribute to the direction of the laboratory in the intervening 
period. JULIUS GRANT 


POTASSIUM-ARGON AGES OF SLATES AND THEIR 
GEOLOGICAL SIGNIFICANCE 


By C. T. HARPER 


Department of Geology and Mineralogy, University Museum, Oxford 


PROGRAMME of potassium-argon dating is being 

undertaken at Oxford on material from the British 
Caledonides, &nd during the course of this work the 
possibility of using whole-rock samples of slate for age 
determination was investigated. A few whole-rock 
slate ages have appeared in the liter&ture!-* and recent 
work® has demonstrated the possibilities of using slates 
on. a regional basis to date an orogenic (Hercynian) belt. 
In the Grampian Highlands of Scotland, a wide range of 
metamorphic grade allows whole-rock potassium-argon 
ages of slates to be compared with ages of muscovite and 
piotite from schists belonging to the same (Caledonian) 
metamorphic complex. 

The metamorphic rocks south of the Great Glen con- 
sist of two major units, the Central Highland Granulites, 
similar to the Moine Series to the north, and the Dal- 
radian Series. The Dalradian Series is divided into two 
structural and stratigraphic groups, the Ballapel Founda- 
tion and the Iltay Nappe Complex, each characterized by 
a distinct stratigraphic succession. The succession in the 
Iltay Nappe Complex can be divided into Upper, Middle 
and Lower Dalradian®:?. Slates and schists were collected 
for age determination from the Upper and Middle Dal- 
radian of the Iltay Nappe, and from the Ballapel Founda- 
tion. Schists were also collected from the Central Highland 
Granulites. 

The Dalradian slates are characterized by fine-grained 
muscovite—chlorite-quartz assemblages, the amount of 
muscovite relative to chlorite and quartz being directly 
proportional to the K,O content of the rock. Although 
it was not possible to separate micas from any of the 
slates, X-ray diffraction analysis confirms the presence of 
muscovite, and shows that in all cases it possesses a high 
degree of crystallinity. Basal (001) muscovite peaks 
show no tendency to asymmetry, and the overall diffrac- 
tion pattern is indistinguishable from that of completely 
recrystallized muscovite in the schists. Paragonite— 
muscovite—chlorite-quartz assemblages have been found 
in three slates*. The Middle Dalradian slates collected 
from the Iltay Nappe Complex have a characteristically 
strong strain-slip cleavage superimposed on the main 
slaty (flow) cleavage, while Upper Dalradian slates from 
the Nappe Complex commonly show little or no strain- 
slip cleavage. Strain-slip cleavage is particularly strong 
in slates collected from the Ballapel Foundation, and in 
some cases becomes the main cleavage in these rocks. 


All samples for age determination were crushed ar.d 
sieved to —40 +80 mesh. Muscovite and/or biotite in 
the schists were separated by conventionel methods. The 
—40 +80 mesh fraction obtained from the slates was used 
for analysis without further treatment, the — 80 mesh 
fraction being discarded owing to the possibility of argon 
loss from this finely ground material. Potassium was 
determined by flame photometer; argon was measured on 
a Reynolds-type, bakeable, mass spectrometer by isotope 
dilution with enriched argon-38; ages were calculated 
using the following constants: 


Isotope abundance: 
Decay constants: 


“K = 0-0119 atomic per cent 
AB = 4°72 x 1071? yr.) 
de = 0-584 x 10-? yr. 


The calculated ages are summarized in Fig. 1. Each 
point represents the potassium-argon age at one locality. 
Samples are divided into 4 classes, and the isotope ages of 
the samples in each class are arranged in numerical order 
and plotted in cumulative frequency. The mean age and 
standard deviation (26) for each class is as follows: 


Mica 
(1) Muscovites (from Central Highland Granulite and 


Dalradian mica schists) 436 + 9 m.y. 
(2) Biotites (from Central Highland Granulite and Dal- 
radian mica schists) 424 t 6 m.y. 
Whole rock 
(3) Slates (from Middle Dalradian and Ballapel Founda- 
tion) 431 t 6 m.y. 
(4) Slates (from Upper Dalradian) 461 + 8m.y, 


The mean ages of muscovites, biotites and Middle 
Dalradian and Ballapel Foundation slates aro equal within 
the limits of error, and taken together give a weighted 
mean of 429 + 4 m.y. (compar» averages obtained from 
Moine schists?-*), The mean age for the Upper Dalradian 
slates is significantly higher. 

The observed similarity between Middle Dalradian and 
Ballapel Foundation slate and mica ages suggests that 
preferential loss of argon from the slates has not occurred 
and that whole-roek potassium—argon ages obtained from 
slates are equivalent to those obtained from metamorphic 
micas. Ages obtained from the Upper Dalradian slates, 
however, fall outside the range shown by the other slates 
and the micas, with two exceptions (Fig. 1). A Macduff 
slate from the north-east Dalradian, the only dated Upper 
Dalradian slate which does not come either from the 
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Fig. 1. Potassium-argon ages from the Dafradian Series and Central 
Highland Granulites 
A, Upper Dalradian; 6, Ballapel Foundation; Mi, Middle Dalradian; 
O, Central Highland Granulite 


Loch Awe Syncline or Aberfoyle Anticline (synform) in 
the south-west, gives an isotopic age of 429 m.y., 32 m.y. 
less than the average age for the Upper Dalradian slates, 
and a Tayvallich slate from the Loch Awe Syncline, which 
has an exceptionally strong strain-slip cleavage in com- 
parison with other Upper Dalradian slates, gives an age 
of 446 m.y., 15 m.y. less than the Upper Dalradian average. 

Two possible sources of error in the whole-rock slate 
ages must be considered*?: (1) the presence of pre-meta- 
morphic argon in detrital minerals which have survived 
metamorphism; (2) loss of argon during subsequent post- 
metamorphic history. Although these affect the isotope 
age in opposite directions, it is most unlikely that both 
factors are so balanced at each locality in the Dalradian 
as to give whole-rock slate ages in close agreement with 
mica, ages from schists belonging to the same series. 
Furthermore, experimental work!? has shown that loss 
of argon is facilitated during lattice disturbances of any 
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kind and particularly during loss of water. Such condi- 
tions are likely to arise during the formation of slaty 
cleavage in pelites™, and result in loss of argon from their 
detrital constituents. 

Although the presence of detrital minerals containing 
pre-metamorphic argon in the Upper Dalradian slates 
might account for their higher ages, there is no positive 
evidence for the presence of such minerals in these slates. 
Recrystallization and slaty cleavage are as fully developed 
in these as in slates giving lower ages. Bearing in mind 
the distinct stratigraphic and tectonic position of the 
Upper Dalradian slates, their higher potassium-argon 
ages most probably have a geological, rather than mineral- 
ogical, significance. 

Experimental and geological evidence’ suggests that 
radiogenic argon will not accumulate in the crystal 
lattices of potassium-bearing minerals above tempera- 
tures in the range 100°-200° C. This is below the range 
where greenschist facies metamorphism is believed to 
occur?*, and implies that potassium-argon ages of minerals 
from schists reflect a time of cooling, rather than meta- 
morphism. Isotope ages conforming to such a cooling 
history have been reported from the Himalayas’ and 
European Alps'*, where metamorphic minerals from upper 
tectonic units give older ages than minerals from lower 
units which would have cooled more slowly. 1n the 
Dalradian Series and the Central Highland Granulites, 
consistent potassium-argon age differences are found 
between coexisting muscovite and biotite, irrespective 
of their relative order of crystallization in the rock, 
indicating that argon began to accumulate in muscovite 
some 12 m.y. before it began to accumulate in biotite. 
In terms of a cooling history, this suggests that argon can 
accumulate in muscovite at somewhat higher tempera- 
tures than it can in biotite. 

Cooling of a metamorphic belt is most likely to occur 
as a result of uplift. Evidence from the New Zealand 
Mesozoic metamorphic belt! shows that argon did not 
begin to accumulate in the constituent minerals of deep- 
seated metamorphic rocks until post-metamorphic uplift 
along the Alpine Fault in Late Tertiary times brought 
these rocks near the surface. In Scotland, post-meta- 
morphic uplift and cooling of the Dalradian block is 
likely to have occurred immediately prior to denudation. 
Severe denudation of the Dalradian undoubtedly occurred 
at the close of the Silurian with the deposition of Old 
Red Sandstone conglomerates. However, recent work 
in the Southern Uplands!? has revealed the presence of 
Dalradian schist fragments in Wenlock sediments, suggest- 
ing that denudation of the Dalradian was already ocewring 
in Mid-Silurian times. Uplift and cooling would therefore 
appear to have commenced during the Early Silurian, 
that is, about 425 m.y. ago using Kulp's time-scale”. 
This stratigraphic estimate for the time of cooling fits 
well with the average isotopic age of 429 +4 my. 
obtained from the Middle Dalradian of the Utay Nappe 
Complex, the Ballapel Foundation, and the Central 
Highland Granulites. 

Potassium-argon ages approaching the true age of 
metamorphism can only be obtained from materials which 
recrystallized during metamorphism under conditions 
resulting in complete outgassing of inherent argon, but at 
temperatures close to that at which subsequent radio- 
genic argon could accumulate. It is possible that recrystal- 
lization resulting in the formation of slaty cleavage occurs 
at such temperatures, and that high (stratigraphic) level 
slates which have cooled rapidly after metamorphism 
may yield whole-rock potassium-argon ages approximat- 
ing to the age of metamorphism. In the Dalradian, the 
only high-level slates that have survived denudation aro 
found preserved in the axis of the Loch Awe Syncline 
and downfolded nose of the Iltay Nappe (Aberfoyle 
Anticline). The older ages obtained from these Upper 
Dalradian slates, ranging upwards to 490 m.y., may 
therefore approach the true age of Dalradian metamor- 
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phism, which, from the stratigraphic relationships in 
Ireland?!, would appear to be pre-Arenig. 

I wish to acknowledge the opportunity for research 
provided by a Shirtcliffe fellowship from the New Zealand 
University Grants Committee, together with advice from 
members of the Oxford Geological Age and Isotope 
Research Group. 
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CONCENTRATIONS OF C/ESIUM-137, RHODIUM-102 AND 
MANGANESE-54 IN SURFACE AIR 


By P. F. GUSTAFSON, S. E. MUNIAK and S. S. BRAR 


Division of Biological and Medical Research, Argonne National Laboratory, Argonne, Illinois 


ci concentration of various y-emitting fission pro- 
ducts present in surface air have been detorminod at 
this and other laboratories for a number of yoars!-?. Such 
measurements indicate the amount and composition of 
atmospheric contamination, and may also provide in- 
formation regarding the age and even tho source of fission 
debris‘. 

At this laboratory airborne particulates wore. collected 
on ‘H V-70 filter paper (Hollingsworth—Vose asbestos baso 
filter paper having an efficiency of ~ 96 per cent for 
particles of a diameter > 0-25u) exposed on air pumps 
operated at flow rates of ~40 m?/h. A numbor of such 
pumps have been in continuous oporation since late 1952. 
Known portions of each filtor paper were combined to 
form monthly or semi-monthly composites containing 
particulates from ~ 104 m? of air. Physically the com- 
posites formed a compressod disk of finely cut filter 
paper enclosed in a plastic Petri dish, which was placed 
on top of a 4 in. diameter-by 4 in. thick cylindrical Nal 
crystal for y-ray spectromotric analysis. The crystal and 
sourco were contained in a 6-in. thick stoel shield to pro- 
vide a low background counting rate, and a 400 channel 
transistorized multichannel analyser was used for pulso 
height analysis. The quantities of the individual radio- 
nuclides present in tho filters were determined by the 
solution of the appropriate number of simultaneous 
equations, the coefficients of which wero found from the 
use of standard sources similar in shape to tho composites 
and similarly placed on top of tho crystal. During periods 
when fresh or reasonably frosh fission debris was present, 
the concentrations of the following radionuclides were 
dotermined by the foregoing method: !Ce-™4Py, 11106, 
1258b, 103Ru, 106Ru—SRh, 13708, 957 v—95 Nb, and 1410Ba- 
""La. During the test moratorium as tho amounts of the 
shorter-lived fission products decayed below detectable 
limits their analyses wero discontinued, and analysis of 
"Be, produced by cosmic ray intoractions in the atmo- 
sphere, was added to the computer programme. 

Repeated analyses of filters collected during the spring 
months of 1962, several months after collection, indicated. 
that another radionuclide or radionuclides were also 
present. Careful examination of a number of spectra in 
conjunction with estimates of radioactive half-lifo led us 
to conclude that “Mn and 14Sb wero present in surfaco 
air at that time. Hence, these two activation products 
formed during the 1961 Soviot tests were also considered 
in the mathematical analysis. 


The concentration of !''Cs observed in surface air a 
this site during January 1959—December 1963 is plotted 
in Fig. 1. As noted in the past, the most obvious feature 
is that of pronounced periods of maximum concentra- 
tion during the spring months followed by periods of 
minimal activity during the autumn and winter. These 
maxima are believed to arise from increased strato- 
spheric mixing during tho winter and increasod strato- 
sphere-troposphero transfer during the spring months, 
Similar phenomena have beon observed in the caso 
of ozone as roported and discussed by Brewor’ and 
Dobson*. Prior to tho resumption of nuclear testing in 
1961, the highest concentration of 7Cs in surface air, 
0-035 pc.[m?, was observed in 1959. Highor levels wore 
present in 1962, ~ 0-08 po./m?, and 1963, ~ 0-16 pe /m?, a 
fact which is not surprising in view of tho large amount 
of fission debris injected into the atmosphere during 1961 
and 1962. Another, less obvious, feature is that tho peak 
concentration occurred later in 1961, 1962 and 1963 than 
in previous years. With the exception of 1953, when the 
87Cs concentration was so low that it might easily have 
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been perturbed by testing then in progress, the peak has 
been reached during April and May each year since 
measurements were begun here in late 1952. In 1961 the 
peak came in May and June, and in 1962 and 1963 the 
peak was not attained until June and July. 

The delay in the appearance of the peak concentration 
during the past three years may be entirely fortuitous, or 
it may reflect some vagaries of the meteorological pro- 
cesses involved. There is evidence, however, that a fairly 
sizeable fraction of the total °7Cs found in surface air 
during 1961-63 derived from events in which the nuclear 
debris was initially present at high altitude. 

The presence of debris of high-altitude origin was 
determined by measuring "?Eh and *!Mn in surface air. 
The concentration of Rh (corrected for radioactive 
decay to mid-August 1958) and of *!Mm (corrected to 
mid-October 1961) are also illustrated in Fig. 1. Both 
radionuclides were activation products associated with 
high-altitude or high-yield explosions. }°*Rh was produced 
as a tracer in the Orange shot of the U.S. Hardtack test 
series on August 11, 1958, which had a burst height of 
about 43 km over Johnston Island (16? N., 170° W.)?. 
The highest concentrations of "Rh were reported by 
Kalkstein® to have been present in middle and polar 
latitudes in both hemispheres above 19 km from mid- 
1960 until late 1961. Hence the regions whence Rh 
might enter into the lower atmosphere would similarly be 
situated in middle and polar latitudes. “Mn was produced 
in high-yield shots during the U.S.S.R. 1961 test series, 
debris from which must have risen well into the polar 
stratosphere, and its major source may be presumed to 
have remained there for some time. A second tracer, 
14Sb, was produced by activation in the 57-MT shot of 
this series. Unfortunately, the short half-life (60 days) 
has precluded to a large degree the investigation of this 
nuclide in surface air. However, investigation of !^Sb 
relative to *4Mn in high-altitude samplings have proven 
useful in ascertaining that no appreciable new input of 
**Mn occurred since 1961. !"Sb and *4Mn data obtained 
at 65,000 ft. from the Ash Can balloon flights made from 
San Angelo, Texas, indicate a fairly constant **Mn/f*4Sb 
ratio from early 1962 until November 1963 (refs. 10, 11). 
This fact seems to imply that no significant amounts of 
*'"Mn were made subsequent to 1961. Other data from 
these flights show moro 14Sb relative to **Mn at higher 
altitude (80,000—100,000 ft.)9, which is taken to mean 
that some “Mn may have been produced in explosions 
which led to the initial injection of debris to lower altitude 
than that from the 57-MT shot. In the spring of 1962 
the 5*Mn/??*Cs activity ratio observed at 65,000 ft. had a 
mean value of 40 : 1 (ref. 10). 

As indicated in Fig. 1, the peak concentration of Rh 
in 1961 occurred in June and July. Similarly the con- 
centration of 5*Mn reached peak values in Juno and July 
in both 1962 and 1963. The amount of 1°7Cs and !'*Rh 
produced in the Orange shot-is not known, although a 
figure of 3 megacuries of Rh has been reported by 
Kalkstein®, One may presume that ™’Cs from othor 
events, such as the Teak shot which also occurred at high 
altitude within days of Orange, have become mixed with 
that from Orange. In fact, aircraft sampling at 50,000 ft. 
during May 1961 indicated a !*'Cs[!"*Rh activity ratio of 
nearly unity!?. Such a value for this ratio would imply 
that all, or nearly all, of the 4*7Cs shown in Fig. 1 during 
1961 came from high altitude. If a smaller value of the 
ratio is used for debris in surface air, then the effect of 
removing the high altitude portion is that the maximum 
concentration shifts back to April and May 1961. 

Likewise it is difficult to determino directly the amount 
of !*"Cs produced along with the «Mn, and the value of 
40: 1 for the *!Mn/!**Cs ratio has been used. The observed 
values of the "*Mn/total 1°’Cs ratio are shown in Fig. 1. 
They indicate a fairly constant value during early 1962, 
followed by a steady increase during the latter half 
of 1962—mid-1963, at which time a new steady value 


No. 4944 


NATURE 


47] 


is reached. This increase is somewhat surprising in view 
ef the fact that considerable #*’Cs was produced during 
the summer and autumn of 1962. In order to examine 
the relationship between *tMn and !?'Cs produced in 1961 
during subsequent years, it is necessary to dotermine the 
sources of the !5*Cs present in surface air. 

Further examination of Cs and other radionuclides 
produced during 1961 was attempted during 1962 and 
1963 through the use of activity ratios; namely, 95 Zr[!?!Cs, 
193E a /95Zr, 193R 0 /137Cs, and 149Ba/*»Zr. In addition, certain 
mean times of production were selected for the various 
test series: October 15, 1961, for the U.S.S.R. 1961 series; 
June 15, 1962, for the U.S. Dominic series; and October 
15, 1962, for the U.S.S.R. 1962 series. At the outset it 
was necessary to remove the 10s which was produced in 
tests conducted prior to September 1961. For the period 
September-December 1961 the average !*"Cs values found 
in the same months during 1960 were adjusted by the 
ratio of the 1961-60 spring maxima. In 1962, the 
monthly averages of 1960 and 1961 observations were 
taken to be representative of the pre-1961 !*"Cs, and during 
1963 these same values were reduced by a factor of 0:9 
to account for radioactive decay and loss from the strato- 
spheric reservoir. The pre-1961 1°’Cs values obtained in 
this manner are illustrated in Fig. 1. Removal of the 
pre-1961 137Cs from the total during early 1962 had the 
effect that on extrapolating back to a Zr/*"Cs ratio of 
145, the apparent time of origin was mid-October 1961, m 
accord with the assumed time of production for the series 
as a whole, and also in agreement with the findings of 
other investigators". i 

During Juno and July 1962 a new input of fission 

products was apparent from the abrupt rise in the 
10Ba/*Zr and S Ba/itRu ratios. Estimates of the 
amount of !?"Cs associated with this new injection, which 
presumably came from the continental and Pacific phases 
of the U.S. Dominic series, were made through the use of 
the above ratios. The amount of "Cs ascribed to this 
series by these measurements was fairly uncertain. Suffice 
it to say that it was of the same order as that observed 
during comparable months during 1958 which arose from 
the U.S. Hardtack series as inferred from !9'W measure- 
ments made at that time?. Thus it has been assumed that 
the !"Os present during 1963 from Dominic was com- 
parable to that observed in 1959 from the Hardiack series. 
From late August 1962 until the end of the year an 
appreciable amount of new debris became evident, the 
age of which varied between August to mid-Decembor, 
the bulk of which was presumed to come from the Soviet 
tests then in progress?. 
. During 1963, !"Os from pre-1961 sources and from 
Dominic was removed from the total. Similarly, the Zr 
from Dominic was subtracted from the totals observed. 
The best fit to the *5Zr/1**Cs ratio for the remaining !?'Cs 
and Zr was obtained by using a mean time of pro- 
duetion of October 15, 1962, for the interval January -July 
1962, and a mean time of production of November 15, 
1962, for the remainder of 1963. In the fitting process 
the excess !'Cs was found, which excess was presumed 
to have arisen from the U.S.S.R. 1901 tests. 

The results of partitioning the total 1?'Cs, minus the pro- 
1961 component, into that attributable to Dominic, and 
the U.S.S.R. 1961 and 1962 series, are shown in Fig. 2. 
During the spring of 1962 less than 10 per cent of tho 
total !?'Cs present in surface air collected at this location 
derived from tests conducted prior to 1961. In 1963, the 
pre-1961 component fell to less than 5 per cent of the 
total; approximately 70 per cent of the total came from 
testing in 1962, and the remaining 25-30 por cont arose 
from testing in 1961. The situation in 1963 was similar 
to that in 1959 when some 80 per cent of the total Cs 
came from testing conducted the previous year?. 

The ratio of §4Mn relative to the "Cs from testing in 
1961 is shown in Fig. 3. The variation of the ratio with 
time is essentially the same as seen in Fig. 1 except that 





472 
1-0 
01 
Soviet 1961 
Eo 
& 001 
E" 
d 
0-001 
0-0001 
'^1901 1902 1968 
Fig. 2. Partition of "Cs in surface air. x dei “1961; 
— S., 1962 


U.S.S.R., 1962; —-—-, U.S., 


the final values attained are appreciably higher, as-was to 
be expected according to the previous discussion. The 
value of the ratio of 25:1 to 30:1 observed from. July 
1963 onward is in keeping with the Ash Can observations 
made during the spring of 1962. The total 1961 '*'Cs was 
then further divided into that associated with 5*Mn, using 
a Mn/Cs ratio of 40 : 1, and that fraction which was not, 
the latter being called ‘the tesidual *7Cs. Results of -this 
final partition are also illustrated in Fig. 3. It is of interest 
to note that the peak concentration of the residual 1?"Cs 
in 1963 now occurs in May and June rather -than in June 
and July, as shown for the total 1961 Cs. The use of 
& higher 5!Mn/!*"Cs ratio would have the same effect. 

It thus appears that in 1961 and again in 1963 there 
was appreciable ’Cs of high-altitude origin present in 
surface air. It is difficult to demonstrate by means of 
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tracers that the same was true in 1962. One might con- 
sider, however, that by the spring of 1962 the Mn may 
nob yet have been well mixed with other debris existing 
at the same altitude which derived from different sources, 
The transport of such debris might be the same as for 
that mixed with 54Mn. This would imply that one might 
use a smaller value of the Mn/Cs ratio, which would have 
the effect of causing the spring peak of the residual 1870s 
to occur earlier in 1962. One may postulate similar cir- 
cumstances in 1963. involving debris from the 1962 polar 
tests for which a unique tracer has not yet béen observed. 

It is not possible to ascertain from, these measurements, 
the reason why high-altitude debris is- delayed i in. reaching 
the surface, It may be related to particle size, or perhaps, 
directly to altitude and the resultant increased’ path 
between source and the surface of the Earth. Perhaps, 
measurements of Mn and other tracers such. as 1°Cd 
during 1964 and subsequent years will help to elucidate’ 
the relationship between altitude of origin and the time, 
of appearance of the peak concentrations in surface air. 
It may be that observations of a natural tracer such as 
7Be will be helpful in establishing whether this is actually 
an. altitude effect, or is due to a more general change, in 
meteorological conditions. 

A further use may be made of the ists data, namely, 
that of estimating the levels of 1*'Cs to be expected during 
1964. In some respects conditions during 1963 and 1964 
parallel those in 1959 and 1960, barring the perturbation 
introduced, by relatively more debris of high-altitude 
origin at present. A comparison between the autumn 
minimum in 1959 and the spring maximum in 1960 applied 
to the minimum observed in 1963 leads to an estimate of 
~ 0-060 pe./m? during the peak in 1964. Preliminary 
values of 137Cs obtained during J: anuary, February, March 
and April 1964 were 0- 036, 0-038, 0-060 and 0-065 po./me?, 
respectively. A, month by month comparison with findings 
in 1963 would lead. to an expected peak value of —0-13 
pe./m? in 1964. ‘A maximum concentration of this order 
is also found by projecting the individual components 
illustrated in Figs. 1 through 3 into 1964. This was done 
by making the assumption that the 1962 Soviet debris 
will behave in 1964 as did the 1961 component in 1963. 
Furthermore, it was assumed that the 1961 1°’Cs associated 
with 5*Mn would reach the same level in 1964 as in 1963. 
Support for this latter assumption is based on the fact 
that the }°°Rh concentration in precipitation was approx- 
imately the same during 1961 and 1962 as observed at 
Westwood, New Jersey!*. The result of such a projection 
is a peak value of ~ 0-11 pc./m* in 1964, which is approx- 
imately 70 per cent of the magnitude of the 1963 maximum. 

This work was performed under the auspices of the 
U.S. Atomic Energy Commission. We thank Dr. J. Sedlet 
of the Industrial Hygiene and Safety Division of this 
Laboratory for the use of air filters from his collection 
network prior to Septomber 1961. 
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, INADEQUACY OF THERMAL INITIATION THEORY IN INTERPRETING THE 
RESULTS OF FISSION FRAGMENT IRRADIATION OF EXPLOSIVES AT 
ELEVATED TEMPERATURES 


By Lieut. JAMES F. MALLAY, Lieut. HENRY J. PRASK and Dr. JOSEPH CERNY* 


Explosives Laboratory, Feltman Research Laboratories, Picatinny Arsenal, Dover, New Jersey 


(ooo research has been carried out in 
recent years! to determine the basic requirements 
necessary to initiate an explosive. Most of the moro 
extensive investigations have been made on the macro- 
scopic behaviour of explosives and have been interpreted 
satisfactorily in terms of the classical ‘hot-spot’? model?-*. 
Sevoral explosives have also been subjected to irradiation, 
but not until recontly has a detailed analysis of this 
process been attempted. 

Corny and Kaufman’ irradiated sevoral explosives with 
pions to produco sphorical hot spots less than 10-5 em in 
diameter. In this work it was noted that no initiations 
occurred. However, it was shown that tho high energy- 
density produced by pion capture (when assumed to 
quickly degrade to thermal energy)*? should cause a 
temperature increase sufficiont to initiate several of the 
irradiated explosives. 

A comparative analysis of typical pion-capture and 
nucicar-fission events shows that in the latter process a 
higher energy—density occurs and hence a greater tempera- 
ture increase. As discussed in detail elsewhere’, the energy 
deposited by the Auger electrons and «-particles which 
arise from a ‘typical’ pion capture event produces a 
spherical hot spot. The intense ionization and excitation 
along a fission-fragment track, however, produce a high 
energy-densiby region of cylindrical geometry. 

lrradistions of a few explosives have been performed 
with fission fragments?" but no initiations have been 

‘observed. (The explosions of nitrogen iodide are appar- 

ently due to a surface offect rather than a thermal 
spike!234,)) However, the calculations of Cerny and 
Kaufman’ indicated that some of the moro sensitive 
secondary explosives had not been investigated and that, 
surprisingly, the frequently investigated lead azide was 
not expected to initiate on this model. 

The purpose of the work recorded here was to determine 
the behaviour of several of these more sensitivo high 
explosives when irradiated with fission fragments at a 
controlled elevated temperature. Table 1 shows the 
temperature required to produce various degrees of 
decomposition in 10-1! sec (the characteristic time for 
heat dissipation) for all the explosives investigated. It 
is apparent that the strength of the thermal spike arising 
from the irradiation need not be great to produce approci- 
able heat from chemical decomposition. Then, by having 
the explosives at some elevated temperature, say, 150° C, 
the likelihood of an irradiation-inducod initiation— 
according to the ‘hot-spot’? model—should be significantly 
increased. Table 1 also shows the temperatures used in 
the experiment. Four high purity (> 99 per cent) 
secondary explosives were investigated: pentaerythritol 
tetranitrate (PETN), hexahydro-1,3,5-trinitro-s-triazine 
(RDX), octahydro-1,3,5,7-totranitro-s-tetrazine (HMX) 
and glyceryl trinitrate (nitroglycerin). 

A. variable temperature explosive container was used 
to heat the explosive samples. A small quantity (0-30 ml.) 
of an acidic solution containing californium-252 (3 per 
cent spontaneous fission) was added to 300 mg of each 
explosive. In the case of the three solid explosives the 
mixture for each pellet was thon dried, mixed and pressed 
on to a 10 ml. thermocouple in right-cylindrical pellets 
approximately 0-25 in. in diameter and 0-25 in. high. 

* Lawrence Radiation Laboratory, Berkeley, California. 


Table 1. TEMPERATURES REQUIRED FOR VARIOUS FRAOTIONAL DECOM. 


POSITIONS 
Maximum Experi- 
E possible Temperature of the explosive mental 
Explosive temperature CO) required to produce a tempera- 

increase decomposition of ture 
(Q/e) °C 1% 50% 89% °0 
RDX 4,850 750 935 1,035 160 
HMX 4,020 805 1,025 1,160 215 
PETN 4,930 1,065 1,025 2,050 125 
Nitroglycerin 5,380 640 815 920 180 


These are the temperatures at which each of the explosives must be kept 
for 10! sec in order to produce 1, 50 and 99 per cent chemical decomposition ; 
also listed are the temperature increases that would result from complete 
ro APOMHADE (Q/c), and the temperatures at which the irradiations were 
performed. 


Each pellet was inserted in the container and heated on 
all surfaces except the top from room temperature to 
approximately 35° C below the melting-point of tho 
explosive. The pellet was kept at this temperature for 
30 min and then heated to ignition. The time to ignition, 
which ranged from 4 to 10 min, and the temperatures of 
the pellet and the container were recorded. Five pellets 
of each explosive were examined in this way. The 
behaviour of the explosive pellets containing californium- 
252 was compared with that of pellets of the same 
explosive prepared in an identical manner but without 
californium. 

The amount of californium-252 in tho pellets was 
determined by measuring the «-activity of small samples 
of the solution in a liquid scintillation counter. The 
spontaneous fission to «-decay ratio being known, it was 
possible to ascertain that at least three fissions per 
minute occurred in the explosive samples. Table 2 
shows the parameters of typical light and heavy fission 
fragments for californium-252 (ref. 15). 


Table 2. TYPICAL PARAMETERS FOR FISSION FRAGMENTS FROM THE 
SPONTANEOUS FISSION OF CALIFORNIUM-252 


Parameter Units Light Heavy 
Mass (M) A.M.U. 111 141 
Energy (E) MeV 100-5 78:0 
Velocity (V) cm/sec 1:32 x 10? 1:03 x 10° 
Range (R) A of RDX 8:4 7-0 
Charge (Z) — 44 54 


The liquid nitroglycerin samples were casicr to irradiate 
since it was only necessary to add tho solution containing 
the californium-252. The mixture was then placed into 
the container in a small beaker and the thermocouple 
immersed. 

A second method of irradiation was also employed 
using californium-252 plated on small platinum foils. 
In this case, a foil was placed in direct contact with 
the top of the pellet (immersed in the case of nitroglycerin) 
and the pellet was heated as before. Similar proceduros to 
those of the first method for controlled heating to ignition 
and measuring the activity were followed. The amount of 
radiation to which each pellet was exposed was determined 
to be 33 fragments per min, which was appreciably greater 
than that of the first method. 

No differences between the response of tho irradiated 
explosives and the standards were observed even though 
the former were exposed to 200—2,000 fission fragments. 
The ‘hot’ pellets showed no signs of accelerated decom- 
position (compared with the standards) either when held 
at the elevated temperature or when heated to ignition. 
Both types of pellets of an explosive ignited at the same 
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temperature, in the same general manner, and in the same 
time—within the normal deviations for such measure- 
ments on explosives. 

Although the fission-fragment irradiation did not pro- 
duce initiation of these explosives, a detailed quantitative 
analysis was made to determine the predicted behaviour 
within the framework of the ‘hot-spot’ model*-*. This 
model has enjoyed some success in explaining the behavi- 
our of explosives on a macroscopic scale, but has not 
often’ beon used in detail in an analysis of microscale 
processes. 

Initial ‘temperature’-radius profiles for the hot spots, 
which in reality are energy-radius profiles, were obtained 
by calculating the energy deposited in successive cylindri- 
cal shells coaxial with the fission-fragment track. Such 
calculations are complicated, however, by lack of precise 
information on the relative amounts of energy that a 
stopping fission fragment loses to excitations and ioniza- 
tions. Magee!* discusses the ionization and excitation 
resulting from the passage of high-energy charged particles 
through matter and postulates that two processes—termed 
‘head-on’ and ‘glancing’ collisions—make equal contribu- 
tions to the differential energy loss of the particle. Using 
this model for the initial part of its track, we assume that 
a fission fragment would lose half its energy in producing 
6-rays (knock-on electrons of energy, say, greater than 
200 eV) and the other half in low-energy ionizations and 
excitations. This latter type of energy deposition was 
assumed to occur within 10 A of the centre of the track”. 
Although the values chosen for tho minimum $-ray onergy 
and the radial distance for lesser energy drops are some- 
what arbitrary, it is evident’? }* that 200 eV is of tho 
correct order of magnitude for such a figure and that for 
the explosives investigated 10 A is approximately the 
straight-line distance travelled by a 200-eV electron. 

The relative number of 3-rays of a given energy that aro 
produced by the fission fragment can be found using the 
relation of Mott as cited by Bradt and Peters?. This 
expression was normalized (over all possible energies) to 
one-half the value of a (d#/dx) which was calculated from 
the range-energy curves of Fulmer?. This particular 
(dE/dx) was chosen at the point along the track where the 
fragment had lost one-half its initial energy. 

The electron range-energy relation used to find the 
energy deposited away from the track was that of Glocker 
as cited by Katz and Penfold*!. To account for tho fact 
that such slow electrons do not move out in a straight 
line nor in a plane perpendicular to the fragment track, 
one-half the practical range as given by Glocker was 
used as an average, or effective, rango??-?5, 

The time required for the passage of a fission fragment 
and its subsequent energy deposition is of interest. For a 
section of the track where l-d-100 A, the passage of the 
fragment through this region and the stopping of the low- 
energy 9-rays should occur in appreciably less than 10-18 
sec. Hence we may assume that the initial energy 
distribution arises in 10-1? sec. 
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Fig. 1. Temperature versus radius prone for various times following 
the passage of the fission fragment through RDX. ty represents a time 
period of & times the interval 5 x 10-1? sec 
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For a first-order reaction the subsequent time-behaviour 
of the (cylindrical) hot spot is governed hy the heat- 
diffusion equation: 

oT 
JE Q) 


where T is the absolute temperature, t is the time, x is the 
thermal diffusivity, Q is the heat of reaction, c is the 
specifie heat, » is the mass fraction of unconsumed re- 
actant, Z is the Arrhenius pre-exponential factor, E is 
the activation energy, and È is the gas constant. Also, 
x = k[pe, where k is the thermal conductivity and p 
is the density. These constants are listed in Table 3 for 
the explosives investigated. 

Solutions to equation (1) for later times were obtained 
consistent with tho initial temperature profile and subse- 
quent reactant consumption. The method used was an 
extension of the Schmidt method modified to include the. 
heat liberated by chemical reaction?'. The material was 
divided into a series of concentric cylindrical shells, the 
temperature of each shell being uniform, and the tempera- 
tures of the various shells determined by the initial 
temperature-radius profiles (Figs. 1-3). The temperature 
for the ik shell, Ti, at time £ + At was then obtained 
from the temperatures at time £ by the approximation: 


Ar 
op )ITes 0) — T«(] - 


aes + ar 


w [Ti (t) — Tis (0] + 2 "4 (t) z} At + 7; (¢) (2) 


= xy? T= < nZo-EIRT 


T(t + ^) = ex 1 - 


Table 8. PHYSICAL CONSTANTS OF THE EXPLOSIVES 


Nitroglycerin 


Quantity Units 





gm/om? 


cal/gm °C 
cal/sec cm °C 
cal/gm 
560- 
kcal/mole 57:2 26 48-0 
Formula, — CHNO; = C;HsN30, 





3 , 27 
31, 32 1015» 83* 1017 36 
81, 32 38-6 33* 52-7 36 
ex C,H4,N,0;; iex C, H4N40, EX 














* Cook and Abegg, recognizing the autocatalytic nature of PETN, extrapolated to find the ‘unimolecular’ (first order) initial rate for the reaction. 
This, of course, becomes considerably faster in the presence of its decomposition producta. 
1 The values for the density (p) and the thermal conductivity (k) of RDX and HMX were set equal because of their similar chemical character and due 


to lack of consistent data for the pure materials. 


t Johnson (ref. 35) cites QZ for HMX as 1,356 cal/gm from Explosion Effects Data Sheets, NA VORD Rep 2800 (NOL), June 14, 1955 (addendum of 1956). 
However, Tonegutti (ref. 27) points out that the difference between Qz and Qr for EDX is 90 cal/gm. Assuming the same relationship for HM X (since QZ 
is nearly the same—as are most of the properties), we obtain 1,266 cal/gm for Qv for HMX. 


No. 4944 August l, 1964 


NITROGLYCERINE 
ek XI 


) SEC. 


10° 





Temperature (^K) 
Lad 
o 


10 








10? 

0 10 20 30 40 50 60 70 80 
Radius (À) 

Fig.2. Temperature versus radius profiles for various times following 
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a time period of k times the interval 5 x 10-15 sec 
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Fig. 8. epe versus radius profiles for various times following 
the passage of the fission fragment through PETN. /x represents a time 
period of k times the interval 5 x 10-75 sec 


where Ar is the thickness of each cylindrical shell and r; 
is the radius to the centre of the ith shell. 

We have assumed that since molecular vibration fre- 
quencies are ~ 10"/sec, it is possible to have the initial 
energy profile transformed into a temperature profile by 
10-2 sec. Secondly, we havo assumed that this transition 
from an energy-radius to a temperature-radius distribu- 
tion can be estimated by using equation (1) neglecting 
chemical reaction. After 10-1? sec the complete solution 
to equation (2) is obtained. The temperature-radius 
profiles were calculated using an I.B.M. 709 digital com- 
puter. Equation (2) was solved for a series of time-inter- 
vals, At, chosen such that the temperature change in 
any shell during the time-interval was less than 5 per cent; 
the shell thickness, Ar, was taken to be 5 A. The results 
for RDX, nitroglycerin and PETN are shown in Figs. 1, 
2 and 3, respectively, with initiation predicted in all cases. 
The behaviour of HMX is expected to follow very closely 
that for RDX. 

An alternative approach was used to check the sensi- 
tivity of the results to a variation in the initial energy— 
radius profile. In this case, energy deposition was assumed 
to be due to 8-r&ys alone so that the temperatures for 
the first three shells (15 A) were essentially identical 
(~ L4 x 10 °C in RDX). These calculations also pre- 
dicted that initiation should occur in each explosive in 
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much the same manner as in the initial case. Although 
initiation is predicted for all the explosives investigated, 
such is not the case for explosives in general, as was shown 
previously’. 

The thermochemical and physical data used in the 
calculations are listed in Table 3. It was assumed that 
the thermal conductivity and specific heat were tempera- 
ture independent, and further that the specific heat of the 
products of reaction was the same as that of the original 
explosive. Macroscopic thermal parameters were used 
throughout, as in previous work, due to the lack of 
contradictory information??. 

These results show once more the inadequacy of the 
‘hot-spot’ model in describing the effects of microscale 
events in explosive materials. It should be noted that 
Bowden and Yoffe* have postulated that a critical size 
of 10-10 cm must be exceeded before the model is 
applicable; however, it is not apparent from tho matho- 
matical model itself just how this limitation comes about. 
Two theories have been proposed recently which when 
applied to our experimental conditions appear to yield 
results consistent with ours. A recent estimate has been 
made by Dodd* using a statistical approach which indi- 
cates that the simultaneous decomposition of the order 
of only ten molecules is sufficient for initiation to occur. 
Secondly, a statistical model has also been used by Ling‘? 
to describe initiation phenomena. In applying this modol 
to the case of fission-fragment irradiations, he finds that 
for temperatures of 200°-400° C in the volume around the 
track, initiation is unlikely. It appears, however, that if 
his calculations were extended to include the highor 
temperatures indicated in this work (say, 1,500? C in a 
100-A radius cylindrical volume), this model would also 
predict that initiation is likely. f 

On the other hand, somo of the assumptions mado in 
our work are open to question. The extrapolation of 
kinetic data to these conditions is unavoidable but possibly 
erroneous. Certainly the processes involved in the con- 
version of energy to temperature and their interrelation 
with chemical reaction are-not well understood when 
considered on this time scale*?. It is conceivable, as noted 
in shock-wave experiments’, that a delay may exist 
between the time at which a temperature distribution is 
established and the beginning of chemical reaction. Tt 
should also be noted that calculations on atomic displace- 
ments in copper indicate that heat dissipation may occur 
more rapidly in microscale events than would be expected 
from classical heat conduction'!. If there were an analogy, 
such an effect in explosives would considerably alter our 
calculations. Lacking more precise information concern- 
ing the assumptions made, however, it appears that the 
‘hot-spot’ model may require considerable revision to 
account for experimental data on explosive irradiations. 

We thank Dr. Harold J. Matsuguma for his assistancu 
in the preparation of the experiment. 
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Tars attempt to calculate the temperature and the 
behaviour of a hot spot formed in an explosive crystal 
by the passage of a fission fragment is & courageous one, 
but is fraught with some danger. 

It is true that the energy which a fission fragment 
dissipates within a crystalline material is delivered to the 
lattice, but the rate and the way in which it appears as 
lattice vibrations (heat) are complex and poorly under- 
stood processes. The two major way in which energy s 
lost are those of fragment/electron interactions (in a 
Coulomb fashion) and those of fragmont/nucleus collisions 
(in a Rutherford fashion). The division of energy-loss 
to these two processes is sensitively dependent on the 
nature of the theoretical model chosen for the atomic 
interaction potential. Since a considerable amount of 
the energy delivered directly to the lattice atoms may be 
carried long distances down close-packed rows of atoms or 
molecules at shock-wave velocities, the temperatures 
produced at the centre of the track may well be less than 
25 per cent of those suggested by the authors. Moreover, 
since the diameter of the tube is only 10 A (approximately 
6 atoms) the material should not be considered as a con- 
tinuum, and it has been shown that tho effective thermal 
conductivity may be greater than the macroscopic con- 
ductivity by a factor as large as 10. 

The rate at which heat is evolved owing to chemical 
reaction is proportional to the rate constant, which the 
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authors take as about 10?°/sec by extrapolating low- 
temperature kinetic data over 10° °C. This extrapolation 
is open to some criticism and in fact the rate constant is 
more likely to be of the order of 10'*/sec, that is, the same 
order of magnitude as the lattice vibration frequency. 
Hence it is possible that the ratio: 


heat evolved due to chemical reaction 
heat lost due to conduction 





has been overestimated by many orders of magnitude. 
In addition, the computed temperature profiles would 
not necessarily lead to a macroscopic explosion. In all 
three figures the putative flame front is heavily supported 
from behind (nearer to the particle trajectory) by an 
intense ‘hot spot’ (radius approx. 20 A, temperature 
greater than 2 x 104 °K). If the calculations were con- 
tinued until this hot spot became significantly eroded, 
would the flame front continue to propagate unsup- 
ported ? 

The critical hot spot size between 10-5 and 10-3 cm is 
partly derived on a theoretical basis but mainly from 
relatively macroscopic experimental observations.  Al- 
though there is no a priori reason why the theory should 
not be valid outside this range, the theory should not be 
taken too far. First of all the number of molecules in- 
volvod in the excitation of a typical track is small and an 
atomistic approach may be necessary. Secondly, there is 
tho problem of the growth to explosion from the region of 
initiation. This growth stage can be a delicate one and 
under many conditions may be quenched. 

The scope of classical explosion theory is more modest 
than the authors imply. It is customary to calculate the 
evolution of the temperature profile from the basic equa- 
tion until the end of the induction period, that is, from 
8 = 0to 8. ~ 2, where 0 is the Frank-Kamenetski reduced. 
temperaturo increase E(T — T,)/RT?. Neglect of hydro- 
dynamic processes is justified in this case for the con- 
ventional explosives because the ratio, temperature 
increase/adiabatic explosion temperature, cRT?/qH, and 
thus the fractional decomposition is small (~ 5 per cent). 
Thus tho classical theory enables us to determine whether 
a hot spot grows or decays in its early life but cannot be 
applied to considerations of its subsequent fate. 

In conclusion we would agree with the title of this 
article that there is an inadequacy of thermal oxplosion 
theory when applied to fission-fragment bombardment of 
explosive solids. It would seem, however, that it is not 
possible to make sensible calculations at this stage since 
the necessary parameters under these extreme conditions 
are not known. 

T. BODDINGTON 
F. P. BOWDEN 
L. T. CHADDERTON 
A. D. YorrE 
Laboratory for the Physics and Chemistry of Solids, 
Free School Lane, 
Cambridge. 


SPECTRUM-LINE-REVERSAL TEMPERATURE MEASUREMENTS THROUGH 
UNSTEADY RAREFACTION WAVES IN VIBRATIONALLY RELAXING 
OXYGEN 
By Dr. T. A. HOLBECHE 


Aerodynamics Department, Royal Aircraft Establishment, Farnborough, Hants 


HIS article describes some preliminary investigations 
of the effect of vibrational relaxation on the structure 
of unsteady expansion waves produced in a shock tube 
by the bursting of a second diaphragm. Fig. 1 illustrates 
in distance-time co-ordinates the idealized flow pattern 
which would result from instantaneous rupture of this 


diaphragm by the initial (or primary) shock. The expan- 
sion being investigated takes place in the gas heated by 
the initial shock; in other words, behind the secondary 
contact surface. By a measurement of the time-variation 
of temperature and of static pressure at some fixed point 
B, the effect of the lag in vibrational de-excitation (and 
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Fig. 1. Schematic diagram of idealized flow geometry in z-t plane. 


of any chemical recombination as well) induced by the 
rapid cooling in the expansion wave can be followed. In 
this application the unsteady expansion has the particular 
advantage, compared with the steady Prandtl-Moyer 
configuration, for example, that a much higher degree of 
expansion is possible, thus allowing examination of rato 
processes over a wide temperature range. As in the case 
of steady non-equilibrium flows, the static pressure-levol 
is relatively insensitive to internal relaxation effects 
despite their effect on the flow temperature. Thus & 
measurement of pressure can be used to check the flow 
geometry. 

The experiments were carried out in a 2-in.-diam. 
hydrogen-driven shock tube fitted with a second dia- 
phragm of 0:0076-mm thick aluminium foil: this separated 
the 15-ft. long low-pressure section from a 2-ft. long con- 
stant-area evacuated expansion section, also of 2 in. 
internal diameter. A large dump chamber was used to 
avoid reflected disturbances. 

The oxygen tost-gas was at an initial pressure of 10 torr 
(mm mercury), and the primary shock Mach numbers 
measured, at the second diaphragm position were in the 
region of 7:0. In the absence of attenuation effects and 
diaphragm opening delays, this would provide an initial 
equilibrium state of the oxygen at a temporature of 
about 2,500° K and a pressure of about 600 torr, and with 
about 14 per cent (the maximum possible) of tho static 
enthalpy residing in the vibrational mode. Although 
under these conditions the degree of dissociation was about 
1 per cent, it was effectively frozen during the experiment, 
thus leaving vibrational relaxation as the dominant non- 
equilibrium process in the expansion wave. Oxygen was 
chosen as tho test gas for this first phase of investigation 
since its vibrational relaxation time was short enough to 
allow observation of the expansion wave structure within 
the shock tube running time. 

The temperature variation through the wave was 
measured by the double beam sodium-line-reversal method 
developed by Clouston, Gaydon and Hurle^?. There is 
much evidence from temperature measurements behind 
shock waves? and in steady expansive flows in nozzles*:5 
that this technique measures the molecular vibrational 
temperature directly and so enables the effect of any lag 
in vibrational excitation or de-excitation to be followed. 
In the work recorded here, the Pointolite background 
temperatures were set at about 2,000° K and 2,400° K 
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to bracket the expected variation of vibrational tempora- 
ture. This resulted in an emission signal on ono beam 
and an absorption signal on the other, and enabled the 
temperature variation to be followed with better accuracy 
than by extrapolation from dual emission or dual absorp- 
tion records. The time resolution was about 5 usce. 
The static pressure variation was measured with a minia- 
ture piezo-electric transducer having a rise time of about 
10 psec, More complete details of the experimental 
arrangements are given clsewhere’. 

A. typical pair of simultaneously recorded temporature 
and pressure oscillograms is shown in Fig. 2; about twelve 
runs in oxygen were recorded, tho initial conditions being 
held as nearly as possible the same for all. Fig. 2a shows 
the time variation of the intensity of the sodium D-line 
radiation against background brightness temperatures of 
2,005° K and 2,390° K on the upper and lower beams 
respectively recorded at a distance of 15-5 in. from the 
second diaphragm station. Emission causes a downward 
deflexion and absorption an upward deflexion. The 
upper trace shows a gradually increasing emission signal 
commencing from the ‘spike’ due to the secondary shock 
marking the start or ‘tail’ of the expansion wave. The 
lower trace shows an absorption signal increasing to a 
maximum from this point and then falling. Both traces 
show a discontinuity with passage of the primary contact 
surface. 

In the temperature analysis of Fig. 3a & comparison is 
made between the experimental temperature history 
(open symbols) derived from Fig. 9a and theoretical 
vibrational and translational temperature profiles cal- 
culated by Appleton’s method? for comparable initial 
conditions. For the purpose of this comparison, the time 
origin of the temperature oscillogram was taken to be 
the instant when the primary shock reached the second 
diaphragm determined by extrapolation of the shock 
speed versus distance data. 

There is a striking similarity between the profiles, 
suggesting that the observed spectrum-line-revorsal 
temperature is essentially the same as the vibrational 
temperature of the oxygen molecules for the present 
experimental conditions. The experimental temperature 
minimum occurs, however, some 20-25 usec later than 
expected, and the temperature itself is about 250° K 
higher than the theoretical value; moreover, tho time-scale 
of the observed temperature variation is shorter than 
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Fig. 2. Typical temperature and pressure oscillograms for unsteady 

expansion of shock-heated oxygen. Initial conditions, Ms, 6:86; T, 

72,449? K, Pa, 559-5 torr; (a) 4, 15-0 in. (b) X, 12-6 in. The arrow S 

denofes passage of the secondary shock 

that of the theoretical. The significance of these small 
discrepancies is discussed later, but they may in part 
arise from the delay in rupture of the weak diaphragm 
with & consequent modification of tho flow geomotry; 
this might be expected to affect the pressure variation as 
well. Fig. 2b shows the pressure and thin-film gauge 
signals recorded at a point on the wall 12-5 in. from the 
second diaphragm. Analysis of the oscillogram showed 
that the experimental pressure signal was also delayed, 


and its rate of rise greater than predicted and with a timo- 


scalo“again less than that calculated (Fig. 35). - 

The ‘breakaway’ and subsequent rise of the spectrum- 
line-reversal temperature towards a ‘frozen’ value observed 
in these experiments shows that while the electronic ex- 
citation temperature of the sodium is not coupled, to the 
molecular translational temporature its value is consistent 
with the supposition that it is the vibrational temperature 
of the relaxing oxygen that is being measured by this 
means. 

The existence of a minimum value of the vibrational 
temperature beyond which it again increases ‘(first pointed 
out on theoretical grounds by Stulov® for dissociational 
relaxation) is a characteristic foature of the wave structure, 
and therefore the present results lend at least qualitative 
support to the calculations of Appleton and Stulov. 

On account of the low density there was insufficient 
sodium radiation present in these experiments to permit 
accurate measurement of temperature as far back in the 
flow as the fully frozen region, although the observed 
temperature began to climb towards it. Runs at highor 
initial pressure which would have made this possible 
were, however, not attempted with oxygen because of the 
risk of ignition at the driving intorfaco. Comparable runs 
in nitrogen at initial pressures of up to 100 torr should 
overcome this limitation since the D-line radiancy («p1/?) 
would then be greater by a factor of roughly 4/10. To- 
gether with the use of interference filters of increased 
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transmission (factor of 3) and more sensitive photo- 
multipliers, now available, the overall signal-to-noise 
ratio could be improved by a factor of at least 10. This 
should not only enable detection of the ‘frozen’ vibrational 
temperature but will also incidentally extend the measure- 
able temperature range to below 1,800° K. f 

A further important experimental reason for raising 
the density is that the sodium radiation may be collision- 
limited in the ‘frozen’ region of the expansion, leading 
in this'case to spuriously high observed temperatures. 
This may arise if the excited vibrational levels of the 
oxygen molecules are depopulated by transfer of energy 
to the electronic levels of the sodium atoms which then 
radiate, rather than by the binary collisions assumed in 
the theoretical description. Here again, nitrogen is to be 
preferred to oxygen as a test gas since spectroscopic 
data for collisions between nitrogen and excited sodium 
exist!*, 
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Evidently Kirchhoff's Law will not apply in this region, 
and an experimental indication of this was that mean- 
ingful gas temperatures could not be derived from the 
ratio of the double-beam signals. This small region round 
the tail of the expansion wave corresponds to the dashed 
portion of the experimental temperature profile in Fig. 3a. 

Allowing for the diaphragm opening delay already 
referred to, the general agreement between thooretical 
and experimental profiles obtained shows that the picture 
of the flow pattern derived from theory is broadly correct, 
though the degree to which the wave is centred has not 
beon investigated; it is hoped to check this in later work 
in which measurements will be taken at two downstream 
positions simultaneously. To avoid spurious distortion 
of the temperature and pressure profiles due to shock 
attenuation, a larger diameter shock tube would be 
desirable. 

The observed shock attenuation would have led one 
to oxpect temporatures in the region of the contact surface 
above the equilibrium value, based on the shock speed at 
the second diaphragm position. In fact, however, in all 
runs, values less than equilibrium were recorded (Fig. 3a). 

This may indicate that the running time was not quite 
sufficient for equilibrium to be reached, but may also be 
a further illustration of an effect peculiar to spectrum- 
line-reversal measurements using sodium in hot oxygen 
observed in some earlier work and not yet explained™™*. 
It was found that while changes of temperature were 
accurately followed, the temperature values were low 
by constant systematic amounts ranging up to nearly 
400° K in some cases. This effect was not present with 
sodium. in nitrogen. 

The present work is of interest in relation to some 
recent spectrum-line-reversal temperature measurements 
obtained by Hurle, Russo and Hall’, in a steady nozzle 
expansion where it was necessary to postulate a relaxation 
time for de-excitation of nitrogen fifteon times shorter than 
that derived from vibrational excitation investigations 
behind strong normal shock waves. From this thoy 
suggest that the Landau—Teller description of vibrational 
de-excitation may be inapplicable in non-equilibrium 
situations where the difference between vibrational and 
translational energy is largo, and that tho shorter relaxa- 
tion time indicates that the probability of de-excitation 
may depend on the vibrational as well as on the transla- 
tional energy of the colliding molecules. 

The present results, however, suggest that for the oxygen 
relaxation observed in these experiments such assumptions 
are unnecessary. The general agreement seen with Apple- 
ton’s calculations implies that his description of the 
relaxation process was adequato; he used a linear rate 
equation, Camac’s experimental data (from shock wave 
investigations)H, and Landau-Teller theory. 

The consequences of large changes of the effective 
relaxation time on the temperature profiles of unsteady 
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expansion waves in nitrogen have been looked into 
theoretically by Woodley*. He has found that a sub- 
stantial increase in the rate of vibrational do-exeitation 
(of the order of that mentioned by Hurle et al.) will shift 
the temperature minimum to earlier times and reduco its 
value considerably as might be qualitatively expected. 
This effect was not observed in the present experiments 
with oxygen, the results of which are consistent with the 
accepted valuc for the effective relaxation time within a 
factor of two. In fact, the experimental observation of 
temperatures above theoretical (Fig. 3a) might on the 
contrary, suggest that de-excitation proceeds more slowly 
than was assumed. According to Appleton’s argument, 
the assumption of frozen dissociation in these experiments 
is justified, so that the onthalpy of recombination of the 
oxygen atoms in the wave cannot contribute to the 
vibrational temperature. A possibility that was con- 
sidered was that these higher temperatures were due to 
reflected sodium light entering the photo-multipliers, but 
this seems unlikely since the aperture of the optical system 
was small and earlier work" involving tempcrature 
measurements of the incident shock never at any time 
revealed a sodium radiation signal preceding the shock. 

Extension of this work to reacting gases with the view of 
measuring the temperature dependence of recombination 
rates is feasible and might incidentally show whether 
coupling betwoen the rates of vibrational and chemical 
relaxation is significant. 

The use of unsteady expansion waves for chemical 
kinetic measurements in shock tubes was suggested by 
A. R. Fairbairn (1958) in an unpublished Ministry of 
Aviation note, and the experiment in its present form 
arose from discussions with D. A. Spence. J. P. Appleton 
performed the calculations reported in ref. 7 in support 
of this work, and I am indebted to J. G. Woodley for the 
further computations in Fig. 3. 
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RHYTHMIC ALTERNATIONS IN THE RATE OF SYNTHESIS AND THE 
COMPOSITION OF RAPIDLY LABELLED RIBONUCLEIC ACID DURING THE 
SYNCHRONOUS GROWTH OF BACTERIA 


By Dr. RIVKA RUDNER, Mrs. BARBARA PROKOP-SCHNEIDER and Pror. ERWIN CHARGAFF 
Cell Chemistry Laboratory, Department of Biochemistry, College of Physicians and Surgeons, Columbia University, New York 


have observed that a remarkable wave pattern 

of rate of synthesis and of composition results when 

the ribonucleic acid newly formed in consecutive segments 

of the generation period of a synchronously growing 

bacterial culture is examined. A donor strain of Escheri- 
chia coli K-12 (HfrH) was used in these experiments. 


Recent observations on Hfr strains of E. coli! and on 
certain strains of Bacillus subtilis?, and also some suto- 
radiographic evidence?, which suggested a sequential, 
unidirectional replication of bacterial chromosomes, 
starting from a single growing point, determined the 
choice of organism for the work recorded here. If the 
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Fig. 1. Synchronous growth of E. coli HfrH (m-, 4,424), Exp. 1. The 
samples, taken at intervals of ten minutes, are numbered as in Table 1. 
The diagrams represent, in upward order: (a) viable counts, determined 
by plating the cells in appropriate dilutions on plates of nutrient agar; 
(b) synthesis of DNA; (e) specific activity of pulse-labelled RNA 


funetion of the DNA component of a chromosome is taken 
to consist in its ability to conserve genetic information 
(through the duplication of DNA) and to convey it (per- 
haps through the production of specific RNA. molecules), 
and if the first of these processes advances along the 
chromosome in.an.orderly and successive manner, it is 
not unreasonable to assume that the second does so too. 
In this event, the rate of synthésis, and the nucleotide 
composition, of different species of RNA,. produced in 
different intervals within a growth cycle, could well vary. 
Furthermore, the synthesis of ribosomal and transfer 
RNA could be expected to occur in & periodic fashion 
either before or after the replication of those sites on the 
genome that may determine these RNA. species. In order 
to explore these possibilities, a synchronously dividing 
population of E. coli was subjected to a pulse of %2P- 
phosphate at regular intervals; the rate of synthesis and 
the composition of the newly formed RNA were then 
determined. à 

The organism examined was an HfrH (^, 424) strain 
requiring methionine obtained from Dr. T. Nagata, who 
had shown that the genome of this strain replicates in a 


sequential, polarized fashion from the F locus, forward!. : 
The bacteria were grown in a tris-salts inédium to which’ 


were added, per litre of medium,: 87-1 mg dihydrogen 
potassium phosphate, 300 mg ‘vitamin-free’ casamino 


acids, 50 mg r-methionine, and 2 g glucose. , The cells... 


were synchronized by ‘fractional filtration’, ~and ‘the 


filtrate comprising the small: cell fraction, was incubated in- . - 


fresh, previously warmed, medium at 37°. Samples were 
withdrawn from the master culture every 10 min for the 
fóllowing operations: (a) 0-1 ml.'for viable counts; (6) to 
l ml. of chilled 50'per cent trichloroacetic acid ‘solution 
9'mnl. of the culture were added, and DNA was determined 
im ‘the preeipitató by the ‘diphenylamine réaction? (in 
Exp. 2, RNA'was also determined by means of the oreinol 


réaction) ; (c) à sample of 100 ml. df the culture was exposed 
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to 2-me. earrier-freo **P-orthophosphate for 80 sec when, 
in order to terminate the pulse, the cells were poured on 
crushed ice: The bacteria were then washed to remove 
extraneous. radiophosphate and 1 g (wet weight) of un- 
labelled HfrH cells grown in the same medium was added 
as carrier. After the extraction of RNA by a modification 
of several known procedures utilizing ‘Duponol’ and 
phenol, determination of radioactivity, and hydrolysis 
with alkali in the usual manner the (2'-r 3’)-nucleotides 
were separated by two-dimensional ‘chromatography’ 
and estimated spectrophotometrically and by measure- 
ment of their radioactivity. The figures for newly formed 
RNA. were-expressed as c:p.m./ug of RNA; the estim- 
ates of the RNA content of the several preparations 
were again derived from spectrophotometry. Correction 
was made for non-nucleotidie ?**?P-compounds that 
accompany the RNA specimens in varying amounts 
(20-30 per cent of the radiophosphate incorporated in a 
non-dialysable form) through the summation of counts 
recorded for the purified mononucleotide components. 
Figs. 1 and 2 depict, in two independent experiments, 
the synchronism of cell division'in the bacterial culture; 
the increase in the level. of DNA during growth; and the 
patterns of synthesis of new RNA revealed by the applica- 
tion of a series of short pulses of **P-phosphate to con- 
secutive segments of the generation period. In addition, 
the rise of the levels of RNA in the master culture of Exp. 2 
and the’ computed total counts of RNA present in the 
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"Fig. 2. . Synchronous-growth of E. coli HfrH (m-, À, 424), Exp.2. The 
samples are numbered asin Table2. The diagrams represent, in upward 
order: a) viable counts; (b) synthesis of DNA ; (c) synthesis of total 
‘RNA. in: the-master culture; (d) total radioactivity of pulse-labelled 
RNA per ml. culture, Ue from the values of specific activity and 
from the estiniation of RNA content (orcinol) of the severa! samples; 
~- ~ - (e) specific activity of pulse-labelled RNA LS C 
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Table 1. DISTRIBUTION OF RADIOACTIVITY AMONG NUCLEOTIDE CONSTITUENTS or RNA, IN RELATION TO DNA REPLICATION, IN SUCCESSIVE STAGES 
OF SYNOHRONOUS GROWTH OF E. coli HfrH (Exp. 1)* 






































* Compare Fig. 1 for other results of this experiment. 


+ About 1 mg of RNA was hydrolysed with 0-2 ml. of 0-5 N aqueous potassium hydroxide for 20 h at 37°. 
chromatography, the radioactivity of each (2' 4- 8")-nucleotide was measured in a gas flow counter. 
incorporated into each nucleotide as per cent of total radioactivity, that is, of the summation of all counts given by the sample. S 
In sample No. 1 the counts were too low for calculation, The figures in italics denote the samples for which bursts of RNA 
The three columns of molar ratios list the ratio of purines to pyrimidines, the dissymmetry ratio, and the ratio of 


ranged from 0:25 to 0:94. 
Synthesis were recorded (sce Fig. 1). 














' DNA: RNA: Nucleotide constituents of RNA f 
Min increase total — cem 

Sa mple " aftor . las 96 of. initial p.m. " 96 of total radioactivity Molar ratios 1 
No. ltration.| in each Tecovere' ; j REY 
generation (x 108) A G Cc U (A.-- G)(C - U) (A + UJ(G - C) (A+ C)(G  U) 
1 30 0 52:5 ‘ 1 
2 40 0 842 24:0 | 27-7 25:6 22-7 1:07 0-88 0-08 1 

3 50 0 164-2 24-4 25:3 26:3 24-0 0-99 0-04 1:03 
4 60 12 190-8 28-4 201. 25:8 24-7 0-98 0-93 0-07 | 

5 70 44 423-4 23:8 82-2 23-5 21-0 1:25 0-80 0:88 

6 80 52 292-5 22-9 29-4 25:1 22-60 110 0-83 | 0:92 

7 90 80 423-5 22-3 318 25-5 20-4 118 0-75 0-02 
8 100 100 218:0 24:4 28:3 23:8 24-0 111 0-94 0:01 | 
Division | 

9 110 8 122:4 28:1 20:5 26:0 244 0-98 0-90 i 0:96 

10 . 120 -46 506:6- | 244 32-1 23-6 | 20-0 1:30 0:80 0:92 

11 130 52 259-0 22.9 29:7 247 227 111 0-84 | 0-91 

12 140 78 443-2 22-8 32-4 25-3 19-5 1:23 0-73 | 0-93 
18 150 90 25603 . 24-8 267 25:0 24:5 1:02 0-97 | 0:99 l 
LLL SO 


After separation by two-dimensional paper 
The figures express the distribution of phosphorus-32 
The standard deviation 


6-amino to 6-keto nucleotides, respectively. Compare Table 3 for the composition of bacterial DNA and RNA. Abbreviations: A, adenylicacid; G, guanylic 


acid; C, cytidylic acid; U, uridylic acid. 









































Table 2. DISTRIBUTION OF RADIOACTIVITY AMONG NUCLEOTIDE CONSTITUENTS OF RNA, IN RELATION TO DNA REPLICATION, IN SUCCESSIVE STAGES OF 
, SYNCHRONOUS GROWTH OF E. coli HfrH (EXP. 2)* 
DNA: RNA: Nucleotide constituents of RNA | 
Min increase as total E 
Sample ns. % of inisial De a % of total radioactivity Molar ratios 
No. ration in eac recovered |——_______—_ = 
generation (x 10?) A G Cc U (A+ G)(C + U)|(A + UG - O)|(A + O)J(G +U) 
i 30 63 152-4 26-1 27:3 245 22:1 135 0-93 1:02 
2 50 84 276:3 26-7 31-3 23:2 -18-8 1:38 0-83 1:00 
5 3 60 100 118-8 20:2 26:5 23-7 23-6 111 0-99 1:00 
ivision 
4 70 91 143-0 25:2 20:1 26.8 22-4 1-05 0-01 1:00 
5 80 54 139-6 23-1 28-7 25:2 23:0 1-07 0-86 0-03 
6 90 75 302-4 26:2 29-4 22-7 2r7 1:25 0-92 0-96 
7 100 100 160-7 25-6 27-6 25-1 21.7 134 0-90 1:03 
Division : 
8 110 9 149-2 23-0 25-9 26-5 24-6 0-96 0-91 0-08 
9 120 10 134-6 25.2 26:3 25-1 23-4 1:05 0-95 101 
10 130 34 99-4 24-7 26-7 20:2 22-4 1-06 0-89 1:04 
11 140 37 132-0 24-4 27-0 25:5 23-1 1:06 0-90 1:00 
12 150 42 261-9 246 30-1 24-0 2r3 1-21 0-85 0-05 
1 160 69 242-6 25:2 25:8 25-5 23-5 1-04 0-95 1-03 
14 170 82 282-0 24-4 30-7 23-4 214 1-23 0°85 0-92 
15 180 100 195-8 24-1 26-7 25-0 24-2 1:08 0-93 0-98 
Division 














* See Fig. 2 for additionalresults and Table 1 for explanations. 


15 pulsed samples are shown in Fig. 2. As concerns the 
synthesis of DNA, it exhibits & definite retardation at 
the outset and then proceeds in what would appear to be a 
stepwise manner (usually two steps in a growth cycle) 
interrupted by periods of almost no synthesis. It would 
have been possible to fit a straight line to most of the 
points indicating the DNA levels; but we believe that our 
observations represent meaningful variations. 

During the ‘initial lag of DNA formation new RNA 
molecules are apparently produced, in accordance with 
previous observations??. RNA is synthesized continu- 
ally; but when the rates of synthesis are probed into at 
different points of the growth cycle, rhythmic fluctuations 
are seen. These are shown graphically in Figs. 1 and 2 
in the form of the specific activity of the RNA. At the 
onset of the growth cycle the increase in the rates of 
synthesis of RNA, as measured by the uptake of phos- 
phorus-32, was nearly linear; thereafter, the specific 
activities of pulse-labelled RNA alternated between high 
and low levels, two bursts being discernible during an 
average generation time of 70 min (Fig. 1). In another 
experiment, in which the generation time was somewhat 
shorter, only one peak was noticed in the first complete 
generation period under observation (sample No. 6 in 
Fig. 2). These bursts of RNA synthesis seem to be 
regularly spaced with respect to DNA replication, occur- 
ring generally in the strain under investigation here when 
DNA had increased by 40-45 per cent and 75-85 per cent. 


(Compare samples No. 5, 7, 10, 12 in Fig. 1 and No. 2, 6, 12 
and 14 in Fig. 2.) 

These alternations of the rates of RNA synthesis were: 
found to be associated with remarkable changes in the 
apparent composition of the newly made RNA molecules. 
This information will: be found in Tables 1 and 2 which 
list, in addition to figures on the percentage increase in 
DNA and the total counts recovered in the isolated RNA 
specimens, the distribution of radioactivity among the 
(2’ + 3’)-nucleotide components of each RNA sample. 
These values, it will be remembered, describe the RNA 
made in the course of a short period of exposure to phos- 
phorus-32, by synchronously multiplying cells at different 
stages of their cellular history. For purposes of compari- 
son it may be useful to consider these figures in conjunc- 
tion with those listed in Table 3, in which data on the 
composition of the DNA and of various RNA fractions of 
the bacterial strain are presented. It will be noticed that 
the DNA contains, of course, equal molar quantities of 
purine and of pyrimidine nucleotides, whereas in the 
ribosomal and also in the total RNA the molar concentra- 
tion of purine nucleotides surpasses that of pyrimidine 
nucleotides ‘by 25 per cent or more. 

If, with this in mind, the values compiled in Tables 1 
and 2 are scrutinized, two principal groups of composition 
willemerge. One group, with a ratio of purines to pyrimid- 
ines of 1:2 or higher, comprises all those RNA specimens 
the synthesis of which coincided with the peaks of incor- 
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Table 3. COMPOSITION OF DNA AND RNA OF E. coli HfrH* 
Moles per 100 g-at f nuclei 
Nidi Tolla oles p 00 g-atoms of nucleic acid phosphorus Molar ratios 
aci A G Cc U T A+G/C + U(T)A+ U(T)/G 4 C|A -- C/G + U(T) 
DNA Total 24:6 25:5 25:6 2438 1:00 0-06 1-01 
RNA Total (Exp. 1) 23:5 31-9 24-5 20-1 1:24 0-77 0-92 
Total (Exp. 2) 23:5 31:8 25:6 19-1 1:24 0-74 0-96 
Ribosomal, 168 25-7 31-4 21:5 21-4 1:33 0-89 0-89 
Ribosomal, 238 20-0 31-6 21:8 20-6 1:36 0-87 0-02 
Transfer, 4S8 19:6 31:8 30-2 18-4 1-06 0-61 0-99 





* T denotes thymidylic acid; other abbreviations as in Table 1. 


poration of phosphorus-32, that is, samples No. 5, 7, 10, 
12 in Table 1 and Fig. 1; samples No. 2, 6, 12, 14 in 
Table 2 and Fig. 2. These specimens are altogether 
quite similar in composition—if one were to judge from 
the results of the distribution of phosphorus-32 in their 
constituent nucleotides—to that of total or ribosomal 
RNA. The base-pairing characteristic of DNA is entirely 
absent. Guanylic acid is the preponderant nucleotide, 
with the ratio of guanylic to cytidylic acids 1-3 or higher 
in nearly all instances. 

- The other group is less homogeneous in appearance, 
though many specimens share the property of exhibiting 
molar equivalence with respect to at least one of the 
two base-pairs: the ratio of adenylic to uridylic acids is 
near one in samples No. 6, 8, 11 in Table 1 and in samples 
No. 8 and 15 in Table 2. Similarly, guanylic and cytidylic 
acids are nearly equimolecular in samples No. 4 and 9 
in Table 1, and in samples No. 4, 8, 10 and 13 in Table 2. 
In a recent paper from this laboratory it was pointed 
out that the occurrence of only partial base-pairing 
seems to hold true of most messenger-RNA preparations 
described in the literature". 

There are several samples of pulse-labelled RNA in our 
list that could be regarded as quite similar to E. coli 
DNA. in base proportions, particularly samples No. 3 
and 13 in Table 1; the oxamples in Table 2 are less con- 
vineing, but samples No. 8, 13, and 15 could be cited. If 
another characteristic of DNA is adduced, namely, the 
equimolarity of purines and pyrimidines, samples No. 
3, 4, 9, 13 in Tablo 1, and No. 8, 13, 15 in Table 2 may be 
said to resemble DNA in this respect. One receives the 
impression that, on the whole, the pulse-labelled RNA 
specimens produced at the beginning or at the end of a 
growth cycle, when DNA synthesis has not yet begun or 
has tapered off, are more similar to DNA in composition 
than those made at other periods.’ 

There are other possible correlations, though the experi- 
imental material is not large enough for certainty. When 
DNA has increased by about 10 per cent, the distribution 
of tho label in the RNA made at this stage is very similar 
in both oxperiments (compare samples No. 4 and 9 in 
Tablo 1, and No. 9in Table 2). Another RNA composition 
uppoars to occur when DNA has increased by about one- 
third (No. 4 and 10 in Table 2); and yet another, with 
a high content of guanylic acid, when about one-half of the 
DNA has been replicated (No. 6 and 11 in Table 1 and 
No. 5 in Table 2). The ratio of 6-amino to 6-keto nucleo- 
bides!? was near one in many of the specimens, with a 
wean of 0-97 for all 27 specimens. 

The application of a pulse to a bacterial culture or to 
tn organism raises many problems of interpretation with 
some of which a recent paper from this laboratory" has 
attempted to deal. The use of a narrowly spaced series of 
pulsos administered to a synchronized cell population no 
doubt offers many advantages; but it remains that this 
grid, be it ever so fine, is imposed on, or made to slice 
through, the infinitely complex pulsations of a growing 
cell. We have probed along the time axis of a dynamic 
system—a synchronously dividing bacterial culture— 
and have obtained a set of values. How should they be 
interpreted and what is their bearing on present-day 








iK The figures for total RNA represent the averages of the spectrophotometric analyses 
of the nucleotide composition of the 13 RNA samples collected in Exp. 1 (Table 1) and of the 15 RNA samples of Exp. 2 (Table 2). 
ribosomaland transfer RNA were separated by means of alinear gradient of sodium chloride on a column of methylated serum 


( The specimens of 
albumin-kieselguhr (ref. 10). 


hypotheses concerning the transfer of biological informa- 
tion ? 

At the outset, one would wish to ask whether the analyti- 
cal methods used in this article, as in all others dealing with 
this subject, in order to reveal the composition of the 
pulse-labelled RNA specimens, are really adequate; that 
is, whether regardless of the presumably varying specific 
activities of the nucleoside 5’-phosphates serving as the 
precursors of the polymers, the transfer of the phosphate 
groups to the (2’ + 3’)-positions, as it takes place in the 
course of the cleavage of RNA by alkali, does give rise to 
arandomization. This has been questioned repeatedly. 
It may, however, be conceded that the technique is least 
objectionable when applied, as here, to the comparison 
of a series of samples produced under conditions having, 
ostensibly, only one variable, namely, time. Another 
point that should be emphasized is that, had a longer 
interval between samples than 10 min been chosen, a 
much simpler, but doubtlessly erroneous, picture could 
have emerged: the rapidly labelled RNA might have been 
in all cases only of the ribosomal type or only of the 
DNA type or mixed. It is the last-mentioned type that 
has, in fact, been encountered in investigations with non- 
synchronous bacterial populations't-4-17, If, on the 
other hand, an even finer net of pulso intervals could have 
beon imposed—but this would be vory difficult technically 
—it is quite conceivable that at one time or another a 
pulse-labelled RNA species of the composition of transfer 
RNA (compare Table 3) would have been found. It is 
quite clear that the examination of the composition or of 
other chemical and physical properties of an RNA 
specimen. cannot be sufficient for a decision whether any 
of the many varieties of rapidly formed RNA observed in 
the course of a growth cycle conform with the concept!* 
of messenger-RNA. There is, however, little question 
that the observation of a characteristic wave pattern in 
the synthesis and composition of RNA—a pattern 
apparently related to the extent of replication of DNA— 
is of some interest. 

The alternations observed in this work possibly reflect 
& progressive transcription of the nucleotide sequence of 
the bacterial DNA in the form of a series of different 
pulse-labelled RNA molecules. Whether these, in turn, 
mirror the composition of individual cistrons in the DNA 
remains undetermined. The finding that the RNA newly 
made in the various cultures at identical levels of DNA 
replication is very similar in composition, but different 
from RNA produced at other levels of DNA increase, is 
consistent with the concept of an orderly transcription of 
the genome. The observation that the pulse-labelled 
specimens of RNA produced in different phases of syn- 
chronism vary in their composition is also in agreement 
with several previous investigations in which entirely 
different techniques (elution patterns”, hybrid forma- 
tion??) were used. Recent attempts to demonstrate the 
stepwise production of certain enzymes in synchronously 
dividing cells should also be mentioned in this context?!?2, 

'The work recorded here was carried. out with one donor 
strain of E. coli (HfrH) with its given polarity of chromo- 
some replication’. The outstanding shifts in the nucleo- 
tide distribution in the newly made RNA towards that 
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expected for total or ribosomal RNA appeared referable 
to the periods when approximately 40 and 80 per cent of 
the DNA had been replicated. Does this now mean that 
at these times those nucleotide tracts on the DNA chain 
become available that are responsible for the formation 
of ribosomal RNA, and is this spacing characteristic of 
the particular strain of E. coli ? These and related ques- 
tions, for example about the intervals during which the 
DNA-like RNA is produced, cannot yet be answered. 
But if the proposition is correct that different types of 
RNA are synthesized sequentially in a synchronized 
population, other donor strains of E. coli Hfr may exhibit 
another characteristic spacing. This problem is being 
investigated at present with strains having different 
chromosomal polarities. 

This work was supported by research grants from the 
American Cancer Society and the National Institutes of 
Health, U.S. Public Health Service. 
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ION-EXCHANGE CHROMATOGRAPHY OF AMINO-ACIDS : IMPROVEMENTS 
IN THE SINGLE COLUMN SYSTEM 


By Dn. A. R. THOMSON and B. J. MILES 


Wantage Research Laboratory, Atomic Energy Research Establishment, Wantage, Berks. 


IEZ and Morris! have described a system for the 
quantitative analyses of amino-acids using a single 
column of ion-exchange resin, and instruments based on 
this principle are now commercially available (Phoenix 
Precision Instrument Co., Philadelphia, Penn.; Technicon 
Instrument Co., Ltd., Hanworth Lane, Chertsey, Surrey). 
With these the complete analysis and regeneration cycle 
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Fig. 1. Part of 15-h chromatogram. 0:2 umoles each amino-acid, 


0-5 umoles S-carboxymethyl-cysteine (CMC) 
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take about 24 h. We wish to describe two sots of modi- 
fications in experimental conditions, the first giving a 
complete chromatogram in 15 h, the second in 5-5 h with 
no loss of resolution for the protein amino-acids. 

(1) 15-h chromatogram. This may be effected as follows: 
(i) The flow of buffer to the column is increased to 47 ml./h. 
(ii) After regeneration with 0-2 N sodium hydroxide the 
column is equilibrated with 0-05 M. sodium citrate (0-2 N 
with respect to Nat) pH 2-9 in 10 per cent aqu^ous 
methanol. Methanol is required to maintain the resolution 
of threonine and serine and its use gives better separation 
of these amino-acids than is normally achieved with the 
24 h chromatogram. 10 per cent methanol in the corre- 
sponding Varigrad buffer further improves threonine - 
serine resolution, but proline then tends to run into 
glutamic acid and the separation of cystine and meth- 
ionine is impaired. (iii) Two additional chambers con- 
taining pH 5-0 sodium citrate are incorporated in the 
Varigrad to provide a safety margin for the overnight 
run. The other conditions are as for the 24-h chromato- 
gram. . 

Temperature programming can also be used to improve 
threonine-serine resolution, but we have found this less 
convenient. Fig. 1 shows part of a typical chromatogram 
from carboxymethyl-cysteine to proline indicating the 
resolution obtained. The reproducibility of the system 1s 
unaffected by these changes. 

T72) 5-5-h chromatogram. In investigations of protein 
structure, the rate of quantitative amino-acid analysis is 
often a limiting factor. Recently, details of a method 
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"Typical 5-5-h chromatogram (loading and abbreviation as for Fig. 1) 
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Table 1. GRADIENT FOR 5-5-H CHROMATOGRAM 
(Volumes for 4-5eh chromatogram in parentheses) 


0-05 M sodium citrate (Nat = 0-2 M) pH 10-0 
pH 2°75 at (Na* 
Chamber in 10% pH 2-90 pH 3-80 L2N 24N) 
manet (ml.) (ml.) (ml.) (ml.) 
1 75 (75) — 
2 — (60) 75 (15) 
3 — (10) 75 (85) 
4 — 5 (5) 70 um 
5 — — 5 (76) 
6 — — 75 (75) 
7 — — 75 75) 
8 — — 75 75 
9 — — 75 75) 


enabling a complete analysis (application of sample to 
emergence of arginine), to bo carried out in 4-5 h, havo 
become available’. This is achieved by major modifica- 
tions in the gradient, and by an increase in the flow of 
buffer to the column to 120 ml./h. However, the increased 
rate of analyses is only achieved at the expense of repro- 
ducibility (now + 5 per cent), and, in our experience, by 
greatly impaired resolution of glutamic acid and proline, 
and of. tyrosine and phenylalanine. Also, the use of 
pH. 10 sodium citrate (2-4 N with respect to Na+) leads 
to much packing of the column with a consequent marked 
rise in operating pressure (moro than 600 lb./in.?). This 
necessitates frequent repacking of the column and leads 
to rupture of the buffer transmission lines. 

We now use the modified gradient given in Table 1. 
(The gradient for the 4-5 h chromatogram is shown in 
parentheses.) This gives improved resolution of glutamic 
acid and proline, and by using pH 10-0 buffer of lower 
ionic strength (1-2 N with respect to Na+), packing of the 
column is kept to a minimum so that the pressure rise 
from an initial 400 lb./in.? to 600 lb./in.? is spread over 
about one month. With this system arginine emerges 
5-5 h after loading of the column. Since regeneration can 
also be carried out at 120 ml./h, the use of a time switch 
readily enables two analyses to be carried out daily. A 
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third analysis can be carried out with only l-L:6h 
evening work. Fig. 2 illustrates the resolution obtained 
with this system. ! 

With this modified gradient, gradual packing of the 
column. occurs, necessitating re-pouring, but only about 
once a month. However, because of the narrow particle 
size range of the resin (17 + 2u), 1-2h settling followed 
by pumping for a few hours with starting buffer at 
120 ml./h is adequate. Periodic topping-up of the colamn 
with resin is generally necessary. 

Although the reproducibility of this latter system 
(+ 5 per cent) is rather less than that of the 15-h 
chromatogram and the resolution is poor for many of 
the ninhydrin-positive components of interest in biological 
fluids such as blood plasma and urine, it is nevertheless 
quite adequate for the analysis of hydrolysates of most 
peptides. 

The advantages of theso modifications are: 

(1) The 15-h chromatogram frees the auto-analyser 
during the normal working day for other analyses, with- 
out loss of resolution or reproducibility. 

(2) With the 5-5-h system, 2-3 analyses/day can be 
carried out, with good resolution, without change in 
instrumentation and, since the equipment is operating 
for considerably less than 24 h/day, there is a distinct 
saving in costly reagents. 

(3) When analysis of both protein and peptide hydro- 
lysates is required the 15- and 5-5-h chromatograms can 
be run successively in 24 h, thus doubling the number of 
analyses possible yet retaining the greater reproducibility 
of the overnight run, for one of the analyses. 

We thank $. J. Milsom for his assistance, and Dr. H. 
Holy, of Technicon Instrument Co., Ltd., for details of 
the 4-5-h chromatogram. 


1 Piez, K. A., and Morris, L., Anal. Biochem., 1, 187 (1960). 
* Holy, H., Technicon Inst. Co. (personal communicaticn). 


CROSSLINKING OF FIBROUS PROTEINS BY FORMALDEHYDE 


By Dr. P. MASON and Ds. JUNE C. GRIFFITH 
C.S.I.R.O.. Wool Research Laboratories, Division of Textile Physics, Ryde, Sydney 


Gi Be reactions of formaldehyde with proteins have been 
investigated for many years and it seems now to be 
accepted, particularly following the work of Fracnkel 
Conrat et al.t, that crosslinking between —NH, groups 
on side-chains of soluble proteins is produced by con- 
densation reactions such as: 


R—NH, + HCHO + H,N—CO—R’ — R—NH—OH,— 
NH—CO—R’ + H,O 


Chemical techniques were used to identify the groups 
involved in the reaction (usually amino, amide or guani- 
dino) but the conclusive evidence for intermolecular cross- 
linking was provided, in the case of soluble proteins, by 
measured increases in molecular weight brought about by 
treatment with formaldehyde*. Increases up to eight 
times were found in concentrated solutions of protein while 
no effect occurred in dilute solution. This emphasizes 
the need for the two appropriate groups of neighbouring 
chains to be brought into proximity before intermolecular 
crosslinking can take place. 

Fibrous proteins, such as collagen and keratin, present 
a more complex situation because of their crystallinity and 
insolubility. A powerful chemical approach was used by 
Zahn?, who showed that various bifunctional reagents 
crosslinked lysine-and hydroxylysine residues in collagen ; 
he identified the groups involved by hydrolysing the 
treated protein and identifying the newly formed pairs of 
crosslinked amino-acids. Zahn also applied this technique 


to silk and to wool, although again with reagents other 
than formaldehyde. For the system collagen—formalde- 
hyde Gustavson‘ has demonstrated that the functional 
groups involved are the e-amino groups of lysine. 

Direct physical evidence of crosslinking in fibrous 
proteins has sometimes been sought by examining the 
effects on the force-extension relationships for fibres 
immersed in water ; this procedure is not generally reliable, 
however, because the elastic properties are dominated by 
the crystalline fraction and small changes in crystallinity 
may easily outweigh the effects of crosslinking, as appears 
in the experiments reported here. The effects of formal- 
dehyde on other physico-chemical properties of wool, such 
as ‘supercontraction’s, or swelling*, have been shown to be 
consistent with the production of additional crosslinks 
although not unequivocally demonstrating that such 
crosslinking has occurred. In the case of collagen, how- 
ever, the fact that formaldehyde insolubilizes gelatin gels 
gives an indication that intermolecular crosslinking may 
be possible in the parent collagen. Furthermore, by heat- 
ing treated collagen fibres above their shrinkage tempera- 
tures they can be converted to the elastomeric state; the 
crystalline regions are melted, and stress-strain measure- 
ments can then be used to determine an average crosslink 
density for the:specimen. This technique has been used 
successfully by Wiederhorn et al.™8, by Flory and Spurr? 
(with benzoquinone/collagen systems), and, recently, by 
Cater’, who showed that aldehydes of greater molecular 
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size than formaldehyde, for example, acrolein, produced 
considerably greater crosslinking densities under com- 
parable conditions in native collagen at 20° C. Cater's 
result emphasizes the importance of steric restrictions to 
crosslinking at potentially available. sites in a fibrous 
protein. 

In keratin the situation is further compliceted by the 
presence of a high density of crosslinks (cystine residues) 
in the native state. However, the possibility of creating 
additional crosslinks has considerable theoretical and 
practical importance, and work now in progress has 
provided new evidence for the formation of intermolecular 
crosslinks in keratin by formaldehyde. As with collagen, 
one indication was given by the insolubilization of soluble 
derivatives from the protein and the other was obtained 
from equilibrium stress-strain measurements on fibres. 

Two soluble wool proteins were obtained from Merino 
wool by feducing the disulphide bonds with alkaline 
potassium thioglycollate solution, alkylating the resulting 
thiol groups to prevent re-combination, and then fraction- 
ating into ‘high-sulphur’ and 'low-sulphur' components 
(S-carboxymethyl keratines) containing approximately 
6 and 2 per cent of sulphur respectively. These fractions 


were kindly supplied by Dr. J. M. Gillespie of. the 


C.S.1.R.0. Division of Protein Chemistry, Melbourne, 
who has described the fractionation procedures in detail 
elsewhere". High-sulphur protein was dissolved in an 
equal weight of 36 per cent w/v aqueous formaldehyde and 
portions of the solution were heated at 52° C for periods 
up to 200 h. The low-sulphur protein was less’ easily 


dissolved, and the liquid content had to be increased’ 
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about ten-fold by the addition of water to produce à 
homogeneous solution. i 

Gelation occurred in’ each specimen, and after the 
allotted time ‘of heating the gels were washed and allowed 
to come to swelling equilibrium in water. They were then 
surface-dried and weighed and finally oven-dried at 105° C 
to constant weight. Fig. 1 shows how the proportion of the 
available protein which combined to form gel incroased 
to & maximum and then decreased, presumably owing to 
degradation; control tests in which ihe proteins wore 
heated in water produced less than 1 per cent of insoluble 
material. The gels were very dilute, with maximum 
weight fractions of protein of 0-08 for the high-sulphur 
and 0-03 for the low-sulphur component, and they could 
be dried and re-swollen by water. It may thus be con- 
cluded that formaldehyde produces intermolecular cross- 
linking in these two components of keratin. 

To investigate crosslinking in the native, fibrous form, 
Corriedale wool fibres were heated for successive periods 
of 24 h in 36 per cent w/v aqueous formaldehyde solution 
at 52°°C. Force-extension measurements were made on 
the fibres before starting the treatment and after each of 
the 24-h héating periods. These measurements were 
carried out at 20? C, at the constant extension rate of 
10.per cent/min, and for extensions up to 18 per cent. 
Each test was made ‘first in water and then in 98 por cent 
formic acid, which eliminates the elastic contribution from 
the crystalline material. After washing out the formic 
acid the length and elasticity of the fibre in water were 
substantially regained. The necessity of using such a 
method to eliminate the effects of erystallinity will be 
apparent from the results presented here. 

Fig. 2 shows stress-strain curves obtained from tests 
in water on a formaldehyde-treated fibre and on a control 
fibre which had been subjected to the same experimental 
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procedure, but with water substituted for tho formalde- 
hyde solution. The stresses are based on the cross-sec- 
tional area of the wet, unstrained fibre. Three features 
of these curves indicate structural alterations in the 
keratin, namely: 

(1) The initial Young’s modulus, that is, the slope of the 
linear ‘Hookean’ region between 0 and 2 per cent exten- 
sion, is reduced to little more than half the control value 
by the formaldehyde treatment. The high elastie modulus 
in this region involves extension of the crystalline com- 
ponents, so that one action of the formaldehyde may be 
to produce a reduction in crystallinity. 

(2) The modulus of the ‘yield’ region between about 2 
and 15 per cent is approximately doubled. Under the 
present test conditions this modulus is very dependent 
on the rate of extension; the observed effect could there- 
fore be due either to increased crosslinking or to an increase 
in the internal viscosity or to both of these factors. 

(3) The extent of the yield region is considerably 
reduced by the formaldehyde treatment. Thus taking as a, 
criterion the extension at the point Y where the stress 
has increased by 10 per cent above the level indicated by 
extrapolation of the yield region, the formaldehyde 
treatment produces a significant reduction from 28-6 to 
24-3 per cent. According to the view of the molecular 
structure of wool developed by Feughelman” this effect 
‘indicates an increase in crosslinking in the less highly 
crosslinked parts of the amorphous matrix. 

Only the last of these three effects thus gives a direct 
indication of crosslinking and even this necessitates an 
appeal to a particular model of fibre structure. A com- 
parison of the curves up to about 15 per cent extension 
would, in fact, suggest that no crosslinking had taken 
place but only some degradation of the fibre. 

In contrast to the tests in water the tests in formic 
acid gave positive evidence of crosslinking. Fig. 3 shows 
typical stress-strain data in which the initial modulus is 
about 7 x 108 dynes/cm?, that is, about one-twentieth of 
the value measured in water. There is evidently no direct 
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contribution from organized. crystallites and the material 
shows a rubber-like elasticity. Furthermore, very little 
stress-relaxation was found under the test conditions so 
that the curves may be taken as equilibrium values and 
their slopes used as measures of an effective degree of 
crosslinking. Itis apparent that the formaldehyde causes 
a stiffening of the fibre under conditions where the control 
fibre is slightly softened. There is thus an increase in 
crosslinking density, produced by the formaldehyde 
treatment, which amounts in magnitude very approxim- 
ately to 40 per cent of the crosslink density in the native 
wool. 

Finally, it may be observed that the sharp decrease in 
Young’s modulus produced by formaldehyde occurs 
during the first 24 h treatment; thereafter the modulus 
decreases slowly at the same rate as for the control fibres. 
Reference to Fig. 1 suggests that the sharp decrease is 
brought about by reaction between the formaldehyde and 
the low-sulphur protein in the wool, in keeping with the 
concept that the low-sulphur protein may be identified 
with the oriented crystalline components of the fibre. 


` This is qualitatively in agreement with the observation- 


by Richards and Speakman‘ that increasing degrees of 
formaldehyde treatment progressively lowered the supers 
contraction obtainable in wool fibres under standard 
conditions. 
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DEOXYRIBONUCLEIC ACID AND THE MOLECULAR BASIS OF 
SELF-DUPLICATION 


By Pror. BARRY COMMONER 


Henry Shaw School of Botany and the Adolphus Busch Ill Laboratory of Molecular Biology, Washington University, 
St. Louis, Missouri 


[E ATENE of the biochemical processes medi- 
ated by nucleic acids have led to the generalization 
that deoxyribonucleic acid (DNA) is capable of self- 
duplication, and represents a ‘code’ which specifies the 
inherited characteristics of the organism!-*. The import- 
ance of such a conclusion is self-evident, for it would 
reduce to a molecular level the unique capabilities of 
living matter for self-perpetuation and inheritance. It is 
of interest, therofore, to determine what criteria aro 
required to establish that a molecule, such as DNA, is 
capable of self-duplication and control of inheritance, and 
to examine tho degroo to which the available evidence 
meots such critoria. 

Self-duplication is a concept of biological origin ro- 
garding the sourco of inherited specificity in tho replication 
of living organisms. A typical self-duplicating biological 
system consists of a specific coll and environmental con- 
stituents, such as water, oxygen and nutrionts, which are 
essential to the growth and division of tho coll. The 
concept of self-duplication holds that among such a 
system’s several necessary constituents, only one, the 
cell, is the source of inherited specificity which appears in 
the product of the replicative event. Thus, in determining 


whether a system is capable of self-duplication, the chief 
issue is the source of the biological specificity which is 
transmitted to the progeny of the replicative event. 

In some instances it is possible to analyse inheritable 
biological specificity in molecular terms, since a number 
of genotic effects are known to influence particular mole- 
cular structures or biochemical procosses. Such bio- 
chemical specificity is represented by tho particular order 
of the residues which comprise linear polymers such as 
nucleic acids and proteins, or by a particular path of 
metabolic reactions in the cell. In biological polymers a 
very large number of primary structures (that is, sequences 
of rosidues) have oqual thermodynamic probability, and 
tho specificity of a given molecule represents the choice 
of a particular sequence among the many possible ones. 
The numerous molecular components of the cell aro 
thermodynamically capable of a very large number of 
reactions, and the specification of a given reaction path- 
way represents the activation of relatively few reactions 
among the numerous possible onos. 

Both types of biochemical specificity aro achieved by 
regulation of the rates of chemical reactions. In keeping 
with terminology introduced eatrlier®, a component, or 
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DETERMINATION OF SPECIFICITY 
Relationship Meaning 
R—DB Ris necessary for process B, but does not determine 
its specifity. 
=p A determines the specificity of B; A is a regulatory 
A B component. 
A determines the specificity of A; A is capable of 'gelf- 
A mA duplication", 
A determines the specificity of both B and A; A isa 
germinal component. 


A and Z are both necessary for process B. 
B but only A determines the specificity of B. 


B The specificity of B is derived from both Aand Z. 


A The specificity of 4 1s derived from both A and Z. 


The specificities of both A and Z are derived from both 


A+Z and Z. 
Z A 
OR 
T Systemi U 6 is germinal; 
zb either A nor Z alone is germina 
(A * Z) (A * Z) or ‘self-duplicating’. 


Fig.1. Diagram to summarize definitions of symbols for non-regulatory 
participants, regulatory and germinal components of systems invelving 
transfer of biochemica !specificity 


systom, which is capable of determining the specificity of 
a particular cellular reaction will be termed a regulatory 
component or system, and its participation in the chem- 
istry of the cell indicated by tho symbol (===>). A 
regulatory component or system which also serves as the 
sole determinant of the specificity of its own synthesis is 
self-duplicated, and, if transmissible, may serve as an 
agent of inheritance. An agent with these properties will 
be termed a germinal component or system, and its par- 
ticipation indicated by the symbol (===>). The par- 
ticipation of a component or system that is essential to a 
process in which transfer of specificity occurs, but which 
nevertheless does not contribute any specificity to it, will 
be indicated by the symbol ( >). 

The foregoing relationships, which are summarized in 
Fig. 1, permit an analysis of the manner in which a 
molecular system participates in a replicative or regu- 
latory event. As indicated in Fig. 1, a molecule or system 
of molecules is to be considered capable of self-duplication 
only when it can be shown to be germinal, that is, if all 
the specificity embodied in the new molecule is derived 
from the parental one. Applied to a typical cellular self- 
duplicating system, the foregoing designations would show 
that: parent cell > new cell; nutrients, etc. > 
new cell. Since, of the components necessary for the 
production of a new cell, the parent cell is alone capable 
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of determining the new cells specificity, the parent cell 
is a germinal component and: parent cell ===> new cell. 

The theory of the DNA code proposes that DNA 
governs biological inheritance becauso the spocifivity of 
its molecular structure—the sequence of nucleotides in à 
particular segment of DNA—is the sole source of both 
the specificity of further DNA synthesis' and of the 
specificity of a particular inherited metabolic reaction in 
the cell?-4. Tho theory proposes the stepwise transfer of 
the specificity embodied in the nucleotide sequence of the 
DNA to the amino-acid sequence of a particular protein 
enzyme, which thereby determines the enzyme's bio- 
chemical specificity and establishes & metabolic pathway 
in the cell. The relevant molecular processes are now 
well known and need not be described here. 

For the purposes of this discussion, it will be assumed 
that: (1) the overall transfer of specificity from DNA to 
protein and from DNA to DNA that is proposed by the 
DNA code theory is in fact operative; (2) the governing 
molecular mechanisms are not necessarily those proposed 
by the theory; (3) the system is not necessarily the only 
mechanism which determines inheritance of the bio- 
chemical specificity of the cell. These assumptions will 
simplify further considerations without affecting thoir 
result; it will be shown later that these assumptions are 
in fact the best approximation of what is actually known. 

The scheme proposed by the theory of the DNA node 
is summarized in Fig. 2A, using the symbols defined 
earlior. The scheme leads to the notion that DNA is & 
‘self-duplicating molecule’ because it holds that DNA is 
the only source of the specificity of newly synthesized 
DNA. This conclusion is, however, valid only if it can be 
shown that no other regulatory components participate 
in DNA synthesis. It becomes important, therefore, that 
the experimental evidence be scrutinized with this 
question in mind. 

Experiments on the synthosis of DNA in vitro show 
that three classes of components participate: the DNA 
primer or ‘template’, the necessary enzyme (that is, 
DNA polymerase), and the requisite deoxynucleotides. 
Kornberg’s investigations of the DNA polymerase system, 
which synthesizes DNA from triphosphodeoxynucleot ides, 
usually in the presence of primer DNA, yield evidence 
that the nucleotide sequence of the DNA product. is 
influenced in a complementary manner by the nucleotide 
sequence of tho primert’. This shows that some transfer 
of specificity from primer to product occurs, and that the 
primer serves as & regulatory component in the determ- 
ination of the molecular specificity of the DNA product. 
However, although the theory requires an exact cor- 
respondence between the frequencies of a nucleotide in 
tho primer and of the complementary nuclootide in the 
product, recent experiments show that this condition is 
sometimes not observed with respect to deoxyadenylic 
and deoxythymidylic acids’. Moreover, if precise replicu- 
tion occurs in the DNA polymerase system it should he 
possible to demonstrate that DNA newly synthesized in 
tho presence of a biologically active primer is itself active. 
Howevor, this phenomenon has not yet been conclusively 
demonstrated’. Thero is, therefore, no direct evidences 
that the nucleotide sequence of the primor exerts th: 
total control of the nucleotide sequence of the product 
that the theory requires. 

A conclusion that DNA is & self-duplicating germine! 
component also calls for the nogative demonstration thar 
the DNA polymerase enzyme, which is an obligate par- 
ticipant in DNA synthesis, does not contribute to the 
biochemical specificity of the product (that is. to its 
nucleotide sequence). However, certain experiments with 
the DNA polymerase system, reported by Kornberg et al., 
lead to the empirical conclusion that the enzyme does. in 
fact, contribute specificity to the DNA product’. 

In the presence of a mixture of deoxyadenylie and 
deoxythymidilie acids—and in the absence of a DNA 
primer—the polymerase causes the formation (after a lag 
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TRANSFER OF DNA SPECIFICITY 


synthetase 
CD RNA-amino acid 
complexes 


t RNA's Pi 
amino acids 


synthetase 


ACCORDING TO CODE THEORY 


ribosomes 


polymerase nucleotides DNA ==> mRNA ——————————jp Protein 


Inherited 


= 


amino acid sequence 


metabolic pathway 


MODIFIED 


t RNA-amino acid 


t AS 
amino acids 


complexes 


ribosomes 


polymerase nucleotides DNA ==> mRNA z————————pP Protein => Inherited 


Y 


Fig. 2. 





amino acid sequence metabolic pathway 


(A) Illustrates the transfer of biochemical specificity in the system proposed by the theory of the DNA code, which holds that the 


blocked specificity of DNA (its nucleotide sequence) is the sole source of specificity in the eplionkion of DNA and in the synthesis of 


protein, the specificity of the latter determining a particular inherited metabo 
duplicating component and the sole source of the cell’s inherited biochemical pattern. 


ic pathway. In this scheme DNA is itself a germinal self- 
(B) Illustrates modification of the system suggested 


by the evidence discussed in the text. This scheme illustrates the consequences of evidence that part of the biochemical specificity of DNA 
originates in the polymerase enzyme which catalyses DNA synthesis, and possibly in the relative availability of the several requisite nucleotides. 
Also shown is the effect of contribution of specificity originating in amino-acyl RNA synthetase, an enzyme essential to protein synthesis. In 


this scheme, DNA is neither a germinal, self-duplicating component, nor ti 
these effects have a multi-molecular origin and the entire system require 


he exclusive determinant of the cell's biochemicalspeciflcity. Instead, 
8 pre-existing specificity in both DNA and at least 2 protein enzymes. 


Symbols according to definitions given in Fig. 1 


period) of an A-T copolymer, with a regular alternating 
order of nucleotides, . ... ATTAT'AT .... In the absence 
of primer DNA the polymers .... GGG .... and .... 
CCC.... are formed when G or C are present alone; 
only these polymers are formed in the presence of a 
G + C mixture. Each of the polynucleotide products 
synthesized in the absence of DNA. primer has a simple 
but definitely non-random nucleotide sequence and there- 
fore possesses biochemieal specificity (or in the parlance 
of DNA code theory, ‘genetic information’). This speci- 
ficity does not arise in the nucleotide sequence of a primer 
DNA molecule, for none is present in the reaction. Tho 
source of the product’s specificity appears to be the 
enzyme, Which is therefore—along with the DNA primer 
—8 regulatory component in the system which syn- 
thesizes DNA. In the absence of a primer the DNA 
polymerase enzyme system appears preferentially to 
catalyse the formation of certain specific internucleotide 
bonds,....A-T,....T-A,....G-G,....C-C; it fails 
to catalyse the formation of certain other bonds,..,.A—A, 
ee TT... 0-0, .... 0-G. 

These results indicate that in a system which syn- 
thesizes DNA in the presence of both primer and enzyme, 
both these constituents may be expected to contribute 
to the specificity of the DNA product. Direct evidence 
of the dual origin of DNA specificity in such a system 
requires observation of the effects of experimental varia- 
tion of the specificity of the two components on the 
nucleotide sequence of the DNA product. While the 


absence of the necessary techniques precludes complete 
data on DNA nucleotide sequence, evidence regarding 
overall nucleotide composition, the variation of which 
must reflect gross changes in nucleotide sequence, is 
available. Lehman eż al.!° have reported the nucleotide 
composition of DNA produced when primers derived 
from several different biological sources are added to a 
system based on polymerase from Æ. coli. When both 
the DNA primer and the polymerase are derived from 
E. coli, the primer and the product differ only very 
slightly in base composition. Thus, if either total E. col 
DNA, or DNA from the E. coli-specific T2 bacteriophage, 
is used as primer in the E. coli polymerase system, the 
A + T/G + C ratio (which is the most sensitive overall 
index of nucleotide composition) of the product differs 
from that of the primer only by 5 and 1 per cent, respec- 
tively. When DNA primers from other organisms are 
used, the A + TT/G + C ratios of the products resemble 
those of the primers, although the latter are different 
from that of the E. coli DNA by a factor of 2. However, 
the agreement is by no means exact. When the primer 
is derived from M. phlei, the A + T/C + G ratios of 
primer and product differ by 20 per cent of the primer 
value; with A. aerogenes primer, the difference is 25 per 
cent; with calf thymus primer the difference is 17 per 
cent. Thus, when both primer and enzyme are derived 
from the same biological source (E. coli), the A + T/G + O 
ratios of product and primer agree to within 5 per cent; 
but when the two components are derived from separate 
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apecies, considerably larger differences are observed. 
This is evidence that the relatively precise replication of 
the primer which occurs in the homologous system depends 
on both the specificity of the DNA. primer, and on the 
specificity of the DNA polymerase enzyme, at least in so 
far as such specificity is reflected in the A + T'G + C 
ratio. The influence of the polymerase specificity on DNA 
nucleotide composition appears to be smaller than that 
due to the primer, but it is, nevertheless, appreciable. 

The evidence of biochemieal geneties suggests that 
DNA nucleotide sequence is probably replicated within a 
given organism with a high degree of precision. The fore- 
going in vitro evidence indicates that the precision of 
replication in the living system is dependent, at the least, 
on specificity contributed by both the DNA primer and 
the species-specific polymerase which catalyses DNA 
synthesis. 

Evidence regarding the effect of relative concentrations 
of nucleotides that are essential for DNA synthesis on 
DNA nucleotide sequence (and therefore on its bio- 
chemical specificity) is rather scanty. Base ratios of 
extracted DNA do not appear to change significantly 
when normal micro-organisms are grown in different types 
of nutrient media. On the other hand, Kanazir™ observed 
that when bacterial mutants incapable of thymine syn- 
thesis are transferred to a thymine-deficient medium, the 
rate of mutation (that is, of reversion to thymine depend- 
ence) increases sharply among the cells produced just 
before thymineless death occurs. This observation, which 
has since been confirmed", suggests that thymine defici- 
ency that is so severe as to be nearly lethal may alter the 
nucleotide sequence of DNA, which according to sub- 
stantial evidence is the basis of such mutations. 

The relevant in vitro evidence appears to be a single 
experiment in which enzymatic DNA synthesis with the 
four requisite nucleotides present in equimolar concen- 
trations was compared with systems in which either 
deoxythymidilic acid or this nucleotide and deoxy- 
adenylic acid were reduced five-fold in concentration?®. 
No significant changes in the ratios of A + T/@ + C or 
A+ G/C + T in the synthesized DNA were observed. 
In view of the relatively limited variation in nucleotide 
concentration this observation is not conclusive evidence 
that nucleotide sequence is wholly independent of nucleo- 
tide availability during DNA synthesis. 

The heterocatalytic regulatory effects of DNA, that is, 
the transfer of specificity from DNA to protein, have been 
the subject of a considerable number of recent investiga- 
tions. Most of these results have been interpreted as 
lending support to the scheme shown in Fig. 2A. How- 
ever, the available data fail to support the conclusion that 
the transfer of specificity between DNA and protein is 
rigorously determined by the specificity of the ‘messenger’ 
RNA (which, according to the theory, is itself derived 
from DNA nucleotide sequence). 

Of particular importance is the origin of specificity in 
the system which provides the ‘code’ relating nucleotide 
sequence to protein amino-acid sequence. According to 
the conventional theory, the nucleotide sequence of a 
DNA segment (which represents a genetic agent) de- 
termines the nucleotide sequence of a ‘messenger’ RNA 
(mRNA). The latter, in turn, mediates the order of 
assembly of short segments of ‘transfer’ RNA (tRNA), 
previously charged with the appropriate amino-acids, on 
the ribosome where the amino-acids are joined to form 
the protein’s primary structure. The addition of a specific 
amino-acid to the terminus of a particular <RNA is 
catalysed by an enzyme, amino-acyl RNA synthetase. 
According to the conventional theory, the ordering of the 
amino-acid sequence in the protein is determined by the 
nucleotide sequence of the mRNA, a given nucleotide 
pattern in the latter having an affinity for & particular 
one of the 20-odd tRNA’s, thereby achieving the appro- 
priate positioning of the amino-acid uniquely associated 
with a given ¿RNA unit. The theory of the DNA code 
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requires that, of the several components of the system 
which participate in the assembly of the protein's amino- 
acid sequence, only the messenger serves as a sourco of 
protein specificity (that is, its amino-acid sequence). If 
any other source of specificity were to intervene, thon the 
basic conclusion of the ‘code’ theory, that protein speci- 
ficity (and therefore metabolic control of the cell) is 
wholly determined by DNA nucleotide sequence, fails. 
It is appropriate, therefore, to consider the available 
evidence regarding the origins of the specificity which 
regulates the ordering of amino-acid sequence in protein 
synthesis. 

A crucial test of this question has recently beon reported 
by Barnett and Jacobson™, who examined the influence 
of synthetases derived from two difforent species on the 
specificity of amino-acid attachment to particular IRN As 
isolated from one of them. They find that soluble RNA 
from E. coli contains only a single ‘RNA component which 
is charged specifically with phenylalanine by the action 
of E. coli synthetase. However, when tho synthctase is 
derived from N. crassa, three separable tRNA. units found 
in soluble E. coli RNA become charged with phenyl- 
alanine: (a) One E. coli fraction, apparently identical 
with the component that is specifically charged with 
phenylalanine by the E. coli enzyme, exhibits tho same 
property when N. crassa synthetase is present. (b) A 
second Æ. coli RNA fraction is charged with either phenyl- 
alanine or alanino by the N. crassa synthetase, but is not 
affected by the E. coli enzyme. (c) A third E. coli RNA 
fraction is charged with phenylalanine by the N. crassa 
enzyme, but ib not acted on by the comparable E. coli 
enzyme. Tho authors regard these observations as 
evidence for “interspecies degeneracy, ambiguity, and 
lack of universality in this coding system". In effect, 
these results show that the precision with which an intact 
E. coli cell is capable of rogulating the specificity of the 
proteins which it synthesizes depends not only on the 
specificity provided by the DNA genetic agent (presum- 
ably transmitted by mRNA), but also on the species- 
specificity of its amino-acyl RNA synthetase. There is 
considerable evidence in the literature which shows that 
im vitro protein synthesis involving components derived 
from different species fails to produce protein with the 
specificity expected from the source of the mRNA. 

Similar questions arise regarding the participation of 
transfer RNA’s and of ribosomes in the determination of 
amino-acid sequenca in protein synthesis. While the 
available results are not definitive, there is no strong 
evidence against the conclusion that these agents. like the 
synthetase, may contribute to the specificity of protein 
synthesis", 

Observations that a single gene mutation may give rise 
to a single change in a protein’s amino-acid sequence are 
sometimes cited in support of the conclusion that protoin 
amino-acid sequence is rigorously specified by DNA 
nucleotide sequence. However, these effects are exhibited 
only by entire living systems. The only rigorous con- 
clusion that may be derived from them is that DNA 
specificity does exert a precise regulatory effect on amino- 
acid sequence, provided that protein synthesis takes place 
in a cell of appropriate specificity. However, it is evident 
from the above that the species-specificity of non-DNA 
constituents of a cell is essential for precise determination 
of protein structure. Hence, data regarding genotic 
effects on amino-acid sequence do not militate against 
the conclusion that non-DNA. constituents of tho ecll 
participate in the determination of protein specificity. 

To sum up, the present evidence concerning tho re- 
actions involved in the development of the specificity 
finally embodied in DNA and in proteins indicates that 
such specificity can arise, in part, from sources other than 
DNA nucleotide sequence. While complete support for this 
conclusion must await detailed analysis of the actual 
reaction mechanisms which govern the formation of the 
covalent inter-residue bonds in DNA and of the several 
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successive reactions involved in protein synthesis, the 
evidence now available shows that at least two of the 
relevant enzymes possess species-specificity which can 
influence the ordering of residues in both DNA and 
proteins. 

These considerations suggest certain amendments to 
the system of regulatory effects proposed by the theory 
of the DNA code, Fig. 2B shows how the additional 
sources of biochemical specificity indicated by the 
evidence brought forward here affect tho conventional 
system. DNA specificity is no longer self-determined, but 
depends on DNA nucleotide sequence and on the speci- 
ficity of the polymerase (and perhaps on the relative 
concentrations of free nucleotides as well). Similarly, the 
specificity of a protein is determined not only by DNA 
nucleotide sequence (transmitted via ‘messenger’ RNA), 
but also by the species-specificity of the synthetase (and 
possibly by specificities of the ‘transfer’ RNA’s and of 
ribosomes). 

Accordingly, the systems which’ govern both the 
specificity of protein synthesis and of DNA synthesis are 
fundamentally circular in nature. Although protein 
specificity is derived, in part, from DNA specificity, the 
latter 1$, in turn, partially dependent on the protein 
specificity of the DNA polymerase, which is itself depen- 
dent on the specificity of at least one other protein, the 
amino-acyl RNA synthetase. The system is operative as 
a self-sufficient source of specificity for DNA and for pro- 
teins only if DNA with a specific nucleotide sequence, 
and at least two proteins which possess species-specificity 
(polymerase and synthetase), are already present. This 
situation prevails in the intact cell. It can apparently be 
imitated with varying degrees of success in in vitro 
systems which derive all the necessary components 
from the same biological source, and thereby retain the 
complex sources of specificity which are present in the 
living cells of a given species. 

As indicated by a comparison of Figs. 24 and B, the 
net effect of the introduction of these additional sources 
of biochemical specificity is to negate the simple con- 
clusion that DNA is by itself a germinal, self-duplicating 
component or that DNA is the sole source of the bio- 
chemical specificity, embodied in proteins, that regulates 
the specificity of cellular metabolic processes. Such a 
conclusion is valid only if the specificity-transferring 
system is monophyletic, proceeding linearly from DNA 
to protein without branches or feedback. But the avail- 
able evidence negates this conclusion; specificity ulti- 
mately embodied in DNA nucleotide sequence and in 
protein amino-acid sequence has a multi-molecular origin 
in a system which is characterized by circular feed-back 
relations. 

A number of experiments show that the introduction 
of certain DNA components, such as bacterial trans- 
forming principle, into an appropriate host cell, can 
induce in the lattor the appearance of a new operational 
gonetic agent. This result does not conflict with the 
foregoing conclusion that DNA replication and its regu- 
latory effect on the cell require sources of spocificity 
other than DNA. A given DNA transforming agent is 
effective only when introduced into a living cell of an 
appropriate type. Hence, replication of the agent may 
depend. on specificity contributed by the host cell. More- 
over, quite massive changes in the nucleotide composition 
of bacterial DNA (for example, the replacement of 50 per 
cent of E. coli DNA thymine with 5 bromouraoil) lead to 
an increased incidence of normally observed mutations, 
but do not cause gross changes in the range of mutations 
or in the species characteristic of the coll". If the total 
genetic specificity were under the exclusive control of the 
DNA nucleotide sequence, such a massive change in DNA 
composition would be expected to disorganize severely 
the main features of the organism. On the other hand, if 
5 bromouracil is regarded as a biologically effective sub- 
stitute for thymine in the DNA nucleotide sequence, then 
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no massive effects would bo expected. However, in this 
case there is no explanation for the bromouracil-induced 
increase in mutation rate. 

If the view summarized in Fig. 2B is correct, and agents 
such as DNA polymerase or amino-acyl RNA synthetase 
are, like DNA itself, regulatory components and therefore 
sources of specificity in DNA replication or in protein 
synthesis, why is there no evidence that such proteins 
are capablo of acting as transferable genetic agents? The 
following considerations suggest that this empirical 
observation may be due to a secondary difference between 
the status of DNA and the rolated enzymes in the cell, 
rather than to any basic difference in their capabilities as 
regulators of biochemical specificity. 

The evidence of genetics shows that DNA agents which 
are the basis of typical Mendelian offects are present in 
the cell in only one or two replicas; that is, they are 
non-redundant. Hence, an invading DNA agent, such as 
transforming DNA, can readily compete with the DNA- 
borne genetic agents pre-existing in the host cell, or 
failing that, appear in an appropriate proportion of sub- 
sequent daughter cells unaccompanied by the indigenous 
agents. Thus, the striking genetic effect of an invading 
DNA agent is due not only to its regulatory capability, 
but also to the low level of multiplicity of the cell's normal 
DNA-borne genetic agents with which it must interact. 

However, in the case of enzymes such as DNA poly- 
morase, or amino-acyl RNA synthetase, matters are very 
different, for a single cell may contain hundreds or more 
of separate enzyme molecules. For this reason an invading 
enzyme molecule, even if capable of contributing to the 
specificity of DNA and protein synthesis, is not likely to 
have a noticeable effect on the biosynthetic activity of 
the host cell and little chance of becoming segregated out 
as a dominant form in the enzymo population of any 
daughter cells. Hence, no genetic effects are ordinarily 
discernible. Nevertheless, such an observation does not 
prove that such proteins are incapable of contributing to 
the specificity of DNA or protein synthesis. 

Conclusions. The foregoing considerations lead to the 
conclusion that the role of DNA in biological inheritance 
does not reflect a unique capability for self-duplication 
and for regulation of the specificity of protein synthesis. 
While DNA does contribute to the specificity of DNA 
and of protein, this property is shared with certain protein 
agents, for example, DNA polymerase and amino-acyl 
RNA synthetase. The special role of DNA as a vehicle 
for the Mendelian gene is indeed based on a unique 
attribute of ‘template’ DNA. However, DNA is not 
unique because it is capable of regulating biochemical 
specificity, but because, among the cell’s regulatory 
agents, those composed of DNA occur at a very low level 
of redundancy. 

These conclusions suggest certain theoretical and 
operational consequences. With regard to the general 
theory of molecular control of inheritance, they propose 
that the source of transmissible biochemical specificity in 
inheritance is multi-molecular, rather than being dorived 
uniquely from the specificity of DNA. In particular, the 
assumption described in the so-called ‘‘Central Dogma" 
(which states that biochemical specificity can be trans- 
ferred from nucleic acid to nucleic acid, and from nucleic 
acid to protein, but not from protein to nucleic acid?) is 
denied by the available evidence. Hence, the general 
consequence of this assumption—that the capability of 
the living cell for self-duplication and inheritance is 
uniquely determined by DNA—is not valid. The precise 
replication of DNA and proteins in living cells requires the 
pre-existence of both specific DNA and specific cyto- 
plasmic proteins. Hence the capability of living matter 
for precise self-duplication is derived not only from 
nuclear material, but from the cytoplasm as well. This 
is a restatement of a conclusion long familiar to bio- 
logists—that life, in its present specifically replicative 
form, is derived from pre-existing life. Considerations 
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which have been published elsewhere also show, on other 
grounds, that the ‘template’ function of DNA is only a 
special case of & more general and. primitive DNA. func- 
tion, nucleotide sequestration, and suggest that early 
forms of life lacked the precise type of replication observed 
in present living things’. 

The position developed in this article also leads to two 
chief operational conclusions which may be subject to 
experimental test. If the code theory were correct, then 
it should be possible, by chemical modification of DNA, 
to develop specific nucleotide sequences hitherto absent 
from living things; and, in transformation experiments, 
to achieve wholly new inheritable biological characteristics 
and even new forms of organisms. In contrast, the view 
that inheritance is based on multi-molecular sources 
predicts sovero limits on the biological effectiveness of 
artificial modifications of DNA nucleotide sequence. Such 
gross changes aro likely to be incompatible with the 
specificity requirements imposed by enzymes, such as 
DNA polymerase and amino-acyl RNA synthetase, which 
would remain unchanged in a DNA-mediated trans- 
formation experiment. Hence, an artificially modified 
DNA might, when introduced into an appropriate cell, 
induce the synthesis of new DNA; but, because of the 
specificity contributed by the cell’s enzymes, the artificial 
DNA would not be exactly replicated, the product being 
a polynucleotide more closely resembling normal DNA. 
For the same reason, this view predicts that in such 
experiments the resultant biological mutations will not 
depart appreciably from the range and type of mutations 
observed in the normal biology of the organism. These 
contrasting views of the consequences of extensive 
chemical modification of DNA should be subject to 
experimental test. 

The theory of the DNA code holds that only DNA, or 
possibly an RNA component on which DNA specificity 
is impressed, can serve as a molecular vehicle for the 
transmission of inheritance. In contrast, if the view 
developed in this article is correct, it should be possible 
to demonstrate genetic transformation of a cell by a 
protein agent, analogous to the known instances of 
bacterial transformation by DNA. Such an experiment 
would require the introduction of an enzyme which is 
capable of imparting specificity in DNA or protein syn- 
thesis into an appropriate host cell under conditions in 
which the natural redundancy of these agents in the cell 
is sufficiently reduced to permit the expression of the 
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invading protein. Experimental methods for accom- 
plishing the low levels of protein redundancy essential for 
Such an investigation might include suppression of protein 
Synthesis in the host by means of inhibitors or by sub- 
strate starvation, or the use of micro-organisms of 
extremely small cell size, in which cytoplasmic redun- 
dancy might be correspondingly reduced?*. I thank 
Prof. M. Swann, of the Zoology Department, University 
of Edinburgh, for the last suggestion. 

As I have pointed out elsewhero!?, the assumption 
(derived from biochemical evidence) that the unique 
capability of living matter for self-duplication is duo to 
the presence within it of & molecule, DNA. which itself 
has this attribute, conflicts with certain principles of 
biology, especially the cell theory and the epigenctic basis. 
of development. The considerations developed in this 
article may help to elucidate this discrepancy, for they 
suggest, from an analysis of the biochemical data them- 
selves, that the operative unit of solf-duplication is not 
DNA, but & multi-moleeular system which is so complex 
as to require the participation of the entire living cell, 
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ACTIVITY OF THE HEXOSE MONOPHOSPHATE SHUNT IN THE NORMAL 
AND DYSTROPHIC RETINA 


By Dr. H. W. READING 


Medical Research Counci! Wernher Group for Research in Ophthalmological Genetics, Royal College of Surgeons of England, 
Lincoln’s Inn Fields, London, W.C.2 


d s patterns of glucose catabolism via the Embden- 
Meyerhof and Krebs cycle pathways have been com- 
pared in developing normal and dystrophic rat retina. 
The dystrophic animals have a recessively inherited 
degenerative condition of the retina resembling human 
retinitis pigmentosa. No qualitative differences between 
normal and dystrophic retinz were found and the quanti- 
tative differences which could be detected were subsequent 
to histological degeneration. 

The hexose monophosphate (HMP) shunt pathway of 
glucose catabolism has been implicated in the normal 
functioning of the visual cycle in the mammalian retina’. 
It appears that, after bleaching, reduction of retinene to 
vitamin A alcohol is coupled to the oxidation of glucose 
via tho HMP shunt mechanism through the utilization 
of NADPH,. In addition, Cohen and Noell* reported 


relatively high activities for the HMP shunt in the young, 
undeveloped rabbit retina. 

In the investigation described here, the activity of tho 
HMP shunt was examined in developing normal and 
dystrophic rat retine over the age range 6-28 days. This 
period covers the development of the lesion in the abnor- 
mal retina. The experiments were carried out n ciro on 
retinal tissue obtained from normal, black-hooded (P TG) 
rats and pink-eyed piebald agouti rats affected with the 
retinal dystrophy’. 

All experiments were carried out on litter-matos 
irrespective of sex. Preparation of retine for biochemical 
investigation has been previously described’. 25 mg 
quantities of tissue were incubated for 1 b at 37° in 1 ml. 
Krebs-Ringer bicarbonate medium! in an atmosphere of 
95 per cent oxygen-5 per cent carbon dioxide, in special 
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Table 1. RESULTS EXPRESSED AS THE RATIOS OF ACTUAL YIELDS OF CO; 
FROM 1-4C GLucOSE/0-"C GLUCOSE 


Increase in 


Age Normal Dystrophic dystrophic (%) 
6-7 days 3-5 (0-4) 3:3 (0-6) -6 P-08-07 
14 days 1:6 (0:4) 2:4 (0-5) 50 P=03 - 02 
27-28 days 1:5 (0-2) 2-4 (0-2) 50 P=0-01 


(S.E.M., in brackets) 


Table 2, RESULTS EXPRESSED AS RATIOS OF SPECIFIO YIELDS CF "CO, 
FROM 1-0 GLUOOSE/0-«*C GLUCOSE 


Inerease in 


Age Normal Dystrophic dysotrophic (%) 
6-7 days 2-0 (0-6) 41 (05) 41 P-03-02 
14 days 1-7 (0-3) 2-5 (0-5 40 P=02 -01 
27-28 days 1:2 (0:1) 1:8 (0:2) 50 P = 0-05- 0:02 


(S.E.M., in brackets) 


micro-Warburg flasks fitted with two side-arms, one of 
which was closed with a rubber cap. 2 ue. of eithor 1-0 
glucose or 6-“C glucose diluted with inert carrier glucoso 
to give a final concentration of 0-1 per cent in the medium 
was added from the side-arm to initiate tho reaction. 
Carbon dioxide was collected at the end of the incubation 
period by injecting alkali on to the paper in the centre 
well, followed immediately by injection of acid into the 
medium, with 10 min additional incubation to ensure 
complete collection. Medium and tissues were soparated 
by centrifuging and the tissues washed twice in isotonic 
saline, the washings and medium being pooled and 
finally made up to constant volume. Radioactive carbon 
dioxide was precipitated as barium carbonate, plated out 
on aluminium planchets and counted under a thin end- 
window Geiger-Müller counter, suitable corrections being 
made for self-absorption. Aliquots of medium before 
and after incubation were chromatographod on Whatman 
No. 1 paper in a solvent system of tert-butanol, 80 ml.— 
picric acid, 4-0 g-water, 20 ml. The radioactivity of the 
glucose ‘spots’ was evaluated by running the chromato- 
grams through an automatic scanning device. 

Evaluation of the relative activity of the HMP shunt 
pathway in the catabolism of glucose was carried out 
in two ways; (a) by determination of the actual yield 
of carbon-14 recovered as respiratory carbon dioxide and 
expressed as the ratio of «CO, yield from 1-4C glucose 
to that from 6-14C glucose (Table 1); (b) by expressing the 
CO, yields (called specific yields) in terms of glucose 
utilized (Table 2). The latter method is based on those of 
Wang et al", modified by determining residual glucose 
after incubation as suggested by Katz and Wood’. This 
overcomes possible criticism of the assumption that the 
same amounts of differently labelled glucose are utilized 
in parallel experiments. In all cases, the activities of the 
carbon dioxide collected were calculated to conform to a 
constant specific activity of glucose substrate, the latter 
being determined from aliquots of medium  bofore 
incubation. 
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The results clearly show an elevation in the activity 
of the HMP shunt pathway in the dystrophie rotina 
compared with the normal at corresponding ages. The 
differences, however, are greater during the later stages 
of development of the lesion, that is, at 14 and 28 days, 
and both methods of assessing tho results show higher 
statistical significance at these times. It is, however, 
noteworthy that results taking glucose utilization into 
account (based on specific yields) show higher significance 
throughout. The results also demonstrate conclusively 
the decline in relative importance of the shunt pathway 
for glucose breakdown, with increase in age and develop- 
ment, in the normal retina, 

The existence of a primary biochemical lesion associated 
with tho genetical anomaly in this dogenerative retinal 
condition has been sought for some time. Recently, 
Reading and Sorsby® reported an early depression in rate 
of protein synthesis confined to the retina in affected rats, 
occurring some 6-8 days before histological changes. 
This depression becomes less marked as development 
proceeds, until, at 24 days of ago, rates of protein biosyn- 
thesis in normal and dystrophic retine aro indistinguish- 
able. Depression in synthesis of a specific protein moiety 
is a phenomenon associated with a number of other 
genetic abnormalities, espocially thoso concerned with 
hemoglobin synthesis!®. 

Chronologically, maximum depression in rate of protein 
synthesis in the dystrophic retina occurs before maximum 
elevation of the shunt. The significance of this observa- 
tion remains to be assessed. It could possibly represent 
some form of ‘fecd-back’ mechanism within the tissuc. 
In this respect, it has recently been suggested! that a 
metabolic coupling exists between the shunt mechanism 
and protein biosynthesis since there is a striking parallel 
between the activities of these two metabolic pathways 
in a number of mammalian tissues. Experiments are in 
hand to determine whether the depression in protein 
synthesis or the elevation in activity of the shunt mechan- 
ism is directly concerned with the structural breakdown 
in the dystrophic retina. 
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ISOTOPIC EXCHANGE AT EQUILIBRIUM AS A CRITERION OF 
ENZYMATIC MECHANISMS 


By Dr. J. TZE-FE| WONG and Pror. CHARLES S. HANES, F.R.S. 


Department of Chemistry, University of Oregon, Eugene, Oregon, and Department of Biochemistry, University of Toronto, Canada 


Korm criteria proposed for the diagnosis of enzym- 
atic mechanisms have been based mainly on initial 
reaction velocities, but some use has been made of correla- 
tions between equilibrium constants and initial rate 
behaviour, that is, the Haldane relations. The possibility 
of developing criteria of these categories to differentiate 
between the variety of branching and linear mechanisms 
which may operate in the important class of group-trans- 
ferring enzymes was examined in a recent generalized 
investigation by us?. Now an additional kind of kinetic 
criterion for the differentiation of mechanisms has been 
recognized by Boyer? and Boyer and Silverstein®t, who 


have pointed to the potential diagnostic value of studying 
the rates of isotopic exchanges in enzymatic systems at 
equilibrium. It is proposed here to consider this new 
eriterion in the light of the generalized theory already 
referred to which, built on the determinant method of 
King and Altman! for solving the steady-state equations, 
permits a direct visualization of the rate consequences of 
enzymatic mechanisms. 
A group-transfer reaction may be represented: 
GX+Y=e2XK4+ GY (1) 
In the system at equilibrium there will be no net change 
in the concentrations of these reactants, but. if a minute 
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quantity of GX or X labelled isotopically in the X-moiety 
be added, the exchange of the labelled X-moiety between 
GX and X may be measured. For a number of specific 
mechanisms Boyer?, Morales, Horovitz and Botts’, and 
Boyer and Silverstein? derived rate expressions for such 
exchanges and these can be used to evaluate rate para- 
meters. This led to the proposal of the exchangeability 
criterion to differentiate between reaction mechanisms. 
Consider, for example, the exchange of X-moiety between 
GX and X; if the concentrations of the other pair of 
reactants, QY and Y, are made very large, the exchange of 
X-moiety may or may not become completely blocked, 
depending on the mechanism. Thus the blocking or 
lack of blocking of exchanges may serve as a criterion of 
mechanisms. 

In what follows, a simple and direct method is described 
for ascertaining for any given mechanism whether or not 
an exchango between one pair of reactants will be subject 
to blocking when the concentrations of the other pair of 
reactants are raised to saturating levels, the system 
remaining at equilibrium. This method, in common with 
the generalized featurewise method of kinetic analysis 
developed earlier, depends on defining the precise features, 
possibly eommon to many mechanisms, which will be 
responsible directly for tho particular rate offect in quos- 
tion; in this case, the blocking or lack of blocking of & 
specified exchange reaction. As will become clear, this 
featurewise approach avoids some special assumptions 
made in deriving rate equations for exchange reactions 
(cf. Morales, Horovitz and Botts*) and it is applicable 
easily to an unrestricted range of mechanisms, including 
complex examples for which the derivation of full-rate 
expressions has not been attempted and would present 
difficulty. 

The principles of the method can be illustrated by con- 
sidering the effects of high concentrations of GY and Y 
on the exchange of X-moiety between GX and X: 

(1) Let [@Y, Y] represent the concentrations of GY 
and Y (present always in the proper proportions to 
maintain the equilibrium state) As [GY, Y] becomes 
very large, some of the enzymatic species in the reaction 
mechanism will tend to vanish, while other species will 
persist in finite amounts. 

(2) In the general case of a mechanism involving n 
enzyme-containing intermediates, EE; EE; . . . ER; 
(including free enzyme as one of these species), the 
probability of the conversion of one species to another is 
called a kappa, which consists of the kinetic constant of 
the conversion step multiplied by the concentration of 
any non-enzymatic reactant taking part in the conversion, 
if there be one. Solution of the steady-state equations 
for the mechanism permits the fractional concentration of 
any one of the HR’s to be expressed in terms of the kappas. 
Consider, for example, the mth species, ERm. Its frac- 
tional concentration is represented as the ratio of two 
groups of terms, as follows: 

An 


URS] $ 

[total enzyme] A, + Ae +... + An (2) 
Tho denominator in equation (2) is common to the expres- 
sions for the fractional concentrations of all n specios and 
equals simply the sum of the n respective numerators. 
Using a determinant method, King and Altman’ derived 
a rule, rigorously established, which specifies clearly 
and comprehensively the composition of the terms 
present in Am. Each term in Am is a product of (n — 1) 
different kappas. Schematically, these (n — 1) kappas 
correspond to (n — 1) reaetion steps which lead either 
individually or in confluent and continuous sequences to 
ERm; no kappa originating from HR, is present in these 
terms which must therefore contain one kappa originating 
from each of the other (n — 1) EE's present in the 
mechanism. The full expression for Am is given by the 
sum of all possible kappa-products which conform to this 
description. 
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(3) Although, for any given mechanism, tho full oxpros- 
sion for Am (and hence also the denominator terms 
A, + A, +... An, in full) ean bo writton out by inspoc- 
tion, supplemented by sketching out schematic roprosenta- 
tions of all the possible pathways loading to Em * jt 
is rarely necessary or even helpful to devolop such expres- 
sions in full detail In the present connexion, as will 
become evident, the only relevant property of tho torms 
comprising Am (and the terms comprising A, + A, + 
... + An) is the highest degree of any of the terms with 
respect to QY and Y. The concept of the dogroe of a 
mechanism with respect to the concentration of a reactant 
was proposed! as a fundamental basis for the classification 
of enzymatic mechanisms, and its usefulness is illustrated 
again in the present connexion. Here we are concerned 
with the degree of terms in Am with respect to two 
reactants, GY and Y, and this refers merely to tho muxi- 
mum number of times the concentration factors [CY] 
and [Y] appear in any terms in An, that is, the maximum 
number of times [G Y] and [Y] can appear in any kappa- 
product present in Am. If there are z different ER’s m 
the mechanism which react with GY or Y or both GY and 
Y, the degree of Am with respect to [GY, Y] cannot 
exceed z. The procedure then is to ascertain by inspection 
and sketching of schematic terms whether thoro is a 
kappa-product leading to ERm in which [GY] and [Y] 
can appear z different times, or failing this, whether there 
is a kappa-product leading to HRm and in which [GY] 
and [Y] can appear (z — 1) times, etc. Thus, starting 
from z, the degree of Aj with respect to [GY, Y] can soon 
be reached. The degree of each of A, As ... Aa with 
respect to [GY, Y] is similarly reached. With practice, 
this is easily carried out and it usually requires no moro 
than a few minutes to examine a mechanism and to skotch 
out schematically the kappa-products which are relevant. 

(4) Once the degrees of the various A’s with respect to 
[GY, Y] have been established, it will become ovident 
which ÉE's in a given mechanism will vanish and which 
will persist, when [GY, Y] is made saturating. If the 
degree of the numerator is equal to that of tho denominator 
in the expression for a particular intermediate HRm. then 
ERg will persist in finite amount when [GY, Y] becomos 
very large. If, on the other hand, the degree of the 
numerator is lower than that of the denominator, Ef 
will vanish when [(GY, Y] becomes very largo. (It may 
be noted from equation 2 that the degree of thenumorator 
cannot exceed that of the denominator, since the donomin- 
ator, common to all the exprossions, contains all tho 
individual terms which are present in tho respective 
numerator A's.) 

(5) All reaction steps originating from a persisting 
enzymatic spocies in the mechanism will proeoed ab 
significant rates. Furthermore, since we aro considering 
the system at equilibrium, the principle of microscopic 
reversibility dictates that all reaction steps leading to a 
persisting species must also proceed at significant ratos. 
In terms of interconversions betweon differont specios. 
this means that the direct interconversion of two givon 
species will continue at a significant rate if one or both 
species persists when [GY, Y] becomes saturating. On 
the other hand, interconvezsions between pairs of species 
which both vanish will be insignificant. 

(6) Ib is evident that the exchange of X-moiety betwoen 
QX and X will not be blocked if an uninterrupted chain of 
significant interconversions constituting apathway for the 
exchange persists when [@Y, Y] is increased to a saturat- 
ing level, whereas the exchange will be blocked if the chain 
of interconversions is interrupted. Such interruptions 
will result if any two adjacent EE's present in such a 
chain of interconversions are caused to vanish as [GY, Y] 
is made very large. 


* In practice, for more complex mechanisms, it is more convenient to 
make use of a simple mathematical procedure to ensure comprehensive 
Jneivaion of all admissible terms; this is described by Wong and Hanes 
(ref. 1). 
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The considerations outlined in the foregoing 
paragraphs provide a general method for determ- 
ining: (a) which |#R’s.in a given mechanism 
will persist and which will vanish; (b) which 
interconversions will continue at a significant 
rate and which willfallto zero; and accordingly, 
(c) which potential pathways for the intercon- 
version of G.X and. X. will remain &nd which will 
be blocked when [GY, Y] is made very large. 
The application of these principles may be illus- 
trated by considering the series of mechanisms 
A-H. Here the enzymatic species which persist 
in the presence of very large [GY, Y] are under- 
lined, and significant interconversions are 
represented by solid arrows, whereas insignifi- 
cant ones are shown by broken arrows. For 
each EE in these mechanisms there is shown in 
brackets the degrees with respect to [GY, Y] 
of the numerator and denominator terms of the 
expression for its fractional concentration (cf. 
equation 2) derived by inspection as described 
above. 

(In mechanism E, GY acts not only as a 
substrate, but also as a modifier by adding to a 
site represented as being on the left side of E 
to form GY, which is able to function by 
combining with G.X to form GY EGX.) 

It will be seen by inspection of these dia- 
grams that the exchange of the X-moiety 
between GX and X will be blocked in mech- 
anism A, on saturation with [GY, T], since 
no continuous chain of significant inter- 
conversions for bringing about the exchange 
remains, but in each of the other cases an 
uninterrupted chain for the exchange reaction 
will remain, as follows: 

Mechanism 


A 


GX 2 
EY = EGXY = EGYX = EGY 


X 


B 





Gx 
C EY o EGXY = EGYX = EGY 


X 





QX Y 
E > EGX EXE 
Ti ERY C X 
GX Y 
GYE &GYEGX = EGX = EGXY = EGYX = EGY 
D Say SE ERES x 





It was suggested by Boyer?, and Boyer and Silvorstein?:4 
that the blocking of an exchange between one pair of 
reactants by high concentrations of the other pair might 
prove to be characteristic of a linear reaction pathway 
(compulsory order) and that lack of blocking might be 
characteristic of branching (alternative) pathways. The 
above examples show that this is not strictly the case. 
Mechanism C (with dead-end branches) has a compulsory 
order of reaction, but the various exchanges will not be 
blocked by saturation with any pair of reactants. In 
mechanism D, the exchange reaction between GX and X 
cannot be blocked by high concentrations of GY and Y, 
but can be blocked by high concentrations of GX and 
GY, or of X and Y, that is, one of GX and X has to be 
saturating in order to block its own exchange reaction. 

Mechanism Z is of particular interest in showing that 
the action of GY as a modifier has changed a mechanism 
for which blocking of the exchange of X-moiety by high 
[GY, Y] is predicted, into one which will not be blocked. 
It illustrates tho further interesting feature referred to 
earlier that virtual deletion of a single intermediate by 
high [GY, Y] does not interrupt the continuity of signifi- 
cant interconversions through this intermediate. 

We have been interested especially in mechanism Æ as 
representing one of the very few mechanisms which appears 
capable of providing an explanation for a wide range of 
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features of initial rate behaviour exhibited by the alcohol 
dehydrogenase of horse liver, to be reported shortly else- 
where. It seemed at first that the observations of Boyer 
and Silverstein‘, showing that isotopic exchange between 
NAD* and NADH is not blocked by high concentrations 
of aleohol-acetaldehyde (in equilibrium proportions) 
in this same system, might constitute evidence against 
this mechanism but, as will be evident from the foregoing 
analysis, this is not the case. It is pertinent to note that 
mechanism D, which corresponds to the mechanism. pro- 
posed originally by Theorell and Chance’ for the liver 
alcohol dehydrogenase reaction, is now shown also not to 
besubject to blocking by high [aleohol-acetaldehyde]. How- 
ever, on grounds to be presented elsewhere, this mechanism 
appears inadequate to explain a numbor of diagnostic 
features of rate behaviour which have been observed. 

We thank Prof. P. D. Boyer and Dr. E. Silverstein 
for permitting us to read in advance of publication their 
observations on equilibrium reaction rates occurring in 
different enzymatic systems, and also for helpful discus- 
sions on the interpretation of isotopic exchanges at 
equilibrium. 

1 Wong, J. T., and Hanes, C. S., Canad. J. Biochem. Physiol., 40, 763 (1962). 

> Boyer, P. D., Arch. Biochem. Biophys., 82, 387 (1959). 

? Boyer, P. D., and Silverstein, E., Acta Chem. Scand., 17, S195 (1903). 

* Boyer, P. D., and Silverstein, E., Abstr. Papers, 143rd Meeting Amer. Chem. 
Soc., Cincinnati, 18A (1963); J. Biol. Chem. (in the press), 

* King, E. L., and Altman, C., J. Phys. Chem., 60, 1875 (1956). 

"^ Morales, M. F., Horovitz, M., and Botts, J., Arch. Biochem. Biophys., 99, 


258 (1902). 
? Theorell, H., and Chance, B., Acta Chem. Scand., 5, 1127 (1951). 
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EXPRESSION OF POLYOMA-INDUCED CELLULAR ANTIGEN(S) IN 
HYBRID CELLS 


By Dr. V. DEFENDI*, Dr. B. EPHRUSSI and Da. H. KOPROWSKI 


Wistar Institute of Anatomy and Biology, Philadelphia, 4, Pennsylvania, and 
Department of Biology, Western Reserve University, Cleveland, Ohio 


Ta occurrence of somatic hybridization in mixed in 
vitro cultures of two mouse cell lines was first observed 
by Barski et al. in 1960 (ref. 1), and soon thereafter con- 
firmed by Sorieul and Ephrussi?. In 1962, Ephrussi and 
Sorieul? obtained a second somatic hybrid, designated 
3-109. This new hybrid was obtained-in mixed cultures 
of the two following cell lines: (a) clone N.C.T.C. 2555, 
the ‘low cancer’ inducing line isolated by Sanford et al.* 
from a culture of subcutaneous connective tissue of a 
C3H mouse; (b) clone Py-198-1 isolated by Dulbecco and 
Vogt? from a culture of mouse (non-inbred Swiss) em- 
bryonic tissue ‘converted’ in vitro by polyoma virus. 
Py-198-1 is a clone of non-virus releasing cells character- 
ized by multi-layer growth. 

The conclusion that M-109 represents a line of hybrid 
cells was based on karyological evidence, namely, on the 
observation that these cells present a modal chromosome 
number approximating the sum of the modal chromo- 
some numbers of the two parental lines** and contain 
marker chromosomes contributed by both parents. 
N.O.T.C. 2555 carried 11-16 bi-armed chromosomes and 
clone Py-198-1 several ‘rabbit ear’? chromosomes absent 
in the cells of the former line. Recently, this inference 
from the karyological investigation found support in the 
finding that M-109 cells carry four iso-antigens, three of 
which are carried by one of the parental lines, and one 
by the other’. 

The object of the present investigation was to establish 
whether cells of the parental line Py-198-1, ‘converted’ 
by polyoma virus, and those of line 4-109 contain the 
cellular antigen(s) induced by the virus’. The presence 
of this antigen would provide additional proof of the 
hybrid nature of line 3-109. Furthermore, such informa- 
tion is important for the elucidation of the mechanism 
whereby cells are ‘converted’ and become malignant as a 
result of virus infection. It will be recalled in this con- 
nexion that a similar investigation on a hybrid between 
a cell line derived from a polyoma-induced tumour and 
the well-known Z line, obtained by Gershon and Sachs, 
indicated that “‘the polyoma-induced cell antigen may 
exist in the hybrid cells"*. This conclusion was based on 
a slight inhibitory effect on the size of tumours induced 
by the hybrid cells in the polyoma-immunized mice. 

Since there was no available information concerning 
the ability of the Py-198-1 or of the hybrid cells to produce 
tumours, it was necessary to determine their ability to do 
so in order to conduct the standard experiment for the 
demonstration of the polyoma-induced transplantation 
antigen(s)*. Suspensions of viable Py-198-1 and M-109 
cells were inoculated into 3—4-month-old C3H/He and 
AJJ mice (obtained from Bar Harbor, Maine) either 
intracerebrally at a dosage as high as 10° cells per mouse 
or subcutaneously at a dose as high as 5 x 109 per mouse. 
In addition, an equal number of animals that had received 
450 r. on the day of inoculation were treated in a similar 
manner. The mice used in these experiments differed at 
several histocompatibility loci from the cells’; however, 
no strains co-isogenie to these cell lines were available. 
No tumours were seen during a period of six months in 
the 40 C3H/He mice or 31 A/J mice (either irradiated or 
non-irradiated) which had been inoculated with various 
doses of 144-109 cells or in the 49 AJJ mice inoculated 
with Py-198-1 cells; indeed, not even temporary growth 


* Leukemia Society Scholar. 


occurred. It is not possible to decide, at this stage. whether 
the failure to produce tumours with the Py-193-l and 
JM-109 cells should be attributed to an intrinsic inabihty 
to form tumours or to an antigenic constitution which 
differed from the host's. 

It was therefore necessary to utilize a different method 
to test for the possible polyoma-induced transplantation 
antigen(s) that is, immunization of mice with tissuo 
culture preparations and challenge with isologous polyoma- 
induced tumours. 

Cells from the Py-198-1 and 44-109 were collected by 
scraping from the glass surface, washed several times in 
phosphate buffered saline solution, and inoculated into 
panels of C3H [Bi and C57/BL mice at a dose of 7-5 x 10° 
cells per mouse. Two subcutaneous injections and ons 
intraperitoneal injection were given one week apart. 
One week after the final immunization, the mice were 
subcutaneously inoculated with the isologous polyoma- 
tumour cell suspension free of virus. The origin and 
characteristics of these tumours, as well as the demon- 
stration of polyoma-induced transplantation antigens n 
these tumours, have been reported elsewhere. The 
animals were examined bi-weekly for three months and 
tumour growth recorded. At the end of the experiments, 
mice of the various groups were tested for the presence 
of polyoma virus hemagglutination inhibiting activity in 
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Fig. 1. Panels of C57/BL mice were immunized with Py-198-1 or 
M-109 cells twice subcutaneously and once intraperitoneally one week 
apart (7:5 x 10° cells per time/mouse) and were then challenged with 
1:5 x 10° or 0:5 x 105 cells from an isologous polyoma-induced virus-free 
tumour. Curves 1 and 2, control; 3 and 4, immunized with M-109 cells; 
5 and 6, immunized with Py-198-1 cells; 1. 3 and 5, 1:5 108 celb; 
2, 4 and 6, 0:5 x 10° cells 
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Fig. 2. Panels of C3H/Bi mice were immunized with Py-198-1 or M-109 
celis twice subcutaneously and once intraperitoneally one week apart 
(7-5 x 10* cells per time/mouse) and were then challenged with 3 x 10* or 
105 cells from an isologous polyoma-induced virus-free tumour. Curves 
1 and 2, control; 3 and 4, immunized with M-109 cells; 5 and 6. immu- 
nized with Py-198-1 cells. 1, 3 and 5, 3x 10* cells; 2, 4 and 6, 10* cells 


496 
Table 1. EFFECT OF PARENTAL AND HYBRID CELLS IMMUNIZATION ON 
TRANSPLANTABILITY OF ISOLOGOUS PoLYOMA TUMOURS 
Mouse Tumour cell M-109 Py-198-1 
Strain dose Control immunized immunized * 
C83H|Bi 3x10* 10/101 9/10 5/10 
10* 10/10 6/10 5/10 
C57/BL 1:5 x 105 7/10 8/10 5/9 
0-5 x 105 5/10 1/10 2/10 


* Mice given subcutaneous and intraperitoneal injections of 7-5 x 10° cell 
one week apart and then challenged with isologous polyoma tumours. 

t Animal with tumours/animals inoculated. 
the sera. All the sera were negative; this confirms that 
polyoma virus was not present in the immunizing cells or 
in the challenging tumours. ‘The results are given in 
Table 1. 

In comparison with the non-treated mice, the C3H [Bi 
and 057/BL mice that had been pre-immunized with the 
M-109 and Py-198-1 cells showed resistance to trans- 
plants of the respective isologous tumour cells at least at 
the two doses of challenge cells used. Furthermore, the 
appearance of tumours in the immunized animals was 
considerably delayed in comparison to the controls, as 
illustrated im Figs. 1 and 2. In general, immunization 
with Py-198-1 cells seemed to be more effective than with 
an equal number of M-109 cells. The resistance phe- 
nomenon was also more clearly shown in the C3H/Bi mice 
than in the C57/BL mice. The degree of resistance demon- 
strated in these tests is comparable to that reported by 
Sjógren!! when different mouse strains were immunized 
with homologous polyoma-induced tumours and then 
challenged with isologous polyoma tumours. It may then 
be concluded that the polyoma-induced transplantation 
antigen(s) was present in the hybrid cells as well as in the 
parental polyoma-transformed cells, possibly, though, 
only to a minor extent in the former. 

Further characterization of these cells was done by 
utilizing the fact that sera obtained from hamsters and 
mice bearing large polyoma-induced virus-free tumours 
fix complement when tested with saline extracts of these 
tumours. The specificity of this reaction is assured by the 
fact that these sera do not react with the original inducing 
virus, nor with extracts from tumours induced with 
different viruses in the same species, although they will 
cross-react with the tumours induced by the same virus 
in different species. 
sera is not removed after absorption with sheep red cells!?, 

In these tests, sera from hamsters carrying a trans- 
plantable polyoma tumour and sera from C57/BL mice 
with transplantable polyoma tumours were used. Tissue- 
culture cells to be tested for the presence of antigen were 
suspended in 10 per cent volume in phosphate buffered 
solution, dispersed and broken by repeated vigorous 
pipetting, and the suspension tested against the sera of 
the animal carrying the tumour. A typical test con- 
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Table 2. RESULTS OF COMPLEMENT-FIXATION TEST WITH PARENTAL AND 
HYBRID CELLS AGAINST SERUM FROM MICE BEARING POLYOMA TUMOUR * 
, Anticomplementary 

Antigen dilution activity of the antigen 
0 2 4 8 16 0 4 
N.C.T.C. 2555 0 0 0 0 0 
L 3 0 0 0 0 0 
Py-198-1 4 4 4 4 3 0 Tr. 0 0 
M-109 4 4 4 0 Tr. 0 0 
M-109clono3 4 4 4 0 Tr. 0 0 


* These results were obtained with a 10 per cent cell homogenate in 
buffered saline solution tested in the presence of 8 C.F.U. of serum. 


ducted with mouse sera is illustrated in Table 2. Even 
when undiluted, extracts of the N.C.T.C. 2555 cells and 
of a line of L cells carried in our laboratory did not fix 
complement, while extracts of Py-198-1 cells fixed com- 
plement at a dilution of 1:16 and the hybrid M-109 and 
ne M-3, derived from it were positive at a dilution 
of 1:4. 

Thus, the complement-fixation test for polyoma-induced 
antigen also indicates that the hybrid line presents some 
of the characteristics of one of the parental lines. Although 
no definite conclusions have as yet been reached, the 
polyoma tumour complement fixing antigen and the 
transplantation antigen are probably different since one 
can be demonstrated in the absence of the other!3. 

The presence of the polyoma-induced antigen(s) in the 
hybrid cells does not provide an answer to the still un- 
resolved question of whether the viral genome, or & part 
thereof, is continuously present in the converted cells". 
However, the persistence of this (or these) antigen(s), 
established by the foregoing experiments, will have to be 
taken into account in any interpretation of polyoma 
oncogenesis. 

This work was supported in part by U.S. Public 
Health research grant CA-04534 (National Cancer 
Institute), the American Cancer Society (E897), and the 
U.S. National Science Foundation (G-23129). 
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AN EFFECT OF INTERFERON ON UNINFECTED CHICK EMBRYO ~- 
FIBROBLASTS 


By Dr. JOSEPH A. SONNABEND 


National Institute for Medical Research, Mill Hill, London, N.W.7 


[e inhibits the synthesis of virus specific 
RNA in chick embryo fibroblasts (CEF) infected with 
Semliki Forest virus!. The following is a report on the 
inhibition of RNA synthesis in uninfected CEF by a 
partially purified interferon. Crude preparations were used 
in previous investigations? on the action of interferon 
on the uninfected cell, and this probably accounts for 
the variable results reported. 

The interferon used in these experiments was kindly 
supplied by Dr. J. Beale of Glaxo Laboratories. It had 
been purified from allantoic fluid obtained from influenza 
virus infected eggs and contained 1 mg protein and 
2,000—4,000 * units interferon per ml. It contained only 


very small amounts of ribonuclease (400 myg/ml. in the 
undiluted material) 

The conditions of culture of the CEF were as described 
by Taylor RNA was extracted from cultures of CEF 
which had been exposed to tritiated uridine or tritiated 
adenosine following a period of pretreatment with inter- 
feron. Where incorporation into total acid precipitable 
RNA was examined, the extraction was by a modified 
Schmidt-Thannhauser procedure*. RNA was estimated 


* One unit of interferon is the amount which reduces the number of plaques 
by 50 per cent in a standard assay. The method used for purifying the inter- 
feron has recently been described (Fantes, K. H., O'N eill, C., and Mason, P. J., 
Biochem. J., 91, 20; 1964). However, the materia] used in these experiments 
had not passed through a DEAE-cellulose column. 
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Fig. 1. 
for 24 h before addition of tritiated adenosine (A), 
before addition of tritiated uridine (B) 


on the alkali hydrolysate by the orcinol method’. In 
some experiments RNA was extracted with water-satur- 
ated phenol at room temperature. The interphase was 
re-extracted with phenol and sodium lauryl sulphate at 
60° C when sucrose gradient analyses were undertaken ; 
alternatively it was hydrolysed with alkali for determina- 
tion of the specific activity of the RNA. Linear sucrose 
gradients (5-20 per cent sucrose) were run for 4$ h in the 
SW39 rotor of the Spinco model L ultracentrifuge and 
12 drop fractions collected. Tritium was counted in a 
Tri-Carb scintillation counter. 

Figs. 1A and B show an inhibition of incorporation of 
precursor into RNA following a period of protreatment 
with interferon. In the experiment shown in Fig. 14, 
24-h-old CEF were treated with 10 units/ml. interferon 
for 18 h, 10 uc. tritiated adenosine was added to each 
plate and at the indicated times plates were removed and 
the specific activity of the total acid precipitable RNA 
determined. The effect of pretreatment for 5 h with 50 
units/ml. interferon is shown in Fig. 18. Following 
exposure to interferon, tritiated uridine (10 uc. per plate) 
was added to the cells. which were kept at 4? C overnight. 
After starting incubation at 37? C plates were removed at 
the indicated times. A further control showed that normal 
allantoic fluid had no effect on RNA synthesis. 

There was little difference in the specific activities of the 
RNA extracted from interferon-treated and control cells 


8 
; 
[5 
2 eo 
E] - 
M x 
E 2% 
s d 
E & 
o 

1 





5 


10 15 


Tube No. 
Fig. 2. Sucrose-gradient analysis of RNA extracted with phenol from 
CEF treated with 100 units/ml. interferon for 18h.  Tritiated adenosine 
was added for 6 h before extraction of the RNA. ——, Optical density; 
x, c.p.m. $ 
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Specific activity of RNA extracted from CEF treated with 10 units/ml. interferon 
and 50 units/ml. interferon for 5 h 
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following a 1-h labelling period. The 
largest differences in specific activity 
were observed after exposure of the 
cells to labelled precursor for 6h. In 
a representative experiment, where 
cells were treated with 50 units/ml. 
interferon for 5 h, the specific activity 
of the RNA extracted from interferon- 
treated cells was 95 per cent of that 
in the controls after a 2-5-h labelling 
period, whereas after 8 h it had 
fallen to 70 per cent. An attempt 
was made to ascertain whether the 
synthesis of a specific molecular 
species of RNA was preferentially 
inhibited in the interferon-treated 
cells. Cells were treated with 100 
units/ml. interferon for 18 h. Trit- 
iated adenosine was added for 6 h. 
and the RNA extracted with water- 
saturated phenol at room temperature. 
The interphase was re-extracted with 
phenol and sodium lauryl sulphate 
at 60°C and both RNA. fractions 
analysed by sedimentation in & sucrose 
gradient. The sedimentation profile 
of both RNA fractions from the inter- 
feron-treated cells showed no marked 
difference from the controls. Fig. 2 
shows the sedimentation pattern of 
the RNA extracted with phenol at room temperature from 
interferon-treated cells. It did not differ from the controls. 

Levy, Snellbaker and Baron? suggested that a possiblo 
explanation for the delay they observed in the appearanco 
of label in cold phenol-cxtractable RNA following inter- 
feron treatment was that there was an inhibition of trans- 
fer of RNA from nucleus to cytoplasm. The results of an 
exporiment shown in Fig. 3 do not support such a mechan- 
ism. In this experiment CEF were troated with 50 units/ 
ml. of interferon for 18 h beforo addition of tritiated 
adenosine. At the indicated times, samples were removed 
and extracted with water-saturated phenol at room 
temperature. Specific activities woro ostimated on tho 
phenol-insoluble RNA at the interphase and on tho RNA 
released into the aqueous phase. It can be seen that thore 
is a reduction of incorporation of precursor into both the 
rapidly labelled and phenol-extractable fractions. Treat- 
ment with interferon resulted in a reduction of total 
counts as well as of specific activity. 

The results showed an inhibition of RNA accumulation 
in interferon-treated cells; an effect on a particular 
species of RNA was not demonstrated. However, sinco 
RNA synthesis was examined only after some hours of 
interferon treatment, it is possible that the general inhibi- 
tion observed was a consequence of an earlier specific 


‘Control 


PA 
/ Interferon 


10 


‘Control. 
(phenol extractable) 










- 
^ “Jnterteron. 
phenol extractable) 


x 107! interphase 





Control. 


[yRNA ( x 102? phenol extractable 


2 (interphase) 
ee ae X 

P dud Interfero 
g 1 (interphase 
i 

051 2 3 4 5 6 
Time (h) 

Fig. 3. Specific activities of phenol-insoluble and phenol-extractable 


RNA from CEF treated with 50 units/ml. interferon for 18 h 


498 


` effect on a particular species of RNA. It is also possible 
that the effects observed in these experiments were due to 
impurities in the preparations; however, normal allantoic 
fluid did not inhibit RNA synthesis. 

Taylor has shown that the antiviral action of interferon 
depends on continued host cell RNA synthesis and sug- 
gested that there may be a similar dependence on host cell 
protein synthesis!. That protein synthesis is required for 
interferon action has been demonstrated’, and it was 
suggested that the antiviral action of interferon results 
from the induced synthesis by the host cell of a protein 
which inhibits viral RNA synthesis. The results presented 
here suggest that the activity of this protein may not 
specifically inhibit the synthesis of viral RNA; the 
accumulation of host cell RNA is also inhibited. A possible 
mechanism is that interferon induces the synthesis of an 
unstable enzyme which degrades newly synthesized 
RNA, host cell as well as viral. The induced synthesis by 
interferon of an unstable activity limiting the accumula- 
tion of RNA would account for the inhibition of both RNA 
and DNA viruses, as well as providing a basis for a self- 
limiting process allowing for a recovery of cell RNA 
synthesis. An explanation for the species specificity’ of 
interferon action might be that it is only interferon 
of appropriate specificity that can induce the synthesis of 


NATURE 


August l, 1964 VoL. 203 


the antiviral protein. Interferon production as well as 
interferon action is sensitive to actinomycin D (ref. 8). 
One implication of this observation is that those viruses 
which inhibit host cell RNA and protein synthesis will be 
poor interferon producers. 

It should be possible to demonstrate whether the 
observed inhibition of RNA accumulation in interferon- 
treated cells results from an increased breakdown of newly 
synthesized RNA or from an inhibition of its synthesis. 

A further point is that interferon action as well as inter- 
feron production provide possible examples of induced 
protein synthesis in mammalian cells and suggest a system. 
for the investigation of these processes. 

I thank Drs. Joyce Taylor, Robert M. Friedman and 
E. M. Martin for their advice, and Mr. David Haswell 
for his assistance. 
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^ EFFECTS OF HYPOXIA ON THE RABBIT DURING EXPOSURE TO COLD 


By Dr. BRYAN BROOM* 
Department of Physiology, Middlesex Hospital Medical School, London, W.1 


PI is known to decrease the augmentation of 
oxygen consumption seen in warm-blooded animals 
on exposure to cold!-?. Tt has been suggested that hypoxia 
is an essential ingredient in the duet of hypercapnia and 
hypoxia that is found in the autonarcosis technique of 
profound and reversible hypothermia with prolonged 
cardiac arrest*?, The role of hypoxia in the cooling pro- 
cess is of clinical importance, as the depression of oxygen 
uptake by anzesthesia is the basis of all cooling procedures, 
whether internal or external in type. 

Despite the invariable increase in oxygen consumption 
seen in warm-blooded animals on exposure to cold’, 
there is as great an increase seen on exposure to heat?, 
Although the initial uptake of oxygen on cold exposure 
is near maximal, there is no inhibition of cooling’, and in 
exposure to acute cold there is a linear decrement of 
oxygen consumption which parallels decrease in body 
temperature”, a relationship which is not altered in the 
hypothermia seen in the cold-adapted animal subjected 
to severe chilling’. In the adaptation to cold seen in 
prolonged exposure, there is a decline of oxygen consump- 
tion towards basallevels!, The phylogenetic recapitula- 
tion of thermo-regulation seen in the developing house 
wren? and suckling mouse! shows that the stabilization 
of adult temperature correlates more precisely with adult 
size and insulation than with uptake of oxygen. 

If the chemical regulation of heat production is an 
inefficient processi, and it is in the physical regulation of 
heat loss that one must assess the characteristics of the 
well-adjusted homeotherm™, then an attempt quantita- 
tively to differentiate these aspects is needed. Hypoxia 
provides a basis for the assessment of the relative impor- 
tance of the two processes. 

The following experiments were performed to determine 
the effects of hypoxia, with and without concomitant 
hypercapnia and/or anesthesia, on the body temperature 
and survival time of the rabbit in a known and limited 
supply of oxygen, both at neutral (14°-18° C) and reduced 
(—18° to —24° C) ambient temperatures. With a finite 


* Beit Memorial Research Fellow. 


oxygen store, the survival time of the rabbit will depend 
on the rate of oxygen utilization, as influenced by the 
ambient temperature, the inspiratory carbon dioxide 
concentration and the presence or absence of anesthesia. 
This situation offers a simple and reliable method of assess- 
ing the effects of body temperature changes on oxygen 
consumption that is free of the errors otherwise avoidable 
only by elaborate instrumentation’. 

Ninety-six rabbits of various strains were used, 48 for 
each of the two ambient temperatures. The rabbits wore 
clipped of their fur under pentobarbitone anesthesia 
more than 48 h before the experiment, prior to which they 
were allowed free access to food, ‘Diet S.G.1', and water. 
The rabbit was placed in a cylindrical 7-1. tin, 25 em x 
15 cm, having at one end a detachable lid, and at the other 
a ‘Perspex’ attachment, 12-5 em x 12:5 em x 19:5 em. 
100 g fresh silica-gel was placed in the ‘Perspex’ attach- 
ment before the experiment, and also, in those experiments 
in which carbon dioxide enrichment was not practised, 
100 g fresh scda lime. After an initial period of 10 min 
in the tin, air, or 30-32 per cent oxygen (both with or 
without 10 per cent carbon dioxide), was passed through 
the tin at about 3 1./min for 2 min, after which the rubber 
tubes passing to and from the tin were rapidly occluded 
with spring- and gate-clips, the lid having previously 
been sealed with adhesive plastic tape. The choice of 
pentobarbitone and/or oxygen or carbon dioxide enrich- 
ment was made by prior random selection. The initial 
and final ambient and colonic temperatures were noted, 
as was the time to respiratory arrest. The absence of 
leaks was checked by subsequent immersion of the tin in 
water. 

From the results shown in Tables 1 and 2, it can be seen 
that hypoxia markedly reduces the body temperature in 
the cold, but only moderately at neutral ambient tempera- 
ture. However, the cooling rates in hypoxia are half 
those found with normoxia; the carbon dioxide-induced 
acceleration of hypothermia is abolished and the pento- 
barbitone-induced acceleration of hypothermia is nearly 
halved**. In contrast to normoxia, prolongation of 
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An Introduction to Comparative Biochemistry 
ERNEST BALDWIN 


A comparative survey of some of the basic biochemical mechanisms found in animals. 
Professor Baldwin shows how biochemical differences between organisms reflect the 
differences in their environment and evolutionary history. This book is primarily intended 
for the student beginning biochemistry and the interested layman. The new edition has 
been thoroughly revised. Fourth edition, 16s. net 


The Physiology of Diurnal Rhythms 


JANET E. HARKER 


A stimulating review of what is known of diurnal rhythms, especially those found in 
animals. Dr Harker demonstrates the universality of these rhythms, discusses the 
environmental factors which influence them and considers various possible ‘biological 
clock’ mechanisms. The book suggests many useful lines for further research. Cambridge 
Monographs in Experimental Biology, 13. 20s. net 


CAMBRIDGE UNIVERSITY PRESS 





Just Published: July 1964 Volume 33 


ANNUAL REVIEW OF BIOCHEMISTRY 


prepared for those engaged in teaching and research by well-known investigators in each special field. 
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NEW HEYWOOD BOOKS 


PROGRESS IN 
CONTROL 
ENGINEERING Vol. 2 


Edited by R. H. Macmillan 
T. J. Higgins and P. Naslin 


Six international critical reviews from 
Great Britain, France, Holland and 
the U.S.S.R. Subjects covered are : 
Topological Approach to System 
Analysis ; Process Parameter Estima- 
tion ; Principles of Computers and 
Their Application in Research ; Stab- 
ility Analysis for Linear and Non- 
Linear Systems Using Liapunov's 
Second Method ; Finite Automata ; 
Disturbance Control. 


292 pages. Royal 8vo. 70s. 


PROGRESS IN 
INDUSTRIAL 
MICROBIOLOGY Vol. 5 


Edited by D. J. D. Hockenhull 


Critical reviews from Great Britain, 
the U.S.A. and Japan. The latest 
volume in this series contains articles 
on various aspects of sterilization and 
the production of drugs and anti- 
biotics. All microbiologists, bac- 
teriologists, biochemists and pharma- 
ceutical chemists will welcome this 
latest addition to a series which aims 
at keeping workers in applied micro- 
biology up to date with current 
significant developments in special 
subjects in their field. 


326 pages. Royal 8vo. 84s. 


Obtainable from all booksellers or direct from the publishers 


TEMPLE PRESS BOOKS LTD. 





McGRAW-HILL 


am 


Maidenhead 
Berkshire 


England 


Sales Dept. 


STRESS ANALYSIS AND 
VIBRATIONS OF 
ELASTIC BODIES 


T. V. Duggan 


This book is unique in its parallel 
treatment of stress analysis and 
vibrations. Particular attention is 
paid to practical methods of solution 
in order to show the reader how to 

apply the theory to actual design ' 
problems. Strain energy methods 
are used extensively and unworked 
examples are given at the end of each 
chapter. Intended primarily for 
design engineers the book also covers 
the syllabus for most degree, diploma 
and H.N.C. courses and is designed 
to fill the gap in the literature suited 
to the present-day standard of 
mechanical engineering education. 


580 pages. DIN AS. Illustrated [05s. 


BOWLING GREEN LANE LONDON ECI 








Introduction to Plasma Physics 


MARTIN A. UMAN 


77s 6d 


This textbook for engineering and physics students introduces the 
physical and mathematical concepts of all branches of plasma physics 
and its applications to such areas as radio propagation, astrophysics and 
magnetohydrodynamics. 


Theory of Turbomachines 


G. T. CSANADY 
McGraw-Hill Series in Mechanical Engineering 


£5 IOS 


A unified treatment of the principles governing the operation of turbo- 
machines which covers all essential modern developments. These 
include the work on cascade mechanics by Schlichting's Braunschweig 
group and Knapp's research on cavitation in California. 


The Testing and Inspection of Engineering Materials 3/e 
H. E. DAVIS, G. E. TROXELL & C. T. WISKOCIL 745 
McGraw-Hill Series in Civil Engineering 


The revision of this leading text for courses in engineering materials collates the most important information 
from periodical literature and draws on recent research to illustrate many aspects of material behaviour. Material 
added includes new testing machines and devices, greater emphasis on ultrasonic tests, and the use of penetrants 
in non-destructive testing, treatment of experimental stress analysis by use of photoelasticity, and new tests of 
metals at low temperatures and short time tests at high temperatures. The first part of the book develops general 
concepts of testing, and the second illustrates methods of conducting common tests. 


August 1, 1964 


NATURE 











l |. 







University. 


(Second Edition) 











University of Belfast. 






















| Experimenta 


Since the first edition of this book appeared some branches of “ 
considerably and several new sections are now included : primary stan 
sections on precipitation from homogeneous solution and 
is also a new chapter on spectrophotometric reagents and a new section on reagent 


Extraordinary growth of the synthetic nitrogen industry h 
status, especially as it relates to the fertilizer industry. 
journals (and in one book not yet translated into this language), this authoritativ 
this need—bridging a thirty-year gap to provid 
and its derivatives. The articles cover every facet of the nitrogen industry, 
and universities, on a practical as well as theoretical level. 


CHAPMAN & HALL 





Provides an excellent aid for understanding all the physical measurements of 
and comprehensive set of references for further reading. The book covers t 
important experimental techniques in biology. 


New Methods of Analytical Chemistry 


In association with T. S. West, Ph.D., D.Sc., F.R.I.C., Reader in Analytical Chemistry, 


[ B tology MEASUREMENT AND ANALYSIS 


R. H. KAY, M.A., D.Phil., A.Inst.P., Senior Research Officer, Department of Physiology, Oxford 


modern biology—plus an up-to-date 
he essential principles of the most 


R. BELCHER, D.Sc., F.R.I.C., Professor of Analytical Chemistry, University of Birmingham 
C. L. WILSON, Ph.D., D.Sc., F.R.I.C., F.I.C.I., Professor of Analytical Chemistry, The Queen's 


Imperial College, University of London. 
classical” analytical chemistry have grown 
dards now occupy a separate chapter : i 
on solvent extraction are very much expanded ; there E 
s analogous to EDTA. 


F e e e 
ertilizer Ni iiropen ITS CHEMISTRY AND TECHNOLOGY 
Edited by VINCENT SAUCHELLI, Consultant. 


as created a demand for reliable information on its current 
Except for changes and improvements noted in technical 
e Monograph is the first to answer 
he progress of synthetic ammonia 
revealing current views from industries 

A Reinhold Book. 


e a single source of reference on t 


11 New Fetter Lane, London, E.C.4 
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THE HISTORY OF 
THE STUDY OF 
LANDFORMS 


Volume |. GEOMORPHOLOGY 
BEFORE DAVIS 


|| Richard 7. Chorley 
B Antony F. Dunn 
Robert P. Beckinsale 


This volume is the first of a series 
| which will review and analyse 
the development of the study of 
| landforms, from both the geo- 
| graphical and geological point 
of view, with especial emphasis 
upon fluvial geomorphology. 
With more than 120 half-tone 
and line illustrations. 84s. 
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BIOCHEMISTRY 
OF SEMEN 


AND OF THE MALE 
REPRODUCTIVE TRACT 


Thaddeus Mann 


This book represents the first 
attempt to provide a compre- 
hensive and up-to-date treatise, 
and in this new edition its scope 
has been considerably enlarged ; 
it now includes information on 
the biochemistry of the male 
reproductive tract. 

With 18 half-tone illustrations 
and [5 figures. 5 gns. 









Methuen's Monographs on Applied 
Probability and Statistics 


MONTE CARLO : 
METHODS 


F. M. Hammersley 
D. C. Handscomb 


The first comprehensive textbook 

to be published on this important 

branch of applied mathematics. 
25s. 






Methuen’s Monographs on Physical ' 
Subjects 


NUCLEAR 
RADIATION 
DETECTORS 


(Second Edition) 


F. Sharpe 


The design and use of detectors 
for nuclear radiation. 21s. 
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LASERS 


Barr & Stroud are investigating many types 
of laser and welcome the opportunity to 
discuss practical applications. 





The illustration shows an experimental ruby 
laser being studied with a Barr & Stroud 
double monochromator. 


Enquiries are invited for ruby lasers, gas 
lasers, laser mirrors, narrow-band interference 
filters, calcium fluoride doped with uranium, 
neodymium glass and ‘Q’-switching devices. 





Pamphlet No. 1402/N is available on request. 


| Technical Agents in many Countries | 


“BARR & STROUD LTD - 


Anniesland - Glasgow, W.3. Tel.: Jordanhill 9601 


London Office : | Pall Mall East . London, S.W.I 
Telephone : Whitehall 1541 












































DILLON’S UNIVER 


f BOOKSHOP. Ltd“ 


| SITY 
THE FARADAY SOCIETY » EG 


All current scientific and technical textbooks 
D available from stock. 


„1 MALET ‘ST., LONDON, W.C.I. MUSeum’ 2128 


A GENERAL DISCUSSION ON 


Dislocations in Solids 
15th, 16th and 17th September, 1964 





Scientific Circulations Ltd. 


We have extensive stocks of Technical Journals, Periodicals 
and Textbooks. Special terms for Technical and Commercial 
Libraries. All Scientific and Technical publications purchased. 


Horton Road, Stanwell Moor, Staines, Middlesex 
Telephone: COLNBROOK (London Dial CNB8) 2266 










At the invitation of the Deutsche Bunsen 
Gesellschaft a General Discussion of the Faraday 
Society will be held at the University of Góttin- 
gen. The Discussion will be concerned predom- 
inantly with ionic and network crystals and the 
formation, detection and measurement of dislo- 
cations with emphasis on the structural, energetic 
and micromechanical properties. It was originally 
intended to exclude metals but as this would 
lead to certain omissions in the more general 
and fundamental aspects of the subject, papers 

` Which are largely confined to general aspects of 
dislocations emerging from a study of metals 
will also be included. 





WHELDON & WESLEY, LTD. 
Biological & Geological Books 


CATALOGUES ON REQUEST 


LYTTON LODGE, CODICOTE, HITCHIN, HERTS 


BOOKS BOUGHT 







HIGH VACUUM METALLIZING 


Mirrors, Front surface, Beam splitting, Dielectric 


Programmes may be obtained from: 
Blooming, Anti-static and demisting films. Graticules 


THE FARADAY SOCIETY 
6 Gray’s Inn Square, London, W.C.1 


A. B. HANSCOMB & SONS LTD., 


27/31 UPPER GROUND, BLACKFRIARS, LONDON, S.E.1 
Telephone: Waterloo 4565 . 
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| BRITAIN AND 
ATOMIC ENERGY: 1939-1945 


MARGARET GOWING, B.Sc. (Econ.), 
Historian and Archivist, United Kingdom Atomic Energy Authority 


This history of the United Kingdom Atomic Energy Project up to 
the time the first atomic bombs were dropped on Japan was commis- 
sioned by the U.K.A.E.A., and much use has been made of official 
documents in this the first authoritative account of Britain’s part 


in the development of atomic energy. The book is in three parts :` 


a study of feasibility ; the independent work in North America and 
Britain ; and the joint work in North America. 


September, 480 pp., 3 line and 14 half-tone illustrations. 55s 


A HISTORY OF CHEMISTRY 


VOLUME FOUR (1800 TO THE PRESENT DAY) 


J. R. PARTINGTON, M.B.E., D.Sc. 
Emeritus Professor of Chemistry in the University of London 


The third to appear of Professor Partington’s monumental four-volume 
work (since Vol. 1, on Early Times, is to come last). It covers the 
modern age, from Humphry Davy to the artificial elements which are 
the products of modern atomic knowledge, and is in fact the only 
connected account of this dramatic period. 


‘The documentation is admirable throughout and the value of this 


volume is greatly enhanced by its comprehensive author and subject 
indexes’— New Scientist. 


1039 pp. £10 10s 0d 


Vol. 1, Earliest period to A.D. 1500—in preparation. 
Vol. 2. A.D. 1500-1700 795 pp. £6. 6. 0. 
Vol.53. A.D. 1700-1800 878%pp. £6. 6. 0. 


CARBIDES IN 
NUCLEAR ENERGY 


Edited by L. E. RUSSELL, B.Sc.Tech., Sc.D. (M.LT.) 
Group Leader Plutonium Ceramics, A.E.R.E. Harwell 








The Proceedings of an international symposium on the uses of carbides 
in nuclear energy held at Harwell in November 1963. 'The volumes 
comprise 65 illustrated papers with their discussions, each provided 
with a bibliography and an abstract in English, French and German. 
A common general index is included in each volume. 


Vol. 1. Phase Diagrams & Physical & Chemical P ti 8 
160 line 133 half-tone. d l roperties, c 480 pp., 


Vol. 2. Preparation, Fabrication, Irradiation Behavi 480 pp. 
150 line 150 half-tone. ip Pare aie 


October, c £10 10s 


Synopses and catalogues from: 


MACMILLAN/CLEAVER-HUME PRESS 


ST MARTIN'S STREET LONDON W.C.2. 
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AERONAUTICAL 
SCIENCES: ICAS 1962 


Edited by the late T. VAN KARMAN 
Proceedings of the International Council, 
Stockholm 


In a 1500 page volume perhaps the most 
comprehensive picture extant of current 
topics in aerodynamics, supersonic flight, 
metal fatigue and allied fields; with a 
specially important section on safety. The 
contributors come from most of the great 
centres of research and industry in Europe 
(especially), North America and Japan. 
Discussion is included, and copious dia- 
grams and photographs. Limited printing 
number. 

September. 1500 pp. 700 illus. £18 


ATLAS OF THE MOON 


VINCENT DE CALLATAY 

By the same author as the successful 
Atlas of the Sky, Atlas of the Moon gives 
a detailed, yet readable and easily under- 
stood, account of all aspects of the moon, 
sumptuously illustrated with a wide range 
of informative photographs and diagrams. 
With a foreword by Sir Bernard Lovell. 
Translated by R. G. Lascelles. 

10 x 12£ in., 160 pages, 70s 


GRASSES AND 
GRASSLANDS 


Edited by C. BARNARD, D.Sc., Division 
of Plant Industry, Canberra, Australia 


A world-wide review of current knowledge 
and research on the biology of grasses and 
grass utilisation, with past and present 
trends in research critically assessed. 

272 pp. 80 illus. 50s 


PLANT BIOLOGY 
TODAY: 


ADVANCES AND CHALLENGES 











MACMILLAN 





Edited by W. A. JENSEN, University of | 


California, and L. G. KAVALJIAN, 
Sacramento College 

A Symposium sponsored by the American 
Association for the Advancement of Science 
and the Botanical Society of America. 
Each of the five papers is a distillate of 
background information and recent 
research work, and is by a prominent 
research scientist. Stimulating reading for 
undergraduates, and for the sixth-form 
library. 

126 pp. 49 illus. 12s 6d 
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CAN THE WATSON STEREO RANGE HELP YOU? Any operation in laboratory, workshop or 
assembly line which calls for the use of precision optics will benefit from the application of a Watson 
Stereoscopic Microscope. Operator convenience, optical performance and mechanical reliability have 
been combined in a range of instruments offering outstanding quality and value. A wide choice of 


assemblies makes light work of the most difficult location and job requirements. 


Choice of Equipment 


Watson eyepieces and objectives allow a choice of 
magnification, field of view and working distance appro- 
priate to any task in the laboratory or on the production 
assembly line. A similar freedom of choice in stands 
and mountings meets the needs of the most difficult 
locations. A comprehensive range of illuminating 
systems* and accessories adds even more to the 
versatility of Watson Stereoscopic Microscopes. 


Æ including the new Fluorescent Illuminator 


W. WATSON & SONS LTD - BARNET . HERTS 


Optical Quality 

Depth and size of field are particularly important in 
instruments of this type. Watson Stereo Objectives 
achieve maximum depth and size of field without sacri- 
fice of image quality. Objectives and eyepieces are 
manufactured to rigorous standards and are computed 
to give long working distances and visual fidelity of the 
highest order. 


Please write for full details of this outstanding range of stereoscopic 
microscopes which includes the advanced “Research” model designed 
to satisfy the most exacting conditions. 


TEL: BARNET 4404 CABLES: ‘OPTICS’ BARNET 
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if you use a 


MIGROSCOPE 


you need a 


SINGER 


FULLY PATENTED 


MIGROMANIPULATOR 


Singer micromanipulators are used in 
most laboratories all over the world. 
Three types available: 

Mk I Low power for magnifications 
x1 to x200 

Mk II For magnifications x1 to 

x 500 

Mk III High power for magnifications 
x 100 to x 1,000 plus 

The most advanced instruments for 
micromanipulation. As described by 
Barer and Saunders-Singer with further 
improvements. 

Full details and demonstrations upon 
request to : 


SINGER INSTRUMENT CO. LTD., 
Fountain Court, 83 London St., 
Reading, Berkshire, England. 
Telephone: Reading 53613. 
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EPIVISOR .. 


This versatile instrument projects greatly enlarged, perfectly 
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REVEALING THE EFFECTS OF 


* STRESS» 





IMPORTANT APPLICATIONS 
OF SPINDLER & HOYER 
OPTICAL BENCHES 





(2) TEACHING 

When specimens of plastic or special 
glass are fitted to a Spindler & Hoyer 
optical bench and subjected to stress, 
an image showing the effects is pro- 
jected for observation. It may be 
filmed or photographed as a record. 
The instrument provides lecturers 
with a particularly graphic means of 
illustrating the principles of mechanics 





For example, they are used to test glass 
and plastic mixes and product designs 


at work. 


Beam of light from carbon arc lamp is gathered 
in optical condensers, transmitted through 
polarizing screen, specimen, analysing screen 
and objective, which projects it on viewing 
Screen. Spindler & Hoyer optical benches 
feature an automatic feeding device to move 
carbons uniformly through the lamp and 
eliminate adjustment. A wide range of sliding 
carriages and other accessories makes them 
extremely versatile. 


Industrial applications are numerous— 
Spindler & Hoyer optical benches 
are valued as time and money-saving 
equipmentin many leading laboratories. 


GREY OF NORWICH 


Specialist in Laboratory Research Equipment 


1a The Haymarket & 3 White Lion Street, Norwich, NOR 45E 
Tel: Norwich 23696 & 26819 


before manufacture, and to investigate 
the effects of stress on engineering 
projects at the technical design stage. 
For full details, please contact the sole 
U.K. distributors, 
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flame size selected 
INSTANTANEOUSLY. 

^e Rotating turret 
head for easy jet selec- 
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—~— Auxiliary supply 


of oxy-coa! mixture for 

hand torch. 

Minimum oxygen 
consumption 

Maximum economy 


A modern oxy-coal gas blow-pipe of sturdy construction evolved through 
years of practical experience in glass manipulation. A nearly silent flame 
from pin point to one capable of working 100 mm. tubing at a flick of the 
turret. To the inexperienced it gives confidence, to the experianced 
it is an assurance of efficiency and successfully completed work. A unique 
instrument for the research laboratory or workshop. Send for Leaflet 


BP/N2. 
Obtainable only from Price £25. 0. 0 
“Ad, NORTHFIELD RD. 


LVD: SÇORAH Msc: BIRMINGHAM, 30: 


phone: KINGS NORTON-I885 . 









GLASS 


All Glass Requirements for Scientific 
Instrument Manufacturers and 
Research Workers 


© SHEET & PLATE-GLASS—cut and 
ground to exact dimensions. 


@ LENSES, PRISMS & FLATS—to any 
standard of accuracy. 


€ MIRRORS—back silvered and front 
surface aluminised, etc. 


@ BLOOMING of optical components. 


C. J. WHILEMS, LTD. 


ILFORD: OPTICAL WORKS 


FOREST ROAD, BARKINGSIDE, 
ESSEX 


Telephone : HAlInault 5454-5 
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Tables 1 and 2. SURVIVAL TIMES AND COOLING RATES IN HYPOXIA 
(Corrected for body-weight) 


Table 1. MEAN SURVIVAL TIMES (MIN) 


Gas Significance —18? Significance 
mixture/ 14°-18° C (analysis of to (analysis of 
anesthesia variance, %) —24° C variance, 96) 
Pentobarbitone 948! 01 148:8) 01 
LG pentobarbitone a l E } 
xygen d |: "oi 2 
on {co 108) à 1009) x 
xygen ài 114: s 
AGO, Ki No difference 96-7 j 50 
Table 2. COOLING RATES (° C/MIN) 
Pentobarbitone 0-041 } 01 0:108! 01 
No pentobarbitone 0-018 0-078 } 


Note. No correlation of cooling rate with carbon dioxide or oxygen. 


survival time is replaced by a diminution of survival time 
by carbon dioxide inhalation as compared with pento- 
barbitone anzsthesia. Thus, despite the increase of 
oxygen uptake by carbon dioxide that is seen in hypoxia, 
this is insufficient to maximize cooling rates, and under 
the hypoxic stimulus only the diminution of oxygen 
consumption by pentobarbitone operates to increase 
cooling, a function that is curtailed in these circumstances. 
These facts substantiate the view that carbon dioxide 
operates by enhancing optimal oxygen uptake, with which 
both survival time and cooling rate may be maximal, in 
normoxia?®, 

The results also demonstrate the protection conferred 
by prior anzsthesia"", and hypothermia”, against hypoxia. 
While carbon dioxide protects against hypoxia during 
the initial phases of exposure!?5, it cannot be expected 
to continue this protection if persistent hypoxia is ultim- 
ately unrelieved 18-20, 

That the combination of an increased oxygen uptake 
and increased cooling rate can occur is shown by earlier 
work in which thyroxin administration’*, and thyro- 
toxicosis?!, were found to increase cooling rate and heat 
loss, respectively, despite an increase of oxygen consump- 
tion to levels found in cold exposure. Similarly, the 

'hyperthermie response by primary metabolic stimulation 
that is found on ergotoxine administration in an ambient 
temperature above 28? C is converted into a hypothermic 
response at an ambient temperature of 7? C, by adrenaline 
reversal, from peripheral vasodilation with consequent 
diminution of body temperature and hence of uptake of 
oxygen??. These phenomena show that circulatory factors 
may outweigh metabolic ones in the context of temperature 
regulation in the cold?*:4, and is compatible with the recent 
demonstration of simultaneous adaptation both to heat 
and cold in man?, 

During most of hypoxia, the vasomotor tone is high?*. 
The fact that oxygen administration alone may initially 
inhibit temperature depression in the cold?’ and briefly, 
during hypoxia**, can only be explained by an increase in 
peripheral vasomotor tone? and a resultant decrease in 
heat loss, as the inhalation of oxygen by unanesthetized 
animals diminishes oxygen consumption?*. Carbon dioxide 
is perhaps the only agent, apart from a condition of 
acidosis??, that will simultaneously increase both oxygen 
uptake and blood flow®. 
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Previous work on the mechanism of the hypothermic 
action of carbon dioxide during cold exposure?! ° sug- 
gested it to be due to a diminution of oxygen consumption. 
Chapin and Edgar’? used 32-5 per cent carbon dioxide, 
which is an ansesthetic concentration?! and would thus 
be expected to decrease oxygen uptake. Repin”! gave 
clear evidence of increased heat loss being responsible. 
yet equated this as being due to decreased heat production. 
Stupfel?? found that 10 per cent carbon dioxide induced 
hypoxia and mimicked the oxygen uptake and the 
temperature depression seen with the inspiration of 
11 per cent oxygen. Yet he found that the hypoxia 
associated, in his hands, with 20 per cent carbon dioxide 
could be relieved without abolishing the lowering of body 
temperature, and also that concentrations greater than 
20 per cent did not further augment cooling but led to 
respiratory depression which killed the animal. Hence 
his maximal cooling rates were obtained with a concentra- 
tion of carbon dioxide that was not associated with 
hypoxia. The results presented and discussed in this 
article resolve these discrepancies. P 

I thank Dr. Ian Sutherland for all statistical calcula- 
tions, and Prof. E. Neil for his advice. 
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EFFECT OF TOBACCO MOSAIC VIRUS PROTEIN ON TOBACCO 
MOSAIC VIRUS INFECTIVITY 


By Dr. V. HOLOUBEK* 


Department of Virology, University of California, Berkeley 


r | ‘HE infectivity of isolated TMV-RNA is only about 
0-1 per cent of that of the same amount of RNA 
contained in TMV protein. After the addition to the 


* Prenent address: University of California School of Medicine, Cancer 
Research Institute, Medical Center, San Francisco, California. 


TMV-RNA. of the TMV protein under certain conditions 
the TMV reconstitutes, and full infectivity of virus 
particles can be restored. If the TMV protein is added 
to an inoculum of TMV, depending on its concentration it 
causes either enhancement or decrease of virus infectivity. 
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Table 1. EFFECT OF ADDED PROTEINS ON TRE INFECTIVITY OF TMV (A) 
AND TMV-RNA (B) 


Protein Concentration No.of lesions No. of 
tested (xe /m1.) (% of control) assays 
(A) Inoculation with TMV* 
TMV protein 10 133 + 10-1 5 
‘ 20 141413-7 3 
, 50 70+ 78 5 
100 45+ 77 5 
500 25+ 53 5 
1,000 07+ 03 3 
Ovalbumin 10 108 + 12-3 4 
50 63+ 77 4 
100 444 67 4 
500 22+ 6-0 4 
TMY protein aggregated 10 104+ 9-8 3 
to rods 50 844+11-2> 3 
100 76+ 98 3 
500 50+ 5-4 3 
TMV inactivation by ultra- 10 99+ 8-1 4 
violet radiation 50 89+ 7-7 4 
100 80+ 5:2 4 
500 45+ 8-0 4 
TMY reconstituted from 10 75+ 64 . 4 
ultra-violet inactivated 50 36+ 3:6 4 
RNA and native protein 100 204+ 43 4 
500 9+ 34 4 
(B) Inoculation with TMV-RNA 
TMV protein 10 217 + 34-0 5 
50 239 + 32-4 5 
100 245 + 32-6 5 


* The numbers represent means of results from different assays, each assay 
based on 12 half-leaves compared with 12 half-leaves of the control. 

The results, in numbers of lesions per half-leaf obtained with various 
mixtures, are expressed in terms of per cent of the lesion number obtained in 
the contro! half-Jeaves. 


The present experiments wero designod to evaluate some 
possibilities for the mechanism of this effect of TMV 
protein on TMV infectivity. 

In all experiments, the TMV was prepared by the stan- 
dard method of differential centrifugation from leaves of 
Nicotiana tabacum var. ‘Turkish’ infected with the common 
strain of TMV. The TMV labelled with carbon-14 
was supplied by courtesy of Dr. P. R. Whitfeld. The 
viral RNA and protein were prepared as described?:’, 
The concentrations of the virus, the virus protein and the 
RNA wero determined spectrophotometrically*. Ultra- 
violet inactivation was performed with a Westinghouse 
germicidal ‘Sterilamp’ placed 50 cm from the sample to be 
irradiated. The lamp had an ultra-violet output of 5-2 W 
and 95 per cent of its radiation was at 2537 À. The RNA 
was irradiated at a concontrationof 1-2 mg/ml. in distilled 
water in a 1-2 mm magnetically stirred layer. Recon- 
stitution was carricd out according to the method of 
Fraenkel-Conrat and Singer’. For some experiments the 
TMV protein was re-aggregated into rods in 0-1 M. phos- 
phate buffer at pH 5-2. Ovalbumin was a preparation 
obtained from Armour Laboratories, Chicago, Illinois. 
The ultracentrifugo analyses were made in a Spinco model 
E ultracentrifuge, operating at room temperaturo. Sedi- 
mentation coefficients were corrected to a standard ‘stato 
corresponding to water at 20°. Electron microscopic 
pictures were obtained by J. Toby through the courtesy 
of Dr. R. C. Williams. For infectivity tests the mixtures 
of TMV or TMV-RNA with different concentrations of 
proteins or inactivated TMV in water solutions were 
mixed with 0-1 volume of 1 M phosphate buffer at pH 
7-0 at 0° and applied to 12 half-leaves of N. tabacum var. 
‘Xanthi ne’. Control TMV or TMV-RNA. solutions in 
the same concentration was applied to tho opposite half- 
leaves. Inoculation was carried out as described‘. 

Suppression of TMV infectivity by TMV protein and 
other proteins. If an inoculum of TMV at a concentration 
of 0-01 ug/ml. was mixed with TMV protein in a concentra- 
tion higher than 50 ug/ml., the increasing concentration of 
the TMV protein inhibited the infectivity of TMV, and at 
& concentration of 1,000 ug/ml. the protein suppressed. 
the infectivity to a level lower than 1 per cent of the 
original infectivity (Table 1). Tho suppression. by oval- 
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bumin, protein having isoelectric point similar to that of 
TMV protein, was very similar. 

Santilli e£ al.5 suggested that tho inhibition of TMV 
infectivity with TMV protein and other proteins was due 
to a reduction in number of particles resulting from aggre- 
gation. However, ultracentrifugation analysis of a 
mixture of TMV with TMV protein showed no aggrogation 
of TMV particles, but two distinctive peaks, one of TMV 
protein and the other with a sedimentation coefficient of 
$5,,-210 or 205 in two experiments, were observed. The 
decline of TMV infectivity to 1 per cent would require 
the aggregation of one hundred particles to an infectious 
unit, an aggregation which surely would manifest itself 
in the sedimentation coefficient. Also when samples of 
TMV which had been incubated with 10, 50, 250 and 
1,000 ug TMV protein/ml. for 1 h at 4° were examined 
under the electron microseopo, no indication of aggrega- 
tion of TMV particles was found. Likewise, it was not 
possible to observe visible aggregation between ovalbumin 
and TMV. -> 

From the results of ultracentrifugal analysis of the 
mixture of TMV protein with TMV it is possible to assume 
that, at higher concentrations of proteins in mixed inocula 
with TMV, they became adsorbed on the surface of TMV 
to such an extent that they prevented attachment of tho 
virus at the susceptible sites in the plant cell. Ifinstead of 
TMV A-protein solution the TMV protein aggregated 
in rods was used, the suppression of TMV infectivity was 
similar but lower than with TMV A-protein (Table 1). 
Probably the protein rods were not able to adsorb to the 
surface of TMV so easily as protein dissociated to basic 
sub-units (the TMV A-protein). 

Suppression of TMV infectivity by inactivated TMV. 
TMV inactivated by ultra-violet radiation caused as much 
suppression of the TMV infectivity as TMV protein 
aggregated in rods. In contrast the suppression of TMV 
infectivity by TMV reconstituted from ultra-violet in- 
activated TMV-RNA and non-irradiated native TMV 
protein is notably bigger (Table 1). This may be explained 
by the assumption of different mechanisms of these two 
inhibitions. It is probable that the virus with inactivated 
RNA. but with nativo protein coat can compote with 
TMY virus for the same potentially infectible sites of virus 
attachment in a similar way as the systemic strain U, of 
TMV suppresses the formation of lesion by the strain U, 
(ref. 6). The inactivation of the virus as a wholo by ultra- 
violet radiation might lead to such changes in its protein 
coat that the irradiated virus cannot compete with the 
infective virus for tho sites of virus attachment. The 
TMV infectivity suppressed by higher concontrations of 
this virus was probably suppressed by the same mechanism 
which caused the suppression of TMV. infectivity by 
TMV protein. In this relation, tho observation of Wu and 
Rappaport* is of interest, that the inhibitory effect of 
U, was decreased by its irradiation before mixing with the 
non-irradiated U,. 

Enhancement of TMV and TMV-RNA infectivity by 
TMV protein. In contrast to the inhibition of the TMV 
infectivity by high concentrations of TMV protein, the 
same protein in a concentration around 10 ug/ml. stimu- 
lated the TMV infectivity (Table 1). Similar results 
have been obtained by Santilli eż al.5. It was not known 
whether or not partial reconstitution could be accomplished 
when the protein is mixed with TMV at low temperature 
and tho mixture was inoculated 30 min after mixing, 
conditions which do not permit TMV complete reconstitu- 
tion from TMV—-RNA. and protein. Samples ranging from 
1 to 6 mg of TMV were mixed with 600 ug of TMV protein 
labelled with carbon-14 (activity of 8,140 counts per mg 
per min) and incubated for different timo-intervals of 
1-24 h in water solution at the temperature of 0°. After 
this incubation the TMV was washed by repeated ultra- 
centrifugation (Spinco 40,000 r.p.m. for 1 h) and 1e- 
suspended in water. The results of carbon-14 activity 
measurements showed that after 4 cycles the protein which 


No. 4944 August l, 1964 


Table 2. EFFECT OF RUBBING TOBACCO LEAVES WITH PROTEINS AT 
DIFFERENT TIME-INTERVALS BEFORE ANU AFTER TMV AND TMV-RNA 
INOOULATION 

Time-interval Protein No. of 
between concentration lesions as 
Tested rubbing used for percentage of No. of 
protein and rubbing those of assays 
inoculation (ug[ ml.) the control 
(A) Inoculation with TMV 
TMV 40 min before 15 101+11-3* 3 
protein inoculation 50 1644128 3 
150 140+ 13-0 3 
20 min before 15 954 7-2 3 
inoculation 50 163 +16-5 3 
150 143 +15-5 3 
20 min after 15 96+ 6-0 3 
inoculation 50 107+ 81. 3 
150 944 T4 8 
(B) Inoculation with TMV-RNA 
40 min before 15 117 +128 3 
inoculation 50 228 + 266 3 
150 256 x 20-6 3 
20 min before 15 1034 9-4 3 
inoculation 50 278 + 29-8 3 
150 254 + 34-8 3 
20 min after 15 101 9:9 3 
inoculation 50 96+ 73 3 
150 105+11-6 3 


* The numbers represent means of results from different assays, each assay 
based on 12 half-leaves compared with 12 half-leaves of the control. 

The results are expressed in the number of lestons on half-leaves pre-treated 
at various time-intervals by rubbing with different protein concentrations, as 
percentage of number of lesions on half-leaves pretreated only by rubbing 
with water. 


was at the beginning adsorbed to the viral particles was 
washed out to less than 0-1 per cent of the originally 
added amount. This low residual amount of carbon-14 
activity was not dependent on the time of incubation. 
Such washed TMV had the same infectivity as the original 
TMV before addition of protein. For the rise as woll as 
for the suppression of TMV infactivity the protein must 
be present in the inoculum at the time of infection. From 
these results it is possible to exclude reconstitution as an 
explanation of the enhanced effect of low concentrations 
of TMV protein on the TMV infectivity. 

If the TMV-RNA. at a concentration of 0-5 ug/ml. was 
mixed with TMV protein, the rise in the infectivity of this 
TMV-RENA. was more than 100 per cent. In contrast to 
TMV, the TMV-RNA. infectivity was stimulated also with 
concentrations of TMV protein which suppressed the 
infectivity of the virus (Table 1). The addition of oval- 
bumin was without effect on the TMV—RNA. infectivity. 
The stimulation of the TMV-RNA infectivity was not due 
to reconstitution of TMV from the RNA and the protein 
added just prior to inoculation. Under such conditions 
(0° temperature and 0-1 M phosphate solution) no sedi- 
mentable particles were formed. 

Changes in TMV and TMV-RNA infectivity after 
rubbing the tobacco leaves with TMV protein. If the TMV 
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protein in water solution was rubbed on the tobacco 
leaves at difforent time-intervals up to 40 min before the 
inoculation with TMV or TMV-RNA, the number of 
losions on these pro-treated half-leaves was, in the caso of 
TMV-RNA, about 250 per cont, and in the case of TMV. 
about 150 por cont higher than on control half-leaves 
which were rubbed at the same time-intervals before 
inoculation only with water (Table 2). Rubbing the leaves 
with TMV protein earlier than 40 min before inoculation 
or 20 min after inoculation was without any influence 
on the number of lesions caused by TMV or TMV-RNA. 
The number of lesions was also not significantly different 
from the number of lesions on control half-leaves if a pre- 
inoculation with ovalbumin was used at any time-interval. 

Tho increase of TMV and TMV-RNA infectivity caused 
by TMV protein rubbed on the leaves before the TMV 
or TMV-RNA inoculations makes it probable that the 
infectivity enhancement by TMV protein is at least in 
part result of TMV protein-induced changes in the tobacco 
leaves. In this connexion, the findings of Cochran et al.’ 
are of interest in that they found TMV protein induces in 
tobacco leaf cells some specific changes which reflect 
themselves in the shift of the infra-red transmission 
spectra of the cell. 

The enhancement of TMV infectivity by low, and the 
suppression of this infectivity by high, TMV protoin 
concentration was caused by two different mechanisms. 
The suppression is probably the result of non-specific 
reversible adsorption of a part of the added protein to the 
surface of virus particles which inhibits the ability of these 
particles to attach at tho infectible sites in the leaf cells. 
Different proteins from TMV protein also suppressed the 
infectivity of TMV. In this connexion it appears signifi- 
cant that TMV protein at the same concentration sup- 
presses virus infectivity, but enhances TMV-RNA 
infectivity. The enhancement of the infectivity of both 
TMV and TMV-RNA by TMV protein is probably the 
result of an influence of this protein on the tobacco leaf 
cells, which resulted in creation of more favourable 
conditions for the initiation of infectivity. This enhance- 
ment is characteristic for TMV protein only and is not 
caused by other proteins. 

This work was supported by research grant AI 01267 
from the National Institute of Allergy and Infectious 
Diseases, U.S. Public Health Service. 

I thank Dr. H. Fraenkel-Conrat and Dr. P. Whitfeld 
for their advice. 
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PROTEINS: APPLICATION TO THE 


ALEURINS OF Arachis hypogaea 


By Dr. AARON M. ALTSCHUL, 


NAVIN J. NEUCERE, Dr. ANTHONY A. WOODHAM* and 
Dr. JOSEPH' M. DECHARY 


Seed Protein Pioneering Research Laboratory}, New Orleans, Louisiana 


HE early biochemists used the techniques of macera- 
tion and extraction to isolate the proteins of an 
organ. These proteins were catalogued according to 
their origin, and from these first investigations evolved 
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more meaningful classifications based on the biological 
functions of the proteins or the structure with which 
they were associated. There is little to be gained, for 
example, in discussing liver or kidney or brain proteins. 
as compared to enzymes or specialized proteins of a tissue 
or organelle. There is, however, ab least one outstanding 
example of a classical catalogue of proteins of an entire 
organ which has persisted virtually unchanged from the 





:Fig. 1. Section of parenchyma cell of cotyledon of Gossypium hirsutum 
Showing protein bodies (P). Bar, 10 mz. Tissue fixed in LiMnO, and 
post-stained with lead citrate. (Courtesy of Dr. L. Y. Yatsu) 


very beginning: the classification of seed proteins. A 
major portion of the mature seed is comprised of storage 
materials located either in the cotyledon or the endo- 
sperm. Most of the proteins of the seeds have been 
considered as storage proteins and have been classified 
on the basis of their solubility properties. Moreover, 
the major proteins are separated rather easily either by 
precipitation with acid or salts, by changing temperatures, 
or by crystallization??. 

It is now known that many of these proteins originally 
considered single entities are actually mixtures. Numer- 
ous examples are available of separation of these so-called 
pure species into several protein fractions by various 
techniques, such as chromatography or eleetrophoresis?-5. 

Moreover, the concept of solubility need not necessarily 
be fundamental to the protein, since associated materials 
or methods of obtaining the protein, or even the condition 
of the seed prior to extraction, have a profound influence 
on the solubility, as was shown, for example, by Stockwell 
et al.® for the solubility of edestin from hemp seed. 

Obviously, as the reproductive structure of the plant, 
the seed has many proteins. It contains the biological 
machinery necessary for initiation of germination: mito- 
chondria, plastids, and ribosomes, and their associated 
enzymes. A. classification by an artificial criterion such 
as solubility does not provide a basis for selecting from 
the total proteins of the seed those which have their 
analogues in other tissues, plant or animal, and those 
which are unique to seeds. 

A better approach to classification of seed proteins 
would be to use an element of uniqueness in seeds as the 
‘basis for categorization. It is now well established that 
much of the protein of seeds exists in so-called aleurone 
grains or protein bodies*:!, This is by no means a new 
observation. Protein bodies were described in the nine- 
teenth century by Hartig“ and Pfeffer’, and were called 
aleurone grains by Hartig. These bodies vary from 2 to 
20u in diameter and, in general, vary in population density 
in the storage tissue in relation to its protein content. 
They were identified as containing protein by eytological 
staining. Their morphology is described better by the 
application of electron microscopy, and such techniques 
have been used to describe the following seeds: Arachis 
hypogaea”, Gossypium hirsutum’, Glycine max, Pisum 
sativum and Triticum aestivum!*. Fig. lisa photograph 
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of typical protein bodies in a section of a cotyledon of a 
mature cotton seed (Gossypium hirsutum). 

That these bodies do indeed contain protein was shown 
by Dieckert e£ al.1’, who isolated two types of protein-rich 
bodies from Arachis hypogaea seeds by a non-aqueous 
fractionation technique and showed that they contain 
ll and 13 per cent nitrogen, respectively. They also 
showed that phytic acid is associated with the fraction 
containing 11 per cent nitrogen. By such a technique, 
however, they were unable to fractionate the proteins 
themselves; the DEAE-cellulose chromatograms of the 
protein of the particles as well as those of the total soluble 
proteins of the seed are similar. Varner and Sehidlovsky!s 
prepared a pellet from the cotyledons of Pisum sativum 
and showed by DEAE-cellulose chromatography that it 
contained the major fraction of the proteins of that seed. 
Morton and his colleagues showed that protein bodies 
isolated from the endosperm of immature Triticum 


~ aestivum contain the acid-soluble proteins of the wheat 


kernel?8, 

We propose that those proteins contained within protein 
bodies or aleurone grains of seeds be named ‘aleurins’. 
We choso this word because alourone grains have been 
the classical name for the protein bodies in seeds. At this 
point, we are considering ‘protein bodies’ and ‘aleurone 
grains’ as synonymous terms. We conccive that each 
seed will have its aleurins; these will be identifiable and 
separable from the rest of the proteins. ‘There is the 
possibility and likelihood that some aleurins of various 
seeds will have similar structure and function. 

It may be that introduction of this classification will 
at the beginning change little of the present classification 
since many of the present techniques may have succeeded 
by chemical means in isolating mostly those proteins 
existing in protein bodies. But the isolation of proteins 
from an entire tissue suffers from the possibility that 
artefacts may have been produced by the admixture of 
the proteins with each other and with other tissue com- 
ponents; this possibility is minimized when the proteins 
are isolated from sub-cellular particles instead. There is 
also the possibility that several types of sub-cellular 
particles will occlude and be isolated together. As the 
separation procedures are refined, we may expect that 
some proteins originally classified as aleurins will fit better 
into other categories. 

This approach to classification can be illustrated by 
considering the soluble proteins of the cotyledon of 
Arachis hypogaea. 

The total soluble proteins of the peanut cotyledon have 
been categorized by Dechary et al.” into four groups 
based on their behaviour on chromatography on DEAE 
celluloss. An elution diagram of the total proteins is given 
in Fig. 2; in the same figure are shown the elution diagrams 
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Fig. 2. 

peanut cotyledon. O, Total proteins; ——, a-conarachin; 

---,ürachin. DEAE-cellulose chromatography as reported by Dechary 
et al. (ref. 19) 
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of classical arachinb?, and of «-conarachin isolated by 
Dechary et al, by preparative DEAE chromatography. 
Altschul et al.2° showed that approximately 75 per cent 
of the total proteins of this seed were not solubilized in 
neutral buffer containing ‘Carbowax’* and that some of 
them were not solubilized in the presence of 0:25 M 
sucrose. This procedure provided the basis for the isola- 
tion of proteins from particles and their comparison to the 
total proteins and to the fractions shown in Fig. 2. 

The protein bodies of the peanut cotyledon are fragile 
and particularly sensitive to the ionic strength of the 
buffer. The first attempt to isolate these particles involved 
maceration in 0-05 M. phosphate buffer, pH 7, 0-25 M in 
sucrose. After removal of the debris and starch grains at 
1,000g centrifugation, the supernatant was refrigerated 
overnight; the protein bodies which sedimented at 
100g contained only 3:5 per cent nitrogen. In a second 
attempt, an unbuffered 0-25 M. sucrose solution was used. 
After removal of starch grains and debris at 100g, the 
protein body fraction was isolated by centrifuging at 
10,000g for 10 min; after further purification a sample 
containing 10-7 per cont nitrogen was obtained. The 
proteins of the particles were dissolved in buffer at pH 8. 
The elution pattern of DEAE chromatography typical 
of the soluble particle proteins is shown in Fig. 3; note the 
resemblance between this pattern and the arachin fraction 
of Fig. 2. 
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Fig. 3. Elution pattern of particulate fraction stable in 0-25 M sucrose. 
Chromatography on DEAE-cellulose as described for Fig. 2. The 
straight line is the sodium chloride gradient as measured in the eluats 


In the major peak of the chromatogram of the particu- 
late fraction (Fig. 3) there is evidence of a shoulder eluted 
at about 0-26—0-29 M sodium chloride. Therefore, it was 
of interest to determine whether density gradient cen- 
trifugation would separate the pollet into several fractions. 
Density gradient centrifugation did indeed enrich the 
matorial eluted at 0-26-0-29 M. sodium chloride: the 
heavier material gave a pattern similar to that shown in 
Fig. 3; the lighter material showed almost an equal 
amount of the material eluted at 0-26-0-29 M sodium 
chloride and at 0-32—0-34 M sodium chloride, respectively. 
It was found, however, that better separation was obtained 
by taking advantage of the relative stability of portions 
of these particulates to slightly higher pH. In this manner 
two fractions were obtained: a heavy fraction and a 
fraction stable at pH 6 which contained primarily the 
proteins with the elution peak at 0:26-0:29 M sodium 
chloride. The elution patterns for these two fractions are 
shown in Fig. 4; the pH 6 fraction is predominantly the 
shoulder seen in the other fraction. 

After dialysis against distilled water, the fractions 
wore dried and analysed for protein, phosphorus, and 
lipid content; fresh samples were also tested for phos- 
phatase activity with ATP as a substrate. The results 


* Mention of trade names does not imply recommendation of the particular 
product over others which may be equally suitable. 
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Fig. 4. Fractionation of particulate proteins of peanut cotyledon, 
Chromatography on DEAE-cellulose as described for Fig. 2. €, Denotes 
the heavy fraction which was obtained as follows: cotyledons were 
macerated in 0-05 M citrate buffer, pH. b, 0-25 M in sucrose and 0:005 M 
in sodium ethylenediamine tetraacetic acid (EDTA). (The inclusion 
of EDTA increased the yield and reduced the clumping of particles.) 
The debris, nuclei, and starch grains were removed by centrifugation at 
500g for 30 sec. The pellet obtained by centrifuging the supernatant 
at 1,000g for 10 min was resuspended in the same solvent, re-homogenized. 
and brought down at 500g for 10 min. This pellet was layered over 
1-8 M sucrose in the same buffer and centrifuged at 125g for 20 min. 
the material at the interface was removed and collected by centrifugati: u 
at 11,5007. O, Denotes the pH 6-stable fraction prepared as follows: 
The cotyledons were macerated as described above. After removal of 
debris and heavy particles, the supernatant was collected at 5,0007 
and resuspended in 0-25 M sucrose containing 0:005 M EDTA adjusted 
to pH 6 with NaOH. This was stored for 18 h at 4° C, collected at 
5,000g for 20 min and washed several times 


are given in Table 1. Both fractions have a high protein 
content and some phosphorus; the pH. 6 fraction contains 
more lipid and has more phosphatase activity. It will be 
recalled that Yatsu and Altschul?! recovered particles 
from the cottonseed cotyledon which contained 25-29 per 
cent lipids. 

The sedimentation patterns of both fractions in phos- 
phate buffer (pH 7-9, y. = 0-03) are given in Fig. 5. The 
major peak has a sedimentation coefficient, Sp. of 9, 





Fig. 5. Sedimentation patterns of pH 6 stable particle (upper pattern’ 
and heavy particle in 0-03 M phosphate buffer, pH 7-9, 24 min after top 
speed at 59,780 r.p.m. (Analyses performed by W. B. Carney) 
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Tablel. COMPOSITION OF TWO PARTICULATE FRACTIONS FROM COTYLEDONS 
OF Arachis hypogaea 


Total 
Fraction Protein phosphorous Lipid ATPase 
% % % 
Heavy particle 56 0-35 8 0-17 
pH 6 particle 55 0:40 45 0:46 


Protein was determined by the method of Lowry et al, (ref. 24), total 
phosphorus by acid digestion followed by assay for inorganic phosphate by 
the Technicon modification of the Fiske-Subbarow method (Lechnicon 
Manual, 1958). The ethyl ether-extractable material is re orted as lipid; 
ATPase analyses were by Dr. H. D. Brown; enzyme activity is reported as 
mg inorganic phosphate produced in 2 h per mg protein (ref. 25). 


which is identical with that given by Johnson and Shooter? 
for the monomer of arachin. It is interesting to note that 
Johnson and Shooter, who used high salt concentrations 
to isolate arachin, obtained predominantly the dimer; 
this particular method of isolation produces predomin- 
antly the monomer. Both samples were also examined 
by gel-electrophoresis and gave essentially the same 
patterns which showed three major components. Here 
is an instance where two fractions differ in their behaviour 
by DEAE column chromatography but are similar both 
by ultracentrifugation and gel electrophoresis. Moreover, 
the particles differ considerably both in enzyme activity 
and in lipid content. We may be dealing here with 
allomorphic forms of the major components, or perhaps 
proteins which differ slightly in amide content. This 
matter is being investigated further; the morphological 
significance of the fractionation is also being investigated. 
The aleurins of Arachis hypogaea comprise primarily 
those proteins of group IV according to Dechary et ai.1*. 
Apparently «-conarachin is not ‘contained in these 
particles and, therefore, on the basis of this evidence 
is not an aleurin. It is interesting to note that with the 
same system of DEAE chromatographic analysis, the 
2leurins of the pea, Pisum sativum, have tho same chroma- 
tographic properties as the aleurins of the peanut. The 
only other instance known of particles from protein 
bodies having been isolated and characterized are those 
in the immature wheat endosperm": the aleurins of wheat 
would be the acid-soluble proteins of the endosperm. 
There is phosphatase activity in the particles and no 
doubt other enzyme activities are either a part of the 
particles or are occluded to them during the process of 
isolation. We known that the particles undergo well- 
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defined alterations on germination™. What proportion 
of these are induced by enzymes existing within the 
particles, by some produced de novo within the particles, 
or by exogenous enzymes, is not known. We also know 
from the work of Morton and Raison® that the particles 
contain systems for deriving energy from phytetes and 
for synthesizing the particle proteins themselves. There- 
fore, there is every reason to believe that the particles 
as they exist in the resting seed are not entirely inert. 
By investigating further the properties of the particles 
it may turn out that biological activities will be found 
for many of the proteins contained therein. 
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EFFECTS OF GROWTH-REGULATING SUBSTANCES ON INULIN-STORING 
PLANT TISSUES 


By Pror, R. L. WAIN, F.R.S., P. P. RUTHERFORD, E. W. WESTON and C. M. GRIFFITHS 
Wye College (University of London), Near Ashford, Kent 


EINDERS'? was the first to establish that the 

uptake of water by plant storage tissues was pro- 
moted by the application of growth substances such as 
indolyl-3-acetic acid. This and related effects have since 
been investigated by various workers, attention having 
been directed both to changes in cell walls?-* and cell 
constituents":?. 

The effects of growth-regulating substances on water 
uptaks?-!!, rate of respiration??? and protein synthesis! 
have been found to be greater for disks of Jerusalem 
artichoke than for other storage tissues. Jerusalem 
artichoke was one of the few plants examined which stores 
inulin. We have confirmed the marked effect of growth 
substances in promoting water uptake? and increasing 
the rate of respiration!*:33 of this tissue and have found 
even greater responses to occur with tissues from other 
inulin-storing plants such as chicory. The marked effect 
of 2 : 4-dichlorophenoxyacetic acid (2 : 4-D) in promoting 
water uptake in disks of Jerusalem artichoke and chicory 


is shown in Table 1 and chicory in Fig. 1. We have 
examined a wide range of compounds in this way, includ- 
ing aryl- and aryloxyalkane-carboxylic acids, and the 
chemical structure in relation to this type of biological 
activity has been investigated. With phenoxyacetic acids 
the effects of nuclear and side-chain substitution on activ- 
ity were similar to those found previously using other 


Tablo 1. EFFECT OF 103 M 2:4-D ON THE WATER UPTAKE AT 25° C or 
TISSUE SLICES OF ARTICHOKE AND CHICORY WITH RESPECT TO TIME 


Water uptake as a percentage of initial weight 


Time Artichoke Chicory 

(days) 2:4-D H,0 2:4-D 1 
0-7 — — 18 1 
1-0 26 — — — 
1-9 — — 82 15 
2-0 6 -à — 
2-8 — — 188 21 
3:0 2 9 — — 
3-8 — — 172 18 
4:0 81 6 — E 
‘6-0 74 7 — — 
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Fig. 1. 


Chicory root disks of the same Initial weight afterincubation for 
three days. ; 


Left, treated with wi molar 2 : 4- right, treated with 
water 
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Fig. 2. The effect of 105 molar 2 : 4-D on the breakdown of fructosans 
in Jerusalem artichoke 


tests for plant growth-regulating activity; thus, for 
example, 2: 4-D is highly active, whereas 3 : 5-dichloro- 
phenoxyacetic acid (3 : 5-D) is inactive. These aspects 
of our work will be published elsewhere. 

As early as 1935 Czaja!* suggested that auxins promoted 
extension growth by inducing increased osmotic pressure 
of the cell sap. Later osmotic pressure determinations® 
on the liquid expressed from disks of potato tubers indi- 
cated that auxin treatment does not appreciably change 
the number of osmotically active molecules present, but 
the increased rate of respiration induced by treatment 
indicated that changes in carbohydrate had occurred. 
Although there is evidence!" that auxins do not appre- 
ciably affect amylase activity, it is possible that they may 
influence the enzymes present in inulin-storing tissues’®. 
We have examined this possibility by following the 
changes in carbohydrate occurring within the storage 
tissues of chicory and artichoke. 

Continuous extraction of the tissue slices under reflux 
with 80 per cent ethanol was used to separate the carbo- 
hydrates into soluble (less than about 10 hexose units) 
and insoluble fractions. The soluble carbohydrates were 
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further fractionated into reducing and non-reducing sugars, 
the former having been shown to consist solely of glucose 
and fructose!®. These reducing sugars were determined 
directly by the method of Somogyi?? and the non-reducing 
and insoluble fractions were estimated by the same method 
after acid hydrolysis. The individual soluble sugars were 
separated by paper partition chromatography, eluted 
and determined in & similar manner. Detailed results 
will be published elsewhere. 

The proportion of carbohydrate in the dry matter was 
found to decrease during incubation and this loss was 
much greater in the 2 : 4-D-treated tissue. For artichoke. 
treatment with water or the inactive growth substance 
3 : 5-D (10-5 M) for six days lowered the total carbo- 
hydrate content by some 25 per cent: 2: 4-D at 10-5 M. 
on the other hand, caused a corresponding decrease of 
about 70 per cent. 

Such differences are explicable in terms of the increase 
of the rate of respiration which we observed to be about 
three times greater than the control in artichoke disks 
treated with 2: 4-D. 

The amount of insoluble carbohydrate present in the 
artichoke tissue, comprising about 4 per cent of the dry 
matter, was not significantly affected by treatment with 
growth substance or water, and the overall decrease in 
total carbohydrate arising from the increased rate of 
respiration is accounted for by a decrease in the amount of 
certain soluble sugars present. Chromatographic examina- 
tion of changes in individual sugars showed that the 2 : 4-D 
treatment caused a progressive decrease of the amount of 
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Fig. 3. A comparison of the water uptake and production of reducing 

sugars induced in Jerusalem artichoke tuber slices by water and 

10- M solutions of 2:4-D and Ed @, Water; ©, 3:5-D: 
A, 2:4- 
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Table 2. TOTAL MOLAR CONCENTRATION OF SUGARS IN ARTIOHOKE DISKS 
TREATED WITH WATER AND 10-* M SOLUTIONS OF 2:4-D AND 3:5-D AT 


Untreated: 0-252 


Treatment 
Time Water 2:4-D 3:5-D 
(days) 
1 0-153 
2 0-186 0-079 0-177 
8 0-098 0-183 
4 0-160 0-074 0-157 
6 0-188 0-086 0:179 


tri- and higher soluble polysaccharides; sucrose after an 
initial fall remained constant, while there was a consider- 
able increase in glucose and fructose. In artichoke these 
reducing sugars increased from about 1 to 8 per cent. In 
untreated tissue and that treated by the inactive growth 
substance, 3: 5-D, there was a slight fall in the levels 
of all sugars. The effect of 2 : 4-D on the breakdown of 
fructosans present in Jerusalem artichoke is shown in 
Fig. 2. 

Within the first 48 h of cutting, the molar concentration 
of soluble sugars in tissue slices cut from Jerusalem arti- 
choke decreased regardless of whether they had been 
treated with 2:4-D, water or 3:5-D. However, this 
decrease was much greater for 2:4-D-treated tissue 
(Table 2). Thereafter the total molar concentration of 
soluble sugars remained constant in spite of considerable 
changes in individual sugars, respiration and water 
uptake. For 2: 4-D-treated tissue this was achieved 
by the breakdown of oligosaccharides, resulting in an 
increase of glucose and fructose (Fig. 3). 
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The results here reported clearly indicate an important 
effect of 2 : 4-D in promoting the hydrolysis of fructose 
oligosaccharides present in certain storago tissues and are 
consistent with the view that during most of the period 
in which water is taken into the tissue sugars are involved 
in some kind of osmotic regulation. Attempts are now 
being made to isolate the system which controls the 
hydrolysis of fructose oligosaccharides in this tissue 
so that the influence of growth substances on its activity 
can be fully investigated. 
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PHYSIOLOGICAL AND GENETIC EFFECTS OF 8-AZAGUANINE ON 
Aspergillus nidulans 


By Dr. A. T. BULL and Dr. B. M. FAULKNER 


Department of Botany, Bedford College, University of London 


URINE and pyrimidine base analogues have been 

reported as having a variety of physiological effects 
in angiosperms!^, algae?, ferns?, fungit$-19/33, bacteria®-14 
and viruses?. The majority of investigations have been 
concerned with the effect of base analogues on growth 
and the biosynthesis of nucleic acids and proteins, and 
comparatively little information is available on heritable 
changes induced by these antimetabolites. Action of the 
analogue may involve the synthesis of analogue-contain- 
ing nucleic acids or fraudulent nucleotide derivatives. 
Consideration of the following areas of metabolism would 
appear profitable in this context: (1) inhibition of nucleo- 
tide synthesis creating a base deficiency ; (2) incorporation 
of analogue nucleotides producing fraudulent nucleic acids; 
(3) imbalanced nucleic acid synthesis due to stimulation, 
or inhibition of certain enzymes, for example, xanthine 
oxidase inhibition causing a decrease in normal purine 
catabolism; (4) impaired protein synthesis due to, say, 
availability of guanosine di- or tri-phosphates. The 
present programme was initiated with the aim of determ- 
ining the nature of 8-azaguanine activity and correlating 
this with any induced genetic effects. 

Two stable, haploid, homocaryotic strains (13 and 13y) 
of an ascosporic Aspergillus nidulans stock, producing 
green and yellow conidia respectively, were treated with 
8-azaguanine (8-AG) over the concentration range 10-5— 
10-2 molar in liquid Czapek minimal medium. The pH 
of the medium was not adjusted. The analogue was 
dissolved in a minimal volume of sodium carbonate 
(0:5 per cent w/v) before addition to the medium. Using 
standard spore inocula, cultures were set up in 30 ml. 
aliquots of media contained in 100 ml. Erlenmeyer flasks 


and incubated at 25° + 0-5? C on a reciprocal shaking 
machine. Growth was measured by collecting the mycelia 
on tarred sintered glass filters, oven drying at 100° C for 
24 h, then re-weighing. Measurements were made in 
triplicate, and growth expressed as mg dry weight of 
mycelium per flask. Unsupplemented control cultures 
were run with each experiment. 

Both strains had similar growth characteristics in 
minimal medium: 13y showed a slightly higher logarithmic 
growth rate (2-15 mg dry wt./h) and shorter lag phase 
(60 h) than 13 (1-95 mg dry wt./h and 61-5 h respectively). 
After 22 days’ incubation each strain had produced 
approximately 350 mg dry wt. of mycelium per flask; 
afterwards autolysis commenced. Similarly both strains 
showed a common response to 8-AG and results from a 
typical experiment are given in Table 1. 

High concentrations of 8-AG (10-? and 10-4 M) inhibited 
growth, whereas lower molarities had a stimulatory effect. 
The initial enhanced growth rate was due to increased 
germ tube production—conidia in minimal medium germ- 
inated via a single (occasionally two) germ tube, while 
two or three germ tubes developed in the presence of the 


Table 1. EFFECT OF 8-AZAGUANINE ON THE GROWTH* OF Aspergillus 
nidulans 
Molarity of 8-AG. A. nidulans 13 A, nidulans 18y 
Sampling time (h 10-* 10-* 10- 10 10-8 10-° 10- 10° 
after inoculation) 
2 75 100 37 0 200 300 35 0 
48 56 78 54 1 150 100 42 12 
72 102 46 20 12 68 83 23 17 
144 134 98 84 16 82 80 59 26 


* Expressed as percentage of unsupplemented control (control = 100). 
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analogue. Subsequent decrease in growth rate (cf. data 
for 72 h) in the majority of treatments was the result of 
retarded sporulation; thereafter growth in supplemented 
media was stimulated until the onset of senescence. In 
the presence of 10-2 M 8-AG growth never exceeded 
30-40 per cent of the controls and hyphal morphology 
was abnormal compared with development in all other 
cases. Normal hyphal cells were rectangular, had homo- 
geneous contents and measured 2-3 x 20u. The 10-2 M 
8-AG induced irregular cell division and growth, cell 
shape varying from spherical, oval to isodiametrical and 
size from 6 x 5p to 7-5 x 8u with frequent swelling of the 
byphe to 12u in diameter. The contents of such cells 
appeared granular and/or vacuolated in stained and viable 
preparations. The analogue frequently induced a growth 
form reminiscent of the pseudomycelia of certain yeasts. 
Similar abnormal development has been observed in wild- 
type Aspergillus glaucus when the fungus was grown on 
solid media containing 8-AG (Bull and Johns, M., unpub- 
lished data); certain hyphe grew in advance of the colony 
front and, while cell elongation was strikingly inhibited, 
cell division and branching were stimulated, thereby 
producing ‘star-shaped’ mycelia and whorls of short, 
swollen hyphz. 

The inhibitory effect of 8-AG was reversed by normal 
purine bases; results are shown in Table 2. 


Table 9. EFFECT OF PURINE BASES ON 8-AG INHIBITION DURING THE 
LOGARITHMIG GROWTH PHASE* 
8-Azaguanine (10-* M) : purine 
Purine 100:1 121 1:100 

13 13y 13 13y 13 13y 
Adenine 25 24 113 127 52 49 
Guanine 28 26 118 107 0 0 
Uric acid 73 65 48 57 16 28 
Xanthine 92 111 99 96 46 73 
8-Azaguanine 84 59 


* Reversal expressed as percentage of unsupplemented control (ccn- 
trol = 100). 


The effect on growth of the purine bases themselves is 
illustrated in Table 3. 


Table 3. EFFECT OF PURINE BASES ON A. nidulans DURING THE LOGARITHMIC 
GROWTH PHASE* 


Purine Strain 13 Strain 13y 
Molarity 10-* 10+ 107 10-4 
Adenine 43 96 52 157 
Guanine 42 95 77 154 
Uric acid 26 80 24 108 
Xanthine 15 88 27 99 


* Expressed as percentage of unsupplemented control (control = 100). 


All the purines inhibited growth at high concentrations 
except in strain 13y where the 10-4 M treatments were 
stimulatory. The fact that 8-AG relieved the jnhibition 
induced by supra-optimal concentrations of adenine, 
guanine and xanthine in strain 13 suggests that the 
analogue can act by reducing the physiological level of 
these purines. This response is similar to that found in the 
imperfect fungus Diplodia natalensis*, where it has been 
suggested that adenine and guanine are interconvertible 
since the growth inhibition of antipurines is reversed in 
the presence of either normal base. A contrary situation 
bas been demonstrated in biochemical mutants of Neuro- 
spora? and Ophiostoma. The effects of the di- and tri- 
hydroxypurines are difficult to interpret at this stage. 
These bases are normally encountered as products of 
adenine and guanine degradation. The absence of high 
xanthine oxidase activity in these strains of Aspergillus 
would make available xanthine for adenine and/or guanine 
synthesis as in rabbit bone marrow?! and rat!?, whereas 
a high enzyme activity would suggest non-specific com- 
petition of the hydroxypurines with 8-AG. 8-Azaguanine 
inhibition in other genetically characterized strains of 
A. nidulans is completely removed by adenine and 
guanine but not by xanthine??; in contrast, hypoxanthine 
releases 8-AG growth inhibition in Bacillus cereus. 'The 
potentiating effect of uric &cid on 8-AG inhibition may be 
due to the inhibition of analogue deamination. 
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After growth for 24-432 h in liquid Czapek minimal 
medium containing 8-AG both strains were screened for 
morphological variants. Samples of mycelia were trans- 
ferred to solid Czapek minimal medium and their subse- 
quent growth observed for the occurrence of morphological 
variation. The variants isolated constituted cither the 
whole of the growth, or arose as sectors from apparently 
wild-type mycelium. No variants were obtained from 
control cultures. Table 4 shows the variants isolated from 
liquid cultures of different ages in two experiments. Each 
sample of mycelium was taken from a separate culture. 


Table 4. VARIANTS* OF A. nidulans ISOLATED ON SOLID CZAPER MINIMAL 
MEDIUM FOLLOWING TREATMENT WITH 8-AG IN LIQUID CULTURE 


Strain 13y 
10* 104 


Strain 13 


Molarity of 8-AG. 10-° 10- 10-5 107 
Sampling time (h 
after inoculation) 


Exp.1 24 


10-8 107 


Exp.2 is 3 3 1 


1 
432 1 1 1 2 1 la 


* Variant 1: pink, fluffy mycelium; cleistothecia (‘perithecia’ of common 
genetical usage) bearing Hülle cells which autolyse; piik pigment secreted 
into medium. Variant la: as variant 1 but Hülle ce js normal. 

Variant 2: cleistothecia absent; little extracellular pigment compared 
with wild type. . 

Variant 3: mycelium covered with web of aerial hypha; reduccd pro- 
duction of cleistothecia; red-pink pigment produced extracellularly. 

Variant 4: increased production of cleistothecia; few conidial heads; 
little extracellular pigmentation ccmpared with wild type. 


The asexual spore progeny of all isolates of each variant 
was examined. All the isolated 1 and 2 variants bred true 
except one obtained after 432 h in 10-5 M 8-AG (strain 
13, Exp. 1). The latter gave both sexual and asexual 
colonies among its asexual spore progeny. The asexual 
spore progenies from variants 3 and 4 contained a number 
of phenotypic classes. The two isolates of variant 4 from 
strain 13y gave rise to different phenotypic classes among 
their asexual offspring. In subsequent asexual spore 
progenies all the isolates of variants 3 and 4 have produced 
yet further phenotypic classes, some of which bred true, 
but the majority of which egain segregated among their 
asexual offspring. So far only the sexual variant 1 
isolates have been screened by Jinks's!*!5 heterocaryon 
test. All these isolates proved to be nuclear in origin. 
The continuously segregating isolates of variants 3 and 4 
obtained from strain 13y, which was known to have 
uninucleate, haploid asexual spores’’, are prospectively 
cytoplasmic in origin!*. The results in Table 4 suggest 
that 8-AG may act specifically in the production of genetic 
variation, and the behaviour of the variants suggests 
that the sites of activity of the analogue may be both 
nuclear and extranuclear. 

Work is continuing to determine the metabolic fate of 
8-azaguanine in this micro-organism and to establish more 
precisely the genetic nature of the variants. 


1 Heslop-Harison, J., Ann. Bot., N.S., 26, 375 (1962). 
? Bach, M. K., and Fellig, J., Plant Physiol., 35, 36 (1960). 
3 Hotta, Y., and Osawa, S., Exp. Cell Res., 15, 85 (1958). 


‘Pittman, D., Shult, E., Roshanmanesh, A., and Lindegren, C. C., Canad. 
J. Microbiol., 9, 103 (1963). Long, T. J., Amer. J. Bot., 49, 655 (1962). 


5 Matthews, R. E. F., and Smith, J. D., Nature, 177, 271 (1956). Mangalo 
R., and Wachsman, J. T., J. Bact., 88, 27 (1962). 


? Freese, E., J. Mol. Biol., 1, 87 (1959). 
1 Heyes, J. K., Proc. Roy. Soc., B, 158, 208 (1968). 
5 Klein, D. T., and Klein, R. M., Plant Physiol., 80, 410 (1955). 
? Drell, W., Fed. Proc., 10, 177 (1951). 
19 Fries, N., J. Biol. Chem., 200, 325 (1953). 
11 Abrams, R., and Goldinger, J. M., Arch. Biochem. Biophys., 85, 243 (1952). 
1? Kalckar, H. M., Biochim. Biophys. Acta, 4, 232 (1950). 
1? Morpurgo, G., Sci. Rep. First Super. Sanita, 2, 9 (1962). 
u Mandel, H. G., J. Biol. Chem., 225, 137 (1957). 
15 Jinks, J. L., Nature, 174, 409 (1954). 
18 Jinks, J. L., Proc. Roy. Soc., B, 146, 527 (1957). 
17 Yuill, E., Trans. Brit. Mycol. Soc., 33, 324 (1950). 
18 Jinks, J. L., in Methodology in Basic Genetics, 325 (Holden-Day, Inc., 1963). 
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LETTERS TO 


GEOPHYSICS 


Laser Radar Echoes from the Clear Atmosphere 


Usrwa experimental pulsed ruby laser radars, numerous 
observations have been made here of echoes from the 
‘clear’ atmosphere. Thore is no doubt that theso roturns 
are caused by backscattering from particulate matter in 
the aerosol Even in the clearest conditions echoos aro 
invariably obtained from the immediate vicinity, and 
these are much enhanced in hazy conditions. Strong 
signals aro commonly noted at heights corresponding to 
low-level invoraions, revealing haze layors which are not 
discernible by oye. 

A particularly interesting series of observations was 
made on August 19, 1963. Theso observations were mado 
with an early version of our laser radar having the charac- 
toristics given in Table 1. They wero made by pointing 
the radar at an elevation of 15° (on a bearing of 036° T) 
in the direction of San Francisco Bay, which is some 2-5 
nautical miles distant from the laboratory. Although 
very slight haze had been present in tho morning, the 
afternoon of August 19, 1963, was bright and clear, with 
blue skies and unrestricted visibility (more than 8 nautical 
miles). A northerly sea breeze, which was estimated at 
5~10 knots in the late forenoon, had freshened to 10-15 
knots by the time of observation (1480 r.s.r). Fig. 1 
shows a plot of relative signal intensity versus range for 
three successive observations mado over a period of somo 
12min. Log/log co-ordinates havo been usod to facilitate 
interpretation. On these co-ordinates a plot of signals 
from a non-attenuating medium would be a straight linc 
having a slope determined by range. 

Fig. 1a thus shows an instantaneous, direct observation 
of discontinuities in clear air which was in motion. We 
believe that the variations in signal intensity were due to 
variations in the particulate matter content, and henco 
in the backscattering characteristics of two or more inter- 
mixing aerosols. Figs. 16 and c show the changes which 
occurrod with time as mixing proceded or as more homo- 
geneous air passed into tho area. A number of other 
observations made on August 19, 1963, bofore tho series 


August 19, 1963 








Log relative Intensity 





A 
1425 PDT 








015 0(:2 03 040-5 0:15 02 03 0405 
Range (km) m 
Fig. 1. Clearairobservations. 


NATURE 





0-15 0:2 


SRI ruby laserradar (Mark I). 
visibility and moderate northerly and easterly winds. 


August 1, 1964 yo. 203, 


THE EDITOR 


showed similar discontinuities fluctuating 
with time. For comparison, Fig. 1d shows returns made 
in very similar apparent conditions on the following 
afternoon, August 20, when the aerosol was consistently 
homogeneous. 


illustrated, 


Table 1. SRI LIDAR Mark I (1963) 


Laser 3in.x1/4in.,90? C-axisruby Receiver 10 stage RCA 
crystal, transparent and photo- 
semi-reflecting coatings on multiplier 
flat ends. Q-switched type 7326 
Pulse length 24 n sec Aperture 4 in. diam. 
Peak power 5 MW Bandpass Approx. 20 À 
Beam width 0-5? 


Tho implication of these carly observations is very far- 
reaching. Particulate matter is presont in some dogree 
throughout the atmosphere. The possibility of mapping 
the effects of air motion, and in particular that associated 
with ‘clear air turbulence’ by reference to laser radar 
returns from particulate mattor, thus appears to berealistic. 
Although considerable technological development will 
be needed and also a bettor understanding of the nature of 
clear air turbulenco it is suggested this approach to the 
detection of clear air turbulencd is more promising than 
any based on obtaining optical echoes from variations in 
the gascous state of tho atmosphere. 

Rowarp T. H. Corrs 
: Myron G. H. Licpa 
Aerophysies Laboratory, 
Stanford Research Institute, Menlo Park, California. 


Magnetic Disturbances preceding the 1964 
Alaska Earthquake 


THROUGH a fortunate circumstance, a recording 
magnetometer was operating in the city of Kodiak, 
30 km north-west of the surface trace of a fault zone along 
which movement occurred at the time when the earth- 
quake occurred in Alaska on March 27, 1964. Fortun- 
ately, too, the instrument was on such high ground that 
it was not reached by the subsequent seismic sea wave 
which virtually destroyed the city. The magnetomoter 
recorded the fact that the largest of several magnetic 
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Fig. 1. Record of the positive magnetic disturbances which preceded 

the Alaska earthquake. Heavy time divisions equal 7:5 min. Time is 

Alaaks Standard Time, March 27, 1964. Full scale for the magnetic 
intensity, which increases toward the right, is 250 gammas 


disturbances briefly increased the intensity of the Earth’s 
magnetic field by 100y at Kodiak, 1 h 6 min before the 
earthquake (Fig. 1). 

The magnetometer had beon installed for the Superior 
Oil Co. and the Pan American Petroleum Corp. by Fair- 
child Aerial Surveys to serve as a ground monitor for an 
airborne magnetic survey being made of tho region. The 
instrument is a Gulf flux-gate magnetometer, which 
records the total magnotic field intensity on an Estorline 
Angus recorder. The sensing element had been installed 
on the grounds of the Bay Shore Motel in Kodiak. 

The record was stoppod at the beginning of the carth- 
quake by a massive short circuit in the city power system. 
Automatic oquipment in the Kodiak power plant made 
four unsuccessful attempts, in a period of about 3 sce, 
to recloso the circuits, and then cut off the power in- 
definitely. Because Fairchild lost their aeroplane and onc 
member of their team in the disaster, the magnetometer 
was disconnected and put in storage before the city power 
was turned on again. The trace that follows the record 
of the power failure on Fig. 1 was made approximately 
a month later, when the survey was rosumed. 

An electric clock which ran on city power in the room 
with the recorder stopped at 1739 Alaska Standard Timo, 
March 27, 1964. This time roference has an estimated 
precision of + 1 min (ref. 2), and according to it, the princi- 
pal magnetic event occurred at 1633 a.s.T. The official 
time for the earthquake at its focus, 440 km to the north- 
east, was 1736.2 a.s.v. (0336.2 a.w.T., March 28). 

The chart shows many small negative magnetic dis- 
turbances that wore caused by automobiles passing on a 
road about 15 m south-east of the sensing eloment. The 
positive disturbances, however, which are believed to have 
been associated with the earthquake, began at 1632 A.s.T. 
with three sharp events extending over a poriod of about 
a minute, and culminated in a positive disturbance equal 
to 100y. This was immediately followed by two some- 
what smaller events, and a still smaller one occurred 
18 min later. No other sharp positive disturbances wero 
found on about a month of record. 

Ono possibility is that the magnetic events which 
preceded the Alaska earthquake resulted from piezo- 
magnetic offects of rocks undergoing a change in stress’. 
Why such abrupt disturbances occurred in advance of the 
earthquake is not known; but a causal relation is indicated 
by tho fact that Breinert has recently reported similar 
positive magnetic disturbances prior to minor earth- 
quakes in Nevada and California. These observations. 
taken together, suggest that magnetic monitoring may 
provide a means of predicting a major carthquake in 
time to save lives and property. 

Jon W. Davidson, of the Superior Oil Co., contributed 
to this report in helpful discussions. I thank the Superior 
Oil Co. for its co-operation, the Pan American Petroleum 
Corp., and Fairchild Aerial Surveys in permitting the 
releaso of the information. Publication was authorized 
by the Director, U.S. Geological Survey’. 

Grorcs W. Moore 

U.S. Geological Survey, 

Menlo Park, California. 


1 Alexander, H., Kodiak Electric Assoc. (personal communication, 1964). 

2 Ashby, W. O., Fairchild Aerial Surveys (personal communication, 1964). 

? Stacey, F. D., Nature, 200, 1083 (1903). 

* Breiner, S., Nature, 202, 790 (1964). 

s See also Grantz, A., Plafker, G., and Kachadoorian, R., Alaska’s Gor! 
Friday Earthquake, March 27, 1964; a Preliminary Geologic Evaluate 
(U.S. Geol. Survey, Circ. 491, Washington, 1904). 
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Age of Labrador Anorthosites 
THE age of the Nain anorthosite’? on the coast of 
Newfoundland—Labrador is probably the same as that of 
the Michikamau anorthosite (1,400 + 80 m.y.) recently 
reported by Emslie*. The Nain anorthosite is flanked 
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on the north side by the Kiglapait layered intrusion*^, 
which shows no chill against anorthosite and is therefore 
thought to be barely younger than the anorthosite. 
The Kiglapait intrusion is invaded on its north margin 
by a granodiorite, possibly rheomorphic, the biotite of 
which gives a potassium-argon age® of 1,480 + 50 m.y. 
This is therefore a minimum age for the Kiglapait intru- 
Sion, and also for the anorthosite. 2 

Dikes and small stocks of subsolvus Manvers granite! 
cut the Kiglapait intrusion and anorthosite in the vicinity 
of Port Manvers. This granite tends to occupy flat-lying 
sheet joints in the Kiglapait intrusion, and is tectonically 
distinctly younger than the more concordant granodiorite. 
Its biotite gives a potassium-argon age’ of 1,140 + 40m.y. 
The granodiorite may be equivalent to earlier stages of 
Wheeler’s adamellite’, and the Manvers granite may be 
equivalent to his later biotite facies adamellite. However, 
tectonically and petrographically similar granites occur 
up and down the coast of Labrador, so any meaningful 
correlation of these younger granites with adamellite 
will have to await further isotope age studies. 

The age equivalence of the Nain and Michikamau 
anorthosites gives further support to the view of Emslie 
that these bodies in the Nain Province® record the true 
age of anorthosite emplacement in eastern North America, 
and that this event preceded the widespread metamorphic 
effects of the Grenville orogeny (950 m.y. as recently 
defined)*. Geological evidence that the Labrador anorth- 
osites were less affected by metamorphism is mentioned 
by Kranck? as well as by Emslie. A pre-Grenville age of 
anorthosite emplacement in the Adirondack highlands 
is indicated by the stratigraphic and structural work of 
Walton and De Waard?. 


S. A. MonsE 


Department of Geology, 
Franklin and Marshall College, 
Lancaster, 
Pennsylvania. 

1 Kranck, E. H., C.R. Soc. Geol. Finlande, 38, 299 (1961). 

2 Wheeler, jun., E. P., Geol. Soc. Amer. Bull., 71, 1755 (1960). 

? Emslie, R. F., Nature, 202, 172 (1964). 

t Morse, S. A., Geol. Soc. Amer. Spec. Paper, 78, 208 (1963) (abst.). 

* Morse, S. A., unpublished Ph.D. thesis McGill Univ. (1962). 

* Beall, G. H., Hurley, P. M., Fairbairn, H. W., and Pinson, jun., W. H., 
Amer. J. Sci., 261, 580 (1963). The correct locations of these samples 
are: B 4010: 077-08^2 N, 61?-42'4 W.; B 4093: 507-599 N, 61°- 
21-1 W. For ''Cape Manvers” read “Port Manvers", 

7 Wheeler, jun., E. P., Geol. Soc. Amer. Bull., 68, 1021 (1955). 

* Leech, G. B., Lowden, J. A., Stockwell, C. H., and Wanless, R. K., Geol. 
Surv, Canada Paper, 63-17 (1903). 

* Walton, Matt, and De Waard, Dirk, Geol. Soc. Amer. Spec. Paper, 73, 258 
(1963) (abst.). 


Progressive Desilication of Basic Hornfelses 


THE progressive desilication of politic sediments during 
contact metamorphism has been known for some time? ?. 
A mineral assemblage relatively enriched in aluminium 
and impoverished in silicon is progressively developed 
with the production of such phases as spinel, corundum, 
enstatite, cordierite and andalusite. The initial silica 
content of an argillaceous sediment before metamorphism 
may be between 60 and 70 per cent and on contact 
metamorphism desilication may lower the silica value 
to abaut 45-55 per cent—a range found in some pelitic 
xenoliths enclosed in granite. 

A similar process for basic rocks, not previously 
recorded, is proposed for the basic hornfelses of the 
Land's End granite aureole, Cornwall. Although the 
proeess involves progressive desilication, it is not strictly 
analogous to that seen in pelitic hornfelses as th» basic 
hornfelses have little or no free silica as quartz and are 
the products of progressive additive metasomatism. 

On c ontact metamorphism, the basic intrusives (‘green- 
stones’) of the Land's End aureole were metamorphosed 
to hornblende hornfelses. The allochemieal addition of 
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potassium to these rocks produced biotite-rich horn- 
felses or potassium-hornfelses*+. Localized internal 
metasomatism of the hornblende hornfelses produced 
iron-magnesium-hornfelses*-' containing anthophyllite, 
cummingtonite and cordierite and also calcium-horn- 
felses? containing sphene, diopside, grossularite, epidote 
and calcite. 

Two distinct desilication trends can be traced in the 
basie hornfelses. 

The first trend is very limited in extent and concerns 
the hornblende hornfelses. In a few instances spinel 
has been found in plagioclase-hornblende hornfelses, 
but no other silica-poor minerals’. On the production 
of a cordierite-anthophyllite assemblage from the plagio- 
clase-hornblende hornfels there may be some loss of 
silicon, although this is by no means always the case. 
However, marked desilication is represented when the 
iron-magnesium-hornfelses have developed such minerals 
as diaspore and spinel’. Such an assemblage can be 
considered the silica-poor equivalent of the plagioclase- 
hornblende or cordierite-anthophyllite assemblage (‘Table 
1). 


Table 1. COMPARATIVE ANALYSES OF BASIC HORNFELSES FROM THE LAND’S 
END AUREOLE, CORNWALL 


1 2 3 4 5 

SiO; 44-37 49:10 48:87 47:40 33:58 
TiO, 2-06 1:20 2-71 2:25 2:96 
AIO; 13-64 10:54 16-71 1474 11-79 
Fe,03 1:57 0-87 0-13 0:85 11-27 
FeO 7:98 10-27 12°85 9:14 17:50 
MnO 0-18 0-17 = 0:26 0-21 
MgO 9-85 10-72 9-60 10-75 15:55 
Cad 14:18 14-00 5:43 7:09 0:89 
Na.O 1:08 122 1:61 2-71 0:60 
K,0 0:83 0-10 0:27 157 0:82 
P.0, 0-90 0:78 0-50 0°57 0:36 
H,0+ 2°51 0-90 0-99 1:97 4-60 
H40- 0-06 0-10 0-07 0-02 0-13 

Oa 0-03 — 0:07 0-01 0-00 
Total 100-06 99-97 99-80 99-93 99-76 


1 Plagioclase-hornblende hornfels, Tater-du (ref. 4). 

2 Plagioclase-hornblende hornfels, Botallack (ref. 5). 
t x i iodssecondieritésunIDUdGLonHe anthophyllite hornfels, Kenidjack 
ref. 5). 
( t Tlagioolage biotite summmingtaalteaathoph yilite hornfels, Tater-du 
ref. 4), 
5 Cordierite-anthophyllite-diaspore-spinel hornfels, Kenidjack (ref. 5). 


The second trend involves progressive desilication 
during the extensive calcium metasomatism of the 
hornblende hornfelses. During the internal iron-mag- 
nesium metasomatism of the hornblende hornfelses, 
large quantities of calcium were released which offected 
metasomatism elsewhere?*. The hornblende hornfelses 
invaded by the migrating calcium were progressively 
replaced by assemblages rich in calcium-bearing minerals, 
namely, ilmenite-sphene-diopside-hornblende, sphene- 
diopside-grossularite-hornblende, grossularite-clinozoisite 


Table 2, COMPARATIVE ANALYSES OF CALOIUM-HORNFELSES FROM THE 
LAND’s END AUREOLE, CORNWALL 
1 2 3 ES 5 
SiO, 46-74 42-05 41-69 38-67 31:19 
TiO; 2-08 3-16 2°58 2-08 2774 
A105 12-09 12°48 13-99 10°55 12°50 
Fe.0; 1-22 1-20 1:83 4:23 8:60 
FeO 9:13 9-02 9:46 9-63 6:72 
MnO 0-16 0°25 0:38 0-84 0:42 
MgO 10-29 8-63 9:18 6:48 5-34 
Cad 14:09 16-95 14-97 23-72 20:14 
Na,0 113 1:30 1:33 0:39 0-23 
20 0-47 1-68 1-45 0-62 0-13 
P05 0:84 0-77 0:57 0:80 0-92 
H,O+ 1-71 2:05 2-00 1:35 2-63 
$07 0-08 0-02 0:03 0-08 0-32 
CO, 0-02 0-02 0-01 0:01 0-12 
Total 100-05 99-58 99-47 100-23 100-06 * 


* Totalincludes 2:01 per cent B,0,. 


1 Unmetasomatized plagioclase-hornblende hornfels parent (average of 
analyses 1 and 2 from Table 1). 

2 Hornblende-diopside-biotite-sphene hornfels, Tater-du (ref. 4). 

3 Hornblende-diopside-sphene hornfels, Tater-du (ref. 4). 

4 Diopside-grossularite-sphene hornfels, Tater-du (ref. 4). 

5 Calcite-diopside-grossularite-sphene-axinite hornfels, Tater-du (ref. 4). 
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and clinozoisite-zoisite-calcite-axinite. Table 2 shows 
the major-element chemistry of some of the calcium- 
hornfelses from Tater-du, Land’s End peninsula. . 

Figs. la and 1b show the antipathetic relationship of 
silicon and calcium for hornblende hornfelses and calcium- 
hornfelses (those with more than 15 caleium cations per 
unit cell of 160 oxygens). The trend is towards calcium 
enrichment, as later caleium minerals are seen to replace 
earlier, and also progressive desilication of the hornblende 
hornfelses. 








Fe” Ca 


Figs. la and b. Triangular variation diagrams showing the antipathetic 

relationship between calcium and silicon for hornblende hornfelses and 

calcium-hornfelses from the Land’s End aureole, Cornwall. @, Horn- 
blende hornfelses; ©, calcium-hornfelses 


10 30 50 70 eo 


It is rare in reports of metasomatic processes for the 
subtracted materials to be accounted for; however, in 
the present case, the silicon, which represents a major 
subtracted migrant, can probably be traced. At the 
Avarak, on the north-west coast of the Land’s End 
peninsula, there is a localized area of siliceous and fels- 
pathic hornfelses, not far from the calcium-hornfels 
repository at Botallack, that is considered to represent 
the fixation of the migrating silicon cations’. 


PETER A. FLOYD 


Department of Geology, 
University of Keele. 
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Possible Correlation between Classifications 
and Potassium - Argon Ages of Chondrites 


ACCORDING to Kirsten et al. and Hintenberg(r?, the 
frequency distribution curves of tho potassium- argon 
ages of stone meteorites show two distincb maxima. One 
oecurs at ages close to 4-5 x 10? yoars, tho other occurs 
around 1 x 10? years. However, if one classifies the 
chondritos into the Urey-Craig? L- and H-groups a relation- 
ship between classifications and gas retention ages is 
apparent (Fig. 1). The classification in L- and H-groups 
(that is, hypersthene-olivine and bronzite-olivine chond- 


No. of cases 





Age (10° years) 


Fig. 1. Correlation between classifications and ages of chondrites. Park 
shading, L-group chondrites; light shading, H-group chondrites 


rites respectively) is based on the following chemical- 
mineralogical parameters: bulk iron’, specific gravity‘. 
metallic nickel-iron**5, and Fe/Fe + Mg ratios in olivine and 
rhombic pyroxene®?. Only well-classified chondrites have 
been included. Carbonaceous chondrites and enstatite 
chondrites have beon oxcluded since they constitute 
separate groups’. Fig. 1 shows the frequency distribution 
of chondrites with well-known classification and well- 
dotermined age. The age values were taken from Anders* 
and Kirsten et al.1. The diagram shows that the substan- 
tial degassing, which leads to an apparent potassium-- 
argon age of about 1 x 10? years, is, on the basis of the 
chondrites investigated so far, considerably more frequent 
for the L-group of chondrites than for the H-group. The 
uranium-helium ages aro also plotted in the diagram, 
showing a similar offect. New potassium-argon age 
measurements? seem to yield some more H-group chond- 
rites with low potassium-argon ages. However, recont 
uranium-helium measurements” again seem to support an 
age-classification relationship as indicated in Fig. 1. The 
purposo of this communication is to direct attention to the 
apparently more frequent, substantial degassing of 
L-group chondrites in comparison to H-group chondrites, 
and to emphasize the necessity for more potassium-argon 
gas retention age measurements of chondrites, for which 
tho classification into L- and H-groups is well known. 

I thank Drs. H. E. Suess, H. C. Urey and R. Bieri for 
thoir advice.. 

Kravs KEIL 
Space Sciences Division, 

National Aeronautics and Space Administration, 
Ames Research Center, Moffett Field, California. 
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CRYSTAELOGRAPHY 
Arsenides and Antimonides of Niobium 

Tam phase relationships? in thé" systems niobium- 
arsenic ‘and niobium-antimony have been studied by 
X-ray methods. Density determinations and magnetic 
susceptibility measurements havo been carried out. 

The existence of the Nb,Sb phase reported by Matthias 
et ali, Wood. et al? and Nevitt® has been confirmed. 
The NbAs phase has independently been .examined by 
Boller and Parthé* and by us. The occurrence of three 
other previously unknown phases, the Nb,Sb,, NbAs, 


and NbSb, phases,. have been established. 
The lattice dimensions and observed densities are: 


a (A) b(A) c (À) Be dpycn 
l or la (g em?) 
NbAs 3-451 11-680 3-3838 7-93 
NbA sa 9-357 3-3823 7-792 119-46 7-41 
Nb,Sb 5-264 8-88 
Nb,Sb, 10-314 3-556 0.3448 — 817 
Nb$Sb, 10:239 3-6319 8-333 120-07 8:22 


As the lattice constants are almost invariable for speci- 
mens with different initial proportions of the components 
no composition ranges of the phases are indicated. 

The crystal structures, that is, types or space groups 
and parameters, are: . 


NbAs: Space group I4, or [4ymd 
4 Nb and Asin (a) 
Nb: z=0; As: 2=0-416+0-001 ` 
NbAss: Space group C2 
4 Nb, Ası and Asn in (c) 
s E: y £z 
Nb 0-3444 4 0:3044 
Ast 0-0948 0-488 0-3928 
à Asn 0-1399 0-067 0-0257 
Nb,Sb: -W type 
Nh,Sb,: Ti;Te, type g 
NbSbg: - Space group C2 
3 ' 4 Nb, Sbi and Sbu in (c) 
z y z 
Nb 0:343 E 2 0-304 
Sbr 0-096 0-5 0-393. 
Sbu 0-142 0-0 0-027 


NbAs, NbAs, and :NbSb, have diamagnetie suscepti- 
bilities, whereas Nb,Sb and Nb,Sb, show weak tem- 
perature independent paramagnetism. - 

- Details of the structures and discussion of the chemical 
bonding will be published elsewhere. EL 

We thank Prof. Haakon Haraldsen for his advice. 

Note added in proof. ‘Since this communication was 
submitted for publication an independent confirmation 
of the existence of the N6As and N6As, phases has been 
published-by Saini et al, — .. : : - gc 
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^ '' Crystal and Molecular Structure of 
1,3-Dihydro-I-hydroxy-3-oxo-1,2-benziodoxole 

O-IoDOSOBENZOIO acid (I) has been recognized às an 
atypical compound ever since it was first synthesizéd?. 
Askenasy and . Meyer? -suggested that this compound 
existed as a 5-membered: heterocyclic ring. This cyclic 
configuration was substantiated. by the infra-red studies 
of Bell and Morgan’.  Furthér evidence favouring” the 
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heterocyclic ring structuré was offered by Wolf and Hsu, - 


"who synthesized. homologues of (I) with 6: snd 


7-membered heterocyclic- rings. In view of thè lack of 


information concerning thé chemical bonding of the 


‘iodine’ in- these heterocyclic’ compounds, the present 


X-ray invostigation of (I) was undertaken. 

(I) crystallizes from water as fine monoclinic needles 
elongated along the b axis. "The following crystallographic 
data were obtained for these crystals: 


do = 12-89 + 0-01À Z=4 
bo = 4-10 + 0-02À pobs = 2-38 + 0-03 g em? 
€; = 14-05 + 0-01À peal = 2-83 + 0-01 g cm 


B = 96-73 + 0-05? 


Three layers of Weissenborg intensity results were 
obtained with copper K «-radiation from a crystal mounted 
along b. The intensities of 520 independent reflexions 
were measured from these photographs, in part with 
a micro-densitometer and in part visually. The intensity 
results were converted to F°? in the usual manner. Ab- 
sorption corrections were not made because the crystal 
was only 0-06 mm in diameter. The structure factors 
were initially scaled together by means of hk0 and Oki 
precession data, and the interlayer scaling was further 
improved during the final stages of least-squares refino- 
ment. 

The co-ordinates of the 11 atoms in this structure 
were readily obtained from -3-dimensional Patterson and 
Fourier syntheses. The refinement of these parameters 
was carried out isotropically by least squares, minimizing 
the function Zw (|P,|—G |F.|)?. The R value (the usual 
discrepancy index) was 13-7 per cent after 5 cycles of 
refinement. . 

Fig. 1 is a view of (I) as it appears down the b axis. 
The features of major interest in this structure are: 

(1) The C(1)—I, O(3)—I and O(2)—I bond distances are 
2-16, 2-00 and 2-30 + 0-05 A respectively. The first two of 
these are in agreement with the sum of the covalent 
radii, 2-1 and 2-0 A (rof. 5), respectively. The greater length 
observed for the I—O(2) bond may possibly be due to 
steric strain in the molecule and/or a greater amount of 
ionic character in this bond over the normal covalent 
bond. 

(2) The O(2)—I—C(1) and O(3)—I—0O(1) angles are 77° 
and 89° + 4° respectively. These angles are similar in mag- 
nitude to those reported by Archer and Van Schalkwyk: 
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for the trivalent iodine compound benzene iodo dichloride 
(angles of 86°). The geometry at the iodine is in accord 
with that found in BrF; (ref. 7) and CIF; (ref. 8). 

(3) The 11 atoms in the molecule are coplanar within 
twice the estimated standard deviation of the individual 
atoms. 

(4) By consideration of the angles and distances around 
’ O(3), it appears that it is hydrogen bonded to O(1) of a 
neighbouring molecule. The distance of this hydrogen 
bond was found to be 2-8 + 0-1 A. 

(5) Tho contact between the iodine of one molecule and 
O(3) of another molecule related to the first by the screw 
axis is 2-90 + 0-05 A (Fig. 1). This distance is signifi- 
cantly less than the sum of the van der Waals radii of the 
two atoms, which is 3-6 A. This O(3) atom is within 
0-6 A of the least squares plane of the first molecule. 
This type of interaction has been observed in various 
iodate structures”. Trueblood! has suggested that this 
may be another reflexion of the terdency of the iodino 
atom to act as a weak Lewis acid, manifested in many 
polyiodides and other ‘complexes’. 

This work was supported in part by U.S. Publie Health 
Service grant A-3909 from the National Institute of 
Arthritis and Metabolic Diseases. 
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Unit Cell and Space Group of Co(thiourea)4- 
(NO3)2 


A PRELIMINARY X-ray investigation of the crystal of 
Co[SC(NH;)](NO;), has been made, using the method 
of Rossenheim and Meyer for preparing the compound. 
It crystallized as dark blue prisms. The unit cell dimen- 
sions of the monoclinic crystal were determined from 
single crystal rotation and Weissenberg photographs 
using copper Ka-radiation. 

Tho values found are: a=20-31 A; b=16-80 A; 
c=11-68 A (all + 0-03 A); B=91-6 +0-2°. V=3-984 
À*. The number of molecules per unit cell is N —8; 
calculated value 8-17 for a density of 1-65 g/c.c. 

Observed extinctions were h+k odd for hkl and k 
odd and 1 odd for A0! and k odd for 0k0 reflexions, 
which are consistent with the two space groups, Ci-C, 
and Oj,-C,,. . 

Statistical determinations of the centre of symmetry 
by Ramachandran's method showed the presence of 
centre of symmetry for the projection [001] as required for 
the group C$-C,,. 

M. PEREZ RODRIGUEZ 
M. CUBERO 
- M. Garcia GEA 
Division de Ciencias del C.S.I.C., 
Department of Physics, 
University of Seville, Spain. 
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Suggested Units for Conductivity 


In the hybrid system of units most frequently used for 
electrical conductivity c the units are ohm-* em-!. Often 
the atrocity mho/em is used and neither form is par- 
ticularly convenient if it is necessary to specify the units 
several times in a short space. 

Aftor giving due consideration to the disadvantages of 
introducing still another form of notation into the already 
overburdened literature, it is felt that the abbreviation 
‘roe’ to stand for reciprocal ohm-centimetre is a worth. 
while addition. The M.x.s. form follows, that is, 


c[rom] = 100-c[roc] 
R. E. BARKER, JUN. 


General Electric Research Laboratory, 
Schenectady, 
New York. 


Rapid Non-destructive Analysis of Oxygen by 
Neutron Activation 


Ir is known that in 29-4 sec oxygen-19 is formed by 
neutron irradiation of natural oxygen and that it emits 
0-200-MeV y-ray. Since the activation cross-section of 
180 (n, y) PO and the abundance of oxygen-18 are both 
low (0-21 + 0-04 m barn}, 0-204 per cent!, respectively), 
the activation analysis using oxygen-19 is only applicable 
to the determination of macro-amounts of oxygen. 

A sample is irradiated for 30 sec in & JRR-1 reactor 
at a neutron flux of about 3 x 10% n/em*/sec, cooled for 
30 sec, counted for 30 sec, again cooled for 10 see and 
counted for 30 sec. The counter used is a 2-in. thick x 
1-75-in. diam., well-type sodium iodide crystal attached 
to an RCL-256 channel pulse height analyser. During 
the counting operation the s&mplo is placed 1 cm above 
the crystal. An aluminium disk of 2.150-mg/env* thick 
is used as an absorber for B-rays from tho sample. 


Activity 





0-200 MeV 


0-200 MeV 
Channel No. 


Fig. 1. y-Ray spectrogram of oxygen-19. Sample: 5 ml. pure water 


An example of successive spectra thus obtained is 
shown in Fig. 1. The decay curve of photopeak due to 
0-200-MeV y-ray is measured at short time-intervals and 
the half-life is determined as about 30 sec. From both 
y-ray energy and half-life, oxygen-19 is identified. 

The activation method is applied to the determination 
of oxygen in organic compound. Pure water is used as 
an oxygen standard. Oxygen is determined by comparing 
the peak height of 0-200-MeV y-ray with that of standard. 
Some results of analyses by this method are shown in 
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Table 1. RESULTS OF ANALYSES 
Oxygen content % 
Sample Calculated Neutron activation 
Water 88-81 89, 87, 85 
Salicylic acid 34-75 35, 36 
Citric acid 60-91 61, 62 
d-Mannitor 52-70 54 
Table 1. The upper and lower limits of determination 


"of oxygen are about 6 g and about 0-1 g respectively. 
Yuroutro KAwEMOTO 
Japan Atomic Energy Research Institute, 
Tokai-mura, Ibaraki, J apan, 


1 Hughes, D. J., and Schwartz, R. B., BNL-325 (1958). 
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Electron Spin Resonance Spectra of 
y-Irradiated Alkoxides 


TuE free radicals formed during the irradiation of 
alcohols frozen at —196? C-have been examined exten- 
sively by electron spin resonance and, for the lower 
primary and secondary alcohols, they have been identified! 
as R,(R,)COH. A similar investigation has been made of 
only one of the corresponding irradiated alkoxides, 
namely, sodium methoxide, for which Alger, Anderson 
and Webb? observed a three-line spectrum which was 
similar to that from methanol, except that the ‘proton 
hyperfine splitting constant (16 c) was slightly smaller 
than that in methanol (18 o). On the assumption that 
the alkoxides are ionic, Symons has briefly discussed this 
result in terms of the CH,O radical*. 

If other primary and secondary alkoxides behave in a 
similar way it should be possible to prepare other radicals 
of the type R,(R,)CO. Of particular interest among these 
are the aliphatic ketyl radicals, which would also be 
formed by electron transfer to the corresponding ketones. 
The electron spin resonance spectra of two highly sub- 
stituted ketyl radicals (prepared by electron transfer from 
an alkali metal to hexamethylacetone and pentamethyl- 
acetone, respectively) in solution have been observed‘ ; 
but so far the spectra of the smaller ketyl radicals have 
not been obtained. 

Jn a preliminary investigation we have observed the 
electron spin resonance spectra of y-irradiated samples of 
sodium and potassium methoxides, ethoxides and iso- 
propoxides over a temperature range from —196° C to 
+100° C. The alkoxides were prepared by reacting the 
alkali metal with an excess of the A.R. grade alcohol in an 
atmosphere of dry nitrogen. The excess alcohol, including 
the alcohol of crystallization, was removed by prolonged 
evacuation. (The alkali metal content was estimated 
by titration and found to correspond closely to 
R,(R,)CHOM+.) The samples were sealed in high-purity 
silica tubes under dry nitrogen and irradiated at — 196° C 
with y-rays from cobalt-60. The electron spin resonance 
spectra were recorded at — 196? C and at intervals as the 
temperature was increased to +100° C. No appreciable 
decay of the radicals occurred below +20° C for any of 
the ‘alkoxides. 

The spectra observed from irradiated potassium meth- 
oxide, ethoxide and isopropoxide at +20° C are shown in 
Fig. 1. Those observed from the sodium alkoxides were 
similar but not so well resolved. In all cases the resolution 
increased as the temperature was raised from —196° C. 
The spectra can be interpreted logically as arising from 


Table 1. HYPERFINE SPLITTING CONSTANTS FOR ALKOXIDE AND ALCOHOL 
RADICALS 


Hyperfine splitting constants (o) Alkoxide 
Derivative Alkoxide* Alcohol} Ratlos Thor 
Ha H B Ha H, Bo a B 
Methyl 15 — 17:2 — 0:87 = 
Ethyl 13 19: 15:0 22-0 0:87 0:87 
Isopropyl — 16-1 — 20-0 — 0-81 


*Hati5o0; Apt 0-50. t Values for liquid phase, ref. 6. 


NATURE 


August 1, 1964 VoL. 203 





(a) 
(b) 
(e) 
peÓ—à m 
20 œ H 
Fig. 1. First derivative spectra of y-irradiated potassium alkoxides at 


+20° C: (a) methoxide; (b), ethoxide; (c), isopropoxide 


the radicals CH,O, CH,CHO and (CH;),00, respectively, 
the last being the ketyl radical of acetone. 

The three lines observed in the spectrum of the moth- 
oxide are caused by interaction of the unpaired electron 
with the two «-protons. The Shape of the outer lines 
shows that there is an anisotropic contribution to the 
hyperfine splitting and the overall spectrum is similar to 
that expected from a rotating ÓH,-group*. The spectrum 
of the ethoxide consists of eight asymmetric lines which 
can be arranged into four equally spaced pairs of lines 
with intensity ratios of approximately 1:3:3:1. This 
grouping can be accounted for by assuming that thero is 
an isotropic hyperfine interaction with three equivalent 
B-protons and an anisotropic interaction with one «-proton. 
In marked contrast the seven lines in tho Spectrum of the 
isopropoxide are symmetric and well resolved. Tho lines 
are equally spaced and have relative intensities of approx- 
imately 1:6:15:20:15:6:1, showing that there is an 
isotropic interaction with six equivalent -protons. 

The hyperfine splitting constants based on this analysis 
are given in Table 1 together with those for the cor- 
responding alcohol radicals observed in the liquid phase’. 
The isotropic -proton splitting constants can be measured 
accurately, but because of the anisotropic contribution 
the «-proton splitting constants are less accurate. Wo 
have calculated the latter using the line shape analysis 
derived by Cochran, Adrian and Bowers’. The splitting 
constants for the alkoxides are consistently lower than 
those of the corresponding alcohol radicals (about 85 per 
cent), showing that the spin density on the «-carbon atom 
is less in the alkoxide. This reduction can be attributed 
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to the participation of the structure 
alkoxide. 

The results on the isopropoxide confirm the prediction! 
that the hyperfine splitting constant of the kety! radical 
(CH,),CO should be a few cersteds smaller than that of 
the isopropanol radical (CH,),COH. 


»6-ó in the 
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Determination of the Initial Formation 
Temperature of Nickel Ferrite Spinel 


LITTLE information is to be found in the literature? 
about the merits of different techniques which may be 
used for the detection of initial spinel formation temper- 
atures. This communication compares a number of 
methods which have been used for determining the spinel 
formation of nickel ferrite, NiFe,0,. 

A mixture of iron and nickel oxides, both of > 99-7 per 
cant purity, in. the proportions appropriate to the stoichio- 
metric formation of nickel ferrite, was prepared by the 
usual powder metallurgy techniques*. Magnetic suscept- 
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Fig.1. Initialspinelformation temperature of nickel ferrite determined 

by: a, Thermal gravimetric analysis; b, differential thermal analysis 

(dotted line, estimated baseline); c, electricalresistivity; d, activation 

energy (calculated from log pso.—10 o); e, Magnetic susceptibility (Gouy 

method); f, X-ray diffractometry. Samples for c, d, e, f were calcined 
for 4 h in an air atmosphere 
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Table 1. NiFe,0, SPINEL FORMATION TEMPERATURES 
Initial spinel Complete spinel 
Method formation formation 

temperature (°C) temperature (°C) 
Thermal piayimetrio analysis 690 900 
Differential thermal analysis 730 965 
Electrical resistivity 690 — 
Activation energy 690 — 
Magnetic susceptibility 750 1,100 
X-ray diffractometry 780 1,100 


ibility measurements, electrical resistivity measure- 
ments and X-ray diffraction measurements were carried 
out on samples of the mixture that had been calcined in 
air for 4 h at temperatures ranging from 400° to 1,260° C. 
The reaction was also followed by thermal gravimetric 
analysis ‘and differential thermal analysis. From the 
results of these measurements shown in Fig. 1 and Tablo 
l, it is apparent that the five techniques show a spread 
of about 100° C in the detected initial formation temper- 
atures. 

The measurement of electrical resistivity appears to 
be the most sensitive method; the change from the 
defect conductivity of NiO and Fe,0, to the electron 
conductivity of the spinel shows clearly at 690° C. In 
addition to the absolute value of resistance, the activation 
energy of conductivity has also been calculated and 
plotted, indicating a similar sharp peak. 

The magnetic susceptibility and X-ray diffraction 
techniques, while not quite so sensitive as the electrical 
resistivity method, enable quantitative information to 
be obtained about the temperature of complete ferrite 
formation. All three methods suffer from the disadvantage 
of requiring lengthy sample preparation. 

Both the thermal analytical techniques—thermal 
gravimetric analysis and differential thermal analysis— 
provide a much quicker method of measurement, but the 
results are only of a qualitative nature. In the analysis 
of the formation of nickel ferrite, differential thermal 
analysis is much more satisfactory than thermal gravi- 
metric analysis, but for other ferrites, where a reduction 
occurs in the oxide mixture (for example, MnO, plus 
Fe,0,), thermal gravimetric analysis can provide both 
qualitative and quantitative data about the spinel 
formation process. 

This work is being continued with other transition 
metal spinels of the formula M¥e,0,, where M = 
Cu, Co, Mg, Mn and Zn, and the complete investigation 
will be published shortly. 


J. BERETKA 
A. J. MARRIAGE 


R. G. Menzies Research Laboratory, 
Philips Electrical Industries Pty., Ltd., 
Hendon, South Australia. 
1 Solymosi, F., and Szabo, Z. G., J. Chem. Soc., 2745 (1961). 
* Kleinert, P., Monatsberichte, 5, 99 (1903). 
* Fresh, D. L., Proc. I.R.E., 44, 1808 (1056). 


Effect of Substituents on Electrical Conduc- 
tivity of Anils 

Tms communication reports an attempt to approach 
the problem of electrical conductivity in organic solids 
from the point of view of classical organic chemistry. A 
series of anils derived from salicylaldehyde and various 
meta- and para-substituted anilines (Fig. 1) has been 
prepared and the electrical conductivities of compressed 
silver-coated polycrystalline pellets of each species have 
been measured. Most of these materials showed an observ- 
able dark conductivity under vacuum even at tempora- 
tures at which they were shown to be essentially non- 
volatile. It seems unlikely, therefore, that the conduction 
process could be described at these tomperatures by a 
surface mechanism such as has been proposed by Eley 
et al.) for volatile organic crystals. 
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Fig. 1. Anil molecule (Y ^ z-F, m- and y-OCH;, CHs, Cl, Br, NO.) . Ue 


Materials were recrystallized three times from alcohol, 
dried under vacuum and finally zone refined: This last. 


step produced no -substantial change in electrical. con-- 


ductivity for two materials and was therefore omitted in 
subsequent sample preparations. In each case the relation- 
ship between ‘conductivity and temperature could be 
adequately described by tho equation K = K, exp 
(— Ac/2kT). Ohm’s law was obeyed for field strengths 
up to 5,000 V/em. - . à ; 


de (eV) 


Log KasA (ohms-! cm-?) 
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Fig. 2. Correlation of log K and 4€ values and the Hammett substituent ! 
constant (c). A 4e versus c for para-substituents; O log K versus o for 
meta-substituents; @ log K versus o for para-substituents 


A correlation. exists (Fig. 2) between log K and the 
Hammett? substituent constant (c) for both the meta- 
and para-series of substituents, and between Ac and 
c for the para-series. Thus anils containing substituents 
(Y) whieh transfer charge to the aniline ting were found 
to be the best conductors and in the case of para-substitu- 
ents to have the lowest Az values. This is reminiscent 
of the correlation found by Pullman and Pullman? between 
basie strength and ionization potential of the nitrogen 
lone-pair electrons for a number of biologically important 
compounds. i ; 

Comparing the two series, anomaliés are at once appar- 
ent, for the unsubstituted salicylidene-aniline complex is 
out of place in the log K versus o correlation for para- 
substituents, but in place in the meia-series. The fact 
that log K versus c correlations exist for the two series 
separately but not for the overall series of substituents 
may indicate that closer- molecular packing occurs in 
erystals of the meta-series with consequent increase in 
molecular orbital overlap, carrier mobility and hence 
conductivity. Differences in packing , arrangements 
among crystalline salicylidene anilines have been reported 
by Cohen and Schmidt^. 

Chelation of these anils with divalent metal ions pro- 
duced a manifold drop in conductivity, indicating pre- 
sumably that the electrons involved in the N-metal bond 
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are no longer capable of. contributing to the conduction 
process. Further evidence for this exists in that the 
conductivities of tho metal chelates were in the order 
nickel > copper, whereas their stabilities, which indicate 
the strengths of the nitrogen-metal bonds, are in the 
reverse order. : 

"d E. W. GoopEN 


R. G..Menzies Research Laboratory, 
Philips Electrical Industries Pty., Ltd., 
Hendon, South Australia. 
1 Eley, D. D., Fawcett, A. S., and Willis, M. R., Nature, 200, 256 (1963). 
* Hammett, L. P., Chem. Rev., 17, 125 (1935). 
* Pullman, B., and Pullman, A., Rev. Mod. Phys., 82, 428 (1960). 
* Cohen, M. D., and Schmidt., G. M. J., J. Amer. Chem. Soc., 66, 2442 (1902). 


Photolysis of Nitrosyl Chloride by Ultra-violet - 
Radiation 


Tue photolysis of nitrosyl chloride was investigated 
first by Kiss’, and later by Bowen and Sharp?, who found 
that the quantum yield was 0-5 in both the spectral 
regions 4380-5000 A, and 4480-5200 A. Kistiakowsky* 
investigated the reaction more fully, using essentially 
monochromatic light derived: either from a mercury are, 
or from a tungsten filament lamp, both used in -con- 
junction with- filters. . He concluded that the. mean 
quantum yield for the decomposition over a range of. 
wave-lengths from 6350-A to 3650 A-was 2-1. At 3650 A 
the quantum yield. was 2-7, although Kistiakowsky. 
believed that this value. was incorrect because of the, 
partial absorption of the ultra-violet radiation. by the 
‘Pyrex’ windows of the reaction cell. He suggests that the, 
results of Bowen and Sharp disagree with his own either, 
because they used non-monochromatic light, or because, 
they neglected the dark reaction. 

Basco and Norrish‘ have recently examined the 
flash photolysis of nitrosyl chloride under isothermal 
conditions. They observe that molecules of nitric oxide 
with up to 11 quanta of vibrational excitation are formed, 
which they suggest are produced in the primary process: 


NOCI + A» = NO* + Cl (1) 


These vibrationally excited molecules of nitric. oxide 
possess sufficient energy to allow of the reaction: 


NO* + NOCI = 2NO + Cl (2) 


Since the chlorine atoms formed in reactions (1) and (2) 
will both react with nitrosyl chloride: 


Cl + NOCI = NO + Cl, (83) 


it is possible for the quantum yield to reach & maximum 
value of four, rather than tho limiting value of two 
possible when only reactions (1) and (3) take placo. In the 
light. of these considerations, Kistiakowsky’s high value 
of 2-7 for the quantum yield at 3650 A: assumes a new 
significance. At that wave-length, the excess energy 
available from reaction (1) is only marginally sufficient 
to cause dissociation of the second molecule of nitrosyl 
chloride. 

It is of considerable interest to find out whether vibra- 
tional energy possessed by a molecule can be used to 
provide the energy required for that molecule to enter 
into otherwise endothermic reactions. In order to determ- 
ine whether reaction (2) does, in fact, take place, the 
quantum yield must be measured at shorter wave-lengths 
than those used by Kistiakowsky. In the present work, 
the quantum yield for the photochemical decomposition 
of nitrosyl chloride has been determined at a wave-length 
of 2537 A, where there is more than 70 kcal/mole of 
excess energy available in reaction (1). 

Mercury resonance radiation was obtained from a low- 
pressure lamp, which consisted of a flat quartz spiral, 
about 7 em diameter, with water-cooled electrodes. 
It: was filled with a mixture of 90 per cent neon and 
10 per cent argon, .to æ total pressure of 1 cm mercury, 
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and contained also a small drop of mercury. The radi- 
ation from this lamp was passed through a filter system 
to remove the small amount of visible and near ultra- 
violet radiation emitted by the lamp, and was then 
focused by two quartz lenses through the thermostated 
reaction cell on to a 1P28 photomultiplier tube. The 
quantum input to the reaction cell was determined using 
potassium ferrioxalate actinometer solutions according 
to the method of Hatchard and Parker*. The reaction 
was followed manometrically with a ‘Pyrex’ modified 
spoon gauge’, with a sonsitivity magnification of 45:1 
compared with a mercury manometer. The resonance 
lamp and the optical system are more fully described 
elsewhere?. Mercury vapour was rigorously excluded 
from the reaction system to avoid the possibility of 
photosensitization. 

Nitrosyl chloride was prepared by allowing a mixture 
of 0-2 atm. chlorine and 0-8 atm. nitric oxide to stand 
together in a darkened bulb for three days. The mixture 
was condensed in a liquid nitrogen trap, and the temper- 
ature then raised to —80° C, when the excess nitric 
oxide was pumped off. The crude nitrosyl chloride was 
redistilled under reduced pressure, and stored as a solid 
at liquid nitrogen temperature. 

The quantum yields obtained for & number of different 
pressures of nitrosyl chloride, and for mixtures of nitrosyl 
chloride with inert gases, are shown in Table 1. 


Table 1. QUANTUM YIELDS OF THE PHOTOLYSIS OF NITROSYL CHLORIDE 
T=25° C 
Run Mixture quantum yield 
(4—2537 A) 

1 6 em NOCI 1-95 
2 6 em NOC! 2-00 
3 6 em NOCI 1:95 
4 6 cm NOCI 1:96 
5 12 cm NOCL 1-92 
6 12 em NOCI 1:83 
7 2 cm NOCI 2:34 
8 1 cm NOCI 1:88 
9 6 cm NOCI+ 76 cm Ny 1-92 
10 6 cm NOCI1+ 40 em CO, 1:88 
11 6 cm NOC1+76 cm Ar 1:90 


It is seen that the quantum yield of the photolysis is 
approximately independent of the pressure of the nitrosyl 
chloride and of the presence of gases such as nitrogen, 
argon or carbon dioxide. The mean value for the quantum 
yield is 1-96 + 0-08, so it may be concluded that reaction 
(2) proceeds. to & negligible extent. The insensitivity 
of the quantum yield to the presence of carbon dioxide 
is further evidence that vibrationally excited nitric 
oxide does not enter into the reaction, since carbon 
dioxide might be expected to be an efficient quenching 
agent for vibrational excitation. 

The results of Kistiakowsky may now, therefore, be 
extended into the ultra-violet region, the quantum yield 
remaining close to two. . 

I thank Prof. R. G. W. Norrish for providing the 
facilities of his laboratories. 

R. P. Wayne* 


Department of Physical Chemistry, 
University of Cambridge. 

* Present address: Donnan Laboratories, University of Liverpool. _ 
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* Basco, N., and Norrish, R. G. W., Nature, 189, 455 (1961). 
* Basco, N., dnd Norrish, R. G. W., Proc. Roy. Soc., A, 208, 291 (1962). 
* Hatchard, C. G., and Parker, C. A., Proc. Roy. Soc., A, 235, 518 (1956). 
1 Foord, S. G., J. Sci. Instrum., 11, 126 (1934). 
s Norrish, R. G. W., and Wayne, R. P., Proc. Roy. Soc. (in preparation). 


^ Structure of the §-Lactoglobulin Tetramer 


DETAILED investigations of the association behaviour 
of the genetic variants of B-lactoglobulin have shown that 
the A variant aggregates strongly and reversibly to a 
tetramer? ? of. 144,000 molecular weight in the cold 
between pH 3-7.and 5:2. The thermodynamics of this- 
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association have established the tetramer structure to 
be cyclic, involving the closing of four bonds!?, and its 
hydrodynamic properties? show it to be compact. 
A small-angle X-ray scattering examination of this 
association’ has led to the conclusion that, of the various 
general types of possible tetramer structures, a eubie 
array of eight spheres was the most probable. Thi» 
conclusion was based on comparison of the measured 
radius of gyration of the tetramer (34-4 A) with values 
calculated for various models formed of four of the 
monomerie units deduced by Green and Aschaffenburg? 
from X.ray diffraction examination. These monomerie 
units have been shown to persist in solution’. The mono- 
mer unit consists of a combination of two identical 
spheres (of molecular weight 18,000) 17-9 A in radius, 
impinging by 2-3 along their centre-to-centre axis; 
these two spheres are, furthermore, related by a dyad 
axis of symmetry through the plane of contact formed 
between them. Recently, we have carried out. a detailed 
examination of compact models in the light of known 
structural requirements, the results of which we wish to 
report in this communication. The basic requiremonts 
are that all four monomer molecules must be identical 
with each other?, the monomer structure must be main- 
tained intact in the tetramer‘, and tho structure must 
fit all known experimental information and be symmetrical 
in naturo’. 

First, let us examine the previously proposed structure’. 
that is, the cubic array of eight spheres, shown in Fig. 14. 
In this model the four 36,000 molecular weight monomer 
units are aligned with polar axes vertical, and with the 
surfaces of contact between the spherical sub-units lying 
in one plane (Fig. 1B); the four dyad axes of symmetry 
are in the same plane along the diagonals of the cross- 
section square. Careful examination of this structure 
reveals that the closing of four bonds between the mono- 
mers in such manner that each spherical sub-unit 15 
linked to one belonging to another monomer molecule. 
without at the same time violating the dyad axes of 
symmetry, requires the presence of two pairs of monomers 
in which the tetramerization sites are disposed as shown 
in Fig. 1C, that is, each type is the mirror image of the 
other". Since this structure violates the requirement of 
identity between the four monomers, it must be ruled 
out. This requirement can be satisfied, however, by the 
second cubic structure shown in Fig. 1D. In this, ono 
pair of monomers is rotated 90° with respect to the other. 
the surfaces of sub-unit contact (shown shaded) now lying 
in pairs in two mutually perpendicular planes; the dyad 





j ae 1. Cubic models of Jactoglobulin tetramer. (A) All four double 
spheres aligned vertically; (B) same, showing planes of sub-unit contact; 
A monomer structures required to close tetramer bonds in model (4); 
‘(D)-monomers aligned in two pairs, one vertical, the other horizontal; 
(E) tetramer bond location on monomers in structure (D). In this qnd 
Fig. 2 the dyad axes of idc rue designated by d, the tetramer 

Ta B ` - bonds by t 
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Fig. 2. Staggered tetramer structures. 

d Iw the tetrad axis of symmetry; 

CD, EF, GH=33-5 A; AE, BC, FG, DH (along tetramer bonds) 
@= 62° 8'; b — 65? 44’ 


(C) monomer structure require: 


axes are located in pairs, one pair remaining in the horizon- 
tal intersphere plane, the other pair on a vertical line 
going through the sub-unit contact planes of the monomors 
the polar axes of which are in the horizontal position. In 
this arrangement, the two tetramer bonds of a monomer 
must be located in one plane and directed at a right angle 
to the polar axis of the two-sphere structure, as shown 
in Fig. lE. While this structure satisfies tho requirements 
of structural identity, it lacks overall symmetry and, as 
such, is probably less likely. Furthermore, this model 
requires a 90° rotation of each sub-unit along the tetramer 
bond with respect to its tetramer partner: complement- 
arity, if necessary for this type of bond, would not be 
compatible with the dyad axis of symmetry. 

A symmetrical tetramer structure, satisfying all the 
requirements, can be constructed by arranging the 
monomers in an inclined array, which results in the 
decahedron shown in two views in Fig. 2A and B. Here, 
the four dyad axes of symmetry, d, and the four points 
of tetramer contact, t, are all in one single plane perpend- 
icular to a central tetramer axis, T. The dyad axes are 
normal to this central axis. The tetramer bonds lie on 
the corners of a square; the two bonds on each monomer 
are located symmetrically on the sub-units and their 
projection on the plane of sub-unit contact forms a 90° 
angle. In the tetramer, they are inclined at an angle of 
35° with respect to the vertical, the bond from the upper 
sphere pointing downward, that from the lower sphere 
upward. ‘Thus, the upper sphere of each monomer forms 
tetramer bond with the lower sphere of another monomer. 
Since the monomeric units are inclined at an angle of 
31° with respect to the vertical, the inclination of the 
tetramer bonds with respect to the polar axis of the 
monomer is 66°. When viewed along the tetramer axis, 
T (Fig. 2A), the centre of each sphere in the upper layer 

‘is located asymmetrically between those of the two 
lower ones with which it is in contact. This arises because 
of the difference in centre to centre distances: 33-5 A 
within the monomer, 35-8 A along the tetramer bond. 
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422 symmetry: (A) top view; (B) side view. 


(D) 222 symmetry: X indicates overall dyad axis of symmetry: distances AB, 
= 85-8 A. Angles 
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The locations of the tetramer bonds and 
dyad axis in the monomer are shown in Fig. 
2C. The three-sphere relationship in the 
tetramer structure of Fig. 24—B is identical 
to the one shown by triangle ABC in Fig. 2D 
(n which another possible structure, to be 
discussed as follows, is depicted); angles a 
are 62° 8’, angle b is 55° 44’. The structure 
of Fig. 2A and B is characterized by a 
principal four-fold axis of symmetry, T, 
which coincides with the Vertical axis 
through the centre of the structure. Fig. 
24—B, then, has 422 Symmetry. Further- 
more, in this model, intermolecular contacts 
are limited to the tetramer bond sites plus 
two further points of contact with neigh- 
bouring spheres. A cavity is present along 
the vertical tetrad axis, with an average 
diameter of about 184; this permits 
access of water molecules, leaving some 
interior molecular surface in contact with 
solvent. Since it is quite probable that the sur- 
face of the protein molecule contains a high 
density of polar residues’, this structure en- 
tails the burial of a minimal amount of polar 
side-chains in the low dielectric constant 
interior of the tetramer and, thus, the ex- 
penditure of least energy for this purpose®-11, 

One more structure which should be 
considered is shown in Fig. 2D. This is 
derived from the previous one by rotating 
alternate monomers through 45° in opposite 
directions about the tetramer bonds. In 
this structure the monomers are located in 
two lozenge-shaped arrays of four spheres 
each, the short diagonals of the two lozenges 
being in parallel planes and inclined in opposite directions. 
The lozenges are slightly folded inward along the short 
diagonal. The four dyad axes of symmetry, d, remain, 
88 before, in one plane which also passes through the 
points of tetramer contact. The tetramer bonds, t, 
are present here in two conformations, two bonds lying 
along the short diagonals and two. perpendicular. The 
presence of a principal dyad axis of symmetry, X, gives 
this structure 222 symmetry. In this structure, however, 
there is less symmetry than in the previous one. The 
tetramer bonds exist in two different conformations 
making structural complementarity across these bonds 
impossible. Also, the spherical sub-units are in. two 
groups, differing by their environment: four, units 
B, C, F and G, make contact with five other spheres each; 
the others, A, D, E and H, make contact with four other 
sub-units each. Thus, the amount of monomer molecular 
surface which must be buried in the hydrophobic interior 
of the tetramer is considerably larger than in structure 
2A. As a result, it is considered that structure 2D is 
less likely to occur, even though it is an isomer of the 
previous one formed only by rotation about the tetramer 
bonds. It is of interest to note that the model of Fig. 2D 
is one of the extremes allowed by the rotation of Fig. 24 
about the tetramer bonds (assuming no complement- 
arity); the other extreme (a mirror image) is produced 
by 90° rotation of 2D in the opposite direction. 

The radii of gyration of the three structures have been 
calculated using the monomer molecular dimensions of 
Green and Aschaffenburg*, with the results shown in 
Table 1. As can be seen, all three fit the small-angle 
X-ray scattering datat equally well. 

On the basis of the foregoing analysis, and in particular 
the element of symmetry present in each model considered 
and the energy required to bring polar residues into the 
low dielectric medium in the interior of the tetramer, 
the structure of Fig. 2A—B (422 symmetry) is regarded 
as the favoured one. (The identical tetramer structure 
has been deduced independently by Dr. D. W. Green 


by structure 
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Table 1. RADIN (R) OF GYRATION OF TETRAMER MODELS 
Model R (A) 
Cube 33:4 
422 33-4 
222 33-1 
Experimental 84-444 


(private communication).) Structural fluctuations be- 
tween it and the two 222 structures (Fig. 2D and its 
mirror image) are not excluded, although unlikely, since 
they would destroy complementarity about the tetramer 
bonds and would involve the expenditure of extra energy 
in the burial of additional polar groups. 
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BIOCHEMISTRY 


Properties of the Penicillin Deacylase Enzyme of 
Escherichia coli 


THE microbial enzyme which hydrolyses the side-chain 
from a penicillin to give 6-aminopenicillanie acid (6-APA) 
and carboxylic acid, or which catalyses the synthesis of 
penicillin from 6-APA and a carboxylic acid or its deriva- 
tive, has been termed penicillin amidase’, penicillin 
acylase’, benzylpenicillin acylase®, penicillin splitting and 
synthesizing enzyme®™! or acyl transferase!. Investiga- 
tions of the relative ease with which an enzyme from various 
sources will hydrolyse a series of penicillins has revealed 
the existence of at least two types of enzyme?, one hydro- 
lysing phenoxymethylpenicillin much more readily than 
benzylpenicillin and the other hydrolysing benzylpenicillin 
much more readily than phenoxymethylpenicillin. Experi- 
ments on the hydrolysis of a series of penicillins with the 
Nocardia and Proteus enzymes? have shown that the 
enzyme of these organisms has preference for a particular 
side-chain, namely, the phenylacetyl side-chain, and that 
all deviations from this structure cause reduction in enzyme 
activity. These reports indicate that substrate specificity 
is governed by the nature of the side-chain of the penicillin. 
Very little work has been done on the effect of structural 
modification of the acylated: group on enzyme activity, 
but Huang, Seto and Shull? do report that the use of the 
amide or ester of benzylpenicillin and phenoxymethyl- 
penicillin or replacement of 6-APA by 7-aminocephalo- 
sporanic acid in various penicillins has only a minor effect 
on enzyme activity. 

The purpose of the present communication is to report 
that the penicillin acylase enzyme produced by a strain 
of Escherichia coli (B.R.L. 1040) is able to remove the 
phenylacetyl group from a wide range of phenylacetylated 
compounds and is thus not specific for the deacylation of 
penicillins and their derivatives. or for the cephalosporins. 
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Table 1. RATES OF HYDROLYSIS OF VARIOUS PHENYLACETYL DERIVATIVES 
BY THE AOYLASE ENZYME OF E. coli B.R.L. 1040 


Initialrate of hydrolysis* 
(umoles/ml./min) 


Phenylacetylglycine 0:12 
Phenylacetyl D-a-aminophenylacetic acid 0-00 
Phenylacetyl L-a-aminophenylacetic acid 0-092 
Phenylacetamide 0-072 
Benzylpenicillin 0-066 
Phenylacetyl e-aminocaproje acid 0-056 
Phenylacetyl DL-leucine 0-048 
Benzylpenicillin penicilloic acid 0:0144 


* The reaction mixtures consisted of M/100 substrate and E. coh D.R.L. 
1040 cells collected and resuspended at one-quartcr the density at which 
they occurred in the growth medium. The pH was kept at 8:0 by automatic 
addition of M/50 sodium hydroxide. The reaction mixtures were stirred nt 


C. 

The rate of hydrolysis for all compounds except benzylpenicillin was 
determined by assaying the liberated amino-acid or ammonia by the ninhydrin 
method using the appropriate standard curves. The rate for benzylpenicillin 
was determined by titrating the released phenylncetic acid with M/50 caustic 
soda solution. Similar results were obtained by assaying the released 6-APA 
using the biological assay after conversion to benzy penicillin with phenyl- 
acetyl chloride. 


The rates of hydrolysis of various compounds containing 
the phenylacetyl group are shown in Table 1. The rate of 
hydrolysis is markedly affected by the structure of the 
acylated compound and it will be seen that benzylpenicillin 
is not the best substrate. Substrate specificity experiments 
using E. coli B.R.L. 1040 have shown that there is a very 
close relationship between the structures of the acyl 
groups preferred for hydrolysis or synthesis of peni- 
cillins and those preferred for hydrolysis or synthesis 
of non-penicillins. From this it is inferred that the same 
enzyme is involved in both penicillin and non-penicillin 
reactions. This is supported by the fact that examination 
of the distribution of benzylpenicillin doacylase and 
phenylacetylglycine deacylase activities within & group 
of E. coli strains has shown that the two activities always 
occur together and in the same proportions. 

In keeping with other amino-acid acylase enzymes, for 
example, that of pig kidney", the E. coli B.R.L. 1040 
enzyme is specific for the hydrolysis of acylated L-«- 
amino-acids (Table 1). Phenylacetyl-L-«-aminophenyl- 
acetic acid was completely hydrolysed while the acylated. 
p-form was unattacked. The phenylacetyl derivatives of 
several DL-amino-acids were hydrolysed only to the extent 
of 50 per cent, but phenylacetylglycine was complotely 
hydrolysed. Benzylpenicillin, containing the acylated 
r-amino group, was also completely hydrolysed. 

Reaction of the E. coli B.R.L. 1040 enzyme with a series 
of penicillins has shown that benzylpenicillin and substi- 
tuted benzylpenicillins were the best substrates, and tests 
on a series of carboxylic acids for enzymatic coupling with 
6-APA showed that phenylacetic acid and substituted 
phenylacetic acids were the best substrates. When salts 
of various carboxylic acids were included in media used to 
cultivate the F. coli. B.R.L. 1040 only phenylacetie acid 
and structurally similar compounds were found to havo 
the good enzyme-inducing action observed by Kaufmann 
and Bauer?, phenylacetic acid being the best. 

The foregoing results indicate that E. coli B.R.L. 1040 
produces an acylase enzyme which has specificity for tho 
phenylacetyl group but which is not specific for penicillins. 
Tt is suggested that for the convenience of distinguishing 
this enzyme from other penicillin hydrolysing enzymes 
it be called a phenylacetylase. 

Experiments with Achromobacter sp. B.R.L. 1755 
(N.C.I.B. 9424) have shown that this organism produced 
an enzyme which hydrolyses phenoxymethylpenicillin 
more readily than benzylpenicillin, and the same enzyme 
preparation hydrolysed phenoxyacetylglycine more readily 
than phenylacetylglycine. Inasmuch as phenoxymethyl- 
penicillin is hydrolysed more readily than benzylpenicillin, 
this enzyme is similar to those produced by moulds and 
some Áctinomyoetos*:9:?, 

The hydrolysis of various N-phenylacetylated com- 
pounds, including benzylpenicillin by E. coli, suggests that 
penicillin amidase is an acylase which does not differ 
fundamentally from other acylase enzymes and is able to 
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hydrolyse: benzylpenicillin because -of its specificity 
for the phenylacetyl group. Liberation of 6-APA by 
deacylation of phenoxymethylpenicillin using preparations 
of animal tissue has already been reported**. Since then 
we have found that pig kidney acylase I (British Drug 
Houses, Ltd.), which will hydrolyse phenoxyacetylglycine, 
octoylglycine and hexoylglycine but not phenylacetyl- 
glycine, ‘will hydrolyse the corresponding penicillins, 
phenoxymethylpenicillin, . heptylpenicillin and pentyl- 
penicillin, but not benzylpenicillin. It seems probable 
that the liberation of 6-APA by enzymatic splitting of 
penicillins by preparations from various micro-organ- 
isms!-!!, animals and plants" is due to acylase enzymes 
which are specific for the acyl group present in the penicil- 
lin which is cleaved. 
I thank Dr. G. N. Rolinson for his advice. 
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Variety of Substrates for a Bacterial Benzyl 
Penicillin-splitting Enzyme 

Previous work on a cell-bound bacterial enzyme which 
catalyses a reversible enzymatic cleavage of benzyl 
penicillin to 6-aminopenicillanic acid (6-APA) and phenyl- 
acetic acid had shown that this enzyme represents an 
acyl transferase which, under suitable conditions, is able 
to synthesize penicillins by transferring acyl- and «a- 
&minoacyl residues from acylamino acids, acyl amides, acy]- 
ated bydroxycarboxylicacids,mercapto carboxylic acids, al- 
cohols, phenols and thiophenols to the amino group of 6- 
APA (refs. 1-3). Free amino-acids, ammonia, hydroxy- 
carboxylic acids, mercaptocarboxylic acids, alcohols 
phenol and thiophenol, liberated in the course of those 
reactions, may be considered to be hydrolysis products of 
the acyl compounds used. 


Table 1. HYDROLYSIS OF VARIOUS AOYL-COMPOUNDS BY THE PENICILLIN- 
SPLITTING ENZYME AT NEUTRAL REACTION 


+H,0 





—>glutamic acid + phenylacetic acid 


++ a-aminophenylacetic acid + 
glycine 


(1) Phenylacetylr-glutamie acid 
(2) Dr-a-Aminophenylacetyl glycine = 





+H,0 





—>a-phenoxypropionic acid + 


(3) DL-a-Phenoxypropionyl amide 
ammonia 


+H,0 





—> a-aminophenylaceticacid + 


(4) D-a-Aminophenylacety] methylester 
p methyl alcohol 


(5) Phenoxyacetylglycollie acid EHO.. phenoxyacetic acid + glycollic acid 


(6) p-Methoxy-phenoxyacety] thioglycollic acid $BO so snisthoxy phenoxy: 
acetic acid + thioglycollic acid 
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By means of. some representative reactions listed in 
Table 1 we wish to demonstrate that a hydrolytic cleavage 
of acyl- and «-aminoacyl compounds as mentioned 
above is not dependent on the presence of 6-APA. 

On the basis of these findings it is not the penicillin 
nucleus which seems to bo important for the substrate 
specificity of the enzyme, but rather the acyl residue, 
which may be linked to different compounds. Considering 
the impressive variety of enzymatic reactions including 
those not involving penicillins, the synonymous names 
‘penicillin amidase’ and ‘penicillin acylase’ proposed for 
this enzyme by several authors and discussed separately 
by Claridge et al.‘ and Huang et al.5 are not satisfactory. 

This communication forms part of a paper presented 
at the second International Fermentation Symposium 
(London, April 1964) under the title “A Bacterial Enzyme 
Cleaving Benzyl Penicillin". 
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Influence of Extraneous Ribonucleic Acid on 
the Differentiation of Hematopoietic Tissue 
in Chick Embryos 


EXPERIMENTAL results are given here which seem to 
confirm the work of several investigators!- concerning the 
ability of phenol-extracted RNA to stimulate protein 
synthesis in embryonic cells. 

It has, indeed, been found possible to increase somewhat 
the amount of hemoglobin synthesized by the isolated 
vascular area of the chicken embryo by the addition of 
phenol-extracted chicken reticulocyte RNA, rabbit 
reticulocyte RNA or total 3-5-day chick embryo RNA. 
Moreover, isolated fragments of the extra-embryonic 
region of the blastodisk have also been found to increase 
their potential for hemoglobin synthesis in the presence 
of chick embryo RNA added to their culture medium. . 

RNA extracted by & modification of the method de- 
scribed by Fraenkel-Conrat5 was suspended in chick Ringer 
and added to a yolk agar medium of the type recommended 
by Britt and Hermann*. Chick embryo blastodisks were 
explanted, washed in Ringer and transferred to the 
experimental medium after removal of the embryo at 
stages between 6 and 11 (Hamilton—Hamburger classifica- 
tion) such that the explanted tissue cultivated consisted 
mainly of presumptive hematopoietic tissue, particularly 
favourable for examining variations in net hemoglobin 
synthesis over a limited experimental period. 

After culture for 24 h, the explants were homogenized 
separately and determinations of hemoglobin, total RNA 
and residual proteins were carried out by the methods of 
O’Brien’, Ogur and Rosen? and Lowry?, respectively. 

It has thus been possible to record, in certain experi- 
mental series, an increase in the net quantity of hamo- 
globin synthesized over a 24-h period by the treated 
explants, cultivated on an agar yolk medium containing 
additional RNA. Similar effects were recorded with 
chicken reticulocyte RNA, rabbit reticulocyte RNA or 
chick 3:6-day embryo RNA. A differonce, varying from 
4 to 39 per cent was recorded between treated and control 
embryos (Table 1). It has not been found possible to 
detect a linear relationship between increase in concen- 
tration of added RNA. and the increase in hemoglobin 
synthesis. In fact, a concentration of 2 mg/ml, which 
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Table 1 
RNA Stage Control blastodisks Treated blastodisks 
origin and g Hb (ug) RNA (ug) Res. prot. Hb (ug) % increment RNA (ug) Res. prot. 
concentration (ug) Hb (ug) 
Chicken reticulocytes 8 7:05 + 0:05 26:2 165 845 + 0-19 19-9 30-6 166°6 
1 mg/ml, 9- 8-25 + 0:25 20:8 155 9-4 + 0-63 25:8 202 
= 9 90 + 0-005 24-1 145 105 +0 248 35:6 230 
9+ 11:2 + 081 22-1 140 196 + 07 20:2 152.5 
10- 11-4 + 0 30-8 180 164 +0 38-4 250 
10 145 + 007 31:0 240 1705 + 0:32 25 38-4 495 
10+ 155 + 025 43-8 340 2031 + 044 49-2 466-8 
Rabbit reticulocytes 6 5:3 + 025 21:1 143 63 + 0-86 20 33-0 163 
50 ug/ml. 8 ! 89 + 0-82 30:3 316 96 + 032 T8 34:0 332 
9 9-4 + 021 40-3 369 121 + 0-14 84 47:9 387°5 
10 156 + 02 51:3 410 200 + L0 28 48:60 | 445 
Rabbit reticulocytes 8 64 + L0 36-2 225 70 + 12 9-4 42-7 ] 270 
50 ug/ml. 9 82 + 024 49-0 300 $6 + 1:74 48 43-0 286 
; 10 1:4 + L6 45:0 353 137 + 1:85 22 50-2 382 
3-day chick embryos -8 74 +10 28:5 240 81 + 10 8 21:0 240 
50 ug/ml. 9 82 + L5 35:0 320 104 + 06 27 34:0 400 
: 10 106 + 20 29-3 320 13-8 + 09 30 35:0 100 
3-day chick embryos 8 6:3 + 0:36 23:3 160 81 + 0-44 29 28:5 180 
50 ug/ml. 9 8&9 + 079 31:3 250 19-1 + 0-18 35-6 33:2 | 280 
10 141 + 024 42:5 332 | 197 + 0-25 39 49-0 452 














was the highest concentration used, was found to be 
inhibitory in this system. 

Normal variations in net synthesis in control explants 
may mask to a cortain extent tho differences between 
treated and control embryos, but even if this were 80, the 
degree of stimulation of hemoglobin synthesis is in no way 
spectacular. The fact that anabolism in the embryonic 
coll is extremely rapid may explain the limited extent to 
which external RNA, entering the cell, may find vacant 
sites at which to interfere with normal metabolism. 
Added RNA may also be partly degraded by intracellular 
RNase. 

The effect of adding ribonucleic acid to the external 
medium may be greator in conditions creating a certain 
deficit in potential metabolism. It has, for example, been 
shown by Settle that explants of the anterior region of 
the chick blastodisk at the primitive streak stage only 
produce hemoglobin in 15 per cent of cases when grown 
on a rich albumen yolk agar medium. By adding 50 pg/ml. 
of chick embryo RNA to the medium, it was found possible 
to augment the number of such explants producing 
hemoglobin from 18 per cent (controls) to 73 per cent in 
treated embryos. 

Embryonic explants cultivated on purely mineral 
medium" did not respond to the presence of additional 
RNA; a rich agar medium containing yolk and albumen 
was required to obtain positive results. This may mean 
that ribonucleic acid molecules may only penetrate the 
coll in conditions favouring pinocytosis. 

Some exporimental results were negative, even in the 
conditions described, a result which seemed most easily 
explained by the degradation of ribonucleic acid under 
storage conditions or by intracellular RNase: the altered 
molecule may be inactive or even inhibitory. 

' The experiments described here used, in each case, a type 
of RNA the origin of which presupposed the possibility ofits 
being used by the embryonic cell, as such, without modi- 
fying the normal metabolism of the cell. The question. 
remains to be answored whether the embryonic cell 
responds more readily to RNA of homologous or heterolo- 
gous origin. The relative officiency of different types of 
RNA (transfer, ribosomal or messenger RNA) also needs 
to be established. It may be supposed that the RNA 
used in these experiments, extracted at room temperature, 
consisted mainly of cytoplasmic RNA, since further oxtrac- 
tions with phenol at 45° and 65° C provided two further 
fractions differing from the first in their sedimentation 
characteristics, specific radioactivity after labelling with 
phosphorus-32, and base composition. When the extrac- 
tion at 65° C is performed in the presence of sodium dodecyl 
sulphate, the resulting extract from chicken reticulocytes 
contains about 10 per cent DNA. The biological activity 
of the fractions extracted with hot phenol will shortly be 
tested. 











In conclusion, it may be said that while these experi- 
mental results appear to confirm the role of ribonucleic 
acids in specific protein synthesis, they neither prove nor 
disprove the possibility of obtaining a specific response 
from embryonic cells by such externally supplied RNA. 

This work was supported by Euratom (contract 016 -61 
10 ABIB). 
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Inhibition by a Carcinogenic Hydrocarbon 
of Incorporation of Tritiated Cytidine into 
Mouse Epidermal Cells 


EARLY effects of carcinogenic hydrocarbons on. tho cell 
cycle and on deoxyribonucleic acid (DNA) synthesis have 
been noted by several authors. McCarter and Quastler!:* 
found that 7,12-dimethylbenz[a]anthracene (DMBA) de- 
creases the rate of incorporation of *H-thymidine into 
DNA and prolongs the DNA synthetic phase of the 
generation cycle of mouse epidermal cells. Evensen? 
found that 3-methylcholanthrene alters the proportion of 
epidermal cells labelled with *H-thymidine in the hairless 
mouse. Jensen et al.‘ reported a reduction in uptake of 
*H-thymidine in various tissues of the mouse following the 
administration of DMBA, including some tissues in which 
tumours do not usually arise after treatment with this 
agent. Elgjo* reported that 3-methylcholanthrene changes 
the mitotic phase of the cell cycle over an eleven-woek 
period. We now report an early effect of DMBA on the 
synthesis of ribonucleic acid (RNA) in mouse skin. 

The mice used in these experiments were derived from 
the CFW strain obtained from Carworth Farms. New City, 
and have been maintained in this laboratory by brother- 
sister mating for 16 generations. 

The back of each mouse was shaved and 0-15 ml. of 0-05 
per cent DM BA. in acetone was applied to an area of 2 em? 
(ref. 6). After varying lengths of time the mice were killed. 
The full thickness of treated skin and a piece of adjacent 
untreated skin were excised, cut into-pieces 2-3 mm* and 
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incubated at 37? C in a shaking water bath for varying 
lengths of time in Tyrode’s medium containing *H- 
cytidine, specific activity 1-5 ¢./mM at a concentra- 
tion of 10 pe./ml. (Schwarz Bioresearch, Inc., Mount 
Vernon, New York). 

Pieces of skin incubated in Warburg vessels respired at 
& constant rate up to at least 6 h. This respiration was 
penicillin-resistant and totally inhibited by boiling for 
10 min. The rate of respiration was not altered to a 
detectable degree by DMBA treatment or the presence of 
the radioisotope in the incubating medium. The incubation 
procedure was used because doses of *H-cytidine up to 
500 uo. per mouse given by intraperitoneal, intracardiac 
or subcutaneous injection failed to produce any labelling in 
the skin when autoradiographs were stored for 2 months. 

The pieces of skin were removed from the incubation 
medium at times from zero to ll h, washed in water 
and fixed in formol saline for 5-7 days. Sections having a 
thickness of 5—7u were cut and autoradiographs wero 
prepared using Kodak ‘AR 10’ stripping film. The slides 
were examined using phase contrast. 

The epidermis bordering on a scissor cut, damaged by 
crushing, contained no grains and served for an assessment 
of the background count. Within a few u of the cut edge 
the grain count over epidermal cells increased sharply, 
remained at a constant level for 100-200u, then fell off 
again fairly quickly. This border of 100-200u was the 
area counted. The average grain count was determined 
for cells sectioned through the nucleus. 

Extraction of RNA with perchloric acid? removed 
approximately 90 per cent of the label from the sections. 
The DNA was not appreciably labelled by incubating 
pieces of skin in Tyrode’s medium containing ?H-thym- 
idine since the mice used were in the resting phase of the 
hair growth cycle. With *H-cytidine the pattern of label- 
ling was nuclear and nucleolar at early times, then later 
spread to include the cytoplasm. This pattern of labelling 
has been reported for RNA precursors by a number of 
authors®)®, 

Fig. 1 shows the progress with time of labelling in 
epidermal cells in Tyrode’s medium containing 2H- 
cytidine. Under the continuously labelled conditions, the 
control area took up more *H-cytidine than was taken up 
by the treated area. When the skin had been transferred 
to non-radioactive cytidine at 1 h, the percentage reduction. 
in grain count in DMBA-treated skin compared with the 
control was similar to that obtained under the continuous 
labelling condition. The results also indicated that there 
is no significant cytidine pool in epidermal cells’. 

Table 1 shows the effect of DMBA on the reduction in 
grain count at the indicated days after DMBA application. 
The ‘unwashed’ heading refers to experiments in which 
DMBA was left on, and the ‘washed at 1 h? heading refers 
to experiments in which the DMBA remaining on the 
surface was removed by diethyl ether at 1 h°. Each test 
was compared with its particular control. The results were 
expressed as a percentage reduction in grain count so that 
decreases at lesser and greater degrees of labelling would be 
additive without weighting the results in favour of the 
higher absolute decreases found at longer incubation times. 

It can be seen that there was a decrease (P «0-001) in 
grain count with DMBA treatment. Although the *washed' 
experiment showed a smaller decrease, it was still highly 
significant (P « 0-001). 


Table 1. Effect of DMBA on incorporation of *H-cytidine into RNA of 
epidermal cells measured by counting silver grains over sectioned nuclei 
of 300-600 cells from treated and adjacent control areas of mouse skin 


Time after DMBA 
application (days) 


Percentage reduction in 
grain count (mean + S.E.) 


Unwashed 
1 30-4 + 0-8 
3 36-5 + 1:9 
7 28:5 + 14 
Washed at 1h 
1 22:9 + 2:2 
16:9 + 1.7 
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Fig. 1. No. of silver grains per cell is plotted against the time of 


Incubation of the pieces of skin in Tyrode’s medium. Triangles represent 

continuous incubation in Tyrode's medium containing *H-cytidine. 

Circles represent incubation for 1 h in Tyrode’s medium containing 

carrier cytidine (100 times the concentration of the radioactive cytidine). 

Open figures represent values for skin to which DMBA was applied 24 

prior to time zero and solid figures Tepresent values for adjacent un- 
treated skin from the same mouse 


The differences in the percentage reduction in grain 
count between ‘washed’ and ‘unwashed’ conditions may 
be explained by the fact that tissue damage was observed 
histologically 3-5 days after DMBA treatment in the 
‘unwashed’ experiment, but not in the ‘washed? experi- 
ment. Earlier observations! had suggested that the 
tissue damage observed after DMBA treatment may be a 
side-effect unrelated to the initiation of a tumour. On 
present evidence it is not possible to implicate tissue 
damage as the factor responsible for the reduction in grain 
count in the ‘washed’ experiment. The possibility remains 
that the effect of DMBA on RNA metabolism may be 
related to the tumour-initiating effect of the hydrocarbon. 

In experiments in which the pieces of skin were changed 
from *H-cytidine to excess non-radioactive cytidine at 
lh a comparable percentage reduction in grain count in 
the ‘unwashed’ experiments was found (36-9, 44-0 and 
33-8 for 1, 3 and 7 days), but not enough determinations 
were made in the ‘washed’ experiments to give a reliable 
answer. These results indicate that there was a reduction 
in incorporation of *H-cytidine into the metabolically 
stable RNA. 

The decreased incorporation of *H-cytidine into RNA 
could reflect a number of changes including an absolute 
reduction in synthesis of RNA, increased production and 
utilization of endogenous precursors over an exogenous 
supply, more rapid degradation of the radioactive pre- 
cursors into non-precursor substances, inhibition of phos- 
phorylation of RNA precursors or the activation of an 
RNA exonuclease leading to breakdown of rapidly labelled 
RNA. Alternatively, a block in the cytidine deaminase 
reaction at any level of phosphorylation could allow in- 
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corporation. of label into the cytidine moiety only instead 
of into both cytidine and uridine. Because the skin is 
unfavourable from both a histological and biochemical 
point of view, this system cannot be used to resolve the 
possible mechanism of the effect of DMBA on *H-cytidine 
incorporation into RNA. Other systems are being investi- 
gated with this aim in mind.  ' 
One of us (N. R. S.) was a recipient of a scholarship of the 
Canada Council. The work was supported by grants from 
the National Cancer Institute of Canada. 
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Carrier-free (7-3H)-Testosterone 


Dure the course of clinical investigations being 
carried out here the need arose for tritium-labelled 
testosterone of very high specific activity. Although 
1,2-tritiatod androgens are available’, their use was 
procluded in this instance by the extensive loss of radio- 
activity which would occur during the metabolism of the 
steroid’. Carrier-free (7-3H)-testosterone acetate was 
prepared by catalytic reduction in pure tritium of 176- 
acotoxy-androstan-4,6-dien-3-one. 


A®-Testosterone acotatet5, m.p. 141-5°-142-5°, 
284 my (loge=4-40), AEB! 5-82u, 6-08u, 6-22u, 6:38u, 


X 
8:12u, was prepared by dehydrogenation of testosterone 
acetate with chloranil in :ert.-butanoli. The use of 
2,3-dichloro-5,6-dicyano-p-benzoquinone catalysed with 
hydrogen chloride? gave the dienone more conveniently 
and in better yield though mixed with about 10 per cent 
of tho 1,2-unsaturated isomer [ie 244 mp). This 
was unacceptable becauso chromatographic separation of 
testosterone acetate and its Al- and A*-unsaturated 
derivatives proved very difficult. 

The reactivity with respect to catalytic hydrogenation 
in neutral solution of the steroidal 4,5-double bond is 
exceeded only marginally by that of the 6,7-double bond’. 
This difference can be increased by conducting the reaction 
in anhydrous methanol in the presence of & small but 
critical concentration of alkali’. In a preliminary experi- 
ment, A‘-testosterone acetate (42 mg) in dry methanol 
containing 400 mg 1.-! of potassium hydroxide was shaken 
with pre-reduced 5 per cent palladium-on-charcoal 
catalyst (3:3 mg) under hydrogen at 1 atm. pressure, and 
allowed to consume 1-2 moles of gas. The solution was 
filtered, acidified with glacial acetic acid and evaporated. 
The steroid was separated from inorganic material by 
leaching with dry chloroform and crystallizing from 
methanol to yield testosterone acetate, m.p. 139°-141°, 
AE 241 mu (loge=4:21). The mixed melting point 
with an authentic sample showed no depression. Traces 
of the 178-acetoxy-androstan-3-ones were detected in the 
mother-liquor by vapour-phase chromatography. 

Using the foregoing conditions, a 60-mg sample of 
A®-testosterone acetate was reduced in carrier-free 
tritium gas to give testosterone acetate showing no 
selective absorption at 284 my in its ultra-violet spectrum. 


EtOH 
x max 
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This material was saponified with 0-2 N alkali in 
aqueous methanol and the resulting testosterono separated 
from saturated steroids by paper chromatography (What- 
man No. l paper; 19:1 isooetane-tolueno/80 por cent 
aqueous methanol) the zones being detected by auto- 
radiography. The testosterone was eluted from the paper 
and shown by ultra-violet spectroscopy and carricr- 
dilution analysis to have a specific activity of 30-8 curies 
mmole-. This value is consistent with tho formulation 
of the product as (7-*H)-testosterone, having arisen froin 
the initially formed (6,7-3H,)-testostorone by loss of the 
6-tritium atom through enolization. 

The tritiation was carried out at the Radiochemieal 
Centre, Amersham, by Dr. E. A. Evans, whom wo thank. 
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Saturated Hydrocarbons from Autoxidizing 
Methyl Linoleate 


EXAMINATION of the vapours of autoxidizing mothy! 
linoleate by gas-liquid chromatography has revealed the 
presence of several compounds with retention tines 
corresponding to methane, ethane, propane, butane and 
pentane. Identification of these compounds from nutoxi- 
dation of a purified unsaturated ester has not, to our 
knowledge, been previously reported. This finding 
confirms a prediction made by C. D. Evans et al. that 
low-moleeular-weight hydrocarbons would be produced 
by autoxidation of unsaturated fatty acids'^. They also 
reported saturated and unsaturated short chain hydro- 
carbons had been found in products from autoxidation of 
soybean oif. Buttery and associates idontified C; to C's 
normal saturated hydrocarbons in dehydrated potatoes, 
in which linoleic acid is the principal unsaturated acid in 
the lipids‘. They speculated that the hydrocarbons 
might have been formed in autoxidizing dehydrated 
potatoes by hexanal decomposition that had been cate- 
lysed by fat peroxides. However, our findings with 
methyl linoleate show that the saturatod hydrocarbons 
arise early in the autoxidation process, when aldehydes 
are either absent or present in undetectable amounts. 
Therefore, the hydrocarbons are being formed either by 
an extremely rapid decarboxylation of aldehydes present 
at a low steady-state concentration or by a totally 
different mechanism. Japanese workers identified cthano 
and higher molecular weight alkanes and alkencs from 
air-oxidation of soybean oil at 240° C (refs. 5 and 6). Their 
results cannot be compared with ours, however, because 
our ester was relatively pure and our experiments were 
performed at room temperature. 

We chose methyl linoleate as a simplified syst for 
studying rancidification in parboiled wheat products 
(bulgur), because linoleic acid is the principal unsaturated 
fatty acid in the lipids of whole wheat’. Tho original 
purpose of the experiments was to observe tho develop- 
ment of carbonyls produced by autoxidation of unsatur- 
ated fatty acids in a system free of the complications 
inherent in bulgur. 
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We placed 1-g samples of methyl linoleate (98 per cent 
‘purity, as analysed by gas-liquid chromatography) on 
purified glass wool in 50-ml. Erlenmeyer flasks, capped 
the flasks with aluminium foil, and exposed them to 
laboratory light at room temperature. Using a gas-tight 
- syringe, we withdrew vapour samples through the foil at 
intorvals and injected the vapour into a gas chromatograph 
equipped with a dual hydrogen flame detector and a 
7-ft. column containing ‘Apiozon M’ on firebrick. Initial 
vapour samples showed only the usual air peak. As 
autoxidation proceoded, we observod sharp peaks pos- 
sessing much lower retention times than any authontic 
aldehyde, ketono, or alcohol. These compounds produce 
wide peaks accompanied by some tailing. Tho sharpness 
of tho unidentified peaks suggostod that they were 
saturatod hydrocarbons. These sharp peaks began to 
appear after the ester had been exposed to air less than 
24 h, long before hexanal, pentanal, or higher molecular 
woight carbonyls appeared. 

Further confirmation of the saturated nature of tho 
compounds was obtainod by shaking 10 ml. of the vapour 
from the autoxidizing methyl linoleate with 1 ml. of 
concentrated sulphuric acid, which should absorb any 
olefines or oxygen-containing compounds. Only three 
symmetrical peaks persisted in the chromatograms after 
the sulphuric acid troatmont. Two of theso peaks were 
tentativoly idontifiod as butano and pentane by retention 
times. Tho ‘Apiezon’ column, which had been choson 
for its ability to separate carbonyls, failed to separato 
methano, othano and propane. 

In ordor to dotermine whether the third poak indeod 
consisted of methane othane, and propano, tho untreated 
vapours from autoxidizing methyl linoleate wero furthor 
analysed on a molecular sieve column. Five peaks 
possessing retention times corresponding to hydrocarbon 
standards were prosent in these chromatograms and 
porsisted after sulphuric acid treatment. Sulphuric 
acid-troated vapours of autoxidizing methyl linoleate were 
also run on a capillary column coated with General 
Electric silicone oil ‘S-96 (50). Because of losses from 
stream-splitting, only the poak corrosponding to pontane 
was of approciable size. 

In order to eliminato the possibility that the observed 
hydrocarbons wore artefacts, blanks woro run with each 
gas-liquid chromatography analysis. Tho blanks were 
prepared by withdrawing the appropriate volume of air 
from an aluminium foil-cappod 50.ml. Erlenmoeyor flask 
containing purified glass wool and thon injecting the 
required volume into tho gas-liquid chromatography 
apparatus. Chromatograms from the blanks showed only 
the initial air peak, whethor or not the sample had been 
shakon with concentrated sulphurie acid. 

The roference compounds, ethane, propane, and butane, 
wero synthesized from the appropriato alkyl bromide by 
the Grignard reaction. Boforo use, alkyl bromides were 
purified by distillation. Mothane was prepared by fusing 


Table 1. IDENTIFICATION OY HYDROCARBONS IN HEADSPACE FROM AUT- 
OXIDIZING METHYL LINOLEATE 


‘Apiezon M’ column* Capillary column} Sieve rr 
Aut- ut- Aut- 
Nic oxidizing Authen- oxidizing Authen- oxidizing 
tic 


ester tic ester tic ester 
sample vapours sample vapours sample  vapours 
Retention times (min) 

Methane — — — — 0-6 0-6 
Ethane — -— — — 12 12 

4-38 4-18 
Propane — — — — 2:2 2:2 
Butane 0:7 07 — -— 9:4 9-2 
Pentane 1-0 1:0 14:2 14:0 39:5 40-1 


* Column, 7 ft. by 1/8in. outer diam. stainless-steel, containing 10 per cent 
‘Apiezon M” on firebrick; nitrogen exit flow rate, 60 ml./min; column tem- 
perature, 100? C; chart speed, 101-6 cm/h. 

} Capillary column, 600 ft. by 0-02 in. internal diam. stainless-steel, 
coated with General Electric silicone oil ‘S F-96 (50)’; helium exit flow rate, 
12 ml./min; column temperature, 32° €; chart speed, 30-48 em/h. 3 

t Column, 2-5 ft. by 1/8 in. outer diam. stainless-steel, containing Linde 
molecular sieve type 54; helium exit flow rate, 33 ml./min; column tem- 
perature, 150° C; chart speed, 30:48 cm/h. 

$ Column temperature, 35° O. 
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C.P. anhydrous sodium acetate and C.P. potassium 
hydroxide. Pentane was obtained from a commercial 
source at & purity of 99 per cont and further purified by 
fractionation through a 20-plate ‘Nichrome’ helix-packed 
column. Each hydrocarbon gas was purified by shaking 
with concentratod sulphuric acid. 

In Table 1 the retention times of the five hydrocarbons 
tentatively identified in the vapours of autoxidizing 
methyl linoleate are compared with thoso of authontic 
hydrocarbons. Since ethane is present in tho vapours of 
autoxidized methyl linoloate in an extremely low concen- 
tration, this compound may bo an artefact produced by 
autoxidation of some other contaminating unsaturatod 
acid. Pentane is the major component, roprosenting more 
than 90 per cent of tho hydrocarbon fraction. 

Work is in progress to substantiate the identity and to 
determine the mechanism by which these hydrocarbons 
aro formed during the autoxidation of methyl linoleate. 


ROBERT J. HORVAT 
W. G. LANE 

H. Ne 
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A Second Naphthoquinone in Spinach 
Chloroplasts 


Durme the chromatography of lipids from spinach 
chloroplasts we have observed a compound which appears 
to be a form of vitamin K which is different from the 
well-known vitamin K,. The latter has previously been 
isolated from chloroplasts!? and is widely distributed in 
green plants?. 

This second naphthoquinone has been isolated by ex- 
tracting spinach chloroplasts (about 1,500 mg chlorophyll) 
with a heptane-propanol mixture’. The extract is 
chromatographed on a ‘Decalso’ column with heptane, 
10 per cent ether in heptane, and ethanol as the eluents. 
The 10 per cent ether fraction is then re-chromatographed 
on a 3:1 w/w 'Supercell' silicic acid column (5 em x 
25 cm). By eluting with heptane and collecting 10 ml. 
aliquots, the naphthoquinone can be seen within the 
first 30 fractions immediately following vitamin K.. 
The ultra-violet spectrum of the purified compound 
(Fig. 1) is similar to the vitamin K, and K, homologues 
except that the 269 my peak is absent. In this respect 
the new compound very much resembles the demethylated 
form of vitamin K, isolated by Baum and Dolin from 
Streptococcus faecalis’. Also the addition of the ethyl 
cyanoacetate anion gives a positive Craven’s test in the 
presence of sodium hydroxide which would indicate a 
demethylated compound’. The new quinone shows 


Table 1. CHROMATOGRAPHIC PROPERTIES OF THE NAPHTHOQUINONE AND 
DIFFERENT TYPES OF VITAMIN K. 


Ry in silica gel ‘R’ 


Quinone Benzene 30% ether in isooctane 
1 New naphthoquinone 0-56 0-02 
2 Vitamin K, 0-69 0-65 
3 Vitamin K, (610) 0-56 0:54 
4 Vitamin Ks (C20) 0-63 0-59 
5 Vitamin K, (C30) 0-69 0-01 
6 Coenzyme Qi, 0:30 0-37 
7  Plastoquinone B 0-80 0:79 
8 1and2 0-56 and 0-71 0:63 and 0:67 
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Fig. 1. Spectrum of new naphthoquinone in ethanol. ——, Oxidized form; 


— —-, after reduction with borohydride 


different chromatographic properties from vitamin K, 
on thin-layer silica gel ‘HZ’ in two different developing 
systems (Table 1), benzene and 30 per cent ethyl ether in 
isooctane’. The infra-red spectrum in carbon tetra- 
chloride indicates a K, compound rather than K, based 
on the analysis of Noll’... : 
` Using a millimolar extinction coefficient of 19, which is 
characteristic of the vitamin K series?, a maximum con- 
centration of 0-002 umoles/mg chlorophyll has been 
observed. From previous investigations of the specificity 
of naphthoquinones in assays of vitamin K activity it can 
be predicted that this compound would be difficult to 
detect in biological assays for vitamin K in plant material". 
This is the ninth quinone to be found in spinach chloro- 
plastsí, and its presence should be considered in any of 
the investigations of restoration of biological activity 
after solvent extraction. ` 
We thank Dr. O. Isler of F. Hoffman La Roche Co. for 
providing samples of vitamin K for chromatographic 
comparison. This work was supported in part by U.S. 
National Science Foundation grant G567. 
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Cellulase in Tomato Fruits 


THERE are only a few reports of enzymes from higher 
plants which can hydrolyse cellulose or water-soluble 
cellulose derivatives. Several reports show that malt 
extracts are capable of hydrolysing water-soluble cellulose 
derivatives?! and dispersed cellulose fibres^?. A. malt 
extract was found to hydrolyse reprecipitated cellulose 
more rapidly than a similar extract from barley seeds!. 
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There is a single report-that. potato sprouts hydrolysod 
the cellulose in cardboard’. Another report!? showed that 
sap from tobacco leaves and roots hydrolysed carboxy- 
methylcellulose and reprecipitated cellulose. In addition 
to tobacco, cellulase was found on single occasions In 
bean leaves, roots of beet and-woody nightshade, aspara- 
gus stems, and the flesh of vegetable marrow fruit. The 
enzyme. was not detected in tomato fruits or rhubarb 
petioles which had pH values of 4:3 and 3-4 respectively. 
The author mentioned that the pH was greater than 5 in 
all the saps in which activity was found. . 

Although cellulase has not been reported in fleshy fruits’, 
changes are known to occur in fruits during ripening which 
could be caused by cellulase activity. «-Cellulose do- 
creased in ripening pears*, and the diameter of the cellu- 
lose micelles in peaches increased during ripening’. Tho 
increase in diameter could have been caused by limitod 
degradation of cellulose microfibrils in the amorphous 
regions. i ! 

This communication roports the presence of an enzyme in 
tomato fruits which depolymorizes carboxymothylcellulose. 
A method of extracting the onzyme, in which pH is parti- 
cularly important, is doscribed. Enzyme assays wore carried 
out using Ostwald viscosimeters. The reaction mixture 
in the viscosimeter contained l per cent carboxymethyl- 
cellulose (‘CMC-7M’, Hercules Powder Co.), 0-1 N sodium 
acetate, pH. 5:0, 0-01 per cent merthiolato, and 2 ml. 
enzyme in a final volume of 10 ml. Enzyme activity was 
expressed in cellulase units. One cellulase unit is the 
amount of enzyme causing an increase in 1/‘sp (reciprocal 
of the specific viscosity) of 1 per mint. Initial preparations 
were made using methods similar to those used for extract- 
ing pectic enzymes**. Ripe unblemished tomatoes were 
homogenized 2 min, 100 V in a Waring blender with 
sufficient sodium chloride to give a 10 per cent solution. 
Merthiolate (0-01 per cent) was added immediately after 
homogenizing, and the pH was adjusted to 8-0 with 1 N 
sodium hydroxide. Solids were removed by centrifuging 
and filtering. The filtrate reduced the viscosity of 
‘CMC-7M” at pH 5-0 from approximately 13:5 to 6 centi- 
poisesin 5h. The relation between 1/nsp and time seemed 
linear until the viscosity dropped below approximately 
9 centipoises, so cellulase activity was calculated from the 
linear part of the curve. Assays were conducted at pH 4, 
5, 6 and 7-5. pH 5-0 gave the highest activity, and that 
pH was used in subsequent assays. Merthiolate (0-01 
per cent) did not affect activity. Completo inactivation 
resulted when 2-5 ml. of filtrate at pH 7:0 was placed in 
boiling water for 15 min in a l-em diametor test-tube. 
There was a marked difference in enzyme activity between 
mature green and ripe fruits. Filtrate from a samplo of 
5 mature green fruits contained 9 punits/ml., while filtrates 
from 5 similar samples of ripe fruits contained 93-174 
uunits/ml. 

The importance of raising the pH and the noed for 
sodium chloride were investigated using a homogenate 
from ripe fruits. A portion of the homogenate was made 
10 per cent in sodium chloride. Six 70-g samples of 
homogenato were taken, 3 containing sodium chloride 
and 3 having no sodium chloride. The 3 samples contain- 
ing sodium chloride wore adjusted to pH. 6-0, 7-0 and 8-0 
respectively. The samples lacking sodium chloride were 
treated in the same way. The yield of enzymo was 
decreased by sodium chloride, and it was increased by 
each increment of pH (Table 1). The pH. 7-0 filtrato, 
which lacked sodium chloride, was made 10 per cent in 
sodium chloride and assayed again. Cellulase activity 
was unchanged so the salt did not act as an inhibitor. 

The effect of neutralization is also shown in Figs. 1 
and 2. Dulpicate 70-g samples were takon from a homo- 
genate of ripe fruits. One sample was titrated to pH 8-0, 
and the other remained at pH 4-2. Filtrate from the 
neutralized sample contained 1,130 pgunits/ml uncor- 
rected for the addition of sodium hydroxide, while that 
from the unneutralized sample contained 68 yunits/ml. 
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Table 1. EFFEOT OF EXTRAOTION METHOD ON YIELD OF CELLULASE 


Homogenate Cellulase activity * 
titrated (uunits/ml. filtered tomato extract) 
to pH 10% NaCl `: No Nacl 
6-0 46 540 
TO 100 680 
8-0 260 810 


* Hach value represents enzyme activity from a different sample, 

Ripe, unblemished tomatoes were homogenized 2 min at 100 Vina Waring 
blender. Three samples were obtained from part of the homogenate which 
had been made 10 per cent in NaCl. These samples, and 3 others which 
lacked NaCl, were titrated to the given pH with 1 N NaOH. The samples 
woro >. Contrifugod and filtered and cellulase activity in the filtrate wes 

etermined, 


Table 2. ELUTION OF CELLULASE FROM THE INSOLUBLE FRACTION 
Volume of Cellulase Recovery 


Treatment supernatant activity (% of 
(ml.) (uunits/ml.) control) 
1. Control, titrated to pH 8-0 62-0 805 100 
2. Sample, pH 4-2 
upernatant, pH 4-9 52-0 53 
B Distilled water rinse 68-5 27 12 
C 2 » 25 71:0 22 
D 0:04 M sodium citrate, pH 8-0 66-0 271 
E » » » » 63:6 156 75 
F » » » n 61-5 143 
G 05M ,, n »» 346 28 


Firm ripe fruits were homogenized in a Waring blender at 100 V for 2 min. 
Two 70-g samples were taken from the homogenate, and one was titrated 
to pH 8:0. e insoluble fraction was removed by centrifugation, and the 
pellet from the unneutralized sample was yey ayes successively in solu- 
tions B-G. Cellulase activity was measured in the supernatants. 


The values were equivalent to 950 and 18 vunits/g fresh 
weight. Thus, in the unneutralized sample, 94 per cent 
of the enzyme remained adsorbed to the insoluble fraction, 
and activity in the filtrate was extremely low. In another 
experiment with ripe fruits (Table 2), a portion of un- 
neutralized homogenate was centrifuged, and the insoluble 
fractions were precipitated by centrifugation. The solids 
were suspended in distilled water and precipitated. The 
procedure was repeated with a second portion of distilled. 
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Fig. 1. Effect of tomato extracts on viscosity of carboxymethyl-cellu- 
lose (‘CMC-7M’). Firm ripe fruits were homogenized 2 min, 100 V in a 
Waring blender. Two 70-g samples were taken and one sample was 
titrated to pH 8:0 with 5-0 ml. N NaOH. The other sample remained 
abpH 42. Theinsoluble fraction was precipitated by centrifuging, and 
cellulase activity was measured in the supernatant fluid 
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Fig. 2. The relation between pH of extraction and cellulase activity. 
Data from Fig. 1 calculated as reciprocal of the specific viscosity. 
One unit of enzyme activity represents a change in 1/7sp of 1 per min 
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water and again with portions of citrate buffer at pH. 8-0. 
Most of the enzyme remained adsorbed to the insoluble 
fraction and was not brought into solution until extraction 
with the citrate buffer. The results suggest that cellulase 
could be concentrated by pressing the juice from a large 
sample of fruits and extracting the insoluble fraction with 
small volumes of alkaline buffer. Work is in progress to 
concentrate the enzyme and determine whether it can 
hydrolyse substrates other than carboxymethylcellulose. 

Neutralizing may also be necessary for efficient extrac- 
tion of cellulase from other plant tissues characterized 
by low pH. The pH may also be important for tissues 
which are low in acids, since 50 per cent more enzyme was 
araoa by raising the pH of tomato homogenates from 

to 8. 

Since cellulase activity increases during ripening, the 
enzyme may be involved in the ripening process. Although 
its- substrate specificity is not yet known, cellulase may 
act in conjunction with pectic enzymes to cause softening 
in ripening tomatoes. 
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Prevention by 2,4-Dichlorophenoxyacetic 
Acid of an Increase in the Rate of Phosphate 
Utilization, caused by the Prolonged 
Treatment of Segments of Pea Stems in 
Maleate Buffer 


WHILE examining the influence of 2,4-dichlorophenoxy- 
acetic acid (2,4-D) on the absorption of ions by epicotyl 
segments of etiolated peas, it was established that if 
freshly cut segments are first placed in aerated, distilled 
water or 0-01 M maleate buffer (pH 5:2) for 12 h, their 
ability to absorb and esterify inorganic phosphate in a 
given time (1 h) is increased 12-fold. This marked 
increase in tho rate of phosphate absorption necessitated 
further study before the effects of 2,4-D on the uptake of 
ions could be further elucidated. On the basis of this 
work, which has been reported elsewhero!, it is concluded 
that one of the basic changes occurring in the segments 
during the period in buffer or water is an increase in the 
rate of synthesis of protein, which in turn results in an 
increased rate of absorption of phosphate. An increased 
turnover of protein when pea segments were placed in 
water for 24 h was reported by Christiansen and Thimann? 
in 1950. Recently, Click and Hackett® have suggested 
that the increased respiratory rate and other metabolic 
changes occurring when potato slices ‘are similarly treated 
depend on the synthesis of new RNA and protein. 

It has now been demonstrated that the changes with 
time in the rate of absorption of phosphate can bo pre- 
vented if the fresh segments are placed in maleate buffer 
containing 2,4-D. The results given in Fig. 1 show that 
the change in the capacity to absorb phosphate is depen- 
dent on the concentration of 2,4-D; it is unaffected by 
15x 10-5 M, but is completely inhibited by 2x 10-4 M. 
The results bring out two further points. First, that if 
fresh segments are placed in 2x 10* M 2,4-D for 4 h and 
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are then transforred to maleate buffer, their ability to 
absorb phosphato starts to increase. Secondly, that the 
transfer of segmonts from maleate buffer to 2x 10-4 M 
2,4-D at 8 h arrests tho further absorption of phosphate, 
but doos not bring about a significant?decreaso. 


a wt./h) 
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Fig. X. The effects of placing freshly cut segments (1:0 cm) of pea 
epicotyls in 0-01 M. maleate buffer adjusted to pH 5-2 (O) or buffer 
containing 2,4-dichlorophenoxyacetic acid (2,4-D) at (a) 1-:5x 10-5 M 
(@) or (b) 2x 10-* M (gi — — BD on their subsequent capacity to absorb 
during 1h phosphate from 1x10 M KH;PO,. The arrows indicate 
when segments were transferred from 2 x 10-* M 2,4-D to maleate buffer 
at 4 h, or from buffer to the same[ concentration of 2,4-D at 8 h 
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The rate of loss of phosphate from 1:0 em segments of pea 
epicotyls when placed in (a) 0-01 M maleate buffer or (b) buffer containing 
2x10 M 2,4-dichlorophenoxyacetic acid. The segments were cut 
from plants of which the seeds had been soaked in radioactive phosphate 


Fig. 2. 
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Another series of experiments was carried out to 
determine whether there were substantial losses of 
phosphorus, as inorganic phosphate, from the segments 
during the period in buffer, since if this wore 80, & largo 
depletion of the pool of the endogenous phosphate would 
predispose the tissues to absorb exogenous phosphate. 

From Fig. 2, it is clear that segments placed in maleato 
buffer lose phosphate rapidly during the first 2 h. but, 
aftorwards, as the capacity to tako up phosphate increases, 
much of the phosphate is re-absorbed. On tho other 
hand, segmonts placed in 2 x 10-* M. 2,4-D lose phosphate 
progrossively throughout the experimental period, and 
over the 24 h, the amount lost represents about 40 por 
cent of tho total phosphorus originally contained by tho 


` segments. 


Sinco phosphato absorption is scomingly related to an 
increase in the rate of.protein synthesis! a reasonable 
extension is to postulate that 2,4-D prevents these changes 
by regulating, in some way, tho rato of synthesis of pro- 
teins. 

It is also evidont that theso significant biochemical 
changes must be taken into account when designing and 
interpreting oxperiments relating to the effects of auxins 
on tho growth of excised stom tissues. 
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Teratogenic Risks of Drug Synergism 


Ir is well known that the effectiveness of toretogens, 
measured either in incidence or in severity of resulting 
malformations, is frequently modified, in & plus or minus 
direction, by unrelated external conditions. The mechan- 
isms by which these modifying agencies operate are largely 
unknown. A little, if not a great deal more, is known 
about the role of drug interaction in teratogenesis. There 
are, for example, the facts of interference with esscntial 
metabolites, such as deprivation of available vitamins 
by competing analogues! or by blockage of their utiliza- 
tion in co-enzyme systems?. Then there are tho potentiat- 
ing effects of lowering the available sources of utilizablo 
carbohydrates* or of uncoupling oxidative phosphoryla- 
tion‘. Among the latter sources of synergism we found 
compounds, for example, 2-deoxy-p-glucoso and chlor- 
promazine, which when administered alone were non- 
teratogenic and which even in larger (and highly toxic) 
amounts did not produce malformations. Other com- 
pounds of this type, however, are themselves toratogenic, 
in dosages higher than those required for synergism, but 
the range of their interference with development may be 
more restricted than their synergistic activity. 

In the present enquiry we set out to dotermine if two 
compounds, which lead to related malformations when 
administered singly and in the requisite dosages, will 
interfere with normal development when individually 
harmless amounts are used in combination. The com- 
pounds selected for these experiments wero sulphanilamide 
and 6-aminonicotinamide, both of which act as teratogens 
in chick development, inducing the occurrence of similar, 
though not altogether identical, forms of micromclia and 
beak defects!:*:*, The results of duplicate tests are given 
in Tables 1 and 2. It can be seen that the administration 
of 300 y sulphanilamide or of 1-5 y 6-aminonicotinamide 
was non-toxic and a high percentage of the treated embryos 
lived to hatching. The hatching percentages in the first. 
test were, in fact, extraordinarily high; in the second 
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experiment tke relative hatches were somewhat lowor, due 
to atmospheric conditions of the advancing season, but 
still very good. In the two experiments in which only 
sulphanilamide was used, 294 embryos survived the 13th 
day of incubation; 99 per cent of these were normal, none 
had micromelia or an abnormal beak. Among 297 
embryos which after treatment with 6-aminonicotinamide 
reached the age of 13 days, 99-3 per cent were normal, 
none had micromelia and only one (0:3 per cent) had a 
parrot beak. To the entire harmlessness of the two 
compounds, in the dosages used, the data for combined 
administration of the same amounts form a truly dramatic 
contrast. The two tests yielded very similar results. 
Hatching was greatly reduced in both experiments. 
Instead of 99 per cent or more of the survivors of the 13th 
day being normal, only 20-7 per cent of a total of 275 
embryos were without gross defects; 78-9 per cent of the 
embryos and chicks were micromelic, with many showing 
an extreme and crippling form of micromelia; 63-6: per 
cent of the embryos and chicks diagnosed in the two tests 
showed a parrot beak or a shortening of the mandible; 
finally, 18-0 per cent of 183 chicks, which had hatched in 
the two tests with combined treatment, exhibited ataxia 
and chorea. 

Table 1. THE EFFECTS OF SULPHANILAMIDE AND 6-AMINONICOTINAMIDE 


INJECTED, SINGLY OR IN COMBINATION AND aT 96 Hours OF INOUBATION, 
ON DEVELOPMENT OF WHITE LEGHORN CHIOKS. MARCH 1964 


Sulphanilamide y/egg 300 300 — 
6-Aminonicotinamide y/egg — 15 l5 
No. treated 106 108 105 
Mortality (96) 
To end 6th day 2:8 T4 48 
7-13 1-9 28 1-0 
14-22 57 185 l0 
Hatched (96) 89-6 71:3 93-3 
Survivors of 13th day 101 97 99 
Normal (%) 99-0 19:6 , 100 
Micromelia (96) 0 80-4 0 
Parrot or short lower beak (96) 0 55-7 0 
Ataxia and chorea among hatched (95) 0 117 0 
Miscellaneous defects (9C) l0 0 0 


Table 2. REPETITION OF EXPERIMENT RECORDED IN TABLE 1, MAY 1004 
Sulphantlamide y/egg 300 300 — 
6-Aminonicotinamide y/egg — 15 15 
No. treated 212 206 219 
Mortality (%) 
To end 6th day 8-0 11-7 78 
7-13 0-9 1-9 1:8 
14-22 12:33 35-0 9-1 
Hatched (%) 78:8 51-5 81-3 
Survivors of 18th day 193 178 198 
Normal (%) 99-0 21:3 99-0 
Micromelia (%) 0 781 0 
Parrot or short lower beak (95) 0 68-0 0:5 
Ataxia and chorea among hatched (95) 0 22:6 0 
Miscellaneous defects (96) 1:0 2:8 0-5 


After the administration of highly teratogenic amounts 
of sulphanilamide or 6-aminonicotinamide (1 mg and 
10 y/egg, respectively), the forms of expression of micro- 
melia and beak defects tend to show subtle distinctions 
although their ranges overlap widely. Mean body-size 
is reduced after either treatment, but the dwarfing is 
usually more extreme following injection of 6-amino- 
nicotinamide. In our present results, obtained by com- 
bined administration of the two compounds, the skeletal 
symptoms (long bones, maxilla and mandible) partake of 
the whole range of abnormalities observed after separate 
injection of the two teratogens. There was, however, little, 
if any, reduction in body-size even in severely micromelic 
chicks. The occurrence of ataxia and chorea in this 
material is of interest since these are symptoms of nervous 
. dysfunction which occur following the administration of 
larger amounts of 6-aminonicotinamide, but have never 
been observed in experiments with sulphanilamide. 

The relatedness of the induced defects and the possi- 
bility'of complete protection with supplements of nicotin- 
amide indicate that the intra-embryonic effects ofsulphanil- 
amide and 6-aminonicotinamide pertain to a particular 
chain of metabolic events and its end-product. There is 
also evidence, however, in addition to the slight dis- 
similarities of phenotype to which reference has- been 
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made, that different steps within this chain are affected 
by tho two compounds. This is strongly suggested by the 
fact that 2-deoxy-D-glucose is a potent synergist of the 
teratogenic activity of 6-aminonicotinamide, but does not 
potentiate the results of injected sulphanilamide. 

It is clear from the foregoing that altogether husisss 
amounts of potentially teratogenic substances may in 
combination produce powerful synergism and thereby a 
high incidence of severe malformations. Moreover, 
we have demonstrated in earlier experiments that non- 
teratogenic compounds may also act as highly effective 
synergists. The cautionary consequences of these facts 
should not require emphasis. 

Our work was supported by a grant from the National 
Science Foundation. 


We wish to dedicate the present observations to the 
memory of that wise and courageous woman—Rachel 
Carson. 
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Blood Velocity telemetered from Untethered 
Animals 


THE magnitude of tho change in frequency of sound 
back-scattered in moving blood is a measure of the 
velocity of the blood^?. We have used this principle to 
design a system for telemetry of blood flow information 
from the major vessols of healthy, active, totally un- 
restrained animals. 

Cylindrical plastic flow probes were clamped around 
blood vessels during an aseptic surgical procedure. A 
piozo-electric crystal (lead zirconate) mounted in one wall 
of the cylinder emittod a continuous 5-Me/s sound 
beam diagonally through the blood vessel wall into the 
contre of tho blood stream. A second piezo-electric 
crystal, mounted in the opposite wall of the cylindor, 
Sorved as a sensor for the sound back-scattered from 
within the blood stream (Fig. 1). The magnitude of the 
difference in frequency between the emitted sound and 
the back-scattered sound was proportional to the velocity 
of the blood within which the sound was scattered, as 
described by the Doppler equation: 


2 Fev cosa 
(F,- F) = F = — A — 


where: F = absolute difference in frequency between 
emitted signal frequency, Fe and the 
received signal frequency, F, 
velocity of scattering medium. 
angle between acoustical axes and blood 
velocity. 

C = velocity of sound in blood. 
For typical application : 


v 
a 


e = 5x10% c/s 
O = 1:5 x 105 cm/sec 
cosa = 0-7 


v ranges from 0 to 150 cm/sec so that F ranges from 
0 to approximately 7:5 x 10? c/s. 


An electrical signal was developed with a frequency 
equal to the Doppler shift between the emitted and back- 
scattered signals. This audio-frequency signal modulated 
the frequency of a 100-Me/s oscillator. The resultant 


No. 4944 August l, 1964 


EMITTER 
CRYSTAL 






TRANSMITTER W 






100 MC, FM 


ANTENNA 
OSCILLATOR 
RECEIVER 
ANTENNA FM 






RECEIVER 


COMMUNICATION 


NATURE 529 


PLASTIC 
CYLINDER 









5 MC, AM 





RECEIVER 







AUDIO 
FREQUENCY 
METER 







TO 
RECORDER 


Fig.1. Block diagram of method for telemetry of blood flow information using Doppler shift ultrasonic flowmeter 
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Fig. 2. Representative wave forms of flow telemetered from untethered animals: circumflex arterial flow in walking greyhound; flow through 
_the root of the aorta in an exercising baboon; and flow through the terminal abdominal aorta in a somnolent boxer 


FM/FM signal was transmitted from the animal to a 
remote frequency modulation tuner. The audio-frequency 
signal from the tuner was coupled to a frequency meter, 
and the voltage from the frequency meter was recorded 
in terms of blood velocity. 

The emitter crystal was excited by a miniature (2 cm 
x 1:5 em x 1-5 cm) 5-Me/s oscillator, with a power con- 
sumption of 100 mW. The acoustical power was esti- 


mated to have been less than 200 mW/em?. A miniature 
(2em x 2cm x 9cm) low-noise, tuned radio-frequency 
receiver was used to amplify and detect the back-scattered 
signal. The power consumption of the receiver-amplifior 
was 30mW. The 100-Me/s oscillator-transmitter con- 
sumed 50-mW power. Its size was 2cm x 2em x 6cm. 
The ontire assembly was powered by two Mallory TR 
136 R batteries and had a continuous operating time of 
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100h. When used in animal experiments, the components 
were assembled into a small packet which was carried on 
a harness (dogs, seals) or built into a plastic helmet 
(baboons). A simple loop of wire served as the trans- 
mitting antenna. The FM receiver was a standard 
‘Hi-Fi’ tuner located as much as 300 m away from the 
experimental animal. 

Zero flow-levels were obtained by opening the input to 
the frequency meter. This procedure has proviously 
been demonstrated to simulate occlusion of the vessel 
(Fe = F,, F = 0) and yields a reliable measure of 
zero flow levels!?._ The frequency meter was calibrated 
against an audio-frequency standard and the blood 
velocity was computed using the Doppler equation. 

We have used the Doppler sonic blood flow telemetry 
system for measurement of blood flow through the major 
artories of free ranging dogs, and the ascending aorta of 
baboons in an outdoor enclosure. In addition, we have 
measured blood flow through the carotid, iliac and 
flipper arteries of elephant seals in their natural habitat 
on Guadalupe Island off the coast of Mexico. In the 
latter caso, blood flow was telemeterod from animals on 
the beach to recording instruments on a research ship 
situated 200 m off shore. In another application, 
blood flow through the ventral aorta of sharks swimming 
in the ocean was telemotered to recording instruments 
on shipboard. 

The Doppler shift sonic method for measurement of 
blood flow has proved to be well suited for telemetry of 
flow information from violently exercising, untethered 
animals. The simplicity and low-power consumption 
of the system are compatible with the small packaging 
requirements of telemetry from animals. The instrumont 
is froe of base-line drift. Drift in sensitivity is proportional 
to drift in the crystal excitation frequency, which can be 
held essentially constant, and to variations in the velocity 
of sound in blood which have been found to be negligible. 
The flow information from the 5-Me/s receiver-amplifier is 
in the form of a frequency modulated, audio-froquoncy 
signal, which allows the use of standard FM/FM telemetry 
techniques without tho necessity of including a separate 
sub-carricr oscillator. 

This work was supported by U.S. Public Health Service 
grants HE-08337, HH-08433, and HE-08323. The 
elephant seal experiments were part of a combined 
examination of the cardiovascular adaptation to diving 
carried out on Guadalupe Island under the direction of 
P. F. Scholander of Scripps Institution of Oceanography. 
We thank the Institute for Comparative Biology of the 
San Diego Zoological Society for tho use of their laborator- 
ies and facilities. 
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Hyperpolarizing Action Potentials recorded 
from the CEsophagus of Ascaris lumbricoides 


THE csophagus of Ascaris is a stout cylindrical organ 
up to 7 mm in length and more than 1 mm in diameter, 
which in fresh preparations is often seon to contract 
rhythmically. Vigorous contractions are also elicited by 
brief electric pulses applied directly to its surface. 
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Goldschmidt! demonstrated, sixty years ago, that 
although 33 cells build up the esophagus, their boundaries 
are lost. Therofore, the entire organ may be regarded as 
a tubuler, multinucleatod, single coll. In cross-sections 
short bundles of myofibrils are seen to extend between 
the tri-radiate lumen and the external surface?. 

If & capillary glass microelectrode is inserted into the 
wall of a quiescent cesophagus, a steady potential of up 
to 10 mV is recordod between the cytoplasm and the 
external solution (cytoplesm negative). In contrast to 
this small resting potential the contractions of the 
cesophagus, both spontaneous and those which follow 
applied stimuli, are accompanied by slow, all-or-nothing, 
action potentials up to 110 mV in amplitude. 

Although the shape of these action potentials resembles 
those recorded from many other cells their polarity is 
most unconventional. The main initial phase is a large 
negative deflexion which increases the potential difference 
across the surface of the esophagus to a maximal peak 
value of about 100 mV. 

Fig. 1 shows three such action potentials superimposed 
on the same frame of film. While the rising, that is, 
hyperpolarizing, phase is smooth and relatively fast 
(maximal rate of potential change about 10 V/sec) the 
falling phase is slower and more complex. A fairly 





Fig. 1. Three superimposed action potentials recorded with a capillary 
microelectrode inserted in the wallof Ascaris esophagus. The horizontal 
line shows the zero base-line. Downward deflexion of the trace indicates 
negativity of the microtip with respect to the bath electrode. The action 
potentials were elicited by three brief electric pulses of increasing 
strength, see artefacts. Vertical bar: 40 mV; horizontal bar: 0-1 sec 





Fig. 2. Action potential recorded from Ascaris esophagus. It differs 

from those in Fig. 1 by the shelf in the falling, that is, depolarizing, 

phase (see text). Vertical bar: 10 mV; horizontal bar: 0-1 sec. Hori- 
zontal line indicates the zero base-line 
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Fig.3. Rhythmic action potentials recorded from an Ascaris esophagus 

‘which exhibited spontaneous mechanical activity. Marked repotentials 

are seen to precede each negative spike. Vertical bar: 10 mV; horizontal 
ar: 1 sec 





Fig. 4. Negative-going local responses following the injection of inward 
(that is, hyperpolarizing) membrane current into the osophageal wall. 
Upper trace monitors the applied current; vertical bar: 10-5 amp. 
Lower trace shows the potential recorded between the microtip inserted 
into the esophageal wall and the bath electrode. The largest local 
response gave rise to an action potential which flared up 30 msec after 
the end of the current flow. Vertical bar: 5 mV; horizontal bar: 20 msec 


constant feature is the occurrence of a sudden decrease in 
the rate of depolarization before the potential reaches the 
initial base-line (Fig. 1). Frequently, the process of 
depolarization may come to & complete standstill at this 
point and, as a consequence, a plateau or sholf lasting up 
to 3-4 sec is observed (Fig. 2). 

From this level, the potential does not return directly 
to the resting value but undergoes a phase of reversed 
polarity reminiscent of a negative after-potential. This 
brief positivity of the cytoplasm appears in the records 
as a small peak of rather constant amplitude, about 10 mV. 
Thereafter, the potential returns very slowly to the 
initial base-line; half-decay times of up to 0-8 sec have 
been measured. 

The position of the microelectrode tip within tho 
cesophageal wall is not very critical and it can bo shifted 
radially over distances of 200 or 300 y without producing 
appreciable changes in the amplitude of the action potential. 

The spontaneous rhythmical contractions of the 
cesophagus are accompanied by trains of similar action 
potentials in which the negative spikes are often preceded 
by marked prepotentials; a mirror-image of those 
recorded from neural and muscular pacemakers (Fig. 3). 

Other experiments, to be described in full elsewhere, 
have shown that the injection of current into the cesopha- 
geal wall with help of a micropipette gives riso to electro- 
tonic potentials which sproad decrementally over the 
giant cell. Action potentials are elicited by a sufficiently 
large flow of inward. that is, hyperpolarizing, current 
across the surface of the cesophagus. 

A further mirror-image correspondence between the 
cesophageal action potentials and conventional excitation 
processes is the occurrence of nogative sub-threshold 
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local responses. ‘These are particularly clear-cut following 
brief anelectrotonic potentials (Fig. 4). 

Hyperpolarizing responses with an overall shape 
resembling the potentials described here have been 
described by several authors (cf. Grundfest*). Howover. 
such responses were obtained during the injection of 
polarizing current into cells immersed in modified ionic 
solutions. In contrast, the negative spikes found in the 
cesophagus of Ascaris are spontaneous and self-propagating 
events. When elicited by external stimuli of just threshold 
strength they are seen to flare up with a considerable 
latency after the end of the stimulus artefact (Fig. 4). 

Tn all the experiments described here, tho esophagus 
was immersed in 30 per cent sea-water (v/v); & solution 
isotonic with .Ascaris tissues the ionic composition 
of which resembles that of the perienteric fluid of the 
worm. Somatic muscle cells of Ascaris surrounded by this 
saline exhibit a conventional electrical bohaviour*^?. 

An interesting similarity also exists between the slower 
cesophegeal action potentials, showing a shelf (Fig. 2) and 
the hyperpolarizing potentials recorded by Brown and 
Wiesel’, from the cat’s retina. 

Although one cannot exclude the possibility that the 
foregoing findings may be the result of bizarre structural 
factors yet to be revealed, all the available experimental 
evidence suggests that we are dealing with action poten- 
tials generated across the surface layers of the giant 
cesophageal cell. In spite of the inverted polarity the 
electrogenic properties of this cell resemble those of cells 
producing positive-going, that is, depolarizing, action 
potentials. 

This research was supported by grant NB-02021 05 
from the National Institute of Neurological Diseases and 
Blindness, U.S. Public Health Service. 
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Hepatic Inactivation of Angiotensin 


HYPERTENSION induced by renal artery stenosis can be 
cured in dogs by a reno-portal venous shunt, according to 
Aoki!. A possible explanation is that the affected kidney 
liberatos angiotensin which is in turn inactivated when 
passing through the liver. The possibility of such nar- 
tivation was explored by comparing in rats the pressor 
response of angiotensin injected through the jugular vein 
and the portal system. 

Twonty-nine Wistar rats, weighing 250 350 g. were 
anesthetized with 20 mg/100 g body-wt. of tribromo- 
ethanol intraperitoneally and the height of the blood 
pressure response recorded through the carotid using u 
Telco strain gauge. ‘Hyportensin Ciba’ was made up to 
2 ug/ml. of saline at pH 5-6 or saline adjusted to pH 11-7 
with sodium hydroxide. Noradrenaline was dissolved in 
saline, 20 ug/ml. Polyethylene tubing was connected to 
the jugular vein, the femoral artery or the portal vein 
(or greater mesenteric). Either 1 pg of angiotensin or 
10 ug of noradronaline was given each time. the injection 
volumo being kept constant at 0-5 ml. (administered 
within 20 sec). 
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Fig.1. Effects ofroute of injection on pressor responseinrats. Figuresinside columnsare average Tesponse (mm mercury and standard deviation). 
J, jugular vein; P, portal vein; F, femoral artery 


The pressor rosponso of angiotensin via the portal 
system was reduced by 70 per cent in comparison with 
that injected into the jugular vein (col 1). When tho 
femoral artery was used, the extent of the reduction was 
signifieantly inferior, being only 24 por cent (col. 2). 
Cols. 3 and 4 show that tho losses of response of nor- 
adrenaline going through the portal vein (32 por cont) 
and tho fomoral artery (37 per cent) were not significantly 
different from each other (P «0-2). The pressor activity 
of angiotensin alkalinized to pH 11-7 was increased by 
21 per cent (col. 5); the degree of its inactivation by the 
liver circulation was almost identical to that of angiotensin 
at pH. 5-6 (cols. 6 and 7). 

The results indicato that angiotcnsin, but not nor- 
adrenaline, undergoes a significantly greater destruction 
in one passage through the liver circulation than through 
the peripheral capillaries. We ascribe this finding to livor 
angiotensinase, the role of which in angiotensin meta- 
bolism has been strossed by other data: (a) tho in vitro 
degradation of angiotensin by liver tissue is well estab- 
lished’; (b) after administration of tritiated angiotensin 
to nephrectomized rats, more radioactivity is found in the 
liver than in other organs, in the form of metabolic frag- 
ments*; (c) a significant increaso in plasma angiotensinase 
activity is found in patients with hepatic disorders such 
as cirrhosis, hepatitis, cholestasis? and toxemia’. It is 
suggested that the liver may play a specific and important 
part in the metabolic inactivation of circulating angio- 
tensin. 

Although of smaller magnitude, the peripheral inactiva- 
tion of angiotensin is nevertheless of significance and is in 
line with measurements of circulating angiotensin: when 
infused into the femoral artery of the isolated hind limb 
of a dog, very little of the hormone could be detected in 
the effluent®; when infused into the controlateral arm of 
normal subjects, much less angiotensin was recovered 
from the antecubital vein than from the humeral 
artery? 4. 


Like Paladini e£ al.!°, we found that alkalinization 
potentiates the pressor activity of angiotensin, but to a 
smaller degree (21 per cent) than that reported by those 
authors (66 per cent), probably because we used greater 
amounts of hormone per injection. Our attempt to find 
out whother this potentiation was partly due to an 
increased resistance to liver angiotensinase has shown 
that this is not tho case. 
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Oligohydramnios and Cortisone-induced 
Cleft Palate 


Ir has been suggested! that cortisone disturbs the 
closure of the secondary palate of mouse embryos by 
interfering with the development of an intrinsic motive 
force within the palatal processes. The force is thought 
to be dependent on the accumulation in the palatal 
mesenchyme of substances which give positive results 
with histochemical reactions for acid mucopolysaccharides. 
The marked variation in the incidence of cleft palate 
induced in different strains of mice by similar doses of 
cortisone has been attributed to differences in the rate 
at which the intrinsic force develops’. Subsequent 
workers?* have been unable to detect histochemical 
differences between palatal tissues of control and cortisone- 
treated embryos. Although cortisone diminishes the 
incorporation. of 35S-labelled sulphate in the tissues of 
treated embryos, ib has proved impossible to distinguish 
between autoradiographs of palatal tissue from strains 
with a high and those with a low incidence of cortisone- 
induced cleft palate’. At the time of palatal closure, 
there is a marked similarity between the distribution of 
acid mucopolysaccharides in the palatal mesenchyme 
of mouse and rat embryos, but cleft palate has not been 
observed in the progeny of cortisone-treated rats?. 

The purpose of this communication is to report that 
cortisone reduces the volume of amniotic fluid surrounding 
mouse and rat embryos during the period of palatal 
closure, and to offer an explanation for interstrain and 
interspecies variation in the incidence of cleft formation 
which is based on morphological criteria. 

Pregnant mice of the inbred strains A/Gr, C57BL/Cbi 
and CBA/Cbi were treated with 2-5 mg of cortisone from 
the 11th to the 14th days of pregnancy, and the embryos 
were recovered both before and during the period of 
palatal closure. These embryos exhibited an attitudo of 
extreme flexion when compared with control embryos 
at similar stages of development. Indirect estimations 
of the weight of amniotic fluid, obtainod by subtracting 
the weight of the embryo and placenta from that of the 
whole conceptus, showed a definite reduction in the 
weight of fluid associated with cortisone-treated embryos. 
Direct measurements were therefore made of the volume 
of ‘fluid associated with normal and treated embryos 
recovered on the 14th and 15th days of pregnancy. In 
each strain there was a tendency for the volume of fluid 
surrounding treated embryos to be less than that associ- 
ated with untreated embryos of similar morphological 
age and weight (Fig. 1). Published criteria for assessing 
the morphological age of mouse embryos* required 
modification to avoid the excessive rating of treated 
embryos due to premature ‘closure’ of the external 
auditory meatus. 
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Fig. 1. Relationship between volume of amniotic fluid and emb i 
weight. Normal embryos, solid lines. Cortisone-treated eanryo8, 


interrupted lines. Each regression line is based on results obtained 
from 10 litters 
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The cause.of the reduction of amniotic fluid has not 
been established. No gross abnormalities have been 
observed in the heart and renal tract of treated embryos, 
and the possible oxistonce of localized changes in renal 
glomeruli and tubules is being studied. A preliminary 
analysis of data obtained from the present exporiments 
indicates that in all three strains of mico there is a tendency 
for the placentze of embryos from troated litters to weigh 
less than those of control embryos of similar weight. 
Furthermore, at any given placental weight thoro is a 
tendency for placente from treated litters to be associ- 
ated with smaller volumes of amniotic fluid. 

The placentze of treated embryos were macroscopically 
normal, but the membranes were invariably discoloured 
by a band of pigmentation which extended around the 
antimesometrial surface of the conceptual sac, adjacent 
to the decidua (Fig. 2). Much less extensive pigment- 
ation was occasionally ‘observed in a similar situation in 
the membranes of untreated embryos at earlier stages 
of development. 





Fig.2. Cleared preparation of part of a pregnant uterus from a cortisone- 
treated A strain mouse showing the band of pigmentation. (x 6) 


The volume of amniotic fluid surrounding rat embryos 
during the period of palatal closure was also reduced in 
pregnant rats of the Chester Beatty albino and Lister 
Institute hooded strains which had been treated with 
25 or 50 mg of cortisone from the llth to the 15th days 
of gestation. There was macroscopical evidence of 
degeneration at the edges of the treated placent:w, but 
pigmentation of the membranes was seldom observed. 

During morphogenesis of the secondary palate there 
is a change in spatial relationship between the tongue 
and the palatal processes. This change has becn ex- 
pressed quantitatively by obtaining from histological 
sections of embryos prepared by standardized techniques 
measurements of the longitudinal growth of the cranial 
base and Meckel’s cartilage, and of the angular relation- 
ship between them. Since the cranial end of Meckel’s 
cartilage cannot be identified on median sagittal sections, 
longitudinal growth of the lower jaw has been arbitrarily 
defined as the distance between the anterior extremity 
of Meckel’s cartilage and the caudal end of the posterior 
cranial base (Fig. 3). 

At the commencement of palatal closure in the rat 
embryos, the cranial base is flexed in the region of the 
craniopharyngeal canal. The point of flexion serves to 
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Fig. 3. Diagram illustrating portions of the chondocranium seen in 

median sagittal sections. Anterior extremity of Meckel's cartilage (M); 

eraniopharyngeal canal (C); angle 7 decreases as the anterior cranial 
base extends; angle B is reduced in cortisone-treated embryos 


divide the base into anterior and posterior portions. 
As palatal closuro progresses, there is a gradual reduction 
in the angulation of the cranial base, and when fusion 
of the processes is complete, the long axes of the two 
portions of the base form a straight line. The amount 
of flexion in the cranial bases of C57B.L and CBA mouse 
embryos at the onset of palatal closure is less than that 
observed in the rat embryos, but considerably greater 
than the amount present in embryos of the A strain in 
which the cranial base is almost straight before closure 
commences. There is also a definite tendency in the A 
strain embryos for the long axes of the posterior cranial 
base and Meckel’s cartilage to be closer together, It 
is uncertain whether tho differences noted in the A strain 
are entirely due to the greater morphological maturity 
of these embryos, for at the time of palatal closure there 
is a considerable degree of uniformity between the length 
of the cranial base and Meckel’s cartilage in the three 
strains of mice. 

In mouse embryos from cortisone-treated litters there 
is a tendency for the angle formed botween the long axes 
of the posterior cranial base and lowor jaw to be smaller 
than normal. The dorsum of the tongue is closer to the 
roof of the mouth and extension of the anterior cranial 
base occurs more rapidly than in untreated embryos. 
Extension (that is, reduction of the angle T in Fig. 3) 
is particularly rapid in treated CBA embryos which have 
the greatest reduction of amniotic fluid. The incidence 
of cortisone-induced cleft palate in the CBA and C57BL 
strains is reported to be 20-25 per cent and 17-18 per 
cent respectively, but in the A strain it approaches 100 
per cent. This difference cannot be attributed to a 
greater reduction of amniotic fluid in the A strain, but 
it is suggested that it can be explained if the reduction 
of amniotic fluid is considered in conjunction with the 
configuration of the cranial base at the commencement 
of palatal closure. 

The possession of a flexed cranial base may provide 
an embryo with a greater available range of movement 
in the anterior part of the head which could assist in 
overcoming minor degrees of malrelationship between the 
tongue and the palatal processes. Rat embryos possess a 
considerable range, and in spite of a reduction in the 
volume of amniotic fluid, their palatal development is 
not disturbed by cortisone. The rango is less in C57BL 
and CBA embryos, but the majority appear to adjust 
themselves to the effects of cortisone by the rapid ex- 
tension of the anterior cranial base. Embryos of the A 
strain have virtually no available range of movement 
because the cranial base tends to be almost fully extended. 
before palatal closure commences. In addition this 
strain possesses less space between the cranial base and 
lower jaw. It is possible that they respond to reduction 
of this space by a more rapid extension of the anterior 
cranial base, but in this strain the available range of 
movement is insufficient to allow the anterior thirds of 
the palatal processes to clear the dorsum of the tongue 
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before they are immobilized by extension of ossification 
from tho maxilla. ; 

In this explanation of the interstrain and interspecies 
variations in the incidence of cortisone-induced cleft 
palato, no reference has been made to the presumed 
effect of cortisone cn the mesenchyme of the palatal proces- 
ses. It is probablo that cortisone influences the maturation 
of embryonic connective tissue; but in view of the morpho- 
logical changes noted here, it seems unlikely that palatal 
closure is wholly dependent on the existence of an 
intrinsie force within the palatal processes. 

Tho demonstration of a reduction in the volume of 
amniotic fluid provides a direct link between the palatal 
clefts produced by cortisone and those following the 
withdrawal of amniotic fluid. Since the incidence of 
cortisone-induced cleft palate can be influenced by 
genetic factors, embryos from crosses between A and 
C57BL mice may help to demonstrate the extent to 
which oligohydramnios is a contributing factor to the 
etiology of this malformation. 


J. W. S. Harris 
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H/EMATOLOGY 


Fibrinolysins from Fibrin Clots 


TEREE fibrinolytic agents have been encountered in 
fibrin clots. The first was described as lytic factor in an 
earlier communication’. It was extracted with borate 
from trypsin-digested clots. It has since been found that 
extraction can be carried out successfully with 0-9 per 
cent sodium chloride and other salt solutions. Active 
preparations contained a 17-ketogenic steroid and were 
inactivated by B-glucuronidase and by heating at 56° C 
for 30min. The inhibitory effect of potent lytic factor on 
the clotting of fibrinogen by thrombin or aqueous clot 
extract! was very marked. An amount of 0-0004 ml. 
prevented fibrin formation, while with 0-0002 ml. only a 
partial clot was produced. With recaleifed oxalated 
plasma different reactions were observed. One-hundredth 
ml. of the same preparation induced formation of a 
complete clot in 30-35 sec; with 0-05-0-08 ml. partial 
clots formed in the same time interval, while 0-15 ml. 
prevented clotting entirely. The lytic activity of the 
factor was strongly inhibited by serum, even after the 
serum hed been treated with 0-2 N sodium hydroxide to 
destroy glucuronides and then neutralized with hydro- 
chlorie acid. 

The second fibrinolysin was obtained from retracted 
fibrin clots made from 0-5 ml. portions of oxalated human 
plasma and kept in one-tenth volume of 0:9 per cent 
sodium chloride at room temperature. Such clots would 
dissolve in 1-5 days. The lysin titre was determined as 
described previously?. In most cases the unit was 0-05 ml. 
of clot supornatant. Like lytie factor, this fibrinolysin 
was inactivated by 6-glucuronidase, but, unlike the 
former, it was relatively resistant to heating. Exposure 
to 56° C for 30 min scarcely affected it; 90 per cent of 
its activity was destroyed at 65°C in 10 min. Serum 
inhibited lysin activity but would no more do so after 
treatment with alkali. As the result of the action of this 
fibrinolysin a factor accelerating plasma recalcification 
was liberated, as reported previously?, but in most prepar- 
ations a clotting factor, acting directly on fibrinogen, was 
also found to be present. Both seemed to be identical 
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with factors from aqueous clot extracts!*. An apparent 
difference in heat stability could be explained by the far 
higher concentration of active material in aqueous than 
in saline extracts. ] 

The third fibrinolysin was encountered in aqueous clot 
extracts, the supernatants of clots digested in distilled 
water at 5? C. At this temperature scarcely any clot 
decomposition would take place in saline. It was in- 
activated by heating at 56°C for 30 min, but not by 
B-glueuronidase, and was inhibited by untreated, but not 
by alkali-treated, serum. Potent clotting and accelerating 
factors were present in clot supernatants. As little as 
0-0001 ml. would coagulate 0-1 ml. of recalcified oxalated 
plasma in 25 sec. The supernatants were greenish-yellow, 
resembling in appoarance the substrate from which a 
fibrinolytic metabolite was produced by a strain of 
Streptococcus faecalis*. Most of the pigment was able to 
pass through ‘Cellophane’ membranes, -but a fraction was 
non-dialysable like the bacterial metabolite, and fibrin- 
olytic activity was associated with it. When. the bacteria 
were allowed to act on the dialysate in the presence of 
gluconate, as described previously*, fibrinolysin was 
produced and more pigment became non-dialysable. 

It seemed, then, reasonable to assume that the pigment 
was also present in tho culture medium, brain heart 
infusion, in which the bacteria had been grown, but 
because of the many substances making up the medium 
isolation of this compound was not feasible. However, 
some of its properties could be determined by subjecting 
the medium to certain procedures bofore the addition of 
bacteria and gluconate for fibrinolysin generation. 
Boiling or drying at 37° C did not affect it. Tt was partially 
soluble in methyl alcohol and 95 per cent ethyl alcohol, 
but not in acotone, chloroform, or ether. It was irrevers- 
ibly destroyed by exposure to 1 N hydrochloric acid or 
1 N sodium hydroxide. The chemically purer clot extract 
dialysates displayed the same properties except for light 
absorption. Both the dialysate and the culture medium 
showed maximum absorption at 275 mu, but the former 
only had a peak at 395-400 my. This did not change even 
after boiling for 20 min, but when the dialysate was 
dried at 37°C, its colour became yellowish-brown and 
with it its spectrum identical with that of the culture 
medium. This did not make it unsuitable as a substrate 
for S. faecalis in fibrinolysin formation. In fact, active 
fibrinolytic solutions, whether obtained directly from 
decomposed clots following dialysis or produced by 
bacteria, never displayed a maximum at 400 mu. 

An attempt was made to identify the pigment. The 
reported anticoagulant action of bilirubin glucuronide® 
served to direct attention to the bile pigments. Yet 
none of the usual bile pigment reactions gave positive 
results. The recorded absorption spectra fitted those of 
dipyrrol rather than tetrapyrrol compounds. It was then 
noted that clots formed from the plasma of patients with 
myocardial infarctions decomposed more quickly and 
yielded more pigment. This could well be ascribed to 
release of pigment from heart muscle dying due to circul- 
atory failure and would explain the presence of the same 
pigmont in brain heart infusion medium. A pigment 
fluorescing green spontaneously was reported to bo 
excreted in the feces in conditions associated with rapid 
atrophy of muscle tissue and was named myobilin*. 
Fluorescence was attributed to a pigment- protein complex. 
From it a brown pigmont, mesobilifuscin, was isolated 
and later identified as a dioxydipyrrylmothene. Stich’ 
described various types of mesobilifuscins characterized 
by differential solubility in water and a numbor of organic 
solvents and tried to relate this to polymerization or 
association of the basic molecules. According to its 
spectrum, the yellowish-brown pigment mentioned above 
could well be a mesobilifuscin, while the greenish-yellow 
pigment resembles in its light absorption a monooxy- 
dipyrrylmethene, such as neoxenthobilirubic acid’. It 
is worth noting that propentdyopent. an oxidation product 
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of both dipyrrylmethenes, appears in measurable quanti- 
ties in the urine of patients following cardiac failure’. 

A new avenue in heart patient therapy may be opened 
if association of a larger amount of the circulating wator- 
soluble pigment with gluconate could be induced in the 
body. ‘The beneficial effects of several types of jaundice 
on arthritic conditions!” might be related to the same 
compound. According to recent investigations!!!*, 
dipyrrylmethene pigments are not primarily breakdown 
products of hemoglobin but are involved in its synthesis. 
In hemolytic anemias accompanied by increased ory- 
thropoiesis there is an increase of such pigments, whereas 
in hyporegenerative anæmias and rheumatoid disease 
their concentration is reduced. 

This work was supported in part by a grant from the 
Kansas Heart Association. 
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Uptake of y-Globulin and Complement by Red 
Cells exposed to Serum at Low lonic Strength 


Ar low ionic strength the rate of association of certain 
antibodies with their corresponding antigens is incrensed 
(for review see ref. 1) and the detection of human blood 
group antibodies may be facilitated^^. In the course of 
testing sera which had been ‘de-ionized’ eithor by passage 
through ‘Sephadex G-50’ columns or by dialysis against & 
sucrose-saline solution of ionic strength 0-025, it was 
observed that the sera were giving ‘false positive’ 
reactions; that is to say, if red cells were incubated w ith 
their own ‘de-ionized’ serum at I = 0-025, then washed 
and mixed with anti-human globulin serum, agglutin- 
ation occurred. The red cells were only very weakly 
agglutinated by specific anti-7.S y-globulin sera but were 
strongly agglutinated by anti-Big-globulin serum and less 
strongly by anti-B1c-globulin serum; thus the complement 
components C’, and C’sa were both present on the red 
cells‘. Positive results were also obtained with an immuno- 
conglutinin serum (‘auto-stimulation’ type*). As expected, 
the addition of EDTA to the serum beforo incubation 
with red cells prevented the uptake of complement. 

Jf red cells and serum wore incubated together at low- 
ionie strength by simply diluting the serum with 10 to 
40 volumes of low-ionic-strength medium, similar results 
were obtained although the reaction of tho cells with 
anti-8;¢ was now distinctly weaker. 

The uptake of complement was found to be maximal at 
ionic strengths up to ebout 0-03; at about 0-035 less 
complement was taken up and none at all was taken up 
above an ionic strength of 0-085. 

In these experiments the required amount of sodiun 
chloride was dissolved in a solution of 6-0 per cent sucrose 
(0-175 M) to maintain osmolarity; it was found that 
similar results were obtained if glycine (0:32 M) was sub- 
stituted for sucrose, although the uptake of complement 
was slightly less. "Thesuerose-saline solution was normally 
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unbuffered and had a pH of approximately 5-0; buffering 
to approximately 7-0 with phosphate (0-003 M) or bar- 
biturate (0-05 M) resulted in slightly less uptake of com- 
plement. ` 

It was found that incubation of red cells and serum at 
low-ionie strength (I = 0-025) for even 1 min was enough 
to give detectable uptake of complement components 
but that the reactions increased in intensity with longer 
incubation periods and were maximal after about 10 min. 

As Table 1 shows, red cells incubated with serum 
dialysed against low-ionic-strength medium reacted 
weakly with anti-7S y-globulin, and red cells incubated 
with 7S y-globulin alone, at low ionic strength, reacted 
slightly more strongly. The following two experiments 
made it clear that the y-globulin was required for the up- 
take of complement. 

First, normal serum was fractionated on DEAE- 
cellulose. Two fractions were obtained; the first by 
elution with 0-02 M phosphate buffer pH 8-0 and the 
second by elution with 0-2 M phosphate buffer pH 8-0. 
Red cells washed in low-ionic-strength medium were in- 
cubated with the fractions separately and in combination, 
in each case diluted in low-ionic-strength medium 
(Z = 0.025). Red cells exposed to the 0-02 M fraction 
(containing only 7S y-globulin) as expected gave a 
negative reaction with antifip- and anti-B1c-globulin 
sera; red cells exposed to the 0-2 M fraction (containing 
complement but very little 7S y-globulin) gave weak 
reactions with the same antiglobulin sera but red cells 
exposed to a mixture of the two fractions gave strong 
positive reactions with anti-Bjg- and anti-B1c-globulin 
sera (Table 1). 


Table 1. Tests with anti-75 y- and anti-£jg-globulin sera of red cells exposed 

at low ionic strength to: normal fresh serum, EDTA-treated serum, purified 

7S y-globulin, fractions of norma! serum eluted from DEAE-cellulose and 

serum from a patient with hypogammaglobulinemia, with and without 
added y-globulin 


Cells Reactions with antiglobulin sera 
exposed to: Anti-78 y Anti-Big* 
Normalserum (+) +++ 
EDT<A-treated serum (+) - 
7S y-globulin alone (1%) + - 
DEAE fractions t 
0-02 M (+) s 
0:2 M - + 
0-02 +0-2 M. (+) ttt 
Hypogammaglobulinamic serum 
Alone m T 
+7S y (+) +++ 


* Similar but slightly weaker reactions were obtained with an anti-f1c- 
globulin serum and with an immuno-conglutinin serum. 


T, The 0-02 M fraction contained only 7S y-globulin: the 0-2 M fractio 
contained all other serum proteins with less than 10 per cent of the 7S y- 
globulin present in the original serum. 


The second experiment consisted in testing serum from 
a patient with hypogammaglobulinemia (y-globulin 
concentration about 30 per cent of normal). The patient’s 
red cells were washed in saline and mixed with the patient’s 
serum with and without the addition of purified 7S 
y-globulin. The mixtures were then diluted with an 
excess of sucrose-saline (approximately 60 vol. of sucrose— 
saline to one of serum) and incubated at 37° C for 15 min; 
the red cells were then washed and tested with the anti- 
globulin sera. Red cells which had been mixed with the 
patient’s serum alone gave only weak positive reactions 
but the addition of y-globulin to the serum to bring the 
concentration to normal gave reactions which were as 
strong as those given by whole normal serum. 

Tests were also made to see whether red cells which 
had taken up y-globulin alone at low ionic strength 
would later bind complement. Red cells were incubated 
with purified y-globulin at low ionic stength; after being 
washed in normal saline they reacted with anti-7S y- 
globulin but not with anti-B1E-globulin (Table 1); they 
were now incubated at 37° for 15 min with an excess of 
fresh normal serum (at normal ionic strength) and were 
then washed and tested with anti-B1g- and anti-B1c-globulin 
sera; weak agglutination was observed, showing that a 
little complement had been bound. 
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It may-be concluded that, for the uptake of substantial 
amounts of complement, red cells must be exposed. to 
y-globulin and complement together at low ionic strength. 

Rapp and Borsos? have recently published observations 
of a rather similar nature. They: observed that when 
sheep rod cells were mixed with guinea pig complement, in 
a low-ionic-strength medium, lysis occurred. They 
obtained evidence of an ‘auto-sensitizer’ on sheep red 
cells which could be dissociated by washing the red 
cells in saline. However, even after the red cells had 
been washed they could still be lysed at low ionic strength 
if sufficient complement was supplied. One of the 
possibilities considered was that guinea pig serum, even 
after absorption with sheep cells, might contain a ‘sens- 
itizer’ which activated complement at low ionic strength. 
The observations recorded here suggest that the 
‘sensitizer’ in these experiments may have been normal 
guinea pig y-globulin. 

In our experiments only slight hemolysis (5-10 per 
cent) was observed after incubation of red cells and serum 
at low ionic strength, presumably due to the relative 
resistance of human red cells to immune hxmolysis. 

The fact that complement is readily taken up by red 
cells from fresh serum at low ionic strength can be turned 
to advantage to provide ‘complement-coated’ red cells 
as controls in tests with antiglobulin sera. Thus red cells 
which will react strongly with anti-Big-globulin and less 
strongly with anti-Bic-globulin and only very weakly 
indeed with anti-7S y-globulin can be prepared by simply 
mixing one drop of whole fresh blood with 2 ml. of a 
solution containing 6 per cent sucrose and 0-15 per cent 
sodium chloride and incubating at 37° C for 15 min. 
After being washed twice, the cells are ready for testing. 
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RADIOBIOLOGY 


High Resistance of Mongolian Gerbils to 
Irradiation 


It is known that the LD,, of X- and y-irradiation for 
mammals ranges between 300 and 800 r. (refs. 1 and 2). 
While maintaining a colony of mongolian gerbils (Meriones 
unguiculatus) in this laboratory, their high resistance to 
radiocobalt irradiation was obsorved in a preliminary 
investigation and the results are reported here. 

The dosage of irradiation was monitored at each 
exposure with a Victoreen Radocon. Ten animals (5 
males and 5 females) of a group were selected at random 
for various doso-levels and their ages varied from 4 months 
to 1 year except for Group V, in which some young and 
some older animals of approximately 18 months were 
included. They were maintaincd in pairs and fed as 
previously reported’. The body-weight of the animals 
was recorded daily throughout the experiment. Blood 
samples for red and white blood cell counts were obtained 
by clipping the tail without anesthesia. In the animals 
where a testis or ovary was removed at various times after 
irradiation, the anesthetic ‘Nembutal’ was injected 
subcutaneously at a dosage of 6 mg/100 g body-weight. 
The gonads were fixed, sectioned and stained with 
hematoxylin and eosin. 
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int. (Group IV) of the body-weight 
he groups irradiated at 1,000 r. 
of body-weight in the unoperated 
'experment. An increase of body- 
4 only survival of Group IV was remarkable, 
from 117 to 138 g, and the colour of its hair changed from 
/dark-grey to white-grey about 3 weeks after irradiation 
-oat 1,900 r. 
Blood counts were made on Group TI before and two 
. days after the initial irradiation. Subsequent counts 
^"were made on animals of various groups before death. 
(Xm all casos there was a significant decrease in both red 
and white blood cell counts after irradiation. In animals 
. where counts were made before death a severe leucopenia 
was noted and a significant increase in clotting time of 
the. blood. occurred. 
‘The ovaries displayed a complete disappearance of large 
|, and small follicles 32 days after irradiation. Some medium- 
«sized follicles were present, but the ova were either in a 
degenerate state or missing in the majority of these 
follicles. _ The seminiferous tubules of the testes appeared 
it-itradiation but by the 32nd day 
y ceased and no sperm was 
es of the cauda epididymis. By 
ition few tubules contained germ 
perm appeared to be abnormal. Thirty- 
- Nini diation the animals in Group I 



























were paired in an attempt to breed them but no sign of 
pregnancy was observed. 

On autopsy the intestines of all animals a] 
hemorrhagic and the peritoneal fat displayed | 
hemorrhages in many instances. The pylor 
the stomach was usually hemorrhagic but the stor 
contained food in all eases. 

The mongolian gerbils do not drink water, their chole- 
sterol metabolism differs from other animals* as docs the 
lipoprotein pattern?, their water content in the body is 
rather low, and their adrenal glands synthesize different 
corticosteroids*. Whether or not these and other fuctors 
are correlated to their high radio-resistanee is under 
investigation. 

This work was supported by a grant from the Division 
of Radiological Health of States Service (RE 00309). 
U.S. Public Health Service. 
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Increase in the Casium-137 Content of 
Man due to Radioactive Fall-out, 1962-64 


Tug presence of cesium-137 in human beings was 
established in the United States in. 1955 (ref. 1) and 
measurements of the average levels in a small group of 
unexposed subjects have been made at this Establishment 
since early 1956. The results of these measurements 
showed that there was a slow, irregular increase in the 
cxsium-137 content to a maximum in the summer of 
1959, after which the level declined to a lower valvie in 
April 1962 than at any time since our measurements 
began??. The resumption in September 1961 of large - 
scale atmospheric testing of high-yield nuclear wW 
did not result in any detectable increase.) 
contents until after April 1962, although t 
short-lived zirconium-95 in human being, 
strated prior to this’. In this communi 
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Table 1. AVERAGE CXESIUM-137/POTARSIUM RATIOS AND CASIUM-137 
CONTENTS IN A CONTROL GROUP OF SUBJECTS RESIDENT IN BERKSHIRE 
AND OXFORDSHIKE 
Average 
No. of mCs/K average radiation 
Date subjects (pe./g) Cs content dose-rate 
(ne.) (urad[h) 
April 1962 15 25 35 005 
July 1962 12 35 49 0-07 
Oct. 1962 15 50 70 010 
Jan. 1963 10 54 TO 0:11 
April 1963 12 64 Lun 013 
July 1968 11 12:6 0:18 
1l 13 115 16-1 0:23 
Jan, 1964 13 138 19:3 0:28 
April 1964 13 150 21-0 0-30 


The valuesfor the average radiation dose-ratesin the final columnof Table 1 
were calculated with the assumptions that the cæsium-137 was uniformly 
distributed throughout the body, and that the average "m was 70 kg. 
The dose-rates refer to a point at the approximate centre of the body. 


reporting the results of our measurements of cæsium-137 in 
human beings during April 1962—April 1964; we have used 
throughout the technique described previously?, which 
was intended primarily for estimating the lung contents 
of zirconium-95/niobium-95. The results of serial measure- 
ments of the latter radionuclides will be reported elsewhere. 

Table 1 summarizes our findings on emsium-137; as 
explained previously? the geometrical arrangement of 
detector and subject does not lend itself to accurate 
calibration for cæsium-137 and potassium contents, but 
we have abundant evidence that the ewsium-137/potassium 
ratios are directly comparable with those obtained by 
our more usual method of total body radioactivity 
measurement’. The cwsium-137 concentration (which is 
the quantity of interest from the point of view of radiation 
dosimetry) may be obtained in pe./kg by multiplying the 
cxsium-137/potassium ratios by 2. The average cæsium- 
137 content was estimated approximately by assuming 
an average potassium content of 140 g. 

The average values for the cxsium-137/potassium ratio 
are plotted as a function of time in Fig. 1, together with 
the previously reported??? values from 1956. Also plotted 
are the results for subjects R and C, who have consistently 
shown the lowest and highest values of the ratio. The 
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Fig. 1. The average cesium-137/potassium ratios in a small group of 
unexposed subjects measured at Harwell during 1956-64, and the ratios 
for subjeets R and € 
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difference between the two subjects can be attributed to a 
combination of the facts that the biological half-life of 
cæsium in subject R is known to be about 60 days, whereas 
that in subject C is at least 140 days**^, and that subject 
R drinks much less milk than subject C. Milk is an impor- 
tant source of emsium-137 in the diet, but its influence in. 
controlling the levels in different individuels is less than. 
we originally thought?. Veriability in the biological half- 
life among the individuals is probr.bly the biggest single 
factor in determining the levels®. 

Finally, we may note that the radiation dose-rates from 
the essium-137 are still small compared with the dose- 
rate from netural sources. Thus the contribution from 
potassium-40 amounts to 2-2 urads/h. which is seven times 
the average dose-rate from the ezsium-137 in April 1964. 
The latter contribution amounts only to 2-6 per cent of 
the total dose-rate from natural sources (about 100 
mrads/yr. or 11-4 wrads/h). 

J. RUNDO 
D. NEWTON 
Atomic Energy Research Establishment, 
Harwell, Didcot. 
' Miller, C. E., and Marinelli, L, D., Science, 124, 122 (1956). 
* Rundo, J., Nature, 188, 703 (1960). 
* Rundo, J., and Newton, D., Nature, 195, 851 (1962). 
" Sdn Mason, J. I., Newton, D., and Taylor, B. T.. Nature, 200, 188 


(1963). 
* Rundo, J., Brit. J. Radicl., 87, 108 (1964). 
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Splenic Regeneration 


IN recent investigations in experimental carcinogenesis 
in the rat, following implantation of a benzopyrene tablet 
into the devascularized spleen’, an incidental finding was 
the presence of nodules of tissue situated in the dorsal 
mesogastrium at six weeks after operation (Fig. 1). 





Fig. 1. Photograph of regenerating nodules in the dorsal mesogastrium 
x indicated by the arrow (same size) 


The operative procedure consisted of ligating each 
vaseular pedicle of the organ with a double-thread ligature 
close to the splenic hilus. Confirmation that the blood 
supply was cut off was afforded by the affected splenic 
segments, which became a dusky black colour. In animals 
killed three weeks after operation no sign of the infarcted 
organ seen at operation could be observed. 

At six weeks after operation and periods later than this, 
a cluster of nodules resembling splenic tissue was present 
in the dorsal mesogastrium. The larger nodules lay close 
to the greater curvature of the stomach and their size 
decreased in a caudal direction; septa of connective 
tissue were interspersed between separate nodules. 

Prior injection of the arteries through the thoracic 
aorta and the venous system (either through the portal 
vein or one of its larger tributaries) showed that the 
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main features of vascularization wore: additional drainage 
into systemic veins, probably due to adhesions, and an 
arterial supply derived from nearby vessels such as the 
gastro-epiploic and the left spermatic arteries. 

Fig. 2 illustrates the arterial supply to a cluster of 
nodules, injected on death with ‘Micropaque’ and radio- 
graphed after removal, It can be seen from Fig. 1 that 
the nodules are diserete and circumscribed, and that they 
have a rich blood supply is evidenced by the filling of 
their finer branches with the injection medium (Fig. 2). 





Fig. 2. Positive radiograph of the arteries to the regenerating nodules 
Indicated by the arrow (same size) 


Three possible explanations may account for the 
presence of these newly formed nodules. (1) They have 
developed de novo either from embryonic cell rests in 
the dorsal mesogastrium, or from the fully differentiated 
cells of this part of the mesentery. (2) They represent 
hypertrophy of splenic tissue which was not completely 
deprived of its blood supply at the time of operation. 
(3) They consist of tissue other than spleen, such as 
hemolymphatic nodes. 

The third possibility can be discarded on histological 
grounds, and the available evidence supports the first 
explanation for the following reasons: (a) The complete 
infarction of the organ, which can be seen with the naked 
eye, at operation. (b) The apparent absence of the necrotic 
organ in animals killed 3-4 weeks after operation. (c) 
The arrangement of the nodules, which are larger near 
the greater curvature of the stomach and decrease in a 
caudal direction. (d) The separation of individual nodules 





Fig. 3. Photograph of a nerated ipi which has undergone almost 
complete re-modelling ( x 6) 
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by connective tissue septa. The findings in (e) and (d) 
appear to retrace the development of the spleen in the 
embryo. (e) The arterial supply is derived from different 
sources other than the splenic artery, and the venous 
drainage oecurs in part or in whole into systemie veins. 
(f) At periods later than six weeks after operation the 
nodules coalesce into a lobulated organ which later 
undergoes re-modelling to a shape comparable to that 
of the adult spleen in the normal rat. 

Final proof of the accuracy of this explanation, 
however, can only be afforded by removal of the spleen 
though leaving the dorsal mesogastrium intact, supported 
by histological confirmation of the absence or presence 
of mitoses in the regenerating nodules. These problems 
are now under investigation. 


J. L. BRAITHWAITE 


Department of Anatomy, 
University of Liverpool. 


1 Braithwaite, J. L., Israel J. Exp. Med., 11, 117 (1004); Rep. Rrit. Emp . 


Cancer Campaign, 41 (in the press). 


~ Cytochemical Demonstration of Catechol- 
amines in the Human Carotid Body 


Durinc embryonie development, accumulation of 
neural components in the carotid body of human and 
animal subjects has been demonstrated’. However, 
efforts to demonstrate the presence of possible transmitter 
substances in the carotid body of adult animals have 
produced controversial results. While some have suc- 
ceeded in showing & positive chromaffin reaction in the 
glomus cells of animals*:?, others have reported negativo 
results with the human carotid body?:*. There is, however, 
some direct chemical evidence of the presence of nor- 
adrenaline in the carotid body of the calf*, and recently 
Pryse-Davies et al. have demonstrated in @ single 
fluorimetric assay of a fresh human carotid body obtained 
at autopsy a high level of eatecholamines*. 

We have recently performed a comprehensive cyto- 
chemical investigation on a number of human carotid 
bodies, which have been excised at operation for the 
treatment of bronchial asthma. The work now also 
includes five carotid bodies where the presence of mono- 
amines have been histochemically examined by formalde- 
hyde-induced fluorescence, à method originally deseribed 
by Erünkó* and first adapted by Falck’ to the examina 
tion of nervous tissue. The extirpated tissue was imme- 
diately frozen on a microtome tissue holder with liquid air. 
It was sectioned in a cryostat, in which the sections were 
then allowed to dry*. The dry sections were treated with 
formaldehyde gas for 1 h at 80^ C, mounted in à non- 
fluorescent medium and examined with a fluorescence 
microscope. 

In all the carotid bodies so far examined the formalde- 
hyde treatment resulted in the appearance of intensely 
fluorescent cells in the lobules of the bodies (Fig. 1). The 
colour of the fluorescence was always green, never showing 
yellowish components. The fluorescent cells were rela- 
tively few in number (Fig. 2) and they were usually of an 
even size and situated separately. They were also evenly 
distributed among the alveoli of the lobules and did not 
show any clear dependence on the capillary spaces of the 
bodies. No fluorescing nerve fibres were visible, but the 
connective tissue fibres showed a non-specific fluorescence, 
which did not disappear after the dried sections had been 
exposed to moist air as did the specific fluorescence of the 
glomus cells. 

The specificity of the cytochemical fluorescence method 
for monoamines is high, and the constant green colour of 
the omitted light can be taken as indicative of the presence 
of catecholamines rather than tryptamines*. These 
compounds have not been directly demonstrated before, 
although many indirect staining techniques have given 
positive indication for the presence of phenolic amines in 
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Figs. 1 and 2. 
glomus cells show intense green fluorescence after treatment with formaldehyde gas. The 
connective tissue flbres are also fluorescing, but no parenchymatous adrenergic nerves 

are visible (Fig. 1 x 32, Fig. 2 x 80) 


the carotid body?. Electron microscopically membrane- 
bound granular bodies have been observed in some of the 
glomus cells; these granules could be depleted by the 
administration of reserpine!, 

The work recorded here shows that the human carotid 
body probably lacks adrenergie parenchymatous inner- 
vation. In interpreting the possible functional role of the 
catecholamines in the glomus cells one has, however, to 
remember that the carotid bodies which we have examined 
cannot be considered as normal because the bronchial 
asthma might well have altered the composition of the 
glomus cells from that of a normal individual. 

We thank Dr. E. Vaheri, of the Department of Oto- 
Laryngology, University of Helsinki, for the material. 
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Frequency of Spontaneous Arousal from 
Hibernation in Bats 


ALL species of mammalian hibernators ‘spontaneously’ 
raise their body temperatures to or near the normal 
homeothermic level at intervals during a winter’s hiberna- 
tion. The frequency with which such arousals occur is in 
part at least a species-specific characteristic ranging from 
an arousal every 2-7 days in hamsters! to maximal periods 
of 12-20 days in various species of the genus Citellus, and 
20-33 days in Glis glis?. Folk? has reported that 4 bats 
(Eptesicus fuscus) remained without movement for 64-66 
days in the dark at ambient temperatures of 47-8? C. 
However, reliable information about the maximal dura- 
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tion of continuous hibernation (or con- 
versely the frequency of spontaneous 
arousal) is available for only a few species. 
Reports of long periods of continuous 
hibernation based on daily visual observa- 
tions of the postures of hibernating animals 
must be interpreted with great caution as 
there is no well-documented correlation 
between postural adjustment and change 
in body temperature in many species of 
hibernators. 

Arousals from hibernation represent a 
considerable expenditure of energy and 
no obvious and consistent function can at 
present be seen to be served by them. 
Several theories have been advanced in an 
effort to explain the function of arousal 
from hibernation?-*, but very little evid- 
ence is available which bears on any of 
them. 

Results during the work recorded here 
were obtained by continuously recording 
the outputs of copper-constantan thermo- 
couples sewn under the skin in the scapular 
region of hibernating Myotis lucifugus. 
Animals were maintained individually in 
I-pint glass jars with 0-25 in. of water on tke bottom 
and wire screening around the inside of the jar from 
which they could hang. These jars were placed in 
constant darkness, well insulated from noise and vibration. 
in à constant-temperature room which was held between 
3° and 5° C. The experiments reported here were all 
performed during January-June. Four animals were used 
in 1960, 9 in 1961, and 11 in 1962. Of these 24 animals, 
11 either chewed through their leads, aroused only once 
before dying, or otherwise produced unusable records. 
Results from the remaining 13 animals are considered here. 

Temperatures of individual bats were monitored con- 
tinuously for periods ranging from 27 to 142 days, with 
79 as the mean number of days of continuous recording 
for the group of 13 animals. In all, 69 arousals were 
recorded from the 13 animals during a period of 1,023 
‘bat hibernation days’. Under the foregoing conditions, 
the duration of individual arousals was quite short (an 
average of 3 h 10 min during which the body temperature 
was more than 1° C above the ambient temperature). 
Thus, of the 1,023 ‘bat hibernation days', there were 
about 1,014 days of actual hibernation and 9 days of 
arousal, 

Fig. 1 is a histogram showing the distribution of the 
intervals between arousals of all 13 bats. Thus, the 
abscissa represents the number of days of continuous 
hibernation with less than 1? C difference between the 
animal's body temperature and the environment, and the 
ordinate represents the number of such intervals in the 
entire group of animals. The short 1—5 day intervals 
form by far the largest group (27) and it is of some interest 
to note that 7 of these occurred during the 10 days 
immediately following the beginning of experiments, 
14 oceurred during the 10 days immediately preceding 
death, and the remaining 6 all come from one animal. 
The most interesting foature of the data, however, is the 
fact that bats are capable of very long periods of con- 
tinuous hibernation, uninterrupted by arousal or in fact 
by any significant deviation of body temperature from 
ambient temperature. 'The two intervals of more than 
80 days of continuous hibernation are from two animals, 
one in 1960 (which lived a total of 133 days in the experi- 
mental ehamber) and one in 1961 (which lived 142 days). 
Both these animals had several arousals subsequent to 
that which terminated the long period of hibernation. 
Long periods of continuous hibernation account for more 
of the hibernation than is readily apparent in Fig. 1. 
Of the 1,023 bat hibernation days, almost half (490) 
occur in the 10 intervals of more than 30 days each. 
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ms probable from the foregoing results that bats 

 hibernate without arousing for much longer periods 

than can any other mammalian species thus far examined. 
If there is to be a single interpretation of the need of all 
mammalian hibernators to interrupt their hibernation 
with periodic arousals, ib must account not only for the 
very frequent arousals of many rodent species but also for 
the very infrequent arousals of bats. 

This investigation was supported in part by post- 
doctoral fellowship 49145 from the U.S. National Science 
Foundation; post-doctoral fellowship @PD-9327-C1 from 
- the Division of General Medical Sciences, U.S. Public 
Health Service; and by the Milton Fund of Harvard 
University. 

MICHAEL MENAKER* 
Biological Laboratories, 
Harvard University. 


* Present address; Zoology Department, University of Texas, Austin. 
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aoi. Regulation of Acid Invertase-levels in 

"Sugar Cane Stalks by Auxin- and Metabolite- 

mediated Control Systems 

MMATURE storage parenchyma cells of sugar-cane stalks 

in an acid invertase located in the vacuoles and the 
or space (cell walls). The physical properties of the 
zyme at both loci appear te be identical. The enzyme 

‘is readily made soluble simply by grinding the tissue. 

Measurements of the rate of internode elongation and 

al acid invertase show that these two parameters are 

linearly correlated. This particular acid invertase is 
absent from the mature storage tissue of sugar cane, but 

"persists in the mature tissue of two closely related species 
which do not store sucrose in high concentrations. How- 

ever, im mature tissue of sugar canc other invertases occur 
“but not in the vacuole. 

UC po explain the correlation between internode elonga- 
tion and acid invertase-level, we have postulated that the 
outer space and vacuolar acid invertase of young, rapidly 
expanding cells co-operate to maintain a constant high 
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trations decreased the level. In some : 
tissue, decreased invertase activity was observed 
levels at which auxins were applied, and was 
indicate that the endogenous auxin-level was near’ 
This latter response is similar to that report : 
invertase bound to the cell walls of carrot root s 
choke stem tubers?. r 

The other class of substances included certain s 
and derivatives and weré effective only at © 
concentrations (about 10-? M). Some inereased the 
level; others decreased it. Among this el 
and fructose are known to occur in sufficienth 
centrations in vivo to have any marked e 
enzyme content of the tissuo. Both sugi 
decrease the invertase-level. However, since f 
readily interconvertible following phosphorylation, 
are also rapidly metabolized it was not possible to eti- 
clude that either sugar acted as such. 

Investigations using radioactive glucosamine provided 
the evidence that glucose is an endogenous Té, 
invertase-levels. Glucose and glucosamine gave 
effects at different pH values and over a large n 
concentrations. After treatment with UC. glueosanit 
unaltered sugar plus @ phosphorylated compotund 
N.acetyl glucosamine were recovered from the 
N-acetyl glucosamine is not produced from ghac 
hydrolysis, the phosphorylated compound yielded free 
glucosamine. Kinetic considerations load us to exelude 
phosphorylated sugars as possible control substarces. 
We, therefore, conclude that free glucosamine and free 
glucose act directly to lower the enzyme level. 

Mechanisms by which glucose might affect acid invertase 
content have been considered and experiments devised to 
test the several possibilities. When included in assay 





































solutions at concentrations which were effective on tissue 
slices glucose had no effect on the activity of the enzyme, 


Hence it is not a competitive or allosteric inhibi The 
lated in the 3 
as exhaustive dialysis at low temperature 
difference to the enzyme activity of crude © 
Control by means of changes in levels of high ar 
weight inhibitors or proteolytic enzymes was. 5 
excluded by experiments which showed that U 
enzyme activity in mixed extracts was eq d 
of the activities of extracts taken fron 











542 


glucose to give a very low enzyme-level. Another possible 
regulatory mechanism would be through pH control as the 
isolated enzyme loses activity rapidly at pH. values lower 
than about 5-0. However, there was no measurable 
difference in the pH of tissues treated for 10 h in glucose 
or water. By a process of elimination we were left with 
reduction of the rate of invertase synthesis as the most 
plausible explanation of the glucose effect’. 

The specificity of the glucose effect was shown by the 
observation that large changes in acid invertase could be 
induced without a concomitant change in the total protein 
content of the tissue. Its reversibility was readily 
demonstrated by transferring tissues incubated in glucose 
and containing low invertase-levels to a glucose-free 
medium, whereupon a rapid increase in the enzyme-level 
occurred. In one experiment this amounted to an 11-fold 
inerease in 6 h. 

That enzyme synthesis is involved in the increase in 
invertase activity following transfer of glucose-repressed 
tissues to a glucose-free medium has now been shown by 
use of chloramphenicol (CAP), a potent inhibitor of protein 
synthesis. Synthesis of invertase commenced in these 
tissues after a 2-h lag period, but no synthesis occurred if 
transfer was to CAP (Fig. 1). Actinomycin D was also 
effective in preventing synthesis of acid invertase, a 
concentration of 5 ug/ml. being required to reduce the 
enzyme-level by 50 per cent compared with tissues in 
water. Recent evidence indieates that both CAP and 
actinomycin owe their effects on protein synthesis to 
interference with the production or utilization of messenger 
ribonucleic aeid**. A consistent interpretation of the 
results shown in Fig. 1 is that the glucose effect on invertase 
produetion is by repression of synthesis of the messenger 
RNA which specifies the amino-acid sequence for acid 
invertase. If so, the system has many features in common 
with motabolite-controlled end-product repression of 
enzyme synthesis as found in micro-organisms’. 
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From examination of the steric requirements for activity 
on invertase synthesis, we have learned that conversion of 
a sugar, active as a repressor, to its methyl glycoside 
virtually destroys its activity, while reduction to the 
polyhydrie alcohol confers inducer properties on the 
molecule. However, the role of inducers of this type in 
the intact plant is uncertain as we know of no compound 
present at sufficiently high concentrations to be effective. 
It seems likely that in tissue slice investigations these 
inducers compete with endogenous glucose at its site of 
action as a repressor. Since the auxins are chemically 
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quite different from the metabolite-type inducers and 
repressors and are effective at concentrations which are 
three to five orders of magnitude lower, we conclude that 
it is unlikely that two classes of regulatory substances act 
in the same way. 
K. T. Guasziov 
J. C. WALDRON 
David North Plant Research Centre, 
Colonial Sugar Refining Co., Ltd., 
Brisbane, Queensland. 
1 Hath, x. D., Sacher, J. A., and Glasziou, K, T., Plant Physiol., 38, 338 
* Hatch, M. D., and Glasziou, K. T., Plant Physiol., 38, 344 (1963). 
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: iir A., Hatch, M. D., and Glasziou, K. T., Physiol. Plant., 16, 336 


* Edelman, J., and Hall, M. A., Nature, 201, 207 (1964). 

* Glasziou, K. T., and Waldron, J, C., Austral. J. Biol. Sci. (in the press). 

* Hurwitz, J., Furth, J, J., Malany, M., and Alexander, M., Proc. U.S. 
Nat. Acad. Sci, 48, 1222 (1962). 

* Wei T, A. S., Armentrout, S., and Wolfe, S., Proc. U.S. Nat. Acad. 
Sei., 50, 86 (1963). 

* Umbarger, H. E., Ann, Rev. Plant Physiol., 14, 19 (1963). 


Enzyme Activation in Germinating Petunia 
Pollen 

WHEN pollen and maternal tissue come into contact, the 
rate and sequence of enzyme activation control the 
growth of pollen and the nature of the compatibility 
reaction. Intraspecific pollination in certain plants 
results in an incompatibility reaction in the maternal 
tissue. In Petunia, one of the few species examined in 
detail, pollen growth is characterized by formation of a 
new protein fraction in the style and inhibition of pollen 
tube growth’. It has been postulated that this new 
protein forms in response to an inducer: a chemical 
moiety, such as a protein, which diffuses from the pollen®. 

This communication reports the effect of time and 
varying external osmotic environment on sucrose 
metabolic activity in initially germinating Petunia 
pollen. It also considers the possible relationship 
of enzyme protein activities to the incompatibility 
reaction. 

More than seventy years ago Green demonstrated that 
Lilium pollen could metabolize starch in vitro*. Histo- 
chemical investigations have since shown that germinating 
pollen secretes many enzymes‘. Recent investigations 
with Oenothera pollen indicate that a protein and starch 
digesting enzymes diffuse out of the pollen from 1 to 15 h 
after it is set out on an agar surface*. These Oenothera 
proteins reacted with antiserum prepared from whole 
pollen with related S genes*. When Petunia pollen is 
placed on a sucrose media, a number of enzymes are 
activated and metabolize this substrate to carbon 
dioxide. Assay of “CO, released from carbon-14 uniformly 
labelled sucrose by Petunia pollen provides a direct 
means of studying the activity of those enzymes in vitro. 

Air-dried pollen of Petunia hybrida, clone W166K 
with self-incompatibility alleles S,S, from plants grown 
in greenhouses with supplemental lights at Nijmegen’, 
was germinated in Warburg flasks with carbon-14 uniform 
by labelled sucrose (Radiochemical Centre, Amersham). 
At various time-intervals of 5-45 min the pollen was placed 
into the liquid media; sulphurie acid was added to ter- 
minate growth and to release all carbon dioxide. The car- 
bon dioxide was collected in potassium hydroxide, and the 
amount of radioactivity in the barium carbonate precip- 
itate of the potessium hydroxide was determined. These 
experiments showed that sucrose was rapidly meta- 
bolized early in the germination of the pollen (Table 1). 

Concomitent growth investigations, made under the 
light, mieroseope with pollen from the same sample, 
showed that tubes were not visible until approximately 
30-min germination at 26? C in optimal concentra- 
tions of sucrose and boron, that is, 0.2 M suercse 
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Table 1, “CO, RECOVERED FROM. Petunia POLLEN METABOLIZING 


Buckoss-UC-C* 
Time Counts per minute 
Pollen : metabolized at "Total Inerease 
(mg) 26°. (minutes) recovered per 5 min 

1 124 104 
1 10 254 130 
7 15 640 386 
1 86 1,910 424 
z 45 2,900 350 
ü T4 23 

9 19 


d Each Warburg flask coniu 1:9 x 105 ¢.p.m. sucrose-U L-0 in 0-9-ml. 
; germinating media of 0-2 M sucrose and 20 p.p.m. boron as H,BO,. Growth 

yes maze by the addition of 0-4 ml. of 4 PE cent sulphurie acid from the 
aide-arm, Centre well contained 0-2 ml. 5 M potassium hydroxide, The 


xperiment was repeated three times with the same M and results 










20 p.p.m. boron. After half an hour at 26° C, 
out 38 per cent of the pollen showed tube enations; 
his inereased to about 60 per cent. When 
20, at 5-min intervals in the initial 45 min 
of germination (Table 1) was related to tube growth. 
it was apparent that high levels of sucrose metabolism 
occurred before tubes were apparent. The rate of 
MOO, released was relatively constant from 10 min 
to the termination of these studies at 45 min, except for 
CA slight i increase during intervals corresponding to times 
: of maximum tube enation. 
. The. effect. of ‘ying the osmotic environment on 
his sucrose-metabolizing system was 
bs tating from 0-0 to 0-9 M mannitol for 
sucrose (Fig. 1). Suerose-UL-¥C, 
moles containing 1-9 x 105 c.p.m., was added 
«for enzyme. assay. Since mannitol has been reported to 
be a substrate in some plant tissues*; its effect on Petunia 
< pollen germination first was ascertained. Visual assays 
showed that germination during a 3-h period at 26° 
C in all boron-mannitol solutions and in the controls 
without sucrose was less than 2 per cent. 

Differences in “CO, recovered from germination using 
mannitol from 0-0-0-33 M and from 0-66-0.9 M (Fig. 1) 
were not statistically significant. Differences between 
HCO, recovered at 0-33 and 0-66 M, however, were highly 
significant, The increase in the external osmotic pressure 
apparently inhibited the release of carbon dioxide from 
the pollen. This observation and the fact that nearly 
maximum sucrose metabolizing activity—measured by 
release of carbon dioxide—occurs under approximately 
zero osmotic pressure (Fig. 1) are interesting in view of 
previous related investigations. 

Investigations have shown that germinating pollen 
can incorporate free “CO, into carbohydrates, amino- 
acids, and even proteins*. Inhibition of pollen growth 
usually occurs in sucrose solutions above 0-6 M, or with 
osmotic values greatly different from the pollen!*. Thus 
it is unlikely that decreased levels of “CO, released at 
increasing osmotie pressure (Fig. 1) were the result of 
increased activity of enzyme pathways leading to “CO, 
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0-33 
Molarity of mannitol 
Effect of osmotic pressure on “CO, recovered from Petunia 


0-66 


FKig.:1. 
vo hybrida pollen during initial 15 min at 26° C. Each Warburg flask con- 
| tained 7 mg pollenin 0-9 ml. solution containing mannitol at the molarity 
|: indicated plus 2. x 10“ moles suerose-UL-“C containing 1-9 x 10* c..m. 
_ After being shaken 15 min at 26° C, 0-4 ml. 4 per cent sulphuric acid was 
«^ added to. He r media. Bach point represents the mean of 
three e replicate experiments 
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incorporation. Both growth inhibition and degreased 
“CO, release at high osmotic pressures probably reguli 
from inactivation of the enzymes involved in growth and 
metabolism. i 

The high rates of “CO, production at nearly 
osmotic pressure may be explained by one e 
mechanisms. (1) At zero osmotic concentration 
enzyme proteins may be activated on the polle 
binding sites. (2) Pollen membranes may be “leaky 
sieves’ in an environment of low osmotic. pressure and 
freely release active enzymes. (3) Uptake of water and 
micro-levels of radioactive sucrose may be the same in 
the initial 15-min period used in this study over. the 
range 0-0 to about 0-4 molar; however, mannitol st 
higher concentrations would diminish water an: 
absorption since the mannitol would dilute t water 
and compete with entering radioactive sucrose. — (4) 
In vitro studies with enzyme preparations showed. that 
the orientation and available charged grou ; s 
as concentrations of polar compounds inere * 
another hypothesis is that the rate of activation and 
stereo-orientation of charged groups of these pollen 
enzymes.are normal at low niolarities. 

Assuming considerable amounts of non-radioactive 
sucrose were metabolized with the 2 x 10-* M au a 
UL-¥4C Innes to the Qu Thet enzyme d 


BORI 


























media after 15 min was des about 60 per E 
recovered in mannitol at 0-2 M. Although diu 
radioactive sucrose was the same in (-2.M mann 








ized along with the 2 x 10-5 M suerose-UL. MG, 
considering the virtual swamping with unlabelled sucrose 
(Table 1), enzyme activity metabolizing sucrose in 
mannitol is probably considerably less than that in the 
all-sucrose medium. 

Growth of pollen tubes was not observed in O3 M 
mannitol with 2 x 10-8 M sucrose-UL-"O. Buch. Jack 
of growth was generally accepted as evidence that the gx- 
ternal carbon source was not being metabolized. Although 
no growth occurs in mannitol, sucrose is motebolized. 
Lack of tube growth may only indicate that energy 
released from sucrose oxidation is not utilized in growth 
processes, or that 2 x 10-8 M of sucrose supplies too little 
energy or building moieties to facilitate tube growth. 
This result also shows that the assumed relationship 
between metabolism and growth may be in error in certain 
cell systems. 

This study evaluated the ability of mannitol to support 
pollen tube growth, that is, germination. Iirabóbová 
and Tupý” observed a slight growth of apple pollen in 
mannitol. Thus only by use of labelled mannitol and 
an analysis of the products can it be clearly demonstrated 
that mannitol is or is not metabolized-—even though 
tube growth does not occur. 

Detailed observations of the site of sucrose-metabolizing 
activity during the initial stages of pollen germination 
indicated that the enzymes were localized on or in the 
pollen, or that the enzymes were too unstable to be 
recovered in the surrounding solution?. The kind of 
enzyme proteins activated and diffusing from the pollen 
and whether they are the same as the protein. inducing 
the ineompatibility reaction must still be determined. 

Antiserum prepared from whole pollen homogenates" 
or homogenates of whole styles? have been shown too 
react with diffusates from pollen with related incompat. . 
ibility S genes. This serological test confirmed t 
presence in the initial pollen cells of proteins: similar 
those in the pollen diffusate. However, 
type reactions have never been shown to oce 
tissue. In fact, such Simple, diront antige i 















544 


are at present not thought to occur in the style. Since 
different proteins occur after pollination of ineompatible 
styles than after pollination of compatible styles’, a 
messenger-RNA type reaction is still a valid hypothesis?, 
as is the interpretation of a general protein-complexing 
type of reaction". 

It is apparent from spectrophotometrie investigations 
that other types of compounds frequently associated 
with proteins, such as flavanols, also diffuse into solution 
during the first few minutes of germination’. It is 
possible that these or related lipo-carotinoids on the 
pollen surface, already shown to stimulate stigma cell 
metabolism'*, facilitate induction of constitutive changes 
in the maternal tissue. The initial high stylar respiration 
during incompatible pollination? may be the result of 
stimulation by such components. "Tho component that 
diffuses from pollen is known to be gene specifie. This 
diffusate could exert its effect on growth by inducing, 
releasing, or complexing stylar proteins to activate or 
form a protein moiety with a different molecular weight, 
than is normally present in compatible pollinations!*/15, 

The incompatibility reaction may involve only enzyme 
protein, or anon-enzymatic moiety. Serological and electro- 
phoretie methods provide a promising approach to under- 
standing this type of incompatibility. Genotypes charact- 
erized by pollen with high initial protein and chemical 
activities at the surface, or in the diffusate, can be readily 
adapted for such investigation. 


R. G. STANLEY * 


Pacific Southwest Forest and 
Range Experiment Station, 
Forest Service, 

U.S. Department of Agriculture, 
Berkeley, California. 
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Cytoplasm Exudate from Cut Phloem 


CYTOPLASM structure in sieve elements and particularly 
at sieve pores is of critical importance in any consider- 
ation of the translocation mechanism. The mass flow 
theory! assumes a degenerate sieve element protoplast 
in which vacuolar fluid fills the sieve element and is 
continuous through open sieve pores. A fluid flow of 
sucrose solution is thought to occur through sieve tubes 
due to an osmotie pressure gradient. Other theories 
propose that metabolic energy provides the motive 
force required to move nutrients over long distances 
through plants. These 'active' theories assume that the 
sieve elements have cytoplasmie contents similar to 
parenchyma cells but with exceptionally large end wall 
pores which are filled with eytoplasm. This interpret- 
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ation is consistent with de Vries protoplasmie streaming 
theory*, with Mason and Maskell’s activated diffusion 
theory’, with Kursanov’s molecular transfer theory? 
and Spanner's electrokinetic theory?*. 

My own view of eytoplasm structure in sieve elemonts 
provides another interpretation which can be linked with 
an active transport mechanism. In earlier papers*^, 
I put forward the proposal that transcellular strands of 
cytoplasm are in parallel arrangement with the long 
axis of the sieve elements and fill sieve pores to form a 
continuum in the sieve tubes. The outer membrane of 
the transcellular strand forms a microtubule which 
provides an unobstructed pathway for enclosed fluid 
and particulate cytoplasm. The translocation mechanism 
is thought to be limited to the streaming cytoplasm’, 
and in this concept concentration gradients take a sub- 
sidiary role, as part of a mechanism regulatirg movement 
in and out of the translocation system. Canny* has put 
forward an alternative model in which translocation is 
explained as diffusive movement, initiated by con- 
centration gradients and accelerated by transcellular 
streaming. à 

If the sieve element protoplast consists of normal 
amounts of physiologically active cytoplasm, as proposed 
by both the ‘parenchyma cell’ and ‘transcellular strand’ 
interpretations, it might be expected that the release of 
phloem pressure in cutting would result in the exudation 
of cytoplasm from the cut phloem. Alternatively, if 
sieve tube elements are degenerate only trace amounts of 
cytoplasm would be expected in the phloem exudate. 

In this communication I wish to report the exudation 
of fluid endoplasm, together with two distinct kinds of 
cytoplasmic particles, from the cut ends of fine veins 
in soybean leaflets. The plants from which leaflets were 
taken were grown in a greenhouse under very favourable 
light and temperature conditions. Pieces (cm?) were cut 
from the leaflets of trifoliate leaves, mounted immedi- 
ately in tap water between slide and coverslip (abaxial 
surface uppermost), and observed with a times 40 achrom- 
atic objective. A flow of cytoplasm from the cut ends 
of fine veins has been recorded on 100 ft. of 16-mm ciné 
film. Figs. 1 and 2 are photomicrographs of the eut ends 
of fine veins and reveal ribbons of cytoplasm, containing 
particles. The smaller of the two kinds of particles are 
comparable in size to plant mitochondria (diam. 0-5u) 
while the larger particles have the ap ce of unusually 
small, rod-shaped chloroplasts (diam. 1-0u, length 3-0y). 
The larger particles are green and stain intensely blue- 
black with Lugol’s iodine solution. Particles like these 
were previously reported’ in the exudate from cut soybean , 





1. Cutend ofa fine vein in a cm” of soybean leaflet. Mitochondria- 


Fi 

me particles and cl sts are abundant in a mass of precip- 

itated cytoplasm exuded from the cut phloem. Mounted in tap water, 
abaxial surface uppermost 
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Fig. 2. 
ribbon-like form (R) attached to the cut ends of phloem cells. 
these ribbons shows particles (P) arranged in single file 


A pun similar to Fig. 1. Exuded cytoplasm has a 


One of 


stems. Some of the ribbon-shaped forms in the exuded 
cytoplasm can be traced back to an attachment with the 
cut vein (Fig. 2). In the cinó film the movement of 
partieles can be followed in the vein and afterwards 
the same particles can be identified in the exudate. 
Measurements of vein dimensions in transverse sections 
were related to the planes of focus in which exuding 
cytoplasm was seen and, in this way, it was established 
that cytoplasm was exuded only by the cells of the 
phloem, between the sub-epidermal parenchyma and the 
xylem. Unfortunately, due to the interference of over- 
lying cells, the phloem cells which gave rise to the exuded 
cytoplasm were not clearly defined. In most preparations, 
exudation continued for about 10 min, and the longest 
time recorded for any vein was 12 min. There was no 
cytoplasm exuded from cut border parenchyma cells, 
epidermal cells, or mesophyll cells. 

The flow of cytoplasm from the cut soybean leaflet 
vein, and the occurrence of significant amounts of cyto- 
plasm in soybean stem exudates“, supports the view 
that sieve elements contain normal amounts of cytoplasm. 
Consequently, this evidence is consistent with both the 
‘parenchyma cell’ and ‘transcellular strand’ interpreta- 
tions of protoplast structure in sieve tube elements. 
Particles have already been observed moving from cell to 
cell in single files in mature sieve tube elements from 
Primula obconica petiole phloem’, and in Fig. 2 it can 
be seen that some of the smaller particles are arranged 
linearly in single file, which may be a reflexion of their 
structural arrangement before exudation. It is therefore 
conceivable that fluid endoplasm and cytoplasmic particles 
exuded from fine veins are the contents of sieve tubes 
which flow from cut transcellular strands when phloem 
pressure is released by cutting. 

I thank Prof. R. D. Preston and Dr. E. K. Woodford 
for their advice. 


R. THANE 
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A Factor controlling Sexual Reproduction 
in Phytophthora 

Aw understanding of the aggre: A of reproduction 
in the fungus Phytophthora, one of the most important 
plant pathogenic genera, is hampered by there being no 
defined culture medium on which the sexual cycle ean be 
completed. The fusion organs are always obtained in 
eulture by growing it on a variety of organic media the 
precise compositions of which are not known; oatmeal is 
perhaps used the most. The only attempt to extract 
from such media substances which are active in promot- 
ing production of oogonia and antheridia in Phytophthora 
appears to have been by Leonian and Lilly’. They obtained 
from peas an unidentified fraction active down to 01 
p.p.m. Zentmyer* reported stimulation of fusion organs 
in P. cinnamomi Rands by a non-protein extract from 
roots of avocado pear. 

'Temperate and tropical isolates which have been used 
are: P. cactorum (Leb. and Cohn) Schroet., and P. heveae 
Thompson; these reproduce sexually as single isolates. 
P. eryptogea Pethyb. and Lafferty paired with P.cambivora 
(Petri) Buis, and P. cinnamomi ; also P. palmivora (Butl.) 
Butl paired with P. cinnamomi (see Waterhouse’). 
The basic culture medium was: sucrose, 30 g; Ca(NO;);, 
0-05 g; KH,PQ,, 0-6 g; MgSO,.7H,0, 0:3 g; L-asparagme, 
3-0 g; r-tyrosine, 0-5 g; thiamine, 1 mg; agar, 15 g. in 
ll distilled water. To 1 1. was added 1 ml. from the 
following solution in 100 ml.: FeSO,.7H,O, 50 mg; 
ZnSO,.7H,0, 50 mg; CuSO,.5H,O, 2 mg; MnCl,.4H,0, 
2 mg; NaMO,.2H,0, 2 mg. The sugar and calcium were 
autoclaved separately from the other constituents, pH 
was 5-5 before autoclaving at 15 Ib./10 min, and the two 
parts were mixed after cooling to 50° C. All media were 
used in 9-cm Petri dishes. 

Vegetative growth on the basic medium was good, and 
comparable to that on one prepared from oatmeal; but 
fusion organs, as © formed only on oatmeal. 
When oatmeal was extracted with ether and the extract 
added to the basic medium fusion organs were formed; 
but they were absent on the medium prepared from 
oatmeal after extraction. The ether extract was then 
saponified! and only the non-saponifiable fraction was 
found to be active. This active material was chromato- 
graphed on a column of silicic acid (Mallinckrodt) and 
acid-washed ‘Celite’ (1: 1 w/w) and fractions eluted with 
light petroleum, 1 and 25 per cent diethyl ether in light 
petroleum, ether and methanol. After removal of solvent 
by distillation the residual material was tested for bio- 
logical activity. This was present only in the fraction 
eluted with 25 per cent ether in petrol. 

This fraction, as indicated by thin-layer chromato- 
graphy, contained several compounds. Tt was re-chroma- 
tographed on a second column of silicic acid/'Celite', and 
the column eluted with 5, 10, 15, 20 and 25 per cent ether 
in petrol. Only the 10 and 15 per cent ether fractions 
contained active material. The residue from these two 
fractions was dissolved in a minimum of hot ethanol and 
formed crystals on cooling; the crystals were separated 
and recrystallized twice. These gave & single spot on a 
thin-layer chromatogram, which, after spraying with 
50 per cent sulphuric acid followed by heating at 105° C 
for 10 min, turned red. 

Apparently normal oogonia and antheridia were always 
abundant in the basic medium to which the crystals had 
been added. The sterol nature of the active material, 
suggested by the spray reaction, was confirmed by precipita- 
tion of sterol as digitonide from the combined 10 and 
15 per cent ether fractions. The sterol was regenerated ® 
and shown to be active. A similar sterol was prepared 
from dried garden peas by digitonin treatment of the 
active fraction from the first chromatography. 

An indication of the degree of activity of these extracts 
is shown in Table 1. This suggests that the extracted 
substances will prove active at concentrations considerably 
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OF KNOWN COMPOSITION WITH A PURIFIED EXTRACT FROM OATS AND PHAS 


Days after plate ; 
inoculation 7 9 10 
Concentration active : 
substance (p.p.m.) 10 20 40 80 10 20 40 80 10 20 40 80 


Peameal: P.hewae *2 1 2 3 3 ^4 4 4 4 4 4 4 
P. cactorum 0 1 1 2 2 2 3 8 8 3 8 8 
Control No fusion organs 


Oatmeal: P. heveae 0 1 2 1 8 4 4 2 4 4 4 
P., cactorum 0 0 1.2 12 2 23 2 3 3 
No fusion organs 


Control B 
* Scoring (number of fusion organs in one mier 
9, none; 1, up to 10; 2, 11-50; 3, 51-100; 4, >1 


€ 


ope field 1 mm. diam.). 


lower than 10 p.p.m. The following sterols have been 
examined: B-sitosterol C.P., stigmasterol and cholesterol 
U.S.P. (Nutritional Biochemicals Corp. Ohio) These 


"three known sterols all promote the formation of fusion 


organs when added at 10 p.p.m. to the basic synthetic 
medium. Thin-layer chromatography showed these 
substances to have similar Rr values, and colour reactions 
with sulphuric acid, as the substances from the oat and 
.,, Gas-liquid chromatographic analysis of the sterol 

fractions (kindly performed by Dr. E. I. Mercer, Depart- 

ment of Agricultural: Biochemistry, University. College 
of Wales, Aberystwyth) has shown that the oat sterol 
mixture contains B-sitosterol and stigmasterol as the main 
components of the six separated. The pea sterol contains 
mainly f-sitosterol together with stigmasterol. 

This work is being done while one of us (J. A. L.) holds 
a Ramsay Memorial fellowship awarded to him at the 
University of Madrid. 
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. Preliminary Results of a Comparison 
between Tetraploid and Diploid Ryegrass 


. Muon interest has been aroused by the introduction 
from Holland of bred varieties of tetraploid ryegrasses. 
Herbage production experiments! have not shown any 
remarkable differences in dry matter yield between these 
tetraploid and good diploid varieties; it was noted, 
however, that during the winter the tetraploids were 
singled out by hares for very hard grazing. The moisture 


Table 1 


Plot 
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-content of the tetraploids is higher and in experiments at 
the West of Scotland Agricultural College? Italian tetra- 
ploid outyielded 5.22 on a green weight basis. Dent and 
Aldrich? found that the soluble carbohydrate content of | 
both perennial and Italian tetraploids was higher than . 
that of comparable diploid varieties throughout the 
summer. In view of these findings, diploid and tetraploid 
varieties of both Italian and perennial ryegrass were sown 
in an animal production experiment in 1963; further 
sowings will be made in 1964. The preliminary results are 
presented here. 

The varieties were sown in paired plots (Table Ajo 
Fertilizer was applied either in the seed bed or as a top- - 
dressing in July or August, the same amount being used on.” 
each of the paired plots. The plots were either cut for 
conservation or grazed. All grazing was done by thirteen i 
February-born calves per plot. The yields of conserved 
herbage were higher from the "Tetila Tetrone’ than from 
S.22. All grass eut for silage was weighed, a sample of 
grass from each load being used to determine the dry 
matter content. The quantities of hay produced were ` 
assessed by weighing the hay bales and determining their: 
dry matter content. The amounts of grass utilized at each 
grazing were estimated on the basis of a herbage intake 
study carried out in September and the live weight..of 
calves. As the estimated intake was higher on the tetra- 
ploid, and average live weights were similar, the estimates 
of herbage utilized by grazing were higher from the tetra- 
ploid swards. The calves grazed these plots during 
August 13-October 28 except for a period of fourteen days. 
During this period the average live-weight gain of the 
thirteen on the diploid varieties was 121 Ib. and of the 
thirteen on the tetraploid varieties 133 Ib. 

In this first year a detailed comparison was made of 
herbage intake of calves grazing 5.22 Italian ryegrass and 
"Tetila Tetrone' during September 15-26 on plots 1a and b. 
Eaeh plot was split into three sections and each section 
was grazed for 5-6 days, Fecal output was measured by 
dosing with chromic oxide and sampling feces from the 
sward!. Digestibility was determined in vitro® on herbage 
samples grazed by an csophageal-fistulated calf and on 
samples taken with hand shears. During the intake study 
herbage samples from both plots contained nearly 100 per 
cent of sown species of which 85 per cent was green leaf 
and sheath, 6 per cent stem and 9 per cent dead material 
on "Tetila Tetrone’; the respective percentages on 8.22 
were 79, 7 and 14. Percentage ash, dry matter (D.M.) and 
normal acid fibre (N.A.F.) in the herbages of 5.22 were all 
higher and soluble carbohydrate (S.C.) lower than in the 
"Fetila Tetrone’ (Table 2). The organic matter digestibility 
of the tetraploid was on average 3 units higher than that 
of S.22, by either sampling method. The digestibilities of 


samples taken via tho fistula were higher than those of cut. 


herbage. Furthermore, N.A.F. content of samples taken. 


through the fistula was higher than that of cut herbage 3 


and soluble carbonate content lower. These results are 











Plot. Sowing Utilized herbage T ; A 
No. size date Seeds used (Ib./acre) (D.M. 100 Ib./aere) undoubtedly due to the action of saliva, and so the di- : 
(eres) Silage Hay Grazing gestibility determinations on cub herbage were used for 
March 22 28 5.22 161 120 194 the determination of intakes, ; 
) "March 33 20 oat 8? barley 5 CI 23.7 The fæces of animals grazing ‘Tetila Tetrone’ were LS 
 Mareh 23 20 *Reveille’+87 barley — * 367 darker and there was also more scouring in this group, but 
; May 18 30592 26-7 f Ma 2 t 
TE “May 13 — 80 "Tetila Tetrone' 98-0 dry matter content o the feces was similar (12-2 per cen 
2 * Not given as mainly composed of barley. 5.22 and 12:1 per cent ‘T. Tetrone') Fecal output was: 
5 Table 2 
MMC —— 
% O.M. 26 % | % % Feeal out put O.M. intake * 
dig. ash D.M. | N.A.F. 8.C. (b. O.M./calf/day) | (Ib./ealf/day) 
I a : | E 4 : 
8.22 Cut herbage samples 755 12-6 18-6 i 29-0 19.2 T : ` z 
z Fistula samples i | 76-1 13.8 | 11-9 | 35-9 9383 218 + 0-044 £O + O18 
| | | 
‘Tetila Tetrone’ Cut herbage samples | 784 | 11:8 i 15-8 | 28:3 21-9 n " T og T 
Fistula amples | T9 100 | 12 | 348 10-8 203 +0036 XN S 
i i H 








* Calculated from the equation: wt. organic matter (0.M.) eaten = 


100 x fecal output 1b. O-M; 





100~0O.M. dig. in vitro of cut herbage 





August l, 1964 








HEATHWAY 


FOR GLASS WORKING LATHES 


mesa" À 


A 6} bore lathe of the latest design 
with foot drum control 


All the HEATHWAY range 
of lathes have the following features: 


* Robust Construction and lasting accuracy 
ý Efficient variable speed and easily accessible controls 
* Smooth traverses essential to good glassworking 


May we send you details of our range of lathes and equipment 
Write or phone: 


The HEATHWAY MACHINERY CO., 
UXBRIDGE ROAD, HILLINGDON, MIODX. 
TEL: UXB 36345/6 


Or contact one of our Overseas Agents: 


Canada: 


Holland & Belgium: A, Bruyaux—Amsterdam 
Scandinavia: Kebo—Stockholm 


L. J. Bardwell—Toronto Ets. L. Richoux—Paris 
Italy: Richoux—Mitan 


U.S.A.: Bethlehem—Hellertown AP. 


France: 


Switzerland & Germany: Ernst Keller—Basle 








Synthetic 
Polyribonucleotides 


Prepared by polymerization of nucleo- 
tides with polynucleotide phosphory- 
lase from Micrococcus lysodeikticua, 


These polynucleotides are of high 
molecular weight, suitable for both 


physical-chemical and biochemical 


studies. 
In stock for immediate shipment are 
salts of : 
Polyadenylic acid 
Polyinosinie acid 
Polyuridylic acid 
Polycytidylic acid 
Copolymers are custom synthesized 
with 2 to 4 different bases in any given 
ratio of substrates. 
Custom synthesis of C^ and H’ 
labelled homopolymers and copolymers 
can also be accomplished. 
For information and prices write to : 
Dept. A, 
ENZYMOLOGY Resraron LABORATORY, 


MILES 


CHEMICAL COMPANY 


Division of Miles Laboratories, Inc. 
ELKHART, INDIANA. 
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takes the strain 
out of sizing 


AUTOMATICALLY! 


No longer need you be the slave of 
laborious time-consuming methods of 
counting and sizing microscopic particles. 
Whatever your field of interest—industrial 
or biological—the Coulter Counter will 
register 5,000 particles a second from 0.3 
micron upwards. 

The Coulter Counter is an instrument of 
exceptional accuracy, possessing a high 
degree of calibration stability combined 
with simplicity of operation. Its use will 
save hours and hours of tedious work and 
relieve valuable skilled staff for other 
purposes. 

Patents issued and/or pending throughout the 
world. 

If you have particle problems or are 


plagued by problem particles why not 
write to us? 





IT'S EASIER WITH A COULTER COUNTER 


COULTER ELECTRONICS LIMITED 
999% Ashwell Street, St.Albans, Herts. 


St.Albans 50828 
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grows on you! 


The Conference follows the accepted pattern of GS ‘unit design’ allowing the user great latitude in choice of com- 


ponents and accessories so that the instrument may be tailor-built to meet individual requirements, or deal with specific 
programmes of microscopy 
The instrument embodies unique designs in mechanism, optics and appearance — designs which give strength, rigidity 
and versatility in use whilst affecting outstanding economies in expenditure 
The Conference photo-microscope employs all the basic features of the Conference as used for visual research and for 
micro-projection. With an intense and highly corrected light source, photographs may be taken at the fastest camera 
shutter speeds, and yet the illumination may be controlled and measured for exposures as long as 100 seconds on fine 
grain film 
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"highest on 8.22. but, with the higher digestibility of 
"Tetila Tetrone’, intake was estimated to be higher on the 
latter. The average weight of the two groups of calves 
was similar at this time. 

The hay made from plots la and b was fed to one pair of 
 dizygous twin cattle housed in individual pens during a 

four-month period. The hays fed to the animals were 
changed over at intervals. The mean intakes, lb. of 

 organie matter per 100 Ib. live weight, were 1-7 for S.22 
and 1-8 for "Tetila Tetrone’. The O.M. digestibility of the 

ys measured in vitro was 73:8 for S.22 and 76.7 for 

Totila Tetrone’. When an animal was fed “Tetila Tetrone' 

jt appeared to gain weight at a faster rate, but with 

complication of gut fill in the short periods of feeding 
alidity of this measurement is doubtful. The fæces 
animal fed 3.22 always appeared to be firmer but the 
tents were again similar (S.22 13-2 per cent, 
ne’ 13:6 per cent). 

All the results favour the tetraploid varieties. The 

differences between 9.22 and "Tetila Tetrone’, if confirmed, 

could be sufficient to have a significant effect on animal 
performance during a grazing season. 
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Wax and the Water Vapour Permeability of 
Apple Cuticle 


'Tuz storage characteristics of apples depend on the 
variety. In particular sonie varieties have a tendency 
"Xo shrivel or ‘wilt’ because they have lost excessive 
water by transpiration. The transpiration rate of an 
* apple will clearly depend on the resistance to water 
- vapour movement of the apple cuticle. 

Tf an apple cuticle is separated from its adjacent 
Jdimsues and is then immersed in warm ether, the ether 
‘soluble fraction, referred to here as ‘wax’, amounts to 
some 50 per cent of the total cuticular mattor!. Tt has 
been shown that transpiration from leaf surfaces* and 
insects? is affected if the cuticular wax is disturbed. 
The question arises, therefore, as to what influence 
wax has on the permeability of apple cuticles. 

The varieties selected for study were the relatively 
wilt resistant ‘Granny Smith’, and the relatively wilt 
susceptible ‘Golden Delicious’. Eight disks of apple 
skin were carefully peeled from each of these varieties, 
which were of normal maturity and had been in cool 

store. To prevent the disks curling, they were mounted 
^on à polythene annulus. The underlying cellular matter 
‘removed using a gentle enzyme method'. Cutieular 
was removed from half the disks by soaking them 
f an hour in two suecessive solutions of hot chloro- 
. The central area of each cuticle (5 em?) was then 
aled with micro-crystalline wax over an aluminium 
yt containing distilled water. The pots were placed 
| an air stream circulating at 70 ft./min and controlled 
t 25°C and 50 per cent relative humidity. The rate of 
»ss of water was determined gravimetrically. The method 
was so designed that it was not necessary to handle the 
cuticle surface. 

The results thus obtained are shown in Table 1. 


















The 










on the assumption that the vapour 
va saturated. 





| inside the app! 


NATURE 


BT 


Table 1. PERMEABILITINS WITH AND WITHOUT WAX 
Permeability (mg day emo?) 


Wax intact Wax removed — Was ramayed 

(uncorrected) (oorrebted ^) 
Granny Smith 152102 6727 107 
Golden Delicious $:2z04 6424 98 


* It is necessary to apply a small correction for the impedance of the diens 
air between the water surface and the cuticle, and the stagnant «t 
adhering to the outer surface. To determine this impedance, 9 
paper of negligible impedance was sealed across & pot in place of ihe cute 
The measured permeability was 180 mg/day? em, "Phiscortespe ds to an 
air layer of total thickness 1:8 cm. 






‘The correction ia negligible for the low 
permeability cuticle with intact wax. 


The results shown in Table 2 are believed to be ba 
error by not more than 10 per cent. They show reason 
able agreement with the more direct Measurements. 


Table 2. PERMEABILITIES MEASURED in situ 
Permeability, 
(mg/day em") 
Granny Smith 25 
Golden Delicious 40 


The difference in permeability between cuticles with and without w: 
striking. For ‘Granny Smith’ the ratio is 1: 70 and for "Golden i 





These figures demonstrate that the cuticular wax is 
a prime factor determining the impedance. to water 
vapour of an apple cuticle. The reason for tho difference 
between the varieties is not known. It is possible that 
the density or geometry of the lenticles is importent 
or it may be that the distribution or type of wax plavs 
the dominant part. Further work aimed at. resolving 
this point is in progress. 





R. L. Hoógsgocgs 


Dominion Physical Laboratory, 
Lower Hutt, New Zealand. 
! Smock, R. M., and Neubert, A. M., Apple and Apple Products. TE (nter- 
science Publ, Ine., New York, 1950). 
? Hall, D. M., and Jones, R. L., Nature, 191, 95 (1961). 
3 Beament, J. W. L., Gen. Disc. Farad. Soe., 8, 177 (1948). 
i Preece, T. F., Nature, 198, 902 (1962). 


Promotion of Cell Division in Tissue Cultures 
by Gibberellic Acid 


Tr is well established that gibberellic acid (GÀ) stimu- 
lates not only cell extension but also cell division in intact 
plants'?*. It has been shown that eambial division i 
stimulated when GA is applied to disbudded woody shoots 
(including those of Acer pseudoplatanus)*, but that the 
derivative cells do not undergo further expansion and 
differentiation unless indolyl-3-acetie acid is also supplied ; 
moreover, the rate of cambial division is greatly énhbaneed 
when both hormones are applied simultaneously. Reports 
on the effects of GA on the growth of tissue cultures are 
more contradictory.  Netien? states that GA. inhibits 
callus tissue growth while Schroeder and Specta* obtained 
an increase in callus tissue growth in the presenee of GA. 
Nickell et al.5 investigated a large number of tissues grown 
in callus culture and found that GA (10 p.p.m.) in some 
cases caused promotion and in other cases caused inhibi- 
tion of growth. These experiments were carried out on 
callus eultures grown on agar and in all cases the results 
were expressed in terms of fresh weight increase. Tt 
cannot be said from this whether GA is effecting cell 
division or cell enlargement, though Schroeder et al. 
suggest from anatomical observations that there was an 
increase in cell number in their experiments. 

A series of experiments has been carried out using tissue 
derived from the cambium of sycamore (Acer pseudo- 
platanus), growing both on agar as a callus, and in quid 
suspension eulture. In both cases & modified Heller sait 
medium with added vitamins was used as the culture 
medium. No coconut milk was added to the medium. 

In the ease of cells grown in liquid suspension < f 
GA was found to promote cell division at cone 
from 15 to 50 p.p.m. but not below 15 p.p.m 
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Mean cell No. (per cent of control) 
z 





15 25 $0 


GA concentration {p.p m.) 


Fig. 1. Effect of increasing GA concentration on cell number. Control 
(no hormones) is zero 


<o 50 ppm. GA there was a 100 per cent increase in cell 

; number as compared with the controls to which no 
" hormones had been added. This stimulation of cell 
division was slightly enhanced by adding LAA (1-0 p.p.m.). 
Callus cultures grown on agar showed no increase in fresh 
weight when treated with 50 p.p.m. GA and in certain 
cases there was slight inhibition of growth as compared 
with the controls. 

Observations on the size of the cells of the suspension 
cultures treated with GA show that with increase in cell 
number there is a corresponding decrease in mean cell 
size, indicating that though GA treatment is promoting 
eoll division it is not promoting cell expansion to the same 
extent (Fig. 2). It is suggested that the reason for the 
failure to observe an increase in fresh weight in the callus 
euliures in response to GA treatment is due to the fact 
hab, although cell division is promoted, there is little 

sell expansion and so the overall fresh weight does not 
increase, 

“It was noted in suspension cultures that there was a 
-significant increase in cell number only at relatively high 

GA concentrations (about 15 p.p.m.). This indicates 
- that the cultures may be relatively self-sufficient for 
gibberellins, and it has been shown previously* that 
callus cultures are capable of synthesizing gibberellins. 
"The medium in which a suspension culture had been grow- 
ing was bioassayed using a dwarf pea assay, and small 
amounts of gibberellins were detected. No gibberellin 
activity was found in medium which had not supported 
the growth of a cell suspension. 

^q has also been found that cell suspensions grown in a 
Heller salt medium containing 20 per cent coconut milk 
show increased cell division in response to GA. Again, 









Mean cell size (per cent of contro — 


15 25 K 50 
GA concentration (p.p.m.) 


Fig. 2. Effect of increasing GA concentration on mean cell size. Control 
(no hormones) is 100 


a 60 p.p.m. GA gives about 100 per cent increase in cei 
. number as compared with the control. 
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Thus it has been shown that GA promotes cell divisios 
of the cambium of sycamore both in the intact shoot an 
when the cambial colls are cultivated in liquid suspensios 
tissue culture, suggesting that gibberellins are importan 
in the stimulation of normal cambial activity. 

We thank Dr. D. H. Northeote, Department of Bio 
chemistry, University of Cambridge, for providing the 
sycamore eambial cultures and for his assistance in the 
early stages of this work. This work was carried oui 
during the tenure of a Department of Scientific and 
Industrial Research studentship by one of us (J. D.). 


J. Digsy 
T. H. THOMAS 
P. F. WanzmNG 
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University College of Wales, 
Aberystwyth. 
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MICROBIOLOGY 


Development in vitro of Bacterial Cross- 
resistance involving Penicillins, 
Chloramphenicol and Tetracycline 


Tue selection of antibiotic-resistant variants of bacteria 
ean readily be demonstrated in vitro by repeated transfer 
of the eulture in the presence of the particular antibiotic 
in question. Resistant variants isolated in this way show 
cross-resistance to other antibioties of similar chemical 
structure to the antibiotic in which the original organism 
was cultured. Cross-resistance among unrelated anti- 
bioties has been reported on occasion’ with strains of 
bacteria selected from in viro experiments, but the 
phenomenon has not become well established and it is 
usually accepted that cross-resistance is not seen among 
chemically dissimilar antibiotics. We now wish to report 
the development of cross-resistance between certain peni- 
cillins, chloramphenicol and tetracycline, with bacteria 
cultured in the presence of any of these antibiotics. 

The results of experiments with a strain of Salmonella 
paratyphi B (B.R.L. 1824) are shown in Table 1. This 
culture was sensitive to ampicillin, benzylpenicillin, 
chloramphenicol, streptomycin and tetracycline before. 
repeated transfer in sub-inhibitory concentrations of these. 
antibiotics. After resistance had developed to the par- 
tieular antibiotic in which the organism was transferred, 
the resistant culture was tested for sensitivity to. the 
other antibiotics. It was found that there was cross- 
resistance between the penicillins, chloramphenicol and 
tetracycline, such that the increase in resistance which 
developed as a result of eulture in the presence of one of 
these antibiotics was accompanied by a lesser, but never- 
theless significant, increase in resistance to the other, 


Table 1. SELECTION in vitro OF ANTIBIOTIC-RESISTANT VARIANTS OF 
Salmonella paratyphi B (B.R.L. 1824) SHOWING CROSS-RESISTANCE INVOLVING 
PENICILEINS, CHLORAMPHENICOL, AND TETRACYCLINE 


Antibiotic in Minimum inhibitory concentration (ug/ml.) : 
whicheuliure No. of Ampi- Benzyl- Chloram-  Tetra- — Strepto- 
wastransferred transfers cillin penicillin phenicol cyeline mycin 
None (parent 3 
culture} g 125 12:5 50 1:25 12-5 
Ampicillin 12 260 > 500 50 25 25 
Benzylpenieillün 12 125 > 500 50 25 12:5 
Chloramphenicot 10 25 125 125 50 5:3) 
Tetracyeline 10 ; 25 125 25 125 25 
Streptomycin 4 125 5-0 50 135 > 500 
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unrelated, antibiotics. The development of this multiple 
. resistance occurred in a gradual stepwise manner, and 
there was no evidence that polyresistant variants were 
| present in the original antibiotic-sonsitive cultures. 

In contrast to these findings, the multiple-resistant 
iants deseribed here were, in general, as sensitive to 
ptomycin as was the parent strain, and streptomycin- 
resistant variante of the original culture of Salm. para- 
typhi B (B.R.L. 1824) remained sensitive to the peni- 
illins, chloramphenicol and tetracycline. Likewise, a 

ure of this organism repeatedly transferred in the 
presence of ampicillin showed no change in sensitivity to 

loserino, kanamycin, neomycin or polymyxin. 
e development of cross-resistance involving peni- 
ins, chloramphenicol and tetracycline was also demon- 
strated with a strain of Escherichia coli, a strain of 
lebsiella pneumoniae and several Salmonella species. 
resistan às not seen with two strains of Proteus 
strain each of Shigella flexneri and 




















Sonnet. 
Tt would seem, therefore, on the basis of the findings 
ried here, that the emergence of antibiotic-resistance 
hould not be regarded as a phenomenon which 
' specific for the antibiotic in which the bacterial 
is transferred. On the contrary, it is evident that 
ist among dissimilar antibiotics can readily 
ted in vitro with certain bacteria, par- 
"es of Salmonella, although the clinical 
ficance of this is as yet not known. 
‘These results will be reported in detail elsewhere. 


R. SuTHERLAND 
B. Stocompe 
G. N. ROLINSON 
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Role of Cobalt in Nitrogen Fixation by 
Azotobacter chroococcum 


CoBarT is known to accelerate nitrogen fixation by 

the blue-green algae, and the lowest cobalt requirement 
of Nostoe muscorum was observed to be 0-05 p.p.m.!. 
‘Its influence on Azotobacter does not seem to have been 
examinod critically. The experiment recorded here was 
therefore planned to examine the effect of cobalt at 
different concentrations varying from 0-02 to 5-0 p.p.m. 
n nitrogen fixation by Azotobacter chroococcum in Jensen’s 
ium’. The results obtained were compared with 
which was already 
The basal medium 







ro p.p.m. 
Higher concentration of molybdenum up 
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Table 1. EFFECT OF COBALT AND MOLYBDENUM IN NITROGEN Pix4TioN 
BY Azotobacter chroococewm IN JENSEN'S MEDIUM 


Nitrogen fixed in mg/g of sueroge 


Cone. oxidized (average of 4 replications) 
(p.p.m.) Molybdenum Cobalt 
0-00 6-06 TOG 
0-02 6:47 gar 
0-10 6-35 mons 
1:00 1810 Bus 
2-00 13-82 Cem 
3-00 13-25 B20 
4-00 3-25 7-30 
5-00 3-88 T5. 
S.E. 0-068 S.E. 0-090 
C.D. at 5% level C. D. at 5% level . 
for Mo 021 for Co 027 


to 5-0 p.p.m. examined did not result in any further 
increase in this value. 

In order to find out the extent to which molybdenum 
as impurity in the cobalt salt would influence. nitrogen 
fixation, another experiment was conducted with a 
control, 0-0001 p.p.m. of molybdenum and cobalt (e 
p-p.m.), before and after removal of traces of molybdenum: 
from the culture medium following the method of 
Nicholas‘. zn 

Table 2, NITROGEN FIXED IN MG/G OF SUCROSE OXIDISED 
(average of 4 replications) 
Before removal of Mo After js i) of Mo 





Mo o " Co 
Control 0-0001 OL Control 0-0001 JR 
p.p.m. ppm. Ppi Qum. 
6-74 9-66 T 84 682 ers 


S.E. 032 SJ. ©2148 
C.D. at 5% level 1-05 C.D. at ba, Jewel O6 
From the foregoing it can be seen that enhanced 
nitrogen fixation observed was only due to cobalt and 
not to molybdenum present as impurity in traces. 
Cobalt, being the centre of a complex in vitamin Bis 
is likely to play an important part in plant and an 
metabolism as vitamin B,, is known to have mA defin 
role in cell synthesis. - 
We thank Dr. B. P. Pal, director, Indian Agricultural 
Research Institute, New Delhi, and Dr. R. V. Tambane, 
the then head of the Division of Soil Scieneo and Agricul 
tural Chemistry, for their advice. 
i V. IswARAN 
W. V. B. Sunpara Hao 
Indian Agrieultural Research Institute, 
New Delhi. 
! Holmehansen, O., et aL, cited in the Year Book of Agricultural Soil, 284 
(U.S. Dept. Agric., Washington, 1957). 
‘Jensen, H. L., Proc. Sor. App. Bact., 14, 89 (1951). 
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Deoxyribonuclease Activity from ‘Lactic 
Acid Pleuropneumonia-like Organisms' 


THE relationship of the micro-organisms of the plouro 
pneumonia group (PPLO, Mycoplasmatales) to the true 
bacteria is uncertain. Two general explanations have 
been advanced to explain the nature of this group and 
its relation to other micro-organisms’: one holds that 
pleuropneumonia organisms are a natural biological class; 
the other that PPLO are an assemblage of the stable L 
forms of various bacteria. 

Previously we have emphasized the basic biochemical 
heterogeneity of the organisms making up tho group? and 
proposed that primarily these organisms could be divided 
into sets consisting of fermentative and non-fermoeritative 
strains. These fermentative strains were characterized as 
catalase negative, nitrate negative aerobes that accumulate 
laetie acid. This deseription is highly reminiscent of 
certain lactic acid bacteria, particularly the Streptococei, 
I would term this set of organisms ‘lactic acid plouro: 
pneumonia-like organisms’. 

Either the resemblance between this set of pleure. 
pneumonia organisms and the lactie acid bacteria 
because these Mycoplasma and the Laetobacillac 

















homologous groups that have arisen eoineidentally in 
Nature or these PPLO are in fact stable E forms of certain 
members of the Lactobacillaceae. 

To characterize further these fermentative PPLO and 
also aid in the selection of possible bacterial parents, a 
search for enzymes common to the armory of the Strepto- 
cocci was made. DNase activity was sought preferentially 
because the DNases are well characterized and because of 
the possibility of finding and characterizing a specific 
cellular enzyme inhibitor. Also, in particular, a knowledge 
of DNase activity would be important in preparing DNA 
for characterization. 

This communication describes deoxyribonuclease activ- 
ity found in three fermentative strains’ of PPLO: Sewage 
A (M. laidlawii A), California calf, and kid strain of goat 
arthritis PPLO. Organisms were grown at 37° C in Difco 
trypticase soy broth adjusted to pH 7:8-8 and (except 
sowage. A) supplemented with 10 per cent horse serum. 
Cells were gathered at 36-48 h, washed once in 0-89 per 
cent saline, disrupted by three or more cycles of freezing 
and thawing, and taken up in tris-hydrochlorie acid buffer 
(0.05 M, pH 7-5); a supernatant (15,000g, 30 min) was 
examined for activity. Enzyme activity in culture 
supernatants of sewage A was partially purified by 
ammonium sulphate fractionation. 

Initially activity was assayed by the aleohol precipita- 
tion method of McCarty*; quantitative assays were by 
viscometry*. Enzyme activity was caleulated from the 
slope obtained by plotting, on semi-logarithmic paper, 
the difference between flow-time at intervals during the 
reaction and the flow-time of solvent, against time. 
Usually five points were obtained and gave straight lines 
for at least 12-15 min. The activity of PPLO DNase was 
compared with a crystallized standard DNase I (Worthing- 
ton, 1 methyl green unit per mg?). 

The pH optimum is 7-8 in tris-hydrochlorie acid or 
barbital-hydrochlorie acid buffer. A divalent cation 
requirement is satisfied by Mg** or Mn** (0-0075 M) 
while disodium ethylenediamine tetraacetate completely 
blocks activation; activity is restored by addition of 
Mg**. 

Activity requires proteetion (provided by 0-01 per cent 
gelatin) and is destroyed by heating for 5 min at 60° C. 
Dialysed ammonium sulphate fractions are stable for at 
least 4 months at — 10? C. 

The deoxyribonuclease from sewage A has been 
examined more extensively. Activity of culture super- 
natants is equivalent to approximately 0-3 gg of crystalline 
pancreatic DNase por ml. Calf thymus and salmon sperm 
DNX are attacked at the samo rate without a lag period. 

Inhibition of DNase activity with boiled cell extracts 
of sewage A and E. coli has been obtained, but only to a 
level of 30 per cent so far; yeast RNA (0-3 mg/ml.) inhibits 
50 per cent of the activity. The inhibitory effect is 
abolished by digestion (37° C for 30 min) with RNase 
(50 ug/ml., heated 80° C for 10 min). Treatment of crude 
culture. supernatants with RNase does not increase 
aetiviby. 

Because of the rapid loss of viscosity, the enzyme would 
appear to be an endonuclease, and resembles the RNA 

jnhibitable DNases of Streptococci and E. coli. 
; 3 HAROLD NEIMARK 


Department of Microbiology and 
Immunology. 
College of Medicine, 
Stato University of New York, 
^ Brooklyn 3, New York. 


' Dienes, L., and Weinberger, H, J., Bact, Rev. 15, 245 (1951), Dienes, L., 

Recent Prog. Microbiol, 8, 511 (1063). Edward. D. G. FFE., J. Gen. 

Microbiol, 10, 27 (1954); Ann. N.Y. Acad. Sci., 78, 309, 481 (1960). 

Klieneberger-Nobel, E., ibid., 79, 483 (1960). 

2 Neimark, H. C., and Pickett, M. J., Ann. N.Y. Acad. Sei.: 79, 531 (1960). 

5 MeCarty, M., J. Exp. Med., 88, 181 (1948). 

* MeCarty, M., J. Gen. Physiol., 9, 123 (1946). 

* Kurnick, N. B., in Methods of Biochemical Analysis, edit. by Glick, D., 8, 1 
(Interselence, New York, 1962). 
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PSYCHOLOGY 


Sex Differences in Hemispheric Asymmetries 
of the Human Brain 

Tue minor and seemingly random morphologic: 
differences between the two hemispheres stand in contra: 
to the marked and consistent differences in their function 
as reflected, for example, in the specialization of the lei 
hemisphere for speech'. Some evidence that unilater: 
removals of cerebral tissue have different effects in th 
two sexes? suggests that relationships between morpholog 
and funetion might become apparent if observations o 
cerebral asymmetry were analysed for each sex separatel 
Of interest in this respect is a recent investigation b 
Conel of a series of eight brains from 4-year-old children 
no consistent feature was apparent in the difference 
between the hemispheres. However, if the sex of tk 
children is taken into consideration, two noteworth 
differences emerge. Conel’s Table IX shows that in 4 ot 
of the 5 female brains the amount of myelination is great 
in the left F.A,-hand area than in the corresponding are 
on the right, while in the 3 male brains this difference i 
reversed. In Table X the number of exogenous fibre 
in layer I of areas FA, and PB is greater on the rigt 
in the 4 female brains for which data are providet 
but greater on the left in 2 of the 3 male brains. Neithe 
of these comparisons reaches acceptable levels of statistics 
significance, but the importanco of, and the difficulty i 
obtaining, these limited data may warrant & conjectur: 
Could these anatomical differences be related to th 
finding that side differences in the tactual thresholds o 
the thumbs of young children are not the same for th 
two sexes! ? 

Some earlier research may also be used in speculatin 
about sex differences in cerebral asymmetry. An invest 
gation of variations in cerebral venous drainage suggest 
that the right vein of Trolard is larger than the left i 
girls. but not in boys*. Since this is often the major vei 
in the hemisphere opposite to that used in speech*, : 
it possible that the differences in venous drainage ar 
related to the superiority of girls over boys in certai 
verbal skills? ? 

These questions are not presented as being derive 
from relationships whieh have been reliably demor 
strated, but are posed as questions deserving systemat 
research. Tho observations indicate that the sex « 
patients is a factor which should be heeded in investig: 
tions of the laterality of cerebral funetion. 

H. LANSDELL 
Surgical Neurology Branch, 
National Institute of Neurological 
Diseases and Blindness, 
Bethesda, Maryland. 


1 Bonin, G. v., in Interhemispheric Relations and Cerebral Dominance, edit, 1 
Mountoastie, V. B., Chap. 1 (Johns Hopkins Press, Baltimore, Marylan 

2 Lansdell, H., Nature, 194, 852 (1962). 

s Conel, J. L., The Postnatal Development of the Human Cerebral Cortex, 
(Harvard Univ. Press, Cambridge, Massachusetts, 1963). 

‘Ghent, L., J. Comp. Physiol. Psychol., 64, 670 (1961). Kimura, D., ibi 
58, 899 (1903). 

5 Matsubara, T., Nagoya J. Med. Sci., 23, 86 (1960). 

* Di Chiro, G., Amer. J. Roentgen. Nucl. Med., 87, 308 (1962). 


7 Meyer, W. J., and Bendig, A. W., J. Educ. Psychol., 52, 50 (1961). Harr 
C. W., in Problems in Measuring Change, edit. by Harris, C. W., Chap. 
(Univ. Wisconsin Press, Madison, 1€63). 


Formation of Higher Habits 


ALMOST since the beginning of the systematic stud 
of performance experimenters had noticed the tendenc 
for subjects to combine ‘elements’ into ‘groups’ f 
perceptual and motor purposes. One of the class 
studies in human learning is the series of experimen 
on morse-learning by Bryan and Harter’, who showe 
some sixty-five years ago that the process of learnir 
was arrested periodically and that ‘plateaux’ appeare 
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in the learning curve for receiving. This they interpreted 
_by supposing that during the plateaux subjects consolid- 
ated what they had learned previously and reorganized 
j elementa into higher order groups: from dealing with 
ts letter by letter one proceeds to words, phrases 
and whole sentences. A similar progression was postulated 
for learning to send, even though no plateaux ,were found. 
interpretation has generally been accepted but so 
we know it has never been put to the test. We 
one a littl: way towards remedying this defect, 
ih to communicate a first set of results. 
eui gonerate word vocabularies made up from 
ne set of letters and train subjects on one vocabulary, 
another vocabulary of the same size could 
whether subjects were still dealing with letters 
d learned to deal with words: if there were no 
ment it would be fair to assume that subjects were 
l dealing with letters only; but the presence of a 
_ decrement would suggest that subjects had started to 
_ deal with the words of the first learned vocabulary and 
-had now to relearn a new set of words. The course of 
the process could then be studied by varying the vocab- 
_ulary sizes and moments of transfer. 





































Our input consisted of meaningful five-letter words 
made up from the letters ADEHLNORST. The words 
vero displayed on printed lists and subjects had to copy 
hom into a ten-finger keyboard. Time and accuracy 
cores were obtained and subjects were trained for ten 
first day's training being on single letters. 
airs of vocabularies of size 100 and 10 words 
respeetively were made up with certain constraints 
and separate groups of subjects trained first on one member 
a a | pair and afterwards transferred to the other. 
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ows: what à apiened to the mean time per 
for three groups of subjects: there were two 
s trained on a small vocabulary of ten words, and 
ich was trained on a large vocabulary of 100 
ds. When the subjects in the large vocabulary 
ip were transferred to another large vocabulary 
r 7 days of training there was no decrement. When the 
. group trained on the small vocabulary was transferred 
; to another small ‘vocabulary after 7 days’ training there 
; a large decrement, while transfer after only one 
z and | half days brain g: was followed by a smaller de- 
d the | group. We concluded that 
i to generate words in the caso 
ry, but that with the 10-word 
ing appears at a very early stage. 
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We are continuing to develop this technique in order 
to be able to examine the conditions which facilitate or 
hinder the formation of ‘higher habits’ in a keyboard 
skill. 

We thank Dr. R. Conrad for ADEHLNORST. 





Medical Research Council, 
Applied Psychology Research Unit, 
Cambridge. 
1 Woodworth, R. S., Experimental Psychology (Holt and Co., New York, 19238). 


MISCELLANEOUS 


Metric to Inch Conversion 


Tur readers of the article by Mrs. Anderton and P. H. 
Bigg on “The Yard Unit of Length" may be inte! 
in the results of an investigation following a dis 
on metric to inch conversion. The. definiti 
yard, 0-9144 m exactly, legalized by the Weigh 
Measures Act, 1963, is equivalent to l im. = 254 mm 
exactly. The rey aes 1 mm = 1/254 in. equals 
0-039 370 078 740 157... and we were interested in the 
way that the first group of figures 3937 was doubled tc 
form the next group 7874 and looked as if it would be 
doubled again to give 157. 

In the ease of 1/25-4 it is s simple to predict the exact 
form that the worked out decimal will take. For a reason 
given later, since 254 is not a multiple of 4, the number 
will not divide out exactly. If we carry out the long 
division sum, the remainder after the division n 
as far as 0-03937 is 2. Since we 'started with' 1 
that it will continue 007874 when the remaind: 
4 and so on, each cycle of six figures being doi 
previous six, until we reach a remainder of not 256, of 
course, but 2. The previous six figures will be 003937 x 
27 + 1, which equals 503937, and we seo that the number 
has started to recur a few places before the remainder 
2 arrives for the second time. Here is the worked out 
decimal: it starts to recur after 42 places. 

Tt starts to recur here 

0-039 370 078 740 157 480 314 960 620 921 259 842 519 885 | O88 


It is interesting to examine the general ease of a number 
















1 
of the form x. where N is an integer. In common with 


other fractions, it must, if it does not divide out exactly, 
yield a recurring decimal. If we think of. ourselves 
working out the long division sum and continuing long 
enough, the remainder must ultimately be repeated 
after which the number will recur. 

When N is an even number the remainder must be 
an even number and therefore the maximum. possible’ 
number of stages of division before the number starts to 








N 
recur is = — l. When N is even, but not à multiple 
1 
of 4, N 


ending in nought which might occur which is exactly 
divisible by N is 5N. This can only oceur when the 


will not divide out exactly. The only number 


N 
remainder from the previous stage of division is x How- 
sats N 
ever, when N is even but not divisible by 4, 3 will be odd 


and an odd number cannot occur as a remainder. 

The manner in which the cycle of numbers progressively 
doubles as the decimal value of a reciprocal is worked 
out is by no means peculiar to 1/25-4. The reciprocal 
of any rational number, A, can be given by: 


1 B 
A^ 10% 2 


where K is a positive integer and B is a fraction or an 
integer. 
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Expanding by the binomial theorem: 
1 B 2 : 2€ — g 
z= + ioe + qot qgrt e] 


1 
When calculating zg in decimals, B must first be 


expressed as a decimal and it depends on the number of 
figures in B whether the progressive doubling is immedi- 
ately apparent or not. In the case of 1/25-4, if we let 
K equal 6 then 104 —2 equals 999, 998 and B = 39370. 

Thus : 

1 39370 2 4 8 

354 ^ “Tor L' t qos + qos + jos + ] 

0.03937 + 0-000 000 078 74 +..... 


W. M. ANDERSON 
B. E. ROBINSON 


aen n 


il 


Mullard Radio Valve Co., 
New Road, Mitcham Junction, 
enu Surrey. 
^^ Anderton, Mrs. P., and Bigg, P. H., Nature, 200, 730 (1963). 


Dissemination and Storage of Scientific 
Information in the United Kingdom 


Tue storage and retrieval of scientific information is a 
subject the study of which has received scant official 
support in Great Britain; indeed until recently the 
small volume of research in this field was mostly 
financed from abroad. Likewise, as stated in the 
leading article in Nature of May 23, Government support 
for non-conventional means of dissemination and storage 
of scientific information is very disappointing. The fact 
that this information is the basic raw material of a research 
‘industry’ with an annual turn-over of several hundred 


million pounds allows one to sense the seriousness of- 


this laek. 

Tt may be of interest to put on record what has already 
been done—thanks to the generous help of a number of 
industrial organizations and a local authority—to build 
up the nucleus of an organization to provide the inform- 
ation needs of modern research. In late 1962, a number 
of persons, bringing together experience of academic 
&nd industrial research and industrial and governmental 
administration, formed themselves into a Council and 
thereby founded the Scientific Documentation Centre, 
Ltd. This organization was charged inter alia with the 
purposes of compiling central collections of scientific 
data, of supplying scientific information services and of 
carrying out research aimed at improving the means of 
handling scientific information and data. 

Substantial progress has already been made with these 
tasks. Research has shown that papers germane to each 
of a wide range of subjects are widely scattered throughout 
the literature—important papers often appearing in the 
_ Most unexpected journals. As a result of this intelligence, 

t the Centre has built up a series of ‘Current Awareness 
Services’ which bring to the individual scientist and to 
libraries up-to-date notification of papers on subjects 
of interest to them. This covers more than 1,100 journals, 


| -and includes the U.S. Government research reports and 


-a large number of Russian journals. "Current Awareness 
Services’ are already operating on such subjects as: 
astronomy; arsenic; carbohydrate chemistry; carbon; 
carcinogens and carcinostats; cell membranes; ceramics 
and glass; chromatography; chemical processing; 
computer applications; eryogenies and superconductors; 
digitization; electroencephalography; fluorimetry; gas 
chromatography; geophysics; infra-red of natural phen- 
omena; integrated circuits; interferometers; lasers; 
management and personnel; marino biology; mass 
spectroscopy; molluscicides; non-conventional aromatic 
systems; nuclear magnetic resonance; optical rotary 
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dispersion; packaging; paper technology; pattern recog- 
nition; plastics—materials and techniques; polarography 
and related techniques; polymer analysis; spectrometers 
(manufacture); spectroscopy (applications); tobacco; 
terpenes, perfumes and flavours; triazines; town gas; 
ultra-high pressure; ultra-high vacuum; ultrasonics; 
water desalination. The Centre has been able to provide 
material for all ‘Current Awareness’ requests so far 
received. 

Progress has also been made in the compilation of 
central collections of scientific data. The Centres 
Spectra Index, which we regard as a pilot experiment 
for larger indexes, now contains some 920,000 s ra, 
the majority not being available in searchable form else- | 
where. The Spectra Index now comprises the largest 
generally available collection of spectra or spectral data | 
originating in Europe. 

Though the Centre has made substantial progress since 
its foundation, despite the lack of official financial support, 
given greater resources, the nucleus that has been set 
up could very rapidly expand to give more complete and 
more numerous services to British research. 

P. S. Davison 

Scientific Documentation Centre, Ltd., 

Halbeath House, 
Dunfermline, 
Scotland. 


Early Recognition of Galileo’s Work in _ 
England ; 

Turs year, the four hundredth anniversary of the birth - 
of Galileo, has been the occasion of widespread considera- 
tion of all aspects of the work of the master, among which 
the contemporary reception of his work in England is of 
particular interest to us*. Poets and philosophers, men 
of general learning and men of science have been cited), 
but among them I have never seen Robert Burton. 

Burton's Anatomy of Melancholy, which contains many 
references to Galileo, is a sage and extremely individual 
consideration of the problems of life, characterized by 
pertinent quotations from, perhaps, every author access- 
ible at the time. As an example, we.may take “every 
schoolboy hath the famous testament of Grunnius Coro- 
cotta Porcellus at his finger ends". Keats, Sterne and 
Samuel Johnson, men of very different temperament, 
were, among other celebrities, devoted to the Anatomy, 
the first edition of which was published in 1621. 

In his book, Burton, who died just two years before 
Galileo, refers to Galileo’s observation of the Medicean 
stars and of the ill-resolved ring of Satum-—'". . . and 
that those severall Planets, have their severall Moones 
about them, ae the Earth hath hers, as Galileo hath 
already evinced by his glasses, foure about Juppiter, two 
about Saturne (though Sittius the Florentine cavill at it)”: 
to his observations on the Moon—‘. . . hils and dales; 
and such like concavities, if we may subscribe to, and ` 
beleeve Galilies observations": and in the second edition, 
1624, to the discovery of the nature of the Milky Way— | 
**, . . and that via lactea, a confused light of small starres". 
In later editions he also refers to Galileo's observations 
of the sun-spots and consideration of the tides. There are 
also many passing allusions to his work. 

The great scholar clearly had an understanding of the 
significance of Galileo’s work and must have been 
responsible for bringing it to the notice of a great part of 
the world of learning in Britain. 

E. N. pa C. ANDRADE 

The Atheneum, 

Pall Mall, 

London, 8.W.1. 

..* Bee also Nature, 201, 653 (1904). —Editor. 


! Seo in particular the excellent detailed discussion by Marie Boas Hall, to 
be published in the Notre Dame Galileo volume. 





No. 4944 August L 1964 
APPOINTMENTS VACANT 


APPLIQATIONS are invited for the following appointments on or before 
the dates mentioned: . 

‘ASSISTANT LROTURER or LECTURER (graduate in fuel science or technology, 
or in physies or physical chemistry) ie THE DEPARTMENT OF FUEL SCIENCE, 
Houldsworth School of Applied Belence— The Registrar, The University, 
Leeds; 2 Che 10) — 0 
ASSISTANT LECTURER (with a degree in economics or agricultural economics, 
roferably with postgraduate experience in agrieultural economics) IN 
AGRICULTURAL ECONOMICS —Th "Registrar, The University, Manchester, 13 
(Auguat 10). 2 


RER Or ASSISTANT LECTURER (graduate in ceramics, glass technology, 


Pp yaical chemistry) IN CERAMICS— The Registrar, The University, 
(August: 10). S 


JHEMATICS-—The Registrar, The University, 







(with a ere interest and qualifica- 
graphy) IN PHYSICAL GEOGRAPHY— The 
College (University of London) Mile End Road, 


ER OF ASSISTANT LECTURER (with special qualifications in physical 

some ieaching and research experience) IN THE 

CHEMIBTRY— The Secretary, Chelsea College of Science and 
‘Road, Lond gust 14). 


metabolism of human leucocytes using tiero-techniques-— The Secretary (B), 
pt M penger Research Fund, Lincoln's Inn Fields, London, W.C.2 
August. 14). 


SENIOR RESEARCH ASSOCIATE or RESEARCH ASSOCIATE (with a good 
honours degree in physics or an allied subject, and some research eg elena 


for appointment in the senior grade) IN THE APPLIED NUCLEAR SCIENCE 


GROUP IN THE DEPARTMENT OF PHYSICS, for research in the field of neutron 
radiography— The Admini tive Officer, Department of Physics, The 


e Administrati 
University of Birmingham, Birmingham, 15 (August 14). 

ASSISTANT LECTURER (preferably Interested in problems of embryogenesis 
and cyto-differentiation) IN ZogloGy—The Registrar, University C Hege 
of Wales, Aberystwyth (August 15). 

COLLEGE LEOTURER (with an honours primary degree in horticulture; a 
“higher degree in a field of work related to horticulture; teaching experience 
‘and some practical experience in research, applied or basic) IN THE FACULTY 
TMENT OF HORTICULTURE—The Secretary 


hie equipment-—Prof. Pauson, University of Strathclyde, 


ge $ , 15). 
HEAD (with a pharmacy or ebemistry ualification, experience of pharma- 
french) OF THE TECHNICAL SECRE- 
Strasbourg, for duties 
n Pharma ia— The 
urope, Strasbourg, France 


) 

LECTURER or ASSISTANT LECTURER (preferably with an interest. in petrol- 
989) IS GroLoaY in Queen's College—The Secretary, University of St. 
Ti . 


"RESEARCH ASSOCIATE (normally with some post-doctoral experience) IN 
THE PHYSICS DEPARTMENT, to assist in a programme of work on optical 
masers—The Principal, Royal Holloway College (University of London), 
Englefield Green, Surrey (August 15). 

io RESEARCH ENGINEER Or ‘Pursicist (with a good honours degree in physics 

‘or engineering and a Ph.D. or equivalent experience) IN THE BUILDING 
; SCIENCE LABORATORIES, to work under the direction of Dr. G. H. Tattersall, 

on the compaction of concrete by vibration— The Registrar, The University, 

Sheffield (August 15). 

SENIOR LECTURER or LECTURER (with a special interest in at least two of 
the following: economie or political geography, regional geography of the 
Middle. East or Africa ( ially north of the equator), and preferably a 
knowledge of Arabic or a West African language and ex erience in tropical 
conditions) IX GEOGRAPHY at Ahmadu Bello University, Northern Nigeria— 
The Secretary, Inter-University Council for Higher Education Overseas, 
33 Bedford Place, London, W.C.1 (August 15). 

LEOTURER or ASSISTANT LECTURER (with a good honours degree in civil 
engineering and good general training and experience) IN THE DEPARTMENT 
OX CIVIL ENGINEERING— The Registrar, The University, Leeds, 2 (August 17). 

GRADUATE (with an honours degree or equivalent in horticulture, agricul- 
tural science or science) in the Horticulture Division, for mushroom research 

E e Director, An Foras Taluntais (The Agricultural Institute), 33 Merrion 
Road, Dublin 4, Republic of Ireland (August 20). 

LEOTURER or ASSISTANT LECTURER IN PSYCHOLOGY at Queen's College, 
Dax "da Secretary, University of St. Andrews, Queen's College, Dundee 

ui . 

SECOND ÜHAT OF PHYSIOS at the Üniversity of Queensland, Australia— 
The Secretary, Association of Commonwealth Universities (Branch Office), 
Mar ur House, Pall Mall, London, 8.W.1 (London and Brisbane, 

ugus 8 

LECTURER or ASSISTANT LEOTURER (with a first- or second-class honours 

degree, preferably in biochemistry or chemistry, with suitable postgraduate 
D i pe IN THE PROCTER DEPARTMENT OF FOOD AND LEATHER SCIENCE 
onthe Registrar, The University, Leeds, 2 (August 24). 

ooo ABSISTANT LECTURER y tad interested in plant biochemistry, 
Un Lei! or eytology) IN BoTANY— The Secretary, The Queen's University, 
Belfast, Northern ireland (August 28). 

"BENIOR LECTORER/LECTURER (with an honours degree with research 
qualifications in botany or a related field of biology, equivalent to the Ph.D., 
and preferably qualifications in genetics, including eytogenetics, biometrical 
genetics or fungal geneties) IN THE DEPARTMENT OF BoTANY, Sehool of 
‘Biological Sciences, University of New South Wales—The Agent General 
for New South Wales, 66-57 Strand, London, W.C.2; and The Appointments 
Section, The Un velty of New South Wales, Box 1, Post Office, Kensington, 
New South Wales, Australia G 

LECTURER or ASSIST. 





(August 31). 
me! f p caa IN THE DEPARTMENT OF MORAL 
_ PumosoPHY-The Seoretary, The University, Edinburgh (September 1). 
X-RAY CRYSTALLOGRAPHER (with previous research experience of X-ray 
-'arystallography) IN THE PRYSICS Dep. 





AETMENT for crystallographic studies of 
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materials at high pressures— The Secretary, Northampton College of 
Advanced Techno! , St. John Street, London, E.C.1 (September 7). ! 

LECTURERS (specialists in one of the following subjects: (3) theory of 
machines, (b) strength of materials or (c) thermodynamics) IN THE DEPART- 
MENT OF MECHANICAL ENGINEERING at University College, Nairobie- The 
Secretary, Inter-University Council for Higher Education. Oversees, 92 
Bedford Place, London, W.C.1 (September 10). . . 

LECTURER or SENIOR LECTURER IN GEOCHEMISTRY at the University of 
'Tasmania— The Secretary, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (Australia 
and London, September 11). E 

LECTURER, SENIOR LECTURER or READER IN STATISTICE at the University 
of Tasmania—The Secretary, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, &.W.1 CAustrabn. 
and London, September 11). " 

READER IN HUMAN GENETICS— The Registrar, University of Neweastle 
upon Tyne, 6 Kensington Terrace, Newcastle upon Tyne 2 (September ge. 

LECTURER (with a postgraduate degree, and preferably somie experience 
of teaching biochemistry at university level) IN BIOCHEMISTRY at Lincoln 
College (University of Canterbury), New Zealand-—The Secretary, Associntion 
of Commonwealth Universities (Branch Office), Marlborough House, Pal 
Mall, London, 8.W.1 (New Zealand and London, September 30). 

Director (with high scientific attainments in a relevant science, and 
preferably some experience in horticulture and administration} oF THE 
ScoTTISH HORTICULTURAL RESEARCH INsTITUTE—The Secretary, Benttish 
Horticultural Research Institute, Mylnefield, Invergowrle, Dundee (October 


2). 

PROFESSOR OF ORGANIC CHEMISTRY--The Registrar (Room 22, O.R. B.) 
The University, Reading (October 24). 

ASSISTANT LECTURER or LECTURER (or, in special cases, Senior Lecturer) 
IN MATHEMATICS— The Registrar, University of Sussex, Starner Honse, 
Stanmer, Brighton, Sussex, marking envelope “Application”. — 

CHAIR OF SOCIOLOGICAL STUDIES— Tbe Registrar, The University, Senate 
House, Bristol 2. 

CHAIR OF ZOOLOGY; a LECTURER IN ZOOLOGY: i 
ASSISTANT LECTURER IN INORGANIC CHEMISTRY or IN CHEMISTRY W 
leaning towards Inorganic Chemistry at the University of Ife, Nige 
Secretary, Inter-University Council for Higher Edueation Overs 
Bedford Place, London, W.C.1. 

EXPERIMENTAL OFFICER for the maintenance and development of POMPIE 
electro-mechanical and electronic measuring devices for use in high energy 
nuclear research; a SENIOR TECHNICIAN fo develop new experiments fof 
undergraduate teaching laboratories; a SENIOR TECHNICIAN for an (omie 
physies research laboratory; and JUNIOR TECHNICIANS to be trained for & 
variety of ee in teaching and_ research laboratories- Phe fecretary, 
University College, Gower Street, London, W.C.1. "e 

GRADUATE ASSISTANTS (2) (preferably with experience in tissue culture 
methods, microscopy or serology) in a research group working on es ry 
infections— The Administrative Secretary, Sehool of Veterinary Hedins, 

i y Road, Cambridge. : . 
. GRADUATE SCIENTIFIC ASSISTANT, and TECHNICIANS (preferably wi 
previous experience in the handling of laboratory animals) fori : 
and varied work in the field of biological research, principally the ue 
of drug safety— The Administrative Officer, Huntingdon Researe 
Huntingdon, quoting Ref. PRN/8. 

LECTURER or SENIOR LECTURER (with a good honours degree} IN PHARES- 
corLoaY-—The Registrar, City of Leicester College of Technology. Leicester. 

MASTER (graduate) to be responsible for the organization and teaching 
of geography throughout the sc ool—The Head Master, St, Johns Boool, 
Leatherhead, Surrey. 

MATHEMATICIAN (with. a good honours degree and a knowledge of eom- 
puting) with the British Railways Board, to lead a team deviing new 
approaches to railway control and systems analysis within the Tidectrieal 
Research Division of the Board's Research Department in London studies 
relating to other research within the Division will algo be involved Ii ead 
quarters Stàff Manager (R.B.26/5), British Railways Board, 222 Marylebone 


MEDICAL LABORATORY TECHNICIAN (I.M.L.T.) for Cardiologien! research 
in the Departments of Cardiology and Clinical Measurement- The Assistant 






















year’: 
of th 


chemistry 
London, 


g.C.3. 
RESEARCH STUDENT (with a good honours degree in botany or agricultural 
botany) for work under the direction of Dr. R. K. 8. Wood, on the control 
of plant diseases with fungieides— Dr. R. K. 8. Wood, Department of Botany, 
Imperial College of Science and Technology, London, B.W. i 

ESEARCH ASSISTANT IN THE DEPARTMENT OF PSYCHOLOGY to work on 
human decision processes—The Registrar, The University, Nottingham. 

SCIENCE GRADUATE to assist in developing techniques used in separating 
proteins in human plasma, particularly anti-hemophilie globi tre The 
Me The Lister Institute of Preventive Medicine, Elstree, Hertford- 
shire. 

SENIOR Puysicist (with experience in medical physics and electronics 
techniques) to be in charge of a group concerned with the application of 
electronies in medicine—Chief Physicist, Regional Medical Physics Depart- 
ment, Sheffield Regional Hospital Board, 21 Claremont Crescent, Sheffield, 10, 

SENIOR RESEARCH ASSISTANT IN PHY&ICS to be an important moniker of 
a new group of five members and will be expected to make a lively ecntri- 
bution to work on electron spin resonance and relaxation in enpaosinds 
which exhibit co-operative magnetism—The Registrar, The University, 
Sheffield. 

SENIOR RESEARCH ASSOCIATE (with a good honours degree in 
biochemistry or chemistry, and have carried out postgraduate work 1 
subject) IN THE DEPARTMENT OF ORGANIC CHEMISTRY, for w 
biosynthesis and structure of substances in bacteri DE : 
branes—Prof. J. Baddiley, F.R.S., Department of Organic 
University, Newcastle upon Tyne. $ i UR 
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Department of Seientific and Industrial Research. Report of the Tropical 
Products Institute 1963: The Report of the Tropical Products Institute 


Committee with the Report of the Director of the Tropical Products Institute. 
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i Fishery Limits Bill, Pp. 7. (London: H.M. Stationery Office, 1964.) 
s, net. 106 
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Department of Scientific and Industrial Research. Report of the National 
Physical Laboratory for the year 1963, Pp. viii+ 262418 plates. (London: 
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National Vegetable Research Station. Fourteenth Annual Report, 
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National Vegetable Research Station, 1964.) 8s. 6d. [106 

bassade de France, Service de Presse et d'Information. French 
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The Soils and Geography of the Boliland Region of Sierra Leone. By 
A. R. Stobbs, Vegetation. By Dr. T. S. Bakshi, Pp. 45412 plates. (Free- 
town, Sierra Leone: Government Bookshop; London: Crown Agents for 
Oversea Governments and Administrations, 1963.) 28s. 16 

World Health Organization. Monograph Series, No. 49: Operation and 
Control of Water Treatment Processes. By Charles R. Cox. (Prepared in 
consultation with twenty-four specialists in various countries.) Pp. 390. 
(Geneva: World Health Organization; London: HUM, Stationery Office, 
1964.). 22 Sw. francs; 375. 6d.; 7.25 dollars. . 116 

The Pasteur Institute of Southern India. Annual Report of the Director 
1962 and Scientific Report 1963. Pp. 129. (Coonoor: The Pasteur Institute 
of Southern India, 1964.) [16 

Annals of the New York Academy of Sciences. Vol. 111, Article 2: 
Veterinary Toxieology. By Karl L. Gabriel and 42 other authors. Pp. 
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Journal of Medical Entomology, Vol. 1, No. 1, (March 1964). Pp. 1-118. 
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Berichte des Deutschen Wetterdienstes. Nr. ,92, (Band 13) Unter- 
suchung der ältesten Femperaturmesungon mit Hilfe des Strengen Winters 
1708-1709. Von Walter Lenke. Pp. 45. 8.10 DM. Nr. 93, (Band 13): 


NATURE 


August l, 1964 VoL. 203 


Beiträge sum Internationalen Geophysikalischen Jahr, 1957/58. 2: Strahlung 
und Sonnenscheindauer im Zeirtaum Juli 1957 bis Dezember 1959. Pp. 238. 
22-50 D.M. Nr. 94, (Band 18): Ein Beitrag zur Wetterertragsstatistik von 
Haim—und Hackfrucht. Von Rolf Pfau. Pp. 26+16+11 karten. (Offen- 
bach a.M.: Selbstverlag des Dentschen Wetterdienstes, 1964.) , i18 

Hamburger Sternwarte. Warner and Swasey Observatory. Luminous) 
Stars in the Northern Milky Way. By J. J. Nassau and C. B. Stephenson. 
Pp. 27. Astronomisch Abhandlungen der Hamburger Sternwarte. Band 
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United States Department of the Interior: Geological Survey. ville 
sional Paper 272-F: Methods to Com: ute Long-Wave Radiation from the 
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destly describes his account of 
; functions *, as well as the way 
osaic, and it would be unfair to 
| to give a factual account, in- 
ation of November 1962, of such a 
ess the liveliness of Lord Bridges's 
of a Profession". Nevertheless, 
ig of the charm of that lecture. It 
iout and some of its chapters, 
rdination of economic policy, on 
e Civil Service, and on how staff 
ry works, are highly pertinent to 
present-day discussions alike on Parliamentary reform 
` and on the relation of the expert to the making of policy. 
reflexions are limited to a short 
: ut with the historical material, the 
-sections on expenditure and its control and on home and 
overseas finance, the book is likely to remain an invaluable 
reference work for those concerned with the control of 
publie expenditure or the organization of Government 
for years to come. 
ord Bridges’s own reflexions are, as has been said. 
brief. Nevertheless, they are much to the point and deal 
ith issues of the first importance at the present time. 
le lends the weight of his authority and experience to 
greater planning. This he regards as inevitable within 
imits, and accompanied with a transition from a yearly 
dget ond annual estimates to a system based on a 
onger time unit. However, much has yet to be done 
ore we can hope to achieve the right balance between 
ag enough view to permit sensible planning and 
cient flexibility to allow important changes in poliey 
to be made quickly. On economic co-ordination, he 
- recognizes the implications of the establishment, following 
earlier measures which met with varying degrees of 
^ guecess, of the National Economic Development Council. 
Here again we are very far from being able to assess the 
.. preeise role that Couneil will occupy in our affairs and 
the way it will affect the work of the Treasury. Lord 
Bridges believes that the assumption by the Treasury of 
. the duties of economie co-ordination means a more pro- 
essional approach to budgetary problems as well as a 
etter understanding and more effective methods of 
mmunieation between the Treasury and the world of 
siness, industry and commerce. 
This in itself may lead to big changes in the way in 
h the Treasury works. However, while Lord Bridges 
eleomes this as a healthy development on the issue of 
management, he is directly opposed to some other pro- 
sals for reform. He regards the Plowden Report (Nature, 
2,485; 1961), on the recommendations of which many 







































































| helpful document. In particular, he thinks it would 
have been a false step to take the management side out 
_ of the Treasury and to make it into a separate department. 
his, he holds, would have greatly weakened the effective- 

_ ness of both the management and the financial functions, 

_ and would have been inconsistent with the essential feature 


oe The ‘Treasury, By ‘The Right Hon. Lord Bridges. (The New Whitehall 


Series, No. 12.) Pp. 244. (London: George Allen and Unwin, Ltd.: New 


: York: Oxford University ress, Ine, 1964.) 308. net. 


f the changes of 1962 were based, as a most important 
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of British organization, whereby in every Department of 
State the respongibility for adviee to the Minister on 
poliey, finance and administration rests in the same 
person. It would also inevitably have led to the adminis- 
tration being treated as something different from, and 
less important than, finance. Incidentally, while accepting 
that some increase in specialization in Tressury work is 
inescapable, Lord Bridges insists that this should not be 
introduced in a way that will lessen the close knowledge 
which many Treasury officers acquire of the wor done 
in other departments or hinder the development of 
relations of understanding and confidence. 

In contrast to this view of Lord Bridges, one of the 





desirable, the maintenance of common s 
training. One of its first tasks would be fo met) 
searching and independent investigation into the selection 
methods used for candidates to settle whether they are 
as unbiased and efficient as they can be made. 

The Fabian group's proposals should, however, be 
sidered against the background of the report) 
That report is the first major Fabian report on tht 
Service since the report of 1947, The Reform of th 
Givil Service, most of the recommendations of whieh have 
yet to be implemented. The present report chal 
the continued acceptance of the difference betwee 
management and administration, the latter trsditionaliy 
embracing advice on policy, implementation of policy 
Parliamentary work, co-ordination, negotiation. anc 
sonnel management. While the changes since the 
Report are welcomed as a step in the right direc i 
Fabian group does not regard them as ox “Hee 
adequate. It looks for a change in the character of the 
staff to perform the new tasks and considers that the 
Service is still insufficiently prepared to provide rnen 
and resources for long-term investigations, with the 
result that the available expertise is not sufficiently 
used. 

Three main characteristics of the present system 
attract the group's chief criticism. The system is amateur, 
resulting from the 'all-rounder' tradition and the behef 
that the administrator on the job is the best adviser on 
policy. Civil Servants tend to be too negative im their 
approach, concentrating on procedure rather tha | 
substance of problems and being too ready to è 
promises. Again, the system tends to be too closer 
secretive in formulating policy. . These weekr 










































+ The Administrators: The Reforin of the Civil Servie. Pp. 43. (Fabian 
Tract No. 355.). (London: The Fabian Society, i964) Beo o oo 
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regarded as stemming largely from the present methods 
of reeruitment and training, the immobility, the inade- 
quate articulation of careers and the lack of specialists at 
a senior level and their non-assimilation. 

Some of these points—notably those regarding move- 
ment in and out of the Civil Service and in respeet of 
Seerecy—have been made repeatedly in various con- 
:nexions as regards the organization of Government and 
_ the place of the expert in making policy. It is to meet 

these weaknesses that the Fabian group advances its 
proposals for wider recruitment, better training and more 
movement in and out of the Service; the fuller use of 
perts; the improvement of the status of professional 
il Servants as against general administrators, and 
me increase in their numbers; and the explicit aceopt- 
ance of the need for some political appointments. On 
the reeruitment to the Service, the group attributes the 
failure to recruit a larger proportion of scientists to 
the fact that scientists and mathematicians are attracted 
to posts where they can make more direct use of their 
‘subjects and where the opportunities to rise are greater, 
‘and also to the belief among graduates outside Oxbridge 
that there is à bias against them. 

To encourage movement into and out of the Service the 
group. advocates the institution of unified contributory 
pensions, with a corresponding adjustment of salaries; and 
secondment of staff during their careersto outside posts in 
local government, nationalized industry, or, subject to safe- 
guards, private industry. It would establish for training 
purposes.a school of administration, providing a course 
of two years or so, partly of work in departments and in 
the field, partly of study, which, eombined with the 
greater openness of the Service, would give an attractive, 
first-class qualification for Civil Servants and provide 
some. staff for nationalized industries, other public 
agencies and possibly private industry. With this would 
go the. better articulation of careers so that experience 
was progressively widened and the provision of better 
and fuller courses for training in mid-career. j 

The Fabian group would also abolish the grading or 
‘class’ distinction between specialists and administrators 
from the rank of assistant secretary upwards, giving a 
Senior Civil Service with equal ranks and pay, increased 
scope for interchange, and competition on a more equal 
footing for the highest posts. More specialists would be 
required and greater openness, so that outside study 
and. discussion of long-range issues of policy would be 
encouraged, and not discouraged by excessive secrecy, 
and fuller use would be made of outside research. The 
group would also provide explicitly for two types of 
political appointment: experts to help implement the 
particular policies of the Government of the day, and 
^ personal aides to provide general help to Ministers in 

_ their private office—a proposal which Lord Bridges, in a 
later talk, thought most unwise. 

‘Support for some of the Fabian group's ideas is to be 
found in a talk, "Intelligent Laymen in Whitehall", 
broadeast by Prof. Ely Devons and published in The 
Listener (71, 819; 1964). Prof. Devons, diseussing Lord 
Bridges's book, questioned the apparent assumption in it 
that professional knowledge nearly always implied biased 
enthusiasm, and that, accordingly, it was dangerous to 
allow such experts the final say in the advice on poliey 
given to Ministers. Prof. Devons doubts whether, with- 
out professional knowledge, the Treasury officer is 
competent to ask the relevant probing questions and to 

know whether the answers he gets are revealing and 
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signifieant. He does not suggest any ideal solution to the 
problem of controlling and evaluating the worth-whileness 
of alternative projeets of publie expenditure, or of securing 
efficiency in spending. However, this plea for a closer 
look at the ideas of amateurism in Whitehall is one to be 
taken seriously and is highly relevant to the debate on 
science and publie policy. 

Prof. Devons, too, would like to see more interchange 
of staff between the administrative and professional, and > 
especially scientific, branches of the Civil Service, and he 
reminds us of how long and persistently since the Second 
World War this idea has been pressed with authority. 
He instances, as what is possible, the inereasing use now 
being made of economists and, pointing out that politics 
and publie administration are not simply the pursuit of 
power and the reconciliation of pressure groups, but also 
the art of taking decisions in a state of relative ignorance, 
he suggests that if scientists understood this and had ad- 
ministrative experience, they might approach problems of 
policy and politics with much more sympathy than at 
present. It might also be added that the need to diminish 
this area of relative ignorance in taking decisions gives 
urgency to the present-day discussion on the place of 
science and scientists in policy making, to which Mr. S. P. 
Chambers's recent Chuter Ede Lecture to the National 
Union of Teachers (Nature, 203, 227; 1964) is à notable 
contribution. m 

Prof. Devons's idea of a Senior Civil Servant as a man 
who, whatever his subject when he entered the Civil 
Service, has had experience during his career in an 
administrative division, a scientific or technical division, 
a statisties division, and perhaps even a technical costs 
or contracts division, clearly has much in common with 
the views advocated by the Fabian group as well as those 
whieh Sir Henry Tizard consistently urged. On the 
eeonomies side, however, Prof. Devons has reservations 
to which he gave expression in a further talk broadeast - 
on the B.B.C. Third Programme and published in Ae 
Listener (3, 72; 1964). In this talk, “Economic Manage- 
ment in Whitehall", returning to Lord Bridges's book, 
as well as to views expressed by Mr. Harold Wilson, Mr 
J. Grimond, Mr. J. Enoch Powell and by Lord Bridges 
in other broadcast talks, Whitehall and Beyond", Prof. 
Devons suggested that we should now recognize that the 
major task of the Senior Civil Service is no longer ad- 
ministrative but managerial He makes the distinction 
that the administrative type is primarily interested in 
seeing that the organization functions, whereas ihe 
managerial type has his eye on the trouble spots, seeking- 
to take action in anticipation of trouble, and to see that 
the crucial issues of policy are faced and handled. It is, 
in Prof. Devons’s view, the managerial approach that is 
needed to-day. 

Prof. Devons is aware that the importance of the 
managerial function is already appreciated in Whitehall, 
and Lord Bridges's book could also be cited in evidence. 
While Lord Bridges refers to the advantages which new. 
methods and techniques could bring, he comments that, | 
in the end, men matter more than measures. While 
rebutting the view that managers in Whitehall should come 
primarily from the administrative class, Prof. Devons 
does not hold that professionalism and technical expertise < 
by themselves make good managers. Both in publie and. . 
private business good managers may come from those with 
an academic background and actual experience in art 
science, technology, economies and any other social 
science. The essential féature of a rising and successful 
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‘manager is that he should have experience of more than 
. one branch of the business. 

It is on this that Prof. Devons bases his argument for 
a single-headed service beyond a certain level and would 
reject. the e in pn 












io re proposal io entrust such 
V JOMNNMd. Civil Service Commission 


ment side of Whitehall, especially 
to learn from more dialogue with 





é rtainly the ane ical of any 
tendency to rest content with the recommendations of 
the Plowden Report, The Control of Public Expenditure, 
nd they should help to ensure that this aspect receives 
dequate attention in discussions on science and public 
icy... Moreover, Prof. Devons directs attention to an 


Harold Wilson or Lord Bridges in considering the 
nagement responsibilities of the Treasury. Those 
| scarcely be assessed without first considering what 
spect of ezonomic co-ordination the Treasury is com- 
** petent to handle. Prof. Devons believes that the Treasury 
— cam and should look after the general level of economic 

„activity and the balance of payments. However, he feels 

i t there are strong arguments against expanding the 
easury and concentrating power there to deal with 
important. aspects of general economic policy and 
omic co-ordination which it does not adequately 


















of. Devons would encourage the 
rs in all the other main economic 
uuggestion that what is needed is 
of what is taking place in the 
economy, as a nee ondition for initiating policy, 
instead of waiting til troubles become acutely obvious 
^. before dealing with them, is essentially the recommend- 
ation of the Haldane Committee almost half a century 
ago. Prof. Devons recognizes that this development has 
already started and he is convinced that this is what is 
ded rather than a new Ministry of Expansion or 
on. He would indeed place the Economie 
and the Economie Adviser to the Government 
e Cabinet Office, as they were during the Second 
orld War and for a time afterwards, and not in the 
Treasury. So placed they would serve the Cabinet as a 
hole, forming part of the Prime Minister's staff and acting 
. 88 the focal point for all central economic initiative and 
| co-ordination. 
^ What is particularly welcome is the whole tone of this 
: debate. It indicates an open-mindedness and a recog- 
nition of the importance of hard, critical thinking which 
hould be as welcome to the scientist and technologist 
“unqualified support given to their claims to be 
C onsidered on their own merits for the highest posts in 
D the Civil Service. There is indeed much yet to be done, 





me handling of these 
"departments. | 
“some ordered inve 
























portant question which was not discussed by either . 
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but the essential questions are being asked and the 
answers are being sought indepéndently of party or pre- 
judice. Is it too much to hope that the reform of Parlia- 
mont and the relations between the Executive and 
Parliament and the Civil Service may be considered in 
just as critical and impartial a way? Certainly Mr. 
Harold Wilson's proposals at Stowmarket on 4 uly 3 
afford some grounds for that hope. His suggestions for 
relaxation of the Parliamentary voting system io allow 
more ‘free’ votes and to eliminate the rigid doctrine of 
each vote involving an issue of confidence should receive 
more support from Conservatives as well as from bis 
own supporters. Moreover, the proposal for all-party com- 
mittees on the lines of the present Estimates Comanittee 
and Public Accounts Committee has something in compen 
with what has already been recommended independently. 
Taken together, his proposals should go far toward re- 
storing the authority of Parliament and easing” the 
difficulty of attracting members of outstanding character 
and ability. Behind all these difficult problems of 
structure and organization, of advice and responsibility 
lies that ultimate issue stirred by Lord Bridges of men 
rather than measures, and that need we disregard at our 
peril. 










IDEAS IN- MOLECULAR BIOLOGY 


Progress in Biophysics and Molecular Biology 
Vol 13. Edited by Prof. J. A. V. Butler, Dr. fü. E. 
Huxley and Prof. R. E. Zirkle. Pp. vii- 328. (London 
and New York: Pergamon Press, 1963.) 90s: net. 
ORKERS in the most rapidly advancing Helle of 
research often complain of the impossibility of 
reading all the relevant published papers. in fan! 













print circulations would often seem to reduce the pal 
papers in one’s own field to a record of priority, but 
remains the problem of reading sufficiently around one's 
immediate subject to keep up to date with presen 
ideas. The review article can be a great help here, I» 
the need for this type of article grows, 86 does the num 


their contents. Reversing this trend; the ; 
Progress in Biophysics have added molecular } 


on related biochemical topies. Although its seems th 4 ^ 
midable task to cover even briefly such wide and zn diy 
developing fields of research, and probably just as diff 
to persuade the right people to produce the right ! 
review, there is no doubt that the product aimed at y 
be very useful. 

In Volume 13, one's dependence on. reviews. is clearly 
illustrated by the thorough and valuable article of 
M. Grunberg-Manago on the enzymuatie synthesis of 
nucleic acids. The number of references listed approaches 
400, although this field of research only began with the 
discovery of polynucleotide phosphorylase im 1955. Since 
then, many other enzymatic systems have been reported 
for synthesis of RNA and polyribonucleotides, and the 
article considers their various roles in tho in vive produc- 
tion of the different types of cellular RNA, and the possible 
control mechanisms that might favour, at various stages. 
the production of a particular RNA, or of DNA. 

The article by O. Kratky on low-angle X-ray scattering 
from dilute solutions of biological specimens unfortunately — 
reproduces much that can be found in text-books- 1 
theory of the method; ways of correcting for fi 
ation; absolute intensity methods for d 
molecular weights; and experimental techniq 
remainder of the article deals wi pores 
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recent results of the method applied to determine the 
molecular weights and radii of gyration of several proteins, 
the mass per unit length and cross-section areas of DNA 
and RNA, and the apparent adoption of the 3, helical 
structure by some polypeptides in certain solvents. With 
one exception, all these results come from the three labora- 
tories specializing in low-angle X-ray Scattering, those of 
Luzzati Beeman and Kratky. This probably refleets the 
caution with which many people regard the results of X-ray 
diffraction, investigations, and a more critical appraisal of 
these results would perhaps have helped to stimulate other 
laboratories into using this very powerful technique as an 
available routine procedure. ‘The article suffers greatly 
om 8 lack of sub-editing, both in readability and in 
. misprints (a combination introducing some strafige notions 
-into Fig. 12). 

A very critical review of in vivo investigations into the 
mechano-chemistry of muscular contraction by F. D. 
Carlson considers the published results in this field in the 
light of recent investigations. Whether or not one accepts 

~ the proposed scheme of events, the article is clearly useful 
in resolving the apparent conflict of the results of many 

|. earlier experiments by rejecting those which do not satisfy 
'onditions which should now be applied. 

‘Two articles review some of the recent work and ideas 
on the interaction of radiation with biological specimens. 
The first, by L. G. Augenstein, considers the various 
mechanisms by which energy from X-rays and y-rays is 
absorbed by biological material Recent observations 
indicate that energy transfer occurs at specifie sites only 
and: possible mechanisms involving excitation energy 
transfer and charge migration in biological systems are 
discussed. The second article, by G. Seholes, is concerned 
with the radiation chemistry of aqueous solutions of 
nucleic acids, their components and the nucleoproteins 
nucleohistone and nucleoprotamine. 

The volume also includes an account by R. D. Preston 
of the problem of phloem transport in flowering plants, 
with results eulled from a meeting of the British Biophysies 
Society i.1961. The conclusion drawn from the meeting 
is that organic sohites are translocated along plant stems, 
not by a simple hydrostatic mechanism, but by a transfer 
mechanism active along the whole length of a sieve tube. 

4 J. T. Finca 









CLASSIFICATION OF THE 
ACANTHOCEPHALA 


Systema Helminthum 
Vol 5: Acanthocephala. By Satyu Yamaguti. Pp. 
vii+423 (85 plates). (New York and London: Inter- 
science Publishers, a Division of John Wiley and Sons, 
1963.) 4505. 
,J OLUME 5 of Satyu Yamaguti's Systema Helminthum 
mcerns the classification of the thorny headed 
‘a group of somewhat uncertain affinities. The 
on of the body into three regions, a retractile pro- 
beset with spines, an often inconspicuous ‘neck’ 
. and a cylindrical ‘trunk’, and the pseudoccelomic pattern 
of its structure give little indication of relationship with 
: the round worms. Conversely, the absence of an aliment- 
ary system at all stages of development is a feature shared 
with tapeworms, some of which have developed the spiny 
proboscis as an organ of attachment. Moreover, tho 
first larva of aeanthocephalans, the acanthor, bears some 
resemblance to the hexacanth of the cestodes, and there 
are serological indications of affinity between these two 
groups. 
However, the great systematic problem has always 







been to decide whether to relate the thorny headed 


worms with the round worms or with the flat worms, 
although Van Cleave proposed the setting up of an inde- 
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pendent phylum and other writers have indicated alterna- 
tive affinities with the Priapuloidea. Yamaguti takes the 
conservative view, defining the Acanthocephala as gono- 


‘choristic Nemathelminthes and arranging them in a single 


class. He has followed the scheme of Petroschenko, 
who divided the class into three sub-classes, but has 
promoted these groups to the status of orders named 
in 1925 by Southwell and Macfie, adding an order erected 
by Thapar for a singlo family two years later. In Yama- 
guti’s scheme, the four orders of Acanthocephala are the 
Opororhynehidea (with one family and one genus), the 
Echinorhynchidea (with eleven families and fifty-five 
genera), the Neoechinorhynehidea (with four families 
and twenty genera) and tho Gigantorhynchidea (with 
six families and twenty-one genera). The twenty-two 
families together contain about one hundred genera and 
more than nine hundred species, including many synonym- 
ous names. Seven families are monotypic and four have 
only two genera each, but six are divided into sub-families 
with up to fifteen genera each. 

The Acanthocephala aro unevenly distributed among 
their vertebrate hosts. The Neoechinorhynchidea, occur 
almost exclusively in fishes, only one genus (Neoechino- 
rhynchus) occurring in other hosts (an amphibian and 
chelonians) as well. The Echinorhynchidea are mainly 
parasitic in fishes, forty genera occurring in such hosts, 
but ten genera occur in birds, one genus in reptiles, one in 
mammals and three genera in various combinations of two 
or three classes of hosts. The larvs of these two orders 
are to be found in crustaceans, The Gigantorhynchidea 
are mainly parasites of birds (six genera) and mammals 
(twelve genera) but one genus occurs in amphibians and 
one in reptiles, two genera in birds and mammals, and one 
genus in four classes of hosts (amphibians, reptiles, birds 
and mammals). In this group, the larve utilize insects as 
intermediate hosts. In all, therefore, fifty-nine genera 
oceur exclusively in fishes, sixteen in birds and thirteen in 
mammals, about a dozen genera sharing various classes 
of vertebrate hosts. The only representatives of the 
Opororhynchidea are three species of the aberrant genus: 
Opororhynchus, which are no more than 0-4 mm long and 
oceur in American and Brazilian birds. At the other end 
of the size range, however, there is the cosmopolitan species 


which infects pigs and occasionally man, Maeracantho- ..— 


rhynchus hirudinaceus (Gigantorhynchidea), the females 
of which may be up to twenty-six inches in length. 

Some genera of acanthocephalans have been very 
productive of species, and a few examples serve to indicate 
the diversity of hosts which arises out of a predator-prey 
relationship. Thirty-nine species of Neoechinorhynchus 
(Neoechinorhynehidea) occur in fishes, one species in 
amphibians and seven species in chelonians. In the 
Echinorhynchidea, Echinorhynchus has thirty-two species 
in fishes, Acanthocephalus has a score of species in fishes 
and a dozen in amphibians and reptiles, Arhythmorhynchus 
has twenty-five species in piscivorous birds, Polymorphus 
twenty-six species in birds, occasionally mammals, and 
Corynosoma has thirteen species in aquatie birds and 
twenty-two species in mammals. In the Gigantorhyn- 
chidea, Centrorhynchus has fifty-seven species in birds, 
mainly raptatorial forms, and five in mammals, Prosthen- 
orchis has only one species in birds but nineteen in mam- 
mals, especially monkeys, and Prosthorhynchus has only 
two species in mammals but a score in birds. The nine 
genera together contain more than three hundred species, 
and at least one-third of known species. 

These and many other interesting features concerning 
the spread of acanthocephalans in the animal world ean 
be gleaned from Yamaguti's most rocent survey. Nearly 
one thousand references will guide investigators through 
the maze of available information on the group, and more 


than eight hundred clear line diagrams (the best which 


have appeared in the Systema Helminthum) will also 
serve. Information concerning size has sometimes been 
omitted from the volumes of this, series but this criticism 
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. no longer applies; size criteria are given liberally for 
adults, eggs and ther characteristics and for the majority 
of species, even. when ‘these are numerous in a genus. 
"There. are many references concerning experimental 
infections and information concerning larval forms and 
intermediate. hosts in excess of what could be expected in 
a systematic 6888: d a good general account of structure 
way of introdu In short, the blemishes noticed 
in preceding volumes have beon avoided in this volume, 
although a few früphieal errors are evident. This 
t surprising | the plethora of phantasmagorial 

r halorhynchoides ussuriense, and 
e, such as in ‘Arythmorhynchus’ (p. 395) 
x ynchus’ (p. 404), is pardonable. The 
sof authors provide their own typographical problem, 

is odd to ely following a tribute to dedicated 
in the Catalogue Room at the 
Laboratory, that Yamaguti is 
at about the spelling of the name 
pears thus in the Index-Cataloguoe. 
i have to thank Yamaguti for a 

sustained attempt esent scientific names accurately 
. and a determined effort to provide a reliable taxonomic 
scheme, which at best can only be provisional. It is to be 
hoped that reade realize how often and with what 
magistorial sorenity Yamaguti had adjudicated in the faco 
of difficulties created by writers who produced imperfect 
nd defective work. It is a lamentable fact that much 
5 bad workmanship i is evident in the original literature on 
. the systematics of helminths and perhaps the greatest 
Value of Yamaguti's great efforts will lie in the direction of 
— better deseriptions of species and genera in the future 
than have often forthcoming, with more emphasis 
n the range of their variability. A taxonomic scheme will 
be as reliable as the work of the taxonomist and no more 
. reliable, and with this admonition to the would-be 
- systematis in the field of parasitology we can leave 

. . Xamaguii's Systema Helminthum in what we hope will 
or be nod hands. Ben Dawes 
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| CAL CULATIONS IN 
COMPLEX METRIC ANALYSIS 


mplexation in ical Chemistry 
Hide for the € Selection of Analytical Methods 
jet Reactions. By Anders Ringbom. 
ries of Monographs on Analytieal 
ph ations, Vol. 16.) Pp. x--395. 
{ “Interscience Publishers, a 
Division of John a Sons, 1963.) 113s. 


'OMPLEXATION reactions are now widely used in 













analytical chemistry and it is not unusual for the 
"analyst to have to choose between several complexo- 
. metric methods of analysis and for him to have difficulty 
in selecting the method which will give the most accurate 
ult. Alternatively a method may need modification 
uit: tho particular circumstances of the analysis. 
roblems are frequently resolved as the result of a 
| of inconclusive experiments, or by the personal 
rejudiee of the analyst, as insufficient time is available 
‘fo a more complete investigation. A rapid, less empirical, 
appre jach has been long overdue. 

| Complexation in Analytical Chemistry Ringbom 
shows: that an increased application of theoretical 
inciples to chemical analysis—in particular to com- 
lexation reactions—can greatly assist the analyst in 
making. rapid and accurate decisions concerning the 
choice of analytical procedures. A simple mathematical 
treatment of equilibria is presented and this enables 
the analyst to establish the optimum experimental 
conditions for complexation reactions. Existing methods 
of analysis can be compared for determining their relative 
accuracies. Errors caused by various side reactions can 
















NATURE 






me the 
are 
~thods 


be estimated and ways of reducing or elimina’ 
interferences can be quantitatively studied. The 
also interesting possibilities of developing new 1 
for solving special analytical problems. 

The mathematical treatment is lucidly explained. and 
illustrated by more than a hundred examples. 4 
once they understand the basie prineiples on wh 
caleulations are based, should have no difficulty in making 
such calculations, as may be necessary, to assis in solving 
particular problems. 

Complexation reactions are treated in their broadest 
sense, chapters being devoted to titrations, nwsking, 
acid-base reactions, ion-exchange. metal exiragtion, 
electrochemical reactions and photometric techni mes. 
Actual methods for particular analyses are: not givi 
the object of the book is to enable the analyst to d 
these for himself and no attempt is made ‘ab reviewing 
the literature on complexation reactions in analy ical 
chemistry. An extensive appendix, more than one- 
the book, contains details of equilibrium. constant 
other useful values abstracted from the literature, 3 
withstanding the extent of the appendix, the snam 
limitation to this simple mathematical approach to com- 
plexation reaetions is the lack of the relevant equilibrium 
data for many reactions of interest. 

The book is well produced and the text is closrly 
arranged; but it seems unfortunate that a work which 
is intended to assist the analyst in solving everyday 
analytical problems eould not have been more atiractively 
prieed. J. R. 


Pd 













CHOKE 


AN ENCYCLOPÆDIA OF INORGANIC 
ANALYTICAL CHEMISTRY 


Methods of Quantitative Inorganic Analysis 
An Encyclopedia of Gravimetric, Titrimetric and Colori- 
metric Methods. By Kazunobu Kodama. Pp. xi 307. 
(New York and London: Interscience Publishers, a 
Division of John Wiley and Sons, 1963.) 1605. 


NUMBER of works on inorganic analytical 

chemistry, often running to several volumos, have 
appeared in recent years to meet the demand of analysts 
for organized compilations from the original literature. 
This present treatise, Methods of Quantitative Inorganics 
Analysis, represents an interesting and generally successful 
attempt at compressing a wide range of dotailed material 
within the compass of a single volume. Dr. Kodama ias 
achieved this difficult task by efficient arrangement of 
material and by adoption of an abbreviated style reminis- 
cent of that of Chemical Abstracts. Theoretical discussions 
and diagrams of apparatus have been omitted and there 
has been some saerifice of typographical clarity. How- 
ever, there are some fifty-nine tables where a great 
wealth of varied and analytical data is clearly and con- 
cisely presented. 

Originally, the author intended this treatise to cover a 
wider field than that now presented but limitations of 
space have precluded any treatment of purely physical 
techniques such as spectrographie, X-ray fluorescont, 
radiometric methods, ete. The scope of Methods of 
Quantitative Inorganic Analysis is exactly described by 
its sub-title: An Encyclopedia of Gravimetric, Titrimeiric 
and Colorimetric Methods. However, where flame photo- 
metry is an important method of analysis references are 
given to the pertinent literature, but polarographic methods 
which are valuable in metal alloy analysia are given no 
mention. 

The book is divided into three parts. each 
a different and complementary aspect.of morga: 
For a particular problem it will often be n 
the analyst to consult and combine: mater 
part. i : 
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Part l covers the field of gen snddytiund dodisiiques; 
An informative chapter on the decomposition of solid 
samples includes a table showing the percentage loss of 
volatile elements during acid attack. Another chapter 
comprehensively surveys the fields of complexometrie, 
iodometric, acid-base and redox titrimetry; the properties 
of a wide range of indicators are presented in several 
tables. There are brief chapters on gravimetry, electro- 
deposition and optical methods. 

Part: 2 includes a detailed and comprehensive survey of 
the many organic reagents now in use in gravimetric and 
~-eolorimetric analysis. Structural formule of many 
. reagents and metal complexes are given which will be of 

assistance to the analyst not well versed in organic 
chemistry. In addition, there are useful chapters on 
nE ion-exchange, chromatographic and solvent extraction 
techniques. As is the case throughout this work the 
text is augmented by many tabulated data. 

‘The arrangement of Part 3, the main section of this 
volume, follows the classical scheme of group analysis 
and each chapter is devoted to one element or group 
of similar elements. Chapters are subdivided into sections 
ck, separation and determination. Treatment is 
: compr hensive but selective, as methods are enumerated 
in order of analytical importance, preferred methods 
often being indicated; this is a useful feature for the 
analyst. who has little time for method investigation. 
Systematic schemes of analysis are not neglected and 
many are presented in lucid diagrammatic form and 
include the analysis of silicate and fluorosilicate materials, 
the platinum metals, raro earth and uranium minerals. 

The needs of an analyst eonfronted with a wide range of 
analysis are fully met, only the analytical chemistry of 
the transuranic elements being neglected. 

. Numerous references both to standard works and to 
original papers are given at the end of each chapter and 
with many of the tables. There is an extensive index, 
and clarity has been enhanced by separation into two 
sections-—one general and one devoted entirely to organie 
reagents. 

The author has drawn heavily on such authorities as 
Hillebrand and Lundell, Schoeller and Powell, Fresenius- 
Jander; Sandell, Welcher, ete., and this book ean be 
regarded as an omnibus digest of these works supple- 
mented by methods from the original chemical literature 
up to 1957. This treatise is therefore comprehensive 
and authoritative, but there has been considerable 
delay in. publication due to checking and correction. 
“There are à few minor errors in the text. 

This work will undoubtedly appeal both to the research 
and routine analytical chemist. The encyclopedic 





nature of this work makes it useful for reference, but, 


 &bove all, this is a book for the inorganic analyst to have 
on his bench as a practical working manual. 
A. D. WiLnsoN 


TEXT-BOOK OF ACOUSTICS 


e. of Lectures on the Theory of Sound 

|. Rsehevkin. Translated from the Russian 

n M. Blunn. Pp. xv+464. (Oxford, London, 
New York and Paris: Pergamon Press, 1963.) 84s. 


| T a time when there is a tendeney to play down 

A. acoustics in physics departments of universities, 
it is interesting to observe the material presented in this 
subject to students specializing in acoustics in the Faculty 
of Physies of the University of Moscow. "The impression 
is gained that the presentation is much more extensive 
and detailed, and therefore better drill than in Britain. 
Thus the 450 pages of A Course of Lectures on the Theory 
of Sound, as compared with existing fundamental books 







on acoustics (for example, P. M. Morse’s now classic. 
Vibration and Sound), are easy to read through and form. 
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a good introductory text book on the theory of sound. 
There are also occasional practical touches to the book 
which will endear it to applied acousticians; numerical 
examples are worked into the text from time to time to 
show the physical orders of magnitude involved, and the 
treatment of lumped acoustic impedances and acoustic 
waveguides is carried through in enough detail to make 
the methods and results readily accossible to those not 
primarily interested in the theory for its own sake. 

The book is not, however, a comprehensive text-book 
on all aspects of acoustics, being confined almost entirely 
to problems of sound transmission and radiation. Nothing 
is said about such broad subjects as room acoustics, 
aerodynamic noise (apart from some reference to Gutin’s 
propeller noise theory), nor about physiological acoustics. 
These omissions make it incomplete as a technological 
text-book. Regrettably, therefore, it is not the answer 
to the often heard prayer for a complete modern text- 
book of acoustics. 

There are several things about the treatment which 
might well be taken up in British presentations, For 
example, the confusion that can arise from following 
Lord Rayleigh’s tradition of commencing with the 
vibrations of strings and membranes is overcome by 
eradication of these topics, and the whole subject is 
developed immediately from the hydrodynamic equations, 
The traditional method is dear to the hearts of most. 
physicists, of course, but in those unfamiliar with wave 
motion it can easily create the impression that standing 
wave motion, rather than travelling wave motion, is the 
basic ingredient of sound. 

The book is well written and translated, the adherence 
to the symbolie notation used in the Russian edition 
doing surprisingly little to detract from its value. To 
sum up, it is a good book for those desiring an extensive 
treatment of the basic elements of acoustic transmission 
and radiation theory and. as such, it will undoubtedly 
be useful to students of acoustics, filling the gap between 
existing elementary and advanced works. It fits into 
present engineering courses in Britain on acousties as a 
reference book, however, rather than as a principal text- 
book. E. J. RICHARDS 


POLITICAL TRANSGRESSION OF THE 
PACIFIC 


The Western Invasions of the Pacific and Its Continents 
A Study of Moving Frontiers and Changing Landscapes, 
1513-1958. By Dr. A. Grenfell Price. Pp. viii4- 236+ 11 
plates. (Oxford: Clarendon Press; London: Oxford 
University Press, 1963.) 35s. net. 


IR GRENFELL PRICE has chosen a huge canvas—~ - 

the largest and deepest of oceans and its contiguous 
continents, the land-mass of Asia, North and South 
America and Australasia and peoples as remote from 
each other as the Eskimos and the Maoris. He spans 
four centuries, from the invention of the lateen sail 
which enabled European invaders “to sail close to the 
wind and avoid the dangers of lee shores" to the present 
redrawing of the political map. 

It would have been a big enough task for any historical 
geographer to reassess the motivations and impact of the 
Portuguese, the Spaniards, the Dutch. the British, the 
French and the Russians as conquerors, sojourners and 
settlers. This Sir Grenfell Price has done with an in- 
sight. illumined by the political..events of our times, 
and with an objectivity which will not make it ‘recom- 
mended reading’ in emergent countries which. do. not 
count themselves as beneficiaries. ‘That is a pity because, 
as the heirs of the empires, it. might help them to ev. valuate 
their inheritance. 

But The Western: Invasions ‘of the Pacific and its. Con- 
“Tt deals with the landseape, 
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le) and Asian Russia (2 per square 
' the arid lands and the tropics, 
Australia has 720,000 remaining out of 2,900,000 square 
miles, which gives 14 (whites) per square mile. But 
there ean be argument even about that subtraction. 
“Unsuitable for settlers" depends on what sort of settlers 
-and whether lan 'an be made suitable. After all, 


‘Canada (6 per sq 
< mile): By dedu 







the whole story o is one of mastering his environment. 
“Nor is it better than a debating point to say that Australia 


ty of migrants from some of the most 
the Earth—Britain with 540 per 
d with India with 293; the Nether- 


quare mile, compared with Japan 
t 


-iş taking the majo 
| crowded countries 












— the inviting sparseness of Siberia, just north of expanding 
. China, “will require a solution one day": verbum satis 
"sapienti. : A 










100 per square mile in Java, 70 in 
jouth Borneo. The sensible plans 








ul under his régime. 
book for those who want to see 


TROPICAL METEOROLOGY IN AFRICA 
opical Meteorology in Africa 

ceedings of the Symposium Jointly Sponsored by the 
orld Meteorological: Organization and the Munitalp 
lation. Edited by D. J. Bargman. Pp. xv +446. 
Nairobi: Munitalp Foundation, 1960. Available from 
e World Meteorological Organization, Geneva.) 20 
w. francs; 33s. 3d.; 4.70 dollars. 
: E the Proceedings of & symposium, published 
(V V some years after the event, may sometimes represent 
| en unnecessary record of material which is either 
* ephemeral or already on record elsewhere, this is certainly 
«not true of the Nairobi symposium on tropical meteor- 
. ology in Africa. Under the joint sponsorship of a United 
| Nations specialized agency and an independent research 
| foundation, tropical meteorologists attended from twenty- 
. ene African countries, as well as from Belgium, Britain, 
_ France, Germany, Spain and the United States; and the 
- record of proceedings, despite a few typographical and 
linguistic lapses, reflects part of a unique background of 
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collective professional experience, much of which has 
still to reach the literature. 

There were a number of authoritative and valuable 
reviews of the problems and methods of tropical meteor- 
ology in general, but special attention was naturally 
direeted to new findings specifically concerning Africa. 
These may perhaps complement some of the earlier 
post-war progress in tropical meteorology, which was 
based predominantly on data ‘climatically imsular’ 
rather than continental. In particular, while fully 
recognizing the continuing need for better observational 
cover, the symposium unanimously accorded a high 
priority to further work on new synoptie mode Thus 
need was also the main theme of the 1964 p 
address to the Royal Meteorological Society, wh 
as the central problem of meteorological am 
general, the fact “that the rapidly increasing amo 
meteorological data which is being collected y 
properly put to use—indeed part of it may n à 
at all—unless an adequate system exists to colle 
present it in a form which can be readily understood and 
digested". At the Nairobi symposium, special wterest 
centred on the progress in this respeet reported by Johnson 
and Mórth, establishing in eastern Africa relationships 
between equatorial weather and typical flow patterns in 
the middle troposphere; and visiting meteorologists 
were particularly impressed to see these ideas already 
incorporated into present-day forecasting practice 
Furthermore, this work, utilizing the additional upp 
air data which became available during the Intern: 
Geophysical Year (and incidentally supported t 
of the few Colonial Development and Welfare sch 
tropical meteorology), demonstrated for the first fime 
a series of systematic relationships between winds end 





























contours of isobaric surfaces in the equatorial belt. This 
is a long-standing problem of the general circulation. 
to which attention was also directed by the work of 
Cochemé in the same region. 

Another subject on which potentially classics! results 
were first presented in detail at this symposium was the 
energy-balance of tropical land surfaces. Pereira. and 
MeCulloch described catchment-area experiments m 
which continuous direct measurements were made of 
all the more important factors in the heat and water 
balance over complete valleys, varying in extent from 
sixteen heetares to eight square kilometres. From these 
results, together with hent-flux analyses over bare se 
and water-use studies of grasses and crops, re d 
values were presented for a representative sen 
land-surface conditions, ranging from tho warm ary 
arid plains of central Tanganyika at an altitude of 1,0 
to bamboo mist-forest up to 3,600 m in the Abe 
mountains of Kenya. The importance of these dala, as 
a contribution not only to applied meteorology but à 
to the physical basis of the science, was emphasize 
Prof. Flohn—whose presentation of his own an | 0! 
climatological data from Africa and the adjoining oceans. 
undertaken in such a manner as to provide significant 
information on synoptic-scale phenomena, was strongly 
approved by synoptic meteorologists present. 

Space does not permit mention of other significant 
lines of work reported, on meteorology and on its applic- 
ations to African problems. A final point, which is perhaps 
of some interest in relation to the organization of such 
symposia in general is the effectiveness with which 
technical discussion was stimulated by a relevant and 
extensive travel programme, including. for example, 
the agricultural resettlement schemes of the Aberdare 
catchments; the Murchison Falls, with their fantastic 
associated wild-life probably still much as Samuel Ba 
saw it a hundred years ago; and the Owen Fal 
where the scale of the combined uncertainties bot! 
total rainfall over Lake Victoria, and of evapo 
from its surface, is still of the same order o 
as the resulting flow of the Nile. 
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Clinical Toxicology of Commercial Products. 
Acute Poisoning (Home and Farm). By Marion N. 
Gleason, Robert E. Gosselin and Harold C. Hodge. Second 
edition. Pp. xv--1211. (London: Bailliére, Tindall and 
Cox, 1963.) 1765. 
ILINICAL Toxicology of Commercial Products consists 
of.eight sections, separately paginated and each 
printed on differently tinted paper, but bound together 
as a Single book. Section 1 (pp. 15) relates to general 
first-aid and emergency treatment in the event of acute 
chemical poisoning, both before and when medical aid 
becomes available. Section 2 (pp. 141) is an index to the 
active ingredients of some 3,000 proprietary and other 
substances; toxicity ratings from 1 to 6 (practically 
non-toxic to ‘super-toxic’) are ascribed to the principal 


5; ehemieals included, while broad classes of compounds are 


"identified with one of 77 specific congeners, these being 
separately indexed with toxicological details, symptoms 
and treatment in Section 3 (therapeutie index, pp. 157). 

(General remedial measures, from respiratory aids to 

* nutritive support, are considered in Section 4 (pp. 76), 

wh followed by a large index (Section 5, pp. 674) of 
more than. 14,000 trade names of products which might 
be ingested, either accidentally or suicidally. In this the 
principal toxie constituents are identified by an asterisk, 
though in. practice such might number as many as (say) 
five of a total of seven listed ingredients. Cleaning fluids, 
pesticide formulations and sedative tablets all feature 
prominently;. entries, most of which are American 
proprietaries, range widely, from ‘Lifebuoy Soap’ to ‘Kitty 
Chaperone’ (keeps cats off furniture). Formulations are 
indexed by function in Section 6 (pp. 113) and by manu- 
facturer in Section 7 (pp. 22). The final section (pp. 13) isa 
provisional classification of chemicals which either have 
proved, or may prove to be, poisonous in men, with a 
numerical etiological assignation; tho latter is an exten- 
sion of an existing classification and, as such, a contribution 
to the rationalization of the subject, despite many neces- 
sary: compromises. 

"There is no suggestion that this large volume is an 
emergency ready-reference volume. It could be used as 
such only after familiarity with the basie plan has been 
acquired, when (as in other circumstances) the initial 
logical sequence of consultation might be to Sections 5 
(or, failing this, 6), 2 and 3. Such an approach, with a 
somewhat extended explanation, is set out diagrammatic- 
ally as the frontispiece. As & reference source-book there 
is no doubt of its value, the main limitation to which in 
Britain lies in the fact that the proprietariés are mainly 





of North American origin. H. EcAN 
Progress in Chemical Toxicology 
Vol 1. Edited by Abraham Stolman. Pp, xii-+ 436. 


(New ‘York: Academic Press, Inc.; London: Academic 
Press, Inc, (London), Ltd., 1963.) 14 dollars. 


“HIS book, the first of a continuing series of volumes 
covering developments in chemical toxicology, is 

into eleven somewhat unevenly balanced chapters. 
xample, the chapter by Rieders on “The Determina- 
| tion of Antiarthritics, Antihistamines and Thymoleptics”’ 
occupies 7 pages, whereas “Narcotics and Related Bases” 
by Farmilo and Genest covers 87 pages. I should have 
"thought that with a more consistent classification (either 
pharmacological or analytical classification, but not both) 
of chapters, the 7-page chapter could have been incor- 
porated in one of the other manuscripts. 

Chapter 1, by Freimuth, briefly describes isolation and 
separation techniques for identification of poisons. Then 
follows à chapter by Goldbaum, Schloegel and Dominguez 
on the application of gas chromatography to toxicology. 
Aliphatic alcohols are thoroughly covered by Harger and 
Forney, and Curry, in a well-written and. informative 
chapter, discusses the analysis of acidic and- neutral 
poisons. There is a useful chapter by McBay and Algeri 
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on ataraxies and non-barbiturate sedatives.  Feldstein 
deals effectively with the- toxicity of, and analytical 
methods for, air pollutants. "Tyler contributes 43 pages 
on poisonous mushrooms, and Schwarting concludes 
the volume with a chapter on poisonous seeds and 
fruits. 

It is a pity that this volume should have taken such 
a long time before its final publication. I am aware that 
one of the contributors sent his manuscript to the editor 
early in 1962. The editor’s preface is dated August 1963. 
The book appeared in 1964. I feel that neither the 
editor nor the publishers are to be blamed for the delay, 
and, that this is due to the lack of a sense of urgency 
and complete co-operation on the part of one or some of 
the contributors. A book of this type is of greatest value 
when the date of its appearance is as close as possible 
to the date of publication of the papers on which the 
various chapters are based. Some way of dealing effectively 
with procrastinating contributors should be devised. 

Otherwise, part of the volume is a useful compilation: 
of some of the advances which have taken place in 
chemical toxicology in recent years. H. V. STREET 


Meristems, Growth and Development in Woody Plants 
Àn Analytical Review of Anatomieal, Physiological and 
Morphogenie Aspects. By J. A. Romberger. (U.S. 
Department of Agriculture Technical Bulletin, No. 1293.) 
Pp. vi+ 214. (Washington, D.C.: Government Printing 
Office, 1963.) 1.75 dollars. 


N this monograph the author, as his sub-title indicates, 

has attempted to give an account of aspects of the 
morphogenesis, anatomy and physiology of solected 
gymnosperms and woody angiosperms. His approach 
thus combines in a useful manner the classical methods 
of anatomists of an earlier period with those of contem- 
porary investigators of plant morphogenesis. It is 
valuable to have the several accessions of information 
brought together, briefly but in sufficient detail, in one 
volume—the book is primarily intended for students of 
physiology, horticulture and  forestry--though, uu- 
avoidably, there are repetitions of facts and. concepts 
that have received wide publicity in recent years. The 
general objective, maintained throughout, has been to 
relate growth, development and the functional activities 
of organs to the physiological processes in main and lateral 
shoot meristems (and also in other meristems, for example, 
roots) from which they all originate. 

In the section dealing with anatomy and ‘physiological 
morphology’, a useful range of information, some familiar, 
but some less familiar, is clearly and fairly presented and 
discussed. In other sections, the episodic growth and 
dormancy of shoots, and the physiological processes that 
are, or may be, involved, are discussed in some detail, 
with reference to Pinus sylvestris and selected woody 
dicotyledons. In this section the phenomena of photo- 
morphogenesis, Circadian rhythms, endogenous growth 
regulators, etc., are critically examined. A final section 
provides a useful account of episodic growth and dormancy 
in roots. The author, whose attitude is one of moderated 
scepticism, has properly been the critic of his own offorts 
and of the contemporary state of botanical science as 
he sees it. As he notes in his retrospective survey: "Phe 
reader who expects a pithy summary, replete with 
sweeping truths about the behaviour of meristems, the 
control of growth and development, and the physio- 
logical basis of dormancy, will be disappointed”. Quite 
simply, botanical science has not yet reached that point. 
But, as the present volume indicates, many avenues of 
approach to the central problems are now being explored. 
and progress, though often fragmentary and highly 
incomplete, is being made. ] : 
The book, which. is clearly and succinctly written, 
sometimes in à provocative but agreeable style, is modestly 
illustrated and well produced. C. W. WARDLAW ` 
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ioclation of the Professions appears 

organization. Out of curiosity 1 
Pe vepsion’ in Webster’s dictionary 
| T find there are two major mean- 
be either that which one professes, 
J professes to have knowledge. 
ning of ‘profess’ is to pretend to 
I conclude that, according to the 
hip in à profession may have a very 
3 "md of all the round there is is 






Incidentally, o 
ave oom 
(s dictionary, me 
broad base. But, 
Uu one which 
























‘tionary defines a oE a as 
d oye science or branch of know- 









id, money is not everything but it 
ortance is attested in many of our 
ight make an intriguing combi- 
5 , the root of evilis that which 


wo groups: (a) those who want 
research, as a foolish and unneces- 

ose who believe research can do 
ney is put into it. Curiously, it is 
is frequently the chief source of 
ier. If outlandish claims were not 
me of science, there would be 
he progress of research. All of 
hat one of the most constructive 
(to bring about better public 













he topie as I have done into 
d research for money one does two 
important and different 
and at the same time one can 
rgument which occurs in justifying 


at ' otsas i in its own rigid. This i is 
joint of view feann Sspesially i in aoadomip environment. 
B pure form i Y 







ion ig equi. Essentially basie research does 
it is mérely a modern and highly sophisticated 
e for seeking the truth, namely, know ledge and 
rstanding of man and the world he lives in. Why is 
important ? Well, research, and especially research 
science, has been largely responsible for progress in 
n thought and philosophy. It has had much to do 
h exploding superstitions and removing that greatest 
r ofall, fear of the unknown, and has made noteworthy 
i vances in our thinking, to say nothing of broadening 
|», eur outlook on the world we live in. It puts emphasis 
; n the higher things in life, much like a religion. But 
ne can scarcely put a precise money value on it, nor are 
its advocates inclined to do so. 
- The second objective takes a practical and realistic 
view. Essentially it says of the first: ‘For those who like 





















oe SE ubstance of an address before the fifth Annual Congress of the 
Se  Proteesions held at Lansing, Michigan, during February 7-8 





the ratio of 1 to 2. 


By Dr. ALAN T. WATERMAN 


rd of Directors, American Association for the Advancement of Science, and former Director of the US. 
: National Science Foundation 


that sort of thing, it is just the sort of thing they like’, : 
so what? There is no particular harm in e: 
research for its own sake. If anyone wants ‘to 
life collecting butterflies or cosmic rays or sat 
curiosity by looking through a microscope or 
that is his business. After all this is a freo co 
we allow such activities to go on, which is more: 
other countries do. But no sensible citizen. would 
to contribute funds for such a purpose, except 
for symphony orchestras, art museums, etc... 
matter of civic pride, or as we provide toys. 
Publie money? Certainly not. Hard-earned | 
should go in quantity only to A aio a edes and projects 
where the practical need has been demonstra 
there is every likelihood of a financial return, or, falling 
that, where some practical accomplishment can be made, 
such as the cure of a disease, the production of & superior 
military weapon, or the improvement of tralie cop- 
ditions. Occasionally there are other practically impor- 
tant projects, too, such as desalination of see WHlor ara 
remedy for air pollution. ; : 



















commercial or private—and osieiitdivo in a 
proposals for research to meet these needs. Or 
& bit further, as occurs more and moro in our tec 
and support research whieh might open a new 2 
directly useful then for making money, and indirectiy for 
raising standards of living. 

But let us pause for a minute and see how much money 
is now going into what kinds of researeh, and who is 
providing it. 

This is a subject which has received an. increasing 
amount of attention, and properly so, on the part of 
industry, the U.S. Federal Government and economie 
analysts. In its entirety it has come to: be called 
and technology. Science enters as the- 
study—the profession if you like-—-which. seeks 
the unknown, to discover new facts, new phenon 
new techniques either to make further advances in knov 
ledge or to show the possibility of useful applicati 
Thus science is commonly understood to inelu 
and some applied research. Technology seeme t 
best term we ean find to take in the ent: à ofc 
what it takes, from the technical point of view, i Eg 
about economie strength, prosperity, military security 
and general welfare. Thus it commonly starts from 
science as its technical base and includes, especially. 
applied research, engineering development, test and 
evaluation, pr oduction, distribution and use. 

For present purposes we need merely note that the 
analyses on the subject are chiefly concerned with research 
and development and with man-power. 

The national total for research and development in ihe 
United States is at present estimated at about 15 
dollars t. This is about 2-5 per cent of the gross national 
product, an increase from 1:4 per cent 10 years ago. OF 
this the Federal Government provides about 65 per 
while about 32 per cent is provided by ind 
industry and the U.S Federal Governmen: 
practically the entire research and develops 







































t ‘Billion’, a thousand millions in thi 
Germany, ete., a million millions: Edit : 
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In this national effort, industry is doing most. of the 
work. Seventy-four per cent of the total funds are used 
by industry in performance of research and development, 
14 per cent by the Federal Government in its own labor- 
atories, and 12 per cent by non-profit institutions. 

'The distribution of scientifie and technieal man-power 
among these economic sectors is similar. Thus of the 
total number of scientists and engineers employed in 
research and development activities in 1960, 68 per cent 
were in industry, 15 per cent in the Federal Government, 
12 per cent in academic institutions, and the rest in other, 
non-profit institutions. 

Although the total national funds for research and 
development have about tripled since 1953, this distri- 
bution of funds and scientific and engineering man-power 

s changed very little, and practically not at all since 
1957. During this period the labour force has increased 
by 15 per cent, and scientific and technical man-power by 
57 per cent. As a percentage of the labour force, scien- 
tific and technical man-power now stands at 3-6 per cent; 
it was 2:5 per eent in 1953. 

. The distribution of efforts in basic research is somewhat 

different but it is similar in its stability. National 
funds for basie research at present amount to nearly 
1-5 billion dollars, which again is about three times the 
amount in 1953. As a percentage of the total funds for 
research and development, basic research funds remained 
nearly constant at 8 per cent until the past two years, 
when they rose to about 10 per cent. This largely reflects 
costly new projects in such subjects as. oceanography, 
high-energy accelerators, and space research, where 
research facilities are especially expensive. "The Federal 
Government is the source of less than 60 per cent of 
national funds for basic research, industry about 25 per 
cent, while academic and other non-profit institutions 
provide the remaining 15 percent, intheratio ofabout 2to 1. 

Colleges and universities have consistently performed 
nearly one half the nation’s basic research, industry 
about one-third, and government about one-sixth. 

What is especially important to note is that the Ameri- 
can nation’s effort in research and development has been 
a remarkably consistent one in its distribution of funds 
and technical man-power for the past decade. In recent 
years, increasing apprehension has been voiced over the 
large inereases in the Federal budget for scientific research 
and development. While these increases have indeed 
been large, it should be noted that they have been quite 
effectively matched proportionally by the increases in 
contributions from the other sectors of the economy. Of 

particular significance is the fact that the Federal 
Government is not acquiring a monopoly or control 
over scientific and technological activities any more 
than it has been exercising for the past decade. In 
view of this stability in distribution of effort, it would 
seem that one should proceed with caution in the formu- 
of any radical change. Obviously such could 
‘gerious dislocations and. loss of valuable time 
ffort in the process. This we cannot afford, for we 
ever forget that we live in a highly competitive 
and the modern key to successful competition lies 
ence and technology. 

ae ‘how does this analysis relate to my topic? In the 
first place, the figures I have given cover research, 
development and man-power. Since we are concerned 
here with money, it is logical to inchide development, 
since it is development which bears most of the cost and 
not research. In fact, research, both basie and applied, 
accounts for only 30 per cent of the total effort; basic 
research for only 10 per cent. 

At this point I am somewhat in a quandary, since the 
theme here is research, not development, whereas most 
of the money involved goes to development and not 
research. The two are not the same, and the failure to 
make this distinction is responsible for much confusion 
and concern. Generally speaking. research is relatively 
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inexpensive; it is at the point of decision to undertake 
engineering development that one has to face the 
commitment of large sums of money. The distinction is 
simple enough in principle: research, whether basie or 
applied, is exploratory in nature. It tries to find some- 
thing new scientifically or to establish the feasibility of 
a development in principle, not in practice. Development 
starts from the premise that a practical undertaking may 
be feasible and attempts to work out and perfeet a 
device or process suitable for production. Since the 
particular objective of development is known and 
understood, the decision whether to initiate development 
or not, though often difficult, is more clear-eut, and since 
it involves large sums of money and extensive employ- 
ment the decision must be examined with great care. 
The whole affair may be likened to the opening of a 
new territory. The comprehensive exploration of the 
territory corresponds to basic research, the search for 
mineral or other resources corresponds to applied research, 
and the examination of how these resources may be 
exploited eorresponds to development. 

In proceeding further with this matter I shall touch 
briefly on considerations relating to development and then 
go into the subject of research somewhat more thoroughly. 

For the most part, development has money as its 
fundamental objective. It is carried on in typical fashion 
by the technical industries in the hands of which it has 
reached. high standards of quality and efficiency. 
Development financed by Government cannot, of course, 
be said to have a profit motive in the same sense, namely, 
profit to the financing agency. But it may carry a 
reasonable return to a profit organization under contract. 
Apart from that, as in the case of military development, 
it may be said to provide a form of national insurance. 
In any event, if conducted wisely it has value in 
strengthening the national economy. Because of its rela- 
tively high cost, special attention should be directed to 
the criteria for undertaking developmental projects. 
Thus in making a decision regarding a particular develop- 
mental project, one could consider: (1) What are its 
objectives and what are their relative priorities as 
compared with other objectives? (2) Will the programme 
if successful meet these objectives ? (3) Is the programme 
technically feasible ? (4) Is the estimated cost of the effort 
justifiable. in money, man-power and facilities? The 
operating agency should be held strietly responsible for 
making these decisions wisely. 

On the other hand, most basic research belongs in the 
first category —it requires money rather than produces it. 
Occasionally basic research is required in association 
with development to remove bottlenecks or to provide 
essential background. Some applied research and. 
development belongs in this category. too, like the 
engineering development of elaborate instruments or 
installations for scientific purposes such as high-energy 
aecelerators, radio telescopes and instruments for the 
study of outer space. "These are not primarily concerned 
with making money, but money is required for their 
prosecution. As research in science becomes more 
complex and sophisticated the financial outlay begins to 
assume larger and larger proportions. As a result, money 
for science and basic research in particular begins to 
compete with money-making research, with research 
aimed directly at meeting pressing needs and resolving 
critical problems. 

Dr. Vannevar Bush pointed out a consequence of this 
situation in the terse observation that applied research 
drives out basic—a sort of Gresham's law. Thus, in the 
faee of the inevitable budget limitations, available funds 
go to programmes which are immediate and critical and 
to research projects the usefulness of which can. be clearly 


foreseen and justified. Basic research does not fall in 


this class since ib works in the unknown and cannot 
predict with any certainty whether its findings will be 
significant, much less whether they will be useful. Tn 
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fact, one definition. of basic research is research for which 

one cannot secure mo ey! 

of this competition for funds and of the 
wy inerease in research and development 

activity, what should our policy be ? 

If we are foreed to economize in science and technology 
"then we ‘shoul ve maximum eare and attention to 
/ àoney is going—namely, development. 
e Mhod encourage applied research and 
id government will support basic 
lies specific important practical 
i not enough. In fact, to adopt 
usively is most. short-sighted and 
AB MM amply records, most of the 
| discoveries have come from research with 
n prag aim than free exploration of the unknown. 
ow could one ha planned for discoveries such as 












































As a matter fach, this type of pioneering research 
"and justified as an investment. It 








: ude all degrees of promise—from 
roeie of sh certain progress to difficult and 
speculative proji hich if successful would yield a high 


return, scientifi 


or practically. In planning such a 
Ses programme one 


count heavily on the experience 


ey are the experts in this type of 
m exploration ' thus best able to decide on 
promising leads. The investment when planned and 
|. executed in this way is statistically certain to yield results; 
dn any event f scientifie value, but also practical 
results which more than pay for the cost of the invest- 
nent, as the | industries well know. It may be 
i ‘makes a scientific discovery does 
ot see a practical application or does not choose to 
roceed with one. Perhaps a series of basic research 
findings are necessary before an application emerges. 
But, as history also abundantly proves, the findings of 
ce generally find their way into useful application. 
conclusion | I would draw concerning the major 
d is that there should be no real 
pursuit of free basie research and 
serch, aimed at development. We 
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: frontiers and oi iew potentialities for technology, 
ied rese: jo investigate the feasibility of these 












ry May 11 the American Society for Testing and 
EN “Materials ‘dedicated its impressive new head- 
quarters building in Philadelphia with suitable cere- 
monies, international in character in keeping with 
the international scope of the Society and its work. 
The President of the United States sent his greetings in 
, Aa personal letter that was read by Dr. A. Allan Bates of 
the U.S. National Bureau of Standards. Diplomatic 

A presentatives of Canada and Mexico presented appro- 
‘ate greetings from their respective countries. The good 
shes of the International Organization for Standardi- 
gation (I.8.0.) were presented by Mr. Olle Sturén, direc- 
. tor of the Swedish Institute of Standards, who brought 
` with him, äs a gift to the Society from his own Institute, a 
autiful example of Swedish glass. 
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technical problems. The latter will often bring a direct 
money return. It also paves the way for accompli: 
which are of great value in other ways, solving or 
problems, maintaining military security, strengthent 3 
economy, and improving the general health and welfare. 
In the long run basic research docs the same thing. it 
provides the knowledge and beige. of the world 
we live in which leads to power—power t i 
optimum way to our environment. to m 
use of natural resources, and even to co 
tially altering our environment. Above 
uncover vast possibilities which we do n 
know. In all this, research cannot fail to hay 
effect on our thinking, our culture and our phi 
life. The degree to which we succeed in these « 
does not depend primarily on money. Tt depe d on 
people. For one thing it depends obviously on the 
number of competent scientists and engineers w 
and can train. Fortunately, careful investi ation: 










AE qi wit 
cub ence 









for the next decade, but we shall have to wi 

harder than we have been doing, and it will uy a tot 
more money than we are now investing. A severe burden 
is coming on our colleges and universities, and 
especially our graduate schools. For this latter pury 
we need to provide more funds and facilities to aniver- 
sities for basic research as an essential factor in advanced 
training. We must also direct attention to other 
professional training such as that of technicians end we 
badly need to improve the quality of instruction in 
education all along the line. 

A country such as the United States should be able to 
provide, from publie and private sources, the funde 
needed for the technological progress one wishe ake 
This is a matter of priorities and continued 7 
But the decision as to priorities lies ultimately 
people. Hence the progress we will make depends on 
the degree to whieh our citizens have a general under- 
standing of science and technology, their potentiali 
and their limitations. This in turn depends 
background in education for our children aud & "Hee 
forum for information and discussion among the publie 
generally. 




















technology will be directly dependent on the d 
understanding by our citizens of these objec 
their accomplishment. "This is a subject which c 
repay thought and effort on the part of those im othe 
professions which are concerned. 


|. AMERICAN SOCIETY FOR TESTING AND MATERIALS 


By Dr. ROBERT F. LEGGET 
Director of Building Research, National Research Council of Canada, and Vice-President of the Society 


The principal address was delivered by Mr. Stowart 
S. Cort, president of the Bethlehem Steel Co., who illus- 
trated the rapid growth of standards in the American 
economy and their increasing importance im the worki- 
wide trade of to-day with telling examples from the 
steel industry. Reminding his audience how James 
Watt’s work had been advanced by Wilkinson’s iraproved 
boring machine, Mr. Cort went on to say that “the most 
important single development of those early indus 
days was the system of the interehangeable-part. : 
faeture—individual parts made so nearly id: 
the complete device could be put together 
hard work and the high cost of shaping - 
A number of different inventors can claim , 
credit for this big pep: forwa 
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Eli Whitney, who first developed the system on a com- 
mercial basis.... His secret was the jig, which he had 
invented to produce interchangeable parts, plus the use 
of power-operated tools.... It might seem surprising 
that almost one hundred years went by before the idea 


of standardized parts led to the idea that properties of 


materials from which those parts were made could also be 
standardized ... the first organized meeting to discuss 
the subject of uniform methods of testing was held in 
Europe in 1882". Tribute was paid to the pioneer work 
of Albert L. Colby, a founding member of the American 
Society for Testing and Materials in 1902 and a leading 
chemist of the steel industry. 

The new building (Fig. 1) replaces a smaller and some- 
what inconvenient building on the same site, facing on 
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New headquarters of the American Society for Testing and Materials, Philadelphia 


Logan Square, an almost European feature of downtown 
Philadelphia with its impressive large fountain and park- 
like flower beds. The Franklin Institute and the Free 
Library of Philadelphia are neighbours. The architects, 
Carroll, Grisdale and Van Alen of Philadelphia, have 
achieved a masterly design in fitting so large, so con- 
venient and so beautiful a building on so difficult a 
site. It is L-shaped with only a 40-ft. frontage on the 
square, and is 284 ft. deep and 93 ft. wide for its rear 
half. Sacrificing part of the 40-ft. strip has permitted the 
inclusion of a courtyard and garden behind the glass 
entrance doors (Fig. 2), giving an interesting view from 
the Square of the main part of the building in the rear. 
This is a four-storey structure which can eventually be 
extended to eight storeys when the need arises. On the 
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d Main ina variable ise onmagneric field. 
| International Series of Monographs on 

: Electromagnetic Waves; Volume 7 
-556 pages. £55s($15.00) 
ributed in the U.S.A. bythe 
Addison-Wesley Publishing Company 
ne., Reading, Massachusetts 


Fatigue Resistance of Materials 

| and Metal Structural Parts 

Edited by A.Buch, Institute of Precision 
Mechanics, Warsaw 

Partial Contents : 

: Correlation between fatigue limit and 
ultimate tensile strength — A Buch; Brittle 


| fracture of plastic metals at cyclic over- 


loads ~ ~G.V.Uzhik; Growth of fatigue 


© | cracks in aluminium and mild steel - 


J. Holden; Some problems of fatigue 
strength of sintered cermetallic materials 
~ V.T.Troshchenko and B.A.Gryaznov; 
Dauerfestigkeit von stahl nach 
galvanischer behandlung — H. Tauscher 
(with English summary); Fatigue strength 
of welded structural joints (Summary) — 


. Z.K.Lesniak; The dynamic graduation of 


50 T-Schopper's pulsator (Summary) — 
Z.Pawlowski and L.Sieklucki. 
326 pages. 100s($15.00) 


AGARDograph 78 

Arctic Communications 
Proceedings of the Eighth Meeting of the 
AGARD Ionospheric Research 
Committee 

Edited by B.Landmark, Norwegian 
Defence Research Establishment, Kjeller 
Partial Contents : 

Some experimental results on the arctic 
D-region — O.Holt and B.Landmark; 
Conjugate point observations at a variety 
of high geomagnetic latitudes — H.J.A. 
Chivers; Military communications in the 
Canadian arctic ~G.F Bury; Polar 
communications — N.C.Gerson; Note sur 
une retrodiffusion en zone aurorale — 
P.Halley et N.Faure; Radio noise prob- 
lems in arctic regions — J. R. Herman; 

h.f. propagation in the arctic - G.W.Full; 
Field strength measurements over a 

200 km. subauroral path (sodankyla- 
lindau) compared with the absorption 
observed at the terminals — G. Rose. 
Published for and on behalf of the 
Advisory Group for Aeronautical 
Research and Development, North 
Atlantic Treaty Organisation. 

316 pages. 100s ($15.00) 


Structure Analysis by Electron 
Diffraction 


B.K.Vainshtein, Director, Institute of 
Crystallography, U.S.S.R. Academy of 
Sciences 

Partial Contents : 

Diffraction methods in structure analysis; 
Electron, X-ray and neutron diffraction; 
Uses of electron diffraction; Structure 
analysis by electron diffraction; Funda- 
mental concepts of the theory of scattering 
and of the structural analysis of crystals; 
The geometrical theory of electron 
diffraction patterns; Formation of spot 
electron diffraction patterns; The geo- 
metry of electron diffraction spot patterns 
and the determination of the unit cell; 
Electron diffraction texture patterns; 
Interpretation of electron diffraction 
patterns from textures; Polycrystalline 
electron diffraction patterns. 

430 pages. 100s ($14.00) 









Edited by O.Kra arm Y 
Pharmacology, e Medical 
School, Boston, Massachusetts 
Partial Contents : 

Structural aspects. of contraction in. 
cardiac and skeletal muscle — HE. 
Huxley; Electrolytes and myocardial 
contractility — M.Reiter; Desi 
analysis of the interval-streng. 
ship of heart muscle — J RBI 
J.Koch-Weser; Effects of metal 
inhibitors on the interval-strength ° 
relationship — P.Braveny; Membrane 
effects of epinephrine in the heart ~ 
D.G.Kassebaum: Mechanism of fibrilla- 
tion in a mathematical model - G.K Mos. 


Proceedings of the Second International 
Pharmacological Meeting, Volume 5 

A leaflet containing full details of al! 
volumes is available on request. 

168 pages. 50s ($7.50) 


The Prophylaxis of Infection — 

A Collection of Articles froni the 
Journal of Chronic Diseases ———— 
Edited by R.G.Petérsdorf, The King. 
County Hospital, Washington, US A. 
Partial Contents : 

The uses of gamma globulins in ihe 
prophylaxis of infection — AH. Levy; 
Chemosuppression of specific infections 
with antibiotics — T. E. Woodward; 
Infection as a cause and complication of 
renal disease — E.B.Fergus; Some 
observations on catheter care —J. Ansell: 
Prophylaxis in patients receiving adrenal 
steroid therapy ~ M.H.Lepper: Use of 
antibiotics in cancer and leukemia = 
J.A.Curtin and B.D. Marshall; Anti- 
biotics in chronic bronchitis and 
bronchiectasis P.S.Norman; The suscep 
tible host — A.A. Browder, RA Lindeme yer 
and R.G.Petersdorf 

208 pages. 35s 
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& Co Ltd 
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FOR HIGH 
PERFORMANCE 


in routine analysis 
and research 


Easily converted into the CF4DR Double- 
Beam Recording Spectrophotometer. 














This instrument is manufactured completely at our 
Works, and is installed and delivered free of charge. 


THE OPTICA CF4 


Full information together with details of other AN OUTSTANDING SINGLE-BEAM HIGH- 
OPTICA spectrophotometers will be forwarded PRECISION MANUAL SPECTROPHOTOMETER. 
on request. Standard Features 


; @ Grating Monochromator 
CF4 Range 185-750mj Price £870 @ High Resolution 


Range 185-1000m i Price £950 @ Linear Dispersion 
@ Transistorised Electronics 
@ Mains Operated 


Service Centres at London, LARkswood 2603; Manchester, CENtral 0937 and Newcastle, Low Fell 75002 


OPTICA UNITED KINGDOM LTD 


THE BAIRD & TATLOCK GROUP OF COMPANIES 


Complete range of attachments available, 


HIGHAM LODGE. BLACKHORSE LANE, WALTHAMSTOW, E.17 LARkswood 2603 


Agents in Scandinavia, Australia and throughout the world 


TASIOA2 





PRECISION & VERSATILITY 


in Column Chromatography These two fraction collectors operate with 


great accuracy and reproducibility. Control 
is timed or volumetric, and the ISCO 
Volumeter gives increased precision and 
adjustable volume range. The Model A has 
a 26 in. diameter turntable holding 24) 
tubes. The Model T, with 9.5 in., 12.5 in., 
or 18 in. turntable (90 tubes each of varying 
capacity) can also be used with the ISCO 
Model D Density Gradient Fractionator. 


Write or phone for ISCO illustrated leaflet. 





Volumeter 


The ISCO Model V Volumeter 
automatically measures a highly 
repeatable volume of effluent into 
each test tube, and actuates the 
turntable to move to the next 
position one second after the stop- 
cock is closed. Models VA and VT 
are for use with ISCO Fraction 


Model A (above) and 
Collectors Models A and T, respect- 


Model T (right) ively. Model VB is for use with any 
Fraction Collectors other Fraction Collector. 


SHANDON) SHANDON SCIENTIFIC COMPANY LIMITED 


65 POUND LANE WILLESDEN LONDON NW!I!O Tel: WiLlesden 8671 





The ISCO Improved 
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ground floor is à 350-seat auditorium accessible from both 
directions. The remaining floors accommodate all the 
office funetions of the Society, movable partitions for 
all subdivisions giving a flexible floor arrangement. 
The Society is now elegantly and efficiently housed for 
many years to come. 

The new facilities are already being used almost to the 
full, so great have been the demands on the Society 
during recent years. It is a unique organization, entirely 
voluntary in nature, self-supporting financially, and yet 
producing standard material specifications and test 
methods which are extensively used by American Govern- 
ment and industry, and to a somewhat lesser extent in 
every English-speaking country of the world. In other 
countries the Society's standards are frequently used as 
reference documents or as the basis for the preparation 
of a number of recommendations of IL.S.O. The Society's 
work with I.S.O. is channelled through the American 
Standards Association, which also presented its greet- 
ings at the dedication ceremony through its Executive 
Director. 

Research has always played an important part in the 
work of the Society and is one of the foundations on 
which its standards are based As a means of empha- 
sizing its research function the Society recently made a 
small but significant change in its name by inserting the 
word ‘and’ between ‘Testing’ and ‘Materials’. This was 
in keeping with its origina] charter wherein the function 
of the Society is stated to be “the promotion of know- 
ledge of materials of engineering, and the standardization 
of specifications and methods of testing". 

As further evidence of its research interests, there was 
established in 1960 a Division of Material Sciences, the 
function of which is still further to stimulate research in 
the field of materials. The Division has already been 
responsible for some outstanding symposia at annual 
meetings of the Society on such subjects as: — "Properties 
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of Crystalline Solids" (1960); “Major Effects of Mi: 
Constituents on the Properties of Materials" (1961 
"Stress-Strain-Temperature Relationships in Material 
(1962); ‘‘Properties of Surfaces" (1963); "Irreversibk 
Effects of High Pressure and High Temperature on th: 
Properties of Materials" (1964); “Internal Frictior 
Damping and Cyclic Plasticity Phenomena in Materials 
(1964). All have been published in the Society's 
of Special Technical Publications. 

The international aspect of the Society’s activities 
shown by the fact that of its 12,000 members no less than 
1,700 come from countries other than the United Stat 
Surprisingly these now number 73. Copies of the So 
ety's publications are now mailed to every part of the 
world. A Canadian is not infrequently a member of th: 
Board of Directors. One Canadian has already served 
president. Seven Canadians hold leading offices in thy 
technical committees through which the Society carries 
out its important work in the field of standardization 
Mr. H. A. R. Binney, director of the British Standards 
Institution, was made an honorary member at the Chicago 
annual meeting of the Society in June and at the sar 
meeting Dr. F. M. Lea, director of the British Building 
Research Station, received the Walter Voss Award 

These international links, which the Society | 
always enjoyed to some degree, are in keeping with 
international origins, for it started in 1898 as the Ame 
ean branch of the International Union for the Testing of 
Materials. It was soon found that a separate American 
organization would be desirable, and so the Society was 
chartered, as such, in 1902. From this small start has 
developed the Society of to-day, with its new thre 
million-dollar building in Philadelphia. The hes 


serie 





quarters of the Society have always been in the ‘City 

Brotherly Love’, initially because the first secretary was 
dean of civil engineering in the University of Pennsy! 
vania, but more recently by choice. 


Four men only ha 
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served the Society as its top e ex 
62-year history-—E. Marburg (1902-18), C. L. Warwick 
(1919-52), R. J. Painter (1952-60), “the present 
incumbent being T. A. Marshall, jun. 

Most. scientific societies fulfil two main functions— 
providing a specialized service to their own members and 
publishing scholarly papers and books. The American 
Society for Testing and Materials performs these functions 
well but in addition it develops and publishes standards 
for materials and test methods that are, in effect, publie 
documents.. They now total more than 3,200. Commenc- 
ing in 1964 they are being issued on an annual basis in a 
series of 32 volumes, having a total pagination of almost 
20,000. All these documents are initially prepared and 
kepi ontinually under review by 99 main technical 
"committees aided by (one might almost say) innumerable 
sub-committees and working groups. Subjeets range all 
the way from. steel (Committee 4—1) to peat (Committee 
D-29). Especially significant has been the recent estab- 
lishment of Committee F-4 on surgical implant materials, 

the medical profession having solicited the aid of tho 
Society in applying well-established engineering pro- 
cedures to the standardization of the materials now used 
for so many and varied surgical implants. 

This development is another clear indication of present- 
day awakening to the vital importance of standard- 
ization in fields far removed from engineering where this 
discipline naturally started. It confirms tho timeliness 
and importance of the Society's new building, whence 
comes most of the secretarial and administrative support 








tive throughout its 
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for all the Boolety' 8 technical committees. All committee 
work is entirely voluntary. Some committees are now 
so large (one has more than 200 sub-committees). that 
their own separate meetings are minor scientific confer- 
ences. The focal point for committee activity is, how- 
ever, the Society's annual meeting, a unique gathering. 
More than 3,000 men (with some women) meet through- 
out a whole week in order to attend working meetings 
of more than 1,100 technical groups. The physical 
arrangements for this remarkable schedule, enlivened by 
some general technical sessions and two invited lectures 
but by a minimum of social diversions, always evoke 
the admiration of the newcomer. 

It is in the workings of the indiv. idual committees that 
there can be seen in & quite remarkable way the appli- 
cation of science to the needs of man. Here the scientist, 
the research worker, the university professor sit down 
with the engineer to pool their information in the drawing 
up of a standard document which can be put to publie 
use. Compromise is essential but the very process of 
reaching agreement on some controversial point will 
often point the way to needed research. It is impossible 
to estimate what stimulation has thus been given to 
research in North America but it is certain that the 
influence of the American Association for Testing and 
Materials has been very great indeed. Although the new ^ 
structure in Philadelphia, therefore, appears to be ‘only 
an office building’, it is in fact a research building and 
as such appears to be worthy of this brief record in the 
pages of Nature. 


PLUTONIUM IN THE MARINE ENVIRONMENT 
By K. C. PILLAI*, Dr. R. C. SMITH and Dr. T. R. FOLSOM 


Scripps Institution of Oceanography, University of California, San Diego, La Jolla, California 


LUTONIUM-239 and -240 have been separated from 
sea water by radiochemical techniques and measured 
by use.of.an alpha spectrometer; ??***"Pu has also been 
found to be highly concentrated in marine organisms. 
In addition, plutonium-238 has been detected in some of 
these organisms. The significance of plutonium in the 
marine environment and the application of concentrating 
organisms for trace-element detection is diseussed here. 
Naturally occurring plutonium has been shown to exist 
only in extremely small amounts, about one part in 
5:10, in uranium-rich minerals like pitchblende and 
carnotite*. This plutonium is produced by neutron 
absorption of uranium-238, the neutrons necessary for this 
reaction arising from various sourees?: from the spon- 
-taneous fission of uranium-238, from reactions of the 
type («, n) by neutron multiplication in uranium-235 
and neutrons produced by cosmie rays. On the other 
| and, man-made plutonium has found wide use in nuclear 
s and reactors. In nuclear explosions, plutonium 
s can be formed by neutron capture by uranium- 
toms or by the escape of fissile nuclides which 
have not undergone fission. It has been reported? 
that a total fission yield of 193 megatons was put into 
the atmosphere as of January l, 1963. This amount 
corresponds to 2-8 x 10** fissions. If we assume that 
fall-out particles from an explosion contain one plutonium 
atom per fission, this gives 11 x 10° g or 0-68 Mc. of 
plutonium-239 put into the atmosphere. The analysis of 
air-borne debris in. the first large-scale thermonuclear 
explosion’ showed that the major isotope of plutonium 
formed was 239, with other isotopes like 240, 241, 242, and 







244 being formed in much smaller quantities. Curium-242 E 


1 ie or lement in cer 
* On leave from the Atomic Energy Establishment, Trombay, Bombay, and the concentration f fors for this elem in certain 


onan LA. E.A, fellowship administered by U.S. National. Academy of Sciences. 


(half-life = 162 days), the parent of plutonium-238, 
was also detected in minute amounts. 

Plutonium isotopes ate far less abundant in fall-out 
than strontium-90 and czesium-137 and, relative to those 
of strontium-90 and cesium-137, the half-life of plutonium- 
239 is very long—more than 24,000 years. Plutonium 
is one of the most toxic elements. It can exist in a 
multiplicity of oxidation states which exhibit significant 
differences in chemical properties, and it is thought to be 
relatively unrelated chemically to the essential con- 
stituents of plants and organisms. Since it is artificial, 
and possesses peculiar chemical properties, the presence 
and distribution of this element in the environment are 
unique and its investigation is of great interest. 

Fall-out plutonium has been measured in air, soil, 
various human organs and in commercially available 
meat produets*. However, until now, no results have 
been available on the levels of plutonium present in the 
marine environment. . Concern over plutonium in the 
marine environment has increased since the development 
of SNAP (Systems for Nuclear Auxiliary Power) generators 
for space-vehicles. In some of these systems, plutonium- 
238 has been used as a source of auxiliary power*. It 
is of some importance, therefore, to acquire a general 
knowledge of environmental concentration-levels, dis- 
tribution patterns, and the concentrating ability of 
marine organisms so that the eonsequences of a space 
craft failure can be asssessed’... Examination of the marine 
environment is important in this respect since the likeli- 
hood of this plutonium being deposited in the ocean’s 
large area is high. This. article summarizes preliminary 
findings concerning the plutonium content in sea water, 


‘selected marine organisms. 
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The radiochemical separation of minute traces of 
“plutonium from whole spectrum of elements in sea 
-water is difficult. In addition, relatively large samples 

are needed to ] le counting statistics sufficient for 
accurate measurer ; The preliminary concentration 

‘of plutonium fr , water (45 1) was done by co- 
| precipitating red: plutonium with bismuth phosphate. 
5 This was succe! hen high eoncentrations of bismuth 
and phosphoric. vere used and additions of reagents 

re made to the ple at about 80° C in a reversed 
1 of marine organisms, the samples 
|. à muffle furnace at 600° C. The 
tric acid, and plutonium was co- 
muth phosphate. Plutonium was 
bulk of bismuth phosphate by carrying 
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involved a number of steps, it was 
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«spectrum conta 
It was possible t 

* from other nuclides prese 

escaped chemical separation and have energies close to 

"that of plutoni (for example, 5-017-MeV « of 

^protaetinium-231, MeV a of polonium-210) by using 
having high resolution and low 
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«<5 7163-MeV inium-236. 
results stored in the pulse-height 
alyser were read into a strip 
t recorder and counting evalua- 
were then made from the re- 
| histograms. . 

has been our experience that 
lection of a good detector is neces- 
sary in order to make reliable measure- 
nis at very low levels of radioact- 
ity. With a selected detector having 
450 mm? area, the background from 
(5 the detector and amplifier system was 
maintained at 0-025 counts per hour 
t per 200-keV energy-interval. The 
,, energy resolution of the detector- 
v amplifier system was 70 keV full width 
- at half maximum for 5-763-MeV a- 9 
| particles, and the drift. of this system 4$ 
_ was less than 10 keV during counting 
. periods of 140 h. 
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Fig. 1. a-Spectra of **Pu from 45 lL. of toastal sea wa 
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Figs. 1 and 2 are photographie reproductions of histo- 
grams displayed by the chart recorder. Fig. i is am 
a-spectrum of 45 l. of coastal sea water and shows the 
small plutonium-239 peak and also the plutonium.-236 
standard peak (reduced to half-scale). No other «partiele 
peaks were detected. The resolution of the detector 
system is insufficient to distinguish between the s-spectra 
of plutonium-239 and plutonium.240. Since fall-out is 
expected to contain predominantly plutonium-239, and 
since no attempt in these measurements has beer made 
to distinguish between plutonium-239 and plutonium-240. 
reference will be made to these as plutonium-239. Because 
the spectra of plutonium-236 and plutonium-239 contain, 
multiple energy peaks’, and because resolution whe 
70 keV (full width at half maximum), an energy in 
of roughly 200 keV was considered to encompass 
total number of counts (area under the peaks) in 
of these «-spectra. ; os 

The activity of plutonium-239 was determined 
by comparing its peak area with the peak ares 
known amount of standard plutonium-236. U) 
technique, the accuracy of measurement is high si 
measurement is largely independent. of the c 
























all 
chemical reagents and including the -plutoniam-296 
spike, had an average value of 0-016 dpa. 00 Y 
energy-interval. The sea-water sample with the 
activity has more than three times this bac 
activity. A sample of plankton obtained in 1950 
to extensive nuclear testing was measured for plutonium- 
239 and this also provided background information. 
The background measured in this way was found to be 
0-019 d.p.m. per 200-keV energy-interval. As shown i 
Table 2, this is zero within the accuracy of the measare- 
ment. 

Table 1 summarizes the analyses of sea-water samples. 








samples of coastal surface water taken at the Be 
Institution of Oceanography pier at La Jolla, Calif 
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Tig.2. a-Spectra of ***Pu (and **Pu) froin ae. g of palm kelp (Kisenia arborea) counted 
or 


are compared with samples taken about 1,500 km and 
2,500 km from the coast. It should be noted that the 
coastal samples are not replicates. Some variability in 
the eoneentrations in the coastal samples is to be expected 
when collections span several months. Large variations 
were observed in concentrations of cesium-137 over 
similar periods during 1959-61 (ref. 11). Té should be 

-noted that the concentrations of plutonium-239 in water 
far off the coast are much higher than the average for the 
coast. These were samples at points believed to be in the 
gyra! lying west of the major southward flow of the 
California Current. On the other hand, water reaching 
the coast at La Jolla generally comes from a flow from 
the south where the average precipitation and consequent 
fall-out are relatively low”. This water may also include a 
considerable up-welled constituent which would be ex- 
peeted to be low in fall-out. This pattern of relatively 
low fall-out in these coastal waters has also been observed 
for cisium-137. 

Three surface sea-water samples were taken simul- 
taneously at one station 2,500 km from the coast. These 
samples were analysed for plutonium-239 (as reported 

im Table 1), cesium-137 and strontium-90. The cæsium- 
137. content was found to be 0-46 Uue.. and that!* of 
strontium-90, 0-37 uye./l. The plutonium-239 activity 
amounts to 0-7 per cent of the exsium-137 activity, and 
0:8 per cent of the strontium-90 activity in Pacific Ocean 
surface water as compared to 0-8 and 1-0 per cent re- 
Speétively as calculated from the Richmond, California, 
fall-out results“. In spite of its very different chemical 
at plutonium apparently has not appreciably 
ated from strontium and cæsium in this oceanic 
water. 







Table 1. PLUTONIUM Activiry IN SURFACE SEA WATER 


; ead dga Counting Total Pu "Pu Date of 
- 2 Location time activity 10^ sampling 
(h) (d.p.m.) lupe. i1.) (1964) 
S, 1.0. * Pier 
32^52' N. 117^ 15 W. 1860 — 0-035-:0-006. 35406 January 
f D 1185 — 0-047 + 0-008 47tf08 January 
» 1155 — 0-045 0-009 4540-9 February 
m m 140-0 — 0-039 € 0-007 $0407 April 
North Pacific : 
(1,500 km from coast) LIS 
27° 4 5' N. 120° 15' W. 1150 — 0194-0024 194-24 February 
North Pacific : WORELD 
(2,500 km from coast) SE Hm 
30* N, 140" W., 100-75 03030-0294 .. 3043 24 


March - 
*8.1.0., Scripps Institution of Oceanography. 3 





-.were also evident in mussels, a ar 
- ment of this isotope should be possible in all organisms 
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. Table 2 summarizes the results of 

- Bnalyses of- certain representative 
= marine organisms. These have been 
selected. as possible indicators of-en- 
vironmenta! changes due to fall-out. 
The total activity of plutonium-239 
in each sample is given along with the 
aetivity per kilogram of the sample's 
wet weight. In addition, a con- 
centration factor, taken as the ratio 
of the sample activity to that of the 
average coastal water, is given. The 
average of coastal waters is used as 
reference in this ratio because the 
samples of marine organisms were 
taken near the southern California 
coast. The concentration factors are 
given to show that plutonium is indeed 
concentrated by marine organisms 
and to give some indication of the 
variability of this build-up. It should 
be noted, for example, that marine 
plants have large concentration factors 
whereas the negligible concentration 
by the fish sample indicates ‘that 
discrimination against plutonium can 
take place at higher trophic levels. 
However, these concentration factors 
should be considered as only a relatively coarse measure 
of the extent to which plutonium is concentrated in 
marine organisms from sea water. This is because 
the comparison of various organisms by wet weight 
is somewhat arbitrary, and it is to be expected that 
the concentration of plutonium in organisms will 
depend to some extent on numerous complex variations 
in environmental conditions and sample collection 
techniques. 

An intense bloom ‘red tide’, which occurred recently in 
local waters, was used to obtain a sample of phyto- 
plankton large enough for analyses of minute amounts 
of fall-out activity. Surface water was pumped through 
a suspended standard phytoplankton net (35u mesh) 
which was repeatedly back-washed with a sharp spray of 
sea water. The organisms caught were largely dino- 
flagellates, but no determination was made of what sort 
of organisms escaped or how much of the cell content 
was lost from the organisms that were caught. The zoo- 
plankton samples largely consisted of small copepods 
and euphausiids and were the only samples preserved in : 
formalin. The wet weight given in Table 2 for plankton. 
samples is the weight obtained after draining through 
Whatman No. 1 filters. The green algae were taken from 
rocks at the intertidal zone and the kelp specimens from 
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coastal waters. For the mussel sample only the soft ^ 


parts were used, and for the fish sample only the edible 
portion and the bones were analysed. Thus, the wet 
weight describes the size of the sample only roughly 
since it depends on the treatment given to the 
specimen. 

Fig. 2 is an «-spectrum of 760 g of palm kelp and shows 
the much higher level of plutonium-239. The small 
peak in the region of 5-5 MeV is due to plutonium-238 
and corresponds to an activity of 0-015 + 0-005 upe./kg. 
This is an example of how the concentrating property 
of organisms can be used to detect isotopes which could 
not be found in the direct. analyses of sea water. The 
ratio of the peaks in Fig. 2, after correction for background, 
gives the isotopie ratio of plutonium-239 to plutonium-238 
as 30:1 in the kelp. Assuming this same isotopic ratio 
for sea water, and by using the average of the coastal 
sea water samples for the concentration of plutonium-239, 
the concentration of plutonium-238 in coastal sea water 
is found to be 1:3 x 10° uuc./l. Traces of plutonium-238 
d quantitative measure- 
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í E Table 2, PLUTONIUM ACTIVITY IN MARINE ORGANISMS 

r - ~ cT : Um - —— — 
| Sample aa Date of Wet weight Counting time Total ?*Pu | sepu | TI i 
| sampling (g) (h) activity (d.p.m.) (nue. wo | : i 
d May 1964 127 95 0-078 + 0-010 SE 1 
i April 1964 218 | 112-75 0-316 + 0-021 pe i 
; April 1964 740 | 47-0 | 0528 40-041 | i 
Pal kel (E April 1964 760 940 — | 0-759+0-038 | | l 
cite Gad ‘Plankton January 1950 71 | 122-0 0-0036 + 0-0047 { i 
| |. Plankton March 1964 48 | 88-0 | 011420015 | 1085014 | 2.500 | 
o January 1964 1,000 122-0 0-21440-016 0.090-0:007 | 220 | 
Mussels (Mytilus April 1964 528 98-5 0:140 x 0-014 | 0120 40012 E d 
May 1904 1,185 1193 — | 00087 40° ini 0-0014-- 0-0018. a 
i i i 























h have. high buntrülion faetors by analysing larger 
mples. 'Phus, while this work was 
ith measurement of plutonium-239 
m-238 can also be detected by a 
I trating organism. 





: gre wih 239 
California (38° N 





. 1960 until the middle of 1963". 
oO 25 me./km* of plutonium-239 








pA “would be expec 
| same order of magnitude as that 





tonium-238 ratio of 30 : 1 found in 
kelp is of the same order as the average ratio reported 
- for fall-out monitored in the United States for 1961-63. 
The immediate aim of this work was to show that 
utonium could be measured in the marine environment. 
| has been accomplished, and, in addition, a modest 
- beginning has been made toward establishing contem- 
; porary concentration levels of plutonium-239 in marine 
ganisms. In certain marine organisms plutonium-238 


the vea. 



















£ 


as well as plutonium-239 have been measured. Futun 
investigation, using the techniques outlined he 
be directed to the problem of the distribution of pluton 
in the oceans. e 
We thank Mr. G. Hamada of Hazleton Nuclear 
Corporation for his advice during the preli vo 
vestigations, and the U.S. Coast-guard for collection of 
off-shore sea-water samples. This work was supported 
by the U.S. Atomic Energy Commission nd mare use 
of facilities supplied “4 the Office of Naval Research. 
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ANA LYSES OF RADIONUCLIDES OF BIOLOGICAL INTEREST IN 
PACIFIC WATERS 


y D, CHAKRAVARTI, G. B. LEWIS, R. F. PALUMBO and A. H. SEYMOUR 
; Laboratory of Radiation Biology, University of Washington, Seattle 


ents have been. made by the 









ea of marine pei from the 
estern and central Pacific, the north-eastern Pacific 
d the Aretie Ocean (Chukchi Sea). The analyses 
discussed here are those of samples collected recently in 
‘Pacific Ocean. One group of samples was collected 
he vicinity of Christmas Island during the 1962 tests 
uclear deviees by the United States; another group 
as taken from near the mouth of the Columbia River 
where the effluent, carrying radioactive wastes from the 
Hanford reactors, mixes with the Pacific Ocean; and one 
“sample was taken 250 miles off the Oregon coast. 
Radionuclides from both natural and artificial sources 
-= occur in these waters. The most abundant and easily 
- detected naturally occurring radionuclide is potassium-40. 
-< Other natural radionuclides to be expected in sea-water 
^. are radium, uranium, thorium and their decay products. 
:. Most of the artificial radionuclides generally present in 
` the oceans are added as fall-out from nuclear detonations. 
> The fall-out nuclides of biological interest include the 
fission products: strontium-89, 90, zireonium-95-niobium- 











95, ruthenium-103, 106, ezsium-137 and cerium: 
and the induced radionuclides: manganése-54, 
eobalt-57, 58, 60 and zinc-65. The induced ra 
phosphorus-32, chromium-51 and zine-65,. c 
sea by the Columbia River, are produced by. 
activation of elements in the water used io cool the 
Hanford reactors. 

Radionuclides in sea-water may be concentrated many 
thousand-fold by plankton. However, plankton consti- 
tutes only a minute fraction of the total water mass, 
hence the amount of radioactivity in the total water mass 
is greater than in the total plankton. 

The concentration of radioactivity by plankton pro- 
vides a convenient method for determining thé presence, 
but not the amounts, of radionuclides in ses- wi A 
quantitative measurement can be made only by wuter 
analysis. The measurement of radionuclides in sea-water 
is difficult because of the necessity of separating and 
concentrating atom quantities of the nuclides from abc 
quantities of sea salts. -emitting radionuclide ; 
as phosphorus-32 and strontium-90, require 
separation of the nuclides from the salts to 
absorption of B-particles by the sample 
y-emitting radionuelides, ud a2 
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and zirconium-95-niobium-95, are not absorbed in the 
sample; but the amount of salt in a sample large enough 
to contain a measurable quantity of a radionuclide usually 
is so great that the sample geometry is reduced to an 
unacceptable value. Therefore, radionuclides for y- 
spectrum analysis also are separated from the salt. 

Our purpose here is to discuss methods used at this 
Laboratory for the analyses of radionuclides in sea-water 
and to present the results of these analyses. The methods 
and results of analyses of Christmas Island samples have 
been reported by Welander and Palumbo!, and those of 
the Columbia River samples are reported by Seymour and 
Lewis'; however, they are reviewed here to present a 
summary of the Laboratory's methods and results. In 
addition, values for strontium-90, as determined by 
other investigators, have been inoluded to indicate the 
world-wide distribution of this radionuclide in the surface 
waters of the oceans. 

Collection and preparation procedures. Surface sea- 
water samples were collected from three areas in the 
Pacific Ocean: in the vicinity of Christmas Island (approxi- 
mately 2° 8.-2^ N., latitude and 153? W.-168? W. 
longitud»); within 20 miles of the Columbia River 
(approximately 46° N. and 124° W.); and 250 miles off 
y Oregon Coast (approximately 45? N. and 130° 

V.). 

The Christmas Island samples were collected during 
the summer of 1962 and the samples taken near the 
Columbia River were collected during January 1961- 
June 1962. 10 L of sea-water were filtered using 47-mm 
HA-type ‘Millipore’ filters with 0-45y pore size. After 
filtering and chemical separation, the samples were 
anélysed for y-emitting radionuclides. The Christmas 
Island. samples were analysed also for strontium-90. 

On March 20, 1963, a 100-1. sample was collected off 
the Oregon coast. This sample was divided into 50-1. 
aliquots which were analysed by different methods for 
strontium-90. The particulate matter was separated 
from the water by centrifugation, rather than by filtration, 
using an SS-4 Servall enclosed superspeed centrifuge with 
the Szent-Györgyi continuous-flow system. At 17,000 
r.p.m., the flow-rate was 200 ml./min. This system was 
about 30 per cent as effective as the ‘Millipore’ filter in 
removing the particulate matter. 

Chemical separation. A hydroxide precipitation method 
was used for the samples taken from near the Columbia 
River mouth, and a sulphide precipitation method adapted 
from Sood, Golden and Velten? was used for the Christmas 
Island samples. The sulphide method was preferred 
because it proved to be simpler and equally reliable. 

Hydroxide precipitation method. Carriers of manganese, 
cobalt, iron, zine and chromium (200 mg each) in their 
chloride form were added to 10 1. of filtered sea-water 
sample. Under constant stirring, a predetermined amount 
of concentrated ammonium hydroxide was added drop- 
wise and the precipitate was allowed to settle for 15 min. 
Then a few more drops of ammonium hydroxide were 
added to check the completeness of the precipitation. 
The amount of concentrated ammonium hydroxide 
required for complete precipitation of a 10-1 sample 
varied with the salinity according to the equation: 


V = 100 + 3-78 


where V is the volume of reagent in ml. and S is the salinity 
of the sample in parts per thousand. This relationship 
is based on observations in the range of 10-32 per cent. 
The precipitate was allowed to settle overnight or longer, 
after which time most of the clear supernate liquid was 
siphoned off. The remaining mixture was filtered through 
2 Whatman-42 filter paper under vacuum. Tho precipi- 
tate was wet-ashed with concentrated nitric acid and 30 
per cent hydrogen peroxide, dried in a 250-ml. ‘Pyrex’ 
beaker and counted. The elements present in. greatest 
quantity in sea-water remain in the supernate. This 
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fraction also was dried and counted. The chemical yields 
by the hydroxide precipitation method for manganese-54, 
cobalt-60, iron-59, zinc-65 and chromium-51 ranged from 
89 to 100 per cent. 

Sulphide precipitation method. Carriers of lanthanum, 
iron, cobalt, zine, nickel, zirconium, ruthenium, cerium, 
cæsium and strontium were added to ‘Millipore’-filtered 
sea-water samples, with cæsium and strontium serving as 
hold-back carriers. The sample was acidified to dissolve 
any suspended matter, heated to 80° C and the pH. then 
adjusted to 11 with ammonium hydroxide. Hydrogen 
sulphide was bubbled slowly into the solution under 
constant stirring. After the solution had been saturated 
with hydrogen sulphide, it was taken off the heat and 
allowed to settle overnight. After separation from the 
supernate by filtering, the precipitate, containing ruth- 
enium, cerium, cobalt, chromium, zinc, iron, zirconium 
and lanthanum, was placed in an eight-ounce plastic jar 
and counted. The percentage chemical yields by the 
sulphide precipitation method for zinc-65, cobalt-60, zir- 
conium-95-niobium-95, cerium-144 and ruthenium-103 
tags were in agreement with those of Sood et al. and 
ranged from 90 to 97 per cent. Strontium was retained 
in the supernate, as evidenced by less than 1 per cent 
strontium-85 activity in the precipitate. As in the 
hydroxide method, potassium and cesium remained in 
the supernate with the bulk of the sea salts and no 
further chemical separation was made. 

Strontium-90. The supernate from the foregoing pro- 
cedure was acidified, hydrogen sulphide was driven off 
by heat and the pH was adjusted to 5 with ammonium 
hydroxide and acetic acid. Strontium was co-precipitated 
with calcium as the oxalate using ammonium oxalate. The 
precipitate, after filtering, was wet-ashed with nitric acid 
and hydrogen peroxide. The ash residue was re-pre- 
cipitated in 80 per cent nitric acid to reduce the calcium- 
strontium ratio. The strontium nitrate thus obtained 
was dissolved in 0-2 N hydrochloric acid and the resulting 
solution was passed on to a ‘Dowex 50W X-8° (100-200 
mesh) ion-exchange resin column. After rinsing with 
0-2 N hydrochloric acid to remove any unadsorbed con- 
taminants, 0-5 per cent oxalic acid was added to remove 
radioiron. The column was stripped off yttrium-90 as 
yttrium citrate complex with 5 per cent ammonium 
citrate at pH 3-5. Storage time for 2 weeks was allowed 
for the secular equilibrium between strontium-90 and 
yttrium-90 to be established. The column then was 
re-eluted with a minimum volume of ammonium citrate, 
the eluate acidified to break up the yttrium citrate com- 
plex and the resulting solution was passed on to a short- 
stemmed eyedropper column containing a 2-em resin bed 
of ‘Dowex 50W X-8’ (100-200 mesh). When the yttrium- 
90 was adsorbed to the resin bed the citrate mass was 
removed with dilute acid (0-2 N nitric acid) wash. The 
yttrium-90 was stripped off the column with about 5 ml. 
of 6 N nitric acid on to a stainless steel planchet, dried and 
the relatively mass-free residue counted. This strontium- 
90 method was adapted from a procedure developed by 
Kawabata and Held‘. 

Strontium-90 was determined in the sea-water from 
off the Oregon coast by this method and also by the method 
of Miyake, Saruhashi and Katsuragi?. In the latter method 
an oxalate precipitation of calcium and strontium is 
used, followed by EDTA-masking of calcium and 
recovery of yttrium-90 as yttrium hydroxide after secular 
equilibrium is reached. 

Phosphorus-32. The method of extracting phosphorus- 
32 from sea-water was suggested by the work of Proctor 
and Hood‘ and Murphy and Riley’. Sea-water was placed 
in a separatory funnel and allowed to react with a com- 
posite reagent containing ammonium molybdate, sulphurie 
acid, aseorbie acid and potassium antimony tartrate’. 
Seven parts of N-butanol were added to 150 parts of 
sample, and the solution was made more acidic to favour 
extraction of the molybdenum blue. After extraction the 
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organic layer was backwashed with dilute sulphuric acid 
and dried under low heat. The residue was dissolved in a 
“minimum amount of aqua regia and again evaporated to 
dryness. The residue was dissolved in 50 ml. of 15 per 
cent hydrogen peroxide and made up to 2 N in hydro- 
ehlorie. acid. - _ This Ere was added to a separatory 
















tri-butyl phosp te. “The organic layer was discarded 
extracted again with an equal 
osphate. The aqueous layer was 
chet and counted for phosphorus- 
eseription of the method will be 
; Tuell and Larson?.) 

ie Y-eounting system included a 
dium iodide, thallium activated, 
ith a 512-Nuclear Data 120 analyser 
and a digital print-out. Calcula- 









for nine isotopes and to express 
|. results in picoeuw ) per g or per 1. at time of collec- 
| tion. Only values 3 were greater than the background 
plus the 95 per cont counting error were considered signi- 
fieant; all other values were considered to be zero. 
ckground Geiger-Müller counters 
n-90, another for phosphorus-32. 
. The systems ine sufficient massive shielding and 
. eosmic-ray giard to reduce the baekground to 
-approximately 1:5 and 1:0 counts per min, respectively. 
The counting efficiencies were approximately 25 per cent 
for yttriam-90 and 40 per cent for phosphorus-32. All 
‘counts were standardized and the results are expressed 
‘in pieocuries per litre (pe./l.) at the time of collection. 
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Table 1. RADIONUCLIDES IN FILTERED SURFACE SEA-WATER FROM TWO 
AREAS OF THE PACIFIO OCEAN (VALUES IN pejl) 
Radio- Mouth of Columbia River Christmas Island * 
nuclide N'Ínt Average Maximum — N'/nt Average Maximum 
: January—September 1961 
Ste 10/25 1850 770 
aw ALY 16/25 21 350 
November 1961~June 1962 May-July 1962 
719 580 1,300 
8/9 51 12 4/24 13 13 
719 45 18 11/24 16 71 
“Ru 5/9 O79 25 4/4 $7. 32 
o Mae 9/9 94 27 13/24 10 46 
fg : 3/24 0-62 1i 
Co 2/24 0-38 7-0 
* From ref. 1. 


* N'in, Number of samples with radioactivity greater than background 
plus the 95 per cent counting érror/No. of samples analysed. 


The average and maximum values of radionuclides, 
except those of strontium-90, potassium-40 and phos- 
;phorus-32, in sea-water samples are given in Table 1. 

Table is a summary of the results of analyses of 
ples collected at various times during the period 
ated. The appearance of mixed fission products 

ter September 1961 in the samples from the mouth of 
the Columbia River is the result of fall-out, presumably 
from the nuclear tests by the U.S.S.R. in October 1961. 
| Ohromium-51, produced in the Hanford reactors, was 
|; the most abundant radionuclide in the coastal waters near 
the mouth of the Columbia River, where it is of interest 
-to the oceanographer as a tag of Columbia River water 
and sediments. Chromium-51 was neither expected nor 
detected by visual inspection of the y-spectra of the 
. Christmas Island water samples. 
00 The two values for strontium-90 from the single sample 
of sea-water from off the Oregon coast analysed by both 

: the method of Miyake, Saruhashi and Katsuragi* and the 
"modified Kawabata-Held method‘ deseribed here were 

1:037 + 0-003 (95 per cent counting error) and 0-041 + 
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Table 2. STRONTIUM-00 IN SURFACE SEA-WATER (VALUES IN pejt} 
Location No. of Bange 
Ref. and samples f 
dates analysed 
— 250 miles off Oregon 
coast, January 1962 1 Qo 
1 Christmas Island, 
January 1962 5 
10 Atlantic Ocean and Carribbean 
Sea, 1956-60 gü 
il Chukchi Sea, 1959-62 7. 
12 Pacific and Indian Oceans, 
1960-61 
^—40* N 25 Oto 
07-40* 8 6 (6-0 
60? S (Antarctic) 2 Polaron 
9 Western North Pacific 
Ocean, 1958-60 15 YI 






0-009 pe./L, respectively. The latter was the 
the two methods and produced & sample of less mass. 
The reduction of mass was from several grams to à few 
milligrams. The values for strontium-90 in surface sen 
water from off the Oregon coast and from other areas 
round the world ranged from 0-01 to 31 pejl and are 
presented in Table 2. This radionuclide seems to be 
ubiquitous in surface waters since no zero values are given 
in these reports. 


Table 3. PHOSPHORUS-32 IN FILTERED SURFACE SEACWATER FROM wk 
THE MOUTH OF THE COLUMBIA RIVER, JULY 1063 (VALUES IN pe! 





Serpe 
Miles (parts per Ro, of 
Station from mouth thousand) determinations =p 
63 30 31-76 3 
69 24 31-63 t 
14 18 27-80 3 
75 9 27-74 3 





Values for phosphorus-32 in the seawater near the 
Columbia River mouth are given in Table 3. These valu 
ranged from 3-6 to 8-0 pe./l. To our knowledge no other 
values for phosphorus-32 in sea-water have been reported. 

In order to compare the radioactivity from naturally 
occurring and artificial radionuclides in sea-water, the 
values for potassium-40 were determined as well as the 
radionuclides discussed here. For samples collected near 
the mouth of the Columbia River, these values ranged 
from 190 to 370 pe./l and were related to tbe s ý 
values. The calculated value for potassium: -40 in sen- water 
of 35 parts per thousand salinity is 330 pek 

This work was carried out under contract AT (45-1) 
1385 with the U.S. Atomie Energy Commission. 
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| REORGANIZATION OF CIVIL SCIENCE IN BRITAIN 


N the House of Commons on July 28, Sir Harry Legge- 
Bourne asked the Secretary of State for Education 
and Science if he would make a further statement on the 
measures to be taken in consequence of the Trend Report 
on the organization of civil science. Mr. Quintin Hogg 
replied that, as foreshadowed in the statement issued by 
the Prime Minister on February 6, it was proposed to 
implement the recommendations of the Report with some 
modification, These changes would necessitate legislation 
which was now being prepared for introduction at an 
early opportunity. This legislation would include pro- 
vision for the increased responsibilities of the Secretary 
“of State. 
< The present Advisory Council for Scientific Policy will 
| be replaced by. a body on the lines recommended by the 
"Committee, to be called the Council for Scientific Policy. 
‘The Council will advise the Secretary of State in the formu- 
lation and execution of general scientific policy. Specific- 
ally, the Council will advise the Minister on national 
scientific needs as a whole, including the fostering of new 
growing points; on the broad allocation, of resources; on 
scientific: man-power; on international scientific policy; 
and on the administrative machinery for the promotion 
of scientific research. As recommended by the Committee, 
the Council will consist entirely of independent members. 
Assessors. appointed by interested bodies, including the 
Board of Trade, the Ministry of Aviation, the Atomic 
Energy Authority, the University Grants Committee and 
: the Research Councils, will see the papers and attend by 
cànvitation. ~The Council will have its own staff and 
secretariab which will form part of the Department of 
Education and Science. 
~ It also is proposed to form three new bodies as follows: 
d) The Science Research Council. The Council will 
take over from the Department of Scientific and Industrial 
Research the function of supporting scientific and tech- 
nological research at universities through ear-marked 
grants in fields other than those for which other Research 
Councils are responsible. It will also take over the 
Department's function of making training awards to 
postgraduate students in science and technology, other 


than those who are supported by the more specialized 
Research Councils. The Science Research Council will 
take over responsibility for the National Institute for 
Research in Nuclear Science and the Royal Observatories 
at Herstmoneeux and Edinburgh. It will also assume 
responsibility for the scientific space programme and, in 
particular, the work of the Space Research Management 
Unit of the Department of Education and Science and the 
Department of Scientific and Industrial Research Radio 
Research Station. The Ministry of Aviation and the 
University Grants Committee will be represented on the 
Council by assessors. 

(2) The Natural Environment Research Council. This 
Council is to be formed, following the recommendation of 
the Committee on the Organization of Research into 
Natural Resources and the Committee on the Organiza- 
tion of Civil Science, to support research in the field of 
environmental sciences and natural resources. Specific- 
ally, the Council will support research in geophysics, geo- 
logy, oceanography, fisheries, hydrology, forestry, ter: 
restrial ecology and nature conservation. It will provide 
research grants to universities and make training awards 
to postgraduate students in these fields. The Council will 
assume responsibility for: (a) the Geological Survey and 
Museurn; (b) the Soil Surveys; (c) the Nature Conservancy ; 
(d) the Hydrology Research Unit and the Committee 
on Hydrologieal Research. 


The Council will finance and co-ordinate the work of —- 


these organizations. It will take over from the Navy = 
Department and the Development Commission responsi- 
bility for supporting the National Institute of Oceano- 
graphy. The Council will establish a Fisheries Advisory < 
Committee on the same lines as the present Advisory 
Committee on Fishery Research of the Development 
Commission. On hydrology, the Council will maintain 
close contact with the Water Resources Board, which also 
has research functions. It will support research in geo- 
magnetism and seismology undertaken by the Meteoro- 
logical Office and will be associated with its general pro- 
gramme of research. Under these arrangements, the 
Council will be in a position to foster and co-ordinate 
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‘investigations associated with the planetary environment 
of the Earth, air and water. 
(3) Lhe Industrial Research and Development Authority. 
This body will be formed to continue and extend the work 
hitherto carried on by the Department of Scientific and 
Industrial Research in relation to industrial research and 
development. 1t wil carry out research in its own estab- 
. lishments; support co-operative industrial research associ- 
/Wbions; encourage and support advanced development 
, work arising out of these activities and disseminata 
scientific and technical information to industry. In 
elopment contract work, it will act in consultation with 


asy have important implications 
hority will consist of a full-time 
members from industry, science 


National Econo) evelopment Council. 
. The Authority will take over the responsibility for all 
stations hitherto belonging to the Department of Scientific 
and Industrial Research except the Radio Research 
Station, the Geological Survey and Museum, and the 
"Hydrology Research Unit, and, as mentioned later, the 
Laboratory of the Government Chemist. The future 
position of the National Physical Laboratory is still 
"under consideration. It. is, however, intended that a 
-elose link with the Royal Society of London will be 
maintained. ue 
-There will be no change in the present functions of the 
. Medical Research Council and the Agricultural Research 
. Council. ; 
- The Department of Education and Science will assume 
responsibility for the National Lending Library for 
` Science and Technology and for the Laboratory of the 
vernment Chemist. . 
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Important questions arise about the position of staff 
which will be transferred, under these proposals, to the 
Industrial Research and Development Authority and to 
the new Research Councils from the Department of 
Scientific and Industrial Research and other organiza- 
tions. These questions are under consideration. “There will 
be full consultation with the appropriate staff organiza- 
tions before decisions are taken on these matters. 

As recommended by th» Committee on the Organization 
of Civil Science, the Overseas Research Connell will be 
dissolved. Its functions have now passed in the main to 
the Department of Technical Co-operation and its advisory 
bodies. 


Under these measures of reorganization, all the func. 
tions of the Department of Scientific and Industriel 
Research will pass to the new research agencies referred. 
to here, and to a minor extent, to the Department of. 
Education and Science. They will thus bring to an end thé 
Department of Scientific and Industrial Research in its 
present form, and create a wider group of research organ- 
izations, operating under the general supervisión of the 
responsible Minister, acting with appropriate advice: It 
will be necessary for the research agencies to work closely 
together in certain fields of seientifie work and marginal 
adjustments in their funetions may be necessary from 
time to time. It is the Government's intention that these 
arrangements should be kept under review, with the 
advice of the Council for Scientific Poliey, in order to 
meet the needs of developments in science and technology. 
The Government considers that these measures Of res 















rewarding results. 


NEWS and VIEWS 


Director of the Microbiological Research Establishment, 
-Porton : :Dr. D. W. W. Henderson, C.B., F.R.S. 


Dr. D. W. W. HENDERSON was appointed director of 
the Microbiological Research Establishment at Porton in 
1946, at which time the Establishment was housed in 

-eramped. huts: associated with the Chemical Defence 
"Establishment. Plans for a new building were, however, 
;; under discussion. ‘The first few years of Dr. Henderson’s 
directorship were largely. devoted to completing these 
cand. seeing. the building built and equipped—a 
riod of hard work and struggles with authority in which 
ie new director received great help and support from the 
ato Lord Hankey. ‘The magnificent laboratories that 
. now house the Microbiological Research Establishment 
| are a standing tribute to the foresight and acumen of 
| Dr. Henderson, Lord Hankey and the bana of dis- 
tinguished microbiologists who stood behind the enter- 
| prise. Dr. Henderson had worked at Porton during the 
| Second World War as a seconded member of the scientific 
staff of the Lister Institute, which he had joined in 1935. 
_ The Lister Institute has always been a leading centre of 
. microbiological research; the work of Sir Paul Fildes and 
"C of Dr. Muriel Robertson, from the days of the First 
World War onwards, was pre-eminent: it was fitting that 
"the director of the Microbiological Research Establishment 
should be chosen from the Lister Institute. 











Before 1935, Dr. Henderson had been a lecturer in 
bacteriology in the University of Durham (1926-31) and 
had held Carnegie (1931-32) and Beit Memorial. (1932- 
35) research fellowships. In 1946 he was awarded the 
Medal of Freedom, Bronze Palm, of the United States. 
He was made a Commander of the Bath in 1957, and | 
elected Fellow of the Royal Society in 1959. He became 
president of the Society for General Mierobiology in 1993. 
In spite of the many and exacting tasks that fall to the 
director of such an establishment as the Microbiologival 
Research Establishment, Dr. Henderson has maintained 
a steady programme of his own research, ranging over 
various immunological and bacteriological topics. He has 
been a most successful stimulator of the younger people 
of his staff. Under his direction, the Establishment has 
developed into one of the leading centres of microbiologica? 
research in the world. Dr. Henderson retired from: the 
directorship on August 1. However, he will continue to 
undertake research at the Establishment. 


Dr. C. E. G. Smith 

Dr. C. E. G. Smrt has been appointed director of theo 
Microbiological Research Establishment, at Porton de 
shire, in succession to Dr. D. W. W. Henders 
August 1. Dr. Smith is an honours gri 
University of St. Andrews. After ho 
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in the Cumberland Infirmary, Carlisle, from 1947 until 
1948, he joined H.M. Colonial Medical Service in 1948. 
He then held various appointments in Malaya, and while 
at the Institute of Medical Research at Kuala Lumpur 
did research on virus diseases. In 1957 Dr. Smith was 
appointed senior lecturer in bacteriology at the London 
School of Hygiene and Tropical Medicine. In 1960 ho 
became a member of the World Health Organization's 
study group on arthropod-borne viruses. Since 1961 Dr. 
Smith has been reader in virology in the University of 
London at the London School of Hygiene and "Tropical 
Medicine. He is also head of the Arthropod-borne Virus 
Research Unit financed by the Department of Technical 
Co-operation. 


Human Environment in the Institute of Archzology: 
Prof. G. W. Dimbleby 


Dr. G. W. DimsreBY, who has recently been appointed 
to the chair of human environment in the Institute of 
<Areheology, London, took an honours degree in botany 
at Oxford in 1939. Ho later worked on soil problems— 
particularly on oxidation-reduction potentials as measures 
of soil activity. During the Second World War, he was in 
the Royal Air Force and applied his powers of observation 
and his ecological training to the interpretation of air 
photographs and was largely instrumental in developing 
methods for the detection of decoy sites in enemy -oceupied 
territory designed to lead Allied bombers astray. After 
the War, Dr. Dimbleby was appointed as ecologist in the 
Forestry Department of the University of Oxford. His 
early work on heathlands was concerned with the natural 
succession back to deciduous woodland if the heaths were 
protected from fire. He found that this was accompanied 
by progressive regeneration of the soil which implied that 
the poor state of the soil under heathland did not reflect 
its full potential. To find out what this might have been, 
Dr. Dimbleby set out to investigate soils buried beneath 
earthworks of different ages, using pollen analysis and 
comparative soil typology as his main tools. It became 
apparent that the process of deterioration had its origin 
in the initial forest clearance by Bronze-Age (or even 
earlier) man, and that it was not determined purely by 
climate or parent material. The original forest was a 
mixed deciduous one on a brown forest soil, but traces of 
podzolization appeared during the farming phase which 
followed clearance and the process of degradation has 
continued ever since. On the face of it, it may seem a 
far ery from forestry to archzology, but Dr. Dimbleby's 
botanical and pedological investigations have revealed 
Such.a close connexion between the activities of early 
man and the state of the land to-day (and therefore its use) 
that his work has been fundamental to both disciplines. 


Deputy Director of Mullard Research Laboratories : 
Dr. K. Hoselitz 


Dr. K. HosELITZ has been appointed deputy director 
of Mullard Research Laboratories. He will continue as 
head of the Laboratories’ Solid State Physics Division. 
Dr. Hoselitz was educated at the Universities of Vienna 

and Bristol. He gained his Ph.D. at Bristol in 1942 and 
afterwards joined the Permanent Magnet Association as 
a research scientist. He was promoted director of the 
Association's Central Research Laboratories in 1947. In 
1952 he joined Mullard Research Laboratories to establish 
the Solid State Physics Division. The Division has since 
grown to a strength of more than 100 and has made 
notable contributions in the fields of semiconductors, 
magnetic materials and low-temperature. physics. Dr. 
Hoselitz, whose special subjects are magnetism and the 
properties of metals and alloys, is the author of a text- 
book on those subjects and has contributed to several 
other books. Mullard Research Laboratories are near 
Redhill, Surrey, and employ about 700 people, of whom 
more than 200 are graduate scientists. 
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Post Office Research Station 


Ir has been announced that the Post Office Research 
Station at Dollis Hill is to be moved to tho vicinity of 
Martlesham, in Suffolk. The aim is to start the move 
about 1968. The Research Station, which employs some 
1,400 staff, has occupied its present site at Dollis Hill, 
London, since 1912. It has been recognized for some time 
that the Station would have to be moved because the 
present site is severely congested and there is not enough 
space to allow for development. The area chosen is less 
than 2-h travelling time from London, and is near the 
University of Essex. 

Agricultural Research Council 
Fixation 


Tue Agricultural Research Council has announced, in 
consultation with the authorities of Queen Mary College, 
University of London, that its Unit of Nitrogen Fixation 
will be leaving the College owing to difficulty of accom- 
modation there. It is being transferred to the University 
of Sussex, where new laboratories will be erected to 
accommodate it. The Unit will continue to be directed 
by Prof. J. Chatt, who is resigning the chair of inorganic 
chemistry at Queen Mary College. The Unit was estab- 
lished to investigate the mechanism of nitrogen fixation. 
Dr. J. R. Postgate, formerly of the Microbiological 
Research Station, Porton, is in charge of the biological 
aspects of the research. 


Unit of Nitrogen 


Steroid Reference Collection 


A Steroid Reference Collection, established by the 
Medical Research Council, on the advice of their Clinical 
Endocrinology Committee and with the aid of generous 
gifts of steroids from the pharmaceutical industry, can 
supply to laboratories working on steroid metabolism, 
small quantities (about 2 mg) of reference steroids. These 
steroids, which are mainly hormone metabolites, are 
intended as standards for such procedures as paper 
chromatography, colour reactions, infra-red measurements 
and mixed melting-point determinations; larger quan- 
tities (5-20 mg) ean, on occasion, be supplied for studies 
of new analytical procedures. Applications for samples, 
with a brief statement of the purpose for which they are 
required, should be sent to Prof. W. Klyne, Chemistry 
Department, Westfield College, London, N.W.3, from 
whom a list of available compounds can also be obtained. 


Water Pollution Research 


ANYONE revolted by sewage solids on beaches will 
welcome the investigations described in the recent report 
of the Department of Scientific and Industrial Research 
Water Pollution Research Board (Water Pollution 
Research, 1963. Pp. vit+ 142 +4 plates. London: H.M.8.O., 
1964. 85. 6d. net). The results indicate that maceration 
and screening can prevent visual offence without in- 
ereasing the concentration of coliform bacteria in the sea. 
It should be possible to site discharges so that the con- 
centrations of coliform bacteria (and henco pathogens) 
encountered by bathers signify a negligible risk of infec- 
tion. Better treatment of industrial and domestic wastes 
is an important part of the work of the Laboratory, leading 
to cleaner rivers. In particular, the analysis made of the 
conditions favouring the oxidation of ammonia to nitrate 
in the activated sludge process should enable more works 
to attain consistent nitrification. Work on rivers con- 
tinues to concentrate on the toxicity of various effluent 
materials and the oxygen balance. Investigations of 
individual toxins enable predictions to be made of the 
toxicities of mixtures of toxins. These agree well with 
experimental observations and ean be used to show the 
dilution needed. for an effluent, or if the removal of one 
toxic factor would allow fish to inhabit the river. It is 
important for all aquatic biologists to note that a sig- 
nificant source of error in the standard Winkler procedures 
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for oxygen has been found, which means that the oxygen 
solubility values | in à number of recent publications are 
incorrect. 


Zoology in South-west Africa 

Cimbebasia, issued by the State Museum, Windhoek, 
‘South-west Africa, records present zoological research in 
that country. No. 8, December 1963, is an interesting 
| aecount by R: F. Lawrence of the Solifugae of South-west 
. Afriea, a country that seems to offer a particularly 
| these creatures, for no less than 
per cent of the 800 known species are found there. 
Although the paper is primarily systematie, the pre- 
iminary sections on the biology of these peculiar arachnids 
special value. Cimbebasia (No. 6; November 1963) 
'ontains four papers on various reptiles and one each on 
: sad. and diatoms, aly by members of the Museum’s 


-Boliland Region of Sierra Leone 
. A ‘oud’ is the term for a flat treeless grassland that is 
flooded during the rainy season, and a survey of the boli- 
lands was called for in order to delineate areas suitable 
for rice cultivation. The work was carried out under the 












Colonial Development and Welfare Scheme, and the results 





‘ave described by A. R. Stobbs in The Soils and Geography 
of the Boliland Region | of Sierra Leone (Pp. 45+ 12 plates. 
Freetown, Sierra Leone: Government Bookshop, London; 
Crown. Agents for Overseas Governments and Adminis- 
trations, 1963. 285). The area concerned consists of a 
strip about 140 miles long and 25 miles wide, with an 
annual rainfall of up to 130 in., mainly in a six-month 
period. The soils of the undulating upland are derived 
c from sandstones and sandy shales; mudstones and shales, 
weathering into puddled clay subsoils, underlie most of 
- the bolis, which are poor in mineral nutrients and have 
not attracted settlement as have the more fertile adjacent 
: . The mapping of the soils was based on a geomorpho- 
: logical interpretation of aerial photographs, extended by 
the identification of soil series, which is a method of great 
-value in a large area with poor communications but with 
uniform climate and. geological pattern; six individual 
oe i riverain and individual bolis were also mapped on 
ee ge scale to show the effects of variations in height on 
- the flooding régime and to provide a basis for experi- 
mental work. The soils are classified, on the system that 
-has already proved of value in West Africa, into the soil 
groups: oxysols, groundwater laterites, acid gleisols and 
alluviosols. Typical profiles are described and analytical 
results are appended, and comparisons are made for 
planning future development. There is a preliminary 
description of the existing plant communities by T. 8. 
Bakshi. The land use in the uplands is based on shifting 
.eultivation with bush fallow; there is a wide range of 
erops, but it is just subsistence farming and there is room 
for considerable improvement. In the flood plains, water 
eontrol would enhance the possibility of swamp rice and 
season pasture. 


Witcheraft and Sorcery in Oceania 

Dy his presidential address to the Anthropology Section 

_ of the Australian and New Zealand Association for tho 
.. Advancement of Science, Prof. M. G. Marwick, of Monash 

University, examined some aspects of the sociology of 

. vwiteheraft and sorcery (Australian Journal of Science, 
:26, No. 9; 1964). In Oceania, one of the well-founded 
























|... propositions of the sociology of sorcery and witchcraft 


does not seem to apply. Elsewhere, especially in Africa, 
-it has been repeatedly recorded that both believed attacks 
and accusations of witchcraft and sorcery occur only 
between persons already linked by close social bonds, 
but in Oceania it is more often reported that the sor- 
eerer, who seems to be commoner than the witch, is 
believed to direct his destructive magic outside his own 
group. A corollary to the generalization supported by the 
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African material is that the relationship between al 
witch and sorcerer and believed victim is not only 
but also strained; and this fact gives a means of 
the tension-points of a social structure by the fetu ney 
with which attacks of witchcraft and sorcery are believed 
to occur between persons standing in various relatior 
ships. Prof. Marwick suggests that the person who carries 
out field-work on the sociology of Oceanian sorcery or 
witchcraft might bear the following points in mind. Nee 
terms such as sorcery and witcheraft must be clearly 
defined and the differentiation between destructive magic 
socially approved and that socially condemned should be 
maintained; for the difference between them is, for clear 
reasons, material to sociological analysis. Secondly 
well-established principle of comparing the ideal w h the 
real applies in this field of enquiry as mweh 
other. Thirdly, beliefs in sorcery and witeheraft in ani- 
ably have a social setting in a sense that they me 
though they sometimes complicate, the living tog: 
people in the on-going process we call à society. 
considerations mean that, fourthly, the field-wor 
collecting his material, has to direct particular attention 
to the three central characters, the accuser, the allege d 
sorcerer or witch and the believed victim, and to the 
social relationships, the rivalries and the alliances: between 
them. Finally, the ethnographer should again apply a 
well-established canon of field-work to his particular topic, 
that is, when he cannot observe the relationships bebeved 
to be involved in a particular instance of misfortune, and 
even when he ean, he should not rely on only one im- 
formant for each case, but should record the interpreta- 
tions of different persons differently placed in relation to 
the central characters. 
































Spiral Structure in the Andromeda Nebula 


Tue Great Nebula in Andromeda has played an im- 
portant part in the development of our knowledge c 

galaxies. The late Dr. Walter Baade initiated many 
investigations of the Nebula which are now being eom 
pleted by his colleagues. The results of an examination 
of the emission nebule in the Nebula have just boen 
published (Baade, W., and Arp, H., Astrophys. J.. 199, 
1027; 1964). At one ‘time it had been thought that no 
gaseous emission nebule were present in the Andromeda 
Nebula. Baade doubted this, and accordingly photo- 
graphed the Nebula with the 100-in. telescope at Monnt 
Wilson, using various specially selected combinations of 
photographie plates and filters. Photographs t 
different wave-length regions were compared, and in all 
688 emission nebule were catalogued. These objects at 
first appeared to outline the spiral structure 
but later work has shown that their interpretation is not 
easy. Arp (Astrophys. J., 139, 1045; 1964) has made 2 
detailed discussion of the problem. The distri) 

the brightest stars must also be considered. D rect 
photographs have shown that the best representation of 
the spiral structure is obtained if it is assumed that the 
Nebula is tilted at an angle of 16° to the line of sight. 
When attempts are made to fit the emission nebulw to 
this picture difficulties arise. There does not seem to be 
any tilt angle which, when allowed for, will give a picture 
of the emission nebule looking like a continuous spiral 
curve. A much better fit is obtained if the angle of tilt 
is 11° to the line of sight. Dr. Arp suggests that the 
whole plane of the Nebula is warped, with a tilt of 16° 
for the side more distant from us, and for the central 
regions, and a tilt of 11° for the near-side regior 


















this picture the emission nebule form a comple > apie 
There is evidence that the warping is caused by the 
companion elliptical galaxy, M 32. 








APPLICATIONS are invited from graduates ir 
or physies who wish to undertake n h 
associated with the study arid prodeat of 
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environmental conditions in buildings. The award is made 
by the Heating and Ventilating Contractors Association 
and has a value of £800 per annum. The award would 
‘be made, in the first instance, for a period of one academic 
year, but is renewable subject to satisfactory progress. 
Holders of the scholarship would be permitted to submit 
their work for a high degree where university regulations 
permit. Further information and a form of application 
«an be obtained from the Secretary and Clerk to the 
Govemors, National College for Heating, Ventilating. 
Refrigeration, and Fan Engineering, Borough Polytechnic, 
Borough Road, London, S.E.1. 


Chelsea College of Science and Technology 

In accordance with the decision of the University Grants 
Committee, the Governing Body of Chelsea College of 
Science and Technology, with the approval of the Academic 
Advisory Committee, has in anticipation of the grant of 
University Status to the College conferred the title of 
professor on the following heads of Departments: Dr. 
A. H. Beckett (pharmacy), Dr. S. E. Dicker (physiology 
and pharmacology), Dr. J. F. J. Dippy (chemistry), Dr. 
K. W. Keohane (physics), Mr. A. E. Ludlam (mathe- 
matics), Dr. R. D. Purchon (botany and zoology). In 
addition, the title of reader has been conferred on Dr. 
W. E. Smith (geology). 


University News: East Anglia 
Dr. D. €. CuawPENEY, at present lecturer in physics 
in the University of Birmingham, has been appointed 
lecturer in physics. 
l London 


Da. Jack Tizarp, of the Social Psychiatry Research 
Unit of the Medical Research Council at the Institute of 
Psychiatry, has been appointed to the chair of child 
development at the Institute of Education. The following 
have been appointed to readerships: Dr. P. W. M. Jacobs 
(physical chemistry at Imperial College of Science and 
Technology); Dr. K. B. Roberts (physiology at the London 
Hospital Medical College); Dr. A. M. James (physical 
chemistry at Queen Elizabeth College); Dr. M. H. 
Quenouille (statistics at the Imperial College of Science 
arid Technology); Dr. E. A. Ash (electrical engineering 
at University College). The following titles have been 
conferred: professor of pediatrics, on Dr. J. P. M. Tizard, 
in respect of his post at the Institute of Child Health; 
professor of social institutions, on Mr. O. R. McGregor, 
in respect of his post at Bedford College; reader in 
physics, on Dr. D. W. O. Heddle, Dr. C. Henderson and 
Dr. R. E. Jennings, in respect of their posts at University 
College; reader in biochemistry, on Dr. M. W. Neil, in 
respeob of his post at the London Hospital Medical 
College; reader in human environment, on Dr. I. W. 
Cornwall in respect of his post at the Institute of 
Archeology. 

ue Southampton 
i5 Pror G. M. Litery, professor of fluid dynamics at the 

/. College of Aeronautics, Cranfield, has been appointed to 

"the chair of aeronautics and astronautics. Mr. P. Ham- 

1: mond, Fellow and director of studies in electrical sciences 
in Pembroke College, Cambridge, has been appointed to 
the chair of electrical power engineering. Dr. H. B. 
Griffiths, senior lecturer in mathematics m the University 
of Birmingham, has been appointed to the second chair 
of pure mathematies. Mr. J. H. Smith, lecturer in social 
science in the London School of Economics, has been 
appointed to the chair of sociology. Prof. E. J. Richards, 
professor of aeronautics in the University, has been 
appointed to the new chair of applied acoustics and the 
directorship of the Institute of Sound. and Vibration 
Research. The following appointments to lectureships 
have been made: Dr. R. A. East (aeronautics and astro- 












nauties); Dr. R. Baker. Dr. M. C. Flowers, Dr. N. B. H. 


Jonathan, Mr. J. M. Mellor and Dr. J. S. Wood (chemistry); 
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Dr. M. E. Barton and Dr. B. 8. Smith (civil engineering) ; 
Mr. J. D. E. Beynon. (electronics); Mr. E. W. Haddon 
(mathematics); Dr. J. G. McEwen (physics); Dr. A. 
Crowe (physiology and biochemistry); Dr. T. Priede and 
Mr. P. L. Tanner (sound and vibration research); Miss 
D. M. Shepherd (sociology and social studies). 


Announcements 


Dr. Frank Dorum, chief turbine engineer, C. A. 
Parsons and Co., Ltd., has been awarded a Thomas 
Hawksley Gold Medal by the Institution of Mechanical 
Engineers, for his paper, “Some Design Problems Arising 
in the Development of Very Large High-speed Turbines". 
The award, established in 1908, commemorates the 
eminent engineer, Thomas Hawksley, who was president 
of the Institution in 1876 and 1877, and is given for the 
best paper published by the Institution in the year. 


Tur Bulletin Science East to West, formerly known as 
Russian Technical Literature, issued by the Directorate for 
Scientific Affairs of the Organization for Economic 
Co-operation and Development, covers scientific and 
technical literature from East Europe, the U.S.S.R., and 
China and Japan. The January 1964 issue (No. 13) 
includes an article on the production and utilization of 
energy in the U.S.S.R., a list of recently published 
translations of books from Russian and details of courses 
available in the Russian language. 


A DISCUSSION meeting on “The Future of Chemical 
Publications” will be held by the Chemical Society in the 
University of Nottingham during September 22-24. 
Further information can be obtained from the General 
Seeretary, the Chemical Society, Burlington House, 
Piccadilly, London, W.1. 


A SYMPOSIUM on "Hydroxycinnamie Acids and Related 
Compounds", arranged by the Phytochemical Group (for- 
merly the Plant Phenolies Group), will be held at the 
University of Sheffield during September 22-23. Further 
information can be obtained from A. H. Williams, 
Research Station, Long Ashton, Bristol. 


A SCIENTIFIC meeting of the Hospital Physicists’ 
Association will be held, to celebrate the twenty-first 
anniversary of its foundation, at St. Bartholomew’s 
Hospital during Ssptember 24-26. Further information 
can be obtained from Miss K. Smith, Hospital Physicists’ 
Association, 6 Paddington Street, Marylebone High 
Street, London, W.1. 


A CONFERENCE on 'Many-body Problems", arranged 
by the Institute of Physies and the Physical Society, will 
be held in the University of Manchester during September 
22-24. The programme will include sessions on many- 
body problems in: atomic physics; molecular physics; 
nuclear physics; solid-state physics; polymers; liquids. 
Further information can be obtained from the Adminis- 
tration Assistant, Institute of Physics and the Physical 
Society, 47 Belgrave Square, London, S.W.1. 


A SHORT course on “Practical Noise Control’, arranged 
by the Institute of Sound and Vibration Research, will 
be held in the University of Southampton during Sep- 
tember 16-18. The course will consist of ten lectures, 
supported by laboratory demonstrations, and will cover 
acoustics, noise measurements, subjective assessments, 
technical principles of noise control and medical and legal 
implications. Forms of application and further informa- 
tion can be obtained from Dr. T. Priede, Institute of 
Sound and Vibration Research, the University, South- 
ampton. 


Errarum. The author of the book Planetary, Lunar, 
and Solar Positions A.D. 2 to A.D. 1649 at Five-day and 
Ten-day Intervals, which was reviewed by Dr. R. H. 
Garstang on p. 943 of the June 6 issue of Nature, is 
Bryant Tuckerman and not Bryant Zuckerman as 
published. 
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"[ HE National Physical Laboratory held its annual 
X open week during May 25-29, and 175 items were on 
; display in the nine Divisions of the Laboratory. Some 
. 3,000 visitors attended during the two main open days, 
While on the final day visits were made by more than 
... 1,000 sixth-form pupils from more than fifty schools. No 
. leetures were given this year but two new films were 
shown to visitors: one, "Ship Shape", dealt with the 
work. of the Ship Division; and the other, “Precise 
Measurement in Engineering", dealt with the work of 
he Standards Division. 
The visitors were able to inspect for the first time two 
| ROW. buildings in which have been rehoused the two 
. newest. Divisions, Autonomics and Basic Physics, which 
¿previously wero scattered in a number of small, often 
_ temporary, buildings within the grounds of the Laboratory. 
<- An exhibit which attracted much interest in the Basic 
Physics Division concerned the behaviour of solid carbon 
dioxide when subjected to very high pressure. Some time 
ago the group working on the behaviour of materials when 
Subjected to very high pressures discovered that carbonyl 
_ sulphide can, like carbon disulphide, be transformed into 
_ a black, stable, semi-conducting polymer at high pressures. 
_ As a preliminary to an attempt to produce this polymer 
from solid carbon dioxide and carbon disulphide it was 
decided to investigate the behaviour of solid carbon 
dioxide under high pressure. It was then found that 
above a certain pressure, in the neighbourhood of 35 kilo- 
bars, the carbon dioxide underwent a change of phase 
_ and its specific resistance dropped by several orders of 
| magnitude. The exact values of the pressure at which 
this change takes place have yet to be determined and 
. HtWe is yet known about the properties of the resulting 
substance. This high-pressure form, however, is not 
‘stable, and when the pressure is removed the carbon 
dioxide reverts to its normal state. Subsequent experi- 
ments with earbon disulphide at lower temperatures than 
those used to produce the stable polymer have shown 
E a change to an unstable conducting phase can be 
.. The Basic Phy ivision was also exhibiting the 
: results of its latest work on sub-millimetre stimulated 
Srmission sources. Lhe apparatus used for this work con- 
_ sists essentially of a 50-kV, 2-5-usec pulsed gas discharge 
E rors, and power is extracted by a 
ric film (thin compared with the wave-length of 
the emission) set at 45° to the optical axis of the mirror 
system. This arrangement provides a resonator of reason- 
ably high ‘Q’ and a Fabry-Perot interferometer of high 
resolving power; the addition of a third mirror provides 
<: a Michelson interferometer of lower resolving power for 
| wide-band spectroscopy. 
_ Strong, narrow lines with peak powers of the order of 
.. Watts and wave-lengths 20—-120y. were observed to be emit- 
d by laser action when water vapour was introduced into 
e resonant. cavity provided by the mirror system of the 
terferometer. The introduction of vapour containing 
cyanide radical CN (from hydrogen cyanide, methyl 
i cyanide or ethyl cyanide) gave rise to a strong stimulated 
,. emission at 336-5u with a peak power of the order of 10 W. 
(0. This discovery has interesting possibilities for the long- 
_ Standing problem of generating sub-millimetre waves of 
reasonable power. A possible practical importance arises 
from the closeness of the new line to the most favourable 
| Wavelength in the sub-millimetre range to minimize 
-absorption attenuation due to atmospheric water vapour, 
which is in the region of 345u. 
«In the Autonomies Division building, visitors were able 
to see work on character recognition, which is concen- 
trating on two main problems. One is the recognition of 
poorly printed numerals, such as may be produced by 





















































typewriters or cash registers, and the other is the recog- 
nition of printed text. 

The systems of character recognition being investigated 
are based on the premise that characters consist of & 
limited number of features (for example, straight linos, 
curves, intersections and line endings) grouped and joined 
together in various spatial arrangements io form the 
characters of a set. Two-dimensional autocorrelation 
techniques are used to deduce the orientation and relative 
positions of these features and groups of features, and 
these in turn determine the identity of the characters. 

For the recognition of numerals the output from accon 
ventional flying-spot scanner is fed to three serially 
connected delay lines, and tapping points along the delay 
lines are used to sample the stored wave-formu. um 
output of a multiplier associated with each group of 
sampling points is integrated; the outputs from the: 
integrators indicate the extent to which each feature is 
contained in the scanned character, which is then ident 
by a likelihood comparison with similar sets of characters: 
using a linear decision network. The apparatus demon- 
strated is the result of a two-year design investigation 
which has shown the feasibility of constructing a practical 
system of character reading. Its main advantages are a 
high reading rate—more than 1,000 characters por secon] 
—and tolerance of a wide range of print qua i 













scanned. 
use of analogue signals. 

The recognition of text presents additional probleme, 
one of the most important being the difieuliy of sep 
menting words into individual characters, particulare if 
the quality of the printing is poor. An experimental 
system for the reading of text without prior segmenieadinn, 
at present restricted to the ten most frequent letters of 
the alphabet (e t ao n ris h d) in one size and skvic, but 
with variations in the quality of printing, is being siinu- 
lated on the ACH computer. This system is shown 


A line of text is scanned and 





then, by means of further auto-correlation transin 
tions, searched for the presence of groups deseribing 
familiar alphabetic characters. This results i à sequence 
of probability scores which are then scanned by s decision 








tives. The first of these is the examination of the large 
group of body-centred cubic metals in Groups IV, V and 


VI. These include vanadium, niobium and tantalum, 
chromium, molybdenum and tungsten, and the body- 
centred cubic forms of titanium, zirconium and hafnium. 
They are all of high melting-point and easily contaminated. 
and special equipment has therefore had to be installed 
for their proper handling. 

The second objective is to exploit the new knowledge 
of the structure of metals which is arising frora the 
observation of dislocations. Earlier work in the 
on the dislocation patterns in iron, and their rela 
mechanical behaviour, showed that these pa 
be eontrolled partly through the purity 
and partly through the working operat: 
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Fig. 1. Schematie diagram of processing and recognition of text 


the course of manufacture, and that the patterns will 
control] many of the more subtle mechanical charaater- 
isties. It is therefore planned to examine these effects in 
more detail using iron and its simpler alloys, since iron 
and steel seem likely to remain the basis of engineering 
practice. 

The third type of work for which the laboratory is 
suitable, and which it may be desirable to do in the 
future, is the preparation and study of bodies com- 
posed of mixtures of metallic and non-metallic phases. 
Important developments have taken place in the pro- 
duction of powders in which the non-metallic phase is 
uniformly coated by the metallic phase, and these con- 
siderably simplify the making of the desired composites. 

The equipment on view consists of two rolling mills, a 
700-ton extrusion press (Fig. 2), swaging machines, a 
forging hammer, a wire-drawing bench, together with 
saws, slitting wheels and similar ancillary equipment. 
There are two vacuum furnaces of novel design. The 
larger of these enables a billet for extrusion to be heated 
to temperatures up to 1,700° C and quickly removed from 
the furnace without breaking the vacuum in the heating 
chamber. Small specimens can be heated to temperatures 
up to 2,400° C in the smaller furnace and quenched into 
water, again without breaking the vacuum. 

Also to be seen in the Metallurgy Division was a 
universal electron probe microanalyser. The electron 
probe microanalyser has many applications in metal- 
lography since it can be used to explore fluctuations of 
composition in inhomogeneous specimens and to reveal 
the differences in composition of phases seen in the 
microstructure. As developed by Castaing some years 
ago, it cannot detect elements with atomic numbers below 
12 because there are no crystals capable of diffracting 
the long-wave X-rays characteristic of the lighter 
elements. Metallurgieally important constituents found 
in industrial alloys (such as oxides, carbides or nitrides) 
therefore fall outside the range of the analyser. 

The foregoing limitation may be overcome by the use 
of optical line gratings to analyse the radiations from the 
light elements, but hitherto the diffraction efficiency of 
these gratings for X-rays has been low because of imper- 
foctions in the grating surface produced by the action of 
the ruling tool. A joint programme of research between 
the Light and Metallurgy Divisions has produced a 
development of the Siegbahn-type grating which consists 
of an optically worked surface interrupted by grooves. 
The National Physical Laboratory gratings, which have 
7,500 lines per in., are manufactured by a process in- 
volving the replication and etching of a ruled grating 
and havé a very high diffraction efficiency. They have 
been used in microprobe analyses and all elements down 
to lithium have been detected by attaching a grating 
spectrometer to & commercial microprobe analyser. In 
addition to metallurgical applications, the new X-ray 
gratings should be of value for the precise measurement 
of X-ray wave-lengths, the examination of solar and 
stellar X-ray emissions observed in outer space, and the 
elucidation of processes taking place in thermo-nuclear 
devices. 


The Aerodynamics Division had an exhibit dealing with 
the maintenance of laminar boundary layers in order to 
reduce the drag of an aircraft, a subject which has for 
many years been investigated at the Laboratory within the 
Reynolds number limitation of its low-speed wind-tunnels. 

One problem associated with swept-back leading edges 
is that wedges of turbulent flow originating at the wing 
root, or from insects accidentally impacted on the leading 
edge, may cause unlimited span-wise contamination of 
the outboard laminar boundary layer. Results were 
shown of a recent Laboratory experiment which has 
established roughness criteria for this occurrence for com- 
parison with the existing two-dimensional criteria. Ways 
of limiting such span-wise contamination, and of raising 
the Reynolds number at which it occurs, have been found 
and are jointly being investigated at the Laboratory and 
the College of Aeronautics. The latter work forms part 
of a flight-research programme, sponsored by the Ministry 
of Aviation, on a swept fin in which boundary-layer 
suction is applied through a slitted surface, and aimed at 
possible applications to the next generation of high-speed 
swept-wing transport aircraft. 

A long-term application of boundary layer control, to 
a supersonic aircraft of slender planform, could be seen 
in the 13 ft. x 9 ft. wind-tunnel. A delta wing, with 
leading edge swept back 76° and with a wholly porous 
upper surface of sintered steel, is being tested at low wind 





Fig.2. Extrusion pressin the new apesna Working renee. The 


press is of modern design, with a fast top speed to facilitate the extrusion 


of high-melting-point materials 
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speeds in order to determine the distributed suction 
needed to maintain laminar boundary layers over the 
upper surface in the presence of the three-dimensional 
flow associated with the very high leading-edge sweep. 
The interior of the wing is divided into six compartments, 
and the flow through the surface over each compartment 
can be controlled independently. The work includes the 
examination both of attached flow at the leading edge 
and the leading-edge vortex type of flow which produces 
a swept attachment line inboard of the leading edge in 
the vicinity of the highly turbulent vortex. Distributed 
suetion is expected to affect the position of the vortices 
by eliminating secondary separation. 

An interesting exhibit in the Ship Division illustrated 
the effect of a contaminant on turbulent boundary layers 
in water. In the apparatus used for this demonstration 
two identical rovolving flanged disks were immersed in 
identical cylindrical casings, containing equal volumes of 
water, and the torque exerted by the water on each casing 
was shown. 'The addition to one casing of a small quantity 
of ‘Polyox’, sufficient to give a concentration of about 
30 parts per million by weight, reduced the torque by 
about 30 per eent. Another contaminant which causes 
the same effect is guar gum. 

Investigations have shown that this reduction in torque 
is not associated with any delay in transition from laminar 
to turbulent flow, but the thickness of the turbulent 
boundary layer is appreciably reduced by the addition of 
the contaminant. The exact mechanism producing this 
change has yet to be determined, but it is thought that 
it is possibly associated with a weakening of the larger 
eddies in the boundary layer. This effect may explain 
some anomalous results which have been obtained from 
time to time in ship hydrodynamic tests, the supposition 
being that certain algae in the water can act in a similar 
manner to “Polyox’ or guar gum. These additives can be 
used to reduce the power required to pump liquids over 

distances. 

Ship Division also showed, in its larger water- 
tunnel, an impressive demonstration of the flow from a 
fully eavitating propeller (Fig. 3). The conventional 
marine propeller is designed to minimize the amount of 
cavitation that occurs at high forward speeds. However, 
propellers in high-speed craft often cavitate heavily, and 
under such conditions the mode of operation of the pro- 

r is different from that of the non-cavitating 
propeller. The growth of large cavities in the wake 
restricts the mass of water that can effectively be acceler- 
ated astern and, in consequence, the thrust and torque 
of the fully cavitating propeller are reduced in comparison 
with the equivalent non-cavitating propeller. 

Existing design methods developed for propellers which 
operate with cavities completely covering the suction 
side of the blade surfaces are now recognized to be in- 
adequate, and attempts are being made to produce an 
improved design procedure. This improved design method 
requires, at least, knowledge of the size and shapes of the 
cavities in the wake downstream from the propeller and 
attempts are being made to obtain such information from 
experiments with fully cavitating propellers. It is hoped 
to be able to correlate this experimental information with 
a simple theory which will allow future predictions of 
cavity dimensions to be made. Further progress is thus 

dent on the results of experiments, such as that 
demonstrated, with models designed using approximate 
estimates for some of the essential factors. In this 
experiment, the circumferential thickness of the cavities 
in the wake is measured by using a number of probes 
in the radial direction and held by a stationary 

strut in the wake of the propeller. 

One of the exhibits in the Radiology Group of the 
Applied Physics Division was a solid-state spectrometer 
for «- and B-rays. The requirements of a spectrometer for 
detecting and measuring the energy of charged particles 
are: good resolution, that is, the ability to distinguish 
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Fig. 3. A fully cavitating propellerin the National Physical Laboratory 
44-in. diameter water-tunnel 


between particles of closely similar energies; an output 
proportional to the energy deposited in the detector and 
independent of the nature of the radiation; a rapid 
response, allowing high counting rates; compactness; 
and simplicity. Gas-filled ionization chambers are simple, 
have good resolution and a linear output; scintillation 
counters are compact and possess a rapid response. How- 
ever, solid-state devices possess all the required ue 
and are replacing ionization chambers and scintillation 
counters in many applications. 

The signal from a solid-state detector is à quantity of 
charge produced by ionization and collected by an applied 
field. To obtain a realistic signal-to-noise ratio combined 
with rapid collection, the solid must be a semi-conductor. 
The straightforward ‘homogeneous’ detector suffers from 
disadvantages associated with the difficulty of obtaining 
material of sufficient purity. Junction detectors, which 
make use of the rectifying junction between p- and 
n-type material, are therefore preferred. These are 
operated with a reverse bias which determines the width 
of the depletion layer, the sensitive volume of the 
detector. Junction detectors give good energy resolution, 
about one order of magnitude better than scintillation 
counters; very fast response, collection times of the order 
of 1 nanosecond; and a very thin dead layer. 

In the experiment demonstrated a silicon surface- 
barrier junction detector was being used to measure the 
a-radiation from a source of americium-241. A similar 
detector with a wider depletion layer can be used for 
measurements of -ray spectra. Future developments 
that can be foreseen are a fast 4x8-y coincidence system, 
utilizing solid-state detectors for the g-rays and in- 
organic scintillators for the y-rays, and identification of 
y-rays from measurements of the photoelectrons ejected 
from a suitable converter foil. 

Exhibits in the Light and Standards Divisions illus- 
trated the Laboratory’s responsibilities in the field of 
standards. 

The present primary standard of light is a black-body 
radiator held at the freezing-point of platinum. While 
in theory this standard leaves nothing to be dosired in 
accuracy, in practice there has been great diffieulty im 
realizing precisely the theoretical conditions and in 
achieving good repetition. An alternative approach pro- 
posed by the National Physical Laboratory involves tho 
use of a black radiation thermopile, observing all wave- 
lengths equally, behind a filter which transmits in varying 
proportions at different wave-lengths in accordance with 
the spectral sensitivity of the eye. For this measure te 
be absolute, and hence photometry become a logical 
branch of radiometry, it is necessary that the filter trans- 
mission should be amenable to calibration and that the 
thermopile be calibrated in terms of known intensities 
of incident radiation. 






on Photometry of the Bureau International des 


mitt 
Poids et Mesures requested the National Physical Labor- 


atory to organize an international comparison of radio- 
metric scales, as a first step in assessing the possibilities 
of the proposed method as an internationally agreed 
substitute for the material primary standard of light. 
Standards laboratories in seven other countries are par- 
ticipating in this work. Lamps calibrated at the Labor- 
atory for total radiation intensity are being sent to these 
laboratories for comparison and the results will be reported 
to the Consultative Committee at its meeting in 1965. 

In the Standards Division work is being carried out on 
the realization of the thermodynamic temperature scale 
above 175° C, using a method based on tha Planck law 
of radiation. The International Practical Scale of Tem- 
perature (IPST) was first defined in 1927 to: conform as 
closely as possible with the thermodynamic Celsius scale 
as then known. However, recent determinations of 
thermodynamie temperature above 100? C by gas thermo- 
metry have given temperatures higher than those of the 
IPST, the difference steadily inereasing with temperature 
until it reaches about 1:5? C at the gold point (1,063? C). 
It is therefore urgently necessary to revise the IPST, or 
at least to make an authoritative statement of the differ- 
ences between it and the thermodynamic temperature 
scale. The Advisory Committee on Thermometry of the 
International] Committee of Weights and Measures is 
dealing with this problem and the work demonstrated in 
the. Standards Division stems from this Committee’s 
activities. 

The apparatus used in measuring temperatures up to 
the gold point consists essentially of a double mono- 
chromator using a prism, followed by a grating, in order 
to produce a narrow wave-length band at a mean wave- 
length 2, which can be set accurately. Energy radiated 
at this wave-length by two furnaces at temperatures T, 
and J',is detected by a cooled lead—telluride cell, and the 
energy ratio R is determined by adjusting the area of 
the aperture in front of the detector so that equal signals 
are received from the two furnaces. The energy ratio is 


then given by: 
oN 
op (a)! 


R= MÀ ——— 
exp (m) -1 





tous |. NATURE 
silt ef this proposal, the Consultative Coni 


.. August B, 1964 voc 20 


where C, is the second constant of radiation in the Planck 
formula. Since Xis known, T, can be determined in terms 
of T,. When the most recent assessment of the value of 
C, from atomic constants is used (that is, 0-014 388 4m 
deg) the thermodynamie temperatures measured in tho 
experiments are proving to be in agreement with those 
given by gas thermometry up to 800? C, but somewhat 
lower above this temperature. 

'The realization of the temperature scale above 1,063? C 
is normally based on the use of a visual optical pyrometer. 
By using a rotating sectored disk to achieve known energy 
ratios and a photomultiplier cell as a detector the Labor- 
atory is aiming to achieve a ten-fold improvement in 
accuracy over the visual method. The apparatus on show 
used at its lower temperature source radiation from a 
graphite black-body cavity held at 1,063? C and the 
higher temperatures were produced by special black-body 
lamps, developed jointly by the Laboratory and the Hirst 
Research Centre. 

Another type of work done by the National Physical 
Laboratory was also illustrated in the Standards Division, 
where visitors were able to see new force-measuring 
columns for 50 tonf and 500 tonf maxima which 
satisfy the requirements of Grade I proving devices of 
British Standards 1610 : 1964 for loads ranging from their 
maximum to less than one-fifth maximum, respectively. 
These instruments, developed in the Division, have the 
advantages of being robust, simple in design and accord- 
ingly of relatively low manufacturing cost. They may be 
used for the verification of all types of compression testing 
machines. The Standards Division also showed an exhibit 
dealing with the re-definition of the yard and pound as a 
result of the new Weights and Measures Act which came 
into force on January 31, 1964. Under this Act the yard 
is defined as 0-9144 international metre and the pound 
as 0-453 592 37 international kilogramme. 

Open days provide a valuable opportunity for National 
Physical Laboratory staff to demonstrate the results of 
their latest work to other scientists and industrial users 
and at the same time for the staff to widen the already 
extensive contacts that they have with such people. 
Visitors are given a cordial welcome and it is hoped that 
even greater numbers will be able to come to Teddington 
in 1965 when the open days will take place in the week 
beginning May 17. Requests for invitations should be 
addressed to the Director, National Physical Laboratory, 
Teddington, Middlesex. A. CHINNECK 
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post-war period saw a rapid growth of scientific 
5 | research in India. The Council of Scientific and 
< | Industrial Research which was set up in the early ‘forties 
; set up a chain of thirty-one laboratories during the period 
1946-63. These laboratories were committed to the task 
of solving industrial and other national problems through 
research and development, by way of assessing correctly 
the quality of raw materials available in the country and 
improvising their proper use. Since industrial research 
always faces crucial problems in basic seience, proper 
stress was also given to basic research. An investigation 
has been made by the Survey and Planning of Scientific 
Researeh Unit to take a stock of the development of 
these laboratories by making a statistical appraisal of the 
research inputs, namely, expenditure, seientifie personnel. 
* A comprehensive monograph will be published shortly. 











scientific equipments, personnel and the research outputs 
in different laboratories. 


Expenditure 


The total expenditure of the Council of Scientific and 
Industrial Research increased about sixteen times during 
the period 1946-62 from Rs. 5:2 millions in 1946-47 to 
Rs. 81-2 millions in 1961-62. In 1961-62 the recurring 
expenditure formed 64 per cent of the total expenditure, 
which again was 17 per cent of the total Government 
expenditure on scientific research in India (Rs. 469 
millions) t. i : . 

A detailed statistical investigation has been carried 
out for the period 1954-62. During this period the 
i a “A Study of Government Expenditure on Scientific Research”, J. Sei. 






lust. Res., 22, 479 (1963) 
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expenditure in the laboratories increased rapidly. The 
increase was very great at the National Metallurgical 
Laboratory where the expenditure in 1961-62 was eight 
times that in 1904-55. In other developed laboratories 
the increase in expenditure was at least 100 per cent. 
High capital intensive laboratories are the National Aero- 
nautical Laboratory, the National Metallurgical Labora- 
"tory, the Central Fuel Research Institute, the Indian 
‘Institute of Petroleum, the Central Mining Research 
Station, the Central Mechanical Engineering Research 
|; Institute, the Central Glass and Ceramic Reearch Insti- 
| tute, the Regional Research Laboratory, and the Hyder- 
abad and Publie Health Engineering Research Institute, 
where the capital expenditure formed more than 40 per 
cent of the total expenditure. High capital expenditure 
n these laboratories is primarily due to pilot plants and 
.seostly equipment. The trend in total expenditure in the 
| developed laboratories with expenditure exceeding Rs. 3 
million in 1961—62 is given in Table 1. 














"able 1. TOTAL EXPENDITURE IN A FEW IMPORTANT LABORATORIES 


Rs. millions 
Laboratory 1954-55 1961-62 
National Metallurgical Lab. 1:08 8-78 
Central Fuel Research Inst. 2:29 561 
National Physical Lab. 2-40 447 
National Chemical Lab. 2:01 407 
National Aeronautical Lab, ~ 3-66 
Central Drug Res. Inst. 123 3-64 
Regional Research Lab. (Hyderabad) — 3-14 
Central Food Tech. Res, Inst. 1-01 311 


Most of the developed laboratories spent about 50-60 
per cent of the total recurring expenditure on salaries and 
- allowances to staff, out of which 9-15 per cent was 
- ineurred. on salaries of administrative staff. The per- 
centage of total staff expenditure to total recurring 
- expenditure has been increasing in most of the developed 

laboratories, and it is estimated that if the present trend 
.eontinues, then by 1970—71 it will be of the order of 
7:80 per cent in many of them. 
c Most of the specialized equipment and pilot plants 
"have to bo imported from abroad. Consequently the 
twork of the laboratories has suffered greatly from the 
|. peute shortage of foreign exchange in the country. 
| Foreign exchange spent in a few important laboratories 
over 1957-62 was as follows: the National Metallurgical 
- Laboratory, Rs. 41 million; the Central Fuel Research 
' Institute, Rs. 3-2 million; the Central Glass and Ceramics 
Research Institute, Rs. 1-1 million; the Regional Research 
Institute, Rs. 1-8 million; and the National Physical 
Laboratory, Rs. 1-2 million. 





Personnel 


A detailed analysis of staff structure in different 
laboratories has also been made for the period 1954-63. 
= The staff in the laboratories increased from 2,682 in 
1954 to 9,014 in 1963, so that the overall rate of growth 
por annum was roughly 14 per cent. Only two laboratories 
he Central Fuel Research Institute and the National 
sical. Laboratory) had staff strength above 1,000; 
reo (the National Chemical Laboratory, the National 
Metallurgical Laboratory, and the Central Food Techno- 
logical Research Institute) had staff strength between 500 
| and 1,000; five (the Central Mining Research Institute, the 
Central Glass and Ceramics Research Institute, tho Public 
'. Health Engineering Research Institute, the Regional 
Research Laboratory, Hyderabad, and the National 
‘Botanical Garden) had staff strength between 300 and 

: 500; and the rest had staff strength below 300 in 1963. 
"Tr 1954, out of a total staff of 2,682, 662 (25 per cent) 
“were scientists and technologists direetly connected with 
^ research, 1,276 (47 per cent) were auxiliary technical per- 
sons, assisting the research personnel by performing 
^j various technical and skilled work, and 744 (28 per cent) 
_ performed administrative work. In 1963, 3,165 out of a 
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total strength of 9,014 were scientists or technologists 
directly connected with research; 39 per cent were auxi 
iary technical personnel and 26 per cent were adminisirs- 
tive staff. The distribution of research, auxiliary technical 
and administrative staff varied from laboratory to 
laboratory depending on its stage of development and 
nature of work. Technological laboratories employed 
comparatively more auxiliary technical persons und less 
research scientists than the laboratories concentrating 
more on fundamental work. 

The number of supporting staff per scientist has been 
ealeulated for different laboratories by dividing the sum 
of auxiliary technical and administrative personnel by 
the number of research scientists and techn asta. 
The highest figure (5:3) is recorded at the Nation 
Physical Laboratory; this figure is high (greater : 
in technological laboratories like the National 
lurgical Laboratory, the Central Fuel Researe! 
the National Botanical Garden, and the Puhi 
Engineering Research Institute, while it is low (les 
2-5) in laboratories like the National Chemical Labor 
the Central Drug Research Institute, the Cent 


Technological Laboratory and the Regional 
Laboratory, Hyderabad. There are, however, a jew 
laboratories (for example, the Central Building Research 
Institute, the Regional Research Laboratory, Jammy, 
and the Central Leather Research Institute) which do not 
carry out so much fundamental research, but have a low 
figure for this ratio. 

A three-way classification of scientists by age, qualifica: 
tions and salary has been examined for the your 1963. 
Qualifications were broadly grouped under throe groups, 
namely: (1) B.Se.s and diploma holders im technology: 
(2) M.Se.s in general science and graduates in engiaceri 
and medicine; (3) doctorates (Ph.D., D.5e, MD, ete). 
Out of 3,165 scientists about 50 per cent are less than 
30 years of age, 35 per cent are in the age-group 36 
12 per cent in the age group 40-50 and only 3 per < 
are above 50. Out of all scientists 51 per cont axe B.Sc 
and diploma holders in technology, 35 per cent 
M.Se.s and 14 per cent hold doctorates. An inberes 
finding from this survey is that remuneritions va 
widely among persons having similar qualifications s 
experience. Thus a Ph.D. in the age group below 
may get any salary between Rs. 300 and Es. 2,000 * 
a mode in the pay-range Rs. 500—1,000; a Ph.D. + 
than 50 usually receives a higher salary. “Ub 
holds true for M.Se.s and graduates im engineer 
medicine, though for them the modal pay group is 
300—500 for those aged below 40, and Ra. 500-1000 f 
those aged above 40. About half the Ee. scientis 
are aged below 30, and most of them have monthly pay 
below Rs. 300. Rake 

So far there is no financial incentive for 3 
scientists to enhance their aeademie qualifi 
Initial qualifications are taken into. considers 
determining a scientist’s status on entry, and subsequent 
qualifications earned during service do nob play a signifi- 
cant part in his future promotions and pay Increases. 
Since seniority is also taken into consideration for future 
promotions, it is likely that many B.Se.s muy occupy 
more responsible positions in the laboratory in future. 
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Cost per Scientist 


A detailed analysis of the cost per scientist has been 
made for 1961-62 for different laboratories. Highest 
figures were recorded at the National Aeronautical 
Laboratory (Rs. 159,000 per annum) and the Indian Tasti» 
tute of Petroleum (Rs. 146,000 per annum)-—these figures 
are comparable to the overall figure for the Uni 
for 1960 (Rs. 173,000) *. At the Nation 
Laboratory the high cost is primarily due 













* Reviews of Data on Research and Developmen 
Foundation, Washington), No. 33, 6 (Apri, 1907 
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of equipment and high average salaries of trained workers 
who are scarce in this field in India. At the Indian 
Institute of Petroleum the high cost is also ascribed to the 
high remuneration of the foreign scientists. In some of the 
old-established laboratories like the Central Fuel Research 
Institute, the National Chemical Laboratory, the Central 
Leather Research Institute, the Central Building Research 
Institute, and the National Physical Laboratory, the cost 
per scientist is comparatively low (less than Rs. 30,000 per 
annum), while in a few laboratories like the National 
Metallurgical Laboratory this figure is somewhat high 
due to heavy expenditure on pilot plants. It appears 
that in the laboratories engaged in the fields in which 
there is an abundance of trained workers and low cost 
chemicals and equipment, the cost per scientist is low. 
The figures for cost per scientist caleulated in respect of 
the national laboratories will help any organization in the 
country to gain an idea of the expenditure required for 
setting up a laboratory in any of the mentioned fields of 
work, 


Research Output 


In the absence of a suitable measure of research output 
a study has been made of the research papers produced 
in different laboratories during the past ten years. In 
some of the developed laboratories the number of papers 
has gone down during the past five years or so, due to 
greater emphasis on the exploitation of the research 
results in industry. The work in national laboratories is 
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responsible for the framing of many specifications by the 
Indian Standards Institution in recent years. 


Perspective Plan 


The Council of Scientific and Industrial Research is 
drawing up a perspective plan for the expenditure of 
laboratories in future, in the Fourth (1966-71) and 
Fifth (1971—76) Five Year Plan periods, on the basis of 
information gathered for the study referred to here. 
While arriving at the future estimates of different items, 
salaries to scientific personnel, salaries to administrativo 
personnel, expenditure on chemicals, equipment, capital 
equipment, etc., for different laboratories, the rate of 
growth which was registered during the period 1954-63 
will be taken into consideration. 1n most of the cases 
it will be assumed that these rates will continue in future, 
especially due to the under-developed nature of the 
country, though in a few cases it is necessary to take a 
view of the future rate of growth on a priori consideration. 
It has been found that most of the devoloped laboratories 
have been showing stationary rates of growth during the 
past ten years or so, particularly for the items of a recur- 
ring nature—these rates of growth will be assumed for 
the future also. For items of a capital nature it is really 
not possible to have a uniform rate of growth. The 
investigation also raises the problem of the size of the 
laboratory, interbalancing of resources and the organiza- 
tional pattern of research—these are being studied. 


THE GULLAND LABORATORY : ARTHUR D. LITTLE, LTD. 


N Britain more than 99 per cent of scientific and 

technical research is carried out by the universities, 
industrial laboratories. and the co-operative research 
associations. Since the War, however, research undertaken 
by an independent organization on behalf of a client or 
sponsor on a cost basis has begun to make its mark in Great 
Britain. This type of research is known as 'sponsored' or 
‘contract’ research, these terms having originated in tho 
United States where the selling of research facilities by 
independent organizations has reached tremendous pro- 
portions since the early 1940s. 

The rapid development of sponsored research in the 
United States since the War was due partly to the realiza- 
tion of the importance of research to industry in tho 
immediate post-war years and partly to the American 
point of view that industry-—and not the Government— 
should be responsible for its own research and develop- 
ment. This combination of factors created a need for 
facilities to provide industry with a confidential service 
offering scientific, technical and economic assistance. 
This need was met by the setting up of the non-profit- 
distributing research institutes, some of which are now 
world famous. In addition to these non-profit institutes 
there:is a host of commercial laboratories in the United 
«States undertaking contract research, but only Arthur 

D. Little, Ine., in Cambridge, Mass., is comparable in 
<c Bize with the non-profit research institutes. 

^ Established in 1886, Arthur D. Little, Inc., is now an 
international. organization, employing a staff of about 
1 400 and offering research, development, engineering and 
management services to industry, governments and banks 
throughout the world. There are offices and labora- 
tories in many cities in the United States, and in 
Europe, Canada and Mexico. It has carried out 
some: 70,000 projects during its seventy-eight years of 
operation. 

In Great Britain the advance of sponsored research has 
been less spectacular than in the United States but never- 
theless significant. One of the newest laboratories of this 
type is the Arthur D. Little Research Institute, which 


was formed in 1956 at Inveresk, near Edinburgh, in the 
laboratories previously operated by the Institute of 
Seaweed Researeh. 1t is a non-profit-distributing organ- 
ization, which works in association with, but is not a part 
of, Arthur D. Little, Ine., of Cambridge, Mass. It is 
unique in undertaking only oriented long-range research, 
which is aimed at finding new spheres for possible exploita- 
tion by industry and is not normally concerned with 
sponsors' immediate problems. Present fields of investiga- 
tion include the chemistry of cellulose and other poly- 
saccharides, synthetic carbohydrate chemistry, organic 
sulphur and phosphorus chemistry, biochemistry and 
biophysics, synthetic high polymer research, metallurgy 
and various aspects of physical chemistry. 

With the growing realization that research is of vital 
importance to industrial progress and increased pro- 
ductivity, there is now a demand in Great Britain for the 
full range of services offered by Arthur D. Little, Ine., 
in the United States. Consequently, in 1963, Arthur D. 
Little, Ltd., a wholly owned British subsidiary of Arthur 
D. Little, Ine., was activated to put the full resources of 
Arthur D. Little, Inc., at the disposal of firms in Britain. 
The London office of the new Company is specializing in 
technical, economic and management services for indus- 
trialists who require up-to-date knowledge of technology, 
markets and industrial trends. Such services include 
guidance in increasing production, diversification, evalua- 
tion of research and development, etc. 

At Inveresk, the Gulland Laboratory, originally used 
by the Institute of Seaweed Research as a semi-technical 
laboratory, has been rebuilt and equipped by Arthur D. 
Little, Ltd., to provide facilities for applied research in 
chemistry and allied sciences, including food technology, 
pharmacology, and new product development. Unlike 
the Research Institute, the new building, with a laboratory 
space of 4,500 sq. ft., is equipped for short-term, con- 
fidential work for clients. 

The redesigned Gulland Laboratory was officially opened 
on July 1 by Lord Todd, professor of organie chemistry 
in the University of Cambridge. 
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THE INFORMATION EXPLOSION 
By Dr. M. P. BARNETT 


Institute of Computer Science, University of London 


(XCIENTIFIC and engineering research throughout the 
XJ world costs the equivalent of billions of pounds. 
vohis expenditure creates information. The volume of 
books, periodicals, reports, manuals and other publica- 
tions is exploding. Money and research can be dissipated 
on experiments which have been done already, perhaps in 
y neighbouring laboratory, if those who need the answer 
© a question cannot determine if the question has been 
answered previously, and if it has been, where the answer 
< js reported. One statistic should be enough to stress the 
(C problem’s magnitude. Two million scientific and technical 
articles are published annually throughout the world. To 
= find out what is known about some technical matter can 
. þe expensive; but it can obviate experiments of still 
. greater cost and bring financial returns of even greater 
extent. The time-faetor can be vital in medicine, eom- 
merce and defence. The value of information is recog- 
nized in the United States and in the U.S.S.R. In the United 
States several hundred million dollars are now spent 
-< annually on the information flow, and while the rouble 
|; expenditure on corresponding activities may not be 
-publicized so widely, it is certain that the U.S.S.R. 
has deployed considerable talent and effort on this 
problem. 
5o. Some of the methods that are being used by the engineer- 
ing community in the United States to deal with the 
: information explosion were described in London during 
= dune 29-July 2 by Mr. Bart Holm of the Du Pont Corpora- 
^ Won. Hespoketo various audiences of research managers, 
5 "engineering personnel and technical information officers 
^ cat the request of the Institution of Chemical Engineers, 
—. who must be congratulated for organizing the meeting. 
Mr. Holm gave to these three audiences a virtuoso per- 
formance of theme and variations—the polished product 
of an environment in which things get done, enthusiastic- 
. ally, with ample financial support, in the context of a 
technology that is advancing on every front. 
I returned recently from the United States, and I find 
_) the Transatlant asts in this as in other fields rather 
“striking. Inthe United States, the problem of the informa- 
‘tion explosion has formed the subject of a report of the 
President's Science Advisory Committee. Congressional 
‘committees are aware of the problem, and even if indivi- 
dual politicians may seem to use particular suggested solu- 
- tions as cases which it may be expedient to support, their 
efforts contribute to a forward-going movement, in which 
the pluralistic structure of American society ensures that 
all good ideas get ample airing. The Defense Department, 





































SHE twentieth annual report of the British Coke 
(004b Research Association has been issued recently, 
| shortly after the publication of a special report on work 
-carried out at the Coke Research Centre, Chesterfield, 
| during the five-year period since it was opened by the 
sv Duke of Edinburgh. During this time, the Centre has 
“been widely recognized throughout the world as an 
. established authority in its field. This comprises a wide 
range of research activity from studies of atomic structure 
^46 commercial scale operations. Indeed, the Associ- 
ation had its origins very much prior to the Second World 
“War in two research committees, namely, the Midland 
Coke Research Committee operating in the Department 
of Fuel Technology of the University of Sheffield, and the 


the National Institutes of Health and National Library 
of Medicine and the National Science Foundation maiti 
tain extensive information collection, catale. and 
reporting projects, and support many more in universities 
and industry. 

The technical problems which are relevant to this work 
are very diverse. Library design and operation form a 
subjects for study by the methods of operational resenr 
and for mechanization by computers and by spevial 
pose equipment. Improving the standard of t: 
presentation needs increased attention by schools. 
leges. Full-time technical writers are in the. 
many quarters. The literature is swollen not 
desire to communicate information that its producer thir 
is useful. Ego satisfaction, acadeniic promotion. gran 
manship and managerial competition contribute to 
volume of both the published literature of books and 
journals and the sub-literature of reports and memor- 
anda. High quality and elaborated typewriters, mulbilith 
machines and, in the offing, phototypesetting (with or 
without the computer's aid) increase the ease and quality 
with which in-house documents can be produced, 
ing, abstracting and cataloguing the literature for curr 
awareness and for subsequent literature searches occu 
many highly trained personnel, and is itself t 
extensive research. Computers are being used as powerful 
aids in some of the routine clerical chores associated with 
such work, though attempts to use computers fo do the 
actual indexing do not seem to hold out mach promise for 
the near future. Computers are being used to blan 
lists of citations to material that has been indexed, and 
which is sought by specification of index terms. Doti 
ments once identified are obtained for use in various ways, 
including copying of full-size originals, microf nmi viewing 
and preparing full-size copies from microfilm. Still further 

of information processing machine are on the horizon. 

Educational programmes are being developed to train 













































rather weak. There is to some extent à repe 
social scientist’s practice of creating exces 
By and large, however, the picture in the U 
is one of general progress in information science tha 
being helped by, and in turn helps, the general advance 
of a dynamic technology. 


ADVANCEMENT IN COKE TECHNOLOGY 


Northern Coke Research Committee, still in being, which 
has always operated from research laboratories associated 
with the Chemistry Department of King’s College. 
Neweastle (now the University of Newcastle). The latest 
reports of the Association describe fulleseale production 
work on the 10-ton oven at Chesterfield, ss well as in- 
vestigations at the plants of member organizations. The 
record over the years is thus truly an achievement in the 
union of science and practice. 

Advances in coke technology must have an. 
bearing not only on the iron-making industry 
domestie and other industrial needs, for the 
possibilities of the application to any gi 
of solid, liquid or gaseous fuel are alv 
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ported fuel is relatively cheap at the moment and the 
position of coke in an economic sense is naturally associ- 
ated with that of coal. Fortunately with regard to the 
latter, with the foreshadowed increases in the world 
requirements for fuel, and particularly the increasing 
demands for electrical power which are not in the fore- 
seeable future likely to be overtaken by the supply of 
atomie energy, some stabilization of the demand for coal 
would appear to be probable. Further, coal mines cannot 
be interrupted in production without serious loss, and if 
shut down for lack of demand valuable natural resources 
may be lost for ever. Accordingly, any contribution to 
the amelioration of the fuel and power position from 
technical efficiency in the manufacture and utilization 
of coke must be of prime importance. 

Turning to the Director's Report for 1963, the objectives 
of the research programme relate to the continued further- 
ance of the investigation of the character of the coke as 
Affected by the composition and preparation of the charge, 
and the treatment received in the coke oven. The pro- 
gramme also covers certain items of special interest to the 
outside world such as the abatement of pollution of air 
and water, and the uses of oven coke in domestic appli- 
ances. Of particular interest to the iron and steel industry 
is the search for new methods of making blast-furnace 
coke. 

Of the high spots that may be selected from the account 
of the five years’ achievements, it is noteworthy that the 
small and large experimental ovens gave performances 
that correlated with those of commercial plants, thus 
justifying the faith of the early protagonists of the scheme, 
who were practical men. The many factors that doterm- 
ine the- satisfactory composition and condition of the 
coal blend charged to the oven have been metieulously 
explored, and the preferable practice determined in 
relation to such factors as bulk density, moisture, particle 
size and the use of additions such as coke-oven breeze, 
filter eake, hard coke-oven pitch, char, iron ore and low- 
volatile non-coking coals, all having been assessed on a 
practical scale as to their effects on the quality of the 
resultant coke. 

Similarly, in regard to carbonizing conditions, the rete 
of carbonization had pertinent effects on rate of through- 
pub and on the contents of hydrogen and sulphur in the 
coke. The rank of the coal would be expected to be of 
considerable importance, and the degree of soaking 
applied to the charge was a factor of economic significance. 
The addition of heavy petroleum oil had promised earlier 
to be advantageous in coke manufacture, but in point of 
fact the main advantage resided in some enrichment of 
the gas made. The outcome was a reduction in the weight 
of dry coal carbonized per unit volume of coke-oven 
space per hour. 

A useful point of interest to the domestic user of coke 
for space heating is the effect of size, shape and ash of the 
coke on. the performance of a domestic boiler. The size 
of coke within the range }-1} in. mattered little, but the 
larger sizes. were slower in reaching maximum output. 
< The. best. repeatability occurred with a size range of 
=: $-1 in. For those who wish to know how best to sustain 
, satisfactory banking conditions at night in their appliances 
there is an upper limit to the desirable size of coke used. 
With coke above 1} in. combustion over 10-h periods could 
only be maintained within a relatively small range of 
thermostat settings. A good reactivity of the coke, that 
is to say, a tendency to give a bright fire quickly, was 
preferable, and as it increased combustion could be main- 
tained at progressively lower outputs. Similarly, a ro- 
duction in size from 1$-1 in. to 2-3 in. brought about a 
progressive drop in minimum rate of output and hence 
in the minimum intensity of combustion and degree of 
aeration practicable. 

Conclusions having an important bearing on the suit- 
ability of coke both as a metallurgical and domestic fuel 
were provided from investigations involving the technique 
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of electron-spin resonance. It was shown that a sig- 
nificant fraction of the sulphur reacting with earbon was 
retained as complexes stable up to 900° C and even higher. 
In the range of temperature 5007-900? C similar complexes 
were of the nature of surface sulphides, and their form- 
ation was influenced by the available surface of the carbon 
concerned. Some 50-60 per cent of the total sulphur in 
the coke was so composed, a pertinent pointer to the 
difficulties to be overcome in removing sulphur from coke. 
It is most interesting to note in this context that carbon- 
ization at temperatures much higher than those used in 
conventional practice might offer possibilities of a reduced 
sulphur content of the coke as well as an increased rate 
of throughput. It should not be beyond practical possibil- 
ities for an economic solution of this problem to be 
achieved, although it would obviously require time for 
development and application. The Association has 
started what promises to be a most interesting investiga- 
tion in this field. 

Of the research work dealt with in greater detail in the 
Director’s report, a subject of considerable interest to 
the domestic user of coke has been the question of pro- 
ducing reactive coke in coke ovens by inclusion in the 
charge of 0-75 per cent of sodium carbonate. The operat- 
tional conditions required to make this practicable were 
worked out at a member's plant. 

In the Fundamental Studies Laboratory, encouraging 
success was achieved during the year in the development 
of experimental methods for use in studies of the fissuring 
of coke during earbonization; the stress or strain con- 
cerned in the fissuring of coke was determined by means 
of electrical-resistance strain gauges, another successful 
application of a technique now widely applied in engineer- 
ing research. For the measurement of stress transmission 
in eoke the determination of the resonant frequeney of 
longitudinal elastic waves in a small cylinder of the coke 
has been used. The approach by this means is somewhat 
complieated because the material being examined is 
both porous and heterogeneous. Preliminary indieations 
were that the mean stress velocity varied with the shatter 
index of the coke, which is at present regarded as the 
criterion of a serviceable product. These more basic 
investigations of fissuring are being followed up in the 
Applied Studies Laboratory by work on both a laboratory 
and a pilot scale. 

Active development of research on air and water 
pollution is at present being undertaken. The 
wastes from coke-oven plants contain a mass of un- 
desirable impurities, but biological treatment of these 
waste products has been more successful than anticipated. 
There are, however, inhibiting substances, for example, 
sulphides, cyanides, phenols and toxic metals, which 
continue to present problems. Further investigations 
have been made of the application of the activated sludge 
and percolating systems. These have become in the 
investigation of bacteria, genus Thiobacillus, complicated 
enough to require the application of computer analysis 
to the copious data obtained. A realistic approach to 
the investigation of the polluting effects of various 
effluents has been provided by an assessment based on the 
amount of clean water required to dilute them to a con- 
centration such that fish life might reasonably be expected 
to be supported. Finally it would appear that coke- 
oven liquor in limited proportions could be treated with 
sewage on filters. Where sewage works are being rebuilt 
or extended it may be possible to make more use of this 
method of disposal in the future. 

The possibilities of developing new or improved 
processes for the production of a fuel suitable for the 
blast furnace have been further considered. It appeared 
to be fairly certain that a coke could be made from coals 
cheaper than those used in conventional carbonization 
by a continuous multi-stage process involving mechanical 
forming of the piece, that is to say, by using a briquet- 
ting process, The overall economics of such methods 
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pe of the mo Where gend coking coals were in short 
ces appr : 


; d special report, there is given a 
: notable list of inte: ing publications released during the 
|. year on a wide variety of subjects, including the following : 
co Future Trends in the Development of the Coking Industry 
| by the director, G. W. Lee (Hodsman Memorial 
Lecture); a repo | The Russian Coking Industry, 
962; and the sci ifie papers emanating from the 
idamental studie + the Universities of Newcastle 
d ; CA i tiiv under the guidance of 
of. W: F. K. Wynne Jones and Dr. J. J. Kipling. 
-A final word of comment relates to the benefits emerging 
| from the many years of fruitful effort made by the 
| Association on the scientifie control of coke manufacture. 
"This has involved the painstaking development of better 
methods of analyse and T Testing, and these have now been 
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demonstrated to the industry with the help of a mobile 
laboratory and the necessary liaison staff. Daring recent 
years both the average level and the consistency of coke 
quality have improved throughout the industry. This is 
in no small measure due to the adoption of standard 
methods of sampling and assessment of the quality of 
coke, and these methods have also made possibie the 
operation of a price structure based on coke quality. 
The mobile laboratory has also served ôs à base for. 
Association teams carrying out investigations at bers” : 
plants. This new service to members has strer 
the link between the staff of the Association and that of 
the industry served. This is an important feature of 
Association's activities and has also been shi 
extremely valuable in other research asso ions : 
supported by the Department of Scientific an 
Research. It goes without saying that succo: he o 
sort achieved by Mr. Lee and his staff also i plies r a 
ceptivity on the part of the industrial pen 3 
. J BARIANT 














RADIATION INJURY 


INDER the title Physical Factors and Modification 
© XZ of Radiation Injury the New York Academy of 
.. Sciences has published a number of papers and discussions 

^ given in New York at the end of 1962*. As such the 
publieation is probably one of the most stimulating and 
warding volumes on radiobiology so far available. 

The papers in the first section on “Physical Factors 
Modifying Response to Radiation” are each a delightful 
balance between a simple review of the subject and 
presentation of new experimental data with ideas for 
fundamental analysis and further thought. The subjects 
radiation quality and biological effect; the effect of 
_snemey transfer (LET) as tested in biological 

from bacteria to mammalian cells in vitro and 
d in whole animals; the relationship of LET to 
on of n damage by dose fractionation, 
and chemical protectors, show how nearly funda- 
radiobiologieal research comes to solving some 
problems d of ra, " jotherapy. In one group of papers, 



























Annals of the Now » York Academy of Seiences. Vol. 114, Article 1: 
; Physical Factors and Modification of Radiation Injury. Pp. 1-716. By 
(4, P. Cronkite, L. D. Hamilton and 118 other authors. (New York: New 
York ‘eee of Solano, 1964). 32 dollars. 





however, related to the “Diagnosis, Treatment. and 
Prognosis of Human Radiation Injury from. Whole ; 
Exposure", one is struck by the difficulty of 4i 
radiobiological data directly, and the emp 
approach of considering each case at the bedac 
still be the preseribed course. 

Somewhat in contrast to the foregoing. the m 
Part 2, resulting from the conference on “Modi ai 
Radiation Injury by Bone Marrow Transplantatio 
Chemical Protection”, are a mixture of detai 
mental work designed to shed light on one small part. of 
the field, of interest only to the real expert; three or four 
excellent technical papers grouped together at the end 
of the volume; and unfortunately, at least one example of 
an :zsthetically unpleasant experimental paper with remote 
scientific justification on the “Enhanced Survival of Skin 
Homografts in Mice with a Bacterial Infection”. 

The volume, with good bibliography, will bo casontial 
reading for those concerned with recent developments 
in radiobiology, and its applications to radiotherapy. Ty 
retains some of the overwhelming nature of the meeting 
itself, but has crystallized the main points of the confor. 
ences for easy assimilation. Parrioia J. Liwoop 















ELIMINATING DETERGENT FOAM 


HE elimhidiini of detergent foam has been a problem 
of world-wide concern ever since the introduction of 
ynthetic detergents on a large scale after the Second 
orld War. It is still with us, but there are encouraging 
ofa solution. ‘The subject is discussed in a short 
informative article in Rohm and Haas Reporter 
hiladelphia, Pa., 22, No. 1, January-February 1964). 
Surfactants are commonly classified as either ‘soft’ or 
‘hard’; the former are ‘biodegradable’, readily decom- 
posing in the presence of bacteria in sewage plants, septic 
tanks and natural waters; the latter are non-biodegrad- 
able, resistant to bacterial decomposition. Most synthetic 
detergents to-day utilize hard surfactants; thus they do 
«not degrade fast enough after fulfilling their cleansing 
function and their presence is constantly being revealed 
| in rivers, sewage effluents, and so on. It is perhaps com- 
|. monly assumed that the amount of foam provided by a 

detergent. for example, in shampoos, washing and dish- 

* washing compounds, is a criterion of the efficiency of its 






















cleaning action; actually the amount of foam has l little 
to do with its cleansing power; it may look goad to the 
housewife but its main function is that of floating out 
dirt particles, holding them in suspension until they are 
rinsed away. But it is what happens afterwards to this 
foam that is the concern of river boards, sewage disposal 
authorities and public health officials. 

The Rohm and Haas Co. claims to be the first firm to 
offer a non-ionic surfactant for biodegradability by its 
introduction of ‘Surfactant DN-65' in the surarcer of 
1963. According to the article: “Now commercially 
available, the 100 per cent active, nonionic surfactant is 
supplied as a water-soluble liquid for detergent formu- 
lations. Surfactant DN-65 is rapidly degradable by the. . 
bacteria normally present in waste disposal systems and . 
natural water supplies. The new detergent conce 
is designed to replace the conventional 
octyl and nonyl phenoxy poly-ethoxy eth 
factants, where biodegradability is 



















i ieAway Tests using surface ie 
as an indicator show Surfactant D. be er cent 
biodegradable." Tt is claimed for this product that it is 
compatible with anionie, cationic, and non-ionie surface- 
active agents; it is stable, soluble in hydrochloric and 
phosphorie aeids in concentrations up to 5 per cent; and 
in most common solvents; the foaming, textile-wetting, 
emulsifieation properties are said to be excellent and it 















possesses a hard surface detergency. “Tt is recommended 


for use in industrial maintenance formulations, speciality 
items for home and industrial needs, fabric detergents, 
metal-cleaning formulations, wax strippers, liquid hand 
dishwashing detergents, and detergent sanitizers.” 
Other biodegradable surfactants are being developed 
in the research laboratories of this firm and they are all 
geared to the same objective: getting rid of detergent foam. 


B FURTHER USES OF ELECTRONICALLY SCANNED SONAR IN THE 
o INVESTIGATION OF BEHAVIOUR OF FISH 


By Dr. V. G. WELSBY and J. R. DUNN 
Department of Electronic and Electrical Engineering, University of Birmingham 
AND 
C. J. CHAPMAN, D. P. SHARMAN and R. PRIESTLEY 


Marine Laboratory, Aberdeen 


PREVIOUS communication’ described some 
CX preliminary trials with a new high-resolution 


sector-scanning sonar which showed it to have potential - 


usefulness in the investigation of the behaviour of fish, 
particularly where direct optical observation wüs im- 
possible. The instrument has recently been used in 
further examination of the behaviour of fish: (a) in large 
experimental tanks; (b) in the vieinity of power station 
cooling-water intakes. 

=>) (aj) Experiments were carried out on about 100 adult 
 dierring (23-29 em long) in a tank measuring 16m x 13m, 
the depth of water being 1-4 m. The sonar transducer 
was placed at one end looking down the length of the 
tank (Wig. 1). ° a 

"Phe fish echo-traces on the sonar display screen were 
photographed with exposures of up to 3 min, thus allowing 
. the ‘moving bright spots to form tracks representing the 
paths followed by individual fish. A typical result is 
shown in Figs. 2a and 2b, taken respectively in light and 
darkness, The. camera film was used, in effect, to carry 
out a time integration of the movements of the fish. 
There was a striking difference between the forms of the 
patterns obtained in daylight and darkness due to changes 
in the shoaling behaviour of fish. Confirmation of this 
was obtained when artificial lighting was switched on at 
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night and the ‘darkness’ pattern immediately reverted to 
the ‘daylight’ one. pl ES 

A further series of experiments was carried out to see 
how the herring would reaet to sound stimuli introduced 
at one end of the tank (as shown in Fig. 1). Figs. 3a and 
3b refer to à typical experiment at night in which a pure 
tone of 100 c/s was introduced into the tank through an 
underwater loud-speaker (Type J9, Chesapeake Instru- 
ment Co.). After an initial quiet period (Fig. 3a), the 
sound was switched on for the duration of the photo- 
graphie exposure. Fig. 3b shows the distribution of fish 
during this time, and it is elear that the majority of the 
herring were avoiding the area of the tank in the vicinity 
of the sound source. The sound was monitored by an 
underwater hydrophone. Similar reactions to 100 ¢/s 
were observed in daylight. f 

(b) The scanner was used to observe fish behaviour in 
the River Forth in front of the cooling water intakes at 
Kincardine Power Station. At this site the river is 
extremely turbid, making photographie observations | 
impossible. The intakes were situated at the end of a 
pier stretching out 200 yards from the river bank and are 
positioned at right-angles to the tidal flow. The trans- 
ducer was mounted 8 ft. above the river bed and directed 
horizontally down river so that it would séan 30? hori- 

















Fig. 1. Diagram of the area of the tank scanned by the sonar set and represented in the 
photographs of the display screen (heavy line). The cireular track of herring shoals in 
> daylight is represented by the brokenline — 
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Fig. 2. Time-integrated photographs of display screen showing the | / wee 
distribution of herring: (a) in artificial lighting and (b) in darkness . 

(3 min exposure) 





Range (metres) 





Fig. 4. Two single frames ciné film of the display, taker 
(b) at night, show the difference in shoaling behaviour obser 
intakes at Kincardine power station, with an explanat 





zontally, with a 15° vertical beam, across the 
echo-traces observed on the display screen we 
on ciné film. 

During daylight, tightly packed shoals of fish (j 
small clupeids) were observed (Fig. 4a) Thess 
always moved with the tidal flow, but it was ni 
to assess whether the fish were stemming the 
When the ebb-tide had reached its maximum 
than 3 knots), air bubbles caused reverberatior 
completely masked the display. 

The scanner was also used in darkness 
tidal period to that for the daylight obser 
were now observed to be dispersed and wer 
individuals or as small groups (Fig. 45) As wit] 
daylight observations, the fish moved witl 
The scanner shows convincingly, under thes 
the complete break-up of the f sh shoal 

It should be emphasized that in the 
model described here of the scanning son 
sector (Fig. 1) is displayed on a rectangul 
2—4), so that the apparent fish tracks are n« 
similar to the actual ones. A 'true-motion 
however, present no problems and could 
future if required. Additional and 
ments are planned, but these observatio: 

Fig. 3. Time-integrated photogr showing a response to 100-c/s further the usefulness of sector-scanning 


sound: (a) before the sound was switched on showing fish near the behaviour research. 

sound source and (b) immediately after switching on the sound showing 

avoidance of the area in front of the source, (The bright image in the 

top left-hand corner of the photographs is the monitoring hydrophone t Welsby, V. G., Blaxter, J. H. S., and Chapman, €. Natur ag 
the small bright spots are fixed targets on the bottom of the tank) (1963) 


















SALINITY IN SEA WATER —— 


cpu _ Highest Salinity ‘in the World Ocean? Densmore! in an un ublished manuscript of the Woods _ 
Up AURING the International Geophysical Yearthe R.V. Hole Oseanographic Ine 





stitution. On its way to join the _ 


| Atlantis, passing through the Red Sea (Cruise 242), International Indian Ocean Expedition the new R.V. | 


- found an anomalously high temperature in the deep water Atlantis II carried out a series of hydrographie stations. 
opposite Jeddah. This was reported by Neumann and along the length of the Red Sea. Purposely, the ship | 
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ug of the section, 
1,978 m... the water was found 
25-76", 3:0? warmer than the 
er homothermal water above it. 
salinity was 43:18 parts per thou- 
sand, 2-4 parts greater than the Pe 
surroundings immediately over this Ri 
band of anomalous water (approx- 
imately 50 m thick). Fig. 2 gives the 
vertical distribution of temperature 21 
and salinity for Station 42. 
.' (More recently the British R.R.5. 40 
.. Discovery has sampled even deeper 
depths, 2,400 m, in the neighbouring 
area and has found clear indications 
of mixtures of normal Red Sea 
vater and the hot salty water from 
ation 42.) 
Cruise 8 of R.V. Atlantis II was sponsored by grant 
F-GPs?1 from the U.S. National Science Foundation. 
ARTHUR R. MILLER 
. Woods Hole Oceanographic Institution, 

> Woods Hole, 
Mass. - 


? Neumann, A. C, and Densmore, €. D., unpublished manuscript, Hef. 60-2, 
Woods Hole Oceanographic institution 1 (1959). 
ieumann, A.C. and MeGill, D. A., Deep-Sea Res., 8, 223 (1962). 
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iolialous Bottom Water in the Red Sea 


TER below 1,000 m in the Red Ses usually has & 
tial temperature between 21-5 and 21-6? C and a 
ty close to 40-6 parts per thousand. But in a small 
in around 21? 15/ N., 38° 05’ E., three research vessels 
land 2and preceding communication) have reported 
alously warm and salty water in the lowest 50 m. 
this small basin, the depth of which is almost 2,000 m, 
potential temperature reached 25? C and the salinity 
almost 44 parts per thousand. 

USA few miles to the south there is alarger basin, the 
| depth of which approaches 2,400 m. A hydrographic 
(station in this basin (21° 07’ N., 38° 10’ E.) was made 

from R.R. 8. Putent on March. 1, 1964. In Fig. 1 the 





















HE neural elements of the cerebral cortex are derived 
y mitotic division from a single germinal layer and 
tain. D iheir definitive arrangement through a process of 
jon from a juxta-ventricular position towards the 
rficial cortical surface. Since the classical studies of 
ey’ it has been generally accepted that the cortical 
æ are formed by three successive migratory waves, 
he first giving rise to the supragranular, the second to the 
granular and the third to the infragranular layers. 

rently, however, Berry o and Eayrs? were unable to 
oneile this concept with the effects of foetal X-irradia- 
on cortical structure and postulated that the neuro- 
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406 — 407 





Fig. 1. Potential temperature OR EL Oh Toh hyärographie stations in the Red. ip 
4 1 

21° 10' N., 38° 09° E.; May 3, 1948; @, Allantis TL 42: 91° 27 NL 88° 0 

, Discovery 5247. The figures by the points are depths in metres. The 

lines are approximate, being extrapolated from Knudsen'sformula — 


"PATTERN OF CELL MIGRATION DURING CORTICAL HISTOGENESIS 
By Dr. M. BERRY, Dr. A. W. ROGERS and Pnor. J. T. EAYRS 


Department of Anatomy, University of Birmingham, and Institute of Psychiatry, University of London 
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potential temperature is plotted in relation to othe 
so as to show that the water below 1,500 m conta: : 
the anomalous water much diluted with typical Red Sen. 
deep water. 

The anomalous water is clearly not widely lisbributed, 
and its origin is not clear. A plausible explanation is 
that it forms in a very shallow land-locked basin and is 
transferred across the sill by wind action, then t deseend 
as a density current on the bottom. This is x 
sistent with Jerlov's? report that the anomalous 
contains much material in suspension, but it needs to be 


further examined because of the relatively low oxygen 


















` content. 


I thank Dr. J. C. Swallow, principal scientist of 
Discovery when this station was done, for permission i 
quote these observations in advance of publication. 

H. Cmauwocr 
National Institute of Oceanography, 
Wormley, 
Godalming, Surrey. 


1 Branean, P. am. G., and Koezy, F., Rep, Sweilish Deep ea operaen, 
published. manneer! ; $ 








? Neumann, A. C., and Densmore, C. Da 
Woods Hole Oceanographie hitin, (1950). 
? Jerloy, N. G., Hep. Swedish Deep Sea Expedition, 3, 71 (1958). 








blasts giving rise to layers V and VI migrated before those 
destined to form layers IV, TIT and IT. Quantitative 
comparisons between neurones of normal and: irradiated 
animals, and comparisons between the development of 
pyramidal cells in the hippocampus and neocortex, sup 
ported this hypothesis. It was suggested that more dir 
evidence might be obtained from an investigation 
behaviour of neuroblasts labelled with tríti 
Each of seven groups of foetal rats, 
20, 21 and 22 days post-eoitus resi 
ingly been given a single intra-amr 
ated thymidine; Anion were 
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Position of definitive lamines in adult 


WHITE | MATTER 


22 |.23 24 25 26 | 27 28 


Days after conception 


Fig. 1. Schematic representation of the positions occupied by trittum-labelled neuroblasts during successive stages of development, The 
signals V., Y, ©, @ indicate the ages, shown along the abseissa, at which tritiated thymidine wasgiven. The cellslabelled over the period from the 
‘19th to the 21st day of gestation formed the supragrannlar layers. There was no evidence of lamination into layers I1 and IIT by these cells 
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0 days after this injection and autoradiographs of 
ral cortex prepared in a plane’ passing coronally 
ugh the intra-ventricular foramen. Fig. 1; which illas- 
| trates diagrammatically the positions occupied by labelled 
cells at different periods of time after injection, shows that 
 neuroblasts present in the sub-ependymal and mantle 
layers on the 16th and 17th days of gestation ean be traced 
through successive stages of migration toward the supor- 
ficial cortex. This position they retain until the 23rd 
day when cells produced by division on the 18th day near 
the ventricular surface migrate through them to take up 
a more superficial position at the pial surface. 'Phese cells 
produced on the 18th day form the granular layer (layor 
IV) of the adult. The neuroblasts which arise by cell 
division between the 19th and 21st days migrate through 








Fig. 2; Illustration of the proposed sequence of events underlying the migration and differentiation of neuroblasts—for explanation seo text 


the pial surface about 6 days later, where they differ- 
entiate into the supragranular layers IT and III. These 
findings therefore support the hypothesis of Berry and 
Eayrs? and are at tho same time consistent with the results 
of the comparable autoradiographic examinations of 
Angevine and Sidman? using the mouse. In this connexion 
it is worthy of note that the phylogeny of the cerebral 
cortex may be closely related to this pattern of histogenesis 
in so far as the addition of the superficial lamin, and 
hence the degree of complexity of the organ, may be 
attributable to a prolongation of the period during which 
mitosis may occur in the ependymal layer. ; 

Examination of Nissl, silver and Golgi-Cox preparations 
in the light of the autoradiographic findings has suggested 


‘a possible mechanism by which the migration of neuro- 


the developing infragranular and granular layers to reach blasts takes place. These observations showed that: 
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a) Ependymal ais, although actively mitotic, re- 
logically unchanged during the develop- 
| two processes attached by end 
ricular wall and the other, much finer, 
"of the cortex. After division, both 
remain within the scanty cytoplasm 
directed process, suggesting that 
ot take place in this region. 

veloping cortex which, as shown 
n tained only migrating cells the 








feot ono to the ve 
| 10 the pial surfa 
nucle iappeared | 
of tho superfici 
: cytoplasmic division 
(0) Tn regions. 
by Antoradiograp 

















b. coal aa cells. 
o) At later stages of development, two cell types could 
« be identified in Nissi and silver preparations both in the 

superficial cortex and in those deeper layers in which 
autoradiographs indicated the presence of some cells 
that had ceased migration. One had the typical mor- 

phology, described above, of a migrating cell; the other 
possessed a large, pale, spherical nucleus and cytoplasm 
which was difficult to distinguish from the surrounding 
«matrix. In Golgi-Cox specimens such cells were seen to 
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possess irregularly orientated processes quite distinct 
from the bipolar processes of the migrating coll. 

Although it has not been possible unequivocally to 
demonstrate a continuous function from. a. series. of statio 
pietures these observations gr seem ic warrant the 
hypothesis illustrated in Fig. 2. This proposes that the 
nuclei of the ependymal cells divide near the ventriculur 
surface of the cortex but that the cytoplasm dé 
One of the daughter nuclei remains in 

migrating towards the pial surface within 
of the superficially attached process of 
cell. In the basal part of the zonal laye 
division occurs and the nucleus, with its 
cytoplasm, begins to differentiate independei 
the course of this differentiation the cell is dis 
the pial surface by the subsequent migration ar 
entiation of succeeding cells. : 

In this way an anatomical explanation is pro ed for 
the orderly way in which cells appear to pass unimpeded —— 
through such physical barriers as the dense | cof” 
cells formed by previous migrations and develo) fibre 
tracts. 


1 Tilney, F., Bull. Neurol. Inst. N.Y. 8, 262 (1933). 


* Berry, M., and Eayrs, J. T., Nature, 197, 984 (1063), : 
? Angevine, J. B., and Sidman, R, L., Nature, 192, 766 (2081). 















.. MECHANISMS OF SENSITIZATION TO X-RAYS OF MAMMALIAN CELLS BY 
5-BROMODEOXYURIDINE 
By Dr. J. T. LETT, Miss G. PARKINS and Da. P. ALEXANDER 


Chester Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital, London, $. w3 
AND 









RDJEVIÓ sid ‘Szybalski} demonstrated that 
dian cells are sensitized to the killing action 

ed as loss of ability to divide indefinitely) of X-rays 
| in media containing 5-bromodeoxyuridine 
R) under cond where part of the thymine in 
is. re -bromouracil (BU). Szybalski? 
ion-induced scission of the main 
osphate-ester bond was facilitated 
bromine atom into the molecule. 
alternative mechanism for sensitization that has been 

- envisaged? is that BU incorporation renders radiochemical 
| damage sustained INA more difficult to repair by 
_ post-irradiation m processes. We have attempted 
to distinguish | een these two possibilities: (1) by 
investigating radiochemical damage in normal and 
, BU-containing DNA; (2) by comparing the degree of 
tization that can be obtained with BUDR in mutants 
ich differ in radiosensitivity because they vary in 

city to undergo post-irradiation repair. 





f DNA ati the 















; Radiosensitivity of BU-containing DNA 


Irradiation of DNA inside cells. E. coli Bjr were grown 
he sulphonamide-containing médium in which they will 
incorporate added BU (ref. 4). The extent of incorpora- 
- dion of BU was measured by chromatographic analysis 
(of the nucleotides following enzymatic hydrolysis*. Cells 
_ were obtained containing DNA in which 49 per cent of the 
_ thymine was replaced by BU and which were sensitized 

by a factor of 3-2 (Do reduced from 1-3 x 10*to 4-0 x 108 
rads as.a result of BU incorporation) towards aerobic 
| irradiation by 220-kV X-rays in pH 7 phosphate buffer. 
.- To determine the extent of main-chain scission of DNA 

these cells were irradiated at 0° C with 1-1 x 105 r. of 
. pays. (at 1-1 x 104 r./min), after which they were 





Dr. M. G. ORMEROD 


Physics Section, Royal Military College of Science, Shrivenham, Wilts 


immediately lysed with dodecylsulphate and their DNA 
extracted by the Marmur! method. After purification 
the molecular weight of the DNA was determined from 
measurements of the sedimentation constent by ubre- 
violet optics and its viscosity in a Couette viscometer 
extrapolated to zero shear. From these two measurements 
it is possible to determine the nature of the cj i 
macromolecular structure following irradiatio 
only detectable physico-chemical change was a 
in the average length of the double helices due | 
production of ‘double breaks’ and there was no evi 
of cross- linking. The extent of chain scission is mea: 
a decrease in the average molecular weight 
from 10-9 x 10° to 6-3 x 10* for control ce 
11-3 x 105 to 6-5 x 10° for cells with 46 per 
replaced by BU. This experiment indica: 
does not increase the extent of main-chain 
the DNA is irradiated in situ under conditio: 
cells are more radiosensitive. 

Irradiation of DNA in isolation. The same conchision 
was reached when the DNA was isolated from the cells 
and then irradiated in dilute solution (0:1 per cent in 
aerated 0-1 M sodium perchlorate). The extent of main- 
chain scission measured by the drop in viscosity of the 
solution was indistinguishable for the control ana BU. 
containing sample (dose to reduce viscosity to one-half 
being 3-5 x 10*r.in both cases). When DNA is irradiatod 
in the dry state, both cross-linking and degradation occur, 
and the physico-chemical changes are complex and depend 
very much on environmental faetors?, Using a number of 
tests we were unable to detect an effect of the intro: 
of BU in either cross-linking or degradation | f 
irradiation in the solid state. 

Radiation-induced radical ims 
going Szperimonis, appear to 
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that BU incorporation increases radiatio 
-chain scission the possibility remains t 


radiation-induced radicals which are. formed when BU 
is irradiated at room temperature was nine times that 
formed in thymine. We were unable to reproduce this 
result for irradiation either at room temperature or at 
— 196° C (at which temperature the more unstable radical 
species are. trapped) and decided to compare radical 
formation in normal and 44 per cent bromouracil substi- 
tated. DNA (BU-DNA) irradiated with —cobalt-60 
y-rays (0-5 x 10° r./min) under vacuum at —196? C and 
at room temperature. 

The electron spin resonance measurements were made 


“on a conventional X-band spectrometer with a transmis- 


-sion cavity and 105-ke/s modulation. The spectra were 
plotted as the first derivative of the power absorbed 
against increase in magnetic field and are shown as such in 
Fig. l. Quantitative estimates of free radical concentra- 
‘tions were made by double integration with a second 
moment balance?’ and comparison with a coal or Mo,S 
sub-standard which had been calibrated against DPPH. 
~ ‘The number of radicals formed per g DNA as a function of 
dose are shown in Fig. 2. On irradiation at 77° K the 
DNA gave an electron spin resonance spectrum which 
 eonsisted of a single line (Fig. 1). On warming to room 
-temperature, the radicals decayed and the eight line spec- 
— trum which has been previously reported! became promin- 

ent (Fig. D. This radical is probably formed by the 


o 
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addition of a radiation-produeed hydrogen atom to the 

thymine ring. The changes in the spectrum of DNA on 

standing at room temperature show that there is more 

than.one radical species present and that this particular 

_thymine-type radical is not the most dominant species 
formed by radiation, but happens to be the most stable 

and the most easily observed owing to the spread of the 

lines. At. —196? C before warming to room temperature, 

it is estimated that the thymine type radical forms less 

>i than 10 per cent of the primary radicals formed, but on 
standing it represents 60 per cent of the total because the 
other radicals have decayed. There is no foundation for 
th 41 that on irradiation of DNA the predominant 
ormed are those due to addition of hydrogen 

idiation at —196? C the BU-DNA gave an 
Cu pin resonance spectrum which was similar to 
| that from DNA (Fig. 1) The radical yield (G-value) of 
C BU-DNA was approximately 25 per cent higher than for 

normal DNA both for irradiation. at room temperature 
and at —196° C (Fig. 2). On warming the sample to 
room temperature a spectrum slightly different from that 
of DNA was observed. The major difference was the 
absence of the eight-line thymine-type spectrum. Since 
only 44 per cent of the thymine had been replaced by 
bromouracil it was expected that the thymine-type spee- 
trum would only be reduced by half. Fts complete absence 


suggests that the bromouracil scavenges hydrogen. 


atoms more efficiently than thymine. These results show 
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Fig. 1l. Electron spin resonance spectra of DNA and DNA in which 
44 per cent of the thymine was replaced by 5-bromouracil irradiated 
at — 198° C with 2 x 10* rads of cobalt-60 y-rays in vacuo 
A, at —196° C; B, on warming to room temperature; C, after 4 h at 
room temperature 
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Fig. 2. Number of free radicals produced in DNA and BU-containing 
DNA by irradiation with cobalt-60 y-rays in vacuo 
O. BU-DNA irradiated at room temperature (@reaicalay = 2:4); 
@, BU-DNA irradiated at —196? O (Gradica) = 17); O, DNA 
irradiated at room temperature (Giadicaisy) = 2:0); @, DNA irradiated 
at ~ 196° O (Qradicatsy = 1:3) 


that the introduction of 44 per cent of BU reduces the 
average energy required to form a radical in DNA by 
some 25 per cent. If this increase in radical yield caused a 
comparable increase in radiochemical damage of the type 
that results in cell death, the magnitude of such an effect 
is quite insufficient to explain the increase in cell sensitivi- 
ties which have been reported. To account for the radio- 
sensitization of cells on a purely radiochemical basis, it 
would be necessary to postulate that damage to BU 
had a much greater probability of being lethal than damage 
to the other bases. 


Radiosensitization of Murine Lymphoma Cells 


Mutant strains of the lymphoma cell, L 5178 Y, which 
vary in radiosensitivity have been isolated!*. For this 
investigation two strains grown in ‘simplified’ and full 
medium" and referred to as S/S and S/F respectively 
were used. They were both diploid (85-90 per cent of the 
cells had 40 chromosomes) and had the same DNA. content 
(0-85 x 10-11. g/oell, generation time (10-5-11-5 h at 
37° C) and cell diameter (8-104). The effect of X-rays on 
suspensions of these cells in tissue-culture medium is 
shown in Fig. 3... The surviving fraction was estimated by 
éstablishing the maximum dilution at which the cells will 
grow in medium containing 10° irradiated feeder cells per 
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I 8. Survival curves of two strains of lymphoma cells having different 
- 2 BU contents expressed as percentage fopincement of thymine (in their 
CODSODNA) following irradiation with 290-kV X-rays HS tjmin) of an 
: aerated suspension of 10° cells/ml. at 37° € 


Under these conditions the cloning efficiency from 
ell approaches 100 per cent, The survival of the S/S 
after irradiation can be enhanced by storage for 12 h 
-Optimal temperature?. As had previously been 
trated for mutants of E. coli B (ref. 14), differences 
-irradiation recovery potential are largely respon- 
r their differences in radiosensitivity. To determine 
ffect of BUDR on the sensitivity to X-rays of these 
they were grown in media which contained BUDR 
he range of 10-5 and 10-* M for two and a half divisions. 
cept at high BUDR concentrations the growth rates 
he cells was affected. Thereafter they were 
ia X-rays, washed and re-suspended 
. thymidine and their survival 
on the extent of treatment, 
en | up to 70 per cent of the cells non-viable. 
rage extent of replacement of thymine by BU 
rmined by chromatographic analysis of the 
ides of the DNA isolated from the cells’. Centri- 
in à cesium chloride density gradient!* of native 
denatured DNA showed that, except at the higher 
UDR concentrations which affected the cellular growth 
rates, BU substitution occurred in both strands of the 
in at least 80 per cont of the cells. The survival 
s shown in Fig. 3 do not appear to be ‘multi-hit’ 
s in the accepted sense, but for the present we have 
garded this possibility and have expressed radio- 
vity in the conventional way as Do (that is, the 
needed to reduce survival by a factor of l/e on the 
©’ portion of the curve). From Fig. 3 it is apparent 
the more radio-resistant strain S/F is sensitized to 
ich greater extent than the S/S line. When more 
0 per cent of the thymine had been replaced by 
ro strains showed the same radiosensitivity 











































NATURE 595 


Fig. 4 shows that the two cell linos respond quite differ- 
ently to the incorporation of BU. The point for 9/5 at 
60 per cent incorporation requires qualification because 
the survival curves indicate that two cell species are 
present; 80 per cent of the population show a sensit? 
of 1-8 while the remainder are only sensitized by a factor 
of 1:3. : MEE ! 

Since the survival of S/S can be enh 
irradiation treatments it would appear t 
systems responsible for repair of primu 
damage (probably to DNA) do not oper: 
cells under normal conditions. The small 
increase in radiosensitivity, due io. BU 
can be correlated with the greater suscepti 
substituted DNA to undergo radiochemica 
shown in the measurements of free 














































slowly and resembles the behaviour of t 
sensitization of S/F by small amoun 
interpreted as an inhibition of à repair | 
enzymatic). When this inhibition is co 
sensitization proceeds in the manner | 
DNA, that is, as exhibited by mutant ie 
the curve relating cellular radiosensitivity 
tent is made up of two components. Oni 
represent the increase in radiosensitivit 
increases slowly and continuously with _ 
other rapidly reaches a maximum, 
the second of these components is very 
first approximation the curve shown for 8, 
‘be taken to represent the radiochemical 
sensitization... According to this hypo B 
inflexion on the composite curve constitutes 4 
ate measure of the repair capacity of 
question. Erikson and Szybalski's'* investi 
this type of relationship for the radio: 
human cells with increased incorporation i 
BU incorporation could interfere with | 
repair either by inhibiting the complex en: 
that must be involved or because the 
change which occurs at à BU residue cann 
while that at à thymine residue can, This 
seems unlikely to be the correct one because 
with repair should not reach a limiting v 
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little as 10 per cent of the thymine has been replaced 
by BU. Blocking of repair enzymes by a process such as 
substrate inhibition would be expected to show a plateau 
relationship with BU content. The possibility must be 
envisaged that other dose-modifying procedures such as 
the oxygen effect, protection by sulphydryl compounds 
and sensitization by sulphydryl poisons also work at the 
level of the repair process. In these cases the protector 
or sensitizer has to be present during irradiation and it 
is unlikely that it interferes with the repair reaetion 
directly. However, the repair system may itself be 
injured by radiation, for example, by damage to mem- 
branes or active transport processes. "The dose-modifying 
agents may exert their effect on the radiosensitivity of 
cells by altering the dose needed to interfere with repair. 
This would explain why damage to intracellular DNA of 
cella irradiated under conditions of widely varying radio- 
sensitivity is the same", that is, neither protectors nor 
sensitizers modify the radiochemical damage sustained 
by the DNA inside the cell. The site of action of the dose- 
modifying treatments need not therefore be coincident 
with that of the critical structure. The hypothesis that 
radiation-induced cell death is determined by two distinct 
types of primary radiochemical lesions, namely, damage 
to the critical structure (possibly DNA-nucleoprotein) and 
the interference with some of the metabolic systems which 
are responsible for repairing the critical structure, can also 
explain the great radio-resistance of the micrococcus 
class of bacteria the DNA of which is very similar in 
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constitution to that of the most radiosensitivo Gram- 
negative cells!*, 

We thank Mr. P. Edwards for carrying out the ultra- 
centrifuge measurements. This work was supported 
by grants to the Chester Beatty Research Institute 
(Institute of Cancer Research: Royal Cancer Hospital) 
from the Medical Research Council, the British Empire 
Cancer Campaign, and the National Cancer Institute of 
the National Institutes of Health, U.S. Public Health 
Service. 
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ES TIME OF SYNTHESIS OF DEOXYRIBONUCLEIC ACID AND PROTEIN IN .. 
SPORES OF B. subtilis 
By Dr. ROBERT E. CANFIELD * and Da. JEKISIEL SZULMAJSTER 


Laboratoire d'Enzymologie du C.N.R.S., Gif-sur-Yvette, France 


1 HEN trying to understand the factors which govern 
bacterial spore formation, it is of. considerable 
interest to know the time of synthesis of specifie spore 
macromolecules. The following are the results of experi- 
ments designed to obtain information about the time of 
synthesis of spore DNA and protein in a sporulating strain 
of Bacillus subtilis. 

The time of synthesis of spore DNA has been determ- 
ined by utilizing the technique of ‘phosphorus-32 suicide’. 
This technique is based on the observation that following 
the disintegration of a critical number of phosphorus-32 
atoms in a given molecule of DNA the cell is unable to 
replicate!?, Thus, measurement of the changes in the 
number of survivors, in a culture exposed to high doses of 

"POj during growth, may be taken as evidence for the 
relative specifie activity of phosphorus-32 in the DNA. 
The time of synthesis of spore DNA was inferred from the 
relative specific activity of the phosphorus-32 in the DNA 
the different spore samples derived from cultures of 
->o B. subtilis incubated in the presence of a high specific 
^ activity of “PO during different phases of their growth- 

cle. 

Peang and Fitz-James?, using a different technique, 
have shown that the spore of B. cereus receives a part of 
its parent bacterial DNA during the process of spore 
formation, and the results reported here are in general 
agreement with this earlier work. 

The time of synthesis of the spore proteins was determ- 
ined by isotopic labelling with “C-amino-acids. 

DNA synthesis. The general conditions for growth and 
sporulation of B. subtilis, Marburg (wild type), have been 
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Department of Medicine, College of Physicians and Surgeons, Columbia 
University, New York 32. 


described‘. In the experiments reported here a 25-ml. 
aliquot of an exponentially growing culture was inoculated 
with carrier-free phosphorus-32. when the O.D.4, of the 
culture was approximately 0-3. The Bacto-peptone growth 
media used contained 22 ug of phosphorus per ml. and 
the final specific activity was approximately 60 mc./mg 
phosphorus. Serial aliquots of this high specific aetivity 
culture were removed at different time-intervals and 
transferred to smaller flasks that contained sufficient 
non-radioactive phosphate buffer to reduce the specific 
activity of the media 20—40-fold. A separate examination 
of incorporation of phosphate under these conditions 
revealed that more than 80 per cent of the phosphate in 
the medium was incorporated into the bacteria before 
T, (The time of the end of exponential growth has been 
chosen as an arbitrary time-reference and is designated 
Te The designations T, T'a ete., represent the number of 
hours after the cessation of exponential growth.) Allthe 
cultures were incubated until 7',,, at which time each 
flask contained free spores. However, each flask repre- 
sented a different time-period during which the spore DNA 
could have been synthesized from the suicide-producing 
high specific activity pool of POF. At the termination 
of the experiment, T's» each sample was heated at 80° for 
10 min to kill any vegetative cells, and aliquots of the 
spores were frozen at —20°. The number of surviving 
spores was quantitated at different times thereafter by 
counting the number.of colonies produced when. serial 
dilutions were plated on agar. 

When the logarithm of the number of survivors is plotted 
against. (l—e-^4), where A equals the fractional decay 
of phosphorus-32 atoms a day, a series of straight lines 
is produced, and the relative slopes of these lines are, in 
theory, proportional to the specific activity of phosphorus- 
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Fig.1 
surviving at various times after the completion of the experiment. 
-Ca high specifie radioactive medium unti 
- The control sample contained no radioactivity. 
- crepresenfed. (curve b) versus the time when the h 


_ 32 im the DNA of the different samples-?. Some repre- 
| sentative spore phosphorus-32 ‘suicide’ curves are shown 
in Fig. 14. 
The relative slopes of all the spore ‘suicide’ curves are 
plotted in Fig. 1B. Each point on curve b relates the rate 
E of Spore ‘suicide’ (ordinate) to the time at which the 
specific activity of the PO} in the media was diluted 
cissa). It appears that reduction of the specific 
vity of the phosphate at various times after T, does 
alter the rate of spore 'suicide', and this is interpreted 
dence that the synthesis of the spore DNA is com- 
before T} The similarity in the shape of the bac- 
growth curve (a) and the phosphorus-32 ‘suicide’ 
o (b) suggests that the spore DNA was synthesized 
part of the DNA complement of the last generation of 
ria... As noted earlier, this probability has been 
uggested by Young and Fitz-James? for the spore DNA 
synthesis of B. cereus. 
. The first spore counts were made 22 h after the termina- 
i tion of exponential wth. Since the results shown in 
> ary suggest that the spore DNA was 
'; and. T,, the ‘suicide’ curves have 
is. ti and when this is done, 
he spores is 70-80 per cent of the 
: ate control experiment it was 
t the phosp hate buffer, used to dilute the radio- 
deo lightly inhibited the final yield of spores. 
in synthesis. The existence of a protein turnover 
sporulation of B. mycoides and B. thuringiensis has 
shown by Foster and Perry* and Monro', respectively. 
i results have been obtained in our earlier investiga- 
3 on. B. subtilis’. It was suggested that this high 
over in the Sp* strains is concerned with the synthesis 
the specifie spore proteins. 'The present experiments 
re designed to determine the time and relative rate of 
is'spore protein synthesis. 
| Bacteria were grown in Difco-peptone broth in the 
resence of a mixture of C-lysine, “C-phenylalanine, 
-proline and **S-methionine. A parallel culture 
. contained comparable quantities of non-radioactive 
amino-acids. At various intervals of time, equal aliquots 
. were removed from both cultures and centrifuged at 37°. 
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. Inactivation of spores due to disintegration of phosphorus-32. (A) Three representative ‘suicide’ curves err the: 
The samples represented by the two lower curves € 

n and Tps, respectively, at which times the **PO, was diluted with non-radioactt 
(B is e relative values of the slopes of all the spore suicide curves (plotted às | 
h specifle activity media were 
optical density measurements 
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diluted with phosphate buffer. a, Growth 


The radioactive bacteria were suspended inc 
radioactive supernatant and all the sampl 


Sacks and Alderton utilizing & twop aeo 
polyethylene glycol and water?*. The radiosc 
measured aliquot of the spore suspension wa: - 
by filtering and washing the spores on ‘Millipore 
which were then mounted on planchets. The 
spores was determined in aliquots heated at 8 
min by plating dilutions on agar. 

The results, illustrated in Fig. 2, demonstrate se 
longer the bacteria remain in the presence 
amino-acids, the higher the ultimate rad 
free spores. However, it is interesting to note t 
is an apparent plateau between T; and T; whe 
of the bacteria does not change the ultimate re 


T, 
Hours 


Fig. 2. Synthesis of ‘specific spore protein; Cur 
growth curve, and the arrows indicate th 
transferred to non-radioactive medis. 
specific radioactivity of the tpolated 
the culture was transferred t to n 
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< Of the spores. Estimation of the total radioactivity tra 
ferred during this time reveals that a relatively constant 
5 per cent of the radioactivity in the bacteria at the time 
of transfer appears later in the free spores. The percentage 
increases abruptly after T', to about 25-30 per cent. 

Qur interpretation of these results is that the synthesis 
of most of the specific spore structural protein begins at 
T;.. Between T, and T, there is active protein turnover 
that may involve enzymes necessary for the process of 
sporulation, but apparently little, if any, specific structural 
spore protein is made. The 5 per cent of the radioactivity 
found in the bacteria during this period that does make its 
way to the free spore may do so by several routes. Prob- 
ably some is transferred with the DNA as nucleoprotein, 
while degradation of bacterial protein into the amino-acid 
pool may provide another route. Very active synthesis 
of spore protein begins at 7’, and this is consistent with the 
relatively high rate of amino-acid incorporation that has 
been noted during this period*. 

When protein synthesis is inhibited at T, by the addi- 
tion of chloramphenicol, the majority of the bacterial 
population continue to develop heat resistance and to 
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synthesize dipicolinie acid, but the organisms do not 
achieve the appearance of mature spores’. It appears, 
therefore, that the enzymes involved in the synthesis of 
dipicolinie acid are formed before T, and that the addition: 
of chloramphenicol after this time inhibits the synthesis 
of protein essential for the morphological and biochemical 
identity of & complete spore. 

This work was supported by a U.S. Public Health 
Service research grant (H-4207), le Commissariat à 
l'Energie Atomique, France, and la Délégation Générale 
à la Recherche Scientifique et Technique. 
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DEOXYRIBONUCLEIC ACID BASE COMPOSITION IN CERTAIN BACTERIA 
AND THEIR MUTANTS WITH IMPAIRED RESPIRATION 


By G. G. GAUSE, N. P. LOSHKAREVA, Pror. I. B. ZBARSKY and Pror. G. F. GAUSE 


institute of Animal Morphology, Academy of Sciences, and Institute of New Antibiotics, 
Academy of Medical Sciences, Moscow, U.S.S.R. 


*HE possibility of experimental induction of bacterial 
. mutants with detectable variations in DNA base 
composition has so far been little investigated. _Spirin and 
Belozersky'. observed considerable alterations in DNA 
base composition in some experimentally produced forms 
of colon. bacteria as compared with original strains. 
Weed*, examining the action of copper on Bacillus sub- 
ilis; observed the formation of mutants with the increased 
guanine-eytosine (GC) content of DNA. Recently, a 
number of mutants with impaired respiration and 
altered biochemical characteristies were indueed by one 
of us in various groups of bacteria: Staphylococcus 
aureus*, Staphylococcus afermentans*, Bacterium paracoli® 
and Bacillus subtilis". These mutants revealed increased 
sensitivity to inhibitors selectively suppressing DNA 
synthesis: by cross-linking deoxyguanilie nucleotides. In 
this connexion the investigation of the GC content in 
DNA of these mutants was of considerable interest. 
Three methods were used in the examination of DNA 
base composition. First, base composition was determined 
by the: usual chromatographic procedure. Secondly, 
content of GC was calculated from the melting tempera- 
< turo of isolated and purified samples of native DNA. 
‘Thirdly, content of GC was estimated on the basis of 
tinction ratio at 260 and 280 my, pH 3 (ref. 7). 
as observed that cells of most mutants were very 
ib to different methods of disruption. "Therefore, 
Q -undegraded DNA they were converted to 
lasts by the technique of Lederberg®. DNA was 
racted by phenol from spheroplasts lysed by the 
addition of sodium dodecyl sulphate and purified according 
to Marmur's procedure’. The melting temperature (Tm) 
was determined using. saline-citrate (0-15 M sodium 
chloride plus 0-015 M sodium citrate) as a solvent. The 
Tm for species with high GC content was obtained at a 
lower ionic strength. solvent and corrected to that for 
saline citrate. 
One can see in mutants of S. aureus U V-2, UV-18 and 
U V-16 a very considerable increase in GC content (69-70 
per cent) as compared with that of the parent strain 209 





Table 1. DNA BASE COMPOSITION IN SOME BACTERIA AND THEIR MUTANTS 
AS ESTIMATED BY CHROMATOGRAPHIC PROCEDURE 


Molar (% 





irai LEC 
ir goa gc gyr “e 

S. aureus 209 165 396 159 340 048 8324 
Mutant UV-2.— 358 — 144 — 852 — 146 — 245 — 710 
Mutant UV-15 — 343 — 164 — 349. 154 — 225 — 692 
Mutant UV-16 354 — 145 — 355 — 146 — 244 — 709 
S.afermentans 7508 — 369 — 1298 — 374 — 129. 288 — 743 
Mutant 44 364 — 196 364 156 268 728 
Mutant 22 349 — 150 351 150 234 700 
B. paracoli 287 — 211 291 211 197 578 
Mutant 52-1 308 — 124 376 122 806 754 
B. subtilis 168 207 — 290 — 213 290 073 420 
Mutant MK-9 =» 324 — 179 — 316 — 188 177 — 640 
Mutant MK-12 — 315 — 182 316 188 170 629 
Mutant SC-223 325 — 174 326 175 187 661 


(GC content 32 per cent). Base ratios of mutant 52-1, 
induced in B. paracoli, and of mutants of B. subtilis, 
are also shifted in the same direction (Table 1). 

In the case of B. subtilis, mutants MK-9 and MK-12 
were induced by 5.-fluorouracil, and mutant SC-22 was 
obtained from Dr. Weed, who produced it by eopper 
treatment. All three mutants reveal similar GC content 
of DNA (63-65 per cent), while the GC content of the 
parental DNA attains 42 per cent. Mutants of S. afer- 
mentans 22 and 44 do not show any further increase in 
GC content. This is probably due to the fact that GC 
content in DNA of original strain is extremely high 
(74-3 per cent). 

Data on GC content calculated from melting tempera- 
ture and extinction ratio at pH 3 confirm the results 
obtained by chromatography (Table 2). Considerable 
discrepancies are observed only with the parental strain 
of B. paracoli. l 

Table 2 contains additional information concerning 
mutants of B. paracoli Bu-12, induced by bromouracil, 
and Cu-15, indueed by copper treatment. These two 
mutants form. small colonies; but they reveal neither 
any defects in respiration nor inereased sensitivity to 
inhibitors affecting DNA. They also do not reveal any 
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- Table 2, GO CONTENT. x DNA OF SOME BACTERIA AND THEIR MUTANTS 
(AS DETERMINED FROM THE MELTING TEMPERATURE AND EXTINCTION RATIO 
: : A? 200 AND 280 my, pH 3 

















. Strains à %aC Esso %EC 
P SELI 

4, gureus 200 2-0 83-2 1579 88 
Mutant UTV-2 21 70-2 1-092 71 
Mutant I7Y-15 MO 701 1120 68 
: Mutant U V-16 "9 690-8 1122 68 
UE fermentans 7508... 989 721 = — 
Mutant 44 2989 724 — = 
Mutant 22 SITE 67-8 1-110 69 
R. paracoli 0915 542 1-264 55 
"Mutant 52-1 03003 755 1100 70 
Mutant Cu-15 ior. 544 1-266 55 
Mutant Bu-12 0 914 54-0 1-264 55 
subtilis 168 82 43-6 1-412 44 
Mutan (ME | l 954 63-3 1173 63 
Mutant ME-12 ^. 9416 61-7 1185 62 
Motant 50-23 960. 651 1161 64 





gus dice of DNA salting profiles of all the bacteria 
_ examined shows that DNA preparations are fairly homo- 
one component. 
that the width of the melting intervals is the same for 
| the parent culture and for mutants obtained from it. One 
may therefore conclude that the increase in GC content of 
DNA as observed in mutants is not accompanied by any 
ignificant change in its compositional heterogeneity. 
The data obtained clearly indicate that in various 
Oups of micro-organisms, namely, in cocci, Gram- 
negative bacteria and Gram-positive bacilli, mutants can 
e induced which reveal large increase in GC content of 
DNA. These fundamental changes in DNA base com- 
position are accompanied by deficient respiration, in- 
creased sensitivity to inhibitors affecting DNA synthesis, 
| well as by some profound alterations in the variety of 
zymatie systems". 
| inusual mutants were induced by ultra-violet 
ation and by 5-fluorouracil, which ean specifically 
replication of DNA. After ultra-violet irradiation 























NSIDERABL experimental evidence indicates the 
my presence in mammalian tissues of rapidly synthesized 
Be RNA (refs. 1-5). s RNA has many of the properties 
| of messenger-RNA (mRNA), such as rapid turnover and 
geneity of size, and its synthesis is inhibited by 
mycin; template activity has been demonstrated 
e ease of this fraction from rat liver in an Æ. coli 
em. which incorporates amino-acids into proteins®. 
some workers have suggested that rapidly labelled 
is synthesized and utilized only in the nucleus'^, 
obher recent evidenee strongly suggests that transfer of 
this RNA to the cytoplasm does oecur??, as would be 
ixpeeted for messenger-RNA which directed cytoplasmic 
wotein synthesis. It is not known, however, to what 
Xtent protein synthesis in mammalian cells is dependent 
on rapidly synthesized RNA as opposed to mRNA with 
‘wer turnover and perhaps greater stability; it is also 
; not known. whether all rapidly synthesized RNA sub- 
«serves specific messenger functions. Similarly, there is as 
yet insufficient data to permit extensive direct analogies 
with bacterial constitutive, inducible and repressible 
enzyme syntheses, and with present concepts of regula- 
tion of microbial geno transcription”. 
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or thymine starvation, caused by the action of 5ituoro- 
uracil, multiple lesions may form in the DNA molecules 
as a result of thymine dimer formation?*, or chain breaks". 
One might suggest that some cells in the bacteria! popu- 
lation can ‘heal’ such lesions during subsequent replication: 
of DNA. During this ‘healing process’ deoxyguanilie and 
deoxycytidilic residues might be used preferentially for 
repair of the lesions and that might cause the observed 
increase in GC content in DNA of mutants. 

This suggestion is supported by the recent results 
obtained by Bollum and Setlow'*, who reporte 
replication of ultra-violet-irradiated DNA in : l 
in the inereased incorporation of deoxy; 
the newly formed molecules of DNA as well as f 
ments of Pettijhn and Hanawalt™, indi 
possibility of DNA partial replication after uli: 
irradiation of cells. 

We thank Yu. V. Dudnik and T. V. Kirssanova dor 
their assistance. ; 
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sis of various RNA fractions in mammalian e 
altered under appropriate conditions, notably 
ablation and hormone substitution. Thu 
reported increased uterine RNA synthesis : j 
administration of cestradiol to ovariectomized r enr 
and Schade! observed a decrease in ventral prostate RNA 
content in male rats following castration or stilbesstrol 
administration, while Kochakian and Harrison® found 
that androgens restored to normal the low RNA. content 
of kidney, prostate and seminal vesicle in castrated mice. 
A single dose of cortisone acetate in intact rats results in 
increased incorporation of **P and “C-glycine into uclonr, 
microsomal and soluble RNA of rat liver'. Many of 
these and other reports relate to some hours or even € 
after the relevant treatment and indicate à g 
increase in total cellular RNA after the administration of 
different hormones. 

Hormones have been implicated in the regulation 
protein synthesis. Insulin“, growth hormo) 
sone", cestrogens'*, androgens!? and thyroid 
have all been shown to stimulate incorpora 
acids into proteins under specified co: 
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such is not universally true: Manchester, Randle and 
Young”! found enhanced incorporation of glycine into 
protein of diaphragms from adrenalectomized rats, and 
diminished incorporation of glycine after pre-treatment 
with hydrocortisone; Korner?? reported increased incor- 
poration of leucine into protein by rat liver microsomes 
following adrenalectomy but decreased leucine incorpora- 
tion some weeks after adrenalectomy. 

Induction of specific enzyme synthesis by hormones 
has been investigated in certain cases; the induction of 
tryptophan pyrrolase in rat liver by cortisone provides 
perhaps the best example. Feigelson et al.1? have shown 
that cortisone acetate causes a net increase in the number 
of enzyme molecules and that increased synthesis reaches 
a maximum 4 h after a single dose of the hormone, coin- 
cident with the maximal increase in RNA synthesis". 
Actinomycin* inhibits the cortisone-induced synthesis of 
tryptophan pyrrolase and also of certain hepatic gluco- 
eogenie enzymes, These investigations have led to the 
inference that the induction of enzyme synthesis by 
‘cortisone. is regulated at the level of DNA transcription 
into messenger-RNA. 

This conclusion gains some support from a number of 
recent reports which suggest that insulin®, growth hor- 
mone'*, thyroid hormones**, androgens’ and. cestrogens?* 
as well as cortisone** may be involved in the regulation of 
mRNA synthesis, as judged by their effects on the amounts 
of rapidly labelled RNA in various tissues.  Karlson's 
observations'? on the effects of ecdysone on RNA synthesis 
in Chironomous tentaris larve suggest that this aspect of 
hormone action is not limited to mammalian systems. 

Any attempt to elucidate the molecular site of action of 
hormones on RNA synthesis must necessarily be directed 
towards distinguishing between immediate and subsequent 
events. It is evident already that increased synthesis of 
nuclear and cytoplasmic RNA accompanies the increase 
in protein synthesis directed by hormones and that these 
changes appear to parallel the rate of synthesis of specific 
induced enzymes. However, these are relatively slow 
processes and do not necessarily give any indication of the 
primary site of hormone action. The fact that many 
hormones increase the synthesis of rapidly labelled RNA 
indicates that a preliminary step is stimulation of mRNA 
synthesis, but so far the available data suggest that this 
increase may be a general one, as shown, for example, by 
the sucrose gradient patterns of rapidly labelled rat livor 
RNA after the administration of hydrocortisone**. These 
investigations do not distinguish, therefore, among actions 
on the RNA-precursor pool, activation of RN polymerase 
and direction of DNA transcription. 

We have approached the question of primary action of 
hormones by analysing their effects on the synthesis of 
rapidly labelled RNA in rat liver during short time-periods 
in & system which permits comparative fractionation of 
this RNA. The term messenger-RNA (mRNA) is applied 
here for convenience to the whole of the rapidly labelled 
RNA which is extracted with DNA by the 4-amino- 

» Salieylate/phenol method’, although it is not yet certain 
that all this RNA directs specific polypeptide synthesis. 
_ Available fractionation methods such as sucrose gradient 
centrifugation and chromatography on methylated albu- 
-miin kieselguhr columns are useful in characterizing mRNA 
"but permit only a limited degree of fractionation. We 
have found that under standardized conditions of mRNA 
preparation countercurrent distribution (CCD) gives the 
greatest reproducibility of available fractionation tech- 
niques. CCD has the added advantage of permitting a 
high degree of fractionation by the use of a large number 
of transfers and by varying the solvent system. We have 
previously applied CCD to the fractionation of mRNA 
from a variety of mammalian tissues?! and to the demon- 
stration of progressive alteration of mRNA synthesis 
during the growth of a mouse hepatoma?**, In the present. 
investigations, CCD has been used to demonstrate selective 
alteration of mRNA synthesis in rat liver and the results 
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suggest differential effects of hormones at the level of DNA 
transcription. 

Adult male and female August rats were maintained on 
a standard high (20 per cent) protein diet, and after ” 
removal and extraction of the liver the mRNA was 
isolated and gave reproducible patterns on CCD. Pre- 
parations of mRNA were made in all cases after a 20-min 
pulse of 200 yc. of *H-orotic acid, the pulse-time being 
assessed from the time of intraperitoneal injection.of the 
label to freezing of the livers in liquid nitrogen. Each 
preparation was made from the pooled livers of two 
rats. After extracting ribosomal and soluble RNA with 
naphthalene-1,5-disulphonate /phenol /8-hydroxy quinoline 
mRNA was extracted together with DNA from the 
insoluble interfacial material with 4-aminosalicylate/ 
phenol/8-hydroxyquinoline as previously described’, By 
this procedure the rapidly labelled RNA can be quantita- 
tively extracted?!, thus permitting comparative fractiona- 
tion of preparations made from animals receiving different 
treatments prior to pulse-labelling. 

The mRNAs in the DNA/RNA preparations have been 
characterized by sucrose density gradient centrifugation® 
and fractionated by CCD". Any degradation, which does 
rarely occur due to nuclease action, can be readily detected 
by both these methods? Solvent systems for CCD 
were similar to those developed for ribosomal RNA®* 
except that trilithium citrate was substituted for tripotas- 
sium citrate in the aqueous phase, as used for CCD 
of DNA*, A standard solvent system was utilized 
in the present investigations containing the following 
proportions: organic mixture 28 vols. amine solution 
12 vols., 0-033 M trilithium citrate 12-5 vols., and water 
39-5 vols. This system was designated as solvent system 
150/12-5 referable to the number of volumes of trilithium 
citrate used. 2 mg of interfacial DNA/RNA were dis- 
tributed in this solvent system (3 ml. each phase) over 100 
transfers. The material was first dissolved in 3 ml. of 
each phase of a 150/2 system and distributed by trans- 
ferring through a gradient of increasing lithium con- 
centration (2 tubes) into the 150/12-5 system. After 100 
transfers, 1 ml. of ethanol was added tą the contents of 
each tube to give one phase and radioactivity measured in 
2 ml. aliquots (10 ml. scintillation mixture) by liquid 
scintillation spectrometry. Quenching by the solvents 
was of the order of 5 per cent and was the same for all 
fractions. A full discussion of CCD of mRNA has been 
recorded elsewhere?!, 

Initial experiments examined the effects of starvation on 
the pattern of rat liver mRNA synthesis. Male or female 
rats were starved for periods up to 24 h following at least 
2 weeks on the 20 per cent protein diot; some animals, 
after a period of starvation, were ro-fed on the high protein 
diet. Starvation produced a marked increase in the 
amount of mRNA per unit DNA, and CCD fractionation 
showed considerable alteration of mRNA pattern (Fig. 1). 
Some groups of mRNA appeared to be affected more than 
others. The CCD pattern of mRNA prepared from rats 
starved for 24 h, then re-fed for 40 h on the control diet, 
showed virtual return to that of the control mRNA 
preparation, indicating the reversible nature of the 
changes induced by starvation. 

The effects of hydrocortisone were examined over short 
time-periods to obtain some indication of the initial 
actions of this hormone on mRNA synthesis. Intact male 
or female rats were given a single large dose (5-10 mg) of 
hydrocortisone succinate by intraperitoneal injection 
(I.P.I), followed after varying time-periods (5-60 min) by 
an *H-orotie acid pulse for 20 min. Striking effects were 
observed on the resulting mRNA CCD profiles (Fig. 2). 
Even in the shortest time of 5 min before injecting orotic 
acid, hydrocortisone showed a selective action, increasing 
some and decreasing other mRNA fractions. The peak 
appearing about tube 18 after 5 min was reduced at longer 
times after hydrocortisone treatment, but otherwise the 
time-course showed a continued increase in the broad peak 


UUNG.4948 ` 





August 8, 1964 





Tm ee ert a og 







20 40 60 — 80 
Transfer No. 


te i. COD ofratliver mRNA prepared afterstarvation and re-feeding. 
100 transfers in solvent system 150/125. ———, control Gn RNA from 
rat uM A ro per cen "it diet); ——-, mRNA from Hver of rats 
starved from liver of rats starved 24 h, then re-fed 
on control diet for 40 h 








h; eee aay 





etenim 


e mE me 
ase Ria 


z 


E uM E Sua NN periit eren 












1,000 





VP MESURE Sai i rli iie ent nese, 





Transfer No. 


: Fig. 2. Keno n mation succinate G (S mgit on mBNA patterns 
in rat liver. D. in solvent system 150 100 transfers. 

= Control (mRNA from rat liver: 20 per cent protein diet); 

NER m MRNA from livers of rats receiving I. ue 1. hydrocortisone 

n with *H-orotie acid; ~~~, mRNA from livers of 

ydrocortisone 15 min before pulsing y with *H-orotie 

— s mRNA from livers of rats receiving I.P.I. hydrocortisone 

30 min before pulsing with *H-orotic acid 


tubes 25-40. It should be noted that this latter peak 
is of itself heterogeneous and also that, coineident with 
the increase in this group of mRNAs, other fractions were 
decreased at all time-periods examined. CCD patterns 
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had returned to normal when examined 24 h after hydro- 
cortisone injection. Whereas these highly selective effeeta 
were observed by CCD fractionation, sucrose gradions 
centrifugation was not sensitive enough as a fraction: 
technique to show them, and by this latter method we 
have observed only an apparent general inerease in mRNA 
similar to that reported by Kenney and Kull 
The effects of insulin on mRNA synths she 
esting variation with time. Male or fema 
a single intraperitoneal injection of crystall 
insulin over a dose range of 2-20 units pe 
2 h before pulse-labelling with *H-orot: 
shows the CCD patterns of mRNA after 
insulin for 5, 15 and 30 min. In the sh 
there appeared to be a general fall in tt 
mRNA per unit DNA. At 15 min there. 
stimulation of a fraction in tubes: 30-4. b 
time diminution of other fractions was 
min this pattern showed further change 
differences from. the control curve. | 
trated were obtained after treatmen 
doses (20 units) but. similar selective action, 
in degree, was observed with much sr 
results of preliminary experiments 
illustrated in Fig. 4. Alloxan alone ove: 
CCD pattern of MRNA, with enhancemen: 
ek diminution of others. Insulin given. ; 
1-5 h of alloxan produced a pattern somewh 
to that resulting from either alloxan or ins 
the respective time-periods. These re 
course, give any indication of the situatio 
in diabetic animals. 
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before pulsing with *H-orot: 


shows. the effects of thyroxine over two time- -periods : 
from showing a major peak in tubes 28-40 at 15 min, the 
pattern became more heterogeneous by 1 h with inereased 
synthesis of many peaks. The diminished synthesis of 
certain fractions evident at 15 min was no longer present 
at Lh. Thiouracil appeared to cause some general depres- 
| f mRNA synthesis per unit DNA; the significance 
enhanced peak about tube 13 (Fig. 5) as of similar 
er experiments is uncertain: while it may well 
tered. mRNA synthesis, residual ribosomal and 
lublo RNA remain in the first 20 tubes in this solvent 
1 and cannot be distinguished from mRNA in this 
i CCD alone. 
estosterone was administered to male or female rats by 
intraperitoneal injection in an oily suspension in single 
oses of 0-1—1-0 mg per rat. CCD patterns are illustrated 
ig. 6) for mRNA pulse-labelled 1 h after testosterone 
injection. In the livers of malo rats there was an increase 
in mRNA per unit DNA; this increase appeared to be a 
fairly general one involving most fractions as separated 
by COD. In female rats somewhat different patterns 
were observed, the action being more. selective. 
Stilbcestrol was administered to male and female rats 
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by intraperitoneal injection: : CCD pattems are shown for 
a l-h period in Fig. 7. In female rats there was a rather 
general increase in liver mRNA similar to that produced 
by testosterone in males. In male rats stilbeestrol ap- 
peared to have minimal effect on liver mRNA pattern: 
The results of these experiments must be considered 
with certain reservations. The mRNA has been examined 
from a single source, rat liver, which is not necessarily à 
suitable target organ for examining the action of many 
hormones. A single radioactive pulse-time has been used 
for eomparative purposes: for more complete information 
it would be necessary to investigate mRNAs synthesized at 
different rates. The time-periods of hormone action have 
been designated from the time of administration of hor- 
mone to the time of pulsing with radioactive label; since 
the pulse-time was 20 min the actual times of hormone 
action were considerably longer than specified, a factor 
especially important at the shorter times examined. 
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Where oily suspensions of steroid hormones were used no . 


precise time-course of action can be ascertained owing 
to delays in absorption. For these reasons the present 
results cannot be considered to give any clear indication 
of the initial molecular sites of hormone action but only 
of early observed effects. Intact animals have been used 
exclusively and it is clear that detailed investigation of 
the actions of individual hormones on mRNA synthesis 
will need to examine the effects of endocrine ablation. It 
is clear, also, that many of the changes noted here may 
represent multiple effects and not necessarily the direct 
action of single hormones or their metabolites. 

The use of countercurrent distribution to fractionate 
rapidly labelled RNA has revealed several features of 
this RNA in rat liver: (1) alteration of the pattern of 
synthesis of mRNA can be brought about by starvation 
or by hormones; (2) such changes are reversible; (3) both 
enhanced and diminished synthesis of various mRNA 
fractions occurs; (4) most hormones tested appeared to 
alter mRNA synthesis selectively, increasing some frac- 
tions and decreasing others; (5) hormone effects varied 
with time and in some cases selective alteration of mRNA 
synthesis was recognizable after a very short time. 

These findings suggest that regulation of the synthesis 
of rapidly labelled mammalian RNA may be analogous 
to the regulation of synthesis of bacterial messenger 
RNA (refs. 10 and 35). While template activity has been 
reported for a similar fraction from rat liver® we have no 
indication that all rapidly labelled RNAs direct specific 
protein synthesis. However, the differential effects of 
changed environment (starvation) and of the small 
biologically active molecules (hormones) used would 
suggest that these RNAs are not precursors of ribosomal 
RNA -(cf. Girard, Penman and Darnell’). The results 
clearly show the importance of fractionating the rapidly 
labelled RNAs for comparative purposes, rather than 
assessing gross quantitative change. 

The exact manner in which hormones exert selective 
effects on gene transcription is not clear but the very 
early changes brought about by some of these hormones 
could indicate some direct action with the DNA-protein 
complex where the mRNA is synthesized. It could be 
that hormones interact with repressor proteins in an 
allosteric manner?* resulting in altered patterns of syn- 
thesis of specific messenger RNAs. It is also possible 
that some of these rapidly labelled RNAs act directly as 
repressors at the DNA or ribosomal levels, or that they 
code for repressor proteins. Further fractionation fol- 
lowed by biological characterization of this RNA should 
permit a more precise definition of the molecular basis 
of these aspects of hormone action. 


NATURE 


603 


We thank Prof. A. Haddow for his advice. This work 
was supported by grants to the Chester Beatty Research 
Institute (Institute of Cancer Research: Royal Cancer 
Hospital) from the Medical Research Council, the British 
Empire Cancer Campaign and the National Cancer Insti- 
tute of the National Institutes of Health, U.S. Public 
Health Service. 

One of us (C. Kidson) is Arthur A. Thomas Cancer 


-Research Fellow of the Anti-Cancer Council of Victoria 


on leave from the Baker Medical Research Institute, 
Melbourne. 


1 Sibatani, A., de Kloet, S. R., Allfrey, V. G., and Mirsky, A. E.. Proc. U.S. 
Nat. Acad. Sci., 48, 471 (1962). 

i4 G. P., and Mantieva, V. L., Biochim. Biophys! Acta, 61, 153 

ci iion K., and Darnell, J. E., Biochem. Biophys. Res. Commun., 7. 486 


‘Hiatt, H., J. Mol. Biol., 5, 217 (1962). 

$ Kidson, C., Kirby, K. S., and Ralph, R. K., J. Mol. Biol., 7, 812 (1963). 

* Brawerman, G., Gold, L., and Eisenstadt, J., Proc. U.S. Nat. Acad. Sci., 
50, 630 (1963). 

? Harris, H., Fisher, H. W., Rodgers, A., Spencer, T., and Watts, J. W., 
Proc. Roy. Soc., B, 157, 177 (1903). 

3 Hoyer, B. H., McCarthy, B. J., and Bolton, E. J., Science, 140, 1408 (1903). 

* Girard, M., Penman, S., and Darnell, J. E., Proc. U.S. Nat. Acad. Sci.. 51. 
205 (1964). 

1? Jacob, F., and Monod, J., J. Mol. Biol., 3, 318 (1961). 

1 Telfer, M. A., Arch. Biochem., 44, 111 (1958). 

12 Butler, W. W. W., and Schade, A. L., Endocrinol., 68, 271 (1958). 

13 Kochakian, C. D., and Harrison, D. G., Endocrinol., 70, 99 (1962). 

14 Feigelson, M., Gross, P. R., and Feigelson, P., Biochim. Biophys. Acta, 66. 
495 (1962). 

16 Manchester, K. L., and Young, F. G., Biochem. J., 70, 358 (1058). 

18 Korner, A., Biochem. Biophys. Res. Commun., 18, 386 (1963). 

1? Feigelson, P., Feigelson, M., and Greengard, O., Rec. Progr. Hormone Res.. 
18, 491 (1962). 

18 Mueller, G. C., J. Biol. Chem., 204, 77 (1953). 

an Prol E. H., Cohen, E. H., and Harper, A. A., Endocrinol., 08, 862 

2 Tata, J. R., Rec. Progr. Hormone Res., 18, 221 (1962). 

?1 Manchester, K. L., Randle, P. J., and Young, F. G., J. Endocrinol.. 18, 
395 (1959). 

?: Korner, À., J. Endocrinol., 21, 177 (1960). 

73 Greengard, O., Smith, M. A., and Acs, G., J. Biol. Chem., 288, 1548 (1903). 

34 Weber, G., Singhal, R. L., and Stamm, N. B., Science, 142, 300 (1963). 

25 Wool, I. G., and Munro, A. J:, Proc. U.S. Nat. Acad. Sei., 50, 918 (1963). 

26 Tata, J. R., Nature, 197, 1167 (1963). 

2 uii uas Williams-Ashman, H. G., Proc. U.S. Nat. Acad. Sci., 48, 1956 

28 Wilson, J. D., Biochem. Biophys. Res. Commun., 8, 175 (1962). 

2° Kenney, F. T., and Kull, F. J., Proc. U.S. Nat. Acad. Sci., 50, 493 (1963). 

3? Karlson, P., Deutsch. Med. Wochschr., 86, 668 (1961). 

31 Kidson, C., and Kirby, K. S. (in the press). 

32 Kidson, C., and Kirby, K. S., Cancer Res. (in the press). 

33 Kirby, K. S., Hastings, J. R. B., and O'Sullivan, M. À., Biochim. Biophys. 
Acta, 61, 978 (1962). 

34 Kidson, C., and Kirby, K. S., Biochim. Biophys. Acta, 76, 624 (1963). 

a8 n and Jacob, F., Cold Spring Harb. Symp. Quant. Biol., 26, 389 

3¢ Monod, J., Changeux, J., and Jacob, F., J. Mol. Biol., 6. 306 (1963). 


RELATIONSHIP OF LIVER COMPOSITION TO INTENSITY OF PROTEIN 
METABOLISM IN DIFFERENT MAMMALS 


By Dr. H. N. MUNRO and Ds. EILEEN D. DOWNIE 


Department of Biochemistry, University of Glasgow 


MONG mammals, the intensity of protein meta- 
bolism per unit of body -weight becomes progressively 
smaller with increasing size of species’. This is demon- 
strated by the rate of exchange of nitrogen-15-labelled 
amino-acids with tissue proteins, by the amount of 
urinary nitrogen excreted by animals receiving a protein- 
free diet (endogenous urinary nitrogen), and by the rate 
of turnover of plasma albumin in various species’. Each 
of these parameters of protein metabolism bears a relation- 
ship to body size that follows approximately the 0-7 power 
of body-weight. Consequently, the intensity of protein 
metabolism per kg body-weight is about five times greater 


in an adult rat of 200 g weight than in an adult man 
weighing 70 kg. 

It might be anticipated that these differences in protein 
metabolic rates of mammals would affect the concen- 
trations of nucleic acids in their tissues, since the nucleic 
acids are concerned with protein synthesis. Although the 
published literature? contains many estimates of the 
RNA and DNA concentrations made on mammalian 
tissues, the considerable errors? inherent in most of the 
assay procedures used in these investigations make 
strict comparisons between species impossible. We have 
therefore examined the concentrations of nucleie acids 
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and other cell constituents in the livers of a range of 
mammals using a uniform procedure, and have related 
the findings to body size and to intensity of protein 
metabolism. 

The livers examined were those of adult mice, rats, 
rabbits, dogs and cows receiving their normal diet. 
Pieces from different lobes of the liver were excised at 
death. The portions from the liver of 2-6 animals of each 
species were then pooled for analysis. These were first 
homogenized in 0-25 M sucrose. Part of the homogenate 
was retained for whole tissue analysis, and the remainder 
‘was spun in a refrigerated centrifuge at 8,500g for 10 min 
to remove nuclei, mitochondria and unbroken cells. The 
supernatant fraction from this spin was centrifuged for 
60 min at 105,000g to precipitate the microsomes, which 
are remnants of the endoplasmic reticulum of the intact 
cell. 

The whole homogenate and the microsome fraction 
were analysed for nucleic acids, protein and phospholipid 
content. A modification’ of the Schmidt-Thannhauser 
procedure was used for analysis of RNA and DNA. 
Protein content was estimated after treating samples of 
the homogenate or microsome fraction with 10 per cent 
trichloroacetic acid; the nitrogen content® of the pre- 
cipitated material, corrected for nucleic acid and phospho- 
lipid nitrogen, provided a measure of the amount of 
protein. Phospholipid content was obtained by extracting 
portions of the trichloroacetic acid precipitate with a 
series of organic lipid solvents? and estimating? the 
phosphorus contained in the combined extracts. 

Table 1 shows the total amounts of various liver con- 
stituents. When expressed per kg body-weight, individual 
constituents are seen to diminish with increasing size of 
species. In order to obtain equations describing the 
effect of body size, the logarithms of the total amount of 
each liver constituent were plotted against the logarithm 
of body-weight. In each instance, the relationship 
approximated closely to a straight line, from which the 
exponents (Table 2) relating each liver constituent to 
body-weight were obtained by computing regression 
equations. 








Table 1. LIVER WEIGHT AND COMPOSITION IN RELATION TO BODY-WEIGHT 
IN A SERIES OF MAMMALS OF DIFFERENT BODY SIZE* 
Totalliver content per kg body-weight 
Body- [————— irm 
Species | weight Wet Phospho- 

(kg) weight | Protein lipid DNA RNA 
(g) (g) (mg) (mg) (mg) 
Mouse 0-03 53 10-8 1,800 126 560 
Rat 0-16 35 7:3 1,190 122 375 
Rabbit 2-05 85 6-8 1,000 88 207 
Dog 16-0 24 5-6 770 80 138 
Cow 400-01 10 1:9 360 41 53 





* Livers from 2-6 animals of each species were analysed. 
T Approximate mean weight of group. 


Although the various measurements of intensity of 
body protein metabolism are related to approximately 
Wi*-" (Table 2), the total weight of the liver does not 
diminish so rapidly with increasing body size. From our 
results, this relationship is expressed by Wt**®* and from 
Brody’s®. compilation by Wit**'. Several liver con- 
stituents (protein, phospholipid and DNA content) follow 
the same relationship to body-weight, but the RNA 
content of the liver declines as Wt°-75, and is thus more 
closely related to the effect of body size on body protein 
metabolism. 

The more marked effect of body size on the RNA con- 
tent of the liver cell is also demonstrated by computing 
the RNA/DNA and phospholipid/DNA ratios for the 
livers of different species (Table 3). The extensive decline 
in the RNA/DNA ratio with increasing body-weight can 
be contrasted with the relatively slight influence*of body 
size on the phospholipid/DNA ratio (Table 3). The 
difference is also seen on analysis of the microsome 
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Table 2. EFFEOT OF BODY SIZE OF MAMMALS ON THE INTENSITY OF PROTEIN 
METABOLISM AND ON THE TOTAL AMOUNTS OF VARIOUS LIVER CONSTITUENTS 











Exponent * relating 
Measurement measurements to body-weight 

Metabolic measurements{ 

Endogenous urinary N (mg N/day) 0:72 

Total body protein synthesis (mg !5N 

incorporated/day) 0:75 

Plasma albumin turnover (days-!) 0-66 
Totalliver constituentst 

Wet weight (g/liver) 0-843 

Protein (g/liver) 0-835 

Phospholipid (mg/liver) 0-842 

DNA (mghivon 0-884 

RNA (mg/liver) 0-765 








* This is the exponent €? in the equation: observed quantity per animal = 
a constant X (body-weight):. It is computed from the slope of the line 
relating the logarithm of the observations to the logarithm of body-weights. 

ł Computed from the results given in Table 1. The relationship of liver 
weight to body size, based on a survey of published data, was found by Brody? 
to follow Wt*'*, From an examination of female mice, rats and guinea pigs, 
Kosterlitz’ obtained an exponent of 0-85 for the relationship of the DNA 
content of the liver to body-weight. 

1 For references, see Munro’. 


fraction (Table 3), in which a considerable reduction in 
the percentage of RNA in the microsomes of the larger 
mammals is accompanied by a small increase in their 
phospholipid content. Phospholipid is a component of 
the membranous portion of the microsomes, whereas 
RNA is contained in the ribosomes attached to the 
membrane surface. Our observations thus suggest that, 
in the liver cells of larger animals, there are fewer ribo- 
somes attached to the membranous part of the endo- 
plasmic reticulum, from which the microsomes are formed 
on homogenization. 


Table 3. PLASMA ALBUMIN TURNOVER, LIVER CELL COMPONENTS PER mg 
DNA, AND COMPOSITION OF LIVER MICROSOMES OF DIFFERENT MAMMALS 






















Whole liver Microsome fraction 
Half-life composition T (per cent of estimated 
ofplasma| (mg/mg DNA) constituents) 
Species | albumin* 
(days) Phospho- Phospho- 
RNA lipid lipid Protein 
1:2 4:45 14-2 9-6 24.2 66:2 
2-5 3:0! 9- T3 22-9 70:0 
5:7 2-44 11:6 6-2 29-2 64-5 
82 1:69 9:4 — — — 
0-7 1:29 8-7 5:9 81-3 62-7 





* Results reported by Dixon, Maurer and Deichmiller!'*; the value for the 
tat is that given by Allison?!, 
T Computed from the results given in Table 1. * 


The endoplasmic reticulum of the liver cell is con- 
sidered to function in the formation and secretion of 
plasma proteins. The rate of formation of plasma albumin 
diminishes with increasing body size (Table 3), and our 
findings indicate a parallel decrease in the total RNA 
content of the liver and in the amount of RNA in the 
microsomes. Absence of a similar correlation with the 
amount of phospholipid contained in the cell and in the 
microsomes suggests that, although phospholipid is also a 
constituent of the endoplasmic reticulum, it is less directly 
concerned with protein formation. 

This investigation was supported by a grant to one of 
us (H. N. M.) from the Advisory Committee on Medical 
Research of the Department of Health for Scotland. 
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MULTIPLE FORMS OF CHOLINESTERASE IN HORSE PLASMA 


By Dr. Y. OKI*, Pror. W. T. OLIVER and Dr. H. S. FUNNELL 
Ontario Veterinary College, Guelph, Canada 


HE number of publications dealing with multiplo 

forms of various onzymes has increased rapidly sinco 
the introduction by Smithiest of starch-gel electro- 
phoresis. Using this technique, Markert and Moller? 
separated lactic dehydrogenase into several molecular 
forms which they named ‘isozymes’. Multiple forms of 
serum esterases and cholinesterases also have been 
reported to occur in human and animal sera?-9. In 
extensive human family investigations, Harris, Hopkinson 
and Robson? demonstrated electrophoretically & now 
genotically controlled variant of serum cholinesterase. 
This articlo is concerned with multiple forms of equine 
plasma cholinesterase, some biochemical characteristics 
and a genetically controlled variant. 

Plasma samples were obtained from 94 horses and the 
plasma esterases were separated by vertical starch-gel 
electrophoresis? using the discontinuous buffer system’. 
The esterases were characterized using as substrates: 
a-naphthyl acetate, B-naphthyl acetate, a-naphthyl pro- 
pionate, «-naphthyl butyrate, a-naphthyl caprylate, naph- 
thol AS acetate, naphthol AS-D acetate and B-carbonaphth- 
oxycholine iodide. Eserine and TEPP were used as 
inhibitors. Each fraction was eluted from the starch gel 
using tris buffer and its activity was determined spectro- 
photometrically? using benzoyleholine as the substrate. 
A ‘zymogram’ is shown (Fig. 1) of the esterase zones 
detected following electrophoresis and staining with 
a-naphthyl acetate and naphthanil diazo blue B in phos- 
phate buffer pH 6-8 

Seven zones, C, Ca C, C, B, A, and As, were 
present in all equine plasma samples examined, C; 
usually being a doublet. Two other zones, C, and D, 
were presont in only 4 and 12, respectively, of the samples. 
Since zones C,, Co, C, C, and C, hydrolysed all sub- 
strates and benzoylcholine and their activities were 
inhibited by eserine and TEPP, 10-5 M, they were con- 
sidered to be multiple forms of pseudocholinestorase. 

Zone B hydrolysed both the short- and long-chain fatty 
acid esters but was insensitive towards B-carbonaphthoxy- 
choline iodide and benzoyleholine. It was not inhibited 
by eserine, 10-5 M, but was inhibited by TEPP, 10+ M. 
Thus it was concluded that zone B contained am ali- 
esterase but not a cholinesterase. 

Zone A, hydrolysed «- and f-naphthyl acetato, naph- 
thol AS acetate and naphthol AS-p acetate, but not the 
choline esters, and was not inhibited by oserine or TEPP, 
10- M ~ 10- M. It appeared that this zone contained 
an arylesterase but not a cholinesteraso. 

Zone A, had a mobility corresponding with that of 
albumin. It hydrolysed «- and Q-naphthyl 
acetate, naphthol AS acetate and naphthol 
AS-D acetate, but did not hydrolyse choline 
esters. Its activity was not inhibited by 
eserine or TEPP, 10-5 M ~ 10- M. This 
zone, containing an aromatic esterasc-like 
activity, probably corresponds to the ‘albu- 
min esterase’ in human plasma reported 
by Wilde et al.™. 

Zone D hydrolysed only the four short- 
chain fatty acid esters, æ- and 8-naphthyl 
acetate, a-naphthyl propionate and q- 
naphthyl butyrate, but did not utilize 
8-carbonaphthoxycholine iodide or benzoyl- 
choline. Its activity was inhibited by TEPP, 

10-5 M, and eserine, 10-4 M, but was partially 
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resistant to eserino 10-5 M. It was concluded that this 
zone was a type of ali-estorase differing from zone /7 

Zone LP, a lipoprotein, had the least mobility of the 
zones observed. It stained slightly with 3-naphthyl 
acetate-dye solution and was identified using sudan black. 
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Fig. 2. Variations of esterase patterns and activities. (a) No7mal 


esterase pattern (light horse); (b) highly active zones C, at (ai 
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The hydrolysis of «-naphthyl acetate by zones C,, C, 
and D was usually weak (Fig. 2a and d). However, the 
plasma of certain individuals contained at least one of 
these zones with considerably greater activity than the 
average (Fig. 2b and e). This property appeared to be a 
constant individual characteristic which was not related 
to age, sex or breed. 

The esterase patterns of the thoroughbred, standard- 
bred, quarter horse, Arab and pony, that is, light horses, 
were similar, and all lacked zone D, which was common 
to two of the draft breeds, Belgian and Percheron (Fig. 2d 
and e), but not the third, Clydesdale. 

Zone C, (Fig. 2c) was present in only four of the 
94 samples examined, these four being members of 
the same family (Fig. 3). This zone appeared in 
fresh plasma samples obtained over a six-month period 
and was not affected by incubation or freezing. The 
family investigation suggested that this zone, a cholin- 
esterase, may be genetically controlled; each individual 
may be a heterozygote for an autosomal gene which 
determines the presence of this component as a 


phenotype. 
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From these preliminary investigations, it appeared that: 
(1) There were four zones of cholinesterase activity in all 
samples examined; one of these, Ca, was usually a doublet. 
(2) Zone C;, a variant form of cholinesterase, may be 
genetically controlled. (3) Zone B, an ali-esterase, hydro- 
lysing short- and long-chain fatty acid esters, was present 
in all samples. (4) Zono D, a type of ali-estorase utilizing 
short-chain fatty acids only, was present in two of three 
draft breeds examined. (5) Equine plasma contains two 
arylesterases, one probably corresponding to ‘albumin 
esterase’ of human plasma. 
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MECHANISMS OF INACTIVATION OF SINGLE-STRANDED VIRUS NUCLEIC 
ACIDS BY HEAT 


By WILLIAM GINOZA, CAROL J. HOELLE*, KRISTIN B. VESSEY and CECIL CARMACK* 


Biophysics Department, Pennsylvania State University, University Park 


HE two classes of infectious single-stranded virus 

nucleic acids, exemplified by RNA of tobacco mosaic 
virus (TMV) and by 9X174-DNA, are found to exhibit a 
marked difference in their response to heat in the physio- 
logical pH range. This is reflected in the gradual decay of 
both infectivity and molecular integrity of RNA on 
storage under conditions in which the single-stranded 
DNA is stable. Instability and the attendant molecular 
heterogeneity have in large measure contributed to the 
difficulty in past attempts to measure the size of the 
intact and infectious TMV—RNA molecules^?. Hetero- 
geneity could arise from random scission of phosphodiester 
bonds which hold constituent ribose-nucleotides in a single 
continuous chain. Kinetic evidence has been presented 
earlier to suggest that spontaneous decay of TMV—RNA 
is related to the inherent susceptibiliby of its phosphodi- 
ester bonds to heat-induced hydrolysis. Work of Gordon 
and Huff‘ and of Eigner, Boedtker and Michaels* support 
this conclusion. However, it is still widely believed that 
the instability is due mainly to seemingly ubiquitous 
nucleases carried over into RNA preparations as con- 
taminants. 

On the other hand, phosphodiester bonds of single- and 
double-stranded DNA are stable under thermal trzatment 
at neutral pH, but DNA. in either form is relatively sensi- 
tive to depurination*-*. A loss of a single purine is suffi- 
cient to destroy the function of a single-stranded cyclic 
o X174—DNAS* and presumably that of & genetic marker in 
transforming DNA". 

We examine here the kinetics of inactivation of three 
single-stranded nucleic acids, TMV -RNA, R17-RNA and 
9X174-DNA, under comparable conditions of thermal 
treatment. The results obtained over a range of pH and 
temperature indieate that the two classes of nucleic acids 
are inactivated by distinctly different first-order processes. 
They are consistent with the conclusion that cleavage of 
a single phosphodiester bond inactivates the RNAs 
while a single depurination inactivates pX174-DNA. 

Preparation of virus nucleic acids. TMV-RNA, 
RYI-RNA, and 9X174-DNA were prepared essentially 


* Address: University of California at Los Angeles. 


by the method of Gierer and Schramm”, except that the 
nucleic acid extracts following the phenol treatment were 
precipitated repeatedly with 95 per cent ethanol to 
eliminate traces of phenol. Reagent-grade phenol was 
washed five times with 10-4 M versine before uso. The 
parent viruses were purified by differential centrifugation. 
Heat sensitivity of the nucleic acids obtained from them 
was found to be independent of the purification steps taken 
prior to the final centrifugation of the viruses. 


-2 
TMV- RNA 
RI7 — RNA 

-3 X - DNA 


Log k (sec-*) 
L 





—6 
2:6 27 2-8 2-9 3-0 3-1 3:2 9:3 
t x10° 
Fig. 1. Temperature-dependence of the rates of inactivation of TMV- 


RNA, R17-RNA and 9X174-DNA by heat in 0-1 M sodium phosphate 
buffer, pH 7:15 
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Bioassays of these nucleic acids were conducted in 
manners described in our previous papers?1?, 

TMV-RNA, R17-RNA and 9X174-DNA are all heat- 
inactivated by a first-order rate law at each temperature 
and pH examined. Their rates show no obvious depend- 
ence on concentration at which they are heated. The rate 
constants of inactivation of the nucleic acids in 0-1 M 
` sodium phosphate buffer at pH 7-15 are plotted against 
temperature and are summarized in Fig. 1. It is immedi- 
ately apparent that TMV-RNA, though only 1-2 times 
larger in size than 9X174-DNA, is more sensitive to heat 
than the latter by a factor ranging from 10 at the higher 
experimental temperature to about 30 at 37°. R17-RNA 
is intermediate in position, its rates of kil being nearly 
one-half that of TM V—RNA. at all temperatures examined. 
The ratio of the molecular weight of T'MV—RNA1^12-15 to 
that of RI7-RNA, 2:0 x 10°/0-8 x, 109 = 2-5, corre- 
sponds well to the ratio of their rate constants, 2-3. 
The rates, for example, at 80° for TMV-RNA, R17-RNA 
and oX174-DNA are 1-93 x 10-?/sec, 8:3 x 10-4/sec 
and 2-83 x 10-4/sec, respectively. 

This correlation, together with the closeness of the 
thermal constants (Table 1) derived from the plot (Fig. 1), 
suggests that the two RNAs are inactivated by the same 
mechanism but with rates in direct proportion to their 
chain-lengths. If such & proportionality is meaningful, 
it would predict the much smaller, soluble RNA to be a 
great deal more stable to heat inactivation. Indeed, a 
very close correspondence has been observed!*. Gordon 
et al." also showed that TMV-RNA and polio-virus 
RNA possessing the same molecular weight? are heat 
inactivated at about the same rate. 


Table 1 
AH* AS* Temp.- 
, Medium PH  (kcealfmol) (E.v.) range 
TMV-RNA 01M 1:16 +23 -11 37°-95° 
phosphate 
buffer 
RUI-RNA » 7-15 +22 —11 60?—92* 
9X174-DNÀ aP 1:15 +27 0 55°-98° 
R17-RNA Michaelis 42 +35 +20 55°-80° 
buffer * 
E 5:4 +29 +10 60^—-90? 
8-7 +25 -7 60*—-90* 
75 T5 +29 +5 70°-90° 
23 8:6 +85 +26 60°-80° 
€X174-DNA 5 42 427 +7 50°~65-5° 
i "m 54 +29 +17 50°-79° 
n 6-7 +35 +22 65-5°-95° 
$5 75 +35 +21 60°-95° 
» 8:6 T34 +16 70°-95° 
TMV-RNA 0-1 MNa 58 +22 -9 55°-70° 
phosphate 
uffer 
TMV-RNA 
S.D.S. 
prep.t "i 58 122 -13 47°~75° 
FE » 7:15 +19 —19 7?-65^ 
» Michaelis 8&5 +32 +26 40°-65° 
buffer* 


* Michaelis buffer (ref. 18). 
+ Sodium dodecyl sulphate used for deproteinization (ref. 3). 


The second feature of interest is the magnitude of the 
thermodynamic constants, AH * and AS*, derived from 
the Arrhenius curves shown in Fig. 1. Our previous values 
for AH* and AS* were 19 kcal/mol. and — 19-5 E.U., 
respectively, for TMVY-RNA prepared by using sodium 
dodecyl sulphate for deproteinization of the parent 
virus?. The thermal constants for the phenol-prepared 
R17-RNA, however, are in close agreement with the 
present values for the similarly prepared TMV-RNA. 
The values for 9.X174-DNA, particularly the small AS*, 
suggest a significant difference from those of the two 
RNAs at the same pH, 7-15 (see Table 1 for values at 
other pHs). The moderate values of AH * obtained for 
both types of nucleic acids are consistent with inactivation 
mechanisms involving breakage of a single covalent 
bond as opposed to co-operative rupture of a large number 
of hydrogen bonds characteristic of a denaturation 
reaction. This observation should be taken into considera- 
tion when discussing the relevance of secondary structure, 
reported to exist in various types of RNA?, to function. 
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The third notable feature of the Arrhenius plots for the 
RNAs is their linearity over a wide range of temperature, 
particularly for TMV-RNA. This suggests that the single- 
reaction mechanism apparently operating on the RNA 
over this temperature range is not enzymatic, unless the 
temperature of maximum enzyme activity of the hypothe- 
tical contaminant is 96° or higher. 

The experimental results showing the dependence of 
heat-inactivation rates of R17-RNA and 9X174-DNA on 
pH are summarized in Figs. 2 and 3. Inactivation rates 
were measured in Michaelis’s ‘universal’ buffor!5, which 
cireumvents possible specifie effects of the buffer ions 
while keeping the ionic strength reasonably constant over 
the experimental pH range. It is seen from comparing 
the two plots of rate constants versus pH, for oxample 
at 70°, that there is a striking contrast between RNA and 
DNA in their response to pH (Fig. 4). For R17-RNA, as 
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Fig. 2. Temperature-dependence of the rates of heat-inactivation of 
R17-RNA at various pH in Michaelis buffer (ref. 18) 
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Fig. 3. Temperature-dependence of the rates of heat-inactivation of 
9X174-DNA at various pH in Michaelis buffer 
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RI7 - RNA AT 70° 


$X174 - DNA AT 70° 
TMV-RNA @ 55° ; 


Log k (sec-i) 
LOG k (SECT!) 





pH pH 


Fig. ABS dependence of the rates of inactivation of R17-RNA at 

70°, TMV-RNA (T) at 55? and 9X174-DNA at 70° in Michaelis buffer. 

Rate constants for HAE ana PLN EDNA are transposed from 
gs. 2 an 


well as for TMV-RNA, the pH. of maximum stability is 
6-6-5 with progressively increasing sensitivity on either 
‘side of this range. This is to be expected if we are to 
assume that hydrolytic scission of a phosphodiester bond 
ig the cause of the inactivation, for it is known that 
hydrolytic degradation of RNA is both acid- and alkali- 
catalysed!®. The corresponding curve for 9QX174—DNA 
shown in Fig. 4, on the contrary, shows that DNA. is most 
stable at the highest pH tested, 8-6, and shows an increas- 
ing heat sensitivity with decreasing pH. Vinograd? and 
Fiers and Sinsheimer* have shown that qX174—DNA. is 
stable even at pH 12 and, moreover, the latter’s data 
indicate that the inactivation rate of this DNA increases 
approximately as the first power of the hydrogen ion 
concentration. Our results in a different buffer system 
recorded here confirm their findings (Fig. 4). This 
behaviour is expected from the known chemistry of 
depurination. The thermal constant, AH * = 35 kcal/mol. 
at pH 7-5, compares with 34 kcal/mol. over a temperature 
range of 91?—100? for the single-stranded, transforming 
DNA in pH 7:15 sodium phosphate buffer', and with 
35 kcal/mol. for ¢X174-DNA in glycine buffer, pH 9-0 
(ref. 8). In the latter systems depurination was shown 
to be the most likely cause of inactivation, the reaction 
course of which follows a ‘one-hit’ kinetics, and also their 
evidence shows that chain cleavage is not necessarily a 
concomitant process, although the phosphodiester bond 
at the site of depurination may be weakened?!. 

It is to be recalled that transforming DNA is heat- 
inactivated by two principal mechanisms, namely, depur- 
ination and denaturation’*4. Depurination at tempera- 
tures below the melting transition (< 87°) requires very 
high activation energy as indicated by a rapid decrease in 
the inactivation rates with decrease in temperature (ref. 7, 
Fig. 6). This points to a necessity for localized and 
reversible chain opening of the double helix before a 
glycosidic bond of & purine can be hydrolysed. Accord- 
ingly, the depurination rate for double-stranded DNA is 
expected to be immeasurably slow compared at 37° to 
that of the single-stranded q9.X174—DNA. 

It is also worthy of note that the pH of maximum 
stability for TMV-RNA, as well as for R17-RNA, is 





Control e? 


Fig. 5. Ultracentrifuge patterns of TMV-RNA (0-030 per cent in 

0-02 M sodium phosphate buffer, pH. 7-0) at various levels of survival 

following heat treatment at 65° in 0-1 M sodium phosphate buffer, 

pH 715. Hach picture was taken 64 min after the rotor speed reached 
24,030 r.p.m. Bar angle, 15° 
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close to the pH of maximum activity of tobacco leaf 
RNase???3, a possible contaminant in the former prep- 
aration. This fact, taken togethef with the linearity of 
the Arrhenius plots shown in Fig. 1 and the reproducibility 
of the inactivation rates among numerous RNA samples, 
eliminates nucleases as agents responsible for the inactiva- 
tion kinetics observed in this series of experiments, at 
least in the case of TMV—RNA. 

In the case of RNA it seems possible that physical 
methods could provide more direct evidence that chain 
scission results from one inactivating hit by heat, as single 
scission should effect a drastic change in its molecular 
weight. Attempts at correlating the kinetics of biological 
inactivation of TMV—-RNA to physical degradation have 
been reported?:3eJ5, Interpretations of these results are, 
however, beset with serious difficulties, because the usual 
RNA preparations on which the foregoing kinetic investiga- 
tions are performed are polydisperse to begin with and 
the demonstrable biological activity is due to a fraction 
(^ 0-1 per cent) of the population which is not detectable 
by conventional physical tools. For example, Sow, 
usually obtained for the leading main peak seen with the 
schlieren optics, is 25, from which we calculate a weight 
average molecular weight of about 1:3 x 10%, whereas 
the molecular weight of the intact biologically functional 
RNA is 2-2 x 10? (ref. 11). This fact, incidentally, is 
one of the reasons for the application of radiation target 
analysisM. However, assuming that the physical charac- 
teristics of the bulk RNA reflect the properties of the 
infectious molecules, we have followed the course of 
molecular degradation by analytical ultracentrifugation 
and viscometry of TMV—RNA. samples heat-inactivated 
in 0-1 M sodium phosphate buffer, pH 7-15, to e-t, e-? and 
€ surviving population. It is found (Fig. 5) that the 
leading peak decreases in area progressively with each 
inactivating hit with a concomitant increase in the trailing 
more diffuse peak, while the intrinsic viscosity falls from 
1:92 for the unheated control to’ 1-59 dl./g for the sample 
receiving 3 inactivating hits. Allowing the assumption 
made here, these results support the conclusion that heat 
inactivation is a direct consequence of a chain scission. 
Moreover, on very prolonged heating of TMV—RNA. in 
the same buffer but at higher temperatures, poly- and 
mono-nucleotides and nucleosides but no free bases are 
found, whereas under comparable treatment calf-thymus 
DNA yields the expected free purines. This demon- 
strable stability of glycosyidic bonding of purines to 
ribose excludes depurination as a significant factor in 
heat inactivation of RNA. d 

The striking difference in the behaviour of the phospho- 
diester bonds of the two types of nucleic acids arises 
essentially from their chemical difference, namely, that 
RNA possesses a 2’ OH function in its sugar moiety 
whereas DNA does not. The effect of acid-base catalysis 
on the rate of hydrolysis of the phosphodiester bonds of 
RNA has been long recognized, as has the stability of 
DNA in alkaline medium. On the basis of their work with 
model compounds, «- and f-glycerophosphates, Brown 
and Todd?* proposed the reaction sequence in Fig. 6 to 
explain the special lability of the phosphodiester bonds of 
RNA. 

They postulated that the formation of the cyclic phos- 
phate-triester intermediate, B, is essential in order to 
explain the production of the two isomers, E and F, 
following alkaline hydrolysis of RNA. The formation of 
B is possible because of the 2’ OH function, and product 
C results because of the instability of the triester structure, 
in which one of three ester linkages becomes sensitive to 
hydrolysis. Product C, being a diester, is relatively stable 
at neutral pH and in moderately alkaline medium''?5. 

The thermal constants for both TMV—RNA and R17- 
RNA (Table 1) are consistent with the Brown and Todd 
reaction mechanism. The negative entropy of activation, 
AS *, derived for TMV-RNA. and E17-RNA, agrees with 
the formation of cyclic structure B, the activated state of 
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the RNA molecule, which prepares the phosphodiester 
backbone for hydrolytic cleavage’. Experimental evid- 
ence for the involvement of the cyclic intermediate in 
heat-inactivation of TMV-—RNA is shown in the recent 
work of Gordon and Huff. 

The entropy of activation for the two RNAs on either 
side of neutrality (Table 1) becomes increasingly more 
positive in apparent contradiction to the cyclic mechan- 
ism. The reason for the rise may be that acid and base 
catalysis greatly increases the rate of cyclization so that 
hydrolysis of the third ester bond, rather than the forma- 
tion of the cyclic triester, bacomes the rate-limiting step 
in the inactivation (cf. ref. 19). 

The demonstrated propensity of the phosphodiester 
bonds of RNA to disjoint easily without the mediation of 
enzymes leads us: to consider its possible bearing on the 
short life?! of messenger-RNA in microbial Systems; for 
it is conceivable that the function of mRNA, like the viral 
RNA in vitro, can be disrupted by a single, random 
scission of these bonds. 

As for DNA, in particular at 37°, we conclude that: (1) 
it is 30 times less susceptible in the single-stranded form 
to heat-inactivation by depurination than is a com- 
parable-sized RNA to inactivation by phosphodiester 
backbone scission; (2) because of the large entropy term 
involved, depurination rate of the double-stranded DNA 
should be immeasurably slow relative to that of the single- 
stranded form at this temperature. 
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OPTOKINETIC NYSTAGMUS: AN UNLEARNED RESPONSE ALTERED BY 
SECTION OF CHIASMA AND CORPUS CALLOSUM IN MONKEYS 


By Dr. TAUBA PASIK and Dr. PEDRO PASIK 


Department of Neurology, Mount Sinai Hospital, New York 


MX work has been dono in recont years on tho rolo 
of the corpus callosum in the so-called interhemi- 
sphoric transfer of learning!. Little attention has beon 
directed, however, to the influence of commissural systems 
in other forms of behaviour, particularly in thoso which 
depend scarcely, if at all, on past experience. This 
article shows that the section of the corpus callosum also 
disrupts an unlearned response such as optokinotic 
nystagmus. In this type of behaviour there is a visual 
input consisting of successively moving stimulus-figures 
across the visual field, and an oculomotor output mani- 
fested by slow conjugate eye deviations in the direction 
to which the stimuli move, alternating with similar fast 
movements to the opposite side. Conventionally, the 
direction of the response is named by the quick phase. 


In the monkey, output usually outlasts the duration 
of the stimulus and this is known as optokinetic after- 
nystagmus. 

In primates, as well as in most vertebrates, visual 
input from homonymous (right or left) half fields of 
both eyes is conveyed to the opposite half of the brain 
in a totally crossed fashion?. Similarly, pathways for 
conjugate gaze descend from most of the cerebral cortex 
towards the brain stem and decussate completely about 
the level of the third nerve nucleus, as demonstrated in 
numerous ablation and stimulation experimonts?. From 
this latter work it also followed that the efferent path- 
ways responsible for the fast phase of optokinetie nystag- 
mus are the same as those for conjugate gaze. Fig. lisa 
diagram which summarizes some of these functional 
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Fig. 1. Functional diagram of visual and oculomotor systems in the monkey. Solid black indieates visualinput from the left, reaching the 


right side of the brain where itinitiates oculomotor output to the left (conjugate gaze, fast phase of optokinetic nystagmus). 
Dashed black indicates commissural systems 


just the opposite functions. 


facts about the visual and oculomotor systems. It should 
not be taken as representing strict demonstrable anato- 
mic connexions, many of which are still in the process 
of study and revision. Specifically, visual input from the 
left field reaches the two right hemi-retine and through 
the hemidecussation at the chiasma conveys the informa- 
tion to the right hemisphere at the cortical level (via 
the lateral geniculate nucleus to striate cortex) and at the 
subcortical level (several known and many uncertain 
structures). The striate cortex projects to the prestriate 
region and to subcortical areas. Oculomotor outflow may 
be initiated from striate, prestriate, most of the rest of 
the cortex as well as from subcortical structures and 
conveyed through pathways that cross totally about the 
level of the third nerve nucleus, to drive the eyes to the 
left. In addition there are commissural systems ab corti- 
cal and subcortical levels. 

While the input and output, that is, visual stimulus 
and oculomotor response, are rather clear in opto- 
kinetic nystagmus, the events in between, the integrating 
mechanisms inside the central nervous system, are still 
unknown. Some years ago, we examined the effect of 
cortical ablations on optokinetic nystagmus in the 
monkey. Contrary to what might be expected from the 
previous considerations, unilateral total removal of 
striate cortex failed to cause any deficit in the response 
to the side opposite the lesion’. After right occipital 
lobectomy, optokinetic nystagmus was normal and 
symmetrical to the right and to the left. 

The question arose as to how the unilateral visual 
stimuli are utilized to elicit an optokinotie response to the 
left in the absenco of the right striate cortex. Two basic 
hypotheses may be formulated to explain this finding. 
They may beeasily followed by referring to Fig. 1. (1) It may 
be that input from the left visual field is still essential. 
This input would reach subcortical structures on the right 
side of the brain which in turn would activate the oculo- 
motor pathways that drive the eyes to the left. (2) It may 
bo, on the other hand, that input now from the right 


Open lines represent 


visual field reaches the striate cortex and subcortical 
areas in the left side of the brain, and from here, by way 
of commissures, activates areas of the right side of the 
brain which in turn would stimulate the oculomotor 
pathways for conjugate gaze to the left. 

The work presented here was carried out to test some 
of these hypotheses. Six monkeys (2:5-9-1 kg) wore 
used. Optokinetic nystagmus was elicited by placing 
the animal inside a rotating cylinder, 92 cm in diameter, 
which filled the entire visual field with alternating 2-5-cm 
black and 33-cm white stripes. This drum could be 
rotated at constant speed by means of a servo-motor. 
Details of construction have already been published?^. 
Stimulation was made binocularly and also with each 
eye separately with the aid of an opaque sclerocorneal 
contact occluder. Eye movements were recorded with 
an electroencephalograph through needle electrodes 
inserted in both outer canthi and in the bridge of the 
nose. Polarities were adjusted so that movements to 
the right produced upward deflexions, and deviations to 
the left caused downward deflexions. A time-constant of 
0-14 sec was used throughout. Recordings were obtained 
before and after each operative stage. Operations 
consisted in the sagittal section of the optic chiasma 
eithor prior to or following similar interruption of the 
corpus callosum. Serial sections of all brains, stained 
with Nissl and myelin sheath methods, confirmed these 
lesions and also showed that most of the hippocampal 
commissure had also been severed. 

Pre-operative electro-oculograms revealed that opto- 
kinetic nystagmus to the right and to the loft was sym- 
metrical when elicited by binocular and monocular 
stimulation. When stimulus-figures occurred at a 
frequency of 1 per sec (constant angular velocity: 45° per 
sec) response was quite constant in each animal and 
varied over the group from 2 to 3 nystagmic beats per sec. 
Following sagittal section of the optic chiasma, electro- 
oculograms of optokinetic nystagmus did not differ 
substantially from those obtained pre-operatively. More 
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Yig.2. Electro-oculograms of optokinetic nystagmus after section of chiasma and co: 


by R—.L, right to left, and L—>R, left to right. 
under monocular stimulation. 


specifically, when only the left eye was stimulated, no 
-direct primary visual input reached the right hemisphere 
at a cortical or subcortical lovel and yet optokinotic 
nystagmus to the left was normal. Electro-oculograms 
after section of the corpus callosum in monkeys with the 
chiasma previously eut are found in Fig. 2. In this 
illustrative animal, binocular stimulation olicited a 
normal response with a frequency of 2-7 per sec to the 
right and 2:3 per scc to the left. Marked asymmotry was 
rovealed on monocular testing. Stimulation of the left 
oye, that is, visual input restricted to tho left homisphero. 
caused a normal optokinetic nystagmus to the right, 2-4 
per sec in frequency, and a slower, 1-0 per soc, nystagmus 
totholoft. Stimulation of the right eye produced precisely 
the opposite effect. These recordings have been selected 
among thoso showing tho least disturbance. In general, 
nystagmus was not only slower but also irrogular, occur- 
ring in brief bursts, and at times difficult to obtain. 
Asymmetrios were even more marked when frequency of 
stimulation was increased. For example, at 3 per sec 
stimulation (speed: 135° per sec) with both eyes open 
response frequency to the right and to the left was 3-3 per 
scc. With only the left eye open, it was 3-1 per sec to the 
right and 1-0 por sec to the left. These latter figures were 
reversed when tested with only the right eye open. It 
should be emphasized that in all instances the response to 
the same side of the stimulated eye was altered as de- 
scribed, but it was never altogether abolished. Section 
of the corpus callosum alone produced no such 
deficits. 

These findings suggest that: (1) The first hypothesis 
(vide supra) may not be necessarily true. Tho responso to 
monocular stimulation in chiasma-sectioned monkeys 
remained unaltered, and under those conditions, one 
hemisphere was totally deprived of input. Therofore, 
visual input to subcortical structures from the opposite 
field proved not to be essontial for optokinetic nystagmus 


MONKEY No.319 


1 Sec. 
us callosum. Direction of the moving stimuliindicated 


Note the symmetry of the response elicited by binocular stimulation and the marked asymmetry 
Defective nystagmus and after nystagmus occurred to the side opposite to the visually deprived hemisphere 


toward that field. (2) The second hypothesis appoars 
to be valid. Oculomotor output for optokinetic nystag- 
mus may be initiated in part by input to the ipsilateral 
hemisphere, which is conveyed through the corpus callo- 
sum to tho contralateral side. The fact that some 
optokinetie nystagmus can still be obtained after soction- 
ing the corpus callosum indicates that other commissural 
systems might play a part in this phonomenon possibly at 
a subcortical level. 

These results are significant in two general areas of 
investigation: (1) The clucidation of the mechanisms 
for optokinetic nystagmus which we have so far discussed ; 
(2) the problom, extensively studied by other workers. 
of the so-called inter-hemispherie transfer of learning. 
In the investigation recorded here wo have a phonomenon 
which is not based on previous experience. The rosponse 
is immediately obtained from naive animals and man 
since birth as soon as stimulation starts, and it does not 
improve with practice. In any event, it is obvious that 
optokinetic nystagmus does not require any spocial 
training of the type involved in discrimination problems. 
and yet this unlearned response is difforentially altered 
when elicited through one and the other eye in the chias- 
ma-corpus callosum-sectioned monkeys. In view of these 
considerations, our findings raise the possibility that 
more elementary dysfunctions are responsible for the 
deficits in interhemispheric transfer after callosal section, 
in addition to, or maybe instead of, the postulated alter- 
ation in hypothetical mnemonic and gnosic mechanisms. 
This work was supported in part by U.S. Public Health 
Service research grant MH-02261. 
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REFLEX RESPONSES IN MAN EVOKED BY GAMMA 
mE EFFERENT ACTIVATION o 


By JACK THORNE 
Neurology Research Unit, Churchill Hospital and Lincoln College, Oxford 


[5 the course of observation of the late responses to 
peripheral nerve stimulation in the small muscles of 
the hand and foot, a response has been recorded from a 
small number of normal subjects bearing the characteris- 
ties of a reflex arising in the spinal cord from the activation 
of the muscle spindle’ fibres, via the high threshold y- 
offerent fibres in the mixed peripheral nerve trunk (Fig. 1). 

The response is found at stimulus amplitudes, maximal 
or supramaximal for tho «-fibres, appearing at intensities 
which produce no further increment of the extrafusal 
fibre electromyogram (Fig. 2). The latency of the response 
varies from 36 to 45-5 msec, that is 10—15:5 msec longer 
than the labile ‘F’ response? normally observed in these 
muscles. 

In one subject where proximal stimulation of the nerve 
produced the samo response (Fig. 1) the response was found 
to be at a longer latency, indicating the centrifugal nature 
of the initial component of the response. The difference 
in latencies over the length of nerve involved gave a 
figure for the conduction velocity of the y-motor efferents 
in man of 45 m/sec. The constancy of the threshold of 
the response in relation to the maximal motor response 
suggests a transition of fibre diameter from the highest 
threshold extrafusal motor fibres to the lower threshold 
fibres innervating the muscle spindle. 

The positive identification of the components of the 
mixed nerve participating in the response is not possible 
in man by direct access to the constituent fibres. Tech- 
niques have therefore been used to affect selectively 
first the fine fibres in the mixed nerve making use of the 
differential blocking effects of local anssthosia??, and 
secondly, the largest fibres which are the first to be affected 
by ischemiat. Selective blocking of the reflex was obtained 
during the differential blocking phase of ‘Xylocaine’ 
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Fig. 1. Records from the first dorsalinterosseus muscle showing in the 
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expanded trace the ‘F’ response followed at a constant latency by the 
spindle response 'S'. With a shift of the stimulus to a more proximal 
point of the ulnar nerve, the ‘F’ response latency is reduced while the 
latency of the spindle response increases 5 
‘Note. The polarity of the expanded trace has been reversed; 
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Fig. 2. The relationship between the direct motor response M, the 


‘F response and the spindle response ‘S’. The potentials were 
obtained from two bare needles inserted 2 cm apart into the muscle 
(first dorsalinterosseus) Each point represents the mean of twenty 


readings. In each of the five subjects exhibiting the responses, its first 
appearance was made at stimulus intensities maximal or supramaximal 
for the alpha motor fibres 
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Fig. 3. Marked depression of spindle response produced by ischemia. 
Response amplitude depressión coincides with the fallin nerve action 
potential. Normal alpha motor fibres as shown by the ‘F’ response. 
Each point the mean of ten readings 
€, Response; o, spindle response; O, nerve action potential 


&nzsthesia, the anesthetic being introduced into the 
forearm and hand by the technique described by Bier‘, 
Adams‘, and more recently by Holmes‘. 

An early depression of the response was obtained while 
the nerve action potential due to activity in the large la 
and lb fibres’ and the «-motor fibres were relatively 
unaffected. The depression which occurred after 3 min 
was not due to pressure of the cuff or ischemia of the limb, 
since, as indicated in Fig. 3, which provides a control for 
the observation, the nerve action potential and spindle 
response are not attenuated for at least 10-12 min with 
some activity remaining after 20 min when the limb is 
exposed to ischemia alone. This finding provides further 
evidence, in addition to the high threshold of the reflex 
for a fine efferent fibre component. 

Interruption of the reflex pathway at the other end of 
the spectrum, that is, by depressing conduction in the 
group LA spindle afferents, was obtained by occlusion of 
the blood supply to the forearm. Depression of the 
response occurs simultaneously with the attenuation of 
the nerve action potential while integrity of the «-fibres 
as evidenced by the normal ‘F’ responses remains. On 
release of the tourniquet the return of the response coin- 
cides with the resumption of activity in the large afferent 
fibres, supporting the thesis that the responsé arises from 
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receptors receiving an afferent supply from the large 14 
fibres. 

Exposure of the muscle to cold (immersion in iced 
water) produced within 5 min a marked depression of the 
'S" response. The presence of the direct motor response 
which although prolonged in duration by the cold was 
unaffected in amplitude and the persistence of the ‘P’ 
wave indicate that the disappearance of tho response was 
not due to failure of nerve or muscle. The sensitivity to 
cold is in agreement with the findings of Eldred et al.8, 
who, working with cats, fourid a reduction of the response 
of the stretch receptors when the muscle was cooled. 
The beneficial effects of cryotherapy in spasticity? may 
possibly be related to this effect. 

This response arising at tho periphery before being 
attributed to activation of the intrafusal fibres of the 
muscle spindle must be distinguished from ephaptic activa- 
tion of the sensory fibres within the terminal portion of the 
nerve!^!', mechanical coupling between extrafusal fibres 
and the spindle” and other forms of sensory nerve stimula- 
tion such as that shown by Lloyd (1942) to be due to the 
electrical potentials produced by the depolarized muscle 
fibres, or antidromically conveyed sensory nerve impulses 
which provoke stretch receptor response’. 

With stimulation of the ulnar nerve at the wrist the 
response appears some 10-15 msec later than the 
*F' response. This delay is taken up by the efferent 
impulse travelling to the muscle and the returning afferent 
impulses from the muscle. Assuming an efferent delay of 
5 msec at a calculated conduction velocity 45 m/sec, and 
an afferent latency of 3 msec, an additional interval of 
2-7 msec must be accounted for. Delays of this order 
cannot be accounted for on the basis of an artificial 
synapse. 

The responses in all subjects share the property of a 
long refractory period, varying from 20 to 100 msec. It is 
proposed that the conditioning volley preceding the test 
stimulus by an interval shorter than the rising phase of 
the mechanical response of the muscle unloads the spindle, 
rendering it insensitive to activation of the intrafusal 
fibres by the test stimulus. The prolongation of the 
refractory poriod in two of the subjects to 90 and 100 
msec may be related to the initial muscle tension, a 
relationship which remains to be demonstrated. Enhance- 
ment of the resporise can be seen when the test response 
falls immediately after the rising phase of the muscle 
contraction. This resumption of activity at the peak of 
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muscular contraction with, in some instances, a transient 
increase in spindle discharge has been observed in mam- 
malian spindles by Hunt and Kuffer? and Harvey and 
Matthews". The depression by cold, too, is unlike the 
behaviour of the artificial synapse where enhancement of 
transmission is encountered", 

The threshold of the ‘S’ response relative to the motor 
response excludes the explanation of this being cither 
«-activation of the intrafusal fibres!® 15, or electrical 
activation of the sensory fibres arising from currents 
produced by muscle depolarization, or antidromic sensory 
impulses provoking a response from the spindle. 

It is concluded that the ‘S’ wave is a reflex and is 
obtainable, for reasons as yet obscure, in a small number 
of normal subjects representing evidence of a muscle 
spindle response to stimulation of y-efferent fibres, which 
via the low-threshold spindle afferents evokes a mono- 
synaptic response from the spinal cord. This can be 
recorded from the muscle as a small potential occurring 
at a constant latency. 

A knowledge of the conduction velocity and other 
characteristics of the y-efferent system in man becomes 
important in assessing the part which this system plays 
in the co-ordination or even initiation of voluntary movo- 
ment in the small muscles of the hand and the extent to 
which this system can be incriminated in the physio- 
pathology of Parkinson’s disease and other disorders of 
co-ordinated muscular control. d 

Those observations were part of a broader programmo of 
research being carried out while I was in receipt of a 
research grant from the Polio Research Fund. 
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A THERMOELECTRIC DEVICE FOR INDUCING LOCAL TISSUE 
HYPOTHERMIA AND HYPERTHERMIA 


By Dr. D. M. MAKOW 


Radio and Electrical Engineering Division, National Research Council, Ottawa 
AND 
Dr. H. C. GRICE 


Food and Drug Laboratories, Department of National Health and Welfare, Ottawa 


Tei device described here was initially designed to 
cool and heat electronic components in a circuit! 
The purpose of this article is to discuss its effectiveness 
in inducing tissue and organ hypothermia and hyper- 
thermia. 

A drawing and photograph of the heat pump are shown 
in Figs. l and 2. Two thermoelectric elements provide 
a positive or negative temperature difference, depending 
on the polarity of the current. This difference is related 
to the temperature of the aluminium heat sink which forms 
the body of the device. The outer surfaces of these ele- 
ments are connected to the body, which is designed for 
efficient heat exchange and ease of handling. The inner 


surfaces make thermal contact with two inserted fittings, 
shaped to enclose the tissue or organ under study. Several 
types of fitting are provided, permitting attachment to 
organs of various shapes and sizes. The fittings are 
adjustable to allow a narrow opening so that afferent 
and efferent blood vessels and nerves are not interfered 
with. A miniature thermistor is mounted in front of the 
fitting, and protrudes through it, touching the enclosed 
organ. The temperature of the organ is then read on a 
meter mounted on the body. 

The device is operated from a low-voltage high-current 
d.c. supply connected to 60-c/s, 110- or 220-V mains. In 
the application described here the efficiency of heating 
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Section A—A 
Thermoelectric device for inducing local tissue hypothermia and hyperthermia: 


Thermoelectric elements 
Foam insulation 


top view and cross-section 





Fig. 2. 
organ under investigation is chosen and inserted into the opening in the 
upper portion of the unit 


Photograph of the device. An attachment best suited for the 


or cooling is of no concern, as the cost of the cnergy con- 
sumed is negligible. 

In the investigation of tissue and organ hypo- and 
hyper-thermia, rats were anesthetized with pentobarbital 
sodium and various organs were exposed and partially 
enveloped by suitably shaped attachments that were 
inserted into the device. The tissues or organs were then 
subjected to cooling and heating, the degroe of which was 
controlled by the value of the d.c. current, and the tissue 
temperature at the point of contact with the thermistor 
was read on the meter. 

The lowest temperature that can be achieved is limited 
by the basic properties of thermoelectric clements? 
(about 65°C below ambient in vacuum with present- 
day elements). In an actual system the imperfect insula- 
tion of the object cooled, from environmental temperatures, 
reduces the above valuc. In particular, in the case of living 
tissue the vascularity of the organ influences the degree of 
cooling. i 

The highest temperature which can be achieved is 
only limited by the melting-point of the solder in the ele- 
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Fig. 3. Temperature of the spleen of a rat for two values of current, 
as a function of time 
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ments, which is about 100? C. In tissue work it must be 
limited by the damage threshold. 

Fig. 3 shows the temperature of the spleen of a rat as a 
function of time, for two values of current in the cooling’ 
and heating cycle. The initial negative temperature 
gradient is steeper at the larger current, and the slight 
increase of temperature from its lowest value is due to the 
increase of the heat sink temperature. After 10 min the 
current was reversed and set to the values shown. The 
positive temperature gradient is here, also, a function 
of the current. 

Lower temperatures than indicated in Fig. 3 can be 
achieved by reducing the temperature of the heat sink, 
for example, with water cooling. 

Further tests were carried out on the kidney, uterus, 
tail, small and large intestine. In peripheral tissues, such 
as the tail, temperatures to — 5° C and steeper gradients 
were observed, but the general behaviour was found to 
be similar to that shown in Fig. 3. 

This device provides a tool for the investigation of organ 
function as well as its influence on the metabolism of the 
whole organism under carofully controlled temperature 
variations. Applications in therapeutic and surgical 
techniques are also likely. 


2 HM M., Bull. Nat. Res. Coun. Canada, 19, No. 3 (July-September 
962). 


2 Joffe, A. F., Semiconductor Thermoelements and Thermoelectric Cooling 
(Info Search, Ltd., London 1957). 
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INCORPORATION OF FALL-OUT STRONTIUM-90 IN DECIDUOUS 
INCISORS AND FETAL BONE 


By Dr. HAROLD L. ROSENTHAL, SHIRLEY AUSTIN, SHEILA O'NEILL 
and KUNISUKE TAKEUCHI* 


Department of Physiological Chemistry 


JOHN T. BIRD 
Department of Dental Medicine 


D 


AND 
JOHN E. GILSTER 


Department of Pedodontics, School of Dentistry, Washington University, St. Louis, Missouri 


N a previous article, Rosenthal et al.1 reported that 
deciduous incisor teeth of children born between 
1953 and 1956 who were bottle-fed from birth contained 
only 25 per cent more strontium-90 than teeth of children 
who were breast-fed for an average of 25 weeks. On the 
basis of known °°Sr/g Ca in the mother’s diet and known 
discrimination factors, teeth from bottle-fed children were 
expected to contain considerably more strontium-90 
than that found in the teeth from breast-fed children. 
Because the strontium-90 content of teeth is thought to 
represent the strontium-90 body burden during the 
time the teeth are formed, it was desirable to obtain further 
data on the differences in tooth strontium-90 between 
breast-fed and bottle-fed children in order to qualify the 
discrepancies between theoretical considerations and 
analytical observations. 

Samples of non-carious deciduous incisor teeth of child- 
ren born between 1950 and 1958 within a radius of 150 
miles of St. Louis were pooled and analysed for strontium- 
90 as previously described’. Samples of teeth from 
children born during 1957 were divided into 3 groups 
representing teeth of children who were breast-fed for 6 
months or more after birth, teeth of children breast-fed 
for 6 weeks to 6 months, and teeth of children who were 
bottle-fed from birth. In the latter group, it was deemed 
advisable to inelude samples of teeth from children who 
were breast-fed for less than 6 weeks because these children 
were probably, and intermittently, bottle-fed. The 
1957 samples contained equal amounts (2 g) of tooth 
crown. Although teeth from the first and last six months 
of the birth year were analysed separately, the data 
wore averaged for the ontire yearly interval. Tooth buds 
and mandibles were obtained from foetuses 7—9 months 
of age between 1961 and 1963. They were defleshed by 
boiling in distilled water, and the hard tissues from 3—5 
foetuses were pooled for each analysis. 

Because analyses of Sr content of milk in the St. 
Louis milk shed did not begin until 1959, the values of 
the Porry, New York, milk shed obtained by the New 
York Health and Safety Laboratories of the U.S. Atomic 
Energy Commission were used between 1954 and 1959. 
A comparison of the Perry, New York, values with the 
St. Louis values for 1959-63 demonstrates that St. Louis 
values average 1:14 times greater than Perry, New York, 
values. This correction has been made although these 
small differences do not alter the results. The milk values 
between 1950 and 1953 are not known and have been 
estimated by extrapolation of the logarithm of the milk 
concentration from Perry, New York, versus time for the 
yoars 1954-59 using average yoarly velues. 

The observed values obtained for the tooth samples are 


* On leave of absence from Aichi Gakuin University, School of Dentistry, 
Nagoya. 


shown in Table 1, and demonstrate that teeth of bottle-fed 
children contain 19 per cent more strontium-90 than the 
teeth of children who were partly breast-fed (P = < 0-01) 
and 33 per cent more than the teeth of completely breast- 
fed children (P = < 0.01) The theoretical ""Sr'g Ca 
of teeth (Cr) was determined by expansion of the basic 
equation (1) developed by Reiss?: 


Cr = 0-32 pre-natal **Sr/g Ca + 
0-68 post-natal °°Sr/g Ca (1) 
The factors 0-32 and 0-68 represent the fraction of tooth 
calcium deposited during the pre- and post-natal periods, 
respectively? ^ For bottle-fed children, equation (1) 
becomes: 

Cy = (0-32) (1-2) C? Dm + 0:68 C} Dr (2) 
where C; is tooth Sr/g Ca, C? is the mother’s dietary 
intake of Sr/g Ca from milk and the total dietary 
*?Sr/g Ca in the American diet is 1-2 times the amount 
of **Sr/g Ca found in milk*, D, is the discrimination factor 
against *"Sr between the mother’s dietary intake and her 
foetus, C1 is the infant’s milk intake of *Sr/g Ca and D; 
is the infant’s discrimination factor against Sr between 
dietary intake and bone. 


Table 1. STRONTIUM-90 CONTENT OF DECIDUOUS INCISORS FROM BOTTLE- 
AND BREAST-FED ST. LOUIS CHILDREN BORN IN 1957 


No. of pe. "Sr/g Ca 


samples Found + S.E. Cale." 
Bottle-fed (> 6 weeks) 21 2-79 + 0-08 253 
Breast-fed ( «6 rinm 12 2:19 + 0:35 — 
Breast-fed (> 6 months 8 1:73 + 0:38 0-52 
* Calculated from equations (4) and (8). The milk concentration during 


1957 averaged 4-28 pe. "Sr/g Ca. 


In order to solve equation (2), values for Dm and |D; 
must be experimentally determined. A discrimination 
factor of 0-13 for D, appears reasonable as determined 
from fcetal bone investigations in this report and by Reiss’. 
A value for Dz of 0:8 has been selected as an intermediate 
value on the basis that children under 60 days of age do 
not discriminate against *"Sr (ref. 4) and *'"Sr discrimina- 
tion in children under 1 year of age is probably less than 
0-5 (ref. 5). Using these estimates, equation (2) may be 
solved to yield: 

Cr = 0-08 CF + 0:54 Ci (3) 

Because the incisor teeth develop and calcify in less 
than 1 year, the ”Sr/g Ca in milk (C7 and Cj) may be 
averaged for yearly intervals and equation (3) becomes: 

Cr = 0:59 Ca (4) 
The validity of equation (4) is shown in Fig. 1. where the 
determined values of *Sr/g Ca in the incisor teeth of bottle- 
fed children born during 1950-58 are plotted against the 


milk nuclide concentration. The determined values 
compare favourably with the line drawn from equation (4). 
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(19) 





3 4 
Milk "Sr, pe./g Ca 


Fig. 1. The Sr concentration of deciduous incisor teeth as a function ` 

of Sr content of commercial milk. The number of samples analysed 

in parentheses. The vertical bars represent +1 S.D. The open circles 

represent values obtained during periods of known milk values between 

1954 and 1958. The closed circles represent values obtained for 

estimated milk values between 1950-53. The line was drawn from 
equation (4) - 


The pre-natal contribution from the niother's | diet to 
the foetal teeth and bone may be defined as: 


Cr = 1:2 0$ Dm (5) 
and with Dm equal to 0-13: 
Or = 016 C? (6) 


The values for the tooth buds and bone of fcetuses 
between 1961 and 1963 (Table 2) demonstrate the equili- 
brium for *"Sr/g Ca in the hard tissues of the developing 
foetus, as has been previously shown?, and the agreement 
between equation (6) and the determined values is satis- 
factory. This agreement also lends validity to the valuo 
of 0:13 for Dm, which indicates a discrimination factor of 
8 against strontium-90 relative to calcium between the 
mother's diet and her foetus. The value for Dm is also in 
agreement with the value found by Comar! in animals 
but differs from the findings of Kulp’, who observed that 
the concentration of strontium-90 in foetal bone averaged 
one-twelfth of that in the mother’s diet. 


Table 2. STRONTIUM-90 CONTENT OF FFTAL TOOTH BUDS AND MANDI- 
BULAR BONE* 


Tooth 

No. Tooth; and Devia- 

Year of Tooth Bone bone bone Cale.t tion 

samples average % 

1961 6 1:82+0-17 1:6240-17 132 1:72 1-44 —16 
1962 7 l51t034 1:66 + 0:22 0-01 1-58 1-76 +10 
1968 17 3390:40 3-68 + 0-43 0:92 3-54 3-36 -5 
Weighted average 0:96 ` —4 


* Values expressed as po. Sr/g Cat S.E. 
T Calculated from equation (0).. Average pe. *Sr/g Ca for St. Louis milk 
was 9, 11 and 21 for 1961, 1962 and 1963, respectively. 


For children who were completely breast-fed until 
after the incisor teeth were completely formed, the post- 
natal portion of equation (2) must be modified to include 
discrimination of Sr between the mother’s diet and her 
milk, which is approximatély the same as the discrimina- 
tion between the mother’s diet and her foetus, and equation 
(2) becomes: 


Cr = (0-32) (1-2) C2 Dm + (0-68) (1-2) CZ Dm Dr (7) 
When C7 and Ci are the same, equation (7) becomes: 
Cp = 0-185 Ca (8) 


Solution of equations (4) and (8) for completely bottle- 
fed and completely breast-fed children born in 1957 in 
St. Louis, as compared with the determined values, are 
shown in Table 1. The teeth of children who were breast- 
fed for less than 6 months are intermediate between 
completely breast-fed and completely bottle-fed children. 
Although equation (4) appears to be satisfactory for'bottle- 
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fed children, the determined values for breast-fed children. 
are three-fold higher than expected when the values are 
calculated from equation (8). 

The deviation between the theoretical and demie 
values for the ?*Sr/g Ca in the teeth of completely breast- 
fed children may be explained on the basis of skeletal 
turnover time in growing infants. Recently, Bryant? has 
reported a turn-over rate for bone of about 100 per cent 
during the first year after birth and, at birth, the average 
American infant contains 28 g of calcium in its skeleton. 
In 1957, the foetus would have had a skeletal burden of 
0-69 po. Sr/g Ca (equation (6)) or a total content 
of 19 pe. Sr in the hard tissues. During the first year 
of growth, approximately 2 g of tooth calcium are formed 
in all the deciduous teeth, and if no additional Sr is 
obtained from the ciet, a skeletal turnover of only 20 per 
cent would supply sufficient "*Sr from the infant's own 


-skeletal stores to account for the determined values. In 
‘addition, it is possible that the diet of completely breast- 


fed children was supplemented with exogenous food 
because the information supplied by the parents, which 
depends on memory, is probably inaccurate. In all 
probability, both factors tend to increase the tooth values 
of breast-fed children over that expected from equation 


. (8). For bottle-fod children, the dietary intake of Sr/g Ca,’ 


during the post-natal period is 8 times greater than that of 
breast-fed children (equations (2) and (7)), and the con- 
tribution of Sr from the bottle-fed infant’s skeletal 
stores becomes negligible within experimental error, 
resulting in little or no effect on the validity of equation (4). 

The peak milk concentration of Sr occurred in June 
1963, when the St. Louis milk values reached 38 po./g 
calcium with a yearly average of 21 po./g calcium. For 
children born during 1963, application of equation (4) 
yields an estimated strontium-90 burden of 12-4 pe./g of 
incisor calcium. The validity of this estimate must wait 
until 1968-70 when these teeth are shed and become 
available for examination. 

The data presented in this report demonstrate the value 
of the Sr concentration of deciduous incisor teeth as a 
measure of Sr body burden and the relationship of the 
body burden to the dietary milk concentration for bottle- 
fed children at the time the tecth are formed. The differ- 
ence between the values obtained for bottle-fed and breast- 
fed children, although statistically significant, is within 
the analytical errors of the estimates and does not seriously 
interfere with the usefulness of tooth *""Sr as an index of 
"Sr body burden. The parameter relating the tooth 
Sr to the infant’s skeletal "Sr burden accumu- 
lated during the pre-natel development and the skoletal 
turnover during post-natal development needs to be 
resolved and further investigation of these phenomena is 
in progress. 

The fetus material was kindly supplied by Prof. 
Mildred Trotter, Washington University School of Medi- 
cine and the St. Louis Anatomical Board. We thank 
Sylvia Raymond, Sophia Goodman and Yvonne Logan 
for the collection of baby teeth and the Greater St. Louis 
Citizens’ Committee for Nuclear Information for operation 
of the Baby Tooth Survey. The Sr milk values for St. 
Louis were made available by C. M. Copley, jun., Deputy 
Health Commissioner of St. Louis, Mo. 
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Buroau of State Services, U.S. Public Health Service. 
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Forthcoming books from Van Nostrand 


Physical Electronics 


G. F. ALFREY, Lecturer in Electron Physics, University of Birmingham 


This text has been specifically written to introduce the physical principles governing the operation of electronic 
devices to first and second year electrical engineering and applied physics undergraduates. The treatment 
is descriptive rather than mathematical, and embraces a wealth of topics, including cathode-ray and kindred 
tubes, conventional and microwave thermionic valves, transistors, gas-discharge devices, semi-conductors, 


masers and lasers. — : 
J . i (September 1964) 48 illus., 6x 9, 208 pages, 
Students’ (paperbound) Edn. approx. 27s. 6d., Library (clothbound) Edn. approx. 45s. 


New Biochemical Separations 


A. T. JAMES, Unilever Research Laboratory, Sharnbrook, Bedford, and 
L. J. MORRIS, Unilever Research Fellow, Brunel College of Technology, London 


In the past 10 years there has been a rapid advance in techniques of separation and their applications, in 
modified forms, to a wide variety of compounds. This reference and laboratory handbook for chemists. 
biochemists, clinical analysts and medical research workers presents the most up-to-date account of new 
and important methods for the separation of biochemical.compounds. All contributors are acknowledged 
authorities who have themselves developed the methods they describe. 

(September 1964) 154 illus., 6x9, 416 pages, 84s. net 


Space Vehicle Electronics 


DAVID B. NEWMAN, Center for Naval Analyses, Franklin Institute, Cambridge, Mass. 


The systems approach taken in this volume is that of first ascertaining requirements, environment, the nature 
of free-flight motion in space and the means for sensing such motion accurately and with timeliness. Com- 
munication, Radar, Guidance, Control and Power techniques aré then covered frcm the viewpoint of systems 
performance in this context. Payload considerations such as operating laws, limitations, required capabilities 
and inter-relations with other system elements are treated. Finally, the current state-of-the-art leading to 
a preliminary design for the APOLLO lunar landing radar is appraised. 

(September 1964) illus., 6x 9, 375 pages, 122s. net 


Matrix Analysis for Electrical Engineers. 


ALEXANDER von WEISS, State Academy for Applied Technology, Nuremberg 


MATRIX ANALYSIS FOR ELECTRICAL ENGINEERS has been written as an introductory volume on 
the basic concepts of matrix analysis, a useful tool for the solution of linear problems dealing with relationships 
between voltages and currents. All aspects of matrix analysis relevant to electrical engineering problems are 
included. About one-third of the book consists of numerical examples and exercises intended to show the 
reader how to carry out the actual operations. Part I is on Matrices and Matrix Relations, and Part II is 
Selected Applications to Linear Problems in Electrical Engineering. : 


(September 1964) illus., 6x9, 165 pages, 52s. 6d. net 


Salt Deposits : 


The Origin, Metamorphism and Deformation 
of Evaporites | 


HERMANN BORCHERT, Professor at the Institute of Mineralogy, Petrography and Deposit Research, 
Clausthal-Zellerfeld, Germany, and 


RICHARD O. MUIR, Lecturer in Geology, Chelsea College of Science and Technology, London 
This expanded up-dated translation of Professor Borchert’s OZEANE SALZLAGERSTATTEN provides a 


comprehensive review of the distribution, genesis, metamorphism and deformation of marine and non-marine 
salt deposits. ' 


(Autumn 1964) 80 illus., 64 x 93, 360 pages, approx. 80s. net 
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fluorescence in the Ultra Violet -at 335 
my.) & .1 ug of Cortisol on filter paper. 
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X-RAY DIFFRACTION 
BEGINS AT THE TARGET 


The Raymax 60 X-ray diffraction unit gets the right results 

because targets are free from the effects of tungsten con- 

tamination. It does its work fast; it does it accurately. 

The Raymax 60 has a continuously evacuated X-ray 

tube. This type of tube has lost none of its advantages. Based 

on it, Raymax 60 instruments can offer: 

* pure characteristic radiation all the time. The targets can be 
cleaned to remove tungsten contamination which builds up 
in any X-ray tube. 
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* easy renewal of plug-in filaments and interchangeable 
targets, giving an almost infinite life, and at a fraction of the 
Cost of sealed-off tubes. 

* a stable output with modern high vacuum equipment, 

** control of the focal spot size 

* short camera exposure times — often half those obtainable 
with a sealed-off tube — with high resolution and no side 
band effects. 

* easy maintenance and unattended working for long periods. 

** a wide variety of cameras and accessories. 

After-sales service for the Raymax 60 equipment is rapid and 
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Department, Barton Dock Road, Urmston, Manchester, or your 
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FALL-OUT IN LONDON RAIN WATER 
By Da. R. WOOD, P. METSON and L. A. RICHARDS 


Laboratory of the Government Chemist, Department of Scientific and Industrial Research, London, S.E.I 


OLLOWING the resumption of nuclear testing by the 
U.S.S.R. in September 1961, regular samples of rain- 
water were collected on the roof of tho Laboratory of the 
Government Chemist, Clement’s Inn Passage, Strand; 
W.C.2, until the end of 1963, when the Laboratory moved 
to Cornwall House, Stamford Street, S.E.l. These rain 
samples were analysed for the presence of various fission 
products. . 

The samples wore collected using a polyvinyl chloride 
funnel, having an effective collecting aroa of 6 ft.*. This 
led to a polythene collection vessel to which had been 
added an acidified mixed carrier solution containing known 
amounts of stablo nitrates of each of tho radionuclides to 
be determined. Use of this size of funnel enabled analysis 
to be made on samples collected from rainfalls of 5 mm 
and upwards. The rainfalls were calculated from the 
volume of rain collected, and the collecting area. Up to 
and including April 1963, weekly or fortnightly samples 
were normally taken, and thereafter monthly samples. 
All samples of rain taken contained variablo concentra- 
tions of insoluble airborne materials, partly organic and 
partly inorganic in character. Up to 0-2 g/l. were found, 
deponding to some extent on the volumo of sample. The 
inorganic constituent was mainly siliceous material along 
with iron and aluminium oxides. Various preliminary 
treatments were tried. Ultimately, it was found most 
advantageous to take each sample to dryness and extract 
the soluble salts with water. The insoluble portion was 
treated with hydrofluoric and -perchloric acids to remove 
silica and oxidize the organic material. The resulting 
residue was dissolved in hydrochloric acid. Any residue 
still remaining was solubilized by means of a carbonate 
fusion. ; 

Following a suitably modified version of tho sequential 
radiochemical procedure of Osmond et al.!, measurements 
were made of barium, cesium, cerium and strontium 
radionuclides. Later, in this Laboratory, furthor modifica- 
tions and additions were made to this soquential scheme 
which enabled, in addition zirconium, yttrium and rare- 
earth radionuclides to be determined in the same sample 
of rain?. Initially, part of the sample was examined 
separately for radioactive iodine nuclides. Later, soparate 
sampling of rain-water for radioiodine assay was dono, 
usually during and immcdiately after a nuclear test series. 
The figures for radioiodine nuclides are recorded here only 
when the sampling coincided with that for other nuclides. 
Radioiodine was determined by a procedure based on that 
of Glondenin and Metcalf’, which involved a series of 
extractions to separate iodine from other fission products, 
for example, ruthenium. One of the extraction steps was 
replaced by a distillation step to eliminate the possibility 
of active particulate matter being carried between the 
phases in the extraction. 

All the prepared sources were counted in low back- 
ground anti-coincidence B-counting assemblies, the identity 
of each nuclide being checked by determination of the 
half-life when this was practicable and/or by repeating 
counts through specified absorbers. 

Fig. 1 shows the results, plotted on & logarithmic scale, 
for the various radionuclides measured in London rain 
over the period September 1961—December 1963, inclu- 
sive. All activities have been corrected for decay to the 
mid-point of the collection period. 

During the observation of the decay of the iodide 
sources ib was found that tho curve fell steeply for & fow 


hours before steadying off to the characteristic decay of 
iodine-131 (half-life 8-05 days). This was interproted as 
being due to the presence of some short-lived iodine-132 
formed from its longer-lived tellurium-132 precursor, as a 
half-life of 2:2 h for this iodine activity was found. 


i 77h 22h 
Te-132 ¢1/? —— 1-132 ¢1/2 ——- Xe-132 (stable) 
p 


The figures for tellurium-132 shown in Fig. 1 wero cal- 
culated from the activity of iodine-132 obtained by 
analysis of the total iodine curve. 

The presence of cesium-136 (half-life 12-9 days) in rain 
collected during the period September to November 1961 
at the Atomic Energy Research Establishment, Harwell, 
has already been reported‘. This nuclide has also been 
identified in rain samples collected here over the same 
period of time and again between August 1962 and 
January 1963. Its presence was first suspected when lower 
transmission figures than normal (50 per cent low in some 
cases) were obtained on counting the cæsium source 
through & specified absorber as a check on the identity of 
the 30-year half-life cesium-137 radiation. This indicated 
the présence of a cesium isotope giving a softer B-emission 
than that of cesium-137, the main contributor to tho 
activity of the cesium sources. Counting the cesium 
sources at intervals of several days gave a decay curve 
which was resolved to give the activities of the long-lived 
cesium-137 (max.™ B-energy 0-5 MeV) and short-lived 
ezsium-136 (max.™ B-onergy 0-34 MeV), the identity of 
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Fig.1. Radionuclidesin London rain: September 1901-December 1903 
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the latter being confirmed by its 12-9-day half-life. A 
more accurate estimate of the cesium-137 activity was 
made by recounting the cæsium sources three months 
after the initial count, by which time the cesium-136 had 
decayed away. Transmission figures in accord with the 
presence of cesium-137 alone were also obtained at this 
time. 

By means of the sequential scheme developed for this 
work? the rare-earth radionuclides were isolated as a 
group. However, since the determination of this group 
did not start until J uly 1963, the only rare-earth radio- 
nuclide present was promethium-147 (half-life, 2-6 years). 
All other fission-produced rare-earth radionuclides would 
have decayed by this time. 

Prior to September 1961 no atmospheric nuclear tests, 
apart from the three small French tests in the Sahara in 
1960, had been conducted since November 1958. Con- 
sequently, the only fission products in rain-water before 
tho advent of the 1961 nuclear test series wore the long- 
lived radionuclides such as strontium-90 (half-life, 28 
years), cesium-137 (half-life, 30 years) and cerium-144 
(half-life, 285 days). Although no figures aro available for 
the concentration of these three radionuclides in London 
rain before September 1961, the results obtained by the 
Atomic Energy Research Establishment, Harwell’, for 
its levels in rain collected at Abingdon, Berkshire, in 
August 1961, serve as a base-line for the results in Fig. 1. 
These figures were 1-7 pe./l., 9-4 pe./l. and 3:2 po.[L., 
respectively, for strontium-90, cesium-137 and cerium-144. 

The period covered by the results in Fig. 1 includes the 
two nuclear test series of the U.S.S.R., that of September— 
November 1961 and that of August-December 1962, both 
Series occurring almost entirely in the Arctic region. The 
Dominic test series of the United States conducted in the 
Pacific islands during April-July 1962 and continued in 
October and November of the same year also come into 
this period. While the Russian tests were in the main in 
tho megaton yield range and conducted in tho northern 
hemisphere, the American tests were mostly in the inter- 
mediate yield range (less than 1 megaton) conducted 
almost on the equator*. Consequently, the high flushes of 
radioactivity in London rain experienced in tho autumn 
1961 and again in the autumn 1962 wore mainly duo to 
tropospheric fall-out from these Russian tests. 

These periods of high flushes of radioactivity were most 
clearly marked by the rapid increase in the concentration 
of tho short-lived isotopes, principally barium-140 (half- 
life, 12-8 days) and iodine-131 (half-life, 8-05 days), in 
successive rain samples. With its short half-life, high- 
fission yield and consequent high-specifie activity 
barium-140 is a good diagnostic of the presence of fresh 
fission fall-out material. In the autumn 1961 nuclear test 
series tho lovel of this nuclide reached a peak of about 
900 pc./l. at the end of October. With the cessation of 
tests the level dropped to approximately 1 po./l in May 
1962. Thoreafter, until the middle of August 1962, tho 
levels began to rise as a rosult of the American tests 
started in April 1962, but at a much slowor rate than in 
tho autumn of 1961. The higher levols of barium-140 
experienced from then on, reaching a peak of about 
1,600 po./l. towards the end of November, wore due to the 
resumption of nuclear testing by the U.S.S.R. Since thon, 
with no further tests taking place, tho concentration of 
this radionuclide diminished until by mid-summer 1963 
it was no longor detectable. 

It was also during these periods of nuclear testing, and 
immediately after them, that omsium-136 (half-life, 12-9 
days) was detected. Although of comparable half-life to 
barium-140, the cesium-136, a shielded nuclide, is formed 
in oxtromely low fission yield? and the levels of it in rain 
soon docayed boyond the limits of detectability. 

The determination of tronds in fall-out is most easily 
followed by the measurement of the activity of nuclides 
having a half-life of several yoars. Cæsium-137 (half-life, 

30 years) and strontium-90 (half-life, 28 years) are par- 
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ticularly useful in this respect. Inspection of Fig. 1 shows 
that the concentration of these nuclides increased slowly 
at first in successive samples even during the initial flush 
of radioactivity in the autumn 1961. Then towards the 
end of January 1962, approximately three months after 
the end of the Russian test series, significant increases in 
the activities duo to these nuclidos were noted. This was 
an indication of the start of the annual spring rise in 
fall-out deposition associated with the transfor of air from 
the lower stratosphere to the troposphere in northern 
latitudes at this time of the year*?. The peak of this rise 
of approximately 26 po./l. and 46 pe./l. for strontium-90 
and ezsium-137, respectively, was reached during May- 
Juno 1962, the time agreeing with observations made 
olsewhere in previous years". Thereafter the levels fell 
despite the introduction of fresh fission products into the 
atmosphere from the renewed tests. A similar trend was 
found in 1963 towards a spring maximum, the peak 
activities being reached rather later than in 1962 ovor a 
period Junc-August with figures of approximately 
33 pe./l. and 64 po./l. for strontium-90 and cesium-137, 
respectively. 

It has been established by Peirson et al.! that settlod. 
conditions of fall-out do not occur for several months 
after the end of a nuclear test series. By this time all 
material originally injected into the troposphere would 
have been deposited and all fall-out would now be coming 
from the lower stratosphere. These settled conditions 
imply complete mixing of the now and old fission-derived 
material in the lower stratosphere before its gradual 
transfer to the troposphere and eventual deposition on 
the Earth's surface. One indication of this complete 
mixing is given when the strontium-89 : strontium-90 
ratio in the fall-out decays with the half-life of strontium- 
89 (half-life, 51 days). This condition was first noted in 
rain samples collocted at the end of J anuary 1962, some 
three months after the cessation of weapon testing (Fig. 2) 
and continuing until the end of May 1962. Aftor this 
time tho decay of the strontium-89 : strontium-90 ratio 
proceeded at a slightly but significantly slower rate. This 
was a sign that very recent fission products, having a 
high strontium-89 : strontium-90 ratio, from the Amorican 
nuclear tests in the Pacific (started on April 25, 1962) were 
now boing deposited in London rain. With the recom- 
mencement of the new Russian tests on August 5, 1962, 
the strontium-89:strontium-90 ratios of successive 
samples from September 1962 on behaved in an erratic 
fashion, showing a repeat of the unsettled conditions of 
fall-out exhibited in the autumn 1961. With cessation of 
tests at the end of 1962, settled conditions of fall-out 
appeared to have been established quickly by January 
1963.' Later, in July 1963, it can be seen from Fig. 2 
that the strontium-89: strontium-90 ratio had moved 
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Table 1. COMPARISON OP RADIONUCLIDES IN SAMPLER OF RAIN COLLECTED 
AT CORNWALL HOUSE (C.H.) AND CLEMENT'S INN (C.I.) 

Period of : 

collection Site Rainfall Activity pel. 

1963 (em) "Sr "Sr ny "Zr 37Cg HM4Qe 

November C.I. 9-20 5-2 9-5 16-0 14:9 16-0 127 
C.H. 9-45 42 8-5 18-3 14:5 15:3 131 

December C.I. 1:84 41 12-2 23:3 21°5 22-2 275 
C.H. 1:83 5:0 1r8 21-7 20-0 23-0 214 


from the strontium-89 decay line and that in subsequent 
months the ratio tended to move back on to this line. 
This may be confirmation of the U.S. Atomic Energy 
Commission announcement on June 30, 1963, of evidence 
of possible rocent nuclear tests of vory low yield by the 
U.S.S.R. 

Samples collected between Decembor 1962 and February 
1963 consisted partly of rain and partly of snow. The 
sample collected botween January 11 and February 
8, 1963, was ontirely of melted snow. From the higher 
activities found in this sample compared with the 
immediately preceding and subsoquent samples it would 
appear that snow with its greater surface area : volume 
ratio carries down more fall-out per unit melted volume 
than rain. The possibility that the high activities found 
in this sample were due to very recent fission products 
not found in previous samples can be discounted since 
the strontium-89 : strontium-90 ratio was in line with that 
of preceding samples. Neither was any cxsium-136 detect- 
ed, whoroas this radionuclide was found in the preceding 
samples. 

With the impending removal of the Laboratory to new 
quarters at the ond of 1963, duplicate sampling was 
carried out during November and December of that year 
at the old and new premises. This was done to see whether 
any marked change in fall-out conditions existed at the 
new premises, since fall-out measurements would con- 
tinue to be made there in the future. Table 1 lists tho 
results obtained. Good agreement was obtained between 
the levels of each nuclide in the duplicate samples in each 
month with one exception, In December the concen- 
tration of cerium-144 in the sample taken at Clement’s 
Inn (old premises) was 1-3 times that found in the sample 
at Cornwall House. A chemical re-work of each of the 
two cerium sources produced no change in thoir respective 
activities. 

In view of reports? of the presence of manganeso-54 in 
fall-out a determination? of this radionuclide was made 
in rain collected at Cornwall House in November and 
December 1963. Concentrations of 6-9 and 11-3 pe./L., 
respoctively, were obtained for these monthly samples. 
Manganese-54 (half-life, 290 days) is not a fission product 
but is formed by radiative activation of material com- 
prising the weapon casing by particles released in tho 
nuclear burst. This radionuclide decays by electron 
capture followed by emission of a y-ray, by which means 
it was detected and measured. 

The Atomic Energy Research Establishmont, Harwell, 
publish a detailed yoarly report on radioactive fall-out in 
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air and rain. Two such publications report on tho 
periód mid-1961 to mid-1963 and included are results of 
radiochemical analyses made on rain samples collected at 
various sites throughout the United Kingdom. Direct 
comparison of these results and the London figures for 
fall-out concentrations in rain collected over the poriod 
under review cannot be precise since sampling periods 
did not coincide and the variability in rainfall and 
meteorological conditions must contribute to any differ- 
ences noted. It was noted here that the London figures 
were generally higher than those of samples collected at 
Abingdon, near Harwell, 50 miles due west of London. 
The higher concentrations of fall-out in London rain were 
especially noticeable from October 1961 to May 1962, and 
to a lesser extent from November 1962 to March 1963. 
During a large part of both periods tropospheric con- 
ditions of fall-out prevailed. However, a more general 
comparison between London and the other United King- 
dom sites for fall-out coneontrations of strontium-89 and 
strontium-90 over the period under review has revealed 
reasonable agreement of results, the Abingdon figures 
boing generally lower than those of the other sites, 
especially during 1962 (ref. 15). The only apparent 
peculiarity of the Abingdon site is that it is farther 
inland than the other sites. 

At the close of the period undor review, of the radio- 
nuclides determined here, the main contributions to the 
radioactivity in London rain, besides the long-lived 
strontium-90 and cxesium-137, are cerium-144 (half-life. 
285 days) and promethium-147 (half-life, 2-6 ycars). The 
yttrium-9] (half-life, 57 days), zireonium-95 (half-life. 
65 days) and strontium-89 (half-life, 51 days) can bo 
expected to decay beyond the point of detectability 
during 1964, assuming tho nuclear weapon testing mora- 
torium continues. 

We thank Dr. D. I. Coomber for his advice. 
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ULTRA-VIOLET ABSORPTION SPECTRUM OF THE FREE FULMINATE 
(C-N-O) RADICAL 


By Dr. W. D. McGRATH and T. MORROW 


Department of Chemistry, The Queen's University of Belfast 


Qs of the first, known examples of isomerism was that 
shown by the cyanates or isocyanates R—OCN and 
R—NCO, and the fulminates R—CNO. In the cyanate 
or isocyanate free radical (NCQ) the carbon atom occupies 
the central position, whereas in the fulminate (CNO) this 
central position is filled by the nitrogen atom. The 


ultra-violet spectrum of the free NCO radical has recently 
been obtained in absorption by Holland, Style, Dixon 
and Ramsay! and shown to consist of two distinct systems 
due to the transitions A4(33j*) — X(C.) and BIN) — 
X(311,); the system due to the former lying in the rogion 
of 4400 A and the latter occurring between 2650 A and 


3300 










x FE 


Fig. 1. 
cyanogen/ozone/argon mixture of ratio 5: 1 : 50. 
mixture used, 3-5 em mercury 


3200 A. From a detailed analysis of the X — II bands 
Dixon* concluded that the NCO radical is linear in both 
ground and excited states. 

We have recently observed these same two systems 
of NCO in absorption, using the technique of flash photo- 
lysis and kinetic spectroscopy, in the investigation of 
reactions involving oxygen atoms and cyanogen. To- 
gether with the NCO bands a new complex system, which 
has been attributed to the fulminate radical, was observed 
in the wave-length region 3250-3330 À. The strongest 
and best-resolved spectrum of the radical was obtained 
by flashing & mixture of cyanogen and ozone using excoss 
argon as inert diluent in a conventional flash photolysis 
apparatus in which the flash tube and reaction vessel 
were constructed of ordinary transparent quartz and lay 
side by side in a cylindrical reflector. The type of appara- 
tus used has been fully described by McGarvey and 

. MeGrath?. Fig. 1 shows the spectrum obtained at à short 
delay time after flashing such a mixture, and Table 1 
lists the wave-lengths of the band heads together with 
their relative intensities. 

When a cyanogen/argon mixture was flashed under 
similar conditions to those used in the case of cyanogen/ 
ozone/argon mixtures no CN absorption could be detected, 
and since this radical is & strong absorber the amount 
of direct photolytic decomposition must be extremely 
small under these conditions. The effect of the photolytic 
flash was therefore confined to the dissociation of the 
ozone in these experiments. From the work of McGrath 
and Norrish‘ it is known that ozone decomposes under 
these conditions as follows: 


O; ad O, + O(1D) (1) 


- In the absence of any competitive reaction for the 
removal of oxygen atoms reaction (1) is followed by the 
fast reaction (2), resulting in the production of vibration- 
ally excited oxygen molecules. 


OCD) + Os > O,* + O: (2) 
Table 1 
Wave-length Relative intensity, 
in A (in air) scale 100) Remarks 
3328-1 15 D.R. 
3318-0 5 D.R. 
3298-1 10 D.R. 
3295-1 45 D.R. 
3292-5 52 D.R. 
3291-0 58 L. 
3290-4 100 L. 
3289-6 38 L. 
3288-0 55 (at max.) D.H. 
3280-4 L. 
3285-0 55 (at max.) D.H. 
3283-1 25 D.H. 
3280-5 38 L, 
38278-5 25 (at max.) D.H. 
3276-5 25 (at max.) D.H. 
3270-0 50 L. 
3267-0 15 L. 
3258-0 18 E DR. 
8257-4 13 L. 


D.R., diffuse band degraded to red; D.H., diffuse headless band ; L.,linc- 
like in appearance. 
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Absorption spectrum of the fulminate radical taken 15 «sec after flashing a 
Flash energy, 1,280 J. Pressure of 
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3350 When the cyanogen and ozone were present 
in equimolecular amounts in the cyanogen/ 
| ozone/argon mixtures, used in these experi- 
~- ments, vibrationally excited oxygen mole- 
! cules with v^ up to 17 were produced by 
reaction (2) and easily detected at short 
| delay times by means of the strong Schu- 
| mann-Runge absorption system. When the 
cyanogen/ozone ratio was increased to 5:1 
this spectrum due to excited oxygen mole- 
cules disappeared, indicating the preferen- 
tial removal of O(1D) by some reaction 
involving cyanogen molecules. However, 
from the absorption spectra obtained at 
short delay times after photolysing both the 
foregoing mixtures it was possible to identify 
the two systems of NCO along with extremely strong CN 
absorption and the system attributed to the free CNO 
radical. 
All these observations indicate conclusively that the 
O(1D) removal reaction involving the cyanogen molecule 
is as follows: 


OCD) + N = 0—C = N —> ONO + CN (3) 


The O(*P) ground-state oxygen atom also seems to react 
aecording to equation (3), since when nitrogen dioxide 
was used as the atomie oxygen source absorption spectra 
taken at short delay times (15 usec) after flashing again 
showed the band system 3250-3330 A attributed to the 
CNO radical. Attack by an oxygen atom on cyanogen. is 
most likely to produce CNO, but it is possible that NCO 
could also be produced to a small extent in this way. 
The principal reactions for the production of NCO must 
undoubtedly be: 


ON + 0,— NCO + O, (4) 
CN + 0,— NCO + O (5) 


and it would seem equally likely that reactions (4) and 
(5) could also result in the formation of the fulminate 
radical as in equations 6 and 7: f 


CN + 0,— CNO + 0, (6) 
- ON + 0,—> ONO + O l (7) 


` To provide additional evidence for the assignment of 
the 3250-3330 À bands to the free CNO radical reactions 
(8) and (7) were investigated. In order to carry out these 
experiments, it was necessary to modify the equipment in 
such a way as to overcome the weak absorption charac- 
teristics of cyanogen and give a reasonable photolytic 
decomposition into CN radicals on flashing. This was 
accomplished by combining flash tube and reaction vessel 
in a condenser-like arrangement in which the flash occurred 
in the annular space between the inner reaction vessel 
and the outer quartz envelope. The outer quartz envelope 
was covered with aluminium foil in order to concentrate 
the light into the reaction vessel, which was made of 
spectrosil. With this high-efficiency annular type of flash 
tube it was possible to dissociate & considerable amount 
of cyanogen with flash energies of about 1,200 J. Absorp- 
tion spectra, taken at short time-intervals after flashing 
the cyanogen/oxygen/argon mixtures of ratio 1:1: 15, 
showed the presence of NCO and CNO, in accordance 
with what one would expect from reactions (5), (7) and 


(8). 
(CN); + O(P or 1D) > CNO + ON (8) 


Another interesting feature of these experiments was 
that while a cyanogen/argon mixture would show very 
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strong CN radical absorption on flashing, an equivalent 
mixture in which cyanogen and oxygen were present in 
equimolar amounts showed no trace of the CN radical 
even at the shortest delay time used (15 psec). This 
complete suppression of the CN absorption by oxygen is 
indicative of the extreme speed of either one or both of 
reactions (5) and (7). Of these two reactions (7) must be 
the more favoured since when oxygen is present even in 
extremely small concentration the CNO bands at 3250- 
3330 A can be detected whereas the NCO absorption does 
not appear. Indeed, if great care is not taken to remove 
oxygen from the cyanogen and inert gas these CNO bands 
appear strongly. 

In order to confirm the assignment of the 3250-3330 A 
bands to the CNO radical it was decided to investigate 
the isothermal flash photolysis of gaseous fulminic acid. 
The gaseous fulminic acid was prepared by reacting 
formamide oxime (NH,—CH=N—OH) with an excess 
of slightly moist hydrogen chloride gas in a sealed tube. 
The formamide oxime was heated slightly (about 50° C) 
to initiate reaction and the fulmimic acid obtained was 
diluted with a large excess of argon. 

The absorption spectrum obtained at 15 usec after 
flashing a 1 : 10 fulminie acid/argon mixture showed the 
same 3250-3330 A bands obtained in the previous experi- 
ments. The only reasonable primary photolytie process 
occurring here would be: 


i : 
H—C-N—0 ^ H + CNO (9) 


thus providing additional confirmation that these 3250- 
3330 A bands are due to the free CNO radical. 

A similar series of bands in the same spectral region as 
those of CNO reported here have been detected in emission 
from flames supported by active nitrogen by Jennings 
and Linnett*. Unfortunately these authors did not give 
any figures for the wave-lengths of the band heads and 
since their published spectrum was a print of a plate 
taken on a medium quartz spectrograph a direct compari- 
son with the bands reported here could not be made. 
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Jennings and Linnett attributed their bands to an emitter 
containing only carbon and nitrogen and so concluded 
that the most likely species were C;N, CN, or some excited 
state of cyanogen. Of these three possibilities the most 
likely one to occur during the initial attack of oxygen 
atoms on cyanogen would be C,N, produced according 10 
reaction (10). 

(CN), + O— CN + NO (10) 

If this reaction occurs i$ would seem equally likely that 
atomic species other than oxygen, for example, sulphur or 
chlorine, would also lead to the formation of the C.N 
radical. In order to test this possibility an investigation 
was made of the isothermal flash photolysis of cyanogen/ 
carbonyl sulphide, eyanogen/carbon disulphide and cyano- 
gen/halogen mixtures. The band system in question, 
that is, the complex system 3250-3330 A, was not ob- 
served during any of these experiments although in the 
ease of the carbonyl sulphide/cyanogen mixturos the 
sulphur atom seemed to follow a somewhat similar 
behaviour to the oxygen atom in that the absorption 
spectrum of the free NOS radical was observed 15 psoc 
after the photolytic flash. 

Since the fulminate radical seems to be very reactive 
(lifetime not more than 50 usec) it would seem likely that 
it plays an active part in the cyanogen/oxygen and 
eyanogen/ozone flames. The extreme reactivity of this 
radical especially with oxygen can be deduced from the 
fact thet an increase in the proportion of oxygen in tho 
cyanogen-oxygen mixtures results in the suppression of 
the CNO spectrum. In order to obtain more relevant 
information on the participation of this radical in com- 
bustion processes its subsequent reactions are at present 
undergoing a more detailed investigation. 


1 Holland, R. Style, D. W. G., Dixon, R. N., and Ramsay, D. A., Nature, 
182, 336 (1958). 
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POSSIBLE STRUCTURES RELATED TO GMELINITE 
By GEORGE T. KOKOTAILO 


Research Department, Socony Mobil Oil Co., Inc., Paulsboro, New Jersey 


AND 


STEPHEN L. LAWTON 


Department of Chemistry, lowa State University, Ames, lowa 


T is well known that closest-packed structures con- 
taining spheres of equal radii form hexagonal layered 

structures. Such structures are often described by means 
of the symbols A, B and C for the three possible layers 
of close-packed spheres differing from one another in 
position’, Alternatively, the same stacking of layers is 
sometimes designated by the symbols k and c, as sug- 
gested by Pauling’, in which the symbol h applies to a 
layer in which the two neighbouring layers are of the 
same type (that is, both A, both B or both C) and the 
Bymbol c in which the two neighbouring layers are of 
different types (for example, layer B in contact with the 
layers 4 and C). 

There are numerous sequences in which close-packed 
layers may be stacked. Thus, the smallest possible value 
ofn in & close packing, where n is the number of layers 
required to complete the sequence, is 2, corresponding to 
the hexagonal closest packing with an... AB... arrange- 
ment. In a like manner, the only possible sequence for 


= 3 is the cubic closest packing with... ABC... 
When n = 4 the only possible hexagonal olosest-packing 
arrangement is .. . ABAC ... and when ^ = 5 it is 
... ABCAB... Forn = 6 it is now possible to arrange 
the layers in two ways, namely, . . . ABCACB... and 
... ABACAB ...' As pointed out by Smith’ and Wells’, 
beyond n = 6 as n increases the number of arrangements 
of close-packed layers also increases. Only the structures 
with n = 6 are discussed here. Each structure is hexa- 
gonal (except for . .. ABC ... with n = 3, which is cubic). 
The lattice parameter &, remains unchanged; only co 
varies by integral multiples. 

It is now shown that such nomenclature may be applied 
with remarkable success in the classification of the zeolites 
of the chabazite group. In this class the hexagonal prisms 
(double six-membered rings) may be considered as the 
building blocks. Each zeolite differs from the other by 
the stacking sequence of the various layers, the full sym- 
metry of which depends on the number and arrangement 
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of layers necessary to complete the stacking sequence. 
Twenty possible structures in addition to the... AB. . . 
(...AR...) and - ABC... (... 000...) structures for 
Spheros of equal radii are listed by Wells. Theoretically, 
all twenty could be applied to possible zeolites by re- 
placing each sphere with a double (or single) six-membered 
ring stacked parallel to the c-axis of the hexagonal cells. 
- Structure of gmelinite, chabazite and erionite. Gmelinite 
is hexagonal* with average lattice parameters a, 
13-7, A and c, = 10-0, A. The (Si, Al)-O framework is 
formed by joining double six-membered rings through 
their-edges. As is shown in Fig. la, these prisms form 
planes stacked parallel to each other and perpendicular 
to the c-axis with an ... ABAB... sequence. The 
gmelinite cavity possesses 3/m symmetry and is formed 
out of the sequence (ABA). Since the repeating sequence 
is... AB... the c-dimension of one sequonce (layer) is 
one-half the c, parameter, or 5-0 A. 

Chabazite is rhombohedral‘-*, Tho (Si, Al)-O frame- 
work is formed through an ... ABC... Sequence with 
the same type of layers found in gmelinite. Since such 
an arrangement is cubic for spheres of equal radii, the 
deviation from cubic symmetry to rhombohedral sym- 
metry is thus expected sinco ,the building blocks 
aro not spherical. Alternatively ‘it is, of course, also 
possible to describe chabazite with a hexagonal cell with 
average lattice parameters a, = 13-7, and c, 
15-0, A (refs. 4—6). Chabazito is thus ralated to gmelinito 
by a very simple relationship: in the c-direction each 
set of two layers has been rotated 60° in the same 
direction about the c-axis running through the centro of 
a double six-membered ring. Thus, ...AB,AB,AB,... 
of gmelinite becomes ... AB,CA,BC,..., or simply 
.-- ABC,ABO, ... Repetition in the c-direction has been 
incroased by one more plane of double six-membered 
rings; this adds 5-0 A to the c, lattice parameter to 
yield a theoretical paramoter of 15-0 A, which is 3/2 the 
c, parameter of gmelinite. This is found to be in close 
agreement with the experimental value. 

The ... ABC’... sequence is shown in Fig. 1b. The 
twelve-membered ring channels of gmelinite aro now 
blocked, strongly suggesting that it is this type of 
blocking which reduces the sorptive properties of 
gmelinite. It also strongly suggests that a chabazito 
sequence would have very little difficulty growing on to 
a gmelinite sequence, since no change in energy is ex- 
pected in forming sequence AB rather than AC. 

The structure of erionite has also been reported as being 
hexagonal*-5. It may be described as having an 

- ABCB... sequence with n = 4. Whereas both 
gmelinite and chabazite contain just double six-membered 
rings, erionite is considered to have single as well as doublo 
six-membered rings periodically linked together. Cor- 
responding, then, to the foregoing nomenclature layers, 
A and C consist of the singlo six-membered rings and B 
the double six-membered rings. The second type of nomen- 
clature suggested by Pauling now becomes very useful 
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and is even more informative. Here the 
`... ABOB . . . sequence corresponds to 
...he... Thus, in erionite we find that 
the À layers correspond io the single and 
the ¢ layers to the double six-membered. 
rings. a 

Two new proposed structures. In con. 
sidering the build-up of possible structures 
containing just double six-membered rings, 
8 new cavity may be formed: which is 
similar to the erionite cavity. Such a 
cavity is formed when n = 4 for the . . : 
ABCB ... sequence and n = 6 for the 
_. +. ABCACB . . . sequence. For want 
of a better name, these two new structures 
will be called hypothetical structure T 
and II, respectively, and will be referred 
to as I and IT. 
` In the strueturo of I, formed by the ... ABCB... 
soquence with n= 4, the large cavities (ABCBA) lie 
along the c-direction of the hexagonal unit cell, one above 
the other and joined through double six-membered rings 
(rather than through single six-membered rings as in 
erionite itself). Each cavity has nino non-planar eight- 
membered ring openings as shown in Fig. 2c. The three 
openings in tho top and the three in the bottom half are 
each shared by othor I cavities which are displaced along 
the c-direotion by one-half the unit cell-length; the 
three central eight-membered ring openings are each 
shared with a gmelinite cavity. Thus, each I cavity is 
surrounded by six other I cavities and by three gmelinite 
cavities. The c, lattice parameter is theoretically 20-0 A; 
a Of course, remains unchanged. . 

Hypothetical structure IT, formed by the... ABCACB 
-.. sequence with n = 6, contains the same large cavity 
as in I; however, in this structure the chabazite cavity 
is also present so that now all three cavities—gmelinite, 
chabazite and I—co-exist, resulting in a hexagonal unit cell 
the c, parameter of which is now 30:0 A. The framework 
of these cavities is shown in Fig. 2. This structure may 
also bo described by again considering tho cavities which 
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(a) chabazite, (b) gmelinite, (c) hypothetical T 
The aluminium and silicon atoms occupy the 
The oxygen atoms and cations are not shown 


Fig. 2. 
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Table 1 
No. of ~ 
layers in Layer Layer sequence, Length 
Name repeating sequence Pauling notation of 
unit h D e-axis* 
Gmelinite — 2 .. AB... ...h... Double — 10-04 
Chabazite 8 .ABC... E M — Double 150 
Erionite 4 -. ABCB... Ac... Single Double 151 
Hypothetical 
structure I 4 .. ABCB... ...hc... Double Double (20-0) 
Hypothetica) 
structure IT 6 ...ABCACB... ...hec... Double Double (30-0) 
* Experimental values from ref. 4. 


Theoretical values are indicated in 
brackets. L 


are attached to the I cavity: attached to the top three 
and bottom three eight-membered ring openings are the 
chabazite cavities, the top three being inverted with 
respect to the bottom three in accord with the 3/m sym- 
metry; the three central cight-membered ring openings 
are each shared with a gmelinite cavity, which accounts 
for the additional 10-0 A in the c, lattice parameter 
relative to that for the I structure. 

A summary of the zeolites discussed here is given in 
Table 1, which includes a summary of those layers con- 
sisting of single and double six-membered rings. 
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In view of the nomenclature discussed here, the 
similarities in. structure of gmelinite, chabazite and 
erionite are evident. The fact that gmelinite has sluggish 
sorption and that the sorptive properties are similar to 
those of the other members of the chabazite group may 
be qualitatively explained in terms of random or periodic 
blocking of the twelve-membered ring channels by a 
layer turned 60° to form an ABC, ABCB or ABCACB 
sequence. Thus, if the chances of growth of B on A and 
C on A are about equal, it appears that intergrowth of 
chabazite, gmelinite, I and II would be possible. Finally, 
in view of the theoretically possible periodic stacking of 
A, B and C it is evident that many other structures might 
be possible, consisting of a stacking of planes of single. 
double or single and double six-membered rings. 

We thank Dr. W. M. Meier for his advice. 
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CONTAINMENT OF PLASMA IN A MAGNETIC MIRROR, WITH 
HEXAPOLE STABILIZING FIELDS 


By G. FRANCIS, D. W. MASON and J. W. HILL 
Eni crt Culham Laboratory, U.K. Atomic Energy Authority, Abingdon, Berkshire 


` 


N the experiments reported here, plasma of density 

approximately 4 x 10?" ions/cm? and mean ion energy 
1 keV trapped in a magnetic mirror has been found to 
escapé by a rotating flute instability within 60-80 psec. 
When-hexapole cusp-like fields perpendicular-to.the mirror 
field were added, the flute instability disappeared. and the 
density of trapped plasma decayed smoothly with a 
time constant which could be as large as 400 usec. Some 
plasma was observed in the magnetic trap after 1 msec. 

A hydrogen plasma was produced by a coaxial gun! 
(peak current of 44 k.amp, rising in l psec) and its 


proporties measured in a uniform guide fields of 600 cersteds 
at a point 2 m from the gun. ‘he plasma consisted of 
a fast component of density 3 x lO0!!/cm?, mean directed 
velocity 4:5 x 107 cm/sec (corresponding to an ion 
energy of 1 keV), perpendicular energy 60 eV. electron 
temperature about 12 eV; followed by a much denser and 
slower component (n ^ 3 x 10'?/em?, velocity ~ 10° cm/sec). 
The measurements were made with diamagnetic loops. 
ion collectors, biased Langmuir probes and a special 
electrostatic ion-energy analyser. The ions in the fast 
plasma were H+. 
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In the containment experiments the plasma from this 
gun was injected into a static converging magnetic 
field which increased smoothly from 450 o to 4:3 kæ 
over 3-5 m length, remained uniform over a further distance 
of 2 m (the central trapping region) and beyond that 
decreased symmetrically to 450 œ (Fig. 1). The fast 
plasma moved adiabatically along this field from the gun 
into the central trapping region. The slow plasma was 
prevented from following it by the sudden application of 
pulsed magnetic fields opposite to the guide field, at 
points 75 cm and 170 em from the gun. This diverted 
the slow plasma into the walls of the vessel, which was 
of 22-cm diameter ‘Pyrex’ glass in the central section and 
under the diverter coils, and of 31-om diameter aluminium 
elsewhere. The base pressure was 3X10-7 torr. Pulsed 
magnetic fields were produced by the coils marked mirror 
1, 2, and ‘gate’ on the diagram: the mirror coils super- 
imposed on the d.c. guide field an additional 3-6 ke 
rising in 50 usec and decaying with a time-constant of 
4-5 msec; the gate coil produced 13 ke rising in 12 usce, 
decaying in 50 usec. Plasma was trapped by first oner- 
gizing mirror 2, firing the gun and then applying the gate 
and mirror 1 fields before the reflected plasma could 
escape. This produced a simple symmetrical magnetic 
mirror trap of ratio initially 1-8, changing by about 10 por 
cent within 1 msec. 

The density of the trapped plasma, measured with a 
3 em microwave interferometer, had a mean value of 
4 x l0'*/ecm? over a diameter of 10 em. The lifetime of 
the fast ions was obtained by measuring tho flux of fast 
atoms formed by charge exchange.on the background 
gas: the neutral atom detector incorporated a water- 
vapour cell in which about 6 per cent of the fast atom 
flux was converted back into ions by charge exchange, 
and the flux in a given energy interval was measured. 
Fig. 2 shows a typical result; the fast ions (of energy 
16 + 0.2 keV) escaped from the magnotie mirror in 
less than 80 usec. Measurements with double Langmuir 
probes (1 cm? area) arranged around the circumference 
of the vessel showed that the plasma was rotating at 
105 radians/see and also moving radially outwards with 
an average velocity of 5 x 105 cm/sec (Fig. 3). Signals 
on. probes disposed parallel to the lines of force were 
highly correlated. High impedance electrostatic probes 
inserted into the plasma indicated fluctuating electric 
fields (~ 30 V/em) consistent with the speed and direction 
of rotation. 





t 100 usec/c 
Fig.2. Simple mirror configuration 


In subsequent experiments, cusp fields perpendicular 
to the axis of the vessel were pulsed on at the samo time 
as the mirror 1 and gate fields. The cusp fields wore 
produced by six groups of bars 140 cm long lying parallel 
to the axis and disposed symmetrically around the central 
part of the vessel at a radius of about 15 cm. Currents 
in adjacent groups flow in opposite directions (Fig. 1). 
The field rose to 11 ko» between bars in 45 usec and fell 
by 25 per cent in 1 msec. In this magnetic configuration 
the flux of neutral atoms decayed smoothly with a time- 
constant of several hundred microseconds (Fig. 4). The 
density could not be measured with the microwave inter- 
ferometer due to the complexity of the magnetic field, but 
the flux of neutral atoms was the same as in a simple 
mirror, indicating a comparable density. No rotation or 
spiralling of the plasma was observed: wall probes along 
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Time (usec) after trapping plasma 
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Azimuthal probe position (deg.) 


Fig. 8. Time of peak Langmuir probe signal versus azimuthal probe 
position for circumferential array of eight probes 
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t 100 usec/cm 
Mirror-cusp configuration 


Fig. 4. 


tho cusp lines showed a smooth signal for a fow hundred 
mieroseconds, but other wall probes showed no signal. 
The electric field in the plasma was less than 1 V/om. 

The decay of the plasma, although smooth, was some 
four times faster than would be expected from charge 
exchange on the background gas at the measured base 
pressure. We believe that the neutral gas density is 
suddenly increased by gas knocked off the walls due to 
plasma bombardment observed during the trapping 
process, & belief supported by mass spectrometer analysis. 
Moreover, when the amount of injected plasma was re- 
duced by a limiter with a small hole, the decay time of 
the trapped plasma increased from about 250 to 400 usec: 
also, when the diverting fields were not used, the fast 
plasma disappeared abruptly when the slow plasma 
arrived. Thus, the residual plasma-loss rate observed with 
the hexapole fields excited is qualitatively consistent 
with a charge exchange mechanism. 

These results are consistent with those of Ioffe? et al., 
who first used this type of magnetic field configuration 
but with a different method of plasma generation. They 
show the advantages of combining the stabilizing prop- 
erties of cusp fields with the adiabatic confinement due 
to simple magnetic mirrors, as pointed out by 
Artsimovich? and examined theoretically by "Taylor. 

We thank Mr. K. Plummer and Mr. A. Ellington, who 
made the apparatus, and Mr. D: Wort, Dr. M. Seid! and 
Mr. E. Hotston, who made the microwave measurements. 
‘Marshall, J., Phys, Fluids, 8, 134 (1960). 

* Gott, Y. B., Ioffe, M. S., and Telkovsky, V. G., Proc. Conf. Plasma Physica 
and, Controlled Fusion, Salzburg, 8, 1045 (1901). 

? Artsimovich, L. A., Controlled Thermonuclear Reactions (Moscow, 1961), 
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LETTERS TO THE EDITOR 


ASTROPHYSICS 


Stability of Hydrogen Compounds on Venus 


RECENT space probe measurements have confirmed that 
high-temperature conditions prevail in the lower atmo- 
sphere of, Venus'. Since high temperatures favour the 
establishment of thermochemical equilibria, these observa- 
tions require a revaluation of physical and chemical 
conditions on this planet. I have proposed large-scale 
interaction of the atmospheric gases and the minerals of 
the lithosphere to account for the observed atmospheric 
characteristics?, and it was demonstrated that the carbon 
dioxide content of the atmosphere can be accounted for 
by decarbonation reactions at the inferred temperature of 
700° K. In addition, it was proposed that the failure to 
observe hydrogen compounds is consistent with the 
expected high rate of escape of hydrogen and the com- 
paratively high oxidation state of the atmosphere. 

Unsuccessful attempts to detect CH,, C;H,, C,H, and 
NH, in the atmosphere of Venus were made by Kuiper’, 
and recently Spinrad: has concluded that the mixing 
ratio of water is less than 10-5 at depths in the atmosphere 
corresponding to a total pressure of 8 atmospheres. It 
therefore seems likely that this mixing ratio limit holds 
to the base of the atmosphere. : 

The stability of the hydrogen compounds on Venus 
may be related to the observable parameters (Pco,/Pco) 
and Py,o (so far determined as limits only), where the P's 
refer to the fugacities or partial pressures, depending on 
the deviation from perfect mixtures. From Kuiper's 
results? we obtain (Pco,/Pco) = 10? if the absorption 
paths for carbon dioxide and carbon monoxide in 
the Venus atmosphere are comparable and if the fugacity 
ratios are roughly proportional to the abundance 
ratios. Also according to Sagan? it seems likely that the 
total surface pressure is in the range of 10-100 atmo- 
spheres. If P(total) ~ 100 atmospheres, then the water 
mixing ratio limit of 10-5 gives Pg,o X 10-? atmospheres 
at the surface. Thus the atmosphere is very dry at the 
inferred temperature of 700? K. It is obvious that lower 
values of P(total) yield even smaller values of Px,o. 

We may now calculate the surface hydrogen pressure 
limit from the limits of (Pco,/Pco) and Pg,o by the 
following reaction: 


CO, + H = CO + H0 
This reaction has the equation of equilibrium: 


(a) 


Poo, x, = Prio 1 
Po Pg. ui 


where Ka = 10-95 at 700? K, from the data of Rossini 
et al5. Accordingly we obtained Py, X 10-5 at the 
surface. 

From the foregoing data it is in principle possible to 
evaluate the stabilities of many hydrogen compounds. 
For example, it is interesting to examine Hoyle's specula- 
tion’ that large quantities of hydrocarbons may occur on 
Venus. We may begin by examining the stability of 
methane. the most stable member of the paraffin series. 
The pertinent reaction is: 


2H, + 2CO=CO, + CH, (b) 
and the corresponding equation of equilibrium is: 











Poo: b = Pon, (2) 
Poco, Pu? 
At 700° K we obtain from the data of Rossini? that Ko = 
104-82, and if (Pco:/ Poo) = 103, Pco, ~ atmospheres’, and 





Py, X 10-55, then Pox, S 10-19-58 atmospheres at the 
surface. Thus reaction (b) is displaced to the left by both 
the strongly oxidizing conditions and the low hydrogen 
partial pressure. 

We may now also evaluate the stabilities of the higher 
polymers of the paraffin series by relating them to the 
hydrogen and methane abundances. For example, for 
n-octane we have the following reaction: 


8 CH,=C,Hi, + 7 He (c) 


The equilibrium constant? for this reaction is Ke = 10-92, 
which shows that this polymer cannot be abundant. 
Similarly all the higher polymers will be less abundant 
than methane since the free energies of formation increase 
by a constant increment of 11,951 calories per CH, group 
at 700° K. 

From these tables of free energies of formation we may 
also compare the relative stabilities of the various hydro- 
carbon series. It is obvious that such comparisons can 
be made only when all the gases are in some standard 
state since the stabilities depend on the gas pressures. 
We may, for example, compare ethyleyclohexane with 


n-octane: 
C,H,, = CeHis + Hs (d) 


AG? at 700° K for this reaction is 470 calories. The 
low hydrogen partial pressure that is required to make 
(Pom, JPo,,) large ensures the instability of the 
hydrocarbons. 

The benzene series of hydrocarbons is somewhat moro 
stable than the paraffin series for corresponding polymers 
under standard conditions. However, the lowest benzene 
polymer is C,H,, and this will be far less abundant than 
methane. ‘Thus it seems unlikely that any significant 
quantities of hydrocarbons could occur on the surface 
or in the lower atmosphere, and this seems also to pre- 
cludo their occurrence in the higher atmospheric levels. 

Most other hydrogen compounds also seem precluded 
by the Venus environment. For example, we may con- 
sider the stability of the ammonia molecule according 
to the reaction : 


4N: + 3/2H, = NH; . (e) 


From the data of Kubaschewski and Evans? and of Kelley? 
we see that Kẹ = 10--?1, Thus if Pg, S 10-59» we 
obtain the result that : 


Pru, < 10-212: (10-5+05)3/2 Py (3) 


showing that no significant quantity of ammonia can 
occur if Py, has any reasonable value for a terrestrial 
planet of this size. 

No attempt is made here to evaluate the stabilities of 
other more complex hydrogen-bearing gaseous molecules. 
However, it is apparent that none of these hydrogen 
compounds will be favoured in any absolute sonse by the 
high temperatures and low hydrogen partial pressure. 

A problem of considerable interest concerns the con- 
densed hydrogen compounds in the lithosphere of Venus 
and their relation to the atmospheric gases. The stab- 
ilities of certain hydrous rock-forming silicates have 
already been discussed by me*. The problem is a difficult 
one since only & limited number of experimental data 
exist. However, it seems that the limiting value of 
Py,o € 10- atmospheres at the surface is somewhat 
below the stability range of at least some hydrous silicates. 
Thus the thermochemical data obtained by Weeks’? 
and by Robie" indicate that the Py,o required to stabilize 
the amphibole tremolite with respect to the pyroxenes 
and free silica is 0:04 atmospheres. However, it scems 
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probable that more stable hydrous silicates then this 
exist, with complex Mg-Al-bearing &mphiboles and micas 
being the likely species. 

The recent suggestion by Walter! regarding the possible 
oceurrence of hydrous carbonatite magmas on the Venus 
surface is certainly in conflict with tho cited data of 
Spinrad on the abundance of water. Such magmas appear 
to require water partial pressures in the range of ten 
atmospheres under the most favourable conditions, 
which as we have seen are four ordors of magnitude 
greater than the deduced limiting value. Also if hydrogen 
has long been escaping from Venus, as we have reason 
to believe, then the lithosphere should be depleted of 
water except for that bound tightly in tho silicates. 
Thus even, the existence of hydrous magmas within the 
crust seems unlikely. - 

It is apparent that the conditions deduced for tho lower 
atmosphere of Venus militate against the occurrence of 
life if it consists of the usual hydrogen, carbon and nitrogen 
compounds. It is remotely possible that some form of 
life could exist under æolian conditions in the middle 
atmosphere where the temperature is lower. However, 
it seems very improbable that such life forms could 
survive for long under the expected vicissitudes. 

Since hydrogen escapes from Venus, we should expect 
considerable differences in the secular behaviour of the 
hydrogen compounds as compared with other species. 
Thus, although the concentrations of oxygen, carbon 
dioxide and carbon monoxide might be approximately 
fixed for long periods by the buffering effect of the con- 
densed lithospheric minerals?, we should expect that the 
secular depletion of hydrogen would prevent long-term 
buffer relations with respect to water. The extent to 
which such differences would show up depends on the 
rate of the photochemical decomposition of the hydrogen 
compounds and the escape rate of hydrogen. 

Rosert F. MUELLER 
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Slowly Varying Component of Solar Radio 
Emission in Relation to the Solar Cycle 


Iw a previous communication we showed! that the 
so-caled slowly varying component (S-component) of 
solar radio emission, exhibiting the characteristic 27- 
day variation in the received flux, is limited only within 
the frequency range 470—29,000 Mo/s and that the 
amplitude of the characteristic variation would be 
maximum at a frequency over 4,000 Mc/s. However, 
the foregoing analysis was performed with the help of 
solar radio noise flux data for the International Geo- 
physical Year period of 1-5 years only, that is, during the 
period when the Sun was in the most active form in 
tho present solar cycle. It is quite logical to examine the 
data over a longer period with a view to seeing whether 
the above conclusions made for the S-component are also 
valid year to year throughout the solar cycle. We 
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Fig. 1. The curves showing the relation of the variation index with 


frequency for the years 1957 (x), 1958 (@), 1959 (0), 1960 (@), 1961 
(A), 1962 (O) and 1903 (Ey) . 


were thus prompted to study the slowly varying 
component of solar radio emission in relation to solar 
cycle. 

The method of analysis adopted in the present case 
is similar to the earlier one referred to above. In that 
analysis plots of the daily mean values of solar flux at 
five different frequencies (9,400, 3,750, 2,800, 2,000 and 
1,000 Mc/s) for the International Geophysical Year period 
were examined. All these plots exhibited pronounced 
maxima and minima following roughly the 27-day 
cycle and it was also observed that the amplitude of 
this variation changed markedly with frequency. A 
variation index (V.I.) was defined for a particular fre- 
quency as the variation of the amplitude from a maximum 
to the corresponding minimum, showing the characteristic 
periodicity, averaged over the entire period. Besides 
the conclusions mentioned here it was also shown that 
the variation index might conveniently be used as ‘a 
measure of the correlation between the slowly varying 
component and the sunspot activity. The present analysis 
has been carried out for all the above five frequencies 
over the period 1957-63. For any particular frequency 
the variation index has been determined individually 
for every year by the same procedure. 

Fig. 1 shows the plot of the variation index against 
frequency for different years. It is found that all the 
seven curves are similar and are of the same nature as 
was previously obtained by us. Moreover, when extra- 
polated, the continuous curves through the different 
sets of points would intersect the frequency axis at the 
same regions—470 Mc/s in the low-frequency: side and 
29,000 Mc/s in the high-frequency side. It is also ob- 
served that the variation index appears to be maximum 
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Fig. 2. Plots showing the year to year change in the variation index for 

the frequencies 9,400 Mc/s (I), 3,750 Mc/s (@), 2,800 Mo/a (x), 2,000 

Mc/s (®) and 1,000 Mc/s (O). The figure also shows the corresponding 
variation of the yearly mean Zurich relative sunspot numbers A 
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in general in the frequency range 4,000-5,000 Me/s. 
The results thus obtained for all the seven years confirm, 
to a large extent, the conclusions of our previous analysis 
both regarding the cut-off frequencies of the S-component 
of the solar radio emission and also the frequency at 
which the so-called variation index attains a maximum 
^value. It will be interesting to note here that the curves 
shown in Fig. 1 are of similar nature to those obtained 
by Kakinuma and Swarup? for the spectra of the S- 
component. 

An additional striking feature exhibited by the curves 
of Fig. 1 is that as we proceed from 1957 onwards the 
curves gradually come down, indicating & fall in the 
value of V.I. from year to year. This led us to examine 
tho matter in some detail. Fig. 2 shows the plot of 
the variation index against year with frequency as the 
parameter. The yearly mean values of Zurich relative 
sunspot number are also shown on the same diagram. 
It will be found that the year to year values of the vari- 
ation index for all the frequencies show parallelism with 
those of the sunspot numbers, which clearly indicates the 
solar cycle dependence of the slowly varying component. 
Tho factor by which the index changes from the maximum 
value in 1957 to the minimum in 1963 are shown in 
Table 1. 


Table 1 
Frequency in Mc/s 9,400 3,750 2,800 2,000 1,000 
V.I. in 1957 47 43 4-8 4-6 358 


V.I. in 1963 


The fact that the variation index depends on the solar 
cycle led us to examine its variation. with sunspot numbor 
(Fig. 3). A linear relation is obtained for the two 
quantities. It is interesting to find that the straight 
line when extrapolated to zero sunspot number cuts the 
index axis with a positive intercept which implies that the 
variation index is not zero, but something positive, 
though small, even at zero sunspot number condition 
when the Sun should be completely quiet. The intercepts 
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Fig. 3. Plots showing the linear relation between the variation index at 

frequencies 9,400 Mc/s ( A), 8,750 Mc/s (€), 2,800 Me/s ( x ), 2,000 Mc/s 

(9) and 1,000 Mc/s (O) and the yearly mean Zurich relative sunspot 
numbers for the period 1957-62 
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between the values 5 and 7:5 involve variation of the 
order of 10-15 flux units. 

The foregoing analysis leads us to draw the following 
conclusions: i 

(1) The S-component of solar radio emission is to be 
observed only within the frequency rango 470- 
29,000 Mc/s, maximum variation being limited in general 
in the frequency range 4,000-5,000 Mc/s (Fig. 1). The 
fact that this is true all throughout the solar cycle is 
highly significant and needs special attention. It may 
thus be concluded that the origin of the S-component 
is restricted within two distinct levels of the solar atmo- 
sphere and also the maximum variation will occur within 
a specified zone all throughout the solar cycle. 

(2) The S-component varies in accordance with the 
solar cycle (Fig. 2). The factor by which its value changes 
from the year of maximum activity to that of minimum 
is slightly over 4. It may be mentioned here that Nicolet? 
also indicated a figure of the same order from a different 
consideration. 

(3) Finally, the slowly varying component is linearly 
related to the sunspot number. The fact that the com- 
ponent exists even when the sunspot number is zero 
(Fig. 8) needs further investigation. Possibly this may 
be due to some active regions on the solar disk with no 
associated sunspot as have been detected by Covington 
and Harvey‘. 

It should, however, be clearly indicated that the 
important conclusions drawn here regarding the slowly 
varying component in relation to solar cycle depend 
solely on the true nature of the curves shown in Fig. 1. 
It is thus apparent that in order to evaluate the two cut-off 
frequencies as well as the frequency at which the variation 
index becomes maximum more precisely one must con- 
sider the individual cases of as many frequencios as 
possible, particularly in the frequency ranges 500—2,000 
Me/s and 10,000-30,000 Me/s. 

We thank Prof. J. N. Bhar for his advice. One of 
us (D. B.) thanks the Council for Scientific and Industrial 
Research, Government of India, for financial assistance. 
Results used in our analysis were obtained from 
CRPL-Solar Geophysical Data Books and IGY, IGC and 
post-IGC results published by the Science Council of 
Japan. We also thank Dr. H. Tanaka of the Research 
Institute of Atmospherics, Nagoya University, Japan, 
for sending us some of his solar radio noise data before 
publication. 
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GEOPHYSICS 


Instability of Temperature Ice-sheets owing 
to a Feed-back Mechanism 


THE responso of a temperate glacier to changes in its 
specific budgot was theoretically examined in 1903 by 
S. Finsterwalder!. He limited himself to the plane 
problem, and I shall do the same. In 1958 Weertman? 
urged forward the problem by introducing tho perturba- 
tion method and the incidence of the changes in the supor- 
ficial slope. S 

For the calculations, the firn is changed into an equiva- 
lont ice-sheet of compactice. The v axis is taken along the 
surface in the direction of flow. Let q(x), Rolz) and a(x) 
be the datum-state values of the discharge per unit breadth, 
the thickness of the ice-sheet and the slope of its surfaco, 
respectively. Let g(x, t), h(x, t) and @,(a, t) be the per- 
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turbations of these variables. We call b the specific budget Æ = 1. In fact, whenever E is the reciprocal of an 


(snowfall + superimposed ice-ablation, in height of ice 
per unit time). 0, is not the datum-state value, but the 
value at which the glacier would have been in a steady 
state at — 0: d 
dgo 
b, (£) = dz 
Tho response of the glacier to a slight change in the specific 
budget, say, bi(v, t), is given by the continuity equation. 
I shall, write it as did Nye?: ] 
oh 
a = by — chhy — (Cy — Dh) at 


with: 
€ =, — n4 = (2) 


Nye has given & very interesting algebraic model. 
Taking the length of the glacier as the unit of length, let us 
write it in a slightly different mannor: 


oh, 


Oh, 


+ Do aD 


al+s—<2 Ez*(1-—*x 
o= OE p,- TQ 


8, T and E are constants (8 < 1). Nye solved the 
perturbation equation when b, is independent of x and 


‘integer p, a closed solution can bo written. First let b, 
be a step function: 


b, 
b, = 


=0 
A 


t<0 
t>0 
Let: 
ky = H+ Hix +... + Ane +... 
writing t/T = « and: 
(n+ 1) (1 + 8 — nE) =r, 
[n + 1][1 — (n — 1) E] = ss 
one gets the equations: 
d Hs 
dt 





+ rn Hn = sn Hn 
Whence: 
E +r) (E +n) (E + ri = 81.. Sn AT 


So H, cancels when n > p. Deriving the solution for a 
step function we obtain the response of the glacier to an 
impulse unity at — 0: 


BR(v,t) =Å, + Hu +... + Apa 
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with, for t > 0: 


Hn (t) 95... 





e- rnt T | 
(7o — fn) «++ (fa-1— 79) 


The damping coefficients r, aro bigger than unity, tho 
last one, rg = (p + 1)8, excepted. 
The response to any variation b,(t) is then: 
+o 
(the samo) 
— o 


h(x, t) = f b, (8) . R(x, t — 0). a=] 


As in any filter, tho complex amplification (H/A in 
Nye's paper) is the Fourier transform of R(x, t). 

Let us see now if Nye's algebraic model is a roalistic 
one. According to the theory of parallel flow for temperate 
glaciers and Weertman’s theory of sliding, we can approxi- 
matoly write, n being the power in the deformation law 
of ico, m = (n + 1)/2, and C, and C, two constants: 


q = C, ht? ar + O, hht! an 

The measured velocity on the surface is: 
€ "4-2 
"nl 


and the less-accurately known sliding velocity on the rock 
bed: 


C, het) g^ + Oh” om 


ub = Oh" a7 
Whence, taking the commonly accepted value n = 3: 
C, = &u; — ub 


h 
D, = [2-4 us + 0-6 wo} 
0 


(Nye’s statement us ~ us cannot bo accepted, as 
Weertman’s theory is only valid for very slow sliding 
velocities‘) s 

A. longitudinal cross-section of the Glacier de Saint- 
Sorlin according to seismic soundings®, the measured 
values of u,(z) and the estimated values of u(x) are givon 
in Fig. 1. The corresponding values of C, and D, are 
given in Fig. 2. By taking T' = 19-2 years and 8 = 0-023, 
C, fits the algebraic model well But no value of E 
can make D, fit the model. In fact, it has been proved* 
that E must be equal to 1 near the begschrund and 
near the front. However, for the ablation zone of the 
Glacier de Saint-Sorlin, Nye's model can be kept with 
E = 0.23 ~ 1/4 more or less. 

Wegmann and Cailleux have noted that the thickening 
of an ice sheet affords an increase in the specific budget 
at a given point. This feed-back mechanism can be 
accounted for by writing: 


b = bx) + Mh, + by(t) 


In the a&biation zone, for an alpine glacier, WM ~ 0-01 
yr... The expression of R(x, t) remains unchanged, but 
the damping coefficients become: 


m= (n + 1) (1l + 8 — nE) — MT 
The last one: 
Tp — (p-- 1)8— MT x — 01 


becomes negative. So Nye's algebraic model of a glacier 
is an unstable one. This conclusion is still effective if wo 
consider 0, dependent of z, for example, A = A, + Av + 
A,x*, as only the first three Hn are changed. 
. This instability of glacier snouts seems to be real, and 
may be found with an even more realistic function for D,. 
An active ice sheet cannot end on & level bed-rock with a 
stable edge-shaped snout. It must advance or recede 
until it reaches some special area. This can be a step of 
the valley, where the velocity x is increased, and thus 8. 
It can also be a lake, where the glacier end floats, and then 
the altitude of its surface becomes about eight times less 
dependent on glacier thickness, and so also M. 
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Thus temperate ice sheets fluctuate within areas of 
stability, and from time to time recede or advance from 
one area of stability to another. This illuminates the 
behaviour of glaciers. It explains the formation of reces- 
sional moraines during the last stage of the ice-age. 


L. LLIBOUTRY 
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Seismic Anisotropy of the Uppermost 
Mantle under Oceans 


OnrviNE in rock-forming aggregates has a strong 
tendency during flow or deformation to develop & pre- 
ferred orientation of its crystallographic axes. Turner? 
describes a number of olivine fabrics developed under a 
variety of conditions. The pertinent examples, his figures 
numbers 7, 10 and 13, show fabrics for banded dunites in 
which the b crystallographic axis is strongly concentrated 
perpendicular to the banding, and figure 16, in which b is 
perpendicular to a plane of pronounced fissility. The 
(010) plane of olivine is the plane of the best cleavage 
and most probable glide plane for this mineral. 

Verma?, working in Francis Birch’s laboratory, determ- 
ined the seismic velocities for olivine as shown in Fig. 1. 
If the upper mantle has been subjected to flow in the 
horizontal plane and this has resulted in even a slight 
statistical orientation of one or more of the olivine crystal- 
lographic axes, the differences in seismic velocities are so 
great that it should be evident in velocities found by 
seismic refraction (see also Hess? and de Roever!). The 
concept was tested against fourteen seismic refraction 
profiles for an area straddling the Mendocino fracture zone 
presented in a paper by R. Raitt® at the LU.G.G. meoting 
at Berkeley in August 1963 (Fig. 2). All profiles which 
gave both the seismic velocity below the Moho and the 
azimuth on which they were observed were used with the 
exception noted here. One would expect the glide 
planes to tend to line up parallel to the major shear zone 
S0 that the low seismic velocities would be perpendicular 
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Fig. 1. Orientation ef the principal optical directions, seismic velocities 
(Vp) and glide plane for magnesian olivine 
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Fig. 2. Location of „Seismic refraction profiles in Raitt’s«study of 
Mendocino fracture zone area off California 
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Fig. 3. Seismic velocity, Vp, versus azimuth. Circles, Mendocino area; 
crosses, Maui area; dashed curve. ftor pomer, solid curve both areas 
combine: 


to it and the higher velocities parallel to it. The Mendocino 
fracture zone trends almost exactly east-west. Fig. 3 
shows the seismic velocities below the Moho versus 
azimuth and presents a striking agreement between the 
hypothesis and the observations. 

As a further test of the hypothesis, seven recent 
determinations of velocity versus azimuth by George 
Shor* for the area in the vicinity of the Molokai shear 
zone (N. 80° E.) were added to Fig. 3, and corroborate 
the conclusion previously made. 

In constructing Fig. 3, all Raitt’s measurements avail- 
able to me were used except those where the sub-Moho 
velocity was less than 8:0 km/sec. It is evident that in 
some areas the mantle is altered probably by partial 
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serpentinization so that lower velocities prevail. In an area- 
near tho California coast just north of the Mendocino 
scarp, low velocities for all azimuths were encountered. 
If this group is taken separately the olivine present still 
imposes the same velocity differential with respect to 
azimuth as in the remainder of the area (one near east— 
west has a seismic velocity of 7-9 km/sec and two which 
are nearly north-south have velocities of 7-4 and 7-5- 
km/sec). To determine anisotropy in oceans where no 
guiding fracture zones are evident it would be well to 
shoot on three lines at 120° to each other. A single 
velocity does not mean much because there must normally 
be‘ other constituents than olivine and pyroxene in 
variable amounts in the rocks immediately below the M 
discontinuity. If this were not so the average velocity 
under the oceans would be near 8-5 km/sec rather than 
the observed 8-1 km/sec. Thermal expansion in areas of 
high heat flow, dilation by shearing, fluids such as water 
in pore space, and in particular hydrated minerals such 
as serpentine all tend to lower velocity. The amount of 
such effects is variable from region to region. 

As can be seen in Fig. 1, indices of refraction for olivine 
vary sympathetically with seismic velocities, which is to 
be expected. Oriented samples from St. Paul’s Rock on 
the mid-Atlantic ridge were examined under the petro- 
graphic microscope. These rocks are strongly deformed 
peridotites-mylonites'. Shearing and granulation have 
been severe so that olivine grains are less than 0-05 mm 
in diameter. Though it is not possible to orient individual 
olivine grains and construct a petrofabric diagram, it is 
evident that most of the grains have a similar optical 
orientation, extinguishing under crossed Nicols roughly 
parallel and at right angles to the main shear plane. It 
was found that Ny (the fast vibration direction for light 
and the slow seismic velocity direction) is perpendicular 
to the plane of shearing. 

Whereas tests for seismic anisotropy should be made 
in other parts of the oceans, it seems likely that the oceans 
everywhere have a fabric such that directions in which 
the: material has flowed in the solid state can be determ- 
ined. The low velocity is perpendicular to the shear 
direction and high velocity parallel to it. The low velocity 
is also parallel to the linear magnetic anomalies off 
California. 

Applying the very fruitful idea introduced recently by 
Vine and Mathews?, rates of flow could be added to the 
structural picture if reversals of the Earth's magnetic 
field had a regular periodicity. When i& becomes possible 
to drill the hard rocks of the ocean floor an absolute age 
can be given to a particular linear magnetic anomaly. A 
series of linear anomalies may then be counted much as 
are varves on land and another age determination made 
at perhaps thirty cycles distant so that a relatively good 
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Fig. 4. Location of seismic refraction profiles in Shor's study of area 
north of Maui, Hawaiian Islands 
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figure could be obtained for the length of a cycle. Using 
these tools the structure and history of the whole ocean 
floor can probably be worked out much more rapidly 
than the more complicated land surfaces of the Earth. 
Unfortunately, if my general concept® of the history of 
ocean basins is correct, only something less than the last 
10 per cent of geological history can be found in the 
oceans. 

I thank R. Raitt and G. Shor, whose seismic refraction 
data I have used as a basis for this communication; Ian 
MacGregor, who collected the oriented samples from St. 
Paul’s Rock; and W. M. Elsasser for helpful discussion 
of the general problem. This work was supported by a 
contract with the Office of Naval Research, Nonr 1858 
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Electrical Resistivity of the Crust and Upper 
Mantle at Eskdalemuir, South Scotland 


THE oscillations in telluric field in magnetic north— 
south and east-west directions were recorded at Eskdale- 
muir (55° 19’ N., 3° 14” W.), South Scotland, over three 
weeks in December 1963. The electrodes consisted of 
2 ft.*, 0-25-in. steel plates buried 2,000 ft. apart. The 
recording and the La Cour magnetograms made at the 
observatory yielded the data for this magnetotelluric 
examination. The period of recorded oscillations ranged 
from 20 sec to 100 min. The records were visually analysed 
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and only the pulsations with good sinusoidal shapos and 
having no noticeable vertical component were considered. 
By the courtesy of G.P.O. Engineering Department, 
magnetotelluric data were also collected on the cables 
across the Irish Sea. This was, however, considorably 
affected at the lower end of the spectrum by near surface 
features and will only be referred to here. A papor cover- 
ing the details of this investigation is under preparation, 
and will be published elsewhere. 

The amplitudes of simultaneous oscillations of period T 
in terrestrial electric (E) and magnetic (H) fields (usually 
5-10 mV/km and 5-10y respectively) have very significant 
correlation (coefficient 0-75-0-95), but their ratios show 
considerable scatter. This scatter is independent of period 
as well as amplitude of oscillations. The mean E/H is 
used to find apparent resistivity pa according to tho 
formula pa = 0-27(E/|H)* given by Cagniard?. The plot 
of mean pa and its standard error against T is shown in 
Fig. 1 for profiles in both directions. The two are not 
identical, thus showing that the surface is anisotropic. 
Unfortunately, very few oscillations occur simultancously 
in both components and it is not possible to evaluate the 
anisotropy factor. However, the individual values of 
EJH Jn the two: directions are not very different from 
normal scatter and both profiles may be combined by 
taking the geometric mean of pa at each period. The 
mean profile thus obtained is given in Fig. 2. 

The apparent resistivity in the profiles over the Irish 
Sea is so low at longer periods of the spectrum that the 
continuous variation of resistivity down to the depths 
involved is not possible. On the other hand, plausible 
values are obtained if a layered distribution of resistivity 
is assumed. The theoretical curves of best fit for the 
data and corresponding resistivity distributions are also 
given in Figs. 1 and 2. Mutual consistency of profiles 
given here as well as five profiles over the Irish Sea helped 
in choosing the particular standard curves out of many 
which fitted the data. 5 

The observed spectrum does not extend to sufficiently 
low periods to establish the depth of the first discontinuity 
with certainty, but the middle layer must be several 
km thick. The second discontinuity situated at the 
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depth of 34 km in Fig. 2 and at 29-33 km in the Irish 
Sea profiles may correspond to Moho. No other measure- 
ments of the thickness of the crust in this region are 
known, but these depths show good agreement with seismic 
investigations elsewhere in western Europe. The resistiv- 
ity of the top of the mantle is of the same order as found 
by other workers, but the profiles indicate the presence 
of a conductive layer at the bottom of the crust. The 
resistivity in this depth range varies greatly from place to 
place; from 1 Qm below the Arctic Sea? to 10,000 Om 
in Massachusetts?. The temperatures necessary to 
explain these differences by variation in ionic semi- 
conduction are too high‘ to be unnoticed in the measure- 
ments of heat flow in deep wells®, and it is probable that 
the impurity semi-conduction plays & more important 
part in the crust. This explanation is supported by the 
laboratory investigations of Parkhomenko and Bondor- 
enko®, who find that the resistivities of different samples 
of the same rock can be very different at high temperatures 
and pressures. 

I thank Mr. Lamden of the Atomic Weapons Research 
Establishment, Aldermaston, for permission to use their 
cables at Eskdalemuir; the staff at the Meteorological 
Office Observatory, Eskdelemuir; and Dr. C. D. V. Wilson 
of the Department of Geology, University of Liverpool, 
who supervised this work. 
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PHYSICS 


Calorimetric Dose Measurements with 
35-MeV Betatron Electron Radiation 


Tue calorimetric system developed in the International 
Atomic Energy Agency (IAEA) Laboratory, Vienna, has 
been used for measuring the electron dose distribution in 
a ‘Lucite’ phantom. It may be recalled that the calori- 
meter? is calibrated in rads (1 rad = 100 ergs/g) by accur- 
ate determination of the electric energy input. 
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The 35-MeV electron beam (field size 14 em x 14 cm 
at 110 cm focal distance), generated by & Brown Boveri 
betatron?, was used for the investigation. f 

Preliminary measurements with thermistors of the same 
type and embedded equally in the same material as that 
used in the calorimeter have shown that they were not 
affected by doses up to 30 krads produced by 35-MeV 
electrons. 

Further measurements were then undertaken to test 
the response of the calorimeter in a ‘Lucite’ phantom 
(70 mm of material in front, and 30 mm behind the 
absorber) irradiated with 35-MeV electrons at dose rates 
of about 250 rads/min. Comparison between the calori- 


.meter and the radiation monitor of the machine (a flat 


ionization chamber measuring the total electron flux 
behind the collimators) in the range up to 1,000 rads 
showed a linear response of the calorimeter with respect to 
the dose and that the readings of the monitor were pro- 
portional to those of the calorimeter. 

Simultaneous measurements with a Thimble-Head 
Tonization Chamber (Baldwin ‘Ionex MK 3*’, volume of 
the chamber 0-6 c.c.) have shown that this instrument 
developed. serious errors when the applied doses exceeded 
&bout 400 r. The errors manifest themselves as & heavy 
apparent dose-leakage above the critical dose value; for 
smaller doses, however, the measurements were repro- 


ducible to within + 2 per cent. 
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Fig. 1. O, Calorimeter (rads); 4, Thimble-Head Ion Chamber (r) 
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Dose measurements comparing the calorimeter-dosi- 
meter and the Baldwin instrument, therefore, had to be 
restricted to doses below 400 rads. 

For measurements of 35-MeV electron radiation dose 
distribution along the axis of the beam, the calorimeter 
and Baldwin ionization chamber were placed in the 
‘Lucite’ phantom. The ‘Lucite’ thickness in front of these 
devices was varied between the limits given in Fig. 1. 
Here, the full curve represents the calorimetric results, 
and the dotted curve the ionization values. The results 
of’ both methods were reproducible within + 2 per cent. 
It is interesting to note that the ionization values are 
systematically lower than the calorimetric values, with a 
discrepancy up to 25 per cent. 

In a further investigation of this difference the present 
investigation will be extended to a wider range of radiation 
energies (also including X-rays) using the calorimetric 
method and different types of ionization measuring 
equipment. 

We thank Dr. M. Sempert and his staff at the Brown 
Boveri Laboratory, and Mr. J. Haider (LA.E.A.), for 
their kind co-operation. 
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Logarithmic Pressure Scale 


WrrHrN the past year discussions have been published": 
which have been critical of the present system of vacuum 
designation and have advocated logarithmic scales. We 
have been independently? considering this same problem 
and have arrived at a more specific proposal than that 
found in refs. 1-3, which encompasses the whole 
range of pressures from that of the ‘highest’ vacuum 
(that is, lowest molecular density) we can attain to the 
greatest pressures we choose to discuss. It will not 
ascribe negative values to pressures greater than atmo- 
spheric’. 

We propose a logarithmic scale for which there is, as 
has been pointed out?, precedence in the chemist’s pH 
system. An additional precedent is that of acoustical, 
electrical and electronic engineers, who use the ‘bel’ to 
denote a ten-fold change in power, and, therefore, a unit 
change in its logarithm. They find the ‘decibel’, one- 
tenth of this step (implying an accuracy of + 12 per cent), 
sufficient for expressing these quantities to the precision 
with which they are ordinarily measured. It is important 
to note that in neither case is the conversion to an absolute 
linear system onerous when it is necessary, and such is 
the adaptability of the human mind that the logarithmic 
values very soon evoke a direct conceptual response. 

We recommend, specifically, that the logarithm to 
base 10 of the absolute pressure in bars be adopted as the 
measure of that pressure, and that a unit step on this scale 
be termed ‘one Boyle’. Just as in the acoustical example, 
it will ordinarily be true that specification to & precision 
of one ‘deciBoyle’ (dB), corresponding to a change of 0-1 in 
the logarithm of pressure, that is, +12 per cent. will be 
sufficient in vacuum work for all but the most precise 
purposes. It,would be convenient for both vacuum and 
high-pressure work to place the zero point of this scale 
near one atmosphere, rather than, say, at the present 
arbitrary reference point at 1 mm mercury. For precise 
definition, however, we propose to use the ‘bar’. Thus, 
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the exact reference point is a pressure of 10° joules/ 
metre? (10* dynes/em?), which is greater by the factor of 
1:01325 than one standard atmosphere’, and which. in 
practice, can often be taken to be 1 atmosphere with 
negligible error. Thus negative quantities denote vacuum 
on the proposed. scale. 

Conversion of a pressure reading of p units to tho 
proposed logarithmic scale is accomplished by the formula: 


dB = 10 log, p + C 


where the constant C is ten times the common logarithm 
of the unit préssure expressed in bars. Values of C for 
several common systems of units are given in Table 1. 


Table 1. CONSTANTS FOR CONTERKION FROM PRESSURE TO THE DECIBOYLE 
OALE 


Unit Unit expressed in bars (ref. 4) C 
Bar 1 0 
Kilobar 10 30 
Barye 10-* — 60 
Torr 1:3332 x 102 — 28:7509 
Inch mereury 3.886 x 107? — 14:7026 
Millibar x 103 —30 2 
Psia 6:804 x 102 —]1:010; 
1b./ft.* 4788 x 10- — 33-1980 
g/cm? 9-807 x 10+ — 30-0847 
Cm H40 at 20° C 9-789 x 10-* — 30-0928 
In. H,0 at 20°C 2-486 x 10^? — 26:0444 
Atmosphere 1:01325 +0:0572 


For example, when p is given in torr, the conversion 
formula becomes: 
dB = 10 logy (p torr) — 28-7509 
and, for p in atmospheres, it is: 
dB = 10 logy (p atm) + 0-0572 
The two common reference points, l torr and 1 atmo- 
sphere, are separated by 28-8081. or roughly 30 dB. 
Table 2 lists some important points on the pressure 
scale in the proposed system. Note that tho ‘torr’ is 
not commonly used in high-pressure work. The advantage 
of a single logarithmic scale, equally applicable to extremo 
vacuum and to high pressure, is apparent. 


Table 2. COMPARISON OF CONVENTIONAL AND LOGARITHMIC PRESSURE 


SCALES 
Ref. p dB 
Normal atmosphere 4 1:01325 x 105 joule/m* 0:0575 
Sub-atmospheric 
venous pressure of water ab 
00° 26-7 torr -1+5 
Triple point water—ice I— 
vapour 4 46 , — 22-18 
‘One mm of mercury’ —1 torr — 1 —28-75 
Vapour pressure of mercury at 
800° K 4 2-18 x 10-* torr —554 
‘One p of mercury’ — 1x10“ ,, be 
Lower limit of McLeod gauge 1x10 ,, -90 
Lower limit of ionization gauge 1x10 ,, —140 
Super-atmospheric 
Critical pressure of air 4 37-2 atmospheres 157 
Critical pressure of water 4 224-0 P 28:5 
Triple point water—ice I— 
ice IL 4 2,115 " 33-25 
Triple póint water—ice V— 
ice 4 6,380 35 38-05 
Phase transition bismuth I— 
bismuth II 5 25,400 bars 44 05 
Phase transition bismuth V— 
bismuth 5 89,400 ,, 49°51 
Pressure at the Earth’s centre 6 3-64 x 10* bars 65 61 


Before concluding, there are some points raised in the 
earlier correspondence which merit attention. It must 
be agreed that the quantity which the ion gauge samples 
is more closely related to molecular density than to pros- 
gure and it is the molecular density in an experimental 
enclosure which is most often the quantity of physical 
interest. It is also true, however: (1) that the ion gauge 
density as calibrated is really uncertain to the degree that 
the pertinent temperature within the gauge is uncertain ; 
(2) that the molecular density in the experiment is to be 
found only by correcting the gauge reading in accordance 
with the temperature in the experimental enclosure. 
Surely we should not make the adoption of a rational and 
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useful pressure-designation system contingent on the 
technical difficulties of measuring molecular density. 

By way of recapitulation we enumerate the advantages 
of the deciBoyle system: (1) It furnishes a unified scale 
encompassing the whole range from the smallest to the 
greatest pressures. (2) It centres around a convenient 
and absoute reference value, approximately one standard 
atmosphere. (3) The numeric expresses in its units place 
the accuracy attributable to the majority of pressure 
designations (that is, + 12 per cent) which lie outside the 
range of the simple barometric column or the McLeod 
gauge. 

G. C. BALDWIN 
Lewr Tonxs 
Advanced Technology Laboratories, 
General Electric Co., 
Schenectady, New York. 
1 Worrell, F. T., Nature, 199, 476 (1963). 
* Cuthbert, J., Nature, 201, 61 (1964). 


? Baldwin, G. C., and Tonks, L., General Electric Co. Internal Rep., 64GL3 
(Jan. 3, 1964); Bull. Amer. Phys. Soc., 9, 476 (1904). 


* Smithsonian Physical Tables, ninth edit. 
5 Bundy, F. P. (private communication). 
* Allen, C. W., Astrophysical Quantities, 109 (Univ. London Press, 1955). 


METALLURGY 


Distribution of Twins around a Microhardness 
Indenter in Close-packed Hexagonal Metals 


ATTEMPTS have been made to explain the hardness 
anisotropy of close-packed hexagonal metals in terms of 
the slip and deformation twinning modes which are 
available. As a result, simplified models of the stress 
system around an indenter have been developed in which 
the shear stresses acting adjacent to the indenter facets 
are resolved in the slip and twinning planes and in tho 
respective shear directions. The hardness variation was 
shown to be consistent with the variation in the resolved 
shear stresses for twinning in the basal planes of zinc, 
magnesium? and beryllium‘ and in the prism planes of 
zinc and magnesium’. It was therefore concluded that 
the hardness anisotropy could be due to twinning. 

Following a metallographic examination of the deforma- 
tion produced in indented zine and magnesium crystals, 
it was suggested that slip alone could readily account 
for the hardness anisotropy found in prism planes and 
indirectly for the anisotropy in the basal planes’. How- 
ever, it was noted that twins were sometimes nucleated 
around the hardness impressions. It is proposed in this 
communication to consider in more detail the twinning 
mode of deformation and to compare the observed 
distribution of twins around a Vickers diamond pyramid 
indenter with that predicted by the resolved shear stress 
models already referred to here. 

An'impression in the basal plane of magnesium is sur- 
rounded by twins at the free surface, whereas in zinc few 
twins are visibles. If the surface layer is removed after 
indenting, twins are found beneath the impression in zinc 
but not in magnesium. The distribution of twins around 
an indenter in the {1010} prism plane of magnesium is 
similar to that found in the basal plane of zinc®»*, A similar 
distribution of twins is also found when a Knoop indenter 
is used. These observations are summarized diagram- 
matically in Figs. 1 and 2. It can be seen that although 
the predicted resolved shear stresses for twinning are 
almost identical for the equivalent planes in both metals, 
for the basal planes twins are only found in magnesium 
around the impression and in zine below the impression 
and vice versa for the prism planes. 

If the changes in shape?’ associated with twinning are 
considered, the twin distribution can be readily explained. 
For example, compressive stresses parallel to the a-axis 
favour twinning in magnesium while in zine compressive 
stresses parallel to the c-axis favour twinriing: if the radial 
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Fig. 1. Distribution of twins around an impression in the basal plane 
of: (a) zinc; (b) magnesium 
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Fig. 2. Distribution of twins around an impression in the prism plane 
of: (a) zinc; (b) magnesium 


compressive stresses around an indenter are resolved 
parallel and normal to the indented surface, the twins 
would appear to form in order to relieve the compressive 
stresses. Clearly a resolved shear stress criterion alone 
is insufficient to account for the observed distribution of 
twins and any analysis which attempts to relate deforma- 
tion twinning with hardness anisotropy must take into 
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account the dimensional changes which occur during twin 
formation. 

It is significant that the hardness anisotropy in the basal 
planes of zinc and magnesium is similar* although the 
number of twins and their distribution differ in these 
metals. This suggests that the anisotropy is due to slip 
rather than twinning. in agreement with the previous 
results’. The effect of indentations on twins already pre- 
sent has also been examined and supports the observa- 
tions recorded here". 

P. G. PARTRIDGE 

Royal Aircraft Establishment, 

Farnborough, Hants. 
1 Dantells, F. W., and Dunn, C. G., Trans. A.S.M., 41, 410 (1949). 
2 Feng, C., and Elbaum, C., Trans. A.I.M.M.E.,212, 47 (1958). 


"Seo M., Nash, S. K., and Zeman, R., Trans. A.I.M.E., 221, 554 


Hill, N. A., and Jones, J. W. S., J. Nuclear Mat., 8, 138 (1961). 

5 Partridge, P. G., and Roberts, E., J. Inst. Met., 92, 50 (1903). 
‘Partridge, P. G., and Roberts, E., Acta Met. (in the press)? 

1 Schmid, E., and Boas, W., Plasticity of Crystals (Hughes, London, 1950). 
* Barrett, C. S., Structure of Metals, 376 (McGraw-Hill, 1952). 


Grain Growth in Cadmium 


Mvcx has been written of the growth of the component 
crystalline grains which occurs when a metal is maintained 
at & constant high temperature, but hitherto no simple 
law of growth appears to have been established. Working 
with cadmium, we have found laws which hold with pre- 
cision for that metal. Whether they hold for other metals, 
in particular for metals of face-centred cubic structure, is & 
matter which we propose to investigate. 

In a specimen of which the average grain size is below 
a certain limit, maintained for a long period at a given 
temperature, the grains grow to a stable size characteristic 
of that temperature. If is the average number of grains 
intersected by a unit length, taken at random, and ns, 
the initial value, is about 1-6, or less, times the stable 
value nr ultimately attained, then the law of decrease of 
n, which is the reciprocal of the average diameter, is: 


n = nr (1 + pe-#) 
or: 
n—- ny 


nr 


number of mortal grains 


= = ot 
final number of grains : i 


when p and q are constants. We use the term “number of 
mortal grains” to indicate the number that vanish in the 
course of annealing at a given temperature. 

This law is obeyed within the limit of experimental 
error, which is well less than 1 per cent of the value of n. 
It has been established that no change in the value of nr 
occurs in weeks. 3 

If the initial grain size is much smaller than that given 
by n; = 1:6 nz, then there are two preliminary stages of 
growth, first, a very rapid increase of grain diameter, 
which at high temperature may lead to a ten-fold increase 
of the average grain diameter in a matter of seconds, and 
a second stage in which the exponential law is gradually 
approached. We have an explanation to offer for this 
behaviour. 

The variation of q with temperature is given by the 
simple law g = ae-*/kT, where a and € are constants. 
The variation of the stable nz with temperature is given 


by nr = TT where A and T, are constants. 
0 


It is hoped to publish shortly an account of the experi- 
- ments in question, with an attempted explanation of the 
results. 
E. N. pa C. ANDRADE 
D. A. ABOAYV - 
Department of Metallurgy, 
Imperial College of Science and Technology, 
London, 8.W.7. 
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RADIATION CHEMISTRY 


Changes in Titanium Dioxide- Silver Nitrate 
‘Mixtures after Ultra-violet Irradiation 


Tux photo-darkening of titanium dioxide-silver com- 
pound mixtures has been observed by Fórland! and 
Goetz and Inn? among others. Förland attributed the 
discoloration to the oxidation of the silver ion to Ago, 
though Goetz and Inn claimed that it was due to the 
reduction of the silver ion to metallic silver. . 

During investigations into this reaction, interesting 
reflectance changes were observed on specimens after they 
had.been exposed to ultra-violet radiation. The specimens 
were prepared by mixing 10 of a commercial rutile 
titanium dioxide pigment with 10 ml. of N/10 aqueous 
solution of silver nitrate. The paste was dried at 80° C 
for two days in the dark, and formed into compacts to 
facilitate reflectance measurements. These were evacuated 
for 1 h at 10- torr, and then irradiated for two days in a 
dry nitrogen atmosphere. 

The discoloration has a characteristic pink tinge and 
the reflectance spectrum of a freshly irradiated sample is 
shown in Fig. 1, curve A. The changes after irradiation 
depend strongly on the presence of moisture, and follow 
two patterns. If the specimen is kept in a desiccator in 
the dark, the discoloration slowly dies away, and the 
reaction appears to be completely reversible. Fig. 2 
shows the increase of reflectance at about 5500 A with 
time at 20? C. If, on the other hand, the specimen is 
exposed to moisture, it slowly blackens in the dark. A 
typical case of a specimen kept in a normal room atmo- 
sphere at 20° C is shown in Fig. 1, where curves B and C 
show the decreasing reflectance with time. This darkening 
continues until the specimen appears dark-grey with an 
overall reflectance of approximately 10 per cent. 

This darkening process follows a particular pattcrn; 
small black spots form on the surface of the compact, 
and then grow, bringing about a darkening effect. The 
formation of these spots depends on the presence of 
moisture and is irreversible at room temperature. Detailed 
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Fig. 1. Reflectance changes measured in a moist atmosphere. 4, freshly 
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investigations on the irradiation process to be published 
elsewhere indicate that these might well be due to colloidal 
silver, and that the growth is due to silver diffusion over 
the face of the compact. 

The work is part of a general programme dealing with 
the electrical and surface properties of titanium dioxide. 
We thank Laporte Titanium, Ltd., for the gift of samples. 


W. C. CLARK 
A. VONDJIDIS 


College of Science and Technology, 
Ashley Down, 
[ Bristol, 7. 


1 Förland, K. S., Intern. Symp. Reactivity of Solids (Gothenburg, 1952). 
* Goetz, A., and Inn, E. C. Y., Rev. Mod. Phys., 20, 131 (1948). 
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Radiation Chemical Reactions in Deoxygenated 
Peptide Solutions 


INVESTIGATIONS by Garrison e? al.1 on the radiation 
chemistry of acetylglycine contributed to the elucidation 
of the reactions on C2 of the amino-acids participating in 
the peptide bond. 

Simultaneous and independent experiments were carried 
out in our Laboratory based on our previous observa- 
lions?-? on the increasing importance of recombination 
reactions with chain-length of irradiated aliphatic amino- 
acids in deoxygenated solutions. These investigations were 
aimed at elucidating the type of recombination products 
formed from peptides, since these could contribute to 
clarification of the radiolytic reactions of proteins. 

0:05 M oxygen-free solutions of leucyl-glycyl-glycine 
(leu.gly.gly), leucyl-glycine (leu.gly), glycyl-leucine (gly.- 
leu), glycine, leucine and a mixture (1:1) of 0-025 M 
glycine and 0-025 M leucine were irradiated by cobalt-60 
y-rays (dose 8-2 x 10?' eV/ml). The G-values are 
summarized in Table 1. 


Table 1. 100-eV YIELD FROM PEPTIDES 
- (0-05 M aqueous solutions, cobalt-60 y-rays, dose 8.2.102° eV/ml.) 


leu.gly.gly leu.gly gly.leu leu gly leu+gly* 
G (-M) 22 2:4] 2-9 2:1 1:57 Cu) 3 
G(-gly 09 
G(NH; + amines) 1-25 
G(CO2) 0-15 


G(volatile acids) 0:1 


G(dimers, yielding 
diaminodicarb- ! 


oxylic acids) 0-55 
G(recomb. yielding 

monoaminodicarb- 

oxylie acid) 0-7 
G(carbonyl 

compounds) 0-1 


* (1:1) mixture of 0-025 M leucine and 0-025 M glycine. 
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Before hydrolysis several peptides giving a weak nin- 
hydrin reaction were observed in irradiated leu.gly.gly 
Solutions. The amount of carbonyl compounds in the 
unhydrolysed solution was negligible. Glycine was formed 
in very small amounts (G 0-1); decarboxylation also was 
very low (G 0-15) as well às the amount of acids (@ 0-1). 

After hydrolysis, besides leucine and glycine three 
diaminodicarboxylic acids (G 0-5) were observed corre- 
sponding to the three major peptides, that is, in order of 
importance: (1) dimethyldiaminoadipic acid (recombina- 
tion product of glycine and leucine); (2) diaminosuccinic 
acid (recombination product of glycine); (3) diamino- 
dimethylseb&cie acid (recombination product of leucine). 
Since none of these products was present before hydro- 
lysis, the three peptides apparently were formed by 
recombination of two leu.gly.gly molecules, that is, by 
formation of new C—C bonds. 

This fact can be explained by the formation of a 
radical on C2 of one of the glycine residues in one leu.gly.- 
gly molecule and on C4 of the leucine residue in another 
leu.gly.gly molecule. These radicals then recombine, the 
now peptide being linked by dimethyldiaminoadipie acid 
(1), which was found after hydrolysis. Another variety of 
this reaction is radical formation on one glycine residue in 
each of two leu.gly.gly molecules, recombination leading 
to diaminosuccinic acid (2). In the third case only the 
leucine moieties of two leu.gly.gly molecules participate in 
the reaction under formation of diaminodimethylsebacic 
acid (3). 

The hydrolysed irradiated leu.gly.gly solution also con- 
tained monoaminodicarboxylic acids (G 0-7) chromato- 
graphically corresponding to «-amino-4-methylpimelic 
acid and «-amino-3-dimethyladipie acid, indicating that 
N-terminal leucine undergoes reductive deamination under 
formation of isocaproie acid (without breakage of the 
peptide bond) which combines with a glycine radical: in 
another leu.gly.gly molecule yielding deaminated peptides 
from which on hydrolysis the corresponding monoamino- 
dicarboxylic acids are formed. , Reductive deamination 
and recombination appears to be & specific reaction of the 
N-terminal amino-acid. In view of G 0-7 of these products, 
reductive deamination is an important reaction of pep- 
tides in irradiated deoxygenated solutions. 

These facts and the balance of G( — M) and G(products) 
for leu.gly.gly, which is in comparatively good agreement, 
point to recombination as the primary reactions in the 
radiolysis of peptides in deoxygenated solutions. 

The low value of G(CO;) instigated an investigation of 
whether carboxylation? occurs and leads to consumption 
of carbon dioxide. However, carboxylation was found to 


, be negligible. 


In tbe irradiated leu.gly solution the same number 
of peptides was found as with leu.gly.gly, yielding the 
same diaminodicarboxylic and monoaminodicarboxylic 
acids as the peptides formed on irradiation of leu.gly.gly. 
In the hydrolysate acid (1) is present in the highest 
amount, the amounts of acids (2) and (3) being equal but 
lower. 

In irradiated gly.leu solutions three peptides were 
observed yielding diaminodicarboxylic acids only. Acid 
(3) predominates, followed by (1) and a small amount 
of (2). The monoaminodicarboxylic acid present in the 
irradiated solution originates from recombination of the 
acetyl moiety of acetyl-leucine (deamination product of 
gly.leu) with the leu moiety of gly.leu, the product being 
«-amino-4-methylpimelie acid, whereas recombination 
between the acetyl moiety and the glycine moiety was not 
observed, 

The results show that recombination is the predominant 
reaction in irradiated deoxygenated peptide solutions. 
The recombination reactions observed with peptides are 
analogous to those observed with the free amino-acids. 
Rupture of the peptide bond is unimportant. In the 
presence of an aliphatic amino-acid with longer chain, 
breakage of the peptide bond is practically completely f 
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suppressed in favour of recombination as demonstrated 
by the small amount of carbonyl compounds and amino- 
acids in the irradiated solution. 
J. LIEBSTER 
J. KororpovÁ 
Institute of Biology, 
Czechoslovak Academy of Sciences, 
Prague. 
1 Garrison, W. M., and Weeks, B. M., Rad. Res., 17, 341 (1962). 
* Kopoldová, J., Liebster, J., and Babicky, A., Intern. J. App. Rad. and 
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* Kopoldová, J., Liebster, J., and Babicky, A., Intern. J. App. Rad. and 
Isotopes, 11, 617 (1962). 


* Kopoldová, J., Liebster, J., and Babicky, A., Intern. J. App. Rad. and 
Isotopes (in the press). 

* Kopoldová, J., Liebster, J., and Babicky, A., Intern. J. App. Rad. and 

: sotopes (in the press). 

* xmi M J., and Liebster, J., Intern. J. App. Rad. and Isotopes (in the 
press). 

* Kopoldová, J., and Liebster, J., Symp. Radiation Chemistry, Tihanyi (1962). 

3 Liebster; J., Kopoldová, J., and Babicky, A., Rad. Res. (in the press). 

? Liebster, J., and Kopoldová, J., Sec. Intern. Cong. Radiation Research, 
Harrogate (1962). 

1? Weeks, B. M., and Garrison, W. M., Rad. Res., 9, 291 (1958). 


CHEMISTRY 


Methanolysis of 2,4-Dinitrophenyl p-Toluene 
Sulphonate 


' Tug methanolysis of 2,4-dinitrophenyl p-toluene sul- 
phonate has been investigated, in continuance of a series 
of investigations of the methanolysis of nitrophenyl 
esters? both under initially neutral conditions and in 
the presence of tertiary bases, namely, pyridine and its 
methyl derivatives. In the cases of pieryl acetate! and 
2,4-dinitrophenyl acetate? both the neutral and base- 
catalysed reactions show: acyl-oxygen fission: 


ArOCOCH, + CHOH — AvOH + CH,OCOCH, (1) 
NO, 


(whero Ar = Nod Ò ) In the case of picryl 


benzoate! under initially neutral conditions, along with 
acyl-oxygen fission (1), there also occurred some aryl- 
oxygen fission (2): ] 


ArOCOPh + CH,OH — ArOCH; + HOCOPh (2) 


Reaction (2) did not, however, occur in the presence of 
tertiary bases. The order of the catalytic constants 
(k,B) are in each case k,Py > k,0o » k,Lu b,Pl, whereas the 
basic strengths are in the order 2,4,6-collidine > 2,6-lutidine 
> 2-picoline > pyridine. Thus specific and general base 
catalysis are ruled out. The mechanism is thus nucleo- 
philic catalysis. 

The catalysis of the methanolysis of 2,4-dinitrophenyl 
p-toluene sulphonate by pyridine, 2,6-lutidine and 2,4,6- 
collidine has been investigated at 45° C. The reaction 
follows two paths leading to 2,4-dinitrophenol (reaction 
(3) ) and the 2,4-dinitrophenyl pyridinium ions (reaction 
(4) ): 

7ArOH + MeBt + O80,C; B; (3) 
ArOSO,C,H, + B 4-MeOH 
X ArB+ 4+-OSO,C;H,+Me0H (4) 


Reactions (3) and (4) were followed chemically by measur- 
ing respectively the rate of 2,4-dinitrophenol and complex 
formation. This is essentially a modification of the method 
of Olivier and Berger®. In the case of pyridine, reaction 
(4) accounts for some 45 per cent of the total reaction, 
while for 2,4,6-collidine the amount of reaction going by 
this path was only 14 per cent. None of the reaction in the 
presence of 2,6-lutidine appeared to go by this route. 
The reaction products have all been isolated and identified 
by comparison of the analysis figures and infra-red spectra 
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with those of the pure compounds. The nature of the 
products enables the mechanism to be postulated’. In 
the cases of pyridine and 2,4,6-collidine it is coneurrent 
sulphur-oxygen fission (reaction (3)) and acryl-oxygen 
fission leading to the complex (reaction (4) ). In the case 
of 2,6-lutidine, only the former process is observod. 

For a given concentration of base, good first order 
rate-coefficients were obtained for reaction (3), and these, 
when divided by the base concentration, yielded the 
catalytic constants. It is found that k,Py > ko > kl, 
which is the same order as was found for the picryl 
compounds! and for 2,4-dinitrophenyl acetate*. Once 
again specific and general base catalysis can be eliminated 
as possible mechanisms and so nucleophilic catalysis must 
oceur, the catalytic constants being determined in part 
by the basic strengths and in part by the steric effect 
of the methyl groups of the base. Reaction (4) is also 
subject to steric effects as the rate coefficients decrease 
in the order pyridine 2,4,6-collidine 2,6-lutidine. 

Further investigations are being made into the reactions 
in the presence of 2- and 4-picoline, and in the light of 
these a fuller discussion of the mechanism will be presented 
elsewhere. 

ALICJA KiRKIEN-KONASIEWICZ 
G. SAMMY 
ALLAN MACCOLL 
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Formation of Phase Test Intermediate of 
Chlorophyll by Electrolytic Reduction 


Ix the course of electrolytic and polarographic studies 
on chlorophyll and related compounds, we have found that 
reduction of chlorophyll a and b in aprotic solvents 
involves an unusual sequence of events which differ 
markedly from those observed in protolytic solvents??. 

d.c. Polarographic measurements were made in di- 
methylsulphoxide solvent (distilled from calcium hydride). 
using 0-1 M tetrapropylammonium perchlorate as 
supporting electrolyte and an aqueous calomel anode, 
taking precautions to minimize water diffusion. Con- 
trolled potential reductions were carried out at & platinum 
gauze cathode, using a mercury pool anode and reference 
aqueous calomel electrode. The electrolysis apparatus 
permitted also thorough deoxygenation and determination 
of the absorption spectrum. of the solution. 

Polarographie results for chlorophyll a and some 
derivatives (Fig. 1) are presented in Table 1. Two 
waves were observed for all compounds’? and heights for 
both waves were linear in the square root of the mercury 
head. The spectral changes following electrolytic re- 
duction of ethyl chlorophyllide a at the plateaux of cither 
the first (—1-3 V) or second (—1:6 V) polarographic 
waves are given in Fig. 2. The resultant spectrum 
(3, Fig. 2) is unequivocally that of the phase test inter- 
mediate (V, Fig. 1), as shown by comparison with pub- 
lished spectra? and by formation of the identical spectrum 
on addition of aqueous potassium hydroxide. In 
further agreement with this identification are the following 
observations on the electrolysed solution: (1) no clectron 
spin resonance was obtained; (2) addition of deoxygenated 
boric acid solution gave quantitative recovery of I; (3) 
bubbling with air or addition of iodine regenerated a 
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chlorin-type spectrum. Similarly, clear phase-test inter- 
mediates were obtained when chlorophyll a and b were 
electrolysed. 

In two separate electrolyses at the potential of the 
first wave, coulometric analysis showed that 1-1 and 
1:3 electrons were taken up, respectively, per chlorophyl- 
lide a molecule. Following the reduction, attempts to 
reduce the solution further at the plateau of the second 
wave gave no current flow, nor could the solution be 
oxidized at a potential 0-2 V anodic to the first wave of I. 
Since the product of reduction at the first polarographic 
wave is reduced at the second wave, in contrast to the 
behaviour of the phase intermediate, we may conclude 
that V cannot be the primary reduction product. 

That the two waves are due to formation of m-electron 
ions is indicated by similar studies on a series of metallo- 
tetraphenyl porphyrins, having no other -reducible side 
groups. The polarograms show the same characteristic 

: two waves, with an almost constant separation of 0-44 V, 
independent of the complexed metals. Previous polaro- 
grams of chlorophyll a and derivatives in buffered ethanol 
have also been assigned to chlorin-ring reduction, but 
show proton involvement in the electrode reaction!?, 
These results may be reproduced by adding acetic acid 
to the dimethylsulphoxide solution. Increasing the acid 
concentration (up to 5 per cent) causes the first polaro- 
graphic wave to shift anodically and to increase in height 
at the expense of the second wave. This behaviour is 
observed also with aromatic hydrocarbons*, and con- 
stitutes further evidence that z-electron ions are initially 
formed. Finally, the characterization of tho porphyrin 
anions as x-eleetron ions is substantiated by spectroscopic 
and chemical evidence®.?, 
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Fig. 1. Chlorophyll derivatives 
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Evidently, formation of base during the electrolysis 
would account for the appearance of the phase inter- 
mediate. However, addition of chlorophyll to dimethyl- 
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sulphoxide which had been pre-electrolysed at —1:3 V 
(very small currents were obtained) gave only the original 
chlorophyll spectrum. While catalytic baso formation 
cannot formally be ruled out, it is unlikely that the 
methylsulphenium carbanion® would be formed at these 
low potentials. Moreover, the same polarographic and 
electrolytic results were obtained in N-N’-dimethyl- 
formamide solvent. 


80 


e 
e 


pN 
© 
p 





Decadic extinction coefficient x 10- (1./mole-em) 


20 





nf? 
L 
1 Us 4 
0 o fs ee Pees (a es ee 
300 400 500 600 700 


Wave-length (my) 


Fig. 2. Spectral changes during electrolysis of ethyl chlorophyllide a. 

(1) Ethyl chlorophyllide a in dimethylsulphoxide; (2) intermediate stage 

of electrolysis; (3) final electrolysis product, phase test intermediate of 
ethyl chlorophyllide a 


We therefore suggest the following interpretation of 
our results. The two polarographic waves are assigned, 
respectively, to the formation of the z-electron mononeg- 
ative and dinegative ions of I, IT, III and IV. However, 
under the conditions of bulk electrolysis, the initially 
formed mononegative radical ion converts to the phase 
intermediate. This requires the loss of a hydrogen atom 
from the mononegative radical ion. The nature of the 
hydrogen acceptor is not clear at this time, and may be 
the solvent, an impurity, or even another mononegative 
ion, leading to hydrogen evolution. 

If this interpretation is correct, then chlorophyll 
mononegative ion is unstable with respect to formation 
of the phase test intermediate and loss of hydrogen to 
suitable acceptors. Such a transformation may provide 
& catalytic pathway by which charge-transfer reactions 
involving chlorophyll may effect hydrogen atom transfer, 
by virtue of the high stability of the phase intermediate. 

This work was supported by grants from the National 
Institutes of Health (G.M 108 33-01) and the U.S. Atomie 


AND SOME DERIVATIVES IN DIMETHYLSULPHOXIDE* T 


Symbol E1)- 

(Fig. 1) Compound —E(1) Slope Ia n$ —E2) Slope la ni (2) 
I Ethyl chlorophyllide a 111 63 0-92§ 11 1:54 61 0-938 131 0-43 
II Chlorophyll a 1:12 61 0-8 0-05 1:54 66 0-8 0-95 0-42 
I Chlorophyll b 1-05 59 0-879 1-0 1-46 69 0-877 1:0 0-41 
IV Meso-ethyl chlorophyllide a 117 57 0-88 1-0 1-64 56 0-84 ro 0:47 


* Ei's corrected for IR drop, but include junction potentials. 


T Units: Eşin volts versus the saturated calomel clectrode (aq.); 
C is concentration in millimoles/l.; iz is height of diffusion wave (u 


ł nis number of electrons transferred in reduction; obtained from Ja— 0-85n 
$Iaconstantfrom 0-2 mM to 1-0 mM, 
{Ja constant from 0:3 mM to 1-0 mM. 


slope in millivolts of E vs. log (i/(ia-i)) 
amp); m=1:83 mg/sec at column height 


; Igis the diffusion current constant, ia/Cm3/s0 6; 
of 34 cm; ( — 8:8 sec. 


established for zine tetraphenylporphyrin:. 
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Determination of Electro-oxidation Products 
using an Auxiliary Mercury Electrode 


Tug investigation of the mechanism of electro-oxidation 
is hindered by the lack of information about the reaction 
products and intermediates. These can be determined in 
some cases by ordinary analytical methods. In some 
cases a current-voltage curve obtained by application of a 
voltage sweep to the electrode during interruptions of the 
electro-oxidation can be used for determination of 
products of the electrode reaction, but usually does not 
give unambiguous results. 

If a small mercury electrode is placed in the immediate 
neighbourhood of the anode the advantages of the polaro- 
graphic method, that is, the reproducibility and the large 
cathodic potential range may be used for the determina- 
tion of reducible products of electro-oxidation which 
diffuse from the anode. For a rapid and sensitive determ- 
ination the method must be modified in some way: (1) 
the potential of the working electrode at which the pro- 
ducts are formed must be controlled by means of a poten- 
tiostat; (2) the resistance of the solution between the 
mercury cathode and the reference electrode must be 
kept low to make possible the application of the linear 
voltage sweep oscillographic polarography. 

Bearing this in mind, the cell and the mercury electrode 
have been designed as follows. A platinum platinized 
anode A (apparent area 50 mm?) placed in the centre of 
the anodic compartment (Fig. 1) is kept at a constant 
potential by means of a reference electrode (RE) joined 
through a Luggin capillary. The liquid junction potential 
between. the solutions in the compartments 
of the anode and of the reference electrode 
may cause uncertainty in the control of 
the potential of the anode. Therefore a 
hydrogen electrode according to Giner? in 
the same solution in both compartments 
has been used. Hydrogen is generated at a 
platinum black electrode connected io an 
auxiliary current source. The electrolysis 
with a current density of 1 m.amp/cm? 
maintains a constant potential of the hydro- 
gen electrode. The cathode is placed in a 
third compartment (not designed) which is 
joined to the anodic part by means of a 
sintered glass plug. The mercury electrode 
(ME) consists of & platinum wire (diam. 0-4 
mm) sealed in a glass tube which is ground 
at the end to a flat tip. The electrode is 
platinized and coated electrolytically with. 
mercury. It is moved by means of a micro- 
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Fig. 1 


metric screw to a definite distance from the anode. à small 
piece of glass 0-2 mm thick sealed to the tip prevents the 
short-circuiting of both electrodes. The solution is 
deaerated by bubbling with pure nitrogen. 

The cathode (C), the anode (A), and the reference 
electrode (RE) are connected in a conventional way to an 
electronic potentiostat (PO) (Fig. 2) which is based on 
operational amplifier units’. The mercury electrode is 
polarized from the differential amplifier (DA) through a 
measuring resistance (R). The other imput of the ampli- 
fier is switched on a generator (G) of a triangular voltage 
impulse. The anode is earthed and makes the common 
point of the circuits of the potentiostat and tho amplifier, 
respectively. This connexion is made possible by the 
fact that the potential of the anode is kept constant by 
means of the potentiostat. The voltage on the mercury 
electrode controls the horizontal deflexion of the cathode 
ray tube of the oscilloscope (0), the voltage drop on the 
resistance (R) the vertical deflexion. In this way a cur- 
rent-potential curve is displayed on the screen. 

Using this method it was possible to follow quantita- 
tively the rate of formation of formaldehyde during the 
electro-oxidation of methanol in a buffered solution. The 
electrolysis at a given potential was switched on and after 
a delay of 5 min the current-voltage curve of formaldehyde 
at the auxiliary electrode was recorded. The height of the 
peak of formaldehyde was compared with the height 
measured in a solution of a known concentration’. The 
concentration at the anode was then computed using the 
integrated Fick equation. Similar experiments using a 
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platinum rotating disk electrode with an auxiliary ring! 
with mercury coating are going on. 
We thank Dr. J. Weber for his advice. 
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Electron Spin Resonance in Hæmin, 
Hæmatin and Hemoglobin at 42° K 


Tax electron spin resonance method is capable of giving 
fairly detailed information concerning the electron 
structure of molecules having unpaired electrons. In 
the past few years D. J. E: Ingram et al. have made detailed 
investigations of the electron spin resonance absorption 
of single crystals of hemoglobin andmyoglobin compounds. 
The most accurate measurements on high-spin ferri- 
hemoglobin and ferrimyoglobin compounds have been 
made at liquid air or liquid hydrogen temperatures and 
a well-defined variation of g-value from g=2tog=6 
was obtained! Very similar g-values were observed 
in polycrystalline samples of the prosthetic group hemin 
at liquid air temperaturesb?5. No electron spin resonance 
spectrum was obtained in hematin. Measurements in 
frozen aqueous solutions at 170° K on some heemoproteins 
have been reported by A. Ehrenberg*. I have recently 
summarized much of this work up to the first part of 
1963’. 

I am undertaking an investigation of hemin, hematin 
and acid ferrihemoglobin by electron spin resonance at 
4:2? K, to obtain as much detailed information as possible. 
In these biological complexes the iron atom (Fe?*) is 
held at the centre of the porphyrin plane, surrounded by 
a square of nitrogen atoms. The different derivatives can 
best be classified by the nature of the extra two radicals 
attached to the central iron atom. In hemoglobin one 
of these is a nitrogen atom of a histidine amino-acid of 
the protein, globin, and the other (sixth) position can 
be taken by a variety of different radicals. In acid 
ferrihemoglobin water is at the sixth position. Hematin 
has water at the fifth position and the OH- radical at 
tho sixth position. Hzmin has a similar structure to 
hematin but has the Cl- radical in place of the OH- 
radical. 

Electron spin resonance spectra were observed using 
a Strand Labs. spectrometer model 601 with a micro- 
wave frequency of 9,400 Mc/s and a field modulation 
of 6 ke/s. The sample cavity for operation at liquid 
helium temperature is a rectangular, silver-deposited 
quartz cavity which operates in the TE 19; rectangular 
mode. For measurements of the g-values an Alpha 
Scientific Laboratories nuclear magnetic resonance gauss- 
meter AL 67 was used. Hemin and hematin were ob- 
tained from L. Light and Co. and twice crystallized bovine 
hemoglobin from the Nutritional Biochemical Corporation. 

The samples of polycrystalline hematin show no 
observable electron spin resonance spectrum at room 
temperature, possibly due to short spin-lattice relaxation 
time. At 4:2° K they give a very intense line with g = 6-3 
and two weak lines with g = 4:35 and g = 2-03 (see 
Fig. 1). At 4-2? K the intensity of the line with g = 4-35 
is smaller than at 90° K. This is in accordance with the 
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Fig. 1. Electron spin resonance spectrum of hematin at 4:2? K 


theoretical considerations given later because, owing to 
the Boltzmann factor, the line at g = 4:35 should be 
dependent on temperature in the sense that the intensity 
should diminish as the temperature goes down. In the 
powder, a statistical distribution of microcrystals is 
expected. Previous work on line shapes of powder 
resonance spectra has shown that gy and gy can some- 
times be deduced from measurements on polycrystalline 
Samples?-1?. g; is most easily obtained by this method 
because the expression for the mean g value is strongly 
peaked in the perpendicular direction. In Fig. 1 we are 
probably seeing peaks due to three separate environments 
for the Fe?* ion, of which the g near 6 is presumably 
the g, of the usual high-spin situation observed in hamo- 
globin and myoglobin compounds. 

Very similar electron spin resonance absorption was 
observed for the acidic ferrihemoglobin, and nearly 
identical electron spin resonance maxima at g, = 5-82, 
g: = 425 and g, = 2:07 were obtained. For identi- 
fication of the hemoglobin used the visible absorption 
spectrum was measured and typical acidic ferrihsemo- 
globin maxima at 404-5my, 500mu and 631 mp were 
found. Similar g-values have been observed for ferric 
ions occurring substitutionally in glasses", in ferric ions 
of flavin enzymes” and also in frozen aqueous solutions 
of some ferric hemoproteins*®. 

The results for hemin show that there is a significant 
difference between the electron spin resonance spectra 
at 90? K and 4-2? K. At 90° K two electron spin resonance 
maxima with g-values 2 and 6 were observed. In contrast 
to these measurements the absorption from hsmin at 
4:2? K is a line corresponding approximately to a g-value 
of 2, and more than a thousand gauss wide. But a very 
broad line at g~7 was also observed. The coupling of 
the cavity loaded with hemin is evidently dependent on 
the external magnetic field at 4:2°K. It seems most 
probable that hemin at 4:2? K is ferromagnetic, but it 
may be difficult to obtain more precise information with 
the electron spin resonance method. Measurements of 
static magnetic susceptibility at 300°-4-2° K are in pro- 
gress and a systematic survey of this field is planned. 

If we assume that the spectrum shown in Fig. 1 is 
derived from ferric ions in three separate environments 
we must then ask what are these environments ? The 
high-spin ferrie ion has S — 5/2 and it has been argued 
previously“ that the spin-Hamiltonian : 


Hs) = D (se - >) + B(S? — S) (1) 


is usually adequate for these porphyrin compounds. In 
equation (1) the x, y and z axes are not necessarily simply 
related to the porphyrin axes although one might expect 
them usually to beso. If E = 0 weget ag value ranging 
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from approximately g =.2 to g = 6 with most of the 
intensity occurring near g = 6. Presumably the line 
near g = 6 in Fig. 1 is due to this situation. The line 
g = 2 may well be the typical g = 2 line arising from the 
ferric ion with a fine-structure splitting small compared 
with the energy of interaction with the external magnetic 
field, that is, D ~ 0 and E ~ 0. This may be due to 
some peculiar structure for the hematin but is perhaps 
more likely to be due to à small amount of free ferric ion. 
Finally the small absorption at g = 4:35 seems to be 
genuine. Such a line has been observed for ferric ions 
elsewhere!i-5 and they have been interpreted as being 
the case D — 0, and E large compared with the magnetic 
field interaction. If we set D = 0 in equation 1 it follows 
that the ground-term of the ferric ion splits into three 
Kramers doublets, the middle one of which is predicted 
theoretically to give an isotropic g value of 4-29 (ref. 15). 
It has been shown” that this behaviour (strictly with E 
large and D small but not accurately zero) can arise from 
certain environments. If we suppose that the present 
g value of 4:35 arises from hematin itself then the only 
one of the three environments considered in that paper 
which is at all plausible is that of a distorted octahedral 
arrangement with six identical, or nearly identical, 
neighbours. Even this environment would seem a little 
curious in hematin and possibly this small line is due to 
some degradation product. 

I thank Prof. J. S. Griffith for giving the theoretical 
discussion of our experimental data and for kindness in 
informing us of his theoretical results!* before publica- 
tion, also Prof. W. Buckel for the furtherance of this 
work, and G. Bürk for his assistance in measurements. 
The programme of which this work is a part was supported 
by the Deutsche Forsehungsgemeinschaft. 
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Current Pulses in g-Carotene 


WE are at present investigating the absorption spectra 
and photoconduction behaviour, as well as the electric 
properties of polyene molecules, in particular, of the 
molecule @-carotene. This molecule occurs widely in 
plants and animals. Although f-carotene itself does not 
occur in the visual pigments it can be considered a 
precursor of retinene, the C», carotenoid, which occurs in 
the rods and cones of the retina. An attractive feature of 
this molecule to us was the possibility of growing single 
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crystals 'and making our electrical and spectroscopic 
measurements along the different crystal directions. We 
have been able to make extremely thin crystals (^ 500 A 
thick), as well as much larger crystals, and we shall be 
reporting a full account of the work elsewhere!. Here we 
wish to point out an interesting phenomenon observed 
during the electrical measurements. 

The crystals used for the electrical measurements were 
crystallized from a benzene-methanol solution and grew 
as platelets with the faces in the ab plane, with typical 
dimensions of about 0-2 mm thickness and 10 mm? 
area. ‘Aquadag’ electrodes were used, including a guard 
ring electrode to eliminate surface effects. Each crystal 
was mounted on a quartz plate and enclosed in & ‘Pyrex’ 
Dewar flask which could be evacuated and heated to any 
desired temperature. When a b-carotene crystal is hoated 
in a vacuum for several hours at 120° C and an electric 
field greater than ~ 4,000 V/cm is applied, we observe 
current pulses of the type shown in Fig. 1. This shows the 
current as a function of time when a steady voltage is 
applied to the crystal. The pulses are of constant fre- 
quency, occur in the dark (frequency ~1/10 c/s) and 
show no signs of decaying over a period of several hours. 
The effect of irradiating the crystal with light from a 
tungsten lamp is to increase the current and also to 
increase the frequency of the pulses. This effect is also 
shown in Fig. 1. Increasing the electric field also 
increases the frequency of the pulses. , 

A surprisingly marked effect on the bulk conductivity 
of the erystals, due to oxygen, is observed. When oxygen 
is introduced into the Dewar flask at room temperature 
the bulk conductivity increases by several orders of 
magnitude over a period of several hours. Pumping the 
Dewar flask causes the conductivity to fall slowly to its 
original value; raising the temperature of the crystal 
accelerates this process. A similar effect on bulk con- 
ductivity has been observed with at least one other type of 
erystal?. The crystal in a vacuum shows the current pulses 
at temperatures greater than 90° C. However, when 
oxygen is present, the current pulses occur at lower 
temperatures and we have observed them to occur at 
room temperature. 

This is the first time, so far as we are aware, that such 
current pulses produced by a constant voltage have been 
reported with an organic molecule. Similar effects have, 
however, been recently observed with a few inorganic 
semiconductors?-. Germanium, containing gold impuri- 
ties, produces current pulses at a field of only 3 V/em, 
but these were observed with the crystal at temperatures of 
20° K. Gallium-arsenide® shows the effect at room tem- 
perature at 100-200 V/em. The pulses occur in a similar 
way to those observed with B-carotene, both with respect 
to voltage and to incident light. The current-voltage 
characteristic has & similar deviation from Ohm’s law, 
showing & flattening in the voltage range in which the 
pulses occur. A detailed explanation of the effect is not 
yet certain, but it has been shown that the current pulses 
are associated with a narrow region of high electric field 
associated with a charged double layer, which moves across 
the crystal from one electrode to the other and the transit 
time of which is related to the period of current oscilla- 
tions*. This region of high field can be in many orders of 
magnitude more than that which occurs on either side of 
the region. Qualitative explanations of the way in which 
the high field region is formed seem to vary. A minority 
carrier extraction p?ocess has been described. It has been 
suggested that the voltage-threshold for oscillations is 
reached when the width of the charge depletion layer 
equals the hole drift length*. Another explanation has 
been given in terms of the trapping of hot electrons, leading 
to the development of a differential negative resistance 
which, because of its instability, causes a reorganization of 
field in the crystal and leads to the mobile domain high 
field structure‘. 
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Fig.1. Current-time relation at constant voltage for a 8-carotene crystal 

in a vacuum showing effect of differing light intensities. A, dark; B, 

medium illumination; _ C, weak p inina tion, Applied voltage, 160 V. 
emp., ? 


It is clearly of interest that organic molecules also can 
exhibit this effect and we suspect that an explanation of 
the mechanism will be similar to that provided for the 
inorganic molecules. The explanations given for the 
inorganic semiconductors imply that the effect could occur 
in any heavily compensated high-resistant material, and 
we expect that other organic molecules, some of which 
may be of biological importance, will exhibit this effect. 

The way in which the frequency of the pulses in B- 
carotene vary with illumination is very similar to the 
recording of spike discharges observed with a single optic 
nerve fibre of Limulus* when light is directed on to an 
ommatidium. Here a steady frequency is observed with 
constant illumination which is approximately linear with 
the logarithm of the stimulating light intensity. This 
provokes the question whether a mechanism of the type 
which we have observed could be an initiatin g mechanism 
for the passage of impulses from some receptor site, say 
the retina, to the optic nerve. It is necessary to be 
cautious at present about this suggestion. Although it is 
a precursor, the B-earotene molecule itself does not occur 
in the visual pigments and these particular pigments will, 
therefore, require separate investigation. However, even 
if visual pigments show the effect, then the extrapolation 
from a single crystal to the biological system may be a 
difficult one. A satisfactory field strength, sufficient 
organization and a reasonable minority carrier drift 
length are some of the requirements for the in vivo bio- 
logical situation. Small voltage differences can give high 
field strengths if thin enough organized layers are involved 
and, of course, the visual pigments of the rods are indeed 
considered to be well organized’. 

We intend to continue investigating B-carotene and also 
to examine other organic and biologically interesting 
molecules for this effect. Whether it will prove to have 
biological significance or whether it is primarily an 
interesting solid-state electronic effect, which might itself 
prove to have interesting applications, may bo revealed 
by our further investigations. 
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Quantity Production of Synchronized 
Mammalian Cells in Suspension Culture 


SYNCHRONIZED cultures offer advantages in investiga- 
tions of the sequence of biochemical changes occurring 
during the life-cycle of the mammalian cell. Such investi- 
gations suffer generally because present methods of 
producing synchronized cells do not provide immediately 
sufficient material to permit the use of classical analytical 
techniques. This communication describes a method by 
which gram quantities of synchronized cells representing 
& predetermined segment of the life-cycle can be produced. 

Induction of partial synchrony in Chang appendix 
cell monolayers by reversibly inhibiting DNA synthesis 
with excess deoxynucleosides was initially reported by 
Xeros'. Recently, Puck? (using HeLa cells) and Bootsma 
et al (using heteroploid human kidney cells) showed 
independently that synchrony in monolayers can be 
improved by a double blocking technique using excess 
thymidine. In the work recorded here, a stable diploid 
line of Chinese hamster ovary (CHO) cells* was adapted 
to suspension culture in Puck’s F—10 medium with calcium 
omitted and supplemented with 10 per cent calf and 5 
per cent foetal’calf serum. Cultures seeded at a density of 
3 x 10* cells/ml. could be maintained in logarithmic 
growth to a density of 3 x 105 cells/ml. Life-cycle analy- 
sisë of the CHO cell was performed to determine the 
optimum times for nucleoside addition and removal. 
Under conditions of suspension culture the generation 
time was 12 h, the pre-synthetic period (G,) was 4-5 h, the 
DNA synthesis period (S) was 4-0 h, the post-synthetie 
period (G) was 3-0 h, and the mitotic interval (M) was 
0-4-0-6 h. Using these values for the major segments of 
the life-cycle the following general procedure for inducing 
synchrony in suspension culture was devised. A random 
culture containing 6 x 10¢ cells/ml. was blocked for a 
period equivalent to G, plus M plus G, (about 9 h) by 
addition of thymidine. Blockade was released by washing 
and resuspending the cells in normal pre-warmed medium. 
After an incubation period slightly in excess of the dura- 
tion of S (about 5 h), & second block was added and the 
cells again incubated for a period of 9h. During the latter 
incubation period, the entire population presumably 
accumulated at a point immediately prior to S. Release 
from the second block, accomplished by again washing 
and resuspending the cells in pre-warmed normal medium, 
resulted in all cells entering S as a synchronized wave. 
Cultures were afterwards sampled at intervals and 
mitotic indices determined as described previously* to 
assess stability of synchrony for prolonged periods. No 
significant differences in the quality of the synchrony 
were observed with blocking concentrations of thymidine 
ranging from 2 to 25 mM. 

Results of a typical experiment using a double thymidine 
blockage (25 mM) are shown in Fig. 1. Integration of the 
area under the curve for each generation indicates that in 
excess of 95 per cent of the population participated in 
each mitotic wave. The volume of the culture at the time 
of the first mitotic peak was 900 ml. containing 2-2 x 
10° cells/ml., yielding 600 mg of synchronized cells from a 
single collection. 

The utility of this method lies in its adaptability to the 
production of large quantities of material synchronized 
within the major segments (for example, G,, S or G,) of the 
growth-cycle. So long as the cells were washed carefully 
and resuspended in pre-warmed medium, no significant 
lags or perturbations of the cycle intervals were observed. 
No constraints on culture volume have been encountered, 
and 1-g quantities of cells specified as to the life-cycle 
interval have been provided for investigations involving 
respiration, isolation of subcellular particles, and histone 
biosynthesis. 

The data presented in Fig. 1 show, however, that the 
extent of synchrony is subject to rapid decay in subsequent 
generations. A preliminary investigation was carried out 
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Fig.1. Mitoticindex of synchronized wild-type Chinese hamster ovary 
cells through four successive generations following release from double 
thymidine blockade (25 mM) 


0 4 8 12 16 20 


to test the hypothesis that genetic heterogeneity may 
account for the rapid reversion of synchronized cultures 
to random growth?. Several clonal lines were derived 
from the wild-type culture and characterized with respect 
to generation time and chromosome number. That having 
a generation time comparable with the wild-type was 
subjected to the synchronization process during logarith- 
mic growth and followed in two separate experiments 
through three successive generations. Fig. 2 shows a 
comparison of decrease in percentage synchronization 
(as defined by Engelberg‘) of the parent wild-type cells 
and cells from the genetically homogeneous clone. These 
results indicate no great differences in the rate of decay of 
synchrony between the wild-type line and the line selected 
for genetic homogeneity. This observation suggests that 
the capacity of a population of cells to desynchronize 
may be a fundamental property of the growing cell. 
Such a mechanism? could have significance to survival, 
since a synchronous population would be subject to 
annihilation by an insult to which cells in a particular 
phase of the life-cycle were susceptible but to which 
cells in other phases were relatively resistant. 

These observations suggest also that the degree of 
synchrony attainable may be an inherent property of the 
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Fig. 2 Comparison of decay of synchrony in a wild-type culture (V) of 
Chinese hamster ovary cells and a clone selected for genetic homogeneity 
(@, O represent separate experiments with the selected culture) 
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cell. On this basis, synchrony in HeLa cells with approxi- 
mately 9 per cent variance in generation times? may be 
expected to be superior to that observed in hamster ovary 
cells for which the variance is about 13 per cent?. Pre- 
liminary data obtained in our Laboratory by time lapse 
cinematography of HeLa monolayers are in agreement with 
results reported by Puck?, which indicate a three-fold 
improvement in synchrony over that obtained with 
CHO cells in suspension culture. 

This work was performed under the auspices of the 
U.S. Atomic Energy Commission. 
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BIOCHEMISTRY 


In vivo Effect of L-Lysine on Rat Liver Arginase 


Previous work carried out in this Laboratory was 
devoted to explaining the effective physiological] role of 
ornithine cycle reactions in urea biosynthesis^?. On the 
basis of the results obtained, serious doubts arose concern- 
ing the role of argininosuccinate synthetase in this process 
as well as with regard to the position of carbamylphosphate 
as an intermediate in nitrogen transfer from protein to 
urea. So far as the problem of urea biosynthesis is con- 
cerned, we are now investigating the role of arginase in 
this process. This communication reports in vivo inhibi- 
tion of rat liver arginase activity by a strong competitive 
arginase inhibitor, L-lysine**. 

Male Wistar rats (average weight, 250 g) were fasted for 
12 h with water ad libitum. r-lysine (3:0 mmoles/kg) in 
buffered solution at pH = 7:2 was injected intraperitone- 
ally. At the same time control rats were injected with 
phosphate buffer. At various times after injection 
(Table 1) the rats were killed by decapitation, and the 
livers were quickly removed; & 10 per cent (v/v) homogen- 
ate with Sorensen phosphate buffer, pH = 7.2, was 
obtained in a Potter-Elvehjem glass apparatus at 0° C. 
Samples were prepared according to the following scheme: 
homogenate: 1 ml.; L-arginine: 10 umoles; final volume: 
6 ml. with phosphate buffer, pH = 7-2. Samples without 
substrate, as well as samples inactivated at zero time, 
were also prepared as blanks. The samples were incubated 
in a water bath at 37° C for 45 min. The reaction was 
stopped by adding 1 ml. of trichloroacetic acid (10 per 
cent). Urea was determined on aliquots of the protein- 
free filtrate according to Archibald’. 

The results (Table 1) indicate that r-lysine administra- 
tion is able to inhibit arginase activity in liver. The 


Table 1. In vivo EFFECT OF L-LYSINE (3:0 MMOLES/KG, INTRAPERITONEAL 
ADMINISTRATION), ON RAT LIVER ARGINASE 


Min after pMoles extra-formed urea in the 
L-lysine incubation mixture Inhibition 

admin- Control Rats treated (%) 

istration rats with L-lysine 
30 55 +02 4640-1 16-4 
60 5140-3 2-340-1 56-0 
90 5:600 2-8:0:2 50-0 
120 54 +03 41402 24-1 
150 5°4+0-2 4440-2 18-6 
180 5°7+0-2 4-9 + 0-0 14-0 
210 5503 50401 9:1 

240 5:603 55403 0 
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inhibition reaches a maximum (56 per cent) 1 h after 
administration; it gradually decreases with the time, and 
finally disappears after 4 h. 

Dhruba Ken‘ pointed out that intravenously adminis- 
tered r-lysine (1 g/day) strongly depresses uremia in 
nephrectomized dogs. However, he did not investigate 
liver arginase activity. At present we are carrying out 
experiments in order to investigate the effects on urea 
formation im vivo of the observed arginase inhibition 
produced by r-lysino. 

This work was supported in part by a grant from the 
X ones Nazionale della Ricerche-Impresa Enzimologie’, 

ome. 
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Metabolism of Isomeric Synthetic 
Polypeptides 


PREVIOUS investigations! demonstrated that a synthetic 
polypeptide containing p-glutamic acid, p-lysine and 
D-tyrosine is capable of eliciting an antibody response in 
rabbits: poly D-Glu‘p-Lys**p-Tyr®* elicited an average 
of 26+33 ug Ab N/ml. in 13/17 animals, whereas its 
L-counterpart, poly Glu**Lys?*Tyr$, elicited 91+52 ug Ab 
N/ml. in 38/38 animals. In view of this finding, we 
undertook to determine whether the D-amino-acid poly- 
peptide was capable of being degraded in vivo. In 
addition, we planned to explore the metabolism of another 
L-amino-acid counterpart of the D-polymer, poly Glu®s- 
Lys**Tyr® (No. 2), both as a control for the behaviour of 
the D-polymer and also to examine furthor some of the 
anomalous findings of our previous metabolic study on 
synthetic polypeptides?. 

In order to determine whether the method of iodination 
and the amount of polypeptide injected had any influence 
on the metabolic fate of the polymer, separate aliquots of 
poly Glus*Lys?9Tyr* (No. 2) were labelled by the McFar- 
lane iodine monochloride method? and by the Talmage 
method using free iodine in alkaline solution’. The 
experiments were carried out as previously described?; 
the rabbits received 0-05 per cent potassium iodide in 
their drinking water beginning two weeks prior to starting 
the experiments. In addition, the serum volume of the 
rabbit was measured by isotope dilution with iodine-131- 
labelled poly Glu5*Lys**Tyr® (No. 2), since its value 
greatly affects the calculation of the early rate of elimina- 
tion; it was found to be 4-4 -- 0-3 per cent body-weight. 
Four rabbits were injected intravenously with 60 mg of 
the polymer labelled by the McFarlane method and five 
rabbits with 60 mg labelled by the Talmage method. 
There was no significant difference in the serum elimina- 
tion patterns of the polypeptide labelled by the different 

* The standard abbreviations for the amino-acids are used in the nomen- 
clature of the polypeptides. The L-isomers have no prefix and the D-isomers 
are preceded by D- (for enr D-Glu) The superscripts denote the molar 
pereentages of the amino-acids in the random copolymers and the number in 

arentheses following the formula denotes the preparation. (The nomencla- 
ure scheme is in Biopolymers, in the press.) The molecular weights of the 


polymers are: poly D-Glu*p-Lys??p-Tyr*, 93,000; poly Glu®*Lys*Tyr‘, 
110,000; and poly Glu'?Lys'*Tyr* (No. 2), 70,000. 
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methods. The same experiment was repeated using 
10 mg of the polymer and again no difference in elimina- 
tion pattern was found, between the aliquots of the 
polymer iodinated by the two methods. 

The serum elimination patterns of the isomeric poly- 
peptides poly Glus*Lys?"Tyr* (No. 2) and poly p-Glu*5- 
p-Lys**p-Tyr* were compared by injecting intravenously 
10 mg of the L-polymer into each of 6 rabbits and 10 mg 
of the D-polymer into each of 11 rabbits. The elimination 
patterns were exactly the same in both cases: less than 
1 per cent of the radioactivity remained in the serum after 
3-4 days. Hence both the D- and the L-polypeptides 
are removed from the serum at a very rapid rate. 

In 4 of the 9 animals receiving 60 mg of the polypeptide 
intravenously there was considerably more than 1 per 
cent of the radioactivity remaining in the serum after 
3-4 days. In contrast to this, only 2 of the 34 animals in 
all the experiments in which 10 mg of either poly Glu5*- 
Lys**Tyr® (No. 2) or poly D-Glu®*p-Lys**p-Tyr® were 
injected intravenously had more than 1 per cent of the 
radioactivity in the serum after 3-4 days. When the 
sera from the animals which retained radioactivity in the 
serum was passed through ‘Sephadex G-25’, 80-90 per 
cent of the radioactivity was retained by the column. 
Hence the persistence of radioactivity in the serum for 
more than 3-4 days was due to the presence of free 
iodine-131 or small radioactive peptides rather than the 
retention of the intact synthetic polypeptide antigen. 
From these findings we can conclude that the basic 
metabolic pattern of synthetic polypeptide antigens is 
that of rapid elimination from the circulation with less 
than 1 per cent remaining in the serum after 3-4 days. 
Our previous interpretation? involving two fundamentally 
different types of elimination pattern, depending on the 
previous immunological history of the animal, was 
incorrect. Any deviation from rapid elimination, which 
appears to occur more frequently with large intravenous 
amounts of antigen, is due to the presence in the serum 
of free iodine-131 or small radioactive peptides. 

In order to demonstrate that the radioactivity in the 
urine was due to degradation products of the polypeptides, 
the urine of the animals injected with poly Glu*Lys**Tyr*® 
(No. 2) and of those injected with poly p-Glu®n-Lys®- 
D-Tyr® was dialysed overnight against running water. 
All the radioactivity was removed, thus indicating that 
the radioactivity in the urine was due to free iodide or 
small peptides from the degradation of the synthetic 
polypeptide antigens. 

A. series of experiments was performed in order to 
quantitate the amount of polypeptide metabolized and 
to assess the influence of previous exposure to one poly- 
peptide isomer on the metabolism of the other. One 


Table 1. PEROENTAGE OF POLYPEPTIDE REMAINING IN THE SERUM AND OF 
RADIOACTIVITY EXORETED IN THE URINE 


The same rabbits received 10 mg of poly Glu®*Lys**Tyr* (No. 2)intravenously 
on day 0 and 10 mg of poly p-Glu*5*n-Lys'?p-Tyr" on day 21 


Poly Poly 
Glu'5Lys*'Tyr? (No. 2)* D-Glu5*p-Lys?*p-Tyr*t 


Day after injection 2 4 15 2 4 16 
Serum (9$) 3:2 0-4- 0:04 2:2 0-5 0-03 
Urine (96 88:0 92-0 95:0 2:8 48 12:5f 


* Average of 5 rabbits. . 

+ Average of 3 rabbits (2 of the origina] 5 died previously). 

t Subsequent experiments show that up to 20 per cent of the polymer can 
be degraded and exoreted. 


Table 2. PERCENTAGE OF POLYPEPTIDE REMAINING IN THE SERUM AND OF 
RADIOAOTIVITY EXORETED IN THE URINE 
The same rabbits received 10 mg of poly n-Glu**p-Lysp-Tyr* intravenously 
on day 0 and 10 mg of poly Glu**Lys?**Tyr* (No. 2) on day 21 


Poly Poly 
D-Glu*p-Lys??p-Tyr^* Glu**Lys"Tyr* (No. 2) + 


Day after injeotion 2 4 15 2 4 15 
Serum (95) 40 0-7 0:08 2:0 0:3 0 
Urine (9$) 26-0 27-2 85-0 71:0 78:0 82-0 


* Average of 5 rabbits. 
T Average of 4 rabbits (1 of the original 5 died previously). 
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group of 5 animals each received 10 mg of poly Glu‘s- 
Lys®*Tyr® (No. 2) intravenously and 21 days later the 
same animals received 10 mg of poly p-Glu®§p-Lys**p-Tyr® 
intravenously. The results of this experiment are shown 
in Table 1. A second group of 5 animals received the 
samo polypeptides in the reverse order and the results 
are shown in Table 2. The serum elimination patterns 
were the same in all cases. Only 35 per cent of the 
D-polymer was degraded and excreted in the urine, 
whereas 95 per cent of its L-counterpart was metabolized. 
Previous exposure to one polypeptide isomer did not 
significantly alter the metabolism of the other isomer 
when it was injected subsequently. Thus, these experi- 
ments show that both the L- and the D-polymers are 
metabolized and the results strongly suggest the existence 
of D-proteases and D-peptidases in the rabbit. Previous 
evidence for tho existence of such enzymes was given by 
the work of Tsuyuki, Tsuyuki and Stahmann on the 
anti-viral properties of poly D-Lys in the chick embryo® 
and on the metabolism of poly p-Lys by pancreatic 
extracts®. 

The binding of poly Glu’*Lys**Tyr® (No. 2) and poly 
p-Glussp-Lys?5p-Tyr* by serum from unimmunized ani- 
mals was studied by starch-gel electrophoresis in borato 
at pH 8-6 and in acetate at pH. 5-5. The D- and L-polymers 
migrated with the same serum fractions: in borate buffer 
they were bound to proteins in the a- and B-globulin 
rogion and in acetate buffer they were bound in the region 
of the fastest migrating serum protein. 

In order to determine the fate of the synthetic poly- 
peptide antigen remaining after the serum-level had 
reached a plateau and urinary excretion of radioactivity 
essentially ceased, the organs of the rabbits receiving 
60 mg of poly Glu**Lys**Tyr® (No. 2) and those of the 
rabbits receiving 10 mg of poly D-Glu®*p-Lys*p-Tyr* were 
homogenized and examined for radioactivity. The results 
are shown in Table 3. Although the total recoveries in 
these experiments were not complete, it is clear that in 
the animals receiving the D-polymer much of the radio- 
activity retained in the animal, and presumably still in 
tho p-polymer, was located in the kidney and, to a much 
lesser degree, in the liver. The kidneys were examined 
histologically to see whether there was any morphological 
damage that eould account for the large amount of poly 
p-Glus5p-Lys*?p-Tyr* retained in these organs. No such 
damage was found and the kidneys were anatomically 
normal. To summarize, the difference in the metabolism 
of the isomeric polypeptides lies in their extravascular 
fate, since they are eliminated from the serum at the same 
rate but are not degraded and excreted to tho same 
extent, and the kidney appears to bo the major organ 
involved in the ultimate fate of poly n-Glu5*p-Lys*?p-Tyr*. 


Table 3. PERCENTAGE OF RADIOACTIVITY REMAINING IN THE ORGANS OF 
RABBITS INJECTED WITH THE ISOMERIC SYNTHETIC POLYPEPTIDES POLY 
GLULYSTYR® (NO. 2) AND POLY D-GLU*D-LYS™”D-TYR° 


Injected with 


Organ* Poly Glu®*Lys™Tyr® (No. 2)¢ Poly D-Glu**p-Lys??p-Tyr't 
(%) : (%) 
Liver 1-1 6:3 
Kidney 0-1 32-7 
Spleen 0 0-4 
Blood - r2 0:03 
Urine 67:7 12-5 


* No significant radioactivity in other organs. 
"n Nine Tabbits; 60 mg per rabbit intravenously and killed on day 12 after 
injection. 
. i Three rabbits; 10 mg per rabbit intravenously and killed on day 15 after 
injection. (Received 10 mg poly Glu**Lys'*Tyr* (No. 2) previously of which 
95 per cent was excreted; see Table 1.) 


A preliminary investigation of the cellular metabolism 
of the isomeric polypeptides was undertaken in vitro using 
peritoneal macrophages prepared from ascitic fluid 
produced in the unimmunized rabbit by injecting mineral 
oil intraperitoneally 48 h previously. The results for 
both the D- and the L-polymer were the same: 15-25 per 
cent of a 200-ug aliquot of polymer was incorporated in 
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30 min by a suspension containing 2x 10* macrophages. 
Hence it appears that both polymers are equally suscep- 
tiblo to phagocytosis by macrophages. 

Finally, we undertook a series of experiments to 
investigate the metabolic heterogeneity of the synthetic 
polypeptide antigen poly GlussLys**Tyr* (No. 2). Two rab- 
bits weighing about 2 kg each were injected intravenously 
with 10 mg of poly Glu®*Lys**Tyr® (No. 2) labelled with 
iodine-131. The antigen disappearance pattern was 
followed closely for 2 h and then the animals were bled. 
30 ml. of plasma containing radioactive antigen (1-2 mg) 
was taken from each of the two rabbits and injected into 
two other rabbits; the disappearance rates were again 
followed for several hours. The elimination rate in the 
second group of rabbits, that is, in those receiving the 
antigen after in vivo screening, was slower than that 
following the primary injection of antigen. The differenco 
in excretion rate was greatest during the first 30 min: 
35 per cent of the antigen was removed from the serum 
following its initial injection, whereas only 10 por cont 
was removed aftor it had previously been screened. in vivo. 
Therefore the synthetic polypeptide antigen is mota- 
bolically heterogeneous and there is a fraction that is 
very rapidly eliminated following intravenous injection. 

Tn conclusion, we have demonstrated the ability of 
rabbits to degrade a polymer composed entirely of 
p-amino-acids and hence, by inference, havo obtained 
evidence that suggests the existence of D-proteases and 
D-peptidases. The rates of elimination from the serum 
for poly p-Glu®§p-Lys®*p-Tyr® and poly Glu**Lys**Tyr$ 
(No. 2) are the same: less than 1 per cent of tho injected 
dose remains in the serum after 3-4 days. Only 35 por 
cent of a 10-mg dose of the p-polymer is degraded and 
excreted in the urine, whereas 95 per cent of its L-counter- 
part is metabolized. The majority of the retained D- 
polymer is in the kidney and a small amount is in the liver. 

This work was supported by U.S. National Science 
Foundation grant GB-940. 
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A New Protein Factor promoting Contraction 
of Actomyosin 


RECENTLY a tropomyosin-like protein^?, or ‘native 
tropomyosin’, has been added to a list of proteins parti- 
cipating in muscle contraction. The sensitivity of myosin 
B to the relaxing action of calcium-binding agents including 
the physiological relaxing factor is ascribed to the presence 
of ‘native tropomyosin’ in it together with actin and 
myosin. Even with these three proteins, however, pro- 
perties of myosin B could not entirely be represented. 

On addition of adenosine triphosphate, synthetic 
actomyosin tends to show a clearing response compared 
with myosin B or myofibrils. This tendency becomes 
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Fig. 1. Effect of contraction-promoting factor on the response of 
synthetic actomyosin to ATP. Procedures for superprecipitation 
experiments were essentially the same as already described (ref. 3). 
Ingredients of the reaction mixtures in final concentrations: 0-8 mg/ml. 
of synthetic actomyosin, 0-16 mg/ml. of ‘crude extract’ (ref. 2), 
0:24 mg/ml. of purified factor, 0-02 M KCl, 1 mM MgCl, 1 mM ATP and 
0-02 M. tris-maleate (pH 6:8). Actin was obtained from exhaustively 
washed muscle residue and did a Coran a significant amount of the 
‘actor 


more pronounced when we use specially prepared actin 
which is free from the new protein mentioned here. As 
shown in Fig. 1 actomyosin thus prepared shows mainly 
only clearing response to a moderate concentration of 
ATP, namely, 1 mM. When the ‘crude extract’ of muscle 
residue obtained by the method for the preparation of 
‘native tropomyosin’ is added to the actomyosin prepara- 
tion, an instantaneous onset of superprecipitation is 
observed. This actomyosin shows rapid superprecipitation 
in response to low concentrations of ATP, for example, 
10-5 M. The function of the factor contained in the 
‘crude extract’, therefore, seems to enlarge the range of 
ionic strength and ATP concentration in which actomyosin 
responds to ATP with superprecipitation. Purified 
‘native tropomyosin’ did not show any of this effect. 
On the contrary, it has rather depressing effect on super- 
precipitation. Therefore, the ‘crude extract’ should 
contain another factor which promotes the contraction of 
pure actomyosin. 

Purification of the factor was performed chiefly by 
ammonium sulphate fractionation. It was first precipit- 
ated by 36 per cent saturation and then, after dissolving 
in water, by 21 per cent saturation. The protein thus 
obtained was fairly homogeneous according to the ultra- 
centrifugation diagram. It showed an increasing tendency 
of aggregating with the elevation of ionic strength ; without 
salt its Soo, was about 10, but more than 40 in 0-1 M 
potassium chloride. In spite of this remarkable aggrega- 
tion its intrinsic viscosity remained low, less than 0-2, 
indicating the formation of a rather random aggregate, 
and not of end-to-end polymer, as in the case of denatur- 
ated actin’. Its amino-acid composition was similar to 
that of actin, and it did not contain any nucleotides. 
However, any actin preparations, native as well as de- 
naturated, did not function like the new protein. Hence, 
the protein is now considered to be a new component in 
contractile elements. The yield of the protein was about 
1 g from 100 g of muscle. If we take the loss during 
preparation into consideration, this amount may fairly 
correspond to that of actin. 

If this contraction-promoting factor was added to 
G-actin, no change in its physical properties took place. 
However, on addition of salt, the polymerization process 
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of actin was speeded up by the presence of the protein 
when it was followed by viscosimetry or flow birofringence 
measurements. On the other hand, no significant inter- 
action could be observed between myosin and the new 
protein. Thus the new factor appears to act mainly on 
the F-actin moiety of actomyosin. Usual actin prepara- 
tions contain this component in a varied amount. 
Therefore, it is possible that some of the properties so far 
ascribed to F-actin might be due to the influence of the 
new component on actin. 

This protein probably plays an important part in con- 
traction of living muscle in which ionic strength and ATP 
concentration are much higher than those of in vitro 
experiments. In this respect the protein may be regarded 
as the second protein factor, next to ‘native tropomyo- 
sin’), regulating the myosin-actin-ATP interaction. 
In addition another protein influencing the physical state 
of F-actin has been isolated from myofibrils’. To under- 
stand the mechanism of muscular contraction in its 
entirety, we must clarify the mode of action of these 
natural regulators in detail. 

This work was supported in part by grants from the 
U.S. Public Health Service, AM-04810, Muscular Dys- 
trophy Associations of America, Inc., and the Pharma- 
cological Research Foundation, Tokyo. 
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DNA Polymerase in Thymus Nuclear Fractions 
isolated with Ca++ 


Bollum and Potter! reported the incorporation of 
tritiated thymidine into DNA by enzymes present in a 
soluble high-speed supernatant fraction of aqueous 
homogenates of regenerating liver and of rat thymus. 
These enzyme activities were compared in nuclear and 
cytoplasmic aqueous extracts from Ehrlich ascites tumour 
cells by Smellie, Keir and Davidson? and by Smellie and 
Eason’, who found them to be higher in the cytoplasmic 
fractions. In view of the paradox thus arising from the 
concept of synthesis of a nuclear component, DNA, by 
an enzyme apparently present in the cytoplasmic fraction, 
Keir, Smellie and Siebert‘ re-investigated this problem 
with revised assay techniques. They found DNA poly- 
merase (DNA nucleotidyltransferase) activity higher in 
nuclei than in cytoplasm when these were isolated in non- 
aqueous solvents. Behki and Schneider® have reported 
similar findings in regenerating liver and Novikoff hepa- 
toma nuclei isolated with non-aqueous solvents. 

It is the purpose of this communication to present 
evidence for the presence of DNA polymerase in cellular 
particulate matter, that is, nuclear fractions of rat thymo- 
cytes when extracted with aqueous solvents, as well as 
the effect of Ca++ when included in these aqueous extrac- 
tion media. 

Sprague-Dawley 54-weeks-old female rats from the 
animal colony of this laboratory were the source of thymus 
tissue. The tris (éris-hydroxymethyl-aminomethane), 
adenosine triphosphate and the deoxynucleoside triphos- 
phates of adenine, guanine and cytosine were obtained 
from Sigma Chemical Co. The tritiated thymidine triphos- 
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phate, prepared enzymatically from tritiated thymidine 
(New England Nuclear Corp.), isolated and purified by 
the method of Lehman, Bessman, Simms and Kornberg’, 
was the gift of Dr. E. R. Walwick. 

Suitable portions of randomly pooled rat thymus 
tissue were homogenized with 9 vols. (ratio, 1:00 g 
tissue : 9-0 ml. buffer) of ice-cold éris-Cl (tris, 11-0 mM; 
pH 7-7) buffer solutions containing calcium chloride in 
concentrations shown in Table 1. The homogenates were 
centrifuged (105,000g; 1 h; 1° C) and a part of the clear 
middle portion of the supernatant fraction was taken for 
analysis (supernatant fractions A, Table 1). The. first 
residue (pellet) fractions obtained were each drained, 
weighed and homogenized in ¢ris-Cl buffer as already 
indicated, but with no Cat+. Afterwards, all residue 
fractions were alternately frozen (—196° C) and thawed 
(2° C) three times, followed by homogenization. The 
supernatant extracts (centrifugation 105,000g; 1 h; 1° C) 
from the respective first residue fractions were designated 
‘extracts of first frozen residues’ (Table 1, extracts B). 
By repetition of the foregoing process, ‘extracts of second 
frozen residues’ (Table 1, extracts C) and ‘extracts of 
third frozen residues’ (Table 1, extracts D), respectively, 
were obtained. 

Each extract was dialysed by the method of Walwick 
and Main? to remove diffusible metabolites and Catt, 
assayed for protein concentration by the method of 
Lowry et al.8, and stored frozen at — 196° C until tested 


Table 1. DNA-POLYMERASE ACTIVITY IN RAT THYMUS PREPARATIONS A8 
AFFECTED BY FREEZE-THAWING AND BY Catt 


DNA-polymerase assay: the final incubation medium (0:50 mL) pH 7-4 
contained: phosphate buffer (éris form) 5-0 umoles; MgCl, 3-0 umoles; 
KCl, 25 umoles; ATP (tris form) 3 moles; each of the deoxyribonucleoside- 
5'-triphosphates of adenine, guanine and cytosine, 8-33 myumoles; *H-TTP 
(specific activity, 1-2 x 10° c.p.m./umole) 8'38 mygnoles; enzyme extract, 
0-25 ml. (after dilution to 1-00 mg protein per ml.) of A 1-3 or 0-25 ml. 
(undiluted) of allothers; calfthymus DNA primer solution (heated, 100° C, 
7 min) 0:150 ml. (100 ug DNA) 


Cat+cone. Protein Specific DNA- 
in conc. NA- olymerase 
. homo- in polymer- activity 
No. Fraction genization extract lase (units/g 
media fractions activity tissue 
(mM) (mg/ml.) (units)* equivalent 
A-1 Soluble 0-0 5-3 87 403 
A-2 supernatant 1-0 48 8-2 360 
A-3 fractions 2-0 45 5-5 231 
B-1 Extracts of 0-0 0-8 10-0 87:6 
B-2 1st frozen 0-0 0-9 10:2 71:8 
B-3 residues 0-0 1-1 29:7 196 
C-1 Extracts of 0-0 0-4 2:2 12:2 
C-2 2nd frozen 0-0 0-2 111 19-7 
C-8 residues 0-0 0-5 9-6 29-8 
D-1 Extracts of 0-0 0-2 1-7 3-8 
D-2 8rd-frozen 0-0 0-3 1-4 8-1 
D-3 residues 0-0 0-2 40 58 


* Expressed as myumoles *H-TTP incorporated into DNA/h/mg protein, 
and based on 30-min rates at 37? C. The time course of incorporation of 
IIE into DNA by DNA-polymerase was linear between the limits of 

min. 


Table 2. DNA-POLYMERASE IN RAT THYMUS PREPARATIONS AS AFFECTED 
BY Ca** CONCENTRATION IN THE PRESENOE OF 11 mM tris-OL, 0-26 M SUCROSE 


Pellet DNA 
Cat+ weight Protein Specifi poly- 
conc. from conc. NA merase 
. in 11-8 ml. in poly- activity 
No. Fraction homo- 1st extract merase  (units/g 
genization homo- fractions activity tissue 
media genate (mg/ml) (units)* equiv- 
(mM) (g) alent) 
A-1 0:0 I 38 6:9 223 
A-2 Soluble 1:0 — 93-6 57 190 
A-3 supernatant 2:0 — 3-35 4:6 143 
A-4 extracts 3-0 — 27 50 126 
A-5 6-0 — 2:6 3:9 95-5 
B-1 0-0 1:43 15 2:8 60 
B-2 Extracts 0-0 1-20 1-7 5:1 75 
B-3 of 1st 0-0 0-91 23 81 142 
B-4 frozen 0-0 0:65 $3 6'0 126 
B-5 residues 0-0 0°65 4-4 5-6 103 


* Expressed as in footnote to Table 1. 
DNA-polymerase assay as in Table 1. Tissue initially homogenized in 
11 mM íris-Cl, 0:26 M sucrose solution. 
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for DNA polymerase activity by the modified liquid 
scintillation counting methods of Main and Walwick? 
and Walwick and Main”. In this communication, DNA 
polymerase activity was determined by measuring the 
rate of incorporation of tritiated thymidine triphosphate 
(H-TTP) into DNA in the presence of the deoxyribo- 
nucleoside-5’-triphosphates of adenine, guanine and cyto- 
sine under the conditions indicated in Table 1. 

When DNA polymerase was extracted from rat thymus 
cell homogenates by æ low ionic strength tris-Cl (tris 
hydroxymethyl aminomethane) homogenization medium 
considerable DNA polymerase remained in the particulate 
pellet (Table 1, column 6). Thus, additional polymer- 
ase could be extracted following rehomogenization, freeze- 
thawing 3 times, and further homogenization of the pellet. 
Supplemental polymerase then could be obtained by 
second and third applications of the above procoss, 
These data also indicate that the percentage of total DNA- 
polymerase extracted from the pellet initially prepared 
in 2 mM Ca** is more than twice that from the pellet 
initially prepared in the absence of Ca**. In a second 
experiment in which the éris-Cl homogenization medium 
was made iso-osmolar (0:25 M) with respect to sucrose, 
results similar to those above were obtained following 
triple freeze-thaw extraction of the pellet (Table 2, 
column 7). Furthermore, in both experiments, as the Ca** 
concentration of the initial homogenization medium was 
increased, the amount of polymerase later extracted 
from the initial pellet increased. One should note 
the approximately two-fold greater specific activity 
of DNA-polymerase in the first soluble supernatant 
extracts prepared in the tris-Cl buffer (no sucrose), as 
compared with corresponding values obtained in the 
presence of 0:25 M sucrose in the medium. 

Tt is evident from these data that the partition of DNA- 
polymerase activity between the high-speed supernatant 
fraction and the centrifugal sediment, particulate fraction 
of rat thymus homogenates is dependent on tho nature of 
the aqueous homogenization medium used, that is, 
whether or not it is iso-osmolar, and particularly on the 
Cat ion concentration. When Catt was varied from 
0-0 to 6:0 mM & maximal localization of polymerase in 
the sediment was observed at 2 mM Cat+. This calcium 
concentration appears to be specially significant, since it is 
also close to the value (1-8 mM Ca**) found best suited for 
isolation, in aqueous sucrose medium, of morphologically 
intact mouse spleen nuclei by Schneider and Petermann'^, 
and of rat liver nuclei by Hogeboom et al.!*. It is known 
that calcium ion precipitates the nuclear deoxyribo- 
nucleoprotein (DNP) complex". The present results 
indicate that association of DNA-polymerase with the 
particulate nuclear sediment of thymus homogenates is 
favoured when the Catt concentration of the original 
homogenization medium is 2-0 mM or greater. It may be 
suggested from these findings that, in intact cells, DNA: 
polymerase is localized in the nucleus, perhaps in a labile 
association with DNP. It is of interest that Billen!^ has 
presented evidence for the association of DNA-polymerase 
as a complex with DNA in E. coli cells. Mazie and 
Hinegardner!® found DNA polymerase activity in sea 
urchin embryos to be associated exclusively with nuclei 
when the latter were isolated in 1:2 M. sucrose in the 
presence of either 1-0 mM Mg** or 1-0 mM Ca++. Those 
were the only conditions found so far in which the polymer. 
ase activity was retained with nuclear material. Our 
results also suggest that when thymus tissue homogenates 
are prepared in low ionic strength iso-osmolar aqueous 
media in the absence of added Catt the DNP tends to 
become hydrated and dispersed (column 4, Table 2), 
and the associated DNA-polymerase is released into the 
aqueous phase. 

This investigation was supported by the Bureau of 
Medicine and Surgery, Department of the Navy. Opinions 
or assertions contained herein are the private ones of the 
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Use of Antibodies on an Insoluble Support 
for Specific Detection of Radioactive 
Antigens 


WHEN investigating the biosynthesis of different 
proteins and other compounds it appears to be necessary 
to isolate them from complex mixtures in order to 
measure radioactivity. The method of co-precipitation 
is often used, but it is somewhat limited. We tried to 
develop a new method for detecting radioactive antigens 
free of these limitations. 

The method proposed is based on the use of immuno- 
sorbents (firm complex of soluble antigen with insoluble 
support) in the form of a suspension able to combine as 
much as 0:3-1-0 g antibodies to 1 g (dry weight) sorbent. 
We used such sorbent-antigens for the isolation of pure 
antibodies and for the quantitative detection of anti- 
bodies by measuring the increase in protein or radio- 
activity on sorbeni-antigens?-*. The principle of this 
method rests on the fact that bivalent antibody is com- 
bined with the antigen on insoluble support by means 
of one combining site while the other combining site is 
free and thus capable of reacting with a soluble homo- 
logous antigen. 

Such a complex can be used for the isolation of corre- 
sponding antigens from the solution. The principal 
potentiality of this reaction has already been demon- 
strated®. 

The method of preparation of sorbent-antigens in the 
form of suspension has already been described!. It 
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consists in treating, at 125° C, the cellulose with the 
following pyridinium salt: 


< 2-908 —0—cB, N S cr 
| 
NO, 


to introduce the organic residue. 

After reducing the nitro group to an amino group the 
product is dissolved in Schweizer’s reagent. Cellulose 
in a form of suspension precipitated after this solution 
was diluted with large amounts of water was diazotized 
and coupled to the desired antigen. We used human 
sorum albumin (HSA) and horse y-globulin (HGG). 
Complexes capable of combining with antigens (sorbent- 
antibody) were prepared by adding immune serum con- 
taining antibodies corresponding to tho sorbent-antigen. 
The mixture was stirred for 10 min at room temperature 
and washed three times with 0-85 per cent sodium chloride 
at pH 7 from unbound proteins by centrifugation. 

The amount of antibodies needed to obtain active 
preparation must not be less than the amount able to 
saturate half the combining capacity of the sorbent- 
antigen. 

HGG fixed with cellulose (C-HGG) treated with corre- 
sponding antibodies (C-HGG : anti-HGG) was used in the 
majority of our experiments.  Cellulose-HSA. (C-HSA) 
and C-HGG treated with normal rabbit serum, and 
C-HSA treated with corresponding antibodies (C-HSA : 
anti-HSA) served as control preparations. 

1ml. (1-5-3-0 mg dry weight) of one of the control prepar- 
ations was put into little centrifuge tubes and 2 ml. of 
the solution containing different amounts of HGG Jabelled 
with iodine-131 (ref. 6) were added in different experiments. 
After stirring for 10 min at room temperature the sediment 
(sorbent) was separated by centrifugation (5,000 r.p.m.) 
and supernatent was transferred into the centrifuge 
tubes which contained the same amounts of sorbent- 
antibody as in the control. After stirring, the sorbent was 
separated by centrifugation. The sediments obtained 
were quantitatively transferred to chromatographic 
paper (Whatman No. 1) disks (diam. = 20 mm) to make 
a spot about 10 mm in diameter. To wash out the un- 
bound label these disks were placed in an apparatus for 
descending chromatography on a sheet of paper 
(Whatman: No. 1). One end of this sheet of paper was 
placed in the trough containing 0-5 per cent potassium 
iodine in 0-85 per cent sodium chloride (pH 7). This 
procedure was introduced to detect carbon-14 antibodies 
by measuring the specific increase in activity of carbon-14 
on the sorbent antigen?*. The next day the disks were 
dried for 15 min at 60° C and then their radioactivity 
was measured. The results obtained are given in Table 
1, which shows that HGG—"I is specifically adsorbed 
by the sorbent contained anti HGG. Non-specific ad- 
sorption does not exceed 3 per cent from specific. 












































f Table 1 
Sorbenta Treated with rabbit serum Added HGG-"T Increase 
a rM ———M————JÉ—— ———— All Combined | in I 
Exp. Contained antibodies | Contained antibodies i added PII activity 
No. Normal against HGG against HSA z Specific 1M activity on 
Name Amount ^ activity activity c.p.m. sorbent- 
(mg) Volume Volume Antibody | Volume Antibody ug (c.p.m.) -| (¢.p.m.) sample antibody 
(ml.) (ml) protein (ug) (ml) protein (ug) (e.p.m.) 
C-HGG ` l5 0-63 — — — 23 
40 7-5 106 795 ————— 710 
C-HaaG 1:5 — 0-03 540 733 
C-HSA 15 | 0-15 — — — 26 
20 41 810 —— 14 
C-HSA l5 — — — 0:15 300 39 
45 : 
C-HGG 1:5 0:15 — — — — 38 
20 41 810 ——————'| 577 
Cc-Haa l5 — 0:15 300 — — 610 
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Experiments with the tracer dilution when adding 
non-radioactive HGG and experiments on measuring 
absolute increase in protein when being added to a 
sorbent-antibody showed the combining capacity of the 
preparations used is 30-50 mg of antigens on 1 g of 
sorbent-antibody. / 

Further experiments showed those antigons which are 
spocifically adsorbed by the sorbent antibody keep the 
capacity to react with corresponding antibodies from the 
solution added: this was proved by means of “C-anti- 
bodies. Sorbent antibody also appeared to be capable 
of reacting not only with antigens but also with soluble 
antigen-antibody complex; it allows presence of radio- 
active antibodies masked by excess of antigen in the 
system to be revealed. 

The data obtained testify to the possibility of the 
following reactions between antigens (Ag) and antibodies 
(Ab). 


1 C — Ag + Ab = C — Ag: Ab 
sorbent- sorbent- 
antigen. antibody 
2 G— Ag: Ab + Ag = © — Ag: Ab: Ag 
3 C— Ag: Ab: Ag + Ab = C — Ag: Ab: Ag: Ab 
4 C-— Ag: Ab + Ag: Ab — C — Ag: Ab : Ag : Ab 
soluble 
antigen-antibody 
complex 


The method described here can be used for the detection 
of different radioactive antigens. At rather high specific 
activity one can reveal as much as 0-01-0-001 ug of 
radioactive antigens. 'This has certain advantages over 
that of co-precipitation since it can be applied not only 
to precipitating but also to non-precipitating systems. 
Another advantage is low non-specific adsorption and 
small labour consumption. 
A. E. GurvicH 
G. I. DzIZUIXK 
Department of Immunology and Oncology, 
Gamaleja Institute, 
Moscow, U.S.S.R. 
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Effect of the Unsaturated Bond on 
the Degradation of the Tetragalacturonic 
Acids by a Transeliminase 


Durme the course of investigations of the degradation 
of the normal and unsaturated-tetragalacturonic ‘acids 
by a transeliminase, it was found that unsaturated 
tetragalacturonic acid was attacked about 1-4 times faster 
than the normal tetramer. Furthermore, it was observed 
that the unsaturated tetramer must be almost completely 
converted to unsaturated digalacturonic acid since there 
was an approximate doubling (96 per cent increase) in 
the optical density. All activities were determined by 
measuring the change in optical density at 232 my. 
Unsaturated galacturonic acid does not absorb at this 
wave-length, presumably because of isomerization to the 
keto-deoxy derivative’. The observation with unsatur- 
ated tetragalacturonic acid was confirmed with the aid of 
paper chromatography using the ethyl acetate—pyridine— 
water-acetic acid solvent?. Only a spot with an Rr 
identical to unsaturated digalacturonic acid was detected. 

As indicated in a previous publication’, tetragalacturonic 
acid is attacked at the two glycosidic linkages farthest 
from the reducing end (designated bonds 2 and 3; bond 1 
being that nearest the reducing group). That bond 1 
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is not attacked was shown by the complete absence of 
normal trigalacturonic acid. The relative rates of attack 
of the two bonds can be determined by comparing the 
amounts of normal galacturonic acid and normal digalact- 
uronic acid produced since the latter arises only from 
attack at bond 2 and the former by attack at bond 3. 
Thus & sample of a 24-h reaction mixture was spotted 
on paper, developed with the previously mentioned solvent 
system, the strips cut out and eluted with water. The 
amount of uronide material was determined in each sample 
by the carbazole method‘. In this manner it was determ- 
ined that bond 3 was attacked about 1-4 times faster than 
bond 2. All the above results were reproducible. 

Since the total cleavage of glycosidic linkages in tetra- 
galacturonic acid is the sum of attack at bonds 2 and 3. 
it was concluded that the central glycosidic linkage of 
unsaturated tetragalacturonic acid was attacked about 
3-4 times faster than was bond 2 of normal tetragalact- 
uronic acid. Thus if one accepts the previous conclusion 
that only one enzyme is excreted by Bacillus polymyxa* 
one must conclude that the presence of tho unsaturated 
bond somehow inhibits attack at bond 3 but enhances 
the rate of degradation of bond 2. Whether this is due 
to the change in configuration of the unsaturated unit 
(planar) or to other effects has yet to be determined. 

This work was supported in part by research grant 
GM 08088 from the U.S. Public Health Service. National 
Institutes of Health. 
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Paper Electrophoresis of Soluble Lens 
Proteins in Lactose-fed Rats 


PROTEINS of the lens tissue of the eye have been 
extensively examined because of their relationship with 
cataract formation. In all forms of cataract a decrease 
was found in the total amount of lens proteins as com- 
pared with normal lens of the same age’. Changes in the 
proportion of the soluble proteins of the lens measured by 
electrophoresis have been reported in different kinds of 
cataract; but, according to van Heyningen?, no consistent 
patterns have emerged from these investigations. Tho 
work recorded here was carried out to determine the 
behaviour on paper electrophoresis of soluble lens proteins 
of the rat, as well as the possible changes in the proportion 
of the different fractions during lactose feeding. 

Albino rats, weighing 70-80 g at the beginning of tho 
experiment, were given a 40 per cent lactoso diet, and the 
controls a 40 per cent cane sugar diet, as already de- 
scribed’. At appropriate intervals, the animals were killed 
and the lens homogenate prepared as already described. 
Paper electrophoresis was performed with a volume of tho 
supernatant of centrifuged lens homogenate, containing 
1-1-5 mg of soluble lens proteins. A borate buffer (0-05 M. 
pH 8:6) was used; the potential gradient of electrie field 
was of 5 V/em for 10 h. The paper strips were stained 
with bromophenol blue, and the different fractions 
measured by densitometry. 

The soluble lens proteins of normal and lactose-fod 
animals, separated by means of this method, gave four 
distinct moieties (Fig. 1), which will be labelled I, II, III 
and IV, fraction I being the most rapid one. After two 
months of lactose feeding, it was possible to observe 
(Table 1) an increase of fraction I (the most rapid one), and 





m 
Fig. 1. Paper electrophoresis of soluble lens proteins. 1, Normal rat; 
2, lactose-fed rat (2 months) 


a decrease of fraction IV (the slowest). These changes 
occurred in all animals examined. The difference between 
the mean value of normal and lactose-fed animals, for 
fractions I and IV, is very significant (P < 0-001), which 
is by no means the case for fractions II and III. 

In order to ascertain the progressivo changes in the 
proportions of electrophoretically separated proteins, 
another group of rats was maintained on the same 40 per 
cent lactose diet, three rats being killed at different 
intervals. The first three animals were killed before 
the lactose diet was started. As shown in Fig. 2, after 
feeding for 5 days fraction I begins to increase and 
fraction IV to decrease, but during the first month the 
values found were within the normal range. After this 
period, this phenomenon was very conspicuous, and also 
fractions II and III started to increase, but in a lesser 
degree than fraction I. 

As observable, our results indicate that even using a mild 
lactose diet, intended to obtain slower changes in the 
biochemistry of the lens, early changes in the pattern of 
soluble lens proteins are found in rat lenses. It has been 
reported that the electrophoretically most rapid fraction 
corresponds to the « crystallin‘, while all the other frac- 
tions may correspond to the 8- (and y-) erystallin?. It has 
been stated that there is a loss of 8-crystallin in different 
types of eataracts?. The decrease of fraction IV found in 
this investigation may correspond to the fall of g-crys- 
tallin observed with other methods. The increase of 
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Fig. 2. Paper electrophoresis fractionation of soluble lens proteins in 

inctose-ted Tats at different periods. On each day indicated 3 animals 

were killed and the stated amounts are the mean values of the three 
determinations 
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Table 1. PAPER ELECTROPHORESIS OF SOLUBLE LENS PROTEINS IN NORMAL 
AND LACTOSE-FED RATS 


Fraction Fraction Fraction Fraction 
I ^ IL III IV 
Normal diet 177 +27 76+13 26-2427 48-5: 2:5 
" ae 0. of animals, 14 3 
actose die: 27:0x2:2 8:0: 1:8 27-8 42:2 97:2 + 4: 
No. of animals, 14 Breet 
P «0:001 >05 >01 «0-001 


Animals were given lactose diet for 2 months. 
NA values are given in percentages of the total amount of soluble proteins 


fraction I suggests that there is an increase of &-erystallm. 

In eataracts of galactose-fed rats, Francois et al. have 
found aloss of soluble proteins. With a higher proportion of 
lactose in the diet as used in this experiment, we found an 
early fall of the soluble lens proteins*; but during this mild 
lactose diet the amount of total soluble proteins does not 
decrease until the fortieth day of feeding’. Hence, the 
protein pattern of the lens begins to change before the 
total amount of soluble proteins starts to decrease. 

This investigation was supported in part by the U.S. 
Public Health Service research grant RF-25 Cl, from the 
Division of General Medical Sciences. 

ISRAEL Konc 
NELSON Sopa 
José HIERRO 
ANÍBAL MARTÍNEZ 
Departamento de Bioquímica, 
Facultad de Medicina, 
Montevideo, Uruguay. 
onu d yan Heyningen, R., Biochemistry of the Eye (Blackwell, 


? van Heyningen, R., The Eye, edit. by Davson, H., 1, 213 (Academic Press, 
New York and London, 1902). 


? Kore, I., and Calcagno, M., Nature, 197, 690 (1903). 
* Wood, D. C., Massi, L., and Solomon, E. L., J. Biol. Chem., 234, 329 (1059). 


* Francois, J., Rabaey M., Wieme, R. J -, and Neetens, A., Ann. d'Ocul.,187, 
37 (1954). 


* Kore, I., Galactosemia clinica y experimental (Ministerio de Instrucción 
Püblica y Previsión Social, Montevideo, 1963). 


7 Kore, I., and Calcagno, M. (to be published). 


Adrenal Glands in Vitamin E Deficiency: in 
vitro Corticoid Synthesis by Quartered Adrenal 
Glands of Rats deprived of Vitamin E 


RECENT investigations in this laboratory have indicated 
an inhibition of corticosterone synthesis in quartered 
adrenal glands from vitamin E-deficient ratst. It was 
also found that adrenal homogenates of the deficient rats, 
when properly diluted, undergo in vitro lipid peroxidation 
and, formation of malonaldehyde, as determined by the 
thiobarbituric acid (TBA) test, more readily than any 
other organ tested!2. However, when incubated adronal 
quarters instead of homogenates were assayed for lipid 
peroxidation by the TBA method, there was very little 
net production of malonaldehyde, but significant inhibi- 
tion in corticoid synthesis occurred in the quartered 
adrenals of vitamin E-deficient rats. This is in contrast 
to other enzymatic inhibitions which have been demon- 
strated in vitamin E-deficient rats and shown to be associ- 
ated with the process of in vitro lipid peroxidation?4. The 
various investigations and aspects of in vitro lipid peroxida- 
tion in adrenal homogenates of vitamin E-deficient rats 
will be reported separately. This communication reports 
preliminary data obtained on corticoid synthesis by tho 
quartered adrenal glands of vitamin E-deficient and 
sufficient rats. 

Diets, the procedures for the handling of rats, and 
determination of malonaldehyde are modifications of the 
previous procedure’. The animals were fed the diet 
ad libitum for 11-55 days. Corticoid synthesis was 
examined in two types of experiments: experiment A 
(Table 1) consisted of incubation of adrenal quarters 
without previous preincubation; experiment B (Table 2) 
consisted of procedures of Saffran and Schally® with pre- 
incubation of the tissue in isotonic salt medium, followed 
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Table 1. In vitro CORTICOID SYNTHESIS BY QUARTERED ADRENAL GLANDS 
OF VITAMIN E-DEFIOIENT RATS AND THEIR CONTROLS 


Incubation medium Prep. of vit. AS Prep. of vit. mu 


lon- Malon- 
Corti- aldehyde Corti- aldehyde 
costerone 0.D. costerone 0.D. 
(ug/10 mg/h) 530 mg (ug/10 mg/h) 530 my 
Krebs-Ringer (13)* 0-529 +0142 0-00 0-579 0-114 0-00 
Rat serum (22)* 1:360 + 0-260 0-00 2-880 + 0-290 0-01 
* Numbers in parentheses indicate total number of animals used in each 
experiment. + Standard error of mean. 


Adrenal quarters were incubated in 1 ml. of serum or 1 ml. of Krebs- 
Ringer-bicarbonate-glucose for 1 h at 37° C. At the end of incubation time 
0-25 ml. aliquots removed and diluted with ethanol to final concentration of 
13 percent and frozen immediately forlaterassay of corticosterone. Another 
0-26 ml. aliquot was removed for malonaldehyde assay. 


Table 2, In vitro CORTICOID SYNTHESIS AND MALONALDEHYDE FORMATION 
BY QUARTERED ADRENAL GLANDS OF VITAMIN E-DEFICIENT RATS AND 
THEIR CONTROLS 


Prep. of vit. E-def. Prep. of vit. E-suff. 
Malon- M: 


Portion on alon- 
of test system Corti- aldehyde Corti- aldehyde 
assayed costerone 0.D. costerone 0.D. 
: (ug/10 mg/h) 530 my (ug/10 mg/h) 530 mu 
(a) Medium at end of pre- 
incubation period 0-224 0-000 0:783 0-000 
(b) Medium at end of incu- 
bation period 0:237 0-043 0-545 0-003 
(c) Adrenal glands at end 
of incubation period 0:437 0-000 0-602 0-016 


Adrenal quarters equivalent to two adrenal glands from two rats were 
pooled and preincubated in 2 ml. of isotonic salt medium in Dubnoff shaker 
for 1 h. At the end of the period the mixture was removed and aliquots 
brought to final concentration of 13 per cent ethanol and quickly frozen. 
Fresh medium consisting of 2 ml. serum of rat in each dietary group was 
added to the adrenals, incubated for 1 h in Dubnoff shaker at 37° C. The 
values have been corrected for endogenous and blank values of the medium. 


by incubation of the tissues in the serum of the same rat. 
The incubation media in experiment A consisted of either 
Krebs-Ringer-bicarbonate-glueose solution or rat serum, 
while in experiment B the incubation medium consisted 
of serum only. The gas phase in all the experiments 
consisted of 95 per cent oxygen and 5 por cent carbon 
dioxide, and equilibration was achieved in either Warburg 
vessels (exp. A) or in a small beaker placed in a Dubnoff 
shaker, fitted with a gassing hood (exp. B). The incuba- 
tion time was 1 h at 37° C. 

Since the major steroid secreted by the rat adrenal 
gland preparation is corticosterone’, its synthesis was 
assayed by the fluorometric method of Silber e£ al.*. 
Assays were performed on 0-25-ml. aliquots of the incuba- 
tion medium. 

Further evidence demonstrating that the corticoid 
synthesized in these experiments was corticosterone was 
obtained by the following procedure: the incubation 
medium was extracted with methylene chloride and dried 
under reduced pressure. The residue was taken up in 
small amounts of ethylacetate and was subjected to thin- 
layer chromatography®*. The corticoid formed in exp. A 
(Table 1) was chromatographically identical with corti- 
costerone. There also were other polar steroids in the 
medium which have not yet been identified. 

The data in Table 1 indicate that corticoid synthesis 
in vitro by adrenal gland quarters incubated in serum is 
about 43 per cent less in the deficient group than in the 
controls. However, the corticoid synthesis was not 
significantly different in the two dietary groups when tho 
synthetic medium was used instead of serum. Further- 
more, the total corticoid synthesis in the synthetic medium 
was only 1/4 or 1/3 of the serum-incubated glands in both 
groups of rats. Results shown in Table 2 also indicate 
that the difference in corticosterone synthesis is also 
evident when adrenals are pre-incubated before incubation 
in the serum. 

Lipid peroxidation and malonaldehyde formation 
between the two dietary groups of rats were not signifi- 
cantly different in any of the experiments with quartered 
adrenal glands. This is in contrast to the rosults obtained 
with the adrenal homogenates, in which case large amounts 
of malonaldehyde are formed in preparations from vitamin 
E-deficient rats!*. As shown in Table 2, malonaldehyde 
does not accumulate in the quartered glands (Table 2c), 
nor is it secreted into the media since none of the media 
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tested showed significant net production of this substance 
(Table 2a and b). Unlike two other enzyme systems which 
are inhibited in vitro in vitamin E-deficient rats**, the 
inhibition of corticosterone synthesis under these experi- 
mental conditions may not be related to process of lipid 
peroxidation as measured by malonaldehyde production, 
and hence, sufficiency of tocopherol in the rat may be 
directly involved in corticoid synthesis in these experi- 
ments. 

In vivo determination of corticosterone by the method 
of Silber et al.* in the serum and the adrenal tissues of the 
vitamin E-deficient rats and their controls demonstrated 
0-348 and 0-354 ug of corticosterone per ml. of serum of 
deficient and sufficient rats respectively while the lovel 
of corticosterone in the adrenals in 9 pairs of rats was 
0-214 and 0-334 ug per 10 mg of tissue in vitamin E-defici- 
ent and sufficient rats respectively. The corticosterone 
level of the adrenals in the deficient rat is significantly 
34 per cent less than the control group, but the serum level 
shows no difference in the two dietary groups. 

The in vitro addition of tocopherol to the incubation 
medium for the quartered glands failed to reverse the 
inhibition of corticoid synthesis in three instances tried. 

I thank Drs. P. B. McCay and R. Caputto for their 
advice. 

This work was supported in part by U.S. Public Health 
Service research grant AM-07004 from the National 
Institutes of Health. 
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PHYSIOLOGY 


New Motor End-plates and their Relationship 
to Muscle Fibre Injury 


Ir has been shown by Guth and Zalewski!, Hofmann 
et al.?, Koenig? and Miledi’ that new motor end-plates will 
form in denervated skeletal muscle or muscle devoid of 
its original motor end-plates in mammals and amphibians 
following implantation of a motor nerve. However, in all 
these experiments the muscle suffered considerablo 
damage, either during implantation of the nerve or in 
transecting the muscle to remove the original motor end- 
plate zone. 

When. an accessory nerve is implanted into the tran- 
sected surface of a muscle in which the innervation and 
original motor end-plate zone are intact, then new motor 
end-plates will form on the muscle fibres near the cut 
margin of the musclet. It appears, therefore, that injury 
to the muscle fibres is a major factor in the causation of 
these new motor end-plates. However, it has not yet been 
shown whether nerve fibres can produce new motor end- 
plates on muscle fibres that have been denervated but 
not mechanically injured. 

The peroneal nerve in rats was cut and Jaid on the 
surface of tibialis anterior muscle at its proximal (end- 
plate free) zone, having first carefully incised the fascia 
over the superficial surface of the muscle. The nerve was 
held in place with a small amount of clotted fibrin. 
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Fig. 1. Diagrammatic radial section of tibialis anterior muscle of rat 


showing position in which the peroneal nerve is laid on the muscle and 
also the new and original motor end-plate zones 
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Fig. 2 
Fig. 2. New motor end-plate stained by the cholinesterase method 
63 days following ‘re-innervation’ 
Original motor end-plate from the same section as Fig. 2 stained 
by the same method, showing marked degenerative changes 


Fig. 3. 


As early as 35 days after ‘re-innervation’ the muscle 
responded to stimulation of the nerve. Modified Koelle and 
Friedenwald cholinesterase staining showed deposits of 
copper sulphide on muscle fibres in the upper region of the 
muscle, which is normally free of motor end-plates. By 
counterstaining with silver nitrate, nerves could be fol- 
lowed into these deposits. Silver staining alone showed 
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new motor end-plates in the upper region of the muscle, 
but the nerves had not re-innervated the end-plates in the 
original end-plate zone. The new motor end-plates found 
in the proximal part of the muscle were not restricted to 
the immediate vicinity of the superficial region of the 
muscle but had spread to the deeper muscle fibres in the 
zone (Fig. 1). 

Thus while mechanical injury to the muscle fibres may 
in some cases be a factor in the production of new motor 
end-plates, it is almost certainly not a necessary factor. 
Although the most superficial muscle fibres might possibly 
have been injured in the laying on of the nerve or by some 
osmotic effect of the fibrin, the more deeply placed ones 
must have remained intact. 

The new motor end-plates are formed on these deeply 
placed muscle fibres as well as on the more superficial ones. 

The main factor in the production of these new motor 
end-plates in mammalian skeletal muscle would appear 
to be the availability of denervated muscle fibres and not 
mechanical injury to the muscle. 
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Nicotinic and Muscarinic Receptors of 
Renshaw Cells 


Tue method of electrophoretic ejection from multi- 
barrel micropipeties, in conjunction with the recording of 
electrical responses from single neurones!, provides a 
unique opportunity for classifying central acetylcholine 
receptors according to their pharmacological properties. 
It has been usual to subdivide these receptors into nico- 
tinie and muscarinic types, a classification based on the 
original use of these terms by Dale* to describe the peri- 
pheral actions of certain derivatives of choline. The 
following evidence has suggested that the receptors of 
Betz cells are muscarinic’: nicotine is a weak excitant; 
acetyl-6-methylcholine and dl-muscarine are almost as 
active as acetylcholine; the excitation by acetylcholine 
is slow in onset and is readily blocked by atropine but ' 
not by dihydro-f-erythroidine. In contrast the acetyl- 
choline receptors of Renshaw cells exhibit nicotinic 
properties‘: nicotine is a more powerful excitant than 
acetylcholine; acetyl-8-methylcholine and di-muscarine 
are very weak; the excitation by acetylcholine is rapid in 
action and is readily blocked by dihydro-f-erythroidine 
but not by atropine. The acetylcholine sensitivities of 
ventrobasal thalamic neurones, and of cerebellar neurones, 
are of intermediate types®. 

Spinal cats anesthetized with pentobarbital were used 
in the investigation reported here on the acetylcholine 
receptors of Renshaw cells in the lumbar spinal cord‘, 
Cholinomimetics and blocking agents were administered 
either electrophoretically from multibarrel glass micro- 
pipettes or by intravenous injection. The cells were excited 
synaptically by stimulation of the central end of the 
appropriate ventral root. As illustrated in Fig. 14, 
&cetyl-8-methylcholine was much slower in time course as 
an excitant of these neurones and was less effective than 
acetylcholine. Concentrations of dihydro-g-erythroidine 
which very effectively depressed the firing produced by 
acetylcholine (Fig. 1B) did not reduce the action of acetyl- 
B-methylcholine. With other cells it proved possible to 
suppress completely the action of nicotine without 
diminishing the excitant effect of acetyl-8-methylcholine. 
Simultaneously the characteristic repetitive and high- 
frequency synaptic response of Renshaw cells, of duration 
20-60 msec (ref. 4), was reduced to one or two spikes. 


No. 4945 August 8, 1964 


On the other hand, after the intravenous administration 
of atropine sulphate (0-1 mg/kg) the response evoked by 
acetyl-B-methylcholine was reduced to a much greater 
extent than that to acetylcholine (Fig. 1C). Doses of 
atropine sulphate as high as 0:5-2 mg/kg completely 
blocked the action of acetyl-@-methylcholine, but were 
found to diminish the effectiveness of acetylcholine only by 
about 40 per cent. Such doses have little action on the 
synaptic response, which is dihydro-g-erythroidine sensi- 
tive’, but have been observed to depress a previously 
described late response which follows this high-frequency 
' firing’. 
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The responses recovered over the next 12 min. 
of atropine sulphate 0-1 mg/kg. Time, 30 sec 


pipette. 

The most satisfactory explanation of these results is 
that each Renshaw cell has two types of acetylcholine- 
sensitive receptors, both of which are concerned with 
excitation. The nicotinic receptors are readily blocked 
by dihydro-B-erythroidine and are presumably located 
beneath the synaptic terminals of axon collaterals. The 
muscarinic receptors are atropine sensitive and are appar- 
ently associated with a late synaptic response. This 
duality of acetylcholine receptor sites on a single cell 
has not been previously demonstrated. 

In general the pharmacological properties of Renshaw 
cells‘ resemble those of neurones within autonomic 
ganglia, and the present findings lend support to the pro- 
posal that certain ‘ganglion cells also have two types of 
postsynaptic acetylcholine-sensitive receptor”. The possi- 
bility that the individual cells of other cholinoceptive 
tissues also have two basic types of receptor may lead to a 
better understanding of the nature of such receptors, and 
to a simplification of certain aspects of the mode of action 
of acetylcholine, cholinomimetics, acetylcholine antagon- 
ists and anticholinesterases at and near synapses. Such 
considerations offer an explanation of the apparently 
mixed nicotinic-muscarinic properties of the receptors on 
certain central neurones^. 
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Fig.1. Frequency of firing of a Renshaw cell, plotted by means of a rate meter and paper 
recorder (see ref. 5), and produced by electrophoretic ejections of acetylcholine (ACh— 
10 n.amp) and acetyl-6-methylcholine (AG, Me—70 n.amp), as indicated by the horizontal 
bars. A, control; B, during the ejection o dihydro-f-erythroidine (DHE, 10 n.amp) from 
a 10 mM solution in 165 mM sodium chloride contained in another barrel of the micro- 
G, after intravenous injection 


electrode from a Grass stimulator. 
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lonic Changes Responsible for Post-tetanic 
Hyperpolarization 


AFTER repetitive stimulation, the membrano potential 
of nerve fibres is transiently increased. It has beon 
suggested by Ritchie and Straub! that this hyperpolariza- 
tion could be explained on the basis of two assumptions: 
that the ionic pump responsible for the coupled efflux of 
sodium ions and influx of potassium ions? becomes hyper- 
active following stimulation because of the raised intra- 
cellular sodium ion concentration’; that the extracellular 
spaco adjacent to the membrane is confined by a diffusional 
barrier. Following activity, the hyperactive 
pump would deplete the potassium in this 
space and thus raise the membrane potential 
of the nerve fibre above its resting level. A 
consequence of this hypothesis is that, in the 
absence of extracellular potassium, the 
sodium pump would be unable to lower the 
potassium concentration further and there 
would be no post-tetanie hyperpolarization, 
as Ritchie and Straub! indeed found in mam- 
malian C-fibres. On the other hand, an 
increased post-tetanic hyperpolarization in 
potassium-free solutions has since been 
reported both in the same fibres* and in frog 
nodes of Ranvier’. 

In the present investigation we have 
examined post-tetanic hyperpolarization of 
motor nerve terminals in the isolated rat 
diaphragm—phrenic nerve preparation under 
conditions of reduced and increased extra- 
cellular potassium concentrations. The 
results are of particular interest in that we have observed 
in potassium-free solutions both an increase and decrease 
in post-tetanic hyperpolarization depending on the 
exposure time. 

The dissection of the preparation, the method of 
mounting, the composition of the bathing solution and the 
techniques of location of nerve terminals with a micro- 
electrode have been already described’. Neuromuscular 
transmission was blocked either by raising the magnesium 
chloride concentration or by raising the magnesium 
chloride and lowering the calcium chloride concentration 
of the bathing medium. Individual nerve terminals 
were located with a microelectrode filled with 4 M sodium 
chloride with a 1—-2u. tip by the recording of extracellular 
miniature endplate potentials®. Short (0-1 msec) cathodal 
stimulating pulses were then passed through the same 
In response to the 
stimulation, repeated every second, small all-or-nothing 
antidromic potentials were recorded from the phrenic 
nerve through a pair of platinum electrodes. The stimulus 
strength was varied until, over a 60-sec period, 20-80 
per cent of the stimuli failed to evoke a response. The 
phrenic nerve was then stimulated with a tetanus of 1,000 
shocks at 100/sec through a proximal pair of platinum 
electrodes. Following this tetanus, the microelectrode 
stimulus was continued at the same strength and rate 
until the number of’ antidromic responses approximated. 
to the pretetanic level. A rise in nerve threshold was 
detected by an increase in tho number of failures to respond 
to stimulation and was interpreted as an effect of a raised 
membrane potential’, that is, a post-tetanie hyperpolar- 
ization. 

In Fig. 1A a typical control experiment is illustrated. 
The bathing medium contained 5 mM potassium chloride 
and before the tetanus 67 per cent of the stimuli failed 
to evoke an antidromic response (dotted line). After tho 
tetanus (hatched bar) there was no response in the first 
five successive 10-sec periods (open circles) and tho thresh- 
old as judged by this technique remained above the 
control value for some 70 sec. The bathing solution was 
then changed to one containing no added potassium 
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Fig. 1. The threshold of motor nerve terminals in the rat diaphragm 
in vitro after 1,000 orthodromic stimuliat100/sec. The bathin; solution 
contained 5 mM potassium chloride for the experiment ilustrated In A, 
and this fluid was changed to a solution with no added potassium chloride 
(‘K-free’) for B and C. The ordinate indicates the percentage of stimuli 
at 1/sec which failed to evoke an antidromic response. The percentage 
was assessed over a 60-seo period before the tetanus, and this control 
level is shown by the dotted line in A, B and C. After the tetanus 
(hatched bar) the percentage (open circles) was calculated for successive 
10-sec periods. In A there was a 70-sec period after the tetanus during 
which the percentage of failures was greater than the control-level. In 
B after 20 min in the ‘K-free’ solution this period was more than 120 sec. 
After 35 min (O) there was no change in threshold in the 10-sec period 
immediately after the tetanus. The bathing solution contained 6:5 mM 
magnesium chloride and 1 mm. err chloride. The temperature 
was 86°+ : 
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chloride. When the experiment was repeated (Fig. 1B) 
20 min later, the post-tetanic hyperpolarization inferred 
from the raised threshold was markedly increased and 
prolonged, lasting moro than 120 sec. After 35 min 
immersion (Fig. 1C) there was a dramatic reduction of the 
post-tetanic hyperpolarization. Indeed in the 10-sec 
period after the tetanus the number of responses was 
above the average for the control period (dotted line). 
At this stage, by observing extracellular end-plate poten- 
tials during an identical nerve tetanus, we established that 
the nerve impulses had reached the nerve terminals. Full 
recovery of post-tetanie hyperpolarization was seen when 
the preparation was again bathed in the control solution 
containing 5 mM. potassium. 

In several experiments, the potassium concentration of 
the bathing solution was raised to 15 mM—three times 
the control concentration. Invariably the normal 
hyperpolarization following a totanus (Fig. 14) was 
abolished and in fact was often replaced by a phase of 
depolarization. Tho abolition was fully revorsible on 
washing with tho control solution. 

Tho early increase of post-tetanic hyperpolarization in 
potassium-free solutions (Fig. 1B) agrees with tho results 
of Holmes* and Meves*. The later decroase in hypor- 
polarization is similar to tho decrease reported by Ritchio 
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and Straub’. These varied findings can be explained by 
the hypothesis put forward by Coombs, Eccles and Fatt’ to 
explain after-hyperpolarization in motoneurones; namely, 
that in the nerve fibres an increased potassium conduct- 
ance continues after the train of impulses so that the 
membrane potential approaches the potassium equilibrium 
potential. Because the contribution to the resting poten- 
tial of other ions, such as sodium and chloride, cannot 
be ignored when the extracellular potassium concentration 
is near or less than the physiological concentration, the 
resting membrane potential is normally less than the 
potassium equilibrium potential. Following activity in 
the nerve we assume a prolonged increase in the permeabil- 
ity of the membrane to potassium ions so that the mem- 
brane potential moved closer to the potassium equilibrium 
potential, so causing a hyperpolarization (Fig. 1A). 
Whon the extracellular potassium concentration was 
greatly reduced in our experiments by omitting potassium 
chloride from the bathing solution, the potassium equili- 
brium potential would have increased with little increase 
in the resting membrane potential. Following a tetanus 
an increase in potassium conductance would then move 
the membrane potential towards this elevated potassium 
equilibrium potential, causing more hyperpolarization 
(Fig. 1B). The later reduction in hyperpolarization in the 
potassium-free solution (Fig. 10) can be explained by tho 
recognized action of a potassium-freo solution in decreasing 
the intracellular potassium concentration’. The potas- 
sium equilibrium potential would, of course, fall com- 
mensurately with this fall in intracellular potassium con- 
centration. Similarly, in solutions containing 15 mM 
potassium chloride the potassium equilibrium potential 
and membrane potential would be virtually the same. 
This would explain the reduction of post-tetanic hyper- 
polarization in these circumstances. 

It is perhaps not unexpected that the same mechanism 
should be postulated to explain post-activation hyper- 
polarization in the somas*, Ranvier nodes* and nerve 
terminals of motoneurones. 
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Potentials evoked in the Hypothalamus 
and Cerebral Cortex by Electrical 
Stimulation of the Uterus 


AFTER the 36th week of pregnancy, labour is readily 
initiated by such procedures as dilating the corvix, passing 
uterine bougies and, most effectively, by amniotomy. 
This ability to initiate labour by mechanical interference 
suggests the existence of nervous pathways from uterus 
to hypothalamus. The presence of appropriate receptors 
in the rabbit uterus bas been demonstrated by Ferguson! 
and by Bower?, but little is known of the central pathways 
involved. In the experiments recorded here on cats 
anesthetized with chloralose we used the evoked potential 
technique to detect uterine afferent relays to the hypo- 
thalamus. Pairs of stainless steel stimulating electrodes 
were implanted into the myometrium, one pair high in 
one uterine horn and another pair below the level of 
fusion of the two horns, but above the vagina. The 
uterus was then subjected to direct electrical stimulation 
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200 mS 
Fig. 1. Responses obtained at the same hypothalamic recording site in 
response to (a) electrical stimulation of the skin of one forepaw_and 
(b) electrical stimulation of the myometrium of one uterine horn. Note 


that uterine stimulation is followed by an evoked potential of small 
amplitude and long latency 





A B 


Fig. 2. Diagrammatic coronal sections of the cat brain to show the 

distribution of potentials evoked in the hypothalamus by electrical 

stimulation of the uterus. The stippled regions in sections A and B are 

those from which responses could consistently be elicited. The three 

large dots in section C indicate where responses were obtained on one 
oceasion 


through either pair of electrodes by square wave pulses 
of 1-8 msec duration. 

Evoked potentials recorded from the hypothalamus of 
cats snzsthetized with chloralose show irregularities? 
due largely to an interaction with background activity’. 
The background activity at the recording site was there- 
fore monitored and stimulation was deferred until a period 
of 80 msec had elapsed with no such activity in excess 
of 15 uV negative or positive’. The minimum interval 
between stimuli was 3 sec. The hypothalamus was 
explored millimetre by millimetre. At each recording site 
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the skin of one forepaw was first stimulated, and stimuli 
were then applied to each pair of uterine electrodes in 
turn. Whereas cutaneous stimulation evoked potentials 
in all hypothalamic regions® potentials evoked by uterine 
stimulation were largely limited to two hypothalamic 
regions. Fig. 1 compares the potentials evoked by cutancous 
and uterine stimulation at the same recording site. In Fig. 2 
the distribution of responses to uterine stimulation from 13 
experiments is plotted on to three diagrammatic sections 
of the hypothalamus. It can be seen that the responses 
are virtually confined to the pre-optic and tuberal regions. 
The distribution of evoked potentials in any one oxperi- 
ment is more restricted than the composite diagram 
suggests. In two experiments the electrode passed through 
the supra-optic nucleus. The results of one of these 
experiments are shown in Fig. 3 in which evoked potentials 
resulting from uterine stimulation were confined to tho 
supra-optic nucleus and the region immediately surround- 
ing it. The reason that the area from which evoked 
potentials are recorded appears larger in the composite 
diagram than in & single experiment may be attributed to 
variation in the location and size of the supra-optic 
nucleus from animal to animal, and the possibility that 
additional nuclei are activated. 

Potentials evoked in the hypothalamus by uterine 
stimulation appeared less regularly than those elicited by 
cutaneous stimulation, and with a longer latency. Re- 
sponses evoked by uterine stimulation had a latency of 
30-50 msec, whereas responses to cutaneous stimulation 
had a latency of 15-17-5 msec. In some experiments 
responses were obtained from stimulation of the elec- 
trodes high in the uterine horn, but not from those in the 
fused portion of the uterus; in others the opposite was 
true. In all experiments responses were most consistent 
when using stimulating pulses of long duration, that is, 
3 msec. In a single experiment the cerebral cortex in the 
region of the sigmoid gyrus was explored with a platinum 
ball recording electrode, and uterine stimulation was found 
readily to evoke potentials in the somato-sensory region. 
Presumably such potentials arise from the activation of 
receptors or their nerve fibres in the myometrium?. 

Our experiments thus demonstrate that neural pathways 
exist from the uterus to the hypothalamus and apparently 
also to the cerebral cortex, but doubt must obtain as to 
the specificity of these relays. Barraclough and Cross* 
found that units in the hypothalamus of the rat responding 
to pressure on the os cervicis also responded to chilling 
or pinching the tail. Their recordings were, however, 
confined to a region of the lateral hypothalamus from 
which, in the cat, we did not usually observe a response to 
uterine stimulation. It is also known’ that many forms 
of visceral stimulation can evoke potentials in the cerebral 
cortex. 

It is increasingly recognized®- that the onset of labour 
in the human being is due to an increase in the sensitivity 





Fig. 3. 


200 mS 


Localization of potentials evoked by uterine stimulation in the supra-optic nucleus. The photomicrograph shows an electrode track 


passing through the supra-optic nucleus into the optic tract. The evoked potential illustrated in A was recorded just dorsal to the supra-optic 
nucleus, that in B in the ventral portion of the supra-optic nucleus, and that in C in the optic tract. son, supra-optic nucleus ; of, optic tract 
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of the myometrium to oxytocin rather than to an increase 
in the amounts of oxytocin released into the blood. 
Since the hypothalamus is functionally connected with 
both neurohypophysis and adenohypophysis it is tempting 
to speculate that the relay we have demonstrated between 
uterus and hypothalamus may be concerned not only with 
the release of oxytocin but also with effecting increased 
myometrial sensitivity to it, factors which together underly 
the mechanism of normal parturition. 

This work was done while one of us (E. P. L.) held an 
M.R.C. clinical research training fellowship. 

Financial support was granted to G. W. T. by the Leeds 
Regional Hospital Board and Bradford A fellowship 
grant. 
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PHARMACOLOGY 


Isolation and Identification of the 
208-Hydroxy Derivatives of 
66-Hydroxycortisol and 68-Hydroxycortisone 
in Liquor Amnii 


THE presence of C-6 oxygenated steroids in neonatal 
urine was first reported by Ulstrom et ali. Tt has been 
demonstrated? that placental tissue incubated under 
standard conditions, is able to oxygenate at the C-6 
position, while the work of Frantz et al. has indicated 
that during pregnancy the urinary concentrations of the 
polar steroid 68-hydroxycortisol is elevated above the 
normal non-pregnant state. It appeared likely, therefore, 
that similar polar steroids might be present in liquor 
amnii. 

In a previous communication’, the isolation and identi- 
fication of 68,118,17a,21 -tetrahydroxy - pregn-4-ene- 
3-20-dione (68-hydroxycortisol) in liquor amnii were 
reported. At this time the presence of three additional 
polar steroids was recognized. Two of these compounds 
have now been identified as 68,17 «,208,21-tetra- 
hydroxy-pregn-4-ene-3,11-dione (compound 3) and 68,- 
118,170,208,21-pentahydroxy-pregn -4-ene-3-one (com- 
pound 4). 

Liquor amnii, obtained at the time of labour, was 
extracted with ethyl acetate, using the methods previously 
described’. The purified extract was chromatographed in 
a modified BuC system! and the chromatogram treated 
with a 2 : 1 solution of 10 per cent aqueous sodium hydrox- 
ide in 50 per cent methanol and 0-02 per cent blue tetra- 
zolium. Jt was dried in an oven at 60? Č for 10 min. When 
the chromatogram was viewed under ultra-violet light, 
using a minus blue 4 gelatine filter (Ilford), three brilliant 
fluorescent zones were observed. The least polar of these 
has been previously identified as 68-hydroxycortisol 


NATURE 


August 8, 1964 vo. 2s 


Table 1. PROPERTIES OF THE 208-HYDROXY DERIVATIVES OF 68-HYDROXY- 
CORTISOL AND 68-HYDROXYCORTISONE 


Compound 
208-68-OHF 
Isolated Ref. 


288 mu 238 mu 


Compound 
208-68-OR E 
Isolated Ref. 
1 Ultra-violet absorption 

in ethanol 238 mz 288 my 


2 Reaction with blue 
tetrazolium 


3 Mobility in chromato- 
graphic system 
Mod. BuC (ref. 6) 


4 Mobility after the oxidation 
of the product from 
Reaction 3 with sodium 
bismuthate 

B/50 syst. (ref. 9) 
LB21/80 (ref. 9) 0-01 


5 Mobility after acetylation 
of the product from 
action 4 
L/T[2185 (ref. 9) 


6 Mobility after further 
oxidation of the product 
from Reaction 5 using 
chromic acid 

DT/2185 (ref. 9) 


7 Mobility after reduction of 
the product from Reac- 
tion 4 using Zn/H Ac (ref. 9) 
LT/2185 (ref. 9) 0-24 


Neg. Neg. Neg. Neg. 


0-03 


0:315 0-31 


0-31 0:31 0-31 0-31 


0-24 0:38 0-38 
(compound 1) (ref. 5). Quantities of the other two zones 
(compounds 3 and 4) were collected from subsequent 
chromatograms, and were carried through a series of 
chemical and enzymatic steps. Identification of these 
208-hydroxy derivatives of 68-hydroxycortisol and 
68-hydroxycortisone was based on the properties as listed 
in Table 1. The products from each procedure were 
compared chromatographically with reference steroids. 
In each case an agreement of Rr values was found. 

The configuration of the side-chain was elucidated 
using the enzyme 208-hydroxysteroid dehydrogenase’, 
and by an examination of the chromatographic properties 
of the steroids. The reference steroids for this comparison 
were obtained by treating 68-hydroxycortisol and 
68-hydroxycortisone with sodium borohydride at 0? C 
(ref. 8). 

This work was carried out during the tenure of a research 
Brant to one of us (M. L.) from the Medical Research 
Council of Ireland. 

208,68-bydroxycortisol was kindly supplied by Prof. 
W. Klyne and Dr. C. B. Thornton from the Steroid Refer- - 
ence Collection, Westfield College, London. 
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Formation of Tetrahydropapaveroline from 
i Dopamine in vitro 


Iw 1938, Holtz et al.1 reported that dopamine, which is 
pressor in the cat, was converted to a depressor substance 
after incubation with monoamine oxidase (MAO), for 
example, extracts of guinea pig kidneys. These authors 
suggested that the depressor agent might be dihydroxy- 
phenyl acetic aldehyde, the primary deamination product 
of dopamine, since the addition of semicarbazide prevented 
the formation of the depressor substance. 
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To ascertain this assumption, experiments were now 
performed with epinine, which should also be deaminated 
by MAO to yield the same aldehyde: 


HO CH,—CH, MAO HO— 


—— 


HO HO 


dopamine 
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CH,—CHO 


dihydroxyphenyl 
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the blood-pressure lowering action of which resembled that 
of authentic THP (and of isoproterenol) in that it was 
abandoned after infusion of nethalide (isopropylamino-1- 


MAO HO 


— 


HO. 


CH,—CH, 


Juon, 


epinine 


acetic aldehyde 


It was found, however, that epinine was nob converted 
to & depressor agent on incubation with MAO (rat liver 
mitochondria) but only inactivated?. Thus, the blood- 
pressure-lowering substance formed from dopamine was 
unlikely to be identical with the dihydroxyphenyl acetic 
aldehyde. 

From previous experiments it was known to us that 
primary, but not secondary, catecholamines in vitro 
readily condense with aldehydes, for example, pyridoxal 
5’-phosphate, to yield Schiff’s bases with subsequent 
formation of tetrahydroisoquinolines*. Therefore, we 
postulated that the dihydroxyphenyl acetic aldehyde 
formed from dopamine by MAO would similarly react 
with unchanged dopamine molecules, to form the corre- 
sponding totrahydroisoquinoline derivative: tetrahydro- 
papaveroline (THP), a compound synthesized as early as 
1909 by Pyman*‘ and reported by Laidlaw* to be a blood- 
pressure-lowering agent: 


B, H, 
N aA ANE 
HO | CH, = | CH, 
HO | | 
NH, HO. H NH 
dopamine —H,0 X C% 
CHO X d 
| H, 
CH, 
$ 
HO 
HO | N 
H 
H 
dihydroxyphenyl tetrahydropapaveroline 


acetic aldehyde 


That THP was indeed formed from dopamine during 
incubation with MAO is shown in Fig. 1. 
deproteinized with perchloric acid were extracted into 


n-butanol at pH 4-0, returned to 0-1 N hydrochloric acid 
and subjected to thin-layer chromatography according 
to Stahl®, using n-butanol/acetic acid/water (8: 2:2) or 


sec. butanol/formic acid/water (15:3: 2) 
as solvent systems. This method provided 
clear separation of dopamine Rr = 0-38 
(bottom row) and THP Rr= 0-47 
(top row). The chromatograph further 
demonstrates that in the incubates (B, C and 
D) THP was formed, and that its amount 
increased with growing incubation time, 
2-5, 5 and 10 min, while that of dopamine 
decreased. In the incubate A, however, 
the addition of the MAO inhibitor ‘Par- 
gyline’ (benzyl- benzylmethyl- propynyl- 
amine) had prevented the formation of 
THP. 

The deproteinized incubates A and C 
were tested on the blood pressure of a cat 
by intravenous injection. As can be seon 


from Fig. 2, the incubate A with blocked I A 
MAO had a pressor effect due to the un- . 

> P Fig. 2. 
changed dopamine, whereas 5-min incuba- Cat (3 kg): 
tion of dopamine with the intact enzyme proterenol; 


was sufficient to yield & depressor agent, 


Ineubates 





(2-naphthyl)-ethanol hydrochloride), a sympathetic p- 
receptor blocking agent’ (Fig. 2C). Thus, it was evident 
that THP and incubate C—in contrast with ‘musculo- 
tropic’ papaverine (Fig. 2, P)—exerted their depressor 
actions through the stimulation of sympathetic B-recep- 
tors. 

It should be pointed out that the—atropine resistant— 
depressor action of dopamine per se in the rabbit? was 
*papaverine-like', in. so far as i$ remained unaffected by 
nothalide?. Since dopamine in the rabbit was also 
depressor after the injection of dibenzyline, which 
abandoned completely the pressor action of noradrenaline’, 
it became unlikely that dopamine should lower the rabbit’s 
blood pressure by replacement of vascular noradrenaline, 
as suggested by Burn and Rand”. 


FRONT 





Dop. 
: ORIGIN 
T A B T C D T 
Fig. 1. Formation of tetrahydropapaveroline during incubation of 


dopamine with monoamine oxidase. Thin-layer chromatography 
according to the method of Stahl (ref. 6), using silica gel G (Merck) 
suepended in sodium phosphate buffer pH 6-8, addition of 1 per cent 
NaHSO, Solvent system: mn-butanol/acetic acid/water (8:2:2). 
Spray: Goldenberg’s reagent (ref. 9). T', mixture of authentic dopamine 
g op) and tetrahydropapaveroline (THP); A, B, C, D, incubates of 

op with MAO (rat liver mitochondria). Addition of neutralized 


ascorbic acid in A—D to protect the phenolic OH-groups against oxida- 
ein A prior to incubation, to inactivate MAO; incuba- 
C; pH 7-4; 0, 


tion, of pargylin 
tion time 2-5 min (B); ó min (C); 10 min (D and A). 37° 





I 


C TH 


C THP P IA P P 


Action of the incubates A and C (see Fig. 1) on the cat's blood pressure. 


chloralose-urethane anesthesia; intravenous injections of: 
THP, 10 ug tetrahydropapaveroline; P, 1 
B, after intravenous infusion of 3 mg/kg 


I, 1 ug iso- 
mg papaverine. A, before, 


nethalide 
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A paper entitled “Pharmakologie des Tetrahydropapa- 
verolins und seine Entstehung aus Dopamin” will appear 
in Arch. exp. Path. Pharmak., 248, 387 (1964). 

Tetrahydropapaveroline was a gift from the Wellcome 
Laboratories, London. 
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Function of N-Acetyl Aspartic Acid in the 
Brain : Effects of Certain Drugs 


N-AcETYL-L-ASPARTIO acid (NAA) was discovered by 
Tallan ef al. in 1956 and shown to be unique in its re- 
stricted localization to the brain of vertebrate Species 
and in its very high concentration in that organi. Occur- 
ring at a level of approximately 1 mg/g of brain, NAA is 
second only to glutamic acid in the level of free amino- 
acids in this tissue. Numerous attempts, using a variety 
of drugs and experimental procedures, to change the 
concentration of NAA in the brain havo met with little 
success. Thus, electric shock, insulin shock, ammonia 
intoxication, and the administration to animals of 
tranquillizers, central nervous system depressants or 
convulsants, all failed to alter significantly the con- 
centration of NAA in the brain?-4, 

It was reported recently that several drugs, classified as 
monoamine oxidase (MAO) inhibitors, when administered 
to rats appeared to produce a rise in the concentration 
of NAA in the brain’. As part of a larger study in this 
laboratory designed to disclose the function of this unusual 
amino-acid, it was decided to repeat and extend this 
observation. 

In our investigations, Ha/[GR Swiss mice were used. 
Drugs were administered intraperitoneally as six daily 
injections, except for hadacidin (N-formyl hydroxyamino- 
acetic acid), which was given as a single dose, and 5- 
hydroxytryphophan (5HTP) and  dihydroxyphenyl- 
alanine (DOPA), which were givon every 3 h for a total 
of four injections. The animals were killed by cervical 
dislocation 4 h after the last injection of drug; the brain 
tissue was removed and deproteinized. The NAA content 
of the brain extract was determined essentially by the 
method of Fleming*. This procedure utilizes a kidney. 
deacylase preparation to convert NAA to acetate and 
aspartate, oxalacetic transaminase to convert aspartate 
to oxaloacetate, and malic dehydrogenase to convert 
oxaloacetate to malate. Since the last reaction utilizes 
NADH, the amount of NAA in the sample can be calcu- 
lated from the spectrophotometrically determined extent 
of oxidation of NADH to NAD. 

The results of these exporiments (Table 1) suggest a 
relationship between NAA and 5-hydroxytryptamine 
(5HT), since: (a) many agents that produce a rise in the 
level of 5HT in the brain also produce an increased 
concentration of NAA: (b) although some of the agents 
are monoamine oxidase inhibitors and cause & rise in 
catecholamines as well as 5HT in the brain, the adminis- 
tration of DOPA, in contrast to DH TP, had no effect on 
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Table 1. EFFEOT OF DRUGS ON THE CONTENT OF N-AOETYLASPARTIO ACID 
(NAA) IN THE BRAIN OF THE MOUSE 


NAA content of Probability 


Drug Dose brain ug/g (mean (calculated 
(mg/kg) value + S.D.) from t-test) 
Saline (5)* — 974 + 41 — 
Iproniazid (9) 100 1,415 + 245 0:0125 
J B516 (‘Catron’) (5) 12 1,120 + 77 0-025 
Tranyleypramine (‘Parnate’) (10) 15 1,018 + 82 Not 
significant 
Isoniazid (5) 110 1,939 + 147 0-005 
Imipramine (10) 25 1,165 + 138 0-005 
L-5HTP (10) 50 1,205 + 79 0-005 
L-DOPA (5) 50 980 + 106 Not 
significant 
Reserpine (10) 075 825 + 114 0-05 
LDS-25 (5) 0-25 776 X 97 0:015 
Hadacidin f (5) 100 796 + 67 0-005 


* Number in brackets refers to number of animals, 

„The following drugs had no effect: pentobarbital, prochlorperazine 
(‘Compazine’), amphetamine, atropine, 4-hydroxybutyric acid, y-butyrolac- 
tone, B-methy] aspartate and NAA. 

(Tun hadacidin was kindly supplied by Dr. H. Shigeura, of Merck, Sharp 
and Dohme, 


the level of NAA; (c) both LSD-25 (an antagonist to 
5HT in peripheral systems) and reserpine (which lowers 
the brain-level of 5HT) produce a fall in the amount of 
NAA in the brain. In addition, it should be noted that 
no correlation exists between brain-levels of NAA and 
inhibition of monoamine oxidase, since isoniazid caused 
a rise in the amino-acid concentration but is not an MAO 
inhibitor, while tranyleypramine (‘Parnate’) is an in- 
hibitor of MAO and yet does not significantly change the 
level of NAA in the brain. 

The inability of administered NAA to affect the endo- 
genous level of NAA in the brain suggests that the amino- 
acid cannot pass the blood-brain. barrier; this conclusion 
also is supported by a subsequent experiment in which 
it was found that the intraperitoneal injection of iso- 
topically labelled NAA did not cause an appearance of 
labelled NAA in the brain. ` 

Experiments are in progress in an attempt to under- 
stand the suggested relationship between 5H'T and NAA. 

This work was supported by a U.S. Public Health 
Service research grant (B-2291) and a training grant 
(5-7 1-GM 59-04). 
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H/EMATOLOGY 


Inherited Variants in Serum Ceruloplasmins 
of the Pig 


By means of chromatography and electrophoresis on 
starch gel, Morell and Scheinberg! showed at least four 
different molecular components of ceruloplasmin in 
preparations from the plasma of 9,109 human donors. 
Then McAlister et al. presented evidence for multiple 
ceruloplasmin components in human sera. Using vertical 
starch-gel electrophoresis to resolve the ceruloplasmins 
combined with direct chemical and enzymatic analysis on 
the gel, they defined five distinct proteins having one or 
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more characteristic properties of ceruloplasmin. The 
enzymatic analysis used by these workers was based on 
the work by Holmberg and Laurell’, who showed. that 
ceruloplasmin could oxidize a number of substances, the 
best substrate being p-phenylenediamine (PPD). Using 
the PPD oxidase activity as & measure of the cerulo- 
plasmin in sera of different species, it was shown by 
McCosker‘ that pig sera has more than twice the activity 
of human sera and four times that of other domestic 
species. 

By combining horizontal starch-gel electrophoresis in & 
discontinuous system and oxidation of PPD, three 
inherited ceruloplasmin types have been found in sera 
from one out of three breeds of pig investigated. 

The starch-gel technique of Smithies®, as modified by 
Poulik® using £ris-citrate buffer adjusted to pH 7-6 for the 
gel, and sodium hydroxide-boric acid buffer for the tanks 
as modified by Lush? was used to separate the serum 
proteins. Electrophoresis was carried out in & rofrigerator 
at --5? C, and a voltage gradient of 6 V/cm was applied 
for 30 min, then adjusted to 10-12 V/cm for the remainder 
of the run until the brown line was 11 em from the insert 
line. 

The top half of each gel was stained with 1 per cent 
nigrosin in & methanol-acetic acid—water solution, and 
the bottom layer stsined according to the method 
described by Morell and Scheinberg* with modifications. 
In their method, paper strips saturated in a solution of 
1-0 M. sodium acetate buffer (pH. 5-1) containing 0-5 per 
cent p-phenylenediamine dihydrochloride were pressed. 
on the cut surface of the gel for 1 min, and then removed. 
The gel was then. placed in a closed, moist chamber and 
allowed to stand for 1-3 h at room temperature until dark 
purple bands developed. 

Tn the modified technique for pig sera, a similar solution 
of acetate buffer (pH 5) and PPD was used. Instead of 
using paper strips, however, it was found, like Uriel®, that 
total immersion of the cut gel in the buffer at 37° C gave 
better results. The optimum time for the ceruloplasmin 
variants to be clearly distinguishable was approximately 
45-60 min after incubation. At this stage the gel was 
photographed and the different types classified. After 
incubation for 1 h the oxidase activity of the cerulo- 
plasmin on the PPD resulted in a diffuse purple staining 
reaction, and began to obliterate any bands which were 
previously discernible. 

The three ceruloplasmin types obtained are illustrated 
in Fig.1. The schematic drawing shows the interpretation 
of these types. It is presumed on the basis of segregation 
studies shown in Table 1 that the homozygotes appear as 
three bands with the middle band showing the darker 
staining reaction. The two homozygous types are recog- 
nized and classified as types a and b with type a being 
the faster-migrating protein. A combination of these 
two types is shown in the heterozygote type ab, which has 
five bands. 








Table 1. SEGREGATION OF CERULOPLASMIN TYPES AMONG OFFSPRING OF 
DIFFERENT MATINGS 
Mating type | Segregation of offspring 

|__| No. of ——' Total 
é x 9 matings a | ab | b 
ab x ab 1 2 3 0 5 
ab x b 2 6 1 7 
b x ab 1 3 3 6 
bx b 43 223 228 





Table 2. FREQUENCY OF Cp-a AND Cp-b ALLELES TN THREE BREEDS OF PIG 





Frequency of Cp alleles 








Breed No. of animals 
tested a b 
Large white 113 0 1:0 
Landrace 83 0-05 0-95 
Wessex 28 0 1:0 
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Ceruloplasmins 
a Gers 
T EERTE Dea 
CERS eee 
Ee ED 
Fig. 1. Starch-gel electrophoresis of pig sera showing the three cerulo- 


A diagrammatic interpretation of these types is also 
shown 

In relation to the other serum proteins of pig blood, 
the ceruloplasmins are in the same zone as the transferrins 
at a gel buffer pH of 7:6. At this pH they appear as 
three bands in the homozygote form as described above. 
With a gel buffer pH of 8-2, however, they appear as two 
bands and are in front of the transferrin zone. When 
staining with benzidine stain® for haptoglobins and 
hem-binding globulins the oxidizing ability of cerulo- 
plasmins may interfere with the interpretation of the 
former. At & gel buffer pH of 8-2, the ceruloplasmins 
appear as faint lines between type 3 hem-binding globulin 
and the saturated haptoglobin’. 

It is proposed that the three types described above are 
controlled by two allelic genes at a single locus. The 
sera from the offspring of 47 different matings of tosted 
parents were examined and the results are shown in 
Table 1. All mating types were not available, because of 
the low frequency of type a in the parent population. 
Despite the small numbers for this type, the segregation 
results appear to be in agreement with the genetic hypo- 
thesis of two alleles at a single locus. It is proposed that 
these alleles be referred to as Cp* and Cpb, and the threo 
phenotypes are designated Cp-a, Cp-ab and Cp-b. 

The gene frequencies of the Cp* and Cp> alleles were 
calculated from random samples obtained in three pedi- 
gree breeds of pigs. These frequencies are shown in 
Table 2. The type a ceruloplasmin was not found in 


plasmin types. 


‘either the Large White or Wessex pigs examined. So 


far it has only been found in the Landrace breed, and 
appears to be of relatively low frequency. 

This work was carried out during the tenure of a senior 
research fellowship from the Pig Industry Developmont 
Authority. I thank Dr. H. P. Donald, director of the 
Animal Breeding Research Organization, for facilities, and 
Dr. J. G. Hall for his advice. 
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IMMUNOLOGY 


Human Pancreas-specific Isoantigens 


PANCREAS-SPECIFIC isoantigens have been detected in 
rabbits! and rhesus monkeys? following experimental 
isoimmunization. It has also been reported that iso- 
antibodies and autoantibodies occur in the sera of patients 
with various types of pancreatic disease3-5, Attempts 
were made in this laboratory to confirm the findings in 
man using the same techniques of agar-precipitation and 
indirect hemagglutination. Difficulty was experienced 
since normal serum or globulin often gave precipitin lines 
in agar. Any specific effect from the interaction of serum 
from patients with pancreatic disease and human pancreas 
extracts could therefore not be distinguished from non- 
specific precipitation. 

Similar difficulty in the interpretation of agar-precipita- 
tion reactions of normal serum or globulin and homologous 
pancreas extracts has also been reported in pigs’. In 
this instance the serum factor responsible appeared to 
be a heat stable «-globulin. The substances in porcine 
pancreas responsible for the reaction were found in all 
supernates and sediments from differential centrifugation 
of pancreas homogenates and were inactivated at 56° C for 
l b. Many other workers have reported precipitation 
reactions in agar which were not due to antigen-antibody 
Systems'-?. These usually involved the interaction of 
normal serum components with various tissue homogen- 
ates and in one case a reaction between normal serum and 
a bovine pancreatic enzyme. 

Unfortunately, other serological techniques such as 
complement-fixation and tanned-cell hemagglutination 
have given non-reproducible results in the testing of 
human sera and human pancreas extracts or homogenates. 
In an attempt to avoid the difficulties of non-specific 
effects and of non-reproducibility that have plagued the 
weak reactions of isoimmune sera, the heteroimmunization 
of rhesus monkeys with individual human pancreas 
homogenates was considered. 

Human pancreas and other organs from individuals of 
either blood group O or B were obtained at autopsy within 
5 h post mortem and stored at — 50° C until used. Extracts 
(25 per cent w/v) in isotonic saline were made by homo- 
genization in a high-speed blade-type homogenizer 
(Servall Omnimixer) The homogenates were then centri- 
fuged at 60,000g and the supernates used for testing. 
The whole homogenate was used as the immunizing 
antigen. 

Young rhesus monkeys 5-10 lb. were injected intra- 
dermally and subcutaneously with 1-5 ml. pancreas 
extract incorporated in ‘Difco’ Freund complete adjuvant. 
The animals were trial bled after 2 weeks, and if antibody 
titres were satisfactory the animals were completely 
bled. Other monkeys were given a booster immunization 
with adjuvants and killed 10-14 days later. 

The complement-fixation test proved to be the sero- 
logical test of choice since agar precipitation reactions 
were also noted with normal monkey serum and human 
pancreas extract. Antigen titrations were performed 
by mixing serial dilutions of human pancreas extracts 
with 1:10 diluted monkey serum inactivated at 659 C 
for 10 min and 1:18 diluted guinea pig complement 
(Hyland Laboratories). Inactivation at 65° C rather than 
56° C was used to differentiate immune reactions from the 
natural complement-fixing antibodies of the Kidd- 
Friedewald type!*. The test was incubated overnight at 
4° C and then sheep cells sensitized with 2-5 hemolytic 
units of amboceptor were added. Antigen titres were 
expressed as the reciprocal of the highest dilution of anti- 
gen giving complete fixation of complement with the 
1:10 diluted antiserum. Antiserum titres were expressed 
as the reciprocal of the highest dilution of antiserum 
giving complete fixation of complement with serial 
dilutions of antigen. 
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The sera from monkeys immunized with individual 
human pancreas homogenates were tested by complement- 
fixation with an extract of their respective immunizing 
antigen. Most of the animals immunized had antiserum 
titres of 20-80 after the primary immunization or after 
one booster immunization. Antigen titres were usually 
40-160. The antisera which reacted with the individual 
pancreas extract used for their production were then 
tested with other organ extracts from the same individual 
in order to establish their serological specificity. Some 
of the monkeys produced antibodies which reacted with 
extracts of other tissues from the same individual. These 
sera were not investigated further. Many of the monkeys 
produced antibodies that reacted only with pancreas and 
not with other human tissues such as kidney, liver, spleen, 
lung, heart, salivary gland, submaxillary gland, parotid 
gland, gastric mucosa, and intestinal tract mucosa. 
Absorption with human A, B or O erythrocytes did not 
inhibit the complement-fixation reaction with pancreas 
extract. Normal monkey serum and pre-immunization 
bleedings of the immunized animals, inactivated at 65° C 
for 10 min, did not react with any of the human tissue 
extracts tested. 

The antisera did not react with any rhesus monkey 
pancreas extract but some did react with the single 
extract of chimpanzee pancreas tested. Extracts of other 
primate pancreases were not tested. 

Those immune sera which contained pancreas-specific 
antibodies were then tested with various individual 
pancreas extracts by the complement-fixation technique. 
The reactions of six antisera with ten pancreas extracts 
are shown in Table 1. The antisera reacted with the 
particular pancreas extract used for immunization and 
with some, but not all, of the other individual pancreas 
extracts. Several different reaction patterns were observed 
as depicted in Table 1. 


Table 1. COMPLEMENT-FIXATION REACTIONS OF RHESUS MONKEY ANTI- 
HUMAN PANOREAS SERA WITH INDIVIDUAL HUMAN PANCREAS EXTRACTS 


Individual eos anti-human pancreas sera 


human M M Normal 
pancreas No. 23 No, 24 No.27 No.30 No.33 No. 34 monkey 
extracts (anti-1) (anti-2) (anti-3) (anti-4) (anti-5) (anti-6) serum 

1 + 0 0 0 + + 0 

2 0 t 0 0 0 + 0 

3 0 0 + 0 + + 0 

4 0 0 0 + 0 + 0 

5 0 0 + 0 + + 0 

6 + 0 + 0 0 + 0 

7 + 0 + 0 + + 0 

8 0 + 0 + 0 + 0 

9 + 0 + + 0 + 0 

10 + 0 0 0 0 0 0 


+, C.F. antigen titre » 20. 
0, C.F. antigen titre <10. 


Antigen titres were expressed as reciprocal of highest dilution of pancreas 
extract giving complete fixation of complement with 1:10 antiserum. 


It was not possible to determine the number of antigenic 
systems by absorption with individual extracts and ro- 
testing. Sera absorbed with pancreas extracts in a con- 
centration necessary for complete inhibition of antibody 
activity became strongly anticomplementary. This anti- 
complementary effect could not be overcome by high- 
speed centrifugation or addition of enzyme inhibitors to 
the extracts. 

Since the rabbit and monkey pancreas isoantigens had 
been shown to be present in pancreatic secretions’, human 
pancreatic secretions were also examined. Specimens 
aspirated from duodenal tubes before and after patient 
stimulation with secretin were tested by complement- 
fixation for the presence of pancreas isoantigens (Table 2). 
Antigens which reacted with some, but not all, of the 
monkey antisera were present in the secretions. Specimens 
from different individuals reacted with various antisera 
in a manner similar to individual pancreas extracts. 
There was no predictable increase or decrease in antigen 
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Table 2. COMPLEMENT-FIXATION REACTIONS OF RHESUS MONKEY ANTI- 
HUMAN PANOREAS SERA WITH FLUIDS CONTAINING PANOREATIO SEORETIONS 


Secretions Monkey anti-human pancreas sera Normal 
aspirated from M monkey 
duodenal tube No. 23 No. 24 No. 27 No. 80 No. 38 No. 34 serum 


Patient No. 1 
Pre-secretin 
stimulation 


Patient No. 1 
10 min 
post-secretin 


Patient No. 2 
Pre-secretin — — — 10 10 10 — 


Patient No. 2 


10 min 
post-secretin — — — 
Patient No. 2 
min 


0 
post-secretin — — — 90 
Patient No. 2 
40 min 


post-secretin — — — 


810 — 810 — 


270 — 270 — 


810 90 270 — 


270 90 = 


270 90 270 w— 


—, Complement-fixation antigen titre <10; other figures represent 
reciprocal of highest dilution of secretions giving complete fixation of comple- 
ment with 1:10 antiserum. 


titre at various time intervals after stimulation with 
secretin. Samples taken after stimulation with pancreo- 
zymin have not been available for testing. 

The nature of the pancreas-specific isoantigens in man, 
rabbits and monkeys has not been established. A possible 
function of the antigens could be enzymatic since they are 
located in the secretory portion of the acinar cells? and 
are present in the secretions of these cells. However, 
direct demonstration of enzymatic activity of the pan- 
creas isoantigen-antibody complexes or inhibition of 
enzyme activity by antibody has not as yet been success- 
ful. Much further work must be performed before these 
isoantigens can be associated with pancreatic disease. 

This work was supported by research grant T-237B 
from the American Cancer Society. 
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Effect of Hydrocortisone Hemi-succinate 
on Immune Lysis of Sheep Erythrocytes 


Tur effect of hydrocortisone on immune lysis was 
examined by titrating guinea pig complement in the 
presence of various concentrations of the steroid. Sheep 
erythrocytes, sensitized with rabbit anti-sheep cell 
hemolysin, were used as the indicator system for comple- 
ment activity; a 50 per cent lysis end point was used. 
Complement activity was not detectable in the presence of 
5 mg/ml. hydrocortisone; the titre was reduced signifi- 
cantly by concentrations as low as 0-01 mg/ml. 

In order to attempt to determine the mechanism 
of this antilytic action the following experiments were 
carried out. 

Pre-treatment of complement with hydrocortisone for 
periods of up to 30 min did not result in any greater 
reduction in titre than was observed with the same con- 
centration of steroid added at the same time as the sensi- 
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tized cells. This suggests that the steroid does not have @ 
direct action on free uncombined complement. 

Dialysis against isotonic saline of a mixture of sheep 
red cells, lysin, complement and sufficient hydrocortisone 
to inhibit lysis was carried out. After dialysis for 2 h 
complete lysis of the erythrocytes had occurred, indicating 
that the combination of hydrocortisone with tho reactants 
was unstable, the hydrocortisone passing through the 
dialysis sac and allowing normal lysis to occur. 

A similar unlysed mixture of cells, lysin, complement 
and hydrocortisone was incubated for 1 h, and the cells 
were then washed three times in saline. They failed to 
lyse on further incubation, but could be lysed by the addi- 
tion of complement, indicating that antibody but not 
complement was attached to the cells. It is presumed 
that the complement remained free, and was removed 
along with the hydrocortisone by the washing procedure. 
This suggestion was confirmed by the use of the conglutina- 
tion reaction. Sheep erythrocytes were incubated with 
either guinea pig or horse complement, both with and with- 
out hydrocortisone, and with heated normal bovme 
serum as & source of conglutinin and naturally occurring 
anti-sheep cell antibody. Conglutination occurred in the 
tube containing horse complement but no hydrocortisono ; 
lysis took place as expected in the guinea pig complement 
conirol tube. Neither lysis nor conglutination occurrcd 
in the two tubes containing hydrocortisone. This experi- 
ment and the preceding data would suggest that hydro- 
cortisone hemi-succinate obstructs immune lysis of sensit- 
ized erythrocytes by preventing the attachment of one 
or more complement components. In preliminary experi- 
ments hydrocortisone has been found to inhibit the 
lysis of erythrocytes by hypotonic salt solutions. This 
observation suggests that the steroid modifies the red cell 
surface. The modification of cell surface suggested may 
account for the failure of complement-binding. At the 
same time the effect of this and other steroids is being 
investigated using various other lytic systems. 
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BIOLOGY 


DNA, PNA and Protein Contents in a 
Rapidly Differentiating System, the Rat 
Tapeworm (Hymenolepis diminuta) 


Tum role of the nucleic acids, deoxypentosenucleic acid 
(DNA) and pentosenucleic acid (PNA), in the growth and 
differentiation of organisms has been thoroughly examined 
and characterized. Rapidly growing tissues usually dis- 
play rapid synthesis of DNA, PNA and protein. The 
synthetic rate of these constituents in a given tissue may 
be estimated by the relative amount of each present. 
Most of the systems that have been investigated in this 
regard have required the use of several different individual 
preparations at different stages of development. Tape- 
worms, such as Hymenolepis diminuta, should be ideal 
organisms for the examination of certain principles of 
growth and differentiation, for along the length of the 
strobila is a gradient of developmental stages, all within 
the same individual. The experiments reported in this 
communication were designed to test the usefulness of the 
tapeworm in a typical examination of growth and develop- 
ment. 

The rat tapeworm was maintained in male rats of tho 
Sprague-Dawley strain’. Adult worms were flushed from 
the host’s small intestine with Krebs-Ringer solution’, 
pH 7-4, with 0-05 M 2-amino-2-hydroxymethylpropane- 
1,3-diol (tris) acid maleate’. The tapeworms were divided 
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along their length into 3 equal Sections, representing the 
anterior, middle and posterior thirds of the worms. The 
three portions of worms obtained did not correspond 
exactly to the immature, mature and pregravid-gravid 
regions as described by Fairbairn et al.*, but resulted in 
some overlapping of these regions. Each group was 
pooled separately and, along with similar batches of whole 
worms, treated immediately. We used a modification of 
the procedure outlined by Schneider‘ for the extraction of 
the nucleic acids. The diphenylamine reaction for 
deoxypentose* and the orcinol reaction for pentose, 
coupled with the Fiske-SubbaRow phosphate determina - 
tion’, were used to obtain the amounts of DNA-P and 
PNA-P present in the tapeworm tissue. Protein was 
estimated using the method of Lowry et al.*. 

The results of this investigation are summarized in 
Table 1. The values shown represent the average values 
of at least two separate determinations. Values expressed. 
in Table 1 for DNA-P, PNA-P and protein based on the 
fresh weight of the tissue corresponded as well to those 
based on both nitrogen content of the tissue and unit of 
tissue (for example, ug DNA-P/whole worm). The 
anterior portion of the worm is known to be a region of 
rapid growth by cell division, while various stages of 
differentiation of the tissues and organs occur in the 
middle and posterior thirds?. There is also a metabolic 
gradient, in which the anterior region is the most 
active. The metabolic activity steadily decreases toward 
the posterior of the worms. 


Table 1, DNA-P, PNA-P AND PROTEIN CONTENTS IN Hymenolepis diminuta 


ug of ug of mg of ug of ug of 
Regionof DNA-P/ PNA-P/ protein/ DNA] PRAP PNA : DNA/ 
tapeworm g g g mg mg mg 

tissue tissue tissue protein protein protein 
Whole worms 36-3 155:3 98-5 0-37 1:58 427 
Anterior 3rd 52-0 197:5 120-5 0:43 1-64 3-81 
Middle 3rd 27-0 149:0 98-0 0-28 1-52 5:43 
Posterior 3rd 20-5 137-0 79-0 0:26 1-73 6-65 


It was not surprising, then, to find a similar gradient of 
DNA, PNA and protein in Hymenolepis diminuta. The 
ratios of PNA-P to DNA-P in the different regions of the 
tapeworms, where the ratio was lower in the more rapidly 
growing anterior region, and increased in the regions where 
differentiation of the tissues and organs occurs, agreed 
with the general pattern found for other growing systems. 
In addition, our results complement those of Cheng and 
Jacknick!!, who examined DNA and PNA in the different 
regions of Hymenolepis diminuta using histochemical 
techniques. The latter authors localized regions with 
greater concentrations of DNA and PNA. at the cellular 
and tissue leve]. 

We made several unsuccessful attempts to isolate and 
characterize the DNA from Hymenolepis using several 
different methods!?-14, and modifications thereof. Whether 
our lack of success was due to the inapplicability of these 
methods to cestode tissue (simultaneous extraction of 
mouse liver gave a good preparation of DNA), or due to 
the tapeworm having a low molecular weight DNA!Ss, 
was not established. The diphenylamine-positive material 
that was obtained by one of these methods" possessed no 
demonstrable thymine derivative. 

Campbell! has shown that Hymenolepis diminuta 
degrades uracil and thymine to g-alanine and f-aminoiso- 
butyric acid, respectively, by the reductive pathway. 
Investigations on the regeneration of mammalian liver 
tissue!'-1* have suggested that the reductive pathway 
for pyrimidine degradation is involved in the regulation of 
growth by effectively increasing the pyrimidine pool 
available for nucleic acid synthesis. Hymenolepis 
diminuta, or similar tapeworms”, would appear to be an 
excellent source of material for the further investigation 
of this problem. 

This work was supported in part by a grant from the 

National Science Foundation (18406). We thank Mrs. 
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A Cold Precipitable Protein in the Lens 


THE biochemical basis for the phenomenon termed 
‘cold cataract’ (that is, opacification of lenses due to 
cooling) has been elucidated. A soluble protein which 
comprises approximately 10 per cent of the total soluble 
lens protein and which precipitates both in lenses and in 
aqueous extracts of lenses when they are cooled below 
10° C has been isolated. This finding validates the sugges- 
tion made by van Heyningen! that a protein is responsible 
for clouding of mammalian lenses in the cold. Ti has been 
further observed that cold precipitation is a reversible 
process, since warming the lenses or extracts results 
in complete restoration of their transparency. 

Fig. 1 is a series of photographs of lenses removed from 
normal seven-week-old Holtzman white rats and cooled 
by placing them on a watch-glass supported in a beaker 
of crushed ice. The first photograph (a) was taken 
about 10 sec after the watch-glass was illuminated; the 
second (b) after 20 sec, and tho third (c) after 30 soc. 
The change from total opacity to total transparency 
obviously accompanies the increase in temperature from 
4° C up to about 25? C. 





a b c 


Solubilization of CPP in cooled rat lenses due to warming 


Fig. 1. 
(a) for 10 sec, (b) for 20 sec, (c) for 80 sec 
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Crude preparations of the cold precipitable protein 
(CPP) are isolated merely by homogenizing lenses in 
several volumes of distilled water, sedimenting the in- 
soluble matter at 20? C at 20,000 r.p.m. for 1 h and then 
sedimenting the CPP at 0? C (at which temperature it is 
insoluble) at 20,000 r.p.m. for 1h. The cold supernatant 
contains the total soluble protein minus the CPP. In 
order to purify the CPP repeated cold recrystallizations are 
carried out. Fig. 2 is a series of photographs of a test- 
tube containing an aqueous solution of recrystallized 
CPP at 12 mg/ml. which was cooled in a beaker of crushed 
ice. The first photograph (a) was taken about 20 sec 
after removal of the tube from the ice; the second (b) 
after warming the tube by hand for 20 sec; the third 
"(c) after warming for about 1 min. Again, the loss of 
precipitability accompanied the increase in temperature. 





Fig. 2. Solubilization of CPP in a water extract of rat lenses due to hand warming 
(a) for 20 sec, (b) for 40 sec, (c) for 1 min 


The protein nature of this recrystallized, dialysed, 
cold-precipitated material has been established by ultra- 
violet absorption, immuno-diffusion, electrophoretic and 
ultracentrifugal investigations. This work shows further 
that the CPP contains representative species of each of 
the three major classes of lens protein. CPP also contains 
approximately 1-1-5 per cent soluble RNA. 

Physico-chemical investigations now in progress indicate 
that the property of cold precipitability is dependent on 
the concentration of CPP in solution; a concentration 
of 3 mg/ml. or more is required for precipitation. Loss 
of cold precipitability in the lenses of rats 8 weeks of 
age or older may be due to an increase in lens fluid volume 
or & decrease in the amount of CPP of a soluble form. 

Cold precipitation is also dependent on pH; CPP does 
not precipitate when solution pH values are 4-0 or lower. 

The solubility or lack of solubility of the protein species 
making wp the CPP appears to depend strongly on the 
balance between hydrogen bonding and hydrophobic 
bonding as described by Sheraga?. At low temperatures, 
breakage of some hydrophobic bonds and an increase 
in hydrogen bonding may lead to precipitation of the 
CPP sub-units, while at slightly higher temperatures 
(that is, 20? C or higher) some inhibition of hydrogen 
bonding accompanied by favourable conditions for 
hydrophobic bonding may result in dissolution. The 
dependence of precipitability on pH may also be due to 
changes in hydrophobic and hydrogen bonding. 

This work was supported by the Rochester Eye-Bank 
and Research Society, Inc., and by U.S. Public Health 
Service grant B-3081. 


SEYMOUR ZIGMAN 
SIDNEY LERMAN 


University of Rochester 
School of Medicine and Dentistry, 
Rochester 20, 

New York. 
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Deep Water Corals as Fish Food 


DraECT observations reveal fish to be predators on most 
species of reef corals. Biting of the tip ends of branches, 
rasping the surface layers of the polyp, and rasping of the 
algae or other organisms attached, to the non-living surface 
of the coral, are among the many methods used in obtain- 
ing the polyp of the coral and associated animals and plants 
as food. Direct correlations can be obtained between the 
occurrence of certain kinds of fish and the type of coral— 
a relationship which may be largely attributed to the 
sheltering effect of the coral. Hiatt and Strasburg’, 
however, found a direct relationship between the coral 
and fish occurrences in terms of both habitat and pre- 
dation. 

Demonstration of predation by fish on corals from deeper 
: waters cannot be accomplished so easily, 
for direct observations cannot be made. 
The evidence of predation must, perforce, 
rest on examination of stomach contents 
of fish, or indirectly on evidence of damage 
sustained by the coral which is most 
probably attributed to the biting of fish. 
To my knowledge there has been no 
published account of the presence of coral 
in the gut of fish from deep water. Diffi- 
culties are expected in the recognition of 
coral fragments in fish, for few corals can 
be taken in their entirety, and the coralla 
of many forms will be too light and fragile 
to stand up under the mastication and 
digestive processes. Mr. Gordon Williams 
of Auckland, New Zealand, for many 
years made collections of the stomach 
contents of fish, and the occurrence of corals in some of 
these was recently brought to my attention by Dr. A. W. B. 
Powell, Auckland Institute and Museum. From stomachs 
of the tarakihi (Dactylopagrus macropterus), taken over & 
period of several years from off Mayor Island, Bay of 
Plenty, in depths of 35-90 fathoms, Mr. Williams obtained. 
more than 160 species of molluscs (A. W. B. Powell, per- 
sonal communication) and two species of corals. Although 
the number of fish stomachs which were examined in order 
to obtain this collection is not recorded, the relative 
numbers of the two species of corals are significant. 
Ninety-eight specimens were recovered, all of which 
showed some signs of corrosion and some of breakage, 
although remnants of tissue were present in the internal 
depths of the coralla of some specimens. Both the 
species Kionotrochus suteri and Sphenotrochus ralphae 
are turbinollid corals which are free living forms, small 
(up to 1 cm in largest dimension), and have a skeleton 
which is completely internal to the polyp. Of the 98 
specimens of coral, 14 were of K. suter? and the remaining 
84 of S. ralphae. The significance of these proportions is 
that K. suteri is perhaps the most abundant coral in the 
Bay of Plenty region, being found in great numbers of 
individuals in a very high percentage of benthonic trawls. 
Sphenotrochus ralphae, on the other hand, although known 
from a moderately large number of localities, apparently 
never occurs in abundance. The stomach-content speci- 
mens are twice the known number of the species taken 
alive. Alternative explanations for the disparity are that 
the tarakihi were feeding in an ecological facies, not yet 
sampled, in which S. ralphae is abundant, or that the 
larger size of S. ralphae makes a more appealing item in 
the diet of the fish. 

Other evidence for the predation of deep-water corals 
by fish rests with the secondary evidence of the regenera- 
tion of coralla severely damaged and broken during life. 
It is, of course, possible that organisms other than fish 
may be responsible for some of the observed damage; 
but the extent and nature of many injuries suggest a 
large animal, such as a fish. Regeneration of the coral has 
important implications both in investigations of the 
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growth of coral and in their systematics, for the structures 
resulting from regeneration may differ significantly in their 
appearance from those of normal development. Increased 
recognition of the extent of predation of coral by fish 
wil be of considerable value in both ecologieal and 
biological investigations. 

This work was supported by grant GB-353 from the 
U.S. National Science Foundation. 

Dowarp F. SQUIRES 
Smithsonian Institution, 
- Washington 25, D.C. 
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Hypomyces Stage of Fusarium solani f. pisi 


ASCIGEROUS stages have not been established heretofore 
for either of the Fusarium pathogens of pea, Pisum 
sativum L., that is, for F. oxysporum f. pisi (Linf.) Snyd. 
and Hans., the cause of a vascular wilt, or F. solani f. pisi 
(Jones) Snyd. and Hans., the cause of a cortical foot and 
root disease. Evidence is presented in this communication 
that the ascigerous stage of the latter pathogen has been 
discovered and belongs to the genus Hypomyces. Although 
perfect stages are now known for several forme in F. 
solani, none has yet been established for any member of 
the species F. oxysporum. 

In 1959 one of us (I. M.) reported in Japan! the 
isolation of two forme of Fusarium solani (Mart.) App. 
and Wr. emend. Snyd. and Hans. from mulberry trees. 
One of them, called F. solani f. radicola race 2, was shown 
later to be pathogenic to pea. This fungus, when properly 
mated, produced red perithecia in culture and was very 
similar to Hypomyces (Fusarium) solani f. cucurbitae Snyd. 
and Hans. in appearance and sexual behaviour??, since 
it was heterothallic, had mating (compatibility) types 
(+), (—), and through mutation developed heterothallism 
in respect to sex. Hermaphroditic, male and female clones 
of the fungus also were found. Random crosses of the 
Japan fungus attempted with other clones of Fusarium 
solani showed that it would cross successfully with a 
California isolate of F. solani f. pisi, obtained from the 
Berkeley laboratory. Later it was discovered there that 
the California isolate would cross also with two additional 
Japan isolates of P". solani f. pis??. 

About the same time (1962-63) in the laboratory at 
Berkeley, the original California isolate sent to Matuo 
was crossed successfully with a number of clones from a 
collection of isolates of F. solani f. pisi obtained from 
various parts of the United States and from England. 
All these were typical, tested, highly virulent clones of 
the pathogen, isolated from pea plants infected with root 
rot in the field. : 

All isolates were maintained by single spore culture in 
PDA. tubes at room temperature in diffuse daylight, or in 
daylight supplemented by 12 h of fluorescent light. 
Crosses were made 20-30 days after single sporing, by 
pouring a suspension of conidia in sterile water from one 
clone into tubes containing another. The time required 
to obtained fertile perithecia varied from 1-6 months. 
Single ascospores were isolated from these perithecia, and 
also single ascospores were recovered from individual asci 
by the method described by El-Ani*. Ascospore progenies 
were analysed for the inheritance of pathogenicity and 
mating type. 

Pathogenicity tests were made by inoculating emerging 
pea seedlings of the varieties ‘Alaska’, ‘Little Marvel’ and 
‘Davis Perfection’ growing in steamed U.C. soil mix, 
with spore suspensions from PDA slants. The seedlings 
were not injured during inoculation. 'Two pots each con- 
taining 5—7 plants were used in testing each isolate and 
the tests were repeated 1-3 times. Controls were un- 
inoculated plants, and plants inoculated with F. solani f. 
phaseolt (Burk.) Snyd. and Hans., all of which remained 
free from disease. Tests were terminated after 4-6 weeks. 
Plants were removed from the soil, washed, and graded 
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as to the degree of virulence of fungus attack. This varied 
from severe, with killing of seedlings during the first 3 
weeks after inoculation, to a trace or almost no disease, 
6 weeks after inoculation. 

Some of the crosses resulted in fertile perithecia. Asci 
were removed from these and the ascospores of several 
individual asci were recovered and tested separately for 
mating type and pathogenicity. The perithecia showed a 
1:1 segregation for mating type when. back-crossed to 
their parents or other tester clones. f 

Inheritance of virulence was investigated in two ways. 
(1) Ascospore progeny from the aforementioned asci were 
tested individually. Evidence was obtained that differ- 
ences in virulence existed between ascospore pairs within 
each ascus analysed. (2) Ascospores expelled from peri- 
thecia resulting from a cross between two clones weré 
tested at random for pathogenicity. They ranged from 
very virulent to essentially non-virulent. The colonial 
characteristics of the progeny showed a wider variation 
than that of the two parents, some clonal colonies 
revealing little resemblance to either. The variation 
between sizes of conidia of different ascospore clones was 
as great as previously described by Snyder and Hansen? 
for the species F. solani. ^ Perithecium and ascospore 
sizes foll into the rango of those given in the same paper 
for the perfect stage, Hypomyces solani (Rke. and Berth.) 
Snyd. and Hans. The variability obtained from these 
matings of F. solani f. pisi was similar to that déscribed 
for F. solani f. cucurbitae and showed a pattern usual for 
a heterothallic fungus. 

Crosses of various clones of F. solani f. pisi show beyond 
question now that this foot and root rot pathogen of pea 
has a porfect Hypomyces stage, although it has never been 
reported in the field on its host. It is heterothallic, segre- 
gates into two mating types, and while very similar in 
behaviour to that of H. solani f. cucurbitae, it is not inter- 
pathogenic with its host nor inter-ferbile with it. However, 
perithecia form less rapidly on PDA than on other media 
such as V-8 juice agar®. 

Clones of F. solani f. pisi derived from ascospores 
varied widely in their virulence on peas as well as in their 
cultural appearance. Results from the crosses suggest 
that a recombination of several genes governing virulence 
can take place, since random ascospore cultures showed 
2 wide range in virulence. 

In 1960 W. L. Gordon? pointed out that Buxton’s® 
report of a perfect stage in F. oxysporum was without 
fact. Nectria haematococca (Hypomyces solani), a homo- 
thallic fungus associated with the latter species, was 
shown actually to be the perfect stage of a Fusarium 
solani, not of the wilt fungus Fusarium oxysporum f. pisi. 
Gordon suggested, however, that Buxton’s Nectria (Hypo- 
myces) might be a perfect stage of F. solani f. pisi, but 
did not test its pathogenicity in order to determine this 
important point. 

In the following year one of us? published the results 
of a series of pathogenicity tests, using Buxton’s 
homothallic fungus. They concurred with Gordon 
as to the identity of Buxton’s Nectria (Imp. F. 
solani) and showed it to be a saprophyte, bio- 
logically unrelated to F. solani f. pisi. Repeated tests 
since that time, using isolates obtained directly from the 
original source, again have shown no pathogenicity under 
our conditions. The discovery now of a heterothallic 
perfect stage of Fusarium solani f. pisi in two different 
Jaboratories shows definitely that it, and homothallic 
Nectria haematococca (H. solani), are genetically as well as 
biologically two different and distinct fungi. 

Although both compatibility types of F. solani f. pisi 
have been found to occur in the United States, its Hypo- 
myces stage has been overlooked up to this time, probably 
because perithecia do not develop readily on PDA, even 
when the proper mating types are present, and because 
perithecia apparently do not occur commonly, if at all, 
on infected plants in the field. 
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Perfect stages (in Hypomyces) now have been produced 
in pure culture in the Berkeley laboratory not only for 
saprophytic F. solani (which contains both homothallie 
and heterothallic groups) but also for the tested, patho- 
genic forme, F. solani f. cucurbitae, rl. and v2., F. 
solani f. batatis (Harter) Snyd. and Hans., and F. solani 
f. pisi. In addition, the Japan laboratory has reported 
perfect stages in culture for F. solani f. mori Sakurai and 
Matuo, F. solani f. xanthoxyli Sakurai and Matuo, F. 
solani f. robinae Matuo and Sakurai, and F'. solani f. pisi. 
All these reportedly pathogenic forme are heterothallic in 
the usual compatibility sense. Also, Zerova™ has reported 
Hypomyces asclepadis Zerova as the perfect stage of F. 
coeruleum (Lib.) Sacc. (F. solani f. radicicola (Wr.) Snyd. 
and Hans.). Perfect stages so far are not known for F. 
solani f. phaseoli and F. solani f. eumartii (Carp.) Snyd. 
and Hans. 

This ascigerous stage of the pea pathogen is designated 
Hypomyces solani f. sp. pisi n. c., pathogenic on the 
underground parts of pea, Pisum sativum L., heterothallic, 
world-wide, with an imperfect stage in Fusarium solani f. 
pisi (Jones) Snyd. and Hans. 

R. E. REICHLE 
W. C. SNYDER 
T. Marvo 
Department of Plant Pathology, 
Berkeley, and 
Laboratory of Phytopathology and Mycology, 
Faculty of Textile and Sericulture, 
Shinshu University, 
Ueda, Japan. 
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Nature of Growth-promoting Activity 
associated with the Culture Filtrates.of Fusarium 
oxysporum f. lycopersici (Sacc.) Snyd. and Hans. 


Tue growth-promoting activity of tho filtrates of the 
gonus Fusarium has long been recognized’*. Using a 
bioassay test for auxins, and distilled water as control, 
Hirata? detected indolyl-3-acctic acid (IAA) in concen- 
tratod filtrates, whereas Venkata Ram? reported its 
absonce. Their media, in addition to the basal medium 
(g/l. KH,PO,, 1-5; MgSO,, 1; FeCl, 0:01; glucoso, 25 and 
nitrogen sourco, either ammonium sulphato at 2-0 g, or 
asparagine at 1-99 g and water 1 1. (rof. 5) ), were used to 
culturo the fungus to determino indole production. 

Owing to the structural similarity to IAA, tryptophan 
was substituted as (a) nitrogen source and (b) both as a 
combination of nitrogen and carbon sourco in all media. 
Two different strains of Fusarium oxysporum f. lycopersici 
were used, the strain from tho junior author's laboratory 
and a virulent strain (R 5-6). 

Modia were usod either at pH 6-5, or unadjusted. 
Acidity of all media was critically considered, as trypto- 
phan conversion into indole was known to be inhibited in 
acid condition, while the conversion was favoured in an 
alkaline reaction’. 

Erlenmeyer flasks (250 ml.) with 50 ml. of sterile medium 
wore inoculated with 1 cm disk of the actively growing 
fungus and incubated at room temporature (22°-24° C). 
The filtrates were analysed at 3-week intervals up to a 
maximum of 12 weoks. Uninoculated sterile media and 
sterile distilled water were used as checks. 

Two flasks of the same medium were pooled and filtered. 
The filtrates wero shaken three times with equal volumes 
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of peroxido-froe ethor. Solvents were evaporated in 
vacuo and tho residue was dissolved in 2 ml. of glass 
distilled water or in ethanol and was spotted in Whatman 
No. 1 paper and devoloped doscendingly, using isopro- 
panol-aquoous ammonia-—wator (10:1:1 v/v) (vof. 7). 
¥or effective separation of indoles from tryptophan, the 
papers wero developed in 2 solvent system having methyl 
ethyl ketono-pyridine-water (75 : 5 : 15 v/v) (rof. 8). 

Indoles were detected by various spray reagents. Since 
Salkowski’s reagent has quostionable spocificity 99^, it 
was used together with that of Ehrlich and a moditied 
Ehrlich reagent, consisting of 2 g of p-dimethyl amino 
benzaldehyde in 6 N hydrochloric acid (100 mil.) and 
ethanol (100 ml.). Fresh reagents were used for each 
determination. After spraying, the chromatograms wore 
dried at room temperature (23°-25° C) and the spots were 
examined in 24 h. 

In addition, both oxalic acid paper and Kovac’s tosts 
woro performed in all filtrates". All tests wero repeated 
at least 10 times and the results are shown in Table 1. 


(Table 1. RESULTS OF INDOLE PRODUCTION BY Fusarium oxysporum f. 
lycopersici IN CULTURAL MEDIA" 
M. Oxalicacid Kovac's 
Media Salkowski Ehrlich Ehrlich test test 


(1) Richard’s - - - = = 

(2) Tryptophan Richard’s 
(-nitrogen) 

(3) Tryptophan Richard’s 
(-N and C 

(4) Basal medium 
Ammonium sulphate 
Asparagine 

(5) Czapek’s 

(6) Tryptophan Czapek’s 


1 OE t g g 
arb gb ng 
Pratt 
1 Lt g 4 


(7) Tryptophan Czapek's 
(CN and C) 

(8) IAA control T + 

(9) Tryptophan control -— — = - 


* These results were observed regardless of the strains 
employed. - 


and solvents 


Both strains of Fusarium oxysporum f. lycopersici 
produced no indole compounds in the filtrates regardless 
of media. In one instance, a positive spot for Salkowski's 
reagent in Richard’s medium was observed. However, 
this could not be repeated. 

The fungus grew poorly in tryptophan medium. How- 
ever, greater utilization of tryptophan was noted when 
it was substituted as nitrogen and carbon sources as 
revealed by & faint ninhydrin-positive test. Also this 
material was utilized only slightly as a sourco of nitrogen 
in the presence of a sugar. Tryptophan was apparently 
utilized in a different biochomical pathway leading to the 
eventual conversion of nicotinic acid as somo of the inter- 
mediary products were identified in the chromatograms”’, 
rather than the conventional pathway of tryptophan 
conversion into TAA. 

Using standard bioassay tosts, both Hirata? and Ven- 
kata Ram? suggested that Fusarium species produced 
growth-promoting elements. Hirata? also showed 6 
positive colour reaction for TAA, especially in the trypto- 
phan-Czapok's filtrates of F. solani and F. oxysporium f. 
vasinfectum. No mention of a colour reaction was 
available using F. oxysporum f. lycopersici filtrates, 
although the filtrates oxhibited a positive Avena coleoptilo 
test. The pH of the tryptophan-Czapek's medium used 
by Hirata was not reported. It was noticed in this 
laboratory that the pH of such medium was 4'6, which 
was not conducive for tryptophan conversion to indole. 

Although Venkata Ram? reported a positivo bioassay 
test, he detected no indoles in the culturo filtrates. Ho 
also reported that the filtrates from Richard’s mediuin 
with carbon sources as glucose and fructose significantly 
increased the growth-promoting activity of fungal filtrates 
and also exhibited & positive bioassay test. It is known 
that fermentable sugars inhibit the production of indole 
compounds’. 

Under the conditions of the present investigations it is 
concluded that no isolatable LAA or other derivatives were 
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produced by F. oxysporum f. lycopersici. It is suggested 
that the growth-promoting activities associated with 
Fusarium oxysporum t. lycopersici is not of auxinic naturo. 
Howover, these findings do not preclude tho possibility 
that auxins may be produced by the pathogen in vivo. 

We thank Dr. K. McDonnell of the Department of 
Botany, University of Cambridge, for supplying the viru- 
lent strain, and. Mr. Ray Ito, Departmont of Political 
Science, University of Rhode Island, for translating the 
Japanese text of Hirata’s paper. 


A. MAHADEVAN 
- N. E. CAROSELLI 
Departmont of Botany, 
University of Rhodo Island, 
, Kingston, Rhode Island. 
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Influence of the Inoculum and the Medium 
on the Growth of Chlorella pyrenoidosa 


I HAVE on more than one occasion considered the 
practical interest of achieving giant forms of Chlorella 
by treatment with a Sugar!, in order to use them as 
inoculum in cultures the growth of which it is desired 


to accelerate. It is known that such giant cells cultivated in ` 


a mineral medium devoid of sugar return to their normal 
form. “However, I presumed that the growth of such cul- 
tures would be superior to that of cultures inoculated with 
normal cells. On the other hand, the composition of the 
culture medium is also an important factor to be con- 
sidered?.*. 

"This communication reveals the decisive influence 
which the inoculum and the medium, independently, 
exert on-the rate of growth of a culture. 

The inoculum is prepared by sowing Chlorella colls 
taken from a mineral medium culture in logarithmic 
phase of growth, in a medium which induces gigantism 
with glucose. After four days in this medium, in the 
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Fig. 1. . Growth of Chlorella on different media and inocula. Medium A: 
with giant cells (6); with normal cells (O); medium B: with giant 
$ cells (A); with normal cells ( A) 
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Fig. 2. Relative amount of growth in Chlorella cultures of 10-day-old, 
on different medium, with normal or giant cells (G) inoculated 


dark, at 37? C, the inoculum was centrifuged at 1,000 
r.p.m., washed with distilled water, and sown. 

I have examined two mineral media and sown the 
foregoing inoculum on them with the following compo- 
sitions and concentrations (g/l): Medium 4, , KNO, 
1:011;  MgSO,7H,O 0247; Na HPO H,O 0-621; 
NaH,PO,2H,O 0.089; CaCL,2H,O 0-015; FeS0,-7H,O 
0-007 (in complex form with EDTA); trace elements. 
Medium B. KNO, 1-250; MgSO,7H,O 2-500; KH,PO, 
1-250; FeSO,7H,O 0-011 (previously dissolved in water 
acidified with HNO;); trace elements. 

The culture medium is sterilized at 120? C for 20, min. 
500-ml. Erlenmeyer flasks were used, in which 200 ml. 
of medium was placed and sown with approximately 
equal (in dry weight) inoculations of giant cells., Each 
experiment was duly checked with an equal dose of 
normal cells. Six such experiments were made. During 
the ten days which the experiment lasts the cultures 
are kept in daylight, at 25? C, and are gassed with a 
mixture of air and 5' per cent càrbon dioxide. The 
growth of the medium can be measured by optical density 
using Beckman DU with a wave-length of 600 mu. 

Figs. 1 and 2 represent the mean values of the findings 
in the experiments. The growth is noticeably greater 
in medium A than in medium B and within the same 
medium when giant cells are inoculated. It may be 
inferred from this that the result of the experiments 
depends both on the composition of the medium and on 
the nature of the inoculum. A normal cell culture 
performed on medium A shows, in 10 days, a 100 per cent 
greater growth than another carried out in the same con- 
ditions in medium B. 

Table 1 gives the quantities of fundamental elements 
which énter in each medium and their pH. 


Table 1. PRINCIPAL ELEMENTS IN THE CULTURE MEDIA (g/l.) 


Medium N P S K Mg Fe Ca pH 
A 0:140 0:137 0:032 0-392 0-024 0:001 0:001 6:5 
B 0:173 0-284 0-324 0-842 0-246 0-004 = 5:5 


Modium B strikes me by its greater saline concentration ; 
and if it is considered that the absence of chelating agents 
in it, which would stabilize the solution of trace elements, 
the abundance of.the precipitate which forms during 
its sterilization and possibly originates unforeseen, ion 
imbalances may be explained. On the other hand, medium 
A contains the necessary calcium ion, albeit in minimal 


' quantities, for unicellular green algae and specifically 


for Chlorella}, The pH existing in both media are 
woll within the wide margin of tolerance of Chlorella. 

The inoculum exerts on the growth an action similar to 
that of the culture medium in Fig. 2. When inoculating 
giant cells in medium B, 85 per cent more growth was 
obtained than when inoculating normal cells; whereas 
in medium A the growth is only 41 per cent more. 
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According to Soeder*, when the division 
and sporulation processes are delayed or 
inhibited generally larger cells are originated 
and these contain an enormous amount of 
reserve substances. Griffiths’ has shown that 
Chlorella cultivated in a medium with glucose a 
has its division inhibited and its volume in- 
creased, and that its dry weight is consider- 
ably greater than when grown in an inor- 
ganic medium. These accumulated reserve 
substances are those which, as I have 
shown}, cause a considerable proliferation 
of autospores in the giant cells, and these, 
on being carried to inorganic medium and 
placed in conditions of autotrophism, break 
the wall of the mother cell and cause in the 
culture a growth which is notably superior 
to normal growth. 

It is therefore advisable, whenever it is 
desired to accelerate the growth of a Chlorella 
pyrencidosa culture and obtain an abundant 
mass of this in a short time, to use medium 
A inoculated with giant cells. 


M. RonpníavEZ-LÓPEZ 


Fig. 1. 


Centro de Investigaciones Biolégicas, 
Instituto ‘G. Marañón’, 
Velázquez 138, Madrid. 
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MICROBIOLOGY 


Toxic Action of Hemolytic Escherichia coli 
isolated from Pigs 


Czrrany hemolytic strains of E. coli are associated with 
cedema disease and gastro-enteritis of young pigs. 
Timoney reproduced cedema disease in pigs by injecting 
supernatant material of the centrifuged intestinal contents 
from pigs which had died of this disease®. Since then, 
Erskine et al., Sojka et al. and Sweeney et al. have success- 
fully reproduced the disease by injecting bacterial extracts 
prepared from hemolytic strains of E. coli*+*, These 
reports suggest that cedema disease is caused by absorption 
of a toxic substance produced by specific strains of 
hemolytic E. coli. 

In contrast to the ‘toxemia hypothesis’, Lemcke e£ al. 
observed severe anaphylactic reaction following injections 
of polyvalent E. col? antiserum into pigs that had shown 
symptoms of cedema disease and concluded that cedema 
disease was produced due to an antigen-antibody reaction 
and therefore this disease is a specific anaphylaxis’. 
Further evidence in favour of this ‘anaphylactic hypo- 
thesis’ on cedema disease and gastro-enteritis complex 
was presented by Buxton and Thomlinson from their 
observations on passive cutaneous anaphylactic tests in 
guinea pigs and by Thomlinson and Buxton from reversed 
anaphylactic experiments in pigs’’. 

The work recorded here was carried out to test the valid- 
ity of each of these two hypotheses and to seek a possible 
reconciliation. Bacterial extracts of a hemolytic strain 
of E.coli-0141: K85a,c (B), and a non-hemolytic strain 
—Mac 429 isolated from a pig were prepared by the 
method of Erskine e£ al. with minor modifications in that 
the cells were washed twice in 0:85 per cent sodium chloride 
solution, and disintegrated by sonic oscillation for 30 min?. 
Total protein content was determined by measuring the 
amount of precipitate produced with trichloroacetic acid’. 
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Effect of an Intravenous injection of 0-5 ml. extract of hemolytic E, coli-0141: 


K85a,c (B). Speed of the paper 20 mm/min 


Fig. 2. Difficulty in expirations, deep and prolonged inspirations accompanied by 
convulsions are recorded on this graph by running the paper at 20 mm/sec 


Fig. 3. Effect of an intravenous injection of 0-6 ml. extract of non-hemolytic E. coli. 


Speed of the paper 20 mm/min 


Each extract was tested on a separate young, healthy, 
non-sensitized, female guinea pig weighing about 300 g. 
After anesthetizing the animal with ether inhalation, its 
uterus was exposed and the severed right horn was 
attached to a transducer of an electronic polygraph 
recorder. About 0-5 ml. of the bacterial extract adjusted 
to contain 7-0 mg of protein per ml. was inoculated into 
one of the mesenteric veins. 

The reaction of the animal to an injection of hemolytic 
E. coli extract was observed within 15 sec by a sharp 
contraction of the uterus and respiratory distress (Fig. 1), 
the uterus remained contracted for at least 11 min, the 
rate of respiration increased and the duration of inspira- 
tions and expirations became shorter. After this ll-min 
period of violent reaction, the animal showed signs of 
respiratory failure with intermittent gasping inspirations 
and convulsions (Fig. 2) and died within $ h of the 
injection. 

A leg of 1:5 min followed an injection of the non- 
hemolytic E. coli extract when the uterus contracted also 
coincident with respiratory distress (Fig. 3). However, 
in contrast to the action of the hemolytic E. coli, the 
reaction lasted for only 1 min and the animal recovered. 

The results of these experiments indicate that hemolytic 
E. coli produce a potent toxin that has a marked offect 
on non-sensitized guinea pigs. Extracts of non-hemolytic 
E. coli have a less toxic effect, but whether this difference in 
potency is due to a different type of toxin produced by 
the two strains or different amounts of the same toxin 
is not known. All these data support the ‘toxemia 
hypothesis’. 

We thank Mrs. N. Chopra for protein estimation of 
the bacterial extracts and Mr. T. W. Chen for his help to 
run. the polygraph. 

This work was supported by the Quebec Agricultural 
Research Council. 

S. L. CHOPRA 
A. C. BLACKWOOD 


Macdonald College of McGill University, 
Quebec. 
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ENTOMOLOGY 


Diuretic Function of the Labial Glands in 
Adult Giant Silk Moths, Hyalophora cecropia 


DuRrNG experiments on the water balance of pupal 
and mature Hyalophora cecropia (Schneider), it was ob- 
served that the facial area of the adult may become 
moist when the hemolymph is diluted. A similar, but 
spontaneous, discharge occurs when the adult is emerging, 
the watery exudate serving to soften the stiff matted 


silk of the emergence tunnel by which they escape from ~~ 


the cocoon. The fluid is released from labial glands 
which open through a medial pore situated on the labium 
between the rudimentary galeæ. These glands, which 
secrete silk in the larva, survive metamorphosis to the 
non-feeding adult as a pair of tubes composed of a thick- 
walled posterior part lying ventrally in the prothorax and 
a thin-walled, much folded anterior part which unites 
with its counterpart and opens at the labial pore. The 
present experiments show that these glands not only 
persist, but also continue to secrete in the adult, where they. 
become organs of diuresis. This work records the relation- 
ship of secretion to physical restraint, and the high rates 
of secretion caused by dilution of the hemolymph. 

Experiments were first performed on animals the wings 
and legs of which had been restrained with cellulose tape 
. to facilitate the collection of samples. ‘The secretion 
of the labial gland was collected in & calibrated capillary 
tube with a fine drawn tip fixed over the labial pore. 
The level of fluid in the tube was marked at intervals and 
the rate of secretion determined by weighing. In young 
adults restraint with cellulose tape induced a spontaneous 
production of fluid within 5-10 min, which reached a rate 
of about 1 yl./min, 15-20 min later. Thereafter the rate 
of secretion diminished and finally ceased after about 
100 min. The mean rate during the entire period was 
about 0-5 ul./min. 

The rate, volume, and duration of secretion varied 
greatly and appeared to be related to the water content 
of the animal at emergence : some unconstrained adults, 
1 and 2 days old, secreted copiously after injection with 
distilled water, while others produced fluid only after 
constraint and injection. It has not yet proved possible 
to collect labial gland secretion quantitatively from un- 
constrained animals. 

When water was injected into the abdomen of animals 
which failed to secrete spontaneously after constraint, 
or into animals that had completed spontaneous secretion, 
the glands renewed their secretory activity. Fluid 


Volume of secretion (,d.) 





120 150 


0 30 60 90 
Time (min) 


Fig. 1. Volume of labial gland secretion released at labial pore after 

injection as follows: A, 0-25 ml. 0-17 M sodium chloride; B, 0:20 ml. 

0:17 M. sodium chloride; C-G, one animal injected on successive days 
with 0-25 ml. water 
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Fig. 2. Change with increasing age in response of labial glands to 
injections of 0-25 ml. water. Four animals. Animal A, which showed 
-a fluctuating change, died on day 15, the others on day 11 or 12 


appeared within 5-15 min following an injection of 0-25 ml. 
distilled water, reached a maximal rate for most animals 
of about 2 ul./min within 20-30 min and continued at a 
decreasing rate for 1-2 h, giving an average rate of 
0-1-0-2 pul.[min. Day-old animals injected with 0-17 M. 
sodium chloride secreted at a rate more than double 
that of distilled water animals (Fig. LA and B). One 
animal (A) which received 0-25 ml. 0-17 M sodium chloride 
delivered 0-276 ml. at a mean rate of 3-6 ul./min. 

The ability of the labial glands to secrete in response to - 
injection declines during the first few days of the 10-12 
day life-span of the adult, but occasional animals have 
continued to secrete in response to repeated injection of 
0-25 ml. of distilled water for as long as ten days (Fig. 2). 

Wounding and internal hydrostatic pressure do not 
appear to be the stimuli for secretion, which could not be 
induced by injecting peanut oil, though an animal so 
treated would secrete on receiving an injection of distilled 
water. Nor does resumption of secretion appear to bear 
any simple relationship to the osmolarity of the blood, ` 
for injections of 1 M glycerol induced secretion as did . 
normal insect saline (0-17 M sodium chloride), and 0-17 M 
potassium chloride. i 

Restraint to the legs acting as a stimulus to secretion is 
probably related to the restraint imposed by the pupal. 
cocoon during emergence for unconstrained animals which 
failed to respond to injections of water, did so when the . 
legs were restrained, and ceased within seconds when 
again released. The results so far obtained suggest a 
reflex mechanism, the threshold for which rises with 
increasing age. The expenditure of fluid during emergence 
may influence the extent of subsequent ‘spontaneous’ 
discharge. 

The striking capacity of the labial glands to respond 
rapidly to a change in the water content of the hemoceele 
suggested the possibility that the labial glands might also 
play a part in water regulation in the adult. Adult 
cecropia, like many non-feeding adult Lepidoptera, aro . 
‘dry’ animals : they have a low blood volume, doubtless 
in the interest of aerodynamic efficiency, and the possi- 
bility that the labial glands play a regulatory part in water 
balance is not yet discounted. A parallel may be found 
in other labial glands, for example the accessory glands 
of the heteropteran salivary complex (Edwards, J. S,- 
unpublished results), and. possibly the labial glands of the 
Thysanura (Watson, J. A. L., personal comm.). However, 
the malpighian tubules remain active throughout adult 
life, as shown by their continued capacity to sequester 
indigo carmine and to produce urine in response to water 
load. . 
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Autogeny and Oviposition in Arctic 
i Mosquitoes 


Two species of mosquito, Aedes (Ochlerotatus) impiger 
(Walk.) and A. (0.) nigripes (Zett.), occur at Lake Hazen, 
northern Ellesmere Island!. This arctic site (71° 18’ W., 
81° 49’ N.), where the Canada Department of Agriculture 
has conducted entomological studies in 1962 and 1963, 
lies within 100 miles of Alert, the most northerly locality 
at which mosquitoes are known to exist in Canada. 
Two findings concerning the mosquitoes at Lake Hazen 
are described here ; unless otherwise specified all remarks 
refer to both aforementioned species. 

Numerous temporary and permanent. pools provide 
larval habitats in the area. The most widespread flowering 
plant is Dryas integrifolia Vahl. (Rosaceae), which adults 
of both sexes visit frequently to obtain nectar. During 
the mosquito flying season (late J une-mid-August) about 
19 species of bird and 8 species of mammal exist in the 
area, though at a relatively low density’. 

At emergence, ovaries of female mosquitoes are in 
stages I-II of Christophers‘ and nullipars usually come to 
bite in stage II, after having mated. Nulliparous and 
parous females actively seek vertebrate blood and com- 
plete ovarian development (that is, reach stage V) about 
a week after engorgement. However, nullipars can also 
complete ovarian development, within about the same 
time, when maintained from emergence with flowers of 
Dryas integrifolia or with sugar (& 15 per cent solution of 
sucrose) as their only source of food. Females also ovi- 
posited under these conditions, except those A. nigripes 
maintained on sugar. On such blood-free diets, ovarian 
development was attended by extensive, stepped de- 
generation of oocytes, and this so greatly reduced fecundity 
that sometimes only a single egg attained stage V (Table 
1). Females maintained solely on demineralized water 
survived up to 20 days (cf. up to 37 days on Dryas and 
sugar) but their ovaries did not develop beyond stage II, 
and no oocytes degenerated. Evidently access to nectar 
or sugar is a prerequisite for the process leading to de- 
generation of oocytes and translocation of food reserves 
$n this type of autogenous ovarian development. 

In another experiment, females (mixed nullipars and 
pars) attracted in Nature were allowed to penetrate the 
skin of the human bait (thus unequivocally manifesting 
their intention to bite) and then treated in one of two 
ways: (1) allowed to engorge ; or (2) removed. within 
5 sec of having penetrated, presumably before ingestion 
of blood could have begun. Both groups were then 
maintained on Dryas and sugar. Ovarian development 
was then completed in all females (31 A. impiger and 
9 A. nigripes) in group (1), and in 8/25 and 1/14, re- 
spectively, in group (2). It therefore appears that in 
some females (at least) autogeny is facultative. However, 
until the precise stimulus associated with blood feeding 
which initiates ovarian development is known, this con- 
clusion must remain provisional. 

Autogeny in arctic or subarctic populations of mos- 
quitoes has hitherto been discerned in Aedes (O.) communis 
(DeGeer) in Canada (although only in populations believed. 
not to take blood»), and in A. (O.) flavescens (Muller) 
and A. (0.) punctor (Kirby) in Sweden’. The present 
findings establish the existence of autogeny in blood- 
sucking mosquitoes in arctic North America ; they show 
that-nectar or sugar is required for its manifestation, 
as in some but not all other autogenous mosquitoes®, 
and that the autogeny is associated with decreased 
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fecundity. They strongly suggest, but do not demon- 
strate, that autogeny is facultative in individual females 
In retrospect, it seems likely that Barlow? encountered 
a similar phenomenon in Aedes (O.) hexodontus Dyar at 
Churchill, Manitoba, although his use of wild-caught 
females prevented his reaching certainty on this point. 


Table 1. SIZES OF EGG-BATCHES IN MOSQUITOES WHICH COMPLEI}D 
OVARIAN DEVELOPMENT 


Species 
Treatment Aedes Aedes 
impiger nigripes 
(4) Emerged in captivity: 
) Dryas and/or sugar 1-4 (12)* 1-10 (8) 
Dryas and sugar; then blood 8-23 (20) 12-41 (4) 
(B) Caught biting in Nature: 
denied blood; Dryas and sugar 2-21 (8) 7 A) 
allowed to engorge on blood 12-76 (80) 20-47 (10) 


* No. of mosquitoes in brackets. 


The pattern of autogeny recognized at Lake Hazen 
may have special adaptive significance for mosquitoes 
in the arctic and subarctic, where potential vertebrate 
hosts fluctuate widely in numbers? It provides for 
reproductive continuity during years when vertebrates 
are scarce or absent, and for a proportionate, large in- 
crease in years when they are plentiful. Thus a rich. 
temporary supply of protein in one year can be used to 
increase the number of adult females in the next, when. 
if blood becomes scarce, their greater abundance can to 
some extent compensate for their reduced fecundity. 
Accordingly, populations of such mosquitoes probably 
show numerical fluctuations broadly resembling those of 
their principal vertebrate hosts; the mosquitoes, however. 
unlike the vertebrates, will be ensured (by autogeny) 
against declining beyond a certain minimum density. 

The second finding to be reported here concerns the 
oviposition of Aedes nigripes. At Lake Hazen the Sun 
remains continuously above the horizon (elevation about 
6-32°)4 throughout the mosquito flying season. Despite 
this, oviposition is periodic. Females of A. nigripes 
oviposit in clearly visible sites (the characteristics of 
which will be described elsewhere) frequently rendered 
conspicuous by the corpses of individuals that die there. 
Females were often seen ovipositing, but only on surfaces 
with an aspect currently at right angles (in & horizontal 
plane) to the rays of the Sun. Laid eggs and dead females 
in situ were found only in sites directly insolated between 
0600 and 2100 h suntime (solar noon being 1200 h); 
and the overwhelming majority of eggs and females were 
at sites directly insolated between 1100 and 1300 h. It 
may be concluded that oviposition is virtually restricted 
to the period 0600-2100 h and that it achieves its greatest 
rate near solar noon. The environmental cues which 
maintain such periodicity merit study. If, as seems 
probable, the temperature of the site plays a critical 
part, the duration of daily oviposition may be expected 
to decrease as the Sun’s maximum daily elevation becomes 
progressively Jess during July and August. A consequence 
of this periodicity is that oviposition sites have a southern. 
to south-westerly aspect and thus are usually among the 
first parts of the pond margin to become free of snow in 
June when the overwintered eggs hatch. 


Purr S. CoRBRT 


Entomology Research Institute, 
Canada Department of Agriculture, 
Ottawa, Ontario. 
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VIROLOGY 


Bats and Arboviruses in East Africa 


THE natural cycles of tho majority of the arboviruses 
are unknown. Even with yellow fever virus—which 
belongs to Casals’s Group B—where extensive investiga- 
tions have shown the natural cycle to involve forest 
dwelling primates and mosquitoes, many workers think 
that there still remains at least one other as yet undis- 
covered cycle of virus maintenance. 

In Africa, bats which are abundant and attractive to 
mosquitoes! have as yet boen surprisingly little investi- 
gated in relation to yellow fever and other arboviruses. 
Investigations at this Institute during 1951 with the fruit 
bat Eidolon helvum (Kerr) showed that 1! /40 serum 
samples from bats collected in Kampala contained 
neutralizing antibodies to yellow fevor virus, and circula- 
tion experiments with this virus detected in one instance 
a low level of virzemia?. Wo undorstand that recent work 
in the United States supports this finding. 

In West Africa, Lagos bat virus was isolated from the 
brain of a fruit bat, Eidolon helvum (Kerr)*, and recently 
two virus strains belonging to Casals’s Group A and numer- 
ous strains bolonging to Casals's Group B have been 
isolated from bats of the genus Scotophilus in. Senegalt-*. 

In East Africa & Group B virus, Entebbe bat salivary 
gland virus, was isolated from Tadarida (Ohaerephon) 
limbata (Peters) in 1957 (ref. 7). A continuation of this 
work on bats, which will be reported fully elsewhere, has 
during the past year led to a number of findings: 

(1) Seven strains of two other Group B viruses and two 
further strains as yet unidentified have been isolated 
from the salivary glands of 479 bats belonging to the genus 
Tadarida. 

(2) Hemagglutination inhibitory antibodies to Group 
B virus antigens have beon found in 91 out of 98 (93 
per cent) acetone-extracted sera collected from Tadarida 
Spp. 

(3) Hzmagglutination inhibiting antibodies to chikun- 
gunya virus have been found in the serum of ono bat and 
bemagglutination inhibiting antibodies to Bunyamwera 
virus have been found in that of another. 

(4) In the laboratory it has been shown that two Species 

' of the genus T'adarida will circulate Bunyamwera virus in 
titres greater than 3-0 log LD; for at least 6 days. Yellow 
fever circulation experiments have so far been unsuccess- 
ful. 

(5) Zika virus circulated in low titres in a bat of the 
genus Rousettus. 

The findings suggest that there is an exceptional 
relationship between bats and Group B viruses, for we 
cannot find records of other apparently healthy verte- 
brates from which such a high rate of arbovirus isolation 
can be made and which at the same time show such a high 
percentage of antibodies. The view that the relationship 
between Group B viruses and bats is not an exceptional 
local occurrence is supported by the finding of antibodies 
neutralizing dengue virus in the sera of bats of the genus 
Pteropus in Australia? and antibodies neutralizing Tick- 
borne encephalitis virus in Europe’. Furthermore, in 
America the Group B Rio Bravo virus was isolated from 


bats in Texas’? and a Group B virus has been isolated from ` 


bats in Montana". That Group B viruses may be found 
circulating in the blood of bats and thus be available to 
infect hamatophagous arthropods is shown by laboratory 
investigations with Japanese B, St. Louis and tick-borne 
encephalitis viruses!2-', 

The viremia investigations with Bunyamwera virus 
indicate that bats may circulate arboviruses of another 
group. In this respect it appears of great interest that 
Downs et al. have recently reported the isolation from 
bats of a number of strains of Tacaribe virus, which com- 
plement fixation shows to be related to Argentinian 
hemorrhagic fever (Junin) virus!5. 


s 
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It is apparent, thorefore, that bats are potentially of great 
importance in the wild-cycle of arboviruses and warrant 
further investigation on a wide international basis. 

. M. C. WiLLIAMS 
D. I. H. Suwpson 
R. C. SHEPHERD 


East African Virus Rosearch Institute, 
P.O. Box 49, Entebbe, Uganda. 
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Recovery of the Viral Antigen in a Cell by 
means of Double Radioactive Labelling 


TRE use of isotopes has rendered possible the exam- 
ination of virus development at the cellular levelt.2, 

We have investigated the reproduction of the fowl 
plague virus (FPV) using the method of autoradio- 
graphy. A double labelling with radioactive isotopes 
was used for the differentiation of the synthesis of viral 
RNA and proteins (antigens). 

The strain Waybridge of FPV and dermo-muscular 
cells of human embryos were used. Trypsinized tissue 
cultures, 2 x 105 cells/ml. suspended in Medium 199 with 
10 per cent of bovine serum, were placed on cover slips, 
2 cm x 2 em, and incubated at 37? C for 6 days, and then 
infected with FPV, 100 ZD,, per cell. A rat serum with 
the hemagglutination-inhibition titre 1 : 1,280 was labelled 
with iodine-131 according to the techniques of Francis ef 
al.? and Liebster et al.*, having used sodium salt of iodine, 
specific activity 6 uc./ml. y-globulins were obtained by the 
rivanol method; their specifie activity was 0-05 ue./ml. 
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Fig. 1. Autoradiograph of the cell, infected with fowl plague virus 
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The preparations of the dermo-muscular tissue of human 
embryos were treated with the virus within 20 min at 
4° C; residual virus was removed by triple washing in the 
cold Hanks’s solution; then Medium 199 with 10 per cent 
serum and 14C-adenine, 0-01 uc./ml., were added and 
preparations were incubated at 37? C. After exposure for 
3 h, cells were washed with Hanks’s solution, fixed in 
Carnoy’s solution, covered with y-globulin labelled with 
iodine-131; exposed for 20 min and then washed again. 
Then they were covered with film, type M.F, and exposed 
with silica gel in the dark at 4° C for 7 days. Developed 
preparations were stained with mothylene blue. 

Fig. 1 demonstrates some results of the method of the 
double radioactive labelling. “C-adenine as nucleic acid 
precursor is presented as small points randomly scattered 
while y-globulin labelled with iodine-131, blocking viral 
antigen, forms large autographs and conglomerates. So 
far as carbon-14 and iodine-131 have different energies of 
decay, it is possible to observe simultaneously the repro- 
duction of viral nucleic acid and protein as autographs 
of different size in the same cell. 

V. M. Zapanov 
Y. M. ZHANTIEVA 
V. M. SrAKHANOVA 
D.I. Ivanovski Institute of Virology, 
Moscow. 


! Zhdanov, V. M., in Physiology and Genetics of Viruses, 7 (Moscow, 1961) 
(in Russian). 


2 Hoyle, T. L., and Finter, N., J. Hyg., 55, 290 (1957). 
? Francis, G. E., Mulligan, W., and Wormall, A., Nature, 167, 748 (1951). 
t Liebster, J., Babicky, A., and Kosel, J., Folia Biol. (Prague), 3, 183 (1957). 


Effect of Actinomycin D on Measles Virus 
Growth and Interferon Production 


ACTINOMYCIN D combines in vitro with DNA in mam- 
malian cells and results in impairment of DNA synthesis 
and of DNA-dependent RNA gynthesis^?. This results 
in uncoupling DNA from cellular protein synthesis. 

Certain animal riboviruses (polio, mengo and New- 
castlo disease viruses (NDV)) have been shown to replicate 
in actinomycin D treated cultures, indicating their inde- 
pendence of cellular nucleic acid function?:5, 

Interferon production in cell cultures occurs in response 
to treatment of cells with foreign nucleic acids*. Because 
actinomycin D inhibits cellular RNA synthesis and hence 
protein synthesis, it would be expected to inhibit produc- 
tion of interferon. 

Bukrinskaya and Zhdanov’? demonstrated a decrease 

^in the latent period of Sendai virus production in actino- 
mycin D treated chick fibroblasts. They attempted to 
explain their results by suggesting that actinomycin D 
may have inhibited messenger-RNA of the cell, resulting 
in early direction of collular enzymatic systems to virus 
production. 

Treatment of chick fibroblasts with actinomycin D 
prior to inoculation with Chikungunya virus resulted in 
inhibition of interferon production accompanied by 
enhancement of viral growth*?. Actinomycin D has also 
boon shown to cause enhancement of growth of Semliki 
forest virus (SFV) and NDV (vef. 10). 

This communication reports proliminary investigation 
of the offects of actinomycin D on production of interferon 
and virus titres in measles-infected chick fibroblast 
cultures. 

H.HEp.2 colls infected with the ‘Edmonston’ strain of 
moasles virus were disrupted by three cycles of freeze- 
thawing. This fluid, which after centrifugation and 
membrane filtration contained 10°7 plaque producing 
doses/ml., was used as inoculum for chick embryo fibro- 
blast monolayers maintained at 37° in medium 199 with 
5 per cent feetal calf serum. After 8 days the whole 
cultures were disrupted as described and assayed for 
measles virus by plaque production in H.Ep.2 cell mono- 
layers and, after high-speed centrifugation (120,000g), for 
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interferon. The end-point of interferon titration was 
expressed as the reciprocal of the dilution causing 50 
por cent inhibition of plaque formation by Sindbis virus 
in chick fibroblast monolayers. 

Both yield of infectious virus and interferon production 
wore compared from normal cultures and from cultures 
of cells pretreated with actinomycin D at a concontration 
of 0-01 ug/cm? of monolayer (0-1 ug/ml.) for 4 h. 

Normal cultures yielded fewer than 10 infectious par- 
ticles/ml. with an interferon titre of 12 while actinomycin- 
troated cells yielded 10?" infectious particles with un- 
detectable interferon production. These results support 
the view that actinomycin allows increased virus yield by 
inhibiting interferon production. Thus monolayers of a 
coll type normally showing a high degree of ‘resistance’ to 
measles virus and to which this virus must normally bo 
‘adapted’ by repeated passage are rendered more suscopt - 

“ible by suppression of interferon production. 

Further oxporiments are now boing carried out to 
characterize this interferon and examine production of 
measles interferon in other cell systems. 

This work was supported by Commonwealth Serum 
Laboratories and University of Queensland research grant 
No. 243. 

C. D. ANDERSON * 
J. G. ATHERTON 
Department of Microbiology, 
University of Queensland, 
Brisbane. 


* Present address: 
Vietoria, Australia. 
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Lipid in a Purified Preparation of Tomato 
, Spotted Wilt Virus 


ELECTRON micrographs of tomato spotted wilt virus 
(TSWV), when stained by uranyl acetate or lead hydroxide, 
revealed the presence of an envelope surrounding an 
aggregate of several heavily staining spheroidal particles!. 
The envelopes stain only lightly with these reagents, sug- 
gesting that the envelopes contained lipid. Accordingly, a 
purified preparation of the virus was examined to test 
this hypothesis. By direct extraction with organic solvents 
the preparation was shown to contain about 20 per cent 
extractable lipid. Thin-layer chromatography of these 
extracts revealed & number of spots which gave a blue 
colour when treated with. a molybdenum-based stain?. 

~ Although lipid has long been known to form part of some 
animal viruses there is no record of the presence of a lipid 
in a plant virus. 

The virus was a sample of strain H of TSWV. The virus 
was extracted from systemically infected leaves of 
Nicotiana glutinosa by homogenizing them in the buffer 
solution at pH. 7, removing non-viral material by alternate 
cycles of low- and high-speed centrifugation followed by 
two cycles of sucrose density-gradient centrifugation as 
described by Best and Palk?. The virus was identified 
in the light-scattering band of the density-gradient tubes 
by its infectivity and characteristic size and shape under 
the electron microscope!. After removing the sucrose and 
buffer salts the virus was freeze-dried and then stored 
over phosphorus pentoxide. ^ 

The dry virus was extracted for lipid by the micro- 
extraction method described by Thomas’, using the 
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apparatus described by Schaffer et al.t. Total lipid was 
determined by extracting 1- to 2-mg portions of the virus 
preparation in micro centrifuge tubes three times with 
100-ul. portions of 1:1 chloroform-ethyl ether and two 
washings with 100-ul. lots of the methanol + ether 
solvent. The combined extracts and washings from each 
tube were evaporated under nitrogen to extract all the 
lipid. This was then extracted ten times with 50-yl. 
portions of petroleum ether. The solid extracted by 
petroleum-ether will be called lipid fraction A. The 
residue was also weighed and called lipid fraction B. 
Blanks were run on lipid-free samples of pure tobacco 
mosaic virus. 

The efficiency of the method was tested by extracting 
known amounts of pure stearic acid. The percentage 
recovery in four trials using 200-ug samples was 96, 98, 
100 and 95 respectively. 


Table 1. LiPID CONTENT OF STRAIN E OF TOMATO SPOTTED WILT Virus 
Wt. of % % Total 


virus lipid lipid lipid 

(ug) A* B* (%) 

1,019 38-6 10-3 18:9 

1,008 9-1 10:6 19-7 

1,066 9:2 n.d. — 

1,495 8-2 9:6 17.8 
Mean value 8:81 0:46 10-2: 0°55 


* A, petroleum-ether-extract. B, residue from methanol, chloroform, ether- 
extract after extraction with petroleum ether. 

As shown in Table 1, the total extractable lipid 
amounted to about 19 per cent of the preparation, and was 
about equally divided between the petroleum-ether- 
extract and the residue from the methanol, chloroform, 
ether-extract. 

Although the concentration of virus in the infected 
leaves is not high it was of interest to compare the lipid 
content of healthy and virus-infected leaves. Accordingly, 
on each of five occasions ten N. glutinosa plants wore 
selected at random from a uniform batch. Five plants 
were inoculated with TSWV and the other five were kept 
as controls. About -3 days after they had developed 
symptoms the systemically invaded leaves were gathered. 
The corresponding leaves of the healthy control plants 
were gathered at the same time. Both lots of leaves 
were then homogenized and the lipid was extracted from 
aliquots and assayed by the method of Kates et al.5. The 
results in Table 2 show that the infected leaves contain a 
significantly higher percentage of lipid than the healthy 
controls. On a fresh-leaf basis the difference is 40 per 
cent, and on a dry-weight basis of leaves tho difference is 
10 per cent (the infected leaves having a higher dry-weight 
content than healthy ones). 

Table 2. LIPID CONTENT OF HEALTHY LEAVES OF Nicotiana glutinosa AND 
OF LEAVES INFECTED WITH STRAIN E OF TOMATO SPOTTED WILT VIRUS 
In all five experiments 5 g of leaves (fresh wt.) were extracted 


Dry wt. as % mg lipid mg lipid 
Expt. of fresh wt. per g fresh wt. per g dry wt. 
No. Healthy Infected Healthy Infected Healthy Infected 
1 — — 81 142 — = 
2 Tb 8:9 81 10-6 108 119 
3 7-5 8-8 82 11-4 109 118 
4 9-0 10-8 9-2 12-8 103 119 
5 8:0 8 8:5 10-1 107. 116 
Mean 8:42 11:82 1006-76 118-0 
S.E.M. : 0:21 0-76 1815 0-707 
Level of significance 
(probability based on ‘t’ test) 1% 0-195 


' It is clear that the differences between healthy and virus- 
infected leaves is highly significant. The question which 
now arises is the extent to which the lipid we find in our 
preparations of TSWV is virus-specific. The electron 
micrographs of the purified preparations! strongly 
suggest that the lipid is located in the envelopes (as 
distinct from membranes) which encase several of the 
50-my particles. The electron micrographs of sections 
through virus-containing lesions on inoculated leaves 
suggest that-the virus may ‘bud-off’ from membranous 
structures of the host-cell cytoplasm}. It is, therefore, 
possible that the envelopes are derived from host material 
during the ‘budding-off’ process. In other experiments, 
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the lipid extracted from TSWV preparations was com- 
pared qualitatively with extracts of rnaterial prepared 
from control leaves. A preparation was made from these 
healthy leaves, using differential- and density-gradient 
centrifugation as for the preparation of virus. A. sample 
was withdrawn from the gradient tubes at the same depth 
as that from which the virus band was withdrawn. The 
material was freeze-dried, extracted with organic solvents 
in the way already described for the virus, and the 
extracts were run with the extracts from the virus on the 
same thin-layer chromatograms prepared according to 
Miildner et al.5. Using the molybdenum-containing stain 
of Wagner et al. several blue spots were obtained. Some of 
these were common to both virus and control extracts, but 
one spot was present only in the extract from the virus. 
The nature and significance of this are being investigated. 
In view of the fact that this virus is transmitted in 
Nature by an insect in which it has an incubation period’, 
it is not so surprising to find that it contains lipid. 
This work was supported by grant E 4832 from the 
US. Public Health Service, Institute of Allergy and 
Infectious Diseases. 
RUPERT J. Bust 
GERARD F. KATEKAR 
Department of Biochemistry, 
Waite Agricultural Research Institute, 
University of Adelaide, 
South Australia. 
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Multiplication of Rauscher Virus in Cultures 
of Mouse Kidney Cells 


RAUSOHER virus induces a characteristic malignant 
hamopathy when inoculated into adult or new-born mice 
of various strains, mainly that of BALB/c (ref. 1). In order 
to handle a system which would give a good production 
of virus in vitro, we cultured cells taken from various 
organs of animals inoculated with Rauscher virus several 
days previously. Among the organs tested, we obtained 
valuablo results with cultures of young mice kidneys. 
The kidney always being spared during the course of 
Rauscher leukemia, this production of virus is worth whfie- 
mentioning. 7 

New-born BALB/c mice were inoculated intraperitone- 
ally with 0-1 ml. of an extract prepared according to 
Moloney’s method? from spleens of BALB/c mice carrying 
Rauscher leukemia in the erythroblastic stage. The titre 
of the inoculated extract varied from 104 to 10° ID, por 
0-1 ml. Animals were killed 6-10 days later. Kidneys 
were cut up with scissors, washed three times in Hanks’s 
fluid, trypsinized for 2 h in a 0-5 per cent trypsin solution, 
pH 8-0, at 37° C, without stirring, and a strong manual 
agitation gave a cell suspension which was collected in a 
medium made of casein hydrolysate containing 15 per 
cent calf serum. Cultivation was performed in Kahn 
tubes with an initial inoculum of 5 x 105 cells per ml. of 
nutrient medium, which was changed twice a week. After 
5-7 days at 37° C, a continuous cell monolayer was 
obtained. The following tests were performed: ( 1) daily 
observation of an eventual cytopathic effect; (2) weekly 
hemagglutination tests with erythrocytes of BALB/c mice 
and of Wistar rats at 37° C, 4° C and 22° C; (3) weekly 
hzmadsorption tests on the same red blood cells at 4° C 
and 37? C; (4) weekly assay for an interfering activity 
using Sindbis virus (100 TOD,,tube) as challenge; 
(5) every fortnight, search for an interferon’ activity with 
the supernatants, using as a test the action on the growth 
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of Sindbis virus (100 T'CD,,) in cultures of mouse fibro- 
blasts; (6) at varying times, the supernatants or cell- 
supernatant mixtures, frozen and thawed throe times, wero 
inoculated (0-1 ml. intraperitoneally) into new-born mice 
and these animals wore examined each woek, in order to 
detect a splenomegaly. 

Tho kidneys of healthy animals were cultured and tested, 
following the same procedure. 

Moreover, the in vitro inactivation of Rauscher virus was 
examined by inoculating new-born mice with virus 
incubated alone in the culture medium at 37 ? C, or in the 
presence of cells in which we had obtained no multipli- 
cation (KB). 

With kidney eultures originating from mico inoculated 
with Rauscher virus, no cytopathic effect has been ob- 
served, and the examination of hematoxylin—eosin stained 
cover-slips in Leighton tubes confirmed this finding. No 
hemagglutinating or hemadsorbing activity could be 
detected. The existence of interferon in the super- 
natants was never demonstrable and no interfering 
activity on tho growth of Sindbis virus was observed. 
On the other hand, bioassays proved the permanent pres- 
ence of Rauscher virus in tho cultures. 

Table 1 givos the details of one among the six experi- 
ments performed. s 


Table i. INOCULATION OF NEW-BORN BALB/c MICE WITH SUPERNATANTS OF 
g INFECTED KIDNEY CULTURES 
Time of 


sampling No. of 
after injected Average 
initiation animals No. of 96 Latency latency 
of the Surviving leukemias (days) (days) 
culture weaning 
(days) 
14th 21 18 85 41-181 86 
32nd 9 9 100 55-127 106 
42nd 10 10 100 54-115 98 
57th 10 10 100 90-120 103 
71st 5 5 100 72-120 98 


In negrly all the animals inoculated with material 
originating from these cultures and sampled between the 
7th and 71st day, an erythroblastic proliferation in the 
spleen and liver, typical of the first stage of the Rauscher 
disease, was induced. 

However, it may be noticed that intrasplenic hemor- 
rhages were rare, leading to a diminished early death-rate 
and allowing the apparition of late generalized leukemias, 
the cytological type of which was erythroblastic, myeloid 
or undifferentiated. Two chorolcukemias have been 
observed, but no lymphoid leukemia has appeared. 

Myeloid leukemia is not usually doscribed as part of 
the Rauscher disease but was very frequent in our experi- 

nts?,. We think that one cannot link this fact to the 
action of any virus other than the Rauschor virus, because 
antisera prepared either by Dr. Rauscher or in our labora- 
tory cross-neutralize the virus. 

Kidney cultures of non-inoculated BALB/c mice, exam- 
ined in the same manner, never produced virus as revealed 
by the bioassay. Inoculation of young mice with virus 
incubated in the presence of KB cells or in the culturo 
medium alone at 37° C showed that the virus is complotoly 
inactivated within 24 h. 

'These results demonstrate that Rauscher virus actively 
multiplies in cultures of mice kidney cells. The presence 
of a residual virus seems very unlikely because of the 
considerable dilution .realized by the renewals of the 
culture medium (as many as twenty changes before the 
final inoculation) and by the previously demonstrated con- 
ditions of virus inactivation. The type of the disease in- 
duced and the relatively long latency period indicate that 
the amount of virus in the cultures is fairly small, at least 2 
log 10 less than in the plasma of leukemic mico. It is of 
interest to note that the i vitro inoculation with Rauscher 
virus of cultures of healthy mouse kidneys (still in pro- 
gress) seems to give much more irregular results. 

Rauscher virus, therefore, multiplies in kidnoy cells as 
early as 7 days after the inoculation of the animal and can 
be cultivated in theso cells for prolonged periods, although 
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this non-hemopoietic organ does not show any patho- 
logical alteration during the course of Rauscher leukemia. 
This phenomenon shows once again that leukwmia 
viruses grow in many different types of cells and induce a 
transformation in only some of them. 
This work was supported by the "Délégation générale 

à la Rochercho Scientifique”, grant 61 FR 135. 
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GENETICS 


Quick Preparation of Corolla Chromosomes 
from Flower Buds 


Tre standard practice of obtaining somatic chromo- 
somes from root-tips for counting is often inconvenient, 
particularly for species in the wild and for perennials in 
the field. In grafted species, for example, cultivated 
top-fruit clones, it is impractical to use root-tips and it 
may be necessary to obtain counts from meioses in pollen 
mother cells. Several methods are available, however, 
for examining chromosomes from other meristematic 
tissues? such as young leaves from vegetative tips and 
stipules, but these do not always prove satisfactory. 
Burns? has recently provided a useful method for making 
preparations of somatic chromosomes from corollas in 
Nicotiana spp. Her schedule is somewhat lengthy. and 
the prepared slides are not ready for examination for three 
days. We have been able to shorten this schedule. and 
have found the modifications satisfactory with tho several 
genera tested. The abridged technique successfully used 
for rapidly preparing chromosomes in corolla tissue is 
given. here. 

Margins and bases of unexpanded corollas are the most 
active regions, and buds which are too large must not be 
taken. Petals from open flowers do not show divisions. 
Buds 2-3 mm in size are taken in the mornings, and the 
green corollas are dissected out and placed in a tube 
containing a few ml. of 8-hydroxyquinoline solution 
(0-438 g in 1 1. distilled water) to which a drop of saturated 
maltose is added. This pretreatment should not bo allowed 
to rise above room temperature. The minimum time for 
pre-treatment is 2 h, but this depends on the material and 
may be increased to 4h. The corollas are fixed in modified 
Carnoy solution (6 parts 95 per cent alcohol: 3 parts 
chloroform; 1 part glacial acetic acid) which must be 
freshly prepared for each batch of tissue. A suitable 
time for satisfactory fixation is 30 min; but the material 
can be stored in this solution without harm for several 
weeks at 2° C. Hydrolysis is carried out in a solution 
made from 2 parts of 1 N hydrochloric acid and 3 parts 
of the fixative for not more than 5 min at 60? C. Staining 
is carried out on a slide using lacto-propiono-oreen?. 
Corollas are left on the slide for 2 min with two drops of 
the stain, heated gently and squashed in the usual man- 
ner. Should the chromosomes appear to be clumped 
together they may be spread by flooding the squash 
with 45 per cent acetic acid and re-tapping and squashing. 
If the material is over-stained, de-staining of the cyto- 
plasm can be carried out on the slide using several drops 
of 45 per cent acetic acid. The chromosomes are very 
clearly seen under both normal and phase-contrast micro- 
scopes’. It is possible to count and to photograph selectod 
mitotic plates within 5 h from the commencement of this 
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procedure. Permanent preparations can be made in the 
usual way?. 

Among the genera and families in which this method has 
proved successful are Nicotiana and cultivated tomato 
(Solanaceae), Ribes (Grossulariacae), Rubus, Fragaria 
and Malus (Rosaceae), Brassica and radish (Cruciferae) 
and Daucus (Umbelliferae). It was found advisable in 
Daucus to fix portions of the umbel without prior removal 
of buds and dissection of the tiny corollas. Hetero- 

` chromatic regions were readily seen in this material 
following cold treatment of the plants. A particular 
advantage of making chromosome counts from corollas 
is seen following the treatment of somatic tissues with 
colchicine to induce polyploidy. Thus it was possible to 
confirm the chromosome number 2n = 34 in the diploid 
apple variety ‘Spartan’ (from flower buds collected on a 
dull, wet day); but a strain of this variety received as a 
colchicine-induced tetraploid proved also to be diploid, 
so confirming a previous suspicion deduéed from floral 
morphology and stamen number. 
G. HASKELL 
E. B. PATERSON 
Geneties Department, 
Scottish Horticultural Research Institute, 
Invergowrie by Dundee. 
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Polymorphism in the Serum Proteins of the 
Reindeer 


POLYMORPHISM in the serum proteins of the reindeer 
was detected in 1959 (unpublished results) in samples 
collected by me and investigated by Dr. B. Cohen, then at 
the University of Edinburgh. Gahne and Rendel! reported 
the findings of six different transferrin types which they 
explained on a basis of three alleles. 

In this communication results from investigations of 
serum samples from 132 reindeer are reported. Of these, 
100 came from the district of Jotunheimen and 32 came 
from northern-Norway. The samples were investigated by 
two different techniques. One was that used for exam- 
ining horse transferrins*: the other was that developed by 
Kristjansson? for cattle transferrins. The two methods 
led to the same conclusions; but Kristjansson’s technique 
gave more distinct zones. Accordingly, results obtained by 
using this last-mentioned technique were photographed 
for demonstration in the present report. ' 

The reindeer sera investigated in this work showed 
great variation in the f-globulins. Two, three or four 
clearly recognizable zones or bands wero seen. They 
appeared in a total of 15 different phenotypes of which 
four were two-band and eleven were three or four bands. 
To account for these various patterns a hypothesis of six 
codominant autosomal alleles was advanced, each allele 
being responsible for two bands. The products of the 
individual alleles were named: C, E, G, I, K and M, the 
fastest migrating being C and the slowest M. In all these 
six two-band patterns the slowest band was generally 
considerably thicker and stained more heavily than the 
fast band. The following combinations of the two-band 
patterns were encountered: CC, CH, CG, CI, CK, CM, 
EE, EG, EI, HK, EM, GI, II, IK and KK. Most common 
were C and E types, most rare were the G and M patterns. 

In Fig. 1, which is a photograph of a stained gol, the 
results from investigation of eight selected serum samples 
are shown. The positions of the albumins, the «- and the 
B-globulins are marked on the left of the photograph. 
Because of the special electrophoretic conditions the 
albumins are condensed into a thick, heavily stained line 
going across the gel. The «-globulins are thin, indistinct, 
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Phenotypes EM GI ER II EE CM 


Photograph of a stained gel showing eight selected reindeer 
transferrin phenotypes 


Tig. 1. 
curved bands. Three of the samples are from animals 
being homozygous as to B-globulin types. They are CC, 
EE end II. The five other samples all show heterozygous 
animals. Phenotypes representing the remaining two-band 
patterns G, K and M are seen in all of them. The 
migration rates for the six two-band patterns are clearly 
different, the positions of the G bands, however, being 
only slightly slower than the E bands under tho electro- 
phoretic conditions used in these investigations. There is 
some indication that the C bands actually are of two 
types, the one, which is rare, being. insignificantly slower 
than the common C type. s 

Besides these different bands in the 8-globulin region 
other but more faint bands or zones may be seen on the 
photograph, for example, in the samples showing the 
phenotypes CC, CM and EM. In the first samplo thoro 
is a faint band in front of the C bands. In the two other 
phenotypes faint bands may be seen between tho fastest 
and slowest two-band patterns of the respective phenga. 
types. Whether these faint bands belong to the same 
protein system as those previously mentioned is not 
known. The occurrence and relative positions of some of 
these very faint bands in the p-globulin region may, 
however, indicate that they belong to the same protein 
system as that already described. This would then 
suggest that each allele is responsible for three bands or 
zones. 

The serum proteins described by Gahne and Rendcl! 
were reported to be transferrins. The proteins dealt with 
in this work are of a similar typo. It is, therefore, con- 
cluded that they are transferrins. Accordingly, a genetic 
theory of six transferrin alleles, Tf’, Tf, "fe, TF, LFF 
and Tf", is proposed. 

I thank Mr. I. Godal, district veterinary officer at Lom, 
2nd Mr. S. Skjenneberg, veterinary investigation officer at 


-the State Veterinary Laboratory, Harstad, for their help , 


in securing the samples. ~ 
MIKAEL BRÆND 


Department of Medicine, 
Veterinary College of Norway, 
Oslo. 
1 Gahne, B., and Rendel, J., Nature, 192, 529 (1961). 
? Brænd, M., and Stormont, C., Nord. Vet.-Med., 16, 31 (1964). 
3 Kristjansson, F. K. (personal communication). 
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EDUCATION AND MAN-POWER IN EAST AFRICA 


Ree basic problem of developing countries is to 

] promote economie development to raise their stan- 
dards of living. In the past decade or so, there has been 
a remarkable change from a belief that this can best be 
achieved by the classical method of heavy capital invest- 
ment to a belief that investment in people through the 
development of ‘human capital’ may provide a surer 
means of achieving this end. The main instrument of 
such development is seon to be education. The arguments 
for such a change have been partly economic, but partly 
also political. For-example, post-war American aid to 
Latin America has taught the United States a sharp 
lesson that capital investment and aid for economic 
development do not necessarily mean raised standards of 
living for the majority of the population of an emergent 
country, nor do they necessarily stop the growth of 
Coromunism—often, indeed, the reverse may be the case. 
The United Nations Educational, Scientific and Cultural 
Organization has preached the doctrine (though on what 
basis it has never been quite clear) that education is a 
basic human right to which all people are entitled. The 
people themselves of the developing countries have 
become utterly persuaded that, more than anything else, 
education holds the key to their future prosperity and 
progress. As if to confirm their belief, some of the older 
countries, more particularly Britain, have in late years 
also become converted to & similar philosophy on their 
own domestic scenes. : 

Education in developing countries, therefore, is now & 
field of considerable importance and the subject of much 
thought and planning. Even so, the literature on it is 
surprisingly sparse, and nowhere is this more so than 
on the man-power and planning aspects. This makes 
particularly welcome a recent book giving a detailed case- 
study of educational opportunity in a developing area, 
namely, East Africa*. The study represents, in fact, the 
first stage of a larger project undertaken by Political and 
Economic Planning with the aid of a grant from the 
Ford Foundation of America, the main purpose of which 
was to analyse the conditions which oversea students 
(particularly Africans) meet during their studies in 
Britain; the degree to which their courses fulfil their 
needs and aspirations, and some of the difficulties involved 
in providing a bigger flow of British teachers to overseas 
countries. In the words of Mr. Guy Hunter, its author, 
it is “a detailed case-study of the actual day-to-day 
problems of educational opportunity in a particular 
area—the stubborn facts from which wider strategy must 
be planned”. As such, it is most likely to interest the 
educational planner, but there is also much food for 
thought in it for all who take an interest in the East 
African scene. 

Several problems stand out starkly in this book, but 
in no case can they be described as purely East African 
problems. They are common to the whole of former 
British Tropical Africa. Undoubtedly, the most important 
is what is to become of the vast numbers of schoolchildren 

* s ; REOS ° à 
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who will finish their primary education in the next few 
years and for whom no secondary schooling will be 
available. After independence, some African countries 
introduced universal primary education, but all, including 
the East African countries, had greatly increased the 
provision of primary school places even before that event. 
In future years these hordes of frustrated children leaving 
primary school may well constitute potentially the biggest 
source in their countries of social and indeed political 
unrest. However, it is not likely that this problem will 
be seen by East African Governments as their major 
educational priority; this will undoubtedly be reserved 
for secondary education. While the most optimistic 
forecasts in East Africa over the next few years envisage 
the possibility of secondary education for 10 per cent of 
the primary school population, the reality is much more 
likely to be nearer 6 per cent, a figure which is totally 
inadequate to meet the higher man-power needs of theso 
newly independent countries. There is no doubt that 
East African Governments see as their main problem 
that of replacing expatriates in the public services and 
obtaining enough local people at least to take a hand in 
the private sector of the economy and to direct and 
administer their programmes of economic development. 
For them therefore above all it is the output of the 
secondary schools which matters—it is those schools 
which will produce the teachers which will make the 
further expansion of secondary education possible and 
also provide the future agricultural extension workers for 
the development of agriculture, East Africa’s basic 
industry. So pitifully inadequate will the output of 
secondary schools be until 1966 that it will not meet even 
wastage and the lowest economic growth rate over the 
present. In Kenya in 1961, for example, 182,227 children. 
were enrolled in the first year of the primary school. In 
the same year only 1,054 were in the fourth form (School 
Certificate year) of the secondary school. Of these only 
540 sat the School Certificate examination and far less 
passed. The greatest scarcity is undoubtedly that of 
qualified secondary school teachers, particularly scientists, 
and the shortfall here will have to be made good by the 
recruitment on contract of expatriate ‘experts’, especially 
to fill the gaps created by the reeruitment of African 
graduates for other spheres of the national life than 
teaching. Supplying such temporary graduate teachers 
may well be the greatest contribution that Britain can 
make at this stage towards helping Kenya, Uganda and 


` Tanganyika in solving its urgent man-power problems. 


The greatest problem of all in East Africa, however - and 
Mr. Hunter’s greatest dread—is the possible lowering of 
educational standards, more particularly at the secundary 
school and university levels, through indiscriminate and 
unbalanced expansion. If standards fall at tho secondary 
level, fewer and fewer people will sccure the necessary 
entry qualifications for admission to universities abroad 
(especially in Britain) or at home, and this could have a 
disastrous effect on top-level administration and the 
public service. However, if present standards are main- 
tained the output of the system is patently inadequate to 
meet present or future needs. The answer, he believes, is 
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to make better use of those post-School Certificate 
candidates who do not obtain the necessary qualifications 
to proceed to a university, and at the same time to 
upgrade after training those people with experience but 
lacking the paper qualifications who have demonstrated 
their ability in the various aspects of the national life. 
A recent educational tour of East Africa showed that 
Mr. Hunter’s worst fears in regard to secondary education 
ere, in fact, already coming true, more particularly in 
Kenya. There, despite the acute shortage of qualified 
teachers, and technical facilities such as adequate science 
laboratories, local government authorities are defying 
advice from the central government and are setting up 
—primarily for prestige reasoas—their own local, one- 
stream and inefficient secondary schools. Thero is every 
indication that in East Africa this tendency will grow; 
if it does, educational standards will inevitably fall. 

Mr. Hunter’s solution to the problem of making the 
greatest use, from a man-power point of view, of post- 
School Certificate candidates who do not proceed to a 
university but who enter the economy directly without 
traming is much more debatable. In many developing 
countries in the Commonwealth novel solutions to the 
problems of such training and higher education have been 
devised by the setting up of institutions which owe much 
to the American idea of the junior college and the libera] 
arts college. Mr. Hunter sees in such institutions his 
dreaded bogy of lowered educational standards and he 
will have none of them. Instead, he would provide 
diploma and up-grading training in already existing 
institutions. He is led, equally, to defend the institution 
of the sixth form, which would inevitably suffer if such 
new post-School Certificate colleges were set up, since 
their entry qualification is often a reasonable grade of 
School Certificate or five Ordinary Level passes in the 
General Certificate of Education. Senior African opinion 
in East Africa is strongly in favour of the junior college 
idea, and African administrators, with hard-headed 
realism, feel that such a college could do far more to 
supply diversified training to feed the needs of the economy 
than the present system. Moreover, the University of 
East Africa has recently invited the former registrar 
of the University of the West Indies, a man with much 
experience of the college idea, to advise it on this matter. 
The recent report on university education in Malawi 
has recommended a university which recruits at Ordinary 
Level or School Certificate, as also has the Lockwood 
Report on the Development of a University in Northern 
Rhodesia, a report which has already been accepted by 
that Government. It is scarcely likely, therefore, that 
East Africa will depart from such a general pattern, 
in spite of Mr. Hunter’s persuasive arguments. Per- 
haps the answer to his dilemma is for East Africa to 
adopt the West Indian model of & post-School Certificate 
college where diploma-type courses in a variety of sub- 
jects will be provided for those who do not have the 
ability to proceed further to take a degree, while, at the 
same time, the door is kept open for the later transfer 
to a university for those who do. 

The recent Commonwealth Prime Ministers’ Conference 
in London, with Sir Alexander Douglas-Horne's Suggestion 
for further United Kingdom co-operation and assistance 
in tbe field of higher education, highlights the importance 
of many of the themes Mr. Hunter discusses in this book. 
For this reason it should be read by all who are interested 
in the development of education, not only in Africa, but 
also in the younger countries of the Commonwealth. 
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Little Science, Big Science 

By Derek J. Do Solla Price. Pp. 119. 
London: Columbia University Press, 1963.) 
4.50 dollars. 


bee is a small but very important book. Based on 
the George B. Pegram Lectures at Brookhaven 
National Laboratory (June 19-29, 1962), it contains 
essays based on one guiding idea—to 9pply scientific 
method to the whole structure of modern science itself 
and thus help to create the new science of science, based 
not on abstract theory but on actual observations. 

Price is attempting to do for science what the pioneers 
Petty and Graunt tried to do for economics and population 
in the seventeenth century with a Political Arithmetic 
and Remarks on the Bills of Mortality. But, as science 
deals not so much with heads of population or pounds of 
goods but with men’s intelligence, the science of science 
also involves a study of that distribution of intelligence 
which was begun in the nineteenth century by Galton. 
In modern science numerical analysis can show that, 
however much individual initiative and genius play in 
the details of scientific discovery, the whole fabric of 
science compounds these different initiatives and produces, 
by a kind of statistical mechanics, ascertainable laws of 
growth which can be observed in the past and projected 
into the future. This is, of course, only one aspect of a 
science of science. It furnishes limiting conditions, size 
and rate of growth of science as a whole. Price touches 
also on the other aspects in his latter chapters: the effects 
cf science on social and economic development; the 
resulting effects on the scientists themselves. 

The growth of science in numbers and in cost has been 
80 spectacular in the past twenty years that it appears 
to be qualitatively different from anything that has gone 
before. Price is at pains to point out that this is an 
appearance which any rapidly growing human activity 
would present at any point in its history. Wo are 
informed that 80-90 per cent of all scientists who have 
ever lived in the world are alive now. This, he points 
out, would have been just as true in 1900 as it is to-day ; 
but this now presents a qualitative difference—we now 
feel we are in the new period of “Big Science". The 
quantitative growth that preceded its appearance has 
been overlooked in the mass of the monster we have 
created. The image of the ‘little scientist? of the past 
is romanticized as that of the ‘big scientist’ of the present 
is being magnified and coarsened. According to Price: 
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*... the transition from Little Science to Big Science was 
less dramatic and more gradual than appears at first. For one 
thing, it is clear that Little Science contained many elements 
that were grandiose. And, tucked away in some academic 
corners, modern Big Science probably contains shoestring 
operations by unknown pioneers who are starting lines of 
research that will be of decisive interest by 1975." (P. 3.) 


But the essontial feature both of ‘little science’ and ‘big 
science’ is the very rapid exponential growth, greater 
than that of population and that of the economy, doubling 
every 10-15 years. 

This we have long known: where Price breaks new 
ground is by relating it to other factors particularly the 
quality, the supply of scientists and the cost of science. 
Exponential growth measured by the rate of production 
of scientific publications has scarcely altered even after 
the great catastrophes of our time. Wars and economic 
depressions set the curve back by about five to ten years. 
Then it goes on rising along the same line. Thus, Price 
has pointed out elsewhere in Science Since Babylon (New 
Haven, Yale University Press, 1961), that exponential 
rate of growth would produce more scientists than people 
within two centuries, and this is not going to happen. 

Until now the exponential rate has been well main- 
tained. But Price points out that a closer analysis shows 
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that in the advanced countries it is already effectively 
at an end. The character of any exponential growth in 
a natural system is to turn over into & so-called logistic 
curve, an S-shaped curve rising to a certain saturation 
maximum. He musters evidence to show that the 
turning point is not somewhere in the near or far future 
but, for the advanced countries, has already arrived. The 
symptoms of this are the occurrence of sudden fluctua- 
tions; the rising curve is only maintained by bursts and 
escalations, such as those which occurred in the develop- 
ment of high-energy particle accelerators. Ultimately 
it is checked by the apparent shortage of trained workers 
needed for the largest scale of operations. 


“Such an analysis seems to imply that the state called Big 
Science actually marks the onset of those new conditions that 
will break the tradition of centuries and give rise to new 
escalations, violent huntings, redefinitions of our basic terms, 
and all the other phenomena associated with the upper limit. I 
will suggest that at some time, undetermined as yet but 
probably during the 1940’s or 1950’s, we passed through the 
mid-period in general logistic growth of science’s body politic.” 
(P. 31.) 


Here it seems to me that Price is putting forward extremely 
interesting but not altogether well-founded conclusions. 

Going back to Galton, he further considers the distri- 
bution of eminence among scientists, the distribution of 
which, according to a law due to Lotka, is as the square 
root of the whole number. This law fits very closely the 
distribution of ability of scientists using the somewhat 
suspect criterion—but the only one available—of the 
number of papers published in & working life. He con- 
cludes that for a hundred authors publishing only one 
paper, there will be two who will produce one-quarter of 
the papers, ten will produce half and the rest will produce 
the last quarter. This would seem to discount the effect 
of the single shot genius, while it magnifies the influence 
of the number of dullards with an itch to write. Neverthe- 
less, it may be quite adequate for statistical purposes. It 
would not be far wrong to say that the number of average 
men goos up as the square of the good ones. So that the 
number of scientists, which doubles every ten years, corre- 
sponds to the number of noteworthy scientists who double 
only every twenty. The number of potential scientists 
gauged as Ph.D.s shows some relation to the distribution of 
intelligence quotients of the population. In the United 
States, where education for the most intelligent is most 
widespread though by no means ideal, for one Ph.D. in 
every 300 of the population, intelligence quotients range 
from 140-3 for physicists down to 123-3 for educationalists. 
This is essentially prestige selection: education is a much 
more difficult as well as more essential field than physics. 

At that point Price goes over to the consideration of 
the even or unoven distribution of scientists, particularly 
good scientists: 


**, , . science displays in several ways a tendency to crystallize 
out, in the sense that big things grow at the expense of the 
small ones that constitute a sort of mother liquor. Large fields 
seem.to absorb the manpower and subject matter of small ones. 
Even though new fields, new departments, new institutions, and 
even new countries arrive on the scientific scene in increasing 
number, the few previously existing large ones have & natural 
growth enabling them in general to maintain their lead.” (Pp. 
56-7.) 


“About this process there is the same sort of essential, built-in 
undemocracy that gives us a nation of cities rather than a 
country steadily approximating a state of uniform population 
density. Scientists tend to congregate in fields, in institutions, 
in countries, and in the use of certain journals. They do not 
spread out uniformly, however desirable that may or may not 
be. In particular, the growth is such as to keep relatively 
constant the balance between the few giants and the mass of 
pygmies. The number of giants grow so much more slowly than 
the entire population that there must be more and more 
pygmies per giant, deploring their own lack of stature and 
wondering why it is that neither man nor nature pushes us 
toward egalitarian uniformity." (P. 59.) 
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; In his third section, Price considers the actual organ- 
ization or fragmentation of science, particularly in the 
field of scientific publication. He points out that we are 
right back in the stage reached by science in the early 
seventeenth century, but for opposite reasons; previously 
it was because there were too few scientists, now because 
there are too many to keep in touch with each other even 
by publication. A solution has been found in the presence 
of ‘invisible colleges'—the people in the forefront of 
their own subjects who all know each other and com- 
municate by letter or by direct personal contact, following 
what he calls the ‘high grade and affluent scientific 
commuter’. This somewhat chaotic development leads 
to the persistence of multiple discoveries, in fact to its 
increase. According to Price, premature publication had 
its raison d'étre in earlier times as a way of achieving 
priority but failed to prevent numerous disputes. He 
thinks that “Scientists have a strong urge to write papers 
but only a relatively mild one to read them". 

One way out of the present plethora of science is the 
publication of papers by a multiplicity of authors. The 
latter practice is growing so rapidly that it looks as if 
the single author paper will disappear in a few years. 


, .. There is a continuous movement toward an increase in 
the productivity of the most prolific authors and an increase in 
the numbers of those minimally prolific. As we approach a 
limit in both directions, it is clear that something has to give. 
The most prolific people increase their productivities by being 
the group leaders of teams that can accomplish more than they 
could singly. The minimal group are in short supply and we 
can hardly afford ta let them grow until they reach that ripeness 
of producing significant papers on their own.” (Pp. 89-90.) 


“Because of this, one of the great consequences of the transi- 
tion from Little Science to Big Science has been that after 
three centuries the role of the scientific paper has drastically 
changed. In many ways the modern ease of transportation 
and the affluence of the élite scientist have replaced what used 
to be effected by the publication of papers. We tend now to 
communicate person to person instead of paper to paper." 
(Pp. 90-91.) 


Neverthelass, papers can be used to some extent as tho 
measure of the quality of scientifie work. The effective 
value of a paper, by the measure of how much it is rcad 
or at least the ascertainable measure of how often it is 
cited, is a quantity that can now be determined numeric- 
ally in the new Science Citation Index. The degree of 
citation gives Price an indication of the quality more or 
less corresponding to the quantity criterion previously 
made. Price does not claim this as saying anything 
about the value of the contribution of individual scientists 
but only the statistical mechanics of scientific man-power 
and literature which he finds obeying the same general 
laws. 

Surveys of readership show, for example, that the 
half-life of the scientific paper is in many fields of the 
order of the doubling time in the subject, which would 
mean that the probability of being read in any given 
field remains constant, a rather surprising result which 
would certainly never hold for physics, where the half-life 
is only two-and-a-half years. But, as Price points out, in 
physics the rapidity of publication, with its imniense back 
citation, multiplies the overlapping of discoveries so that 
much of its apparent growth is fictitious. 


“Al this makes for considerable change in the motivation of 
the scientist; it alters his emotional attitude toward his work 
and his fellow scientists. It has made the scientific paper, in 
many ways, an art that is dead or dying. More than this, the 
invisible colleges have a built-in automatic feedback mechan- 
ism that works to increase their strength and power within 
science and in relation to social and political forces.” (P. 91.) 


These changes indicate to Price something of the qualita- 
tive nature of the change from ‘little science’ to ‘big 
science’. 
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In his final and in some ways his most important 
chapter, Price discusses political strategy for ‘big scien- 
tists’. Here his outlook becomes international rather 
than national. He has previously indicated the factors 
that tend to stagnation, but here he goes further to show 
that this is due to the fact that in ‘big science’ the cost 
of science varies not as the’number of scientists but as 
the square of that number; effectively it tends to bring 
down the rate of increase of science mitigated only slightly 
by the importation of scientists from other countries. 


“. . . the suggestion that this is the cybernetic feedback that 
is now trying to decelerate science and bring it to a maximum 
Size. This, we maintain, is the prime cause of the present 
logistic rather than exponential curve. This is the difference 
between Big Science and Little Science." (P. 94.) 


Looking at the world as a wholo, it is evident that only 
a few countries have reached this stage; in fact, strictly, 
only one—the United States. More than three-quarters 
of the world science has no large part to play either in 
education or in utilization. Yet it is in developing coun- 
tries that it can grow most rapidly because they alone 
possess large untapped reservoirs of human ability. 
Price shows that in the past fifty. years the balance of 
scientific effort of the different countries has varied 
enormously. But while those of the old countries have 
remained either approximately constant or actually 
decreased, as has that of France and Germany, that in 
the countries which have successively entered the scientific 
world have increased. In the United States, which came 
in first, the increase which started in the eighties has 
gradually worn itself down to a static condition. The 
countries with still growing increases are Japan, the 
Soviet Union and now China. 

Once, whether for economic or political reasons, the 
‘brain drain’ of scientists comes to be checked, as is 
likely in the field of science in the first place, the gap 
between the rich and poor countries will be filled. When 
a more or less even level is reached the total productivity 
of science will be reasonably held at something like five 
times what it is now. In the event it may even be more; 
we are, even in the most advanced countries, far from 
selecting scientists according to their ability out of the 
general population. An interesting study of the growth 
of science in Japan shows that it proceeds by a kind of 
infective mechanism; 15 physicists, for example, sufficed 
to produce, in a generation from 1868, 60 by 1900 and 
several thousands now. 

At the end of the book Price discusses the effect of 
these great changes on the scientists themselves and on 
the image of the scientist in ‘big science’ and ‘little science’. 
The catching on of the military usefulness of scientists is 
going to force them willynilly into positions of political 
responsibility, a kind of feedback between the effects of 
the scientist on society and the effect of society back 
again on the scientist. 

Power has passed in its different phases to the military, 
to the financiers and to the lawyers: now it is the 
scientists’ turn. 

“I hope it is not overdramatic to compare the present position 
of our scientific leadership to that which has existed in other 
countries, and in this country at other times, among the groups 
that used to control the means of destiny." (P. 111.) 


“In a democracy we are accustomed to finding the leadership 
taken by men emerging from all these fields that have been 
crucial to the world’s destiny." (P. 112.) 


“This is the credit side of the register which balances some of 
the other, not so good, changes already noticed in the first 
generation of new-style Big Science. The scientist is accepted 
by society and must shoulder his responsibility to it in a new 
way. The rather selfish, free expansion by exponentially 
increasing private property of scientific discoveries must be 
moderated when one is in the logistic state. Racing to get 
there before the next man might well be, in the long run, an 
impossibly irresponsible action." (P. 113.) 


NATURE 


August 15, 1964 VoL, 203 


The great merit of Price’s book and the reason why it 
should become compulsory reading for every scientist, 


‘big’ or ‘little’, is that the statements it contains are . 


based on facts of observation, not on pre-judgments or 
wishful thinking. His conclusions can be disputed, but it 
must be disputed henceforth in his terms, that is, in 
quantitative terms, using science itself as an object for 
scientific study. J. D. BERNAL 


MEANING IN PHENOMENOLOGY 


Edmund Husserl’s Theory of Meaning 

By J. N. Mohanty. (Phaenomenologica, Nr. 14.) Pp. 
ix + 148. (The Hague: Martinus Nijhoff, 1964.) 
15.30 guilders. 


DMUND Husserls Theory of Meaning is an able com- 

mentary on a particular part of Edmund Husserl’s 
work, namely, his philosophy of thinking and meaning. 
The author is an Indian professor with wide post-graduate 
experience in Germany, and thus well fitted for his 
task. He sets about it by elaborating his theme as follows: 
1, analysis of thought; 2, expression and its functions; 
3, thinking and meaning; 4, Hussorl’s philosophy of 
language; 5, certain associated problems; 6, formal 
logic; 7, back to experience. 

From this scheme, it is evident that the development 
of logic and semantics since Husserl’s day (he died in 
1938) has profoundly .modified certain aspects of the 
whole of phenomenology, and that such progress has 
been critically assessed. The remarkable feature is how 
closely several recent advances have been anticipated. 
Husserl was trained under the formidable influence of 
Weierstrass (though his original thesis was never pub- 
lished), and he retained through his life a large measure 
of respect for mathematical modes of thought, even if he 
seemed to follow his own type of subjectivity. Neverthe- 
less, he was hopeful that Hilbert’s meta-mathematics 
would save the day, a view destined to be disappointed 
by Gédel’s classic paper of 1931; a result which only 
goes to show how fast events were moving in the master’s 
lifetime. 

In my opinion, the most valuable part of the volume 
is to be found in Chapter 7, wherein the discipline of 
experience is fully manifest. Paragraph 22 is worthy of 
special comment. Husserl pondered deeply on the 
technical and symbolic character of the natural sciences, 
and the tendency of these to increase with time. He 
thought of such movements as emptying the subject of 
much of its meaning. Originally, no doubt, there was 
much truth in this. The crisis (to use Husserl’s own 
word) may have occurred quite unobserved when Thales, 
fully aware that geometry had proved itself very useful 
for mensuration in Egypt, started to ask why it worked 
at all, and what its success implied. It then became 
obvious that crude need had produced the science of 
pure geometry. 

Following this train of thought to a period nearer our 
own, there can be little doubt that, as we are reminded 
on p. 138, Galileo’s quantitative physics did more than 
he knew to divide sense-data, from formal explanation, 
even though he is commonly regarded as its founder 
of modern experimental philosophy. In its’ extreme 
present-day abstraction, physics has wandered a long way 
from what Husserl would have accepted as experience. 

A closely allied topic is that which Husserl liked to 
call the ‘notion of horizon’. For him, this divided into 
two, outer and inner. The latter appears not only as 
giving an object the capacity to be more fully determined 
than at first sight, but also it actually indicates the 
possibility of achieving such closer analysis. The former, 
the outer horizon, posits other co-objects of the same 
field, and they too are at least capable of experience. It is 
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in passages such as these that Husserl displays an 
instructive sympathy for psychology, including the 
integrative principle of the Gestalt concept, and problem 
pictures with their differing degrees of mental awareness. 
This is not an easy book to read. The style is difficult 
in itself, and encumbered with a veritable plethora of 
exclamation marks. In addition, the author has the 
tiresome habit of writing ‘if? when he means ‘whether’. 
All in all, this is a welcome new member of the Phae- 
nomenologica series, and exhibits Husserl as & precursor 
of much that is fundamental in modern logic. 
F. I. G. RAWLINS 


CHURĊH AND STATE 


Transactions of the American Philosophical Society 

New Series—Vol. 54, Part 1: Rome and the City of 
God: an Essáy on the Constitutional Relationships of 
Empire and Church in the Fourth Century. By Prof. 
Karl Frederick Morrison. Pp. 1-56. (Philadelphia: 
The American Philosophical Society, 1964.) 1.50 dollars. 


HRISTIANITY started as a Jewish sect in Palestine. 

For its members, the Jewish law was obligatory and 
the outlook on the world in general and the Messiahship 
of the Founder was Eastern, Syriac and not Greek. Greek 
thought started with the cosmos and sought to understand 
human life (and God in relation to life) from the cosmos; 
Syriac thought started from the idea of the Living God 
and sought to understand human life in the cosmos from 
its vision of God. 

Palestinian Christianity was largely destroyed during 
the wars waged by Titus, but previously had taken root 
in a number of gentile settlements. Not a few mission- 
aries, including Saint Paul, helped in this dispersion 
of its beliefs. Maybe, too, some gentiles who had been 
influenced by the new thought, and had been driven out 
of Jerusalem at the time of the riots which led to the 
death of Stephen, also played their part in, the spread 
abroad of the new religion. But the gentiles were Greek 
in.thought and certainly were not interested in Jewish 
laws. After a hard fight, Saint Paul persuaded the 
Jerusalem Christians to relax most of these laws and 
practices including, especially, cirewncision. However, 
the problem of making intelligible the essentially Syriac 


ideas to the Greek mind remained, as well as the organizing 


of the several little groups of believers into a Church. 
The latter problem was solved early, indeed before 
A.D.180, as the Roman Empire could be used as & model 
by such organizers as Ignatius and others. 'The Church 
they built up was flexible enough to allow for expansion 
and indeed lasted until the time of the Reformation. 
The problem of translating Syriae thought into Greek 
terms was another matter and involved much controversy. 
Heresies also arose (especially the Arian in the fourth 
century), and these complicated the problem. The main 
question was: What was the nature of the Founder and 
how could it be expressed in words? It was not until the 
fifth century that a solution to the problem satisfactory 
to the majority was attained at the Council of Chalcedon. 
When Constantine the Great was converted to Christian- 
ity and the Roman Empire became nominally Christian 
in the middle of the fourth century, still another vital 
problem arose: What should be the relationship between 
the State and the Church, which, by definition, already 
had the Founder as the divine Head? On one hand, the 
State did not want an Imperium in imperio; on the other, 
the Church obviously should not be controlled by the 
secular arm. The idea of the ‘City of God’ emerged and, 
with safeguards, a duality grew up which lasted throughout 
medieval times—the spiritual arm, the Pope; and the 
secular arm, the Emperor. In this connexion the influence 
and ideas of Saint Athanasius, of Saint Hilary and, a little 
later, of Saint Ambrose were vital, and Prof. Morrison, 
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in Rome and the City of God, considers them in some detail. 
If the new Church had fallen completely into the hands 
of the State, humanly speaking it would have died with 
the Roman Empire, especially in the West. As it was, 
the opposite occurred and the early Popes inherited 
much of the power and influence which had previously 
been wielded by Rome. 

Of course, the problem was not settled for all time in 
the fourth century; the relationship in France between 
the Church and the State is still uneasy, and the British 
solution, where the State appoints the chief church 
officials but then allows them liberty of action, does not 
appeal to everyone. Prof. Morrison starts with an intro- 
duction and then deals in detail first with the legal 
principles and later with the theological problems in- 
volved. The result is a learned work of great interest, 
but the general reader should have some knowledge of 
the subject as a whole before tackling it. 

M. C. BURKITT 


HEAT TRANSFER 


Chemical Engineering Practice 

Vol. 7: Heat Transfer. General Editor: 
Cremer. Pp. vi +460 + xiii. (London: 
and Co. (Publishers), Ltd., 1963.) 100s. 


Herbort W. 
Butterworth 


OLUME 7 in the series Chemical Engineering Practice 

covers the ground of heat transfer, a field of major 
importance in chemical engineering. Four chapters, 
which form the greater part of the text, are devoted to 
heat transfer and are followed by two chapters on drying 
and a final chapter on heating and ventilation. 

The first chapter, by Dr. Franklin and Mr. Hartland, 
on conduction, forms an extremely good introduction to 
the basic mechanism of heat transfer and provides a 
general introduction to the text. The authors havo 
succeeded in discussing both steady- and unsteady-stato 
conditions and two-dimensional flow, but there is a 
somewhat hurried look about parts of the explanations, 
and the inclusion of a number of worked examples illus- 
trating the techniques would have been valuable to tho 
practising engineer. 

The next three chapters, on transfer by convection, by 
boiling and by radiation, which have been written by 
Prof. Roberts and Mr. Cass from the Houldsworth School 
at Leeds, form the most extensive section of the book. 
The chapter on convection is well presented and tho 
importance of this mode of transfer is well brought out, 
but there are sections, such as heat flow in annuli, where 
a more detailed account of the problems would have been 
appreciated by the reader. The authors have been reluc- 
tant to be in any way dofinite in recommending particular 
expressions for the calculation of the heat transfer coeffi- 
cients under varying conditions, and more on the expec- 
ted accuracy of such correlations would have helped. 
The use of packed beds for reactors and the ever widen- 
ing application of the fluidized bed technique are exam- 
ined, but more information on the performance of large 
units would have helped the designer, who is at present 
uneasy about the application of data from small units. 
There is much research in this field, but the precise 
mechanism of heat transfer and the problems of geometry 
have not yet been cleared for accurate design. 

Chapter 3, on heat transfer with phase change, deals 
extensively with evaporation and boiling, but some of 
the more recent correlations on nucleate and two-phase 
transfer should have been included. The designers 
here are perhaps more concerned with heat flux, and tho 
problems of reproducibility and steady values, than 
with trying to obtain exceptionally high values of trans- 
fer coefficients. Some of the practical features of the 
desirable extent of vaporization, either per pass in a 
tube or per cycle in a reboiler, have been treated rather 
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thinly. The authors have made a good attempt at con- 
densing our theoretical ideas, but havo left the reader 
undecided regarding application of the theories. The 
problems of maximum flux and of burn-out have been of 
vital consideration in the development of nucloar reac- 
tors, but neither these nor the question of high fluxes 
obtained with rockets and sub-cooled boiling aro given 
much coverage. 

Chapter 4 covers the less well analysed field of radi- 
ation and will undoubtedly prove of real valuo to all 
concerned in work at high temperaturos and with 
furnaces. There is plenty of material here for the thinker, 
and the chapter well deserves study. Our knowledge of 
the problems of the drying of solids is still sketchy, and 
Dr. Nissen and Mr. Macmurray have given a useful 
summary of the position, but the growing importance of 
spray drying and the use of fluidized bed dryers are not 
sufficiently outlined. There is a little duplication here of 
the principles of heat transfer which are discussed in the 
first chapter, but with a wide range of authors this may 
be helpful A good account is given of the drying of 
paper on a series of cylinders and this provides an oxool- 
lent indication of the difficulty in applying theoretical 
expressions to practical problems. Some good drawings 
of industrial drying plant would have given the reader a 
clearer picture of the engineering nature of the units, and 
a discussion of the cost of drying by various methods 
should have been included to give the practical engineer 
a guide to the oconomies of the operation. 

The final chapter, on heating and ventilation, is a 
woleome addition, which has not been included in the 
chemical engineering field to any great extent in the past. 

This book contains a very useful summary of our 
present knowledge on the basic principles of heat trans- 
fer, but it would have been pleasant to roporb that there 
were a large number of worked illustrations from practice. 
These would embody the kind of information which is 
lacking in literature to-day, and, although it is clearly 
dificult to be precise, some real attempt to bring home 
the difficulties of practice might well have been attemp- 
ted. 

The design engineer is eager for illustrations of the 
right method for use of techniques, and the more abstract 
the mathematical methods, as with those on unsteady 
state processes in Chapter 1, the greater the need for 
confirmation, by example, that these methods are not 
only reasonably accurate, but well worth while if better 
plants are to be designod. J. M. Coursow 


VACUUM FOR THE TECHNICIAN 


Vacuum Technology 
By Prof. Andrew Guthrie. Pp. xii--532. (New York 
and London: John Wiley and Sons, Ince., 1963.) 94s. 


| pies primarily for the technician, this useful 
book covers most aspects of vacuum technology ex- 
cluding applications. Very little background knowledge 
is assumed of the reader; the text is illustrated by good 
line-diagrams and photographs and is lucidly written, 
though the author does exhibit occasionally the dis- 
concerting habit of writing very long paragraphs con- 
taining unexpected changes in ideas. 

. Attractive features of this volume are the many worked 
examples, the carefully selected tabulated data, the 
repeated emphasis on experimental procedure and correct 
operation of plant and the useful chapters entitled 
“Cleaning Techniques” and “Some Fabrication Tech- 
niques". 

The text is reliable and with a welcome correct use of 
terminology. However, some controversial points and 
errors worth mentioning with the view of being helpful 
and also indicating the treatment adopted are the 
following. On p. 42 appears the statement, “If it were 
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possible to connect the inlet of a pump directly to the 
vacuum vessel then pumping speeds at the vessel would 
be given directly by the speed curve of the pump. In 
practice, this is not possible, simply due to space con- 
siderations”. In fact, this direct connexion is practised, 
as, for example, in connecting an oil diffusion pump to the 
base-plate of a vacuum coating chamber. Admittedly 
here an isolation bafile valve is generally desirable between 
the pump and the chamber and this will reduce the speed, 
but it is not "space considerations" which are the difficulty. 
In some cases, for example, the widely used equations 
(2-8) and (3-2), a formula is given without proof, which is 
undesirable where the deduction is simple, especially 
in view of the author’s commendable emphasis on an 
understanding of elementary kinetic theory in the early 
chapters. Occasionally, the author’s clarity of exposition 
deserts him, as in Fig. 3-2, where the operation of gas- 
ballast would not be undorstood in relation to the 
accompanying text. Errors occur on p. 53, where division 
by 28-3 becomes equivalent to multiplication by 0-353, 
in the statement of Example 1 on p. 63 and in the instruc- 
tions about cutting off the heater on p. 105. The operation 
of the Becker molecular pump is not clear from the 
diagrams and description, and the use of a modulator 
electrode in the Redhead version of the Bayard—Alpert 
gauge is not explained. It is surprising to see emphasis 
given to the X-ray limitation of the Bayard—Alpert 
gauge without it being stressed in describing the con- 
ventional hot-cathode ionization gauge. It is difficult, 
in view of the problems of temperature measurement and 
inadequate knowledge of accommodation coefficients, 
to make the Knudsen gauge an absolute instrument as 
is implied on p. 187. 

In many respects this book can be strongly recommended 
for the technician, and the scientist or qualified tech- 
nologist will find much useful information in it. The text 
could have been made shorter by omitting such data 
as explanations of decimals, simple index notation, 
logarithms, rather elaborated numerical work in answer 
to examples and simple physics amply detailed in British 
text-books for the Ordinary Level of the General Certificate 
of Education. A shorter text would also have been 
beneficial in reducing the rather high price. 

J. YARWOOD 


HOW CLOTTING BEGINS 


The Contact Phase of Blood Coagulation 
By H. L. Nossel. Pp. xv--160. (Oxford: Blackwell 
Seientific Publications, 1964.) 35s. 


Uie recently the investigation of the biochemistry of 
blood coagulation has depended almost entirely on 
measuring the time between an experimental manipu- 
lation and the appearance of the fibrin clot, together 
with great ingenuity in varying the manipulation. Thus, 
in The Contact Phase of Blood Coagulation, Dr. Nossel 
writes (p. 2): “The occurrence of the fibrin clot is the 
only stage of the clotting process which can be directly 
observed. All knowledge of preceding stages has been 
inferred from changes in the rate of fibrin formation". Dr. 
Macfarlane has recently suggested (Nature, 202, 498; 1964) 
that the existence of a Jong series of reactions leading to 
blood clotting has a biological purpose, by acting as a 
biochemical amplifier system. If this is so, it implies 
that, the earlier & reaction in the sequence, the smaller 
the amount of chemical change that occurs in it. Progress 
in coagulation research will, presumably, largely depend 
on establishing the biochemical nature of the earlier 
reactions and on making them measurable. 

This book describes experiments in which, as usual, 
the indicator of what is happening is the clotting timo. 
However, Dr. Nossel has used great ingenuity to contri- 
bute to our knowledge of the earliest stage of clotting, 
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that is, ‘the contact reaction’. This is a demonstrable 
interaction between ‘foreign surfaces’, on one hand, 
and ‘contact factors’ present in the blood, on the other. 
The contact reaction ultimately leads to the coagulation 
of the blood. 

So far as normal blood and this research on it are 
concerned, the only thing that is not a ‘foreign surface’ 
is normal vascular endothelium. All other surfaces are 
foreign, and they may be divided into those that are 
relatively inert and those that are actively clot- 
promoting. Examples of inert surfaces are those made 
of polythene or of glass treated with silicone. Clot- 
promoting surfaces include those of untreated glass, 
kaolin, and ‘Celite’. The ‘contact factors’ in normal blood 
are called Hageman factor and PT'A factor. When they 
are absent from blood, the contact reaction does not 
occur in it; this can be shown and can be used to differ- 
entiate blood deficient in these factors from normal 
blood. 

The first chapter summarizes what was known up to 
the time of the author’s own work about the relation 
between the contact system and the blood-clotting 
process. The second chapter deals with the relation 
between different surfaces and the contact system in the 
blood. The contact system must be ‘activated’ by con- 
tact with an ‘active’ surface. Activation is a change 
which can so far be demonstrated only biologically, not 
chemically. It may involve only minute amounts of 
material and is, moreover, probably very evanescent. 

With the aid of ‘Celite’, Dr. Nossel has shown that PTA 
factor ean be removed from normal plasma leaving 
Hageman factor behind. Both factors are necessary in 
the contact reaction to initiate clotting. A ‘contact 
reaction product’ is formed which can be eluted from 
‘Celite’. This new observation suggests an opening into 
the chemical investigation of this product unless its 
amounts are just too small. Dr. Nossel also presents 
evidence that the contact factors can be activated by 
pure sodium stearate; this is the only substance present 
in normal human blood known to be able to do this. 

"With the aid of these observations, Dr. Nossel then 
investigates the clinical features and establishes the 
laboratory diagnosis of patients deficient in contact 
factors. He shows that the contact product activity 
formed is related directly to the amount of PTA factor in 
the blood. From this and Ratnoff's earlier work it is 
concluded that the contact product is formed in two 
stages: in Stage 1, Hageman factor is activated by an 
active surface; and, in Stage 2, the activated Hageman 
factor reacts with PTA factor to form the contact 
product. The latter is inactivated by normal plasma. 
An ingenious extension of the thromboplastin generation 
test is used to show that the contact product reacts 
with Factor LX (Christmas factor) but not with any of 
the other known clotting factors. This demonstration 
represents the link of the new to what was known before. 

In his final chapter, Dr. Nossel considers the relevance 
of his findings to hemostasis and to thrombosis, and the 
crucial and controversial problem whether or not the 
contact reaction which initiates blood clotting in vitro 
is also involved in initiating thrombosis in vivo. The 
evidence suggests that there are two alternative mech- 
anisms for initiating clotting, one involving tissue fluid 
and the other the surface contact surface. Deficiency in 
one system may be compensated for by normality of the 
other, but sometimes this compensation fails. Dr. Nossel 
considers the evidence concerning the role of stearate in 
the blood. Some time ago Esnouf and I observed that, 
during clotting, some of the lecithin in plasma is rapidly 
broken down to glyceryl phosphoryl choline and fatty 
acids including, presumably, stearate. This and Dr. 
Nossel’s results make it conceivable that the contact 
system may be activated autocatalytically. 

The book is written in the language of the blood- 
clotting community and has a useful glossary of technical 
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terms. One should perhaps criticize the uncritical accept- 
ance of that language which has acquired bad habits 
with terms such as ‘non-contact plasma’ or ‘non-con- 
tacted plasma’; ‘celite exhausted plasma’; ‘Hageman 
factor deficient serum’, etc. The.use of adjectival nouns 
may be short and accurate, but it is very displeasing. 
It does not seem impossible to express these concepts 
more acceptably with the aid of prepositions. A virtue 
of the book is the detailed description of experimental 
procedures; this should allow anyone to use the tech- 
niques described. The book should be read by all who are 
interested in understanding blood coagulation and related 
phenomena and who wish to keep up with the progress 
now being made. G. V. R. Born 


THE LEUK/EMIC CELL 


The Cytology and Cytochemistry of Acute Leukemias 
A Study of 140 Cases. By G. F. J. Hayhoe, Dennis 
Quaglino and Richard Doll. (Medical Research Council 
Special Report Series, No. 304.) Pp. ix+105+ 74 plates. 
(London: H.M. Stationery Office, 1964.) 63s. not. 


FÈ nearly seventy years hæmatologists have largely 
relied on stains of the Romanowsky type (complexes 
of methylene blue derivatives with eosin) to differontiato 
between the types of normal and abnormal cells of tho 
blood and blood-forming organs. Their most difficult 
task has been to distinguish between the cells of different 
acute leukemias, and in this field the most experienced 
observers occasionally differ. To anyone who attempts 
this feat only occasionally, the marvel is that disagreemont 
is not commoner, and that hematological diagnosis so 
often corresponds with clinical observation. 

In this clearly written, well produced and illustrated 
book, a variety of cytochemical methods of examining 
the cells of the blood and bone marrow in acuto leukemia 
have been evaluated, by comparison with each other and 
with a Romanowsky stain. Some, like the peroxidase 
test, have been available for many years. Others have 
been introduced more recently, and their practical valuo 
has still to be established. Previous experience with 
these methods has added a few criteria useful in blood coll 
diagnosis, but most hematologists have not felt that any 
oneof them has made their task more than marginally easier. 
In The Cytology and Cytochemistry of Acute Leukemias 
all the most important methods available (new or not- 
so-new) have been tested on an adequate sample of cases, 
and the results, though not claimed as revolutionary, 
will probably convert many former doubters to the view 
that a battery of tests is likely to give substantial help 
in cases where one, or perhaps two, have left the naturo 
of the condition uncertain. 

Blood and bone marrow smears from 140 consecutive 
cases of acute leukemia were investigated by Romanowsky 
and sudan-black staining, a peroxidase reaction, an 
azo-dye method for alkaline phosphatase, and the periodic 
acid-Schiff reaction. Salient characteristics observed 
by each method were recorded, semiquantitatively 
whenever possible, and analysed statistically with the 
aid of a computer. The result directed attention to 
eleven discriminating characters, on the basis of which 
it was possible to separate the cases into four groups. 
Tnitial consideration of Romanowsky characters alone 
had left fifty cases unclassified, but analysis of tho results 
of all the tests together reduced this number to fifteen. 
The relation of the four groups to the conventional classifi- 
cation was next considered, and it became clear that they 
corresponded, to lymphoblastic, myeloblastic, monocytic 
or myelomonocytic, and erythremic myelosis typos, 
respectively. 

The first group (lymphoblastic) was found to differ, 
with regard both to cytological and to general biological 
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characters, from the other three, and the authors make 
the significant deduction that acute lymphoblastic 
leukemia is a disease separate from the other types, 
but that the latter form a related group. They suppose 
that in the normal person there is one stem cell which 
can produce lymphocytes only, and another which 
produces myelocytes, monocytes, or erythrocytes, in 
response to appropriate stimuli. 

Several other observations of interest are discussed. 
In Romanowsky preparations a few, apparently normal, 
mature cells are commonly seen in acute leukemic blood, 
which are useful in distinguishing the types of the disease. 
Further, in these preparations, primitive cells often appear 
similar to corresponding precursor cells in the normal 
bone marrow. The authors have been able to show that 
both these appearances are misleading. Cytochemical 
methods (notably the sudan-black, peroxidase, and 
periodic acid-Sehiff stains) show that both the apparently 
mature cells and the apparently primitive cells in 
leukemic blood differ from their presumptive counter- 
parts in normal blood or bone marrow. 

Finally, a hypothesis about the nature of the essential 
cellular lesion in acute leukemia is put forward, namely, 
that there is failure of the proliferative capacity of cells 
ab an early stage of differentiation, with the result that 
cytoplasmic materials (sudanophilic and periodic acid— 
Schiff positive), which are present in mature normal 
cells, accumulate in leukemic cells without corresponding 
nuclear development. By analogy with what is known 
of the megaloblasts of Addisonian anemia, it is postulated 
that this failure is due to a prolongation of interphase at 
the second resting period (““G,” of Lajtha and Oliver!) with 
consequent asynchrony of nuclear and cytoplasmic 
developments. 

As a student of viral-induced leukemia in animals 
(which may or may not be analogous to the human 
disease) I value this survey of modern hematological 
methods highly. Several murine leukemogenic viruses 
induce either lymphoid ,or myeloid leukemia under 
different conditions, while others induce a blood disease 
in which abnormal cells of all the hemopoietic series 
may appear. Clearly, the methods so carefully tested 
by the authors may help in the analysis of this complex 
situation, and perhaps give an indication of the point 
of attack of these viruses. To clinical hematologists 
the book will be stimulating, and valuable as a book of 
reference for some years to come. They will be grateful 
to the authors for what must have been a laborious task, 
and for the factual and restrained manner in which the 
results have been presented. M. H. SALAMAN 
lLajtha, L. G., and Oliver R., in Ciba Symp. Hamopoiesis, edit. by 


Wolstenholme, G. E. W., and O'Connor, M. (J. and A. Churchill, Ltd., 
London, 1960). 


THE LOWER ORDERS 


The Lower Metazoa 

Comparative Biology and Phylogeny. Edited by Ells- 
worth C. Dougherty. Pp. xi+478. (Berkeley and Los 
Angeles: University of California, Press; London: Cam- 
bridge University Press, 1963.) 140s. 


(be prevented the prompt publication 
by the Kaiser Foundation of the Proceedings of their 
second annual symposium on ''Comparative Biology" 
(1960). Most of the papers, along with some new matter, 
have now been independently published in The Lower 
Metazoa. The papers collected are inevitably hetero- 
geneous, but the volume is mainly concerned with views 
about the relationships of the lower animal phyla with 
each other and with the Protozoa. Only one paper 
(by D. D. Jensen) looks upward to the vertebrates and 
derives them, via myxinoids, from the hoplonemertines. 
For many lower Metazoa (here taken as extending up 
to and including the Aschelminthes) there is little or no 
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fossil record. Phylogeny therefore relies heavily on the 
notions of homology and convergence. There is much 
room for speculation and speculation readily expands to 
fll the room available. Remane’s criteria of homology 
are discussed in some detail by Hanson, and Remane 
himself claims that “morphology can be defined as the 
search for homologies”. The open-minded reader of this 
book will find that one man’s homology is another man’s 
convergence and that there is much dispute over what is 
primitive and what degenerate. Nevertheless, the book 
is stimulating, provocative and in places exciting, except 
perhaps to the purist rigorously analysing his authenti- 
cated data. An index would have been useful. 

The book opens with 21 papers on comparative morpho- 
logy and phylogeny, and although it is impracticable to 
summarize them adequately, some idea of the main 
positions taken may be given. Tho earliest metazoan was 
probably an acoele (Hanson; Steinbóck) deriving from 
some gymnostomatous ciliate (Hanson); or was a planuloid 
deriving from flagellates (Remane, Hand) ; or was a sponge 
deriving from the higher volvocines (Tuzet). As to tho 
celom, the enteroccelic origin is best founded (Remane), 
or the mode of formation cannot yet be decided (Hartman), 
or it may have been differently evolved in different phyla 
with much convergence (Clark). 

In the ccelenterates are two main branches showing 
radial symmetry: Hydrozoa and Seyphozoa; the bilateral 
Anthozoa are an offshoot from the latter (Uchida) and the 
sub-phylum Ctenophora from the former (Komai). The 
Turbellaria show trends in their organ systems (Karling) 
enabling the hypothetical archetype to be both described 
and illustrated: compared with it, the Acoela are not so 
primitive! (Ax). Turbellaria arose by progressive 
neoteny from a parenchymula-like larva of the Cnidaria, 
and the latter from flagellates (Beklemishev). 

Rotifers are closely linked with gastrotrichs (Lang; 
Ruttner-Kolisko) or are not (Remane): they may have as 
ancestor a& primitive annelid like the Dinophilidae 
(Ruttner-Kolisko). The ancestral nematode can be 
described in some detail (Maggenti) ; free-living Phasmidia 
living in terrestrial saprobiotic substrates are pre-adapted 
to parasitism, which is polyphyletic in nematodes (Osche). 

There are six papers under comparative physiology. 
Baldwin postulates that, given the common metabolic 
ground-plan essential to the survival of animals, possible 
adaptations are severely restricted and evolution is slow. 
Dougherty outlines the present position of nutrient media 
for axenic organisms. G. O. Mackie discusses the nature 
of individuality in the Siphonophoran bud-colonies, which 
have reached the organ grade of construction by converting 
whole individuals into organs. E. J. Martin describes a 
toxin in the ccelenterate Rhodactis howesii. Jennings 
discusses nutrition in the carnivorous Turbellaria and 
Rhynchocoela and in the parasitic Trematoda, in which 
nutritional adaptations are physiological. D. Schneider 
has investigated phototropism in the bryozoan Bugula 
in which growth is purely apical. 

Under other disciplines are seven papers, including C. 
Lévi on gastrulation in sponges, and Nicholas and Hynes 
on the embryology and development of Polymorphus 
minutus. Embryology shows a distorted form of spiral 
cleavage with no clear homologue of the 4D cell and no 
clearly defined entoderm or mesoderm. M. Benazzi 
describes the chromosome cycle in polyploid biotypes of 
triclads, and J: H. Phillips presents preliminary evidence 
for immune mechanisms in ccelenterates. R. W. Pennak 
considers that the successful invasion of a freshwater 
habitat from the sea is an evolutionary rarity, more 
likely to occur via the sandy beach ‘psammolittoral’ and 
ground-water ‘phreatic’ than directly by the estuarine 
waters route. M. Voge remarks on the profusion of (moist) 
habitats invaded by flatworms and on their symbiotic 
relationships. Finally, R. B. Brunson presents some 
anomalous results in culturing gastrotrichs. 

B. G. PETERS 
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Science 

Method and Meaning. Edited by Samuel Rapport and 
Helen Wright. (The New York University Library of 
Science.) Pp. xii+ 258. (New York: New York Univer- 
siby Press, 1963.) 4.95 dollars. 


HIS book, Science: Method and Meaning, presents 

a selection of excerpts from the writings of scientists, 
dealing first with science and the scientist and, in the 
second part, with science and its place in the modern 
world. Those in the first part are chosen to illustrate 
the nature of scientific activity, the stages of observation, 
hypothesis and experiment, and the process of discovery. 
They include a classic statement by T. H. Huxley on 
the method of scientific investigation and Warren Weaver's 
discussion of the imperfections or limitations of science. 
Dr. J. B. Conant’s account of the overthrow of the 
phlogiston theory is also included, as well as passages 
from the writings of Claud Bernard from J. Livingston 
Lowe’s The Road to Xanadu, from W. I. B. Beveridge’s 
The Art of Scientific Investigation and from J. R. Baker's 
The Scientific Life. The excerpts in the second part are 
taken from A. N. Whitehead’s Science in the Modern 
World and from the writings of Harlow Shapley, E. W. 
Sinnott, J. Bronowski, G. T. Seaborg and W. K. 
Heisenberg. 

While the selections have obviously been made with 
some care, and are fully representative of the varied 
aspects of scientific activity and its impact on the world, 
the basis of selection is not clear and the general effect 
is rather that of patchwork. The book lacks the unity 
of Sir Richard Gregory’s Discovery, Prof. W. I. B. 
Beveridge’s The Art of Scientific Investigation, or J. R. 
Baker’s The Scientific Life, for example, to mention only 
three which cover essentially the same ground and prob- 
ably achieve the same objective more effectively. The 
scope of the book is perhaps slightly wider, however, 
and it could well serve as an introduction to a somewhat 
more extensive field of reading. Here it is unfortunate 
that the references to sources are lacking in precision: 
readers unfamiliar with the books quoted may have diffi- 
culty in locating the originals and there is a slip in the 
title of Whitehead’s book. There is, however, much of 
merit in the book, but as a whole it does not measure 
up to the opportunity which the editors have seen but 
scarcely grasped. R. BRIGHTMAN 


Fundamentals of Paleontology 

Reference work for Paleontologists and Geologists of 
the U.S.S.R. Vol. 15: Gymnosperms and Angiosperms. 
Edited by A. L. Takhtajan, V. A. Vachrameev and 
G. P. Radezenko. Pp. 742+80 plates.  (U.S.S.R.: 
Academy of Sciences, Moscow, 1963.) n.p. 


HIS impressive book is the final volume of the 
Osnovi$ series (which covers the whole field of 
paleontology), and is the second of the two volumes 
devoted to fossil plants. The earlier peleobotanical 
volume (Nature, 201, 652; 1964) dealt with the lower 
groups, while the present work covers the seed plants. 
The general style of treatment, the format and type of 
illustration are very much the same as in tho earlier 
volume, and most of Harris’s comments are equally 
applicable here. Like the earlier work, there are & con- 
siderable number of contributors in addition to the three 
editors. 
To a reader outside the U.S.S.R., the extensive treat- 
ment given to the Angiosperms is perhaps the most 


noteworthy feature of the volume; almost exactly half: 


the work is devoted to them. This is an unusually large 
fraction compared with other paleobotanieal texts, 
and reflects the interest and considerable contribution 
made in this field of paleobotany by Prof. Takhtajan. 
Seward, in his four-volume work on fossil plants (now 
in many respects out of date, but still probably the 
nearest equivalent in English to the paleobotanieal 
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volumes of the Osnovii), significantly never included 
the Angiosperms, although he dealt with all other groups. 
The introductory section of that half of the volume 
dealing with Angiosperms is particularly useful to the 
paleobotanist in treating those aspects of the hving 
members of the group which are important to him, 
but which can only be found rather widely scattered in 
purely botanical literature; these are, particularly. 
wood anatomy, leaf form, pollen morphology and fruit 
structure. The consideration given in the whole volume 
to fossil pollen is especially salutary, as many Western 
paleobotanists working on pre-Quaternary material 
are apt to regard palynology as & branch of stratigraphy 
rather than an integral part of the general study of 
fossil plants. The acceptance of the identity of living 
Gymnosperm genera in the Mesozoic on the basis of their 
pollen alone (for example, Russian Jurassic Podocarpus) 
may seem an over-optimistic reliance on the systemic 
value of pollen characters. But the attempt at inte- 
grating data from dispersed spores and macrofossils is 
at least refreshing. W. G. CHALONER 


Nuclear Physics 

Edited by V. F. Weisskopf. (Italian Physical Socioty. 
Proceedings of the International School of Physics 
“Enrico Fermi", Course 23, Varenna on Lake Como, 
August 7-August 26, 1961.) Pp. v+186. (New York: 
Academic Press, Ine.; London: Academic Press, Inc. 
(London), Ltd., 1963.) 60s. 


HE Proceedings of the Varenna Schools used to he 

published as supplements to Il Nuovo Cimento, 
They now appear in hard covers from the Academic 
Press, but the style, down to the last details of typography 
and the familiar group photograph, remains unchanged. 
Only the density of misprints seems to have increased; 
it is here regrettably high. 

Three courses take up most of the book; Villars on the 
Hartree-Fock approximation in nuclear physics, Levinson 
on nuclear physics (deformed orbitals in shell-model 
theory) and Brown on collective motion and many- 
body techniques. The other two courses, de-Shalit 
on nuclear moments and Ericson on the compound 
nucleus and random phase approximation (‘fluctuations’), 
are rather shorter. 

Much of this is good teaching, with at least some of 
the hand-waving that (in moderation) is an essential 
part of good teaching coming through. The resulting 
informality makes for refreshing reading and provides 
a good introduction to many of the subjects covered as 
well as useful insights to those more familiar with them. 

Of perhaps more doubtful value is the inclusion of 
four seminars on special topics. These are doubtless 
intended to be concrete examples of research related to 
the topics of the courses, but their teaching value in this 
role is limited and I feel these contributions would sit 
less awkwardly as research papers in the journal literature. 
If their exclusion had made possible a modest reduction 
in the price, so much the better for everybody. 

J. M. Sopre 


Analysis of Petroleum for Trace Elements 
By O. I. Milner. (International Series of Monographs 
on Analytical Chemistry, Vol. 14.) Pp. viii + 128. 
(Oxford, London, New York and Paris: Pergamon 
Press, 1963.) 35s. 

HIS is a very useful monograph. It is very well 

referenced, and, for each of the elements which have 
most frequently to be determined, the author gives a 
recommended method of analysis the suitability of 
which has been confirmed by his personal experience. 
The title refers only to the analysis of petroleum, but 
the determination of trace elements in catalysts is also 
covered. 


686 


The book provides & very convenient and useful 
eollection of many modern references to methods for the 
determination of trace elements in the petroleum industry. 
For those who are inexperienced in this field, the recom- 
mended methods should be extremely valuable, but 
they should not be new, except perhaps in detail, to the 
experienced petroleum analyst. 

Chapter 1, “Introduction”, provides information on 
the necessity for trace analysis, and the first half of 
Chapter 2 (28 pp.), on "Principles and Practices", is 
devoted to matters of interest to all trace analysts, 
for example, sampling, contamination, reagent purity, 
storage of solutions, and blank determinations. The 
remainder of the chapter deals with decomposition 
techniques, separations and finishing techniques. The 
following eleven chapters, at an average of six pages 
each, deal with the determination of arsenic, chlorine 
and bromine, copper, iron, lead, nickel, nitrogen, 
phosphorus, sodium and potassium, sulphur and 
vanadium. The reason for the presence and the analysis 
of each element is discussed and applicable methods are 
reviewed and well referenced. The author gives his 
recommended method for each element and all the 
methods are based on chemical procedures with the 
intention that they can be carried out by laboratories 
which are only modestly equipped. Some instrument- 
ation is necessary, of course, in the form of spectro- 
photometers, flame photometers, etc. 

In these chapters it is perhaps a little surprising to 
find the author, aware of the usefulness of benzene and 
xylene sulphonic acids, recommending the ashing of 
petroleum materials with sulphuric acid for the determin- 
ation of iron, nickel and vanadium. All the recommended 
procedures quoted are complete in themselves, apart 
from that for sulphur, which requires reference to another 
publication. 

The final chapter (19 pp.) reviews methods for 
determining eleven elements (barium, boron, calcium, 
-cobalt, fluorine, magnesium, manganese, molybdenum, 
oxygen, silicon and zinc), which are less frequently 
determined in trace amounts, but no recommended 
procedures are given. The index, considering the size 
of the book, is adequate. E. THORNTON 


Tsetse Flies in Northern Nigeria 
A Handbook for Junior Control Staff. By Howell Davies. 
Pp. 211. (Zaria, N. Nigeria: Gaskiya Corporation, 
1963.) 206. 
HIS book has been expressly written as a pocket 
instruetion manual for African tsetse control staff, 
and as such is outstandingly good and & model of its 
kind; Howell Davies has clearly given a great deal of 
thought to how a large body of information can be 
simply and attractively presented to his junior African 
reader, not only in a way that is easily readable but also 
easily memorized. 

Although primarily concerned with Northern Nigerian 
species, this book should commend itself to any layman 
wanting to get quickly to the facts about tsetse flies in 
general, for a wealth of information is given which is 
easily tapped by means of the excellent index. Each 
fact is given very clearly in concise numbered paragraphs, 
and almost every aspect of tsetso flies is covered—includ- 
ing their recognition, bionomics, disease transmission, 
control and how to carry out tsetse surveys. The main 
text is augmented with useful glossaries giving the local 
Hausa names of trees and animals often associated with 
tsetse in their natural environment, and simple drawings 
help the reader to picture things not easily described in 
words. Sketches of the spoor of large game animals are 
included, perhaps rather optimistically in face of the 
extreme rarity of such animals as elephant and giraffe in 
Northern Nigeria. Altogether an admirable little book, 
but, unfortunately, very poorly bound. R. W. CrosskEy 
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Physiologie, Comportement et Ecologie des Acridiens 
en Rapport avec la Phase. 

(Colloques Internationaux du Centre National de la 

Recherche Scientifique, No. 114, Paris, 9-13 Avril, 

1962.) Pp. 342. (Paris: Editions du Centre National 

de la Recherche Scientifique, 1962.) n.p. 


‘HIS volume presents the proceedings of the five-day 

colloquium on the physiology, behaviour and ecology 
of locusts in relation to phase held in Paris during April 
1962. Eighteen speakers from widely scattered countries 
gave papers on & wide variety of topics within these 
three aspects of locust biology. M. J. Norris, M. Papillon, 
M. Verdier, P. Joly, J. de Wilde (and G. B. Staal) and 
K. C. Highnam spoke on physiology, P. E. Ellis, P. T. 
Haskell and C. E. E. Rungs on behaviour, and R. C. 
Rainey, Z. Waloff, E. M. Shumakov, P. E. Kohler and 
H. A. F. Lea on ecology; M. L. Roonwal, J. S. Kennedy, 
R. E. Blackith and F. O. Albrecht spoke on more general 
topics within the subject of the colloquium. The colloquium 
was convened by F. O. Albrecht, under the presidency of 
Sir Boris Uvarov. 

The papers &re published in the language of their 
delivery, with French and English summaries, except 
for two which appear in two languages. The discussions 
are entirely in French, having been translated where 
necessary. The colloquium has served an invaluable 
purpose in bringing together a large number of important 
papers on topics within its broad subject, and this volume 
will be not only of great value to all those engaged in 
locust research, but also useful to workers on the 
physiology, behaviour and ecology of insects generally. 

D. R. Racer 


€ 
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Méthodes Statistiques à l'Usage des Médecins et des 
Biologistes 

Par Daniel Schwartz. Pp. 290. (Paris: Editions Médicales 

Flammarion, 1963.) 60 francs. 


EVERAL books on medical applications of statistical 

methods have appeared recently in languages other 
than English, and Dr. Schwartz’s book is an elegant 
addition to their number. The author's treatment of 
basic statistical methodology is rather fuller than that 
in Bradford Hill’s Principles of Medical Statistics, and 
includes brief descriptions of one- and two-way analysis 
of variance and of multiple correlation. Examples are 
drawn from clinical and laboratory research, but there 
is no discussion of vital statistics or of the problems of 
data collection and processing. The exposition is non- 
mathematical and the basic concepts are carefully ex- 
plained. The book as a whole has a slightly academic 
flavour, but this may be because the author has deliber- 
ately restricted its scope. Discussions of clinical trials, 
etiological investigations, biological assays and other 
topics are promised for further volumes. 

P. ARMITAGE 


La Chromatographie 
Par Prof. L. Savidan. 2e Edition. (Monographies 
Dunod.) Pp.x+115. (Paris: Dunod, 1963.) 9.60 francs. 


HIS extremely brief volume gives, in French, an 

account of all aspects of chromatography at the 
lowest possible level. The brevity of the treatment may 
be judged from the fact that the numerous techniques 
of paper and film chromatography are dealt with in 
eleven pages and the whole of gas chromatography in 
twenty more. The material is clearly presented but is 
in most instances rather dated. The only gas chromato- 
graphic apparatus illustrated, for example, dates from 
1953. As an introduction to the subject the book would 
prove useful, although students in Britain would find 
considerably better value in the several introductory 
books available in English. J. H. PURNELL 
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STRUCTURE OF HEMOGLOBIN 


AN X-RAY EXAMINATION OF REDUCED HORSE H/EMOGLOBIN 


By Dr. M. F. PERUTZ, C.B.E., F.R.S., Dr. W. BOLTON, Dr. R. DIAMOND, Da. HILARY MUIRHEAD 
and Dr. H. C. WATSON 


Medical Research Council Laboratory of Molecular Biology, Hill's Road, Cambridge 


HIS article is a sequel to Muirhead and Perutz’s 

recent X-ray investigation of reduced human hemo- 
globin'. The structure of this form was found to differ 
from that of horse oxyhemoglobin? in the arrangement 
of the two B-chains. It was left uncertain, however, 
whether this was a rearrangement accompanying the 
oxygenation reaction or whether it morely represented a 
structural difference between the hemoglobins of man 
and horse. X-ray analysis of a newly discovered crystal 
form of reduced horse hemoglobin has now removed this 
uncertainty. 

One easily measurable parameter distinguishing human 
reduced from horse oxyhemoglobin is the distance 
between two mercury atoms attached io the reactive 
eysteyl residues of the B-chains. We found this to be 
37-3 A in reduced horse hemoglobin, in agreement with 
the value of 37-7 A in the human reduced form! and 
different from that of 30-0 A in horse oxyhemoglobin?. 
Taken together with electron-density projections on & 
plane normal to the molecular symmetry axis, this result 
indicates that the reduced hemoglobins of man and horse 
have very similar structures, and that the rearrangement 
of the B-chains must be due to the oxygenation reaction. 

On gradual exposure of the reduced crystals to air, 
certain lattice changes occur, indicative of an ordered 
transition to the oxyhzemoglobin structure. Crystalliza- 
tion of a mixture of reduced and oxyhemoglobin leads to 
the appearance of two different crystal forms, one having 
the morphology and absorption spectrum of the oxygon- 
ated, and another having the morphology and absorption 
spectrum of the reduced form. 


Experimental 


Earlier crops of reduced horse hemoglobin, precipitated 
from salt-free solution, crystallized in the space group 
03,2 and had the unit coll dimensions a = 56-1 and 
c = 364 A; the great length of the c axis made them 
unsuitable for X-ray analysis*. The present crystals were 
grown in a 2-5 M mixture of K,HPO, and NaH,PO, 
solution at pH 6-4, in the presence of 10-? M ferrous 
citrate, and were mounted wet in thin-walled glass 
capillaries, in an atmosphere of nitrogen. The crystals 
are orthorhombic, and form bipyramidal prisms elongated 
along [001], with faces {110} and {111}. Birefringence and 
dichroism are weak, with the direction of least optical 
absorption parallel to [001]. The unit cell dimensions of 
the wet crystals are a = 77-0 A, b = 81:8 A and c = 
92:7 Å; V = 584,000 À*; m = 4. The space group is 
C222,, which has eight general positions. The four mole- 
cules in the unit cell thus have to lie on dyad symmetry 
axes (Figs. 1 and 5). 

Crystals of reduced horse hemoglobin in which the two 
reactive sulphydryl groups had been blocked with mer- 
curibenzoate were found to be isomorphous with the 
parent compound, but gave diffraction patterns with 
markedly different intensities. The diffraction patterns 
of the three principal zones of mercuribenzoate and native 
hemoglobin were recorded on 9° precession photographs, 
extending to a spacing of 5-5 A-t. Intensities were 
measured with a Joyce Loebl microdensitometer. They 
were then corrected by the usual factors, and put on an 
absolute scale by comparison with horse oxyhemoglobin‘. 


Locating the Mercury Atoms 


The squares of the differences in structure amplitude 
between mercuribenzoate and native hemoglobin were 
used to calculate difference Pattersons in projection on 
the three principal planes (Fig. 2). Tho unit coll con- 
tains eight mercury atoms, one per asymmetric unit. The 
asymmetric unit of the corresponding three-dimensional 
Patterson can be shown to contain six vector peaks of 
equal weight which all lic in Harker sections (Fig. 3). 
In projection on the three principal planes these peaks, 
and their symmetrically related counterparts, would pro- 
duce a system of single- and double-weight peaks, as shown 
in Fig. 4. Seen in projection on (100), for example, peak 1 
abc = 0 and peak 3 at — $ have single weight, whereas 
peaks 2, 4, 5 and 6, which have their counterparts 
generated by reflexion across (100), have double weight. 

The three observed projections show the expected dis- 
tribution of double-weight peaks. The single weight peaks 
also appear in the expected positions, but their weight is 
significantly above background only in the projection on 
(010). Fortunately, the three-dimensional vector struc- 
ture can be constructed from the distribution of the 
double-weight peaks alone, and gives the morcury para- 
meters as x = 0-0930, y = 0-145, z = 0-155, and sym- 
metry-related positions. After refinement by R. G. Hart’s 
methods, these changed slightly to x = 0-0947, y = 0-146, 
z= 0-155. The positions of the mercury atoms are 
illustrated in Fig. 5. 

Excluding reflexions too weak to be observed, the 
reliability factors: 

R= = (| A Fos | — | AFeatc |) 

x DE | AFons | 
were found to be 0-280 for AF(hE0), 0.276 for AF(h02) 
and 0.298 for AF(0kl). In X-ray analyses of small mole- 
cular structures these factors would be considered at least 
twice as large as they ought to be, but it must be remom- 
berod that we are here dealing with differences between 








Fig. 1. Arrangement of symmetry elements in the space group C222, 
—> dyad — screw dyad 











Fig. 2. Difference Patterson projeotions: (a) on (100); (b) on (010); (c) on (001). Peaks numbered as in Figs. 3 and 4 


two isomorphous compounds where experimental errors 
are much larger. In fact, the foregoing values are as low as 
any obtained in previous analyses of proteins?^. 


Orientation of the Molecules 


The four-hemoglobin molecules in the unit cell may be 
placed in two alternative ways, either on the dyads 
parallel to a or on those parallel to b (Fig. 1). In the 
first case, peak 1 in Fig. 2a, and in the second case, peak 4 
in Fig. 2b, would represent a vector between two mercury 
atoms attached to the same hemoglobin molecule. Peak 1 
corresponds to a mercury—mercury distance of 37-3 A, in 
good agreement with that of 37-7 A found in human 
reduced hemoglobin. Peak 4 would correspond to a 
distance of 23 A which has not been found in any form 
of hemoglobin so far. Thus, the mercury positions in- 
dicate the arrangement of the B-chains in reduced hemo- 
globin of horse to be the same as in the human form. 

Ideally this should be tested by an X-ray analysis in 
three dimensions, but this is very laborious, and it was 
thought that a two-dimensional analysis might suffice 
provided that the molecule could be recognized in pro- 


b/2 





a[2 


Fig. 3. Asymmetric unit of the three-dimensional vector structure for 
8 atoms in the unit cellin C222, 


jection along its dyad axis. Surrounding each dyad, a 
hole passes right through the molecule and shows up as 8 
central flat region in projection. The dimensions of this 
flat region are such that it forms an easily recognizable 
feature (Fig. 13, ref. 2). 

Isomorphous substitution with mercuribenzoate was 
used to calculate the signs of 57 out of 85 observable 
ROL and of 58 out of 81 observable Oki reflexions. Fourier 
projections on (100) and (010) were then calculated 
(Fig. 6). A flat central region, corresponding to the hole, 
is shown by the projection on (100), but not by that on 
(010). Hence the molecular dyads are parallel to a, as 
expected, and 37:3 A represents the distance between 
pairs of mercury atoms attached to the same molecule. 

So as to see if the size of the flat region fits the hole in 
reduced, rather than in oxyhemoglobin, the projected 
electron density of models of each of the two forms was 
calculated. In the case of oxyhemoglobin, all that was 
needed was to sum the known three-dimensional density?" 
along the lines of constant z and z. The density of the 
reduced model was obtained by first summing the densities 





Fig. 4. 


Projections on the 3 
depicted in Fig. 3. 


rincipal planes of the vector structure 
Peaks with single and double contours indicate 
single and double weight 
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Progress in Nucleic Acid 
Research and Molecular Biology 


Edited by J. N. DAVIDSON, The University, Glasgow, Scotland 


and WALDO E. COHN, Oak Ridge National Laboratory, Oak Ridge, Tennessee 


Formerly: Progress in Nucleic Acid Research 


This modification in title has been adopted to reflect the broad scope of research 


actually presented in this series. 


Volume 3 embodies the latest developments in the field of nucleic acid research and 
molecular biology. Much more than a review, it is a medium for the exposition of 
new research, theories, techniques, and controversial material. 

Future volumes will carry this theme forward, integrating information from 
experimental work in various disciplines and providing timely perspectives on the 
properties and roles of biologically important macromolecules. 


Volume 3, October 1964, about 350 pp., approx. $11.00; 88s. 
K. S. Kirby: Isolation and Fractlonation of Nucleic Acids, 


David M. Prescott: Cellular Sites of RNA Synthesis. 


Fujio Egami, Kenji Takahashi, and Tsuneko Uchida: Ribonucleases in Taka-Diastase: Properties, 


Chemical Nature, and Applications. 


Joseph J. Weiss: Chemical Effects of lonizing Radiations on Nucleic Acid and Related Compounds. 
Frederick C. Neidhardt: The Regulation of RNA Synthesls in Bacteria. 

E. Reich and |. H. Goldberg: Actinomycin and Nucleic Acid Function. 

B. Nisman and J. Pelmont: De Novo Protein Synthesls in Vitro. 


P. Mandel: Free Nucleotides In Animal Tissues. 


Volume I, 1963, 424 pp., illus., $13.00; 
93s. 


F. J. Bollum : ‘‘Primer’’ in DNA Polymerase 
Reactions. R. M. S. Smellie : The Biosynthesis 
of Ribonucleic Acid in Animal Systems. Jerard 
Hurwitz and J. T. August : The Role of DNA 
in RNA Synthesis, M. Grunberg-Manago : 
Polynucleotide Phosphorylase. Fritz Lipmann : 
Messenger Ribonucleic Acid. F. H. C. Crick : 
The Recent Excitement in the Coding Problem. 
Aaron Bendich and Herbert S. Rosenkranz : 
Some Thoughts on the Double-Stranded Model 
of Deoxyribonucleic Acid. J. Marmur, R. Rownd, 
and C. L. Schildkraut : Denaturation and 
Renaturation of Deoxyribonucleic Acid. A. S. 
Spirin : Some Problems Concerning the 
Macromolecular Structure of Ribonucleic Acids. 
Vittorio Luzzati: The Structure of DNA as 
Determined by X-ray Scattering Techniques. 
A. Wacker : Molecular Mechanisms of Radia- 
tion Effects. Author Index : Subject Index. 


Volume 2, 1963, illus., $11.00; 88s; 


Henry Harris: Nuclear Ribonucleic Acid. 
Roy Markham: Plant Virus Nucleic Acids. 
Liebe F. Cavalleri and Barbara H. Rosenberg : 
Nucleic Acids and Information Transfer. 
Herbert Witzel : The Function of the Pyrimi- 
dine Base in the Ribonuclease Reaction. J. 
Skoda: Mechanism of Action and Application 
of Azapyrimidines, G. L. Brown : Fractionation 
of sRNA. |. R. Lehman: The Nuclease of 
Escherichia coli. David R. Krieg : Specificity 
of Chemical Mutagenesis. Matthys Staehelin : 
Column Chromatography of Oligonucleotides 
and Polynucleotides. Author Index : Subject 
Index. 
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Fig. 5. Arrangement of mercury atoms deduced from Figs. 1-4. 
Mercury atoms attached to the same hemoglobin molecule are con- 
nected by lines 


of the «- and B-chains of oxyhemoglobin separately; the 
B-chains were then shifted in opposite directions, as in- 
dicated by the structure of human reduced hemoglobin 
(Fig. 10b, ref. 1), and their densities added to those of 
the «-chains. 

The projected views of the two models are seen in 
Fig. 7. Superposition of Fig. 6a (horse reduced) shows 
that the observed flat region surrounding the dyad axis 
fits the hole in human reduced (Fig. 7b), but is too big 


-=--> s, 





Fig. 6. 
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Fourier projection of reduced horse hæmoglobin cp fro) isomorphous replacement with mercuribenzoate: 
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for the hole in the horse oxy form (Fig. 7a). Tho lack 
of exact agreement between the calculated and observed 
projections of reduced hemoglobin may be accounted for 
in part by the omission of 23 out of the 81 terms of the 
Fourier summation, and possibly also in part by slight 
changes in the tilt of the sub-units accompanying the 
shift of the B-chains. 


Structural Transformations in Single Crystals 


When crystals of reduced hemoglobin are exposed to 
air, they generally crack up and lose most of their X-ray 
diffraction pattern. When the present crystals were left 
to become oxygenated, or oxidized, very slowly over a 
period of several weeks, characteristic and well-ordered 
lattice changes occurred. At first, extra roflexions 
appeared at h + k = 2n + 1, indicating a change from 
the c-face centred to a primitive lattice. These extra 
reflexions were weak and confined to spacings smaller 
than 10 A-1. The cell dimensions remained unchanged, 
except for a shrinkage of b from 81-8 to 79-6 A. On 
further exposure to air, b was reduced to 76:0 A, again 
without any significant change in a or c, and the lattice 
reverted to the c-face-centred form. We found that the 
first step of these lattice changes could be reversed by the 
addition of ferrous citrate, and the original diffraction 
pattern restored, but we have not yet succeeded in 
reversing the second step without breaking the crystals. 

Rigorous interpretation of the two transitions would 
require a determination of the mercury positions in each 
lattice, which has not yet been done. However, their 
meaning is fairly obvious. The gap separating the two 
§-chains is almost exactly normal to b. The narrowing of 
the gap on oxygenation, or on oxidation to mothæmo- 
globin, therefore causes the crystals to shrink along b 
without affecting the other two lattice dimensions. 

The additional reflexions which appear on X-ray 
photographs of partially oxygenated crystals are reminis- 
cent of the superlattice lines seen on powder photographs 
of copper-gold, and other alloys, after annealing, and 
may have a similar interpretation. At high temperatures 
the copper and gold atoms in these alloys are distributed 
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Fig. 7. 


Electron densit 
distribution of horse oxy. 
form. The shaded areas indicate the outlines of the peaks covered by the first ful. 


at random in a cubic face-centred lattice. On annealing 
they segregate into specific sites, and the difference in 
scattering amplitude between the gold atoms at the 
corners and the copper atoms at the face-centres of 
the lattice gives rise to faint additional reflexions. In the 
present instance such reflexions could arise from an 
orderly arrangement of two kinds of hemoglobin mole- 
cules, for example, one where oxyhemoglobin occupied 
the dyads at y = 0 and reduced hemoglobin those at 
y=} 


Crystallization of Mixtures of Reduced and 
Oxyhzemoglobin 


Horse oxyhemoglobin is less soluble than the reduced 
form, so that when a mixture of the two forms is added 
to phosphate buffer, oxyhemoglobin crystallizes out first, 
leaving reduced hemoglobin behind in solution. Occasion- 
ally the reduced form also crystallizes out, resulting in a 
mixture of crystals: one kind with the morphology and 
absorption spectrum of oxyhemoglobin and another with 
corresponding properties of the reduced form. Crystals 
showing mixed spectra, such as would be given by the 
‘superlattice’ described here, were not seen in fresh 
preparations, although they were found in preparations 
which had been kept for several months. 


Conclusions and Discussions 


(1) The distance between the two mercury atoms 
attached to the reactive sulphydryl groups of reduced 
horse hemoglobin is 37-3 A, in agreement with the value 
of 37-7 A found in the reduced human form, and different 
from the 30-0 A found in horse and bovine oxyhemo- 
globin?" The dimensions of the hole surrounding the 
dyad at the centre of the molecule are also in agreement 
with the former and different from the latter structure. 
This suggests that the reduced forms of human and horse 
hemoglobin have very similar stcuctures, which differ 
from oxyhemoglobin in the arrangement of the B-chains. 
Hence the structural transformation accompanying the 
reaction of hemoglobin with oxygen may now be con- 
sidered as proved. Its wider implications have already 
been discussed by Muirhead and Perutz?. 


projected on a plane normal to the molecular dyad axis calculated from: 
zemoglobin (ref. 2); (b) the a- and £-chains of horse oxyhemoglobin rearranged approximately asin the human reduced 


(a) the three-dimensional electron density 
contour in Fig. 6a 


(2) It is often asked whether the structure of proteins 
in the crystal is the same as in solution; old, as well as 
recently, published evidence suggests that this question 
may be answered in the affirmative’, The present 
results show, not only that crystalline hemoglobin reacts 
with oxygen, which was known, but that the structural 
transformation accompanying the reaction also takes place 
in the crystal. Clearly the interatomic forces shifting the 
B-chains are stronger than those acting between neigh- 
bouring molecules in the lattice. 

(3) It is interesting to find reduced and oxyhemoglobin 
crystallizing out separately from a mixture as though 
they were different phases. An intermediate form did 
appear on partial oxygenation of single crystals of 
reduced hemoglobin, and we cannot be sure that it did 
not also precipitate from solution and remained un- 
noticed, but the X-ray pattern given by these crystals 
suggests that they contain an ordered arrangement of 
reduced hemoglobin molecules on one set of sites, and 
of oxy- or met-hemoglobin molecules on another set of 
sites, rather than & single molecular species of structure 
intermediate between the two forms. 

The formation of such an ordered arrangement has the 
further implication that a reduced molecule, when com- 
pressed by deformation of the lattice, due to shrinkage of 
neighbouring oxygenated molecules, itself becomes more 
susceptible to oxygenation than those molecules which 
are not so stressed. If this were not the case, molecules 
would become oxygenated at random, rather than in the 
selective manner necessary to produce a superlattice. 


! Muirhead, H., and Perutz, M. F., Nature, 199, 633 (1903). 

a Cullis, A. F., Muirhead, H., Perutz, M. F., Rossmann, M. G., and North, 
A T., Proc. Roy. Soc., A, 265, 161 (1962). 

3 Bragg, W. L., and Perutz, M. F., Acta Cryst., 5, 323 (1952). 


‘Cullis, A. F., Muirhead, H., Perutz, M. F., Rossmann, M. G., and North, 
A. €. T., Proc. Roy. Soc., A, 265, 15 (1961). 


* Hart, R. G., in Dickerson, R. E., Kendrew, J. C., and Strandberg, B. E., 
Acta Cryst., 14, 1188 (1961). 


* Kendrew, J. C. (private communication), 
7 Perutz, M. F., Proteins and Nucleic Acids, 55 (Elsevier, Amsterdam, 1962). 


* Urnes, P. J., Imahori, K., and Doty, P., Proc. U.S. Nat. Acad. Sci., 47, 
1036 (1901). 


* Beychok, S., and Blout, E. R., J. Mol. Biol., 3, 769 (1961). 
1° Doscher, M. S., and Richards, F. M., J. Biol. Chem., 288, 2399 (1903). 
4 Green, D. W., and North, A. C. T. (private communication). 
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A SURVEY OF THE SOUTH SANDWICH ISLANDS 


By Dr. P. E. BAKER, Dr. M. W. HOLDGATE, Dr. R. E. LONGTON, 
P. J. TILBROOK, J. F. TOMBLIN, R. W. VAUGHAN and 
Lieut.-Commanper C. J. C. WYNNE-ED WARDS 


HE eleven volcanic islands of the South Sandwich 
group lie on an arc between latitudes 56° 18’ and 
59° 28’ S. and longitudes 26° 14’ and 28° 11’ W. (Fig. 1). 
Although discovered by Cook in 1775 and visited by 
Bellingshausen in 1819, the Islands were not examined in 
detail until 1931 when R.R.S. Discovery II spent 21 days 
in making running surveys and notes on structure, 
volcanic activity and fauna. In more recent years brief 
visits, especially by R.R.S. Shackleton, R.R.S. John 
Biscoe and H.M.S. Protector, have indicated that the 
charting of the group still needs improvement while the 
knowledge of the geology and land biology of the Islands, 
on which boat landings are seldom possible, has remained. 
very slight. The recont visit of H.M.S. Protector during 
March 5-26, 1964, was planned as a general survey and 
was the result of active co-operation between the Royal 
Navy and the British Antarctic Survey. Two geologists 
(Dr. P. E. Baker and Mr. J. F. Tomblin, Department of 
Geology, University of Oxford), one botanist (Dr. R. E. 
Longton, British Antarctic Survey), and three zoologists 
(Dr. M. W. Holdgate and Mr. P. J. Tilbrook of the British 
Antaretie Survey and Mr. R. W. Vaughan, Government 
biologist in South Georgia) made up the scientific team, 
while ‘Lieut.-Commander C. J. C. Wynne-Edwards, R.N. 
(Hydrographic Department, Ministry of Defence), super- 
vised a Survey programme. The two helicopters carried 
by H.M.S. Protector were used to land parties, and for 
aerial reconnaissance and photography, while the vessel 
herself carried out sounding runs. Meteorological records 
were kept aboard the ship throughout the period. 
H.M.S. Protector left South Georgia on March 4, 1964, 
and arrived at Leskov Island, westernmost of the South 
Sandwich group, on March 5. The scientific and survey 
parties spent 4 hours ashore and vertical photographs 
were obtained. On March 6 a party consisting of Til- 
brook (leader), Longton, and Tomblin togethor with a 
Royal Navy radio supervisor and a Royal Marine support 
party were established on Candlemas Island, where 
most of them remained until the end of the project, 
making a detailed geological and biological survey 
and carrying out a small glaciological programme. 
Candlemas Island was selected for intensive study be- 
cause it appeared geologically the best exposed and bio- 
logically the most varied member of the island arc. 
H.M.S. Protector then sailed southwards along tho island 
chain and, on March 8, commenced her detailed pro- 
gramme by landing the shipborne scientific party (Hold- 
gate, Baker and Vaughan) together with the main Survey 
party, to spend three days on Bellingshausen Island in 
the Southern Thule group. Visits of shorter duration 
were paid to the other two islands of this group after 
which, on March 12, the ship began to work northwards 
landing parties on each island in turn. The Candlemas 
group was reached again on March 17, end Longton 
and Tomblin transferred to the shipborne party for visits 
to Vindication and Visokoi Islands. The remainder of 
the Candlemas party was embarked on March 22. During 
March 19-23, almost continuous fog greatly hampered 
operations, preventing landings on Zavodovski Island 
and reducing the utility of a visit paid to the submerged. 
cone north-west of that island which was believed to be 


the source of pumice ejected in 1962?. In view of these 
conditions H.M.S. Protector sailed for South Georgia, 
where Tilbrook and Longton were landed on March 24. A 
brief return visit to Zavodovski Island on March 26 met 
with no better success and after lying offshore in 
thick fog all day, H.M.S. Protector sailed at dusk for 
Bouvetoya. 

The work done in the South Sandwich Islands and 
summarized here will be published in full in British 
Antarctic Survey Scientific Reports and other journals in 
due course. 


SURVEY 
(C. 4. C. WOE) 


Persistently bad weather and the near impossibility of 
landing from boats have, over the years, prevented any 
detailed, shore-based, survey of the group. Past expedi- 
tions have landed only occasionally? and no observations 
for geographical position have been made from ashore. 
The only thorough examination of the Islands, by R.R.S. 
Discovery II in 19313, was entirely ship-based and suffers 
from the usual limitations of such surveys. 

In March 1964, the islands were reconnoitred by 
helicopter during H.M.S. Protector's southward passage 
and the survey was commenced at Bellingshausen Island. 

A main station was established at the summit, and 
“Tellurometer’ (micro-wave distance measurement system) 
observations made in conjunction with a second survey 
party, moved as necessary to other stations on Cook and 
Thule islands. 

From Bellingshausen Island a traverse commenced 
northwards to terminate ten days later at Visokoi Island. 
This traverse by "Tellurometer' distances and theodolite 
angles occupied 16 stations and covered a distance of 
330 km. Stations were sited in recoverable positions 
where possible and marked with brass plates cemented 
into the rock and surmounted by cairns. When weather 
conditions allowed, aerial photography was carried out, 
the survey stations being previously marked by 20-ft.- 
long strips of fluorescent material. This technique was 
applicable particularly to Candlemas and Bellingshausen 
Islands, where minor triangulation schemes wero estab- 
lished and a larger-scale survey conducted, to meet 
scientific requirements. 

Almost continuous cloud severely restricted astro- 
nomical sightings. Brief clearances during the period 
allowed, however, for theodolite observations which 
included five azimuths, five sun shots and one curtailed 
set of star sights. These, linked with the traverse, 
should improve the existing geodesy of the islands. From 
the traverse alone, discrepancies of up to 5 km in relative 
island positions have been observed. 

While the survey was in progress ashore, H.M.S. 
Protector carried out a series of sounding runs in the 
vicinity. As her movements were largely conditioned by 
the needs of the shore parties, the ship was not free to 
range widely; nevertheless, the general scarcity of 
soundings in the area gives added importance to all 
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Fig. 1. The South Sandwich Islands (left) and their position in relation to South America, the Antarctic Peninsula, and the islands of the 
Scotia Ridge (right) Š 


observations. H.M.S. Protector also obtained radar 
photographs to show island profiles; these will be used 
in conjunction with field observations and. aerial photo- 
graphy to revise the existing topographic maps. 

It is hoped to produce a revised chart of the Islands, 
together with large-scalo maps of some islands, later in 
the year. : 


GEOLOGY 
(P. E. B. and J. F. T.) 


The northern part of Candlemas Island was selected 
for detailed geological study because of the diversity of 
recent volcanic features which are perfectly exposed in 
this relatively small area. Tomblin spent eleven working 
days on Candlemas, producing a geological map of the 
northern part on the scale of 400 ft. to the inch and 
making sketch maps of the accessible areas of the 
southern part of the island. 

In the north of Candlemas, a scoria cone, rising to 
760 ft. above sea-level, is surrounded by lava flows which 
have issued from its outer flanks and from a breached 
conelet to the south-west. The flows are commonly 50-150 
ft. thick and form broad fans extending up to half a 
mile into the sea. Older flows are mantled by ash-fall 
deposits up to 23 ft. thick. Younger lava surfaces aro 
of aa type, with no ash cover. All lavas are basaltic- 
looking and those of the northern centre contain notably 
few phenocrysts. Present activity is concentrated in a 
vigorous fumarolic area occupying the whole of the 
western slopes of the cone, below which a steaming lake 
at sea-level contains water at up to 51° C. Steam 
issuing from the youngest lava flow suggests that this 
is not more than a decade or two old. 


In addition to the detailed geological survey of Candle- 
mas, geological sketch maps and extensive collections 
were made on Bellingshausen, Vindication and Leskov 
Islands. Investigations on Saunders, Montagu and 
Visokoi were restricted to a few small areas chosen for 
their good geological exposure in an otherwise lice- 
covered terrain. Only a few specimens were obtained 
from the heavily ice-capped Islands of Cook and Bristol, 
and a brief but informative examination was made of 
Freezeland Rock situated off the latter. 

A variety of voleanic structures are displayed within 
the island group. Bellingshausen is a small youthful 
voleanic cone built of lavas and pyroclastics, and Leskov 
is evidently the relic of another small cone. Of the larger 
volcanoes, the most striking is on Saunders which is 
dominated by the 3,250-ft. ico-covered cone of Mt. 
Michael; vapour was billowing from its summit during 
the short time it was under observation. Three coalesc- 
ing secondary centres form a prominent range of hills 
in the south-eastern: part of Saunders Island. Visokoi has 
evidently been built about a single major volcanic centre, 
but several centres have probably contributed to the 
construction of both Bristol and Montagu Islands. 
Small parasitic cones were observed on Visokoi and 
Montagu, and the conspicuous conical hills seen on the 
eastern side of both Bristol and Montagu may be lateral 
voleanic domes. i 

Fumarolic activity was observed on each of the 
principal islands except Vindication, Montagu, Cook and 
Thule. The active crater at the summit of Thule reported 
by Holdgate! was not seen owing to poor visibility. 
Confirmation that several active fumaroles occur along 
the summit ridge of Leskov is of particular interest as 
their existence has been in doubt since Filehner's voyage 
in 1911*. Recent volcanic eruptions have been reported on 
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Bristol Island in 19564 and on Candlemas during 1953-541. 
It is probable that a recent eruption has occurred on 
Saunders Island, where loose cinders are patchily distrib- 
uted over the surface of the ice as on Bristol. <A brief visit 
to the shoal believed to be the site of the 1962 submarine 
eruption 35 miles north-west of Zavodovski! revealed no 
significant change in the depth of 15 fathoms recorded in 
19632, Small samples of pumice were dredged from about 
20 fathoms on the shoal and larger lumps of a similar 
pumice were afterwards discovered on the western coast 
of Bouveteya, about 1,100 miles east of their supposed 
place of origin. 

In contrast with rocks from the Lesser Antilles, the 
only other island-arc within the Atlantic basin, those of 
the South Sandwich Islands are in general more basaltic 
and less porphyritie. Only on Leskov, which lies to the 
west of the main arc, do andesitic types appear to pre- 
dominate. Lavas with large pyroxene and olivine pheno- 
erysts, collected from Montagu Island, appear to be 
oceanites, which do not commonly occur in an island-are 
environment. The rocks of Freezeland Island which 
Kemp and Nelson? suggested might be sedimentary and 
metamorphic, proved to be wholly of volcanic origin, the 
highest peak consisting of stratified volcanic tuff and 
agglomerate and the lesser peak being formed by a basic 
dyke. Coarse-grained ejected blocks are rare in the 
South Sandwich Islands; a few specimens of gabbroic 
aspect were collected on Leskov and one was found on 
Vindication Island. 

Petrological investigation of the 250 specimens 
collected from the South Sandwich Islands will be 
undertaken at the Department of Geology and 
Mineralogy, University of Oxford. 


BOTANY 
(R. E. L. and M. W. H.) 


On Candlemas Island, Longton made extensive 
collections of bryophytes and lichens, which predominate 
in the flora, and surveyed the Island’s vegetation. 
Descriptions of the relatively rich associations around 
fumaroles were supported by temperature measurements, 
while three principal plant communities were recognized 
in inactive areas. The most complex of these was devel- 
oped on shallow peat deposits which preserved details of 
plant succession. The reproductive behaviour of certain 
mosses was examined on Candlemas Island as a part of 
a wider investigation of their performance in Antarctic 
environments of differing severity. A 12-ft.-long un- 
worked log was found above high-water mark on the west 
coast of the Island. 

Holdgate made a comparable, less-detailed, vegeta- 
tion survey on Bellingshausen Island, undertaking 
temperature measurements around fumaroles. General 
collections and ecological notes were obtained from 
Leskov, - Visokoi, Vindication, Saunders, and Thule 
Islands and Freezeland Rock, while a few specimens were 
also taken at Montagu and Bristol Islands. 

In the South Sandwich Islands there is a marked con- 
trast between the comparatively rich, concentrically 
zoned, vegetation around the fumaroles on Leskov, 
Visokoi, Candlemas and Bellingshausen Islands, and the 
generally barren conditions elsewhere. Fumarole vege- 
tation is generally similar throughout the group, but the 
sparse moss and lichen communities forming the principal 
vegetation away from the volcanic heat and moisture 
vary rather strikingly from island to island. Round the 
large penguin colonies fouled and trampled mud supports 
mainly algae, particularly Prasiola, and areas of bryo- 
phyte peat beneath the mud on Candlemas and Vindi- 
cation Islands suggest that some colonies have changed in 
area comparatively recently. The grass Deschampsia 
antarctica is known only from between fumaroles on 
Candlemas Island. 
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INVERTEBRATE ZOOLOGY 
(P. J. T. and M. W. H.) 


While on Candlemas Island, Tilbrook made general 
observations on the fauna as a whole; but concentrated 
especially on the ecology of terrestrial micro-arthropods 
and nematodes. Apart from giving much-needed 
information on the taxa and numbers occurring in tho 
island group, this investigation formed part of a broader 
survey of the distribution, abundance and ecology of 
land arthropods of the Scotia Ridge and mnorthorn 
Antarctic Peninsula. All quantitative work (in which 
the animals were extracted from cores of known volume) 
was confined to areas of Polytrichum and Bryum (or 
Pohlia) mats, since these are two of the most wide- 
spread genera in these latitudes and had been sampled 
intensively elsewhere on the Scotia Ridge. These mosses 
also occurred both around and away from fumaroles, so 
providing comparable samples in which faunal varia- 
tion might be related rather directly to a well-marked 
gradation of environmental factors. Extraction of 
arthropods on & non-quantitative basis was carried out 
from samples from many other habitats, including moss 
mats, lichen tufts, soil, seaweeds, and bird-nest material. 
Routine plankton and general-purpose net hauls and. 
water samples were taken from all the freshwater bodies 
on the Island, but marine collecting was virtually impos- 
sible owing to the persistent very rough seas. 

A less-quantitative extraction technique was used 
by Holdgate, working aboard H.M.S. Protector, to 
obtain micro-arthropods from Leskov, Visokoi, Vindi- 
cation, Saunders, Montagu and Bellingshausen Islands. 
On these islands, mites and Collembola proved to occur 
locally in large numbers, but to be represented by 
only a few species. A few freshwater habitats ‘were also 
sampled on Bellingshausen Island, but appeared unpro- 
ductive. 


VERTEBRATE ZOOLOGY 
(R. W. V.) 


During the project, investigations were made of tho 
seals and sea birds found in the group. Particular atten- 
tion was directed to the location of breeding colonies of fur 
seal, Arctocephalus tropicalis gazella, and a census of all 
seals seen on the islands visited was carried out. A 
small amount of fur seal skeletal material was collected. 
In all, five species of seal were seen; but only the ele- 
phant and fur seals are certain breeders. 

Ornithological work consisted chiefly of the location of 
breeding eolonies.on the islands, and tho recording of 
birds seen at sea in the vicinity. Most of the mapping of 
colonies was done from a helicopter, during flights around 
the islands: numbers were estimated wherever possible. 
Landings were made whenever possible, and a careful 
search was then made for breeding sites of the smaller 
burrowing petrels. Remains of petrels were collected in 
the vicinity of skua nests. Some parasites were collected 
on Candlemas Island, where Tilbrook mado a list und 
census of the breeding birds, paying particular attention 
to the colonies of giant petrels (Macronectes giganteus). 
Altogether twenty-one species of birds were seen in tho 
vicinity of the islands, but only twelve of these have been 
confirmed as breeders. 

The only whales seen were & few killer whales near 
Candlemas Island. 


1 Holdgate, M. W., Polar Record, 11, No. 73, 994, 474 (1963). 

? Gass, I. G., Harris, P. G., and Holdgate, M. W., Geol. Mag., 100, No. 4, 
321 (1903). 

3 Kemp, S., and Nelson, A. L., Discoeery Reports, 8, 188 (1981). 

* Secretaria de Marine, Republica Argentina. Derrotero Argentino, Parte 5, 
done ot y Archipielagos Sabantarticos Argentinos (Buenos Aires, 
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ROYAL BOTANIC GARDEN, EDINBURGH 
NEW HERBARIUM, LIBRARY AND OFFICES 


HE Royal Botanic Garden, Edinburgh, is nearing its 

three-hundredth anniversary and has had a herbarium 
and library for perhaps half that time; yet until now they 
have not been housed in a building designed for the 
purpose. The old herbarium had once been the meeting 
room of the Caledonian Horticultural Society, 300 yards 
across the Garden from library and laboratories: all 
departments were hopelessly crowded and had overflowed 
into huts and separated storerooms. Their gathering 
together into a single building of adequate size cannot 
fail to lead to a considerable increase in efficiency. The 
new building is designed to accommodate normal expan- 
sion. for the next twenty years. 

The opening ceremony was performed by Her Majesty 
The Queen on June 29. The records of this occasion are 
a signed portrait of The Queen, a rare volume of paintings 
of Indian plants (1835) by Mrs. James Cookson, especially 
purchased for the library and autographed by Her Majesty, 
and a birch tree planted outside the south-west corner of 
the building. A copy of the first catalogue of plants grown 
at Edinburgh, the Hortus Medicus Edinburgensis of James 
Sutherland (1683), was presented to Her Majesty. 

The building is 143 ft. long and 76 ft. wide, the long 
axis running east-west. It consists of a two-storey block 
set on top of a smaller ground floor block: there is a 
lower ground floor of the same size as the upper storeys. 
The library is on the ground floor, the herbarium and 
laboratories on the two upper floors, the administrative 
offices, storerooms and a small conference room on the 


lower ground floor. Except for the offices and some 
storerooms, the building is air-conditioned. It is designed 
as a framed structure in reinforced concrete with floors 
and roof of flat slab construction for economy and speed of 
erection. The external facing material is entirely pre- 
fabricated in standardized units of polished white terrazzo 
and the podium and terrace are finished in warm grey 
Heworthburn stone with inset panels of grey vitreous 
tiles. Windows are sealed double-glazed units fixed into 
black anodized aluminium window-frames. Suspended 
acoustic ceilings have been used. The architect was R. 
Saddler, Ministry of Public Building and Works, and the 
main contractor W. and J. R. Watson, Ltd., Edinburgh. 

By using modern techniques of transplanting trees and 
large shrubs the new building has, within a few months, 
been assimilated into the Garden with remarkable success. 

The library occupies the whole of the ground floor 
and there is a simple rectangular stack providing about 
7,500 ft. run of shelving. Short folio cases form small 
bays with reading tables along the north wall, and there 
is another row of reading tables on the south side. Ancil- 
lary accommodation consists of an overflow store on the 
lower ground floor, a workroom and service desk on the 
main floor. At the entrance to the library is an open area 
with built-in display racks for current periodicals, reading 
space, catalogue cabinets, map table and atlas cases. The 
furnishings are uniform throughout. Bookcases have ends 
of Americen walnut which matches the panelling and 
built-in fixtures. Lighting over the book stack is pro- 
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vided by a suspended illuminated ceiling. The wood 
block floor is of Rhodesian teak. 

The library at present has a stock of 30,000 volumes, 
two-thirds of which are pariodicals. The present intake of 
periodicals is some 700 titles. For the first time the stock 
is arranged systematically, the whole library having 
been re-catalogued cver the past seven years according to 
Bliss’s classification. Modifications to this scheme have 
been kept to a minimum, but some sections have been 
rearranged—notably by the use of Bentham and Hooker’s 
numbering in systematic botany, so that the arrangement 
of the books matches that of the herbarium. 

A few of the most interesting volumes were on view 
at the opening ceremony and with them samples of the 
largo collection, of photographs and valuable diaries 
recently bequeathed to the Garden by the late Dr. J. F. 
Rock, whose plant collections from China are world- 
famous. 

A 29-ft. strip all along the north side of the first floor 
is cut off from the herbarium to form the photographer’s 
studio and darkroom, workrooms for the two mycologists 
and the cytologist on the staff, a general laboratory and 
& culture room. There is an independent air extraction 
system for this part of the building. The laboratory has 
working space for 5-6 technical staff and is equipped for 
all normal routines in mycology, cytology or plant 
anatomy. 3 

The unity of the herbarium itself, which is split between 
two floors, is preserved by & small central well; above 
this there is & raised glass-brick section of roofing with 
underslung artificial lighting in false beams. 

The herbarium is planned for maximum flexibility, 
with central storage of specimens and peripheral working 
space. Along the fulllength of the south side of each 
floor there is & free consultation beneh which is not 
encroached on for permanent working places for staff; 
these are distributed around the other three sides of the 
top floor, and at the two ends of the lower floor. 

The herbarium specimens are housed in specially 
designed steel cabinets: each contains two ranks of six 
'pigeon-holes and they are stacked three high. In order 
to permit a simple magnetic closure each cupboard has 
a single door the inner flange of which is fitted with rubber 
containing a magnetized strip. This system gives effective 
dust-proofing and most acceptable silence of operation. 
The absence of catches or locks with moving parts will 
romove a constant demand for repair work. The single 
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door demands very little more access space than the usual 
two half-doors, as this is largely governed not by the 
swing of the doors but by the depth needed to take out 
specimens. These cabinets are finished in grey stovo- 
enamel and were made and installed by Roneo, Ltd. 
Roughly one-third of the space is at present free for future 
accessions. 

The herbarium now contains some two million speci- 
mens. Among the most interesting of the old collections 
is that of Paul Dietrich Giseke (1745-96), a pupil of 
Linneus; his specimens include several from the garden 
at Uppsala arid one that evidently came from Linneus’s 
own herbarium and bears his handwriting. Anothor very 
valuable herbarium is that of the great Edinburgh botanist 
Robert Kaye Greville (1794-1866); it contains specimens 
received from many of his famous botanical contem- 
poraries and is especially rich in cryptogams. It was. 
however, the collections made in south-west China hy 
George Forrest that gave a new impetus to active tax- 
onomy at Edinburgh, and from these collections there 
stemmed the work on Rhododendron, Primula and other 
Sino-Himalayan genera which brought the Royal Botanic 
Garden international fame. 

Since the Second World War, China has been virtually 
closed to Western botanists and Edinburgh activity has 
tended on the one hand towards work on the flora of western 
Asia (stimulated by P. H. Davis’s large Turkish collec- 
tions), on the other towards the study of special groups. 

On the day of the opening ceremony a few small exhibits 
were put up; one showed the work of G. Forrest, already 
mentioned; others indicated the travel made by mombors 
of the staff in furtherance of present investigations. During 
the past seven years these have included collecting trips 
in Turkey, Afghanistan, Pakistan, Burma, Malaya. 
Sarawak and New Guinea. These were all illustrated by 
interesting specimens, photographs and living plants— 
for the introduction of new materials to cultivation in the 
Garden has been an important aim of these expeditions. 

On view in the library were preliminary models and 
plans of the new greenhouses shortly to replace the 
existing front range, part of which has already had to be 
closed to the public for reasons of safety. This is the next 
phase of modernization ‘at the Garden and will provide 
better facilities for research collections and even greater 
incentive to the search for now introductions and for 
advances in methods of presenting the plant world to 
students and to the general public. 


OBITUARY 


Dr. W. O. Howarth 


OLDER members of the University of Manchester and 
friends throughout Britain will have read with regret of 
the doath at his home in Southport, on June 27, of Dr. 
W. O. Howarth, formerly senior lecturer in botany in 
the University of Manchester. He was in his seventy- 
fourth year and is survived by his wife and son. 

Dr. Howarth was at one time a student of the Univer- 
sity of Manchester, graduating in 1913. Thereafter he 
was successively assistant lecturer in botany at University 
College, Cardiff, and the University of Reading, with a 
break between during the First World War. He joined 
the staff of the Botany Department, Manchester, in 1919, 
and served successively under Profs. Weiss, Drummond, 
Ashby and Harland, until his retirement in 1956, in all 
completing upwards of forty years of academic teaching 
and research. During this period he contributed to the 
general courses, in particular to plant anatomy and 
ecology but, especially in his later years, he was responsible 
for all course work in botany and pharmacognosy for 
pharmacists. This he did with wide knowledgeability 


and devotion. In 1925 he was appointed an examine? 
for the Pharmaceutical Society of Great Britain, and con- 
tinued in this capacity until after his retirement. 

Dr. Howarth, who belonged to a generation of enthusias- 
tic field botanists, was one of the best, his knowledge of 
the Lancastrian flora, especially of the interesting coastal 
and adjacent regions around Southport, being unrivalled. 
Tn his research he was a recognized authority on some of 
the genera of grasses. His name is familiar to a very wide 
circle of botanists through the successful ro-issuo of 
Lowson’s Textbook of Botany (written jointly with the 
late Dr. L. G. QG. Warne). This volume, which has gone 
through several editions in Britain, was successfully 
adapted, by the judicious introduction of local examples, 
for use in India, Pakistan and Ceylon. Howarth also 
collaborated in the production of a Practical Botany for 
home use and one for use in tropical countries. 

To those who knew him well in his daily life, ho was 
greatly liked for his unassuming modesty, an ever-willing 
helpfulness and quiet, warm friendliness, and for a decp 
sincerity of purpose in his work. C. W. WARDLAW 
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NEWS and VIEWS 


Director of Observatories Branch, Canadian Depart- 
ment of Mines and Technical Surveys : 
Dr. J. H. Hodgson 


Dr. J. H. Hopeson has been appointed director of the 
Observatories Branch of the Canadian Department of 
Mines and Technical Surveys. He has been chief of the 
Observatory’s Seismology Division since 1952. Since 
joining the Observatory staff in 1949, Dr. Hodgson has 
specialized in research on the nature of the Earth’s crust 
in the Canadian Shield and investigations of the mechanism 
of earthquakes. In 1958 he was elected a Fellow of the 
Royal Society of Canada. He is a member of many 
national and international organizations, and recently 
was elected president of the Unesco Intergovernmental 
Meetings on Seismology and Earthquake Engineering and 
president of the International Association of Seismology 
and Physics of the Earth’s Interior. Dr. Hodgson was 
born in Toronto in 1913, and was educated in Ottawa 
public and secondary schools, and at the University of 
Toronto. He received a B.A. in applied mathematics in 
1940, M.A. in geophysics in 1946, and Ph.D. in geophysics 
in 1951. 


Dominion Astronomer : Dr. R. M. Petrie 


Dr. R. M. Perri has been named Dominion Astro- 
nomer in recognition of his outstanding contributions in the 
field of astrophysics. He joined the staff of the Observa- 
tories Branch of the Canadian Department of Mines and 
Technieal Surveys in 1935 and, except for service with 
the Royal Canadian Navy during the Second World War, 
has been engaged in astrophysical studies. A large part 
of his research has consisted of measurement of line-of- 
sight speed of stars and its application to problems of 
stellar motion, and the calculation of orbits and dimen- 
sions of double stars. Dr. Petrie was educated at primary 
and secondary schools of Victoria, B.C., and the University 
of British Columbia, where he graduated with honours in 
physics in 1928. At the University of Michigan he obtained 
his Master’s degree in 1929 and Ph.D. (astronomy) in 
1932. He is a former president of the Royal Astronomical 
Society of Canada and former vice-president of the 
American Astronomical Society. 


Physics in the University of Manchester: 
Prof. J. C. Willmott 


Dr. J. C. WirzrMorr, reader in physics in the University 
of Liverpool, has been appointed professor of physies in 
the University of Manchester, from a dato to be arranged, 
in succession to Prof. E. B. Paul (Nature, 189, 876; 1961). 
Dr. Willmott was an undergraduate in the Imporial 
College of Science and Technology, obtaining a B.Sc. in 
1942, with first-class honours in physics, and becoming 
an associate of the Royal College of Science in the same 
year. He then comploted his military servico, from 1942 
until 1946, as a regimental officer in the Royal Eloctrical 
and Mechanical Engineers before commencing two years 
postgraduate study at the Imperial College of Scionce and 
Technology on infra-red spectroscopy, for which ho was 
awarded a Ph.D. in June 1949. Dr. Willmott joined tho 
academic staff of the University of Liverpool in 1948 as 
an assistant lecturer in physics, boing promoted to lec- 
turer in 1950, to senior lecturer in 1958, and to reador 
in 1963. 


Applied Mathematics in Queen’s College, Dundee: 
Prof. D. S. Jones 


Pror. D. S. Jonzs has been appointed to the newly 
created Baxter chair of applied mathematics at Queen's 


College, Dundes. Prof. Jones was educated at Wolver- 
hampton Grammar School, from which he went to Corpus 
Christi College, Oxford, with an open scholarship. His 
scholastic career was tomporarily interrupted by war- 
time service with the Royal Air Force, during which time 
he was mentioned in despatches in 1943 and awarded the 
M.B.E. in 1945. Returning to Oxford, he graduated with 
first-class honours in mathematics in 1947, and in the 
same year, having been elected to a Commonwealth 
fellowship, went to the Massachusetts Institute of Tech- 
nology. In 1948 he was appointed to the staff of the 
Mathematics Department at the University of Man- 
chester and in 1954 was given the post of tutor for science. 
He remained there until 1957 when, at the age of thirty- 
four, he was appointed to the chair of mathematics at 
the University College of North Staffordshire, now the 
University of Keele. Prof. Jones is well known for his 
work in the field of electromagnetism, in particular the 
theory of diffraction, and has recently written a book on 
the subject. He has also written a book on electrical and 
mechanical oscillations and has published papers on such 
topics as asymptotic expansions of multiple integrals and 
theory of unsteady motion of aerofoils. In 1957 he was 
awarded a D.Sc. by the University of Manchester. In the 
session 1962-63 he paid a second visit to the Institute of 
Mathematical Sciences, New York, as the visiting research 
professor. He has recently been elected a Fellow of the 
Institute of Mathematics and its Applications. Prof, 
Jones will take up his appointment on J: anuary 1, 1965. 


Physiology in the University of Birmingham: 
Prof. S. M. Hilton 


Dr. 8. M. HILTON bas been appointed to the Bowman 
chair of physiology in succession to Prof. I. Bush. Dr. 
Hilton will take up his appointment on January 1, 1965. 
Dr. Hilton is a member of the scientific staff of the Medical 
Research Council, and has been in the Division of Physio- 
logy and Pharmacology at the National Institute for 
Medical Research since 1952. Dr. Hilton was born in 
1921; he was a senior scholar at St. Paul's School, London, 
and from there he won an Exhibition to Jesus College, 
Cambridge. He completed Part I of the Natural Sciences 
Tripos in 1941, and Part II in 1948. He took the degrees 
of M.B., B.Chir. in 1944, and Ph.D. in 1956. After quali- 


.fying in medicine he held various house appointments at 


Guy's Hospital and was resident medical officer at Preston 
Hall Hospital, near Maidstone. His period of national 
Service was spent at the Royal Air Force Institute of 
Aviation Medicine, during which time he was also a 
research assistant in the Department of Physiology at 
the Royal College of Surgeons. In 1950, after leaving the 
Royal Air Force, he worked for two years in the Depart- 
ment of Physiology at Cambridge and was in receipt of a 
personal grant from the Medical Research Council. Dr. 
Hilton’s main field of research has been the circulatory 
system, with particular regard to mechanism of the 
changes in blood flow occurring in organs and tissues 
during activity. Recently he turned from the investiga- 
tion of local chemical and nervous factors involved in 
such reactions to that of their regulation by the central 
nervous system, and the integration of cardiovascular 
responses in the behaviour and physical activity of the 
conscious animal. A 


Royal Society Expedition to the Solomon Islands 

THE Royal Society has announced its intention of 
mounting a scientific expedition to the British Solomon 
Islands Protectorate in 1965. Little is known of the are 
of islands from New Guinea, New Britain, the Solomon 
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Islands, New Hebrides, New Caledonia to New Zealand, 
and it is thought that a source of information of great 
value, which might provide the key to problems of 
biological distribution and ecology in this area, could be 
found in the Solomon Islands. Much of these extensively 
forested Islands has not yet been seriously disturbed by 
man, but its forests are already attracting the attention 
of those who wish to exploit them commercially, so that 
it is a matter of some urgency to investigate them while 
present conditions last. An examination of existing 
knowledge indicates that the first expedition to the 
Solomon Islands might most profitably spend about six 
months in the field, and consist of a marine party of about 
six to seven scientists to study the shallow water and 
shore-line biology, and a land party of about eight 
botanists and zoologists to concentrate on the densely 
forested interiors and the altitudinal variations. Areas for 
intensive investigation have been selected on the Islands 
of Guadalcanal, San Cristoval, Ysabel and Kolombangara, 
and the marine party will concentrate on areas of the 
shores of these islands together with New Georgia and 
Russell Island. The plans for the expedition are pro- 
ceeding. The expedition will be led by Mr. E. J. H. 
Corner (Cambridge), who will also lead the land party, 
while the marine party will be under the leadership of 
Prof. J. E. Morton (Auckland). The personnel will in- 
clude scientists from Britain, Australia and New Zealand, 
some of whom have already been selected, as well as 
scientists from the British Solomon Islands Protectorate 
Government Departments of Forestry, Agriculture and 
Geology. The planning of the expedition is in the 
hands of the Southern Zone Expeditions Committee of 
the Royal Society and a small planning group appointed 
by the committee, comprising the chairman of the com- 
mittee, the leader and the executive secretary of the 
Royal Society. The logistics and field organization of the 
expedition will be the responsibility of Mr..G. E. Hemmen, 
expeditions officer of the Royal Society, and it is expected 
that the expedition’s boat will be the M.V. Maroro from 
Fiji, under the command of her owner, Captain S. B. 
Brown. 


National Institute of Agricultural Engineering 


AN informal meeting was held on July 24 at the National 
Institute of Agricultural Engineering, Wrest Park, 
Silsoe, at which Sir Harold Wernher, chairman of the 
Institute, made a presentation on behalf of the staff to 
Mr. W. H. Cashmore in view of the latter’s retirement 
from the directorship of the Institute on July 31. Present- 

* ations were also made to Mr. J. W. Andrews, secretary, and 
to Mr. R. V. Hussey, who were also retiring. Those present 
included the Hon. J. J. Astor, J.P., chairman of the 
Governing Body, and Mr. C. J. Moss, director designate. 


Medical Research Council New Research Unit and 
Research Groups 


Tae Medical Research Council has recently announced 
the establishment of a new research unit and of three new 
research groups: The Cell Genetics Research Unit will 
be set up in the Department of Genetics in the University 
of Glasgow, under the honorary direction of Prof. G. 
Pontecorvo. The Unit will undertake research on the use 
of human and other mammalian cell cultures as a tool 
in genetic analysis. The Oculogenital Virus Research 
Group has been established at the Institute of Ophthal- 
mology, University of London. under the honorary 
direction of Prof. B. R. Jones. The Group will be en- 
gaged on research on the trachoma-inclusion conjuncti- 
vitis agents, with particular reference to the relationship 
between infections of the genital tract and infections of 
the eye. The Research Group in Basic Immunology has 
been set up in the Department of Experimental Pathology, 
University of Birmingham Medical School, under the 
honorary direction of Prof. P. G. H. Gell. The Group 
will be mainly concerned with fundamental research in 
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immunology and immunogenetics, with particular 
reference to the activities of cells in mediating immune 
responses. The Thrombosis Research Group will be 
established at the Institute of Basic Medical Sciences, 
the Royal College of Surgeons, under the honorary 
direction of Prof. G. V. R. Born. The Group will he 
concerned with research into chemical substances which 
promote or prevent the adhesion and aggregation of 
platelets in the blood and affect the formation of thrombi. 


Political and Economic Planning 


THE annual report of Political and Economic Planning 
for the year ended March 31, 1964, notes that all five major 
current projects are due for completion in the next few 
months; an investigation has been made both of the 
organization's methods of working and of the appropriate 
balance between intensive studies and policy reviews 
(Pp. 17. London: Political and Economic Planning, 1964). 
Policy review groups are being set up on fuel and world 
population, and a number of new major projects within 
the general ambit of '"The Shape of the Sixties” are being 
considered. Under the programme of work on Britain 
and the European Common Market, started in September 
1958, there were three publications during the year, and 
a book-length report on economic planning and the 
European economic community is being prepared. «A full 
report on the examination of community mental health 
services is also in preparation, and completion of another 
dealing with an investigation of prisoners and their 
familios is also expected this summer. A final report on 
attitudes in British industry is expected to be published 
by the end of the year, and the report on “Education for 
a Developing Region” is to be followed by one giving 
the findings of the investigations in the United Kingdom. 
Publication of the results of a three-year study, Trade 
Unions in a Changing Society, started in October 1960, 
was completed with the issue of three Broadsheets during 
the year (Nature, 200, 817; 1963). 


Scientific American Offprints 


OFFPRINTS of articles published in Scientific American 
are selling in increasingly large quantities throughout 
the world, particularly in the United States, where they 
have been adopted in many colleges and universities as 
supplementary material for text-books, some of which 
become out of date quickly. The articles are written by 
leading scientists actively engaged in research. Recently 
issued offprint booklets range in subject from funda- 
menial particles in physics to recent research on the 
mechanism of the human body in conserving the oxygen 
supply to the brain at times of threatened asphyxia. In 
each the English style is cloar and simple, the argumor.t 
is presented logically and succinctly, and the presentation 
with regard to printing diagrams is of a high quality. 
The documentation is useful and sufficient. In the United 
Kingdom, offprints are obtainable from W. H. Freoman 
and Co., Ltd., Warner House, 48 Upper Thames Street, 
London, E.C.4. Catalogue No. 4, 1964, contains a list of 
865 titles arranged under subject headings, and thore is 
an author index. The offprints cost ls. 6d. each and 
cover the life sciences, chemistry, physics, tochnology, 
psychology, the social sciences, the earth sciences and the 
history and philosophy of science. The booklets are to 
be welcomed both as aids to teachers and students, who 
wish to keep abreast of their subjects, and to the scientific 
reader who wishes to keep in touch with developments 
in disciplines other than his own. 


Magazine of Concrete Research 


Wirx the March issue of this well-known publication 
of the Cement and Concrete Association (16, No. 46; 
1964), itnow becomes a quartorly instead of a four-monthly 
journal, and to mark this change it appears with a new 
cover design; the internal appearance of the Magazine 
remains, however, unchanged. The reasons are common 
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to the task of many editors of scientific journals, among 
which are the increasing number of papers selected and 
recommended for publication, in this case by an inde- 
pendent advisory board; the endeavour to contain this 
material within the bounds of the Magazine itself; and 
the consequent increasing lapse of time between the 
receipt of a manuscript and its appearance in print. 
Another factor in the situation is that latterly discussions 
of papers published have tended to be crowded out by 
the pressure of new contributions awaiting publication. 
A further innovation in this Magazine is described in the 
editorial comment: "This ever-increasing volume of 
published material prosents the research worker and tho 
librarian with problems in their turn. However, to 
offset the extra contribution which the Magazine will be 
making in future, it has been decided to include abstracts 
of the articles appearing in the Magazine, and this issue 
contains the first of these abstracts. The abstracts 
themselves are printed on a separate sheet so that their 
removal from the Magazine will not spoil its appearance 
in any way". The abstracts are the authors’ own sum- 
maries; they are printed on pale-green card, each com- 
fortably contained within a delineated area of 6x 4 in., 
which can easily be cut out for card-indexing. This is a 
feature which could well be copied in other technical 
journals to facilitate quick reference. The editorial 
advisory board, equally the Editor himself, are to be 
congratulated on the determination and pursuit of a 
policy which can only serve to enhance the prestige and 
long-proved value of this excellent publication. 


The Museums Journal 


Vor. 64, No. 1, of T'he Museums Journal is devoted to 
the scientific aspects of the work of museums and art 
galleries. In this field, science has two functions—the 
‘conservation of objects in the museum and. the preserva- 
tion of the apparatus used by the early scientists. Dr. 
A.. E. Werner deals with some of the endless variety of 
materials now available for conservation work, and Mr. 
G. Thomson with the chemical and physical aspects of 
the changes which occur in various objects. Mr. S. 
Slabezynski describes a moderately sized laboratory for 
the restoration of paintings, and Mr. F. Greenaway gives 
an admirable illustrated description of the new Chemistry 
Gallery at the Seience Museum, Kensington. Mr. N. W. 
Bertenshaw similarly deseribes the Industrial Museum at 
Birmingham and touches on the basic principles involved 
in the establishment and maintenance of such museums, 
while Mr. B. J. Ford details a new technique for mounting 
museum specimens which consists of sealing a jar by means 
of a solution of polystyrene in xylene. The annual report 
of the Council of the Museums Association for 1963-64 
concludes an especially interesting number. 


Man asa Subject for Science 


THe sixth Auguste Comte Memorial Lecture was 
delivered by Prof. A. J. Ayer at the London School of 
Economics and Political Science on February 7, 1964, 
under the title “Man as a Subject for Science" (Pp. 26. 
London: The Athlone Press, University of London. Dis- 
tributed by Constable and Co., Ltd., 1964. 5s. net). Point- 
ing out that the social sciences can only muster a compara- 
tively small stock of generally accredited and well-tested 
theories, Prof. Ayer suggests that their relatively poor 
stock of generalizations may be due to something inherent 
in the material with which social scientists have to work. 
He recognizes that this idea must be received with caution 
and that the issue of determinism must be decided. 
The important question is whether human behaviour is, 
or is not, entirely subject to law. In discussing this, Prof. 
Ayer does not accept as necessarily true the common 
belief among philosophers that motives are not causes 
and suggests that causal relations should be regarded as 
holding between facts rather than events—where ‘fact’ is 
understood in the wide sense in which true propositions of 
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any form can be taken as expressing facts. He does not, 
however, think that the issue of determinism should be 
interpreted as an a priori question. The strength of the 
determinists lies in the fact that there seems to be no 
reason why the reign of law should break down at this 
point, though this argument seemed more convincing in 
the age of classical physies than it does to-day; that of 
the indeterminists lies in the fact that the specific theories 
whieh alone could indicate or give any substance to their 
opponents’ case have not yet been more than sketched. 
Until such theories are properly elaborated and tested, 
Prof. Ayer thinks that there is little more that can use- 
fully be said about this topic. As to whether the denial 
of determinism is implied in our usual ascriptions of moral 
and legal responsibility, in so far as this is a question of 
what people actually believe, Prof. Ayer is now inclined 
to believe that the antithesis between the claims of free 
will and determinism is not illusory but that our ordinary 
ideas of freedom and responsibility are very muddle- 
headed although firmly held. It would not be at all easy 
to estimate the social consequences of discarding them. 


Man, the Social Animal 


Tur first part of K. W. Monsarrat's On Human Wisdom 
is concerned with man’s innate ideas regarding the nature 
of and the structure of what he names “I myself” and 
“the world”, including his attempts to give subjective 
and objective accounts of both and the value of the 
relative truths given to man by his validity judgments 
(Pp. 24. Liverpool: Henry Young and Son, Ltd., 1964. 
6s.). The sccond part is concerned with man in his social 
relations, discussing the dependence of the stability of 
social groups on the quality and degree of aid which the 
individuals composing them have given to each other 
and emphasizing that, on the national level, the attain- 
ment and retention of prosperity depend on the Govern- 
ment being concerned for the welfare of all its members 
and seeking agreements on the rewards due for the 
various types of work they perform. He sees the pattern 
of Government needed as provided in microcosm by the 
physiological account of the function performed by the 
nervous sub-system in organizing the dynamic relations 
between the organs comprising the individual. Reviewing 
briefly Britain’s social history and the functioning of the 
Coalition Government in the Second World War, Mr. 
Monsarrat postulates for the future Government of Britain 
& cessation of party conflict within Parliament; a Parlia- 
ment of men whose overriding interest is the cultivation 
of mutual aid and friendship in all home affairs and who. 
will call on the whole people to unite in a war-effort 
against war and disease in any nation, and undeterred 
by any alliance from including in its offers of aid and 
friendship the U.S.S.R., China or any other nation. Such 
a Parliament could plan a more promising effort to prevent 
global war than sending delegates to a disarmament 
conference. It would also implement a fair-shares-of- 
wealth policy, firmly based on the value of contributions 
to the nation’s well-being and on the education and 
training needed for different types of work. 


Leukopoiesis in Health and Disease 


ARTICOLE 2 of Volume 113 of the Annals of the New York 
Academy of Sciences is entitled ‘“Leukopoiesis in Health 
and Disease’ (By Howard R. Bierman and 124 other 
authors. Pp. 511-1092. New York: New York Academy 
of Sciences, 1964. 8 dollars). The forty original papers 
in this volume (one of the largest in the series) were pre- 
sented at a conference in May 1963. The origin and forma- 
tion of the white cells of the blood have been the subject 
of increasingly concentrated research in recent years, and 
this collection gives a cross-section of present trends. 
Certain widely influential notions have strongly influenced 
attitudes and methods in this field; for example, fluctua- 
tions in the relative or absolute numbers of white blood 
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cells in health or disease are regarded as disturbances of 
an underlying homeostasis, and it is the mechanism of 
the latter which receives most attention. The use of 
radioactive tracers has given to the investigation of the 
formation, circulation and recirculation, and final dis- 
posal, of blood cells a new power and precision. Short-term 
culture of blood or marrow cells in the presence of phyto- 
hemagglutinins has made possible chromosome analysis 
of normal and leukemic cells (five papers deal with 
chromosome abnormalities). New surgical techniques for 
prolonged collection of thoracic duct lymph have made 
quantitative examinations of lymphocyte production 
possible, and the use of these, together with radioactive 
labelling, promises a solution of the old problem of the life 
history and function of the lymphocyte in the not-too- 
distant future (four papers deal with lymphocyte kinetics). 
The foregoing are some of the subjects covered by this 
large and varied collection of articles. Though they are, 
for the most part, records of new work or progress reports, 
and only incidentally review past work, the volume as a 
whole gives a good conspectus of this fertile field of 
research. 


Architecture of the Oviduct of the Domestic Hen 


ACCORDING to its gross appearance, the oviduct of the 
domestic hen can be divided into several parts. Romanoff 
has described the infundibulum, the albumen secreting 
region (magnum) and the isthmus, while Sato, Koso and 
Osaki have noted a narrow part between the infundibulum 
and the magnum. On the other hand, the hen’s egg 
consists of yolk, chalaziferous layer, layers of albumen, 
shell membrane and the egg shell. It is known that 
the chalaziferous layer is formed in the oviduct before 
the albumen secreting region, that the major part of the 
albumen layer is formed in the magnum, and that the 
shell membrane is formed in the isthmus. Consequently, 
it is expected that the structure, function and the product 
of the oviduct will present marked differences in the 
various segments. Histological and cytological investi- 
gations of the hen’s oviduct, however, are still limited 
and fail to demonstrate local specialization of the oviduct. 
An investigation by Kazuaki Misugi and Tadashi Kat- 
sumata, of the First Department of Anatomy, Yokohama 
University School of Medicine, Yokohama, describes the 
electron microscopical characteristics of the cells com- 
posing the main segments and correlates these with the 
different types of proteins forming the egg (Yokohama 
Medical Bulletin, 14, No. 6; December 1963). The 
description is confined to the electron microscopic exam- 
ination of the secretory cells in an active stage of secretion 
and reveals that the segments are composed of different 
cells and show segmental specialization. This segmental 
morphology may be correlated with the functions of the 
respective segments in the formation of the egg. 


The Effect of Isoniazid on Protein Synthesis of Myco- 
bacteria 


Micuio TsukAwURA and Sunio Tsukamura of the Obuso 
National Sanatorium, Obu, near Nagoya, Aichi-ken, 
Japan, have observed the effect of isoniazid on the protein 
synthesis of Mycobacteria (Jap. J. Tuberc., 11, Nos. 1-4; 
December 1963). Their investigations show that incor- 
poration of radioactive glutamic acid into protein is 
inhibited by isoniazid at a concentration of 20 ug/ml. 
This means that protein synthesis in the organisms, 
Mycobacterium ‘Jucho’ and M. tuberculosis, is inhibited 
by isoniazid. The effect of this drug on the incorporation 
of amino-acids into protein is heterogeneous; incorpora- 
tion of glutamic acid was inhibited, while incorporation 
of glycine and leucine was not inhibited. It was shown 
also that «-kotoglutarate is converted to glutamic acid 
and then incorporated into protein. The former, was not 
inhibited, but the latter was inhibited by isoniazid. It is 
still not clear whether the inhibition of protein synthesis 
is a primary effect of isoniazid. The finding that incor- 
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poration of «-ketoglutarate into the nucleic acid fraction 
was also inhibited by isoniazid makes it difficult to draw 
a definite conclusion. It is remarkable that tho pattern 
of distribution into cellular fractions of radioactivity from 
incorporated «-ketoglutarate differs significantly from the 
pattern of acetate. Most parts of radioactive acetate-1-'*C 
were incorporated into the lipid and protein fractions, 
whereas only a small part of the keto acid was incor- 
porated into the lipid fraction. However, this pattern 
of incorporation of the keto acid is different in M. tuber- 
culosis from that of M. ‘Jucho’. In M. tuberculosis a large 
amount of the keto acid could be incorporated into the 
lipid. It is thus probable that the pattern of lipid syn- 
thesis in M. tuberculosis differs from that of M. 'Jucho'". 


Australian Mineral Industry 


Tux Australian Bureau of Mineral Resources, Geology 
and Geophysics, among its other official publications, 
issues periodically The Australian Mineral Industry— 
Quarterly Review in which reasonably up-to-date informa- 
tion on production of selected minerals and metals and on 
smelter and refinery production can be sought. <A recent 
copy (16, No. 3; March 1964) contains appropriate data 
(up to February 1964) on fuels (black and brown coal 
and petroleum); metals: aluminium, antimony, copper, 
gold, iron and steel, lead, manganese, monazite, tin, 
tungsten and zine. In the section on industrial minerals, 
are included details of asbestos, gypsum, ilmenite, nitro- 
genous fertilizers, phosphates, rutile, sulphur and zircon. 
There is a keen overseas demand for Australian opal, with 
Japan the principal buyer, which, in the third quarter of 
1963, rose to the highest value ever recorded in a three- 
monthly period, nearly three-quarter million pounds 
sterling. Part 2 of this publication contains statistics 
relating to Australian production of and overseas trade in 
minerals and mineral products for the quarter ended 
September 30, 1963. In addition to the Quarterly 
Review, the Bureau also publishes an Annual Review; 
this surveys the industry as a whole and comprises a 
general review, review of metals and minerals, and 
general statistics as available for each year. 


Mineralogy in Japan 


PROGRESS in research in mineralogy in Japan can be 
followed in periodic publications of the Mineralogical 
Society of Japan (Chigaku Center, Niban-ch6, Chiyoda-ku, 
Tokyo). The Journal of the Mineralogical Society of Japan 
(Kébutsugaku Zasshi) contains articles and reviews on 
roineralogy and allied sciences in Japanese contributed by 
members of the Society, and is published every four 
months. The Mineralogical Journal is a half-yearly 
publication, principally in English, and is therefore 
probably of wider appeal than the Journal of the Society 
itself; it invites contributions from everyone. In the 
issue recently received (4, No. 1; February 1963), H. 
Shirozu contributes a paper on structural changes of some 
chlorites by grinding, in particular the unusual sensitivity 
found in the orthohexagonal iron chlorites attributed to 
this cause; T. Murano discusses radioactive equilibrium 
in the Ningyotoge uranium ores, especially between 
ionium and uranium; A. Kawahara describes his X-ray 
studies on some alkaline amphiboles (arfvedsonite and 
riebeckite), with somewhat surprising optical results; 
K. Hayase, R. Otsuka and T. Mariko contribute an 
important paper on the magnetic properties of natural 
pyrrhotite; among other conclusions they draw from 
results of considerable experimental work on this notori- 
ously variable species, is that naturally occurring 
pyrrhotite is a mixture of 'peak-' and ‘Weiss-type’ 
pyrrhotite grains and the magnetic properties of the 
mineral change with the ratio of one to the other occurring 
therein. A valuable addition to these papers is the 
inclusion of mineralogical abstracts from scientific papers 
published in Japan (1960-62). The English rendering 
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throughout the Mineralogical Journal is generally good; 
the presentation of the papers with their illustrations 
(mostly line-drawings), while perhaps not attaining the high 
standard achieved by its contemporaries in mineralogy 
in Western countries, is none the less reasonably satis- 
factory. 


University News: Belfast 


Tux following appointments to lectureships have been 
announced: Dr. P. M. Robinson (botany); A. Refsum, 
Dr. P. D. Roberts and Dr. G. Williams (electrical en- 
gineering). 

Birmingham 

Tar following appointments have been made: Lecture- 
ships, Dr. M. R. Daniel (physics); C. Fraser (social 
psychology); Dr. G. G. Henshaw (botany); M. Jobes 
(physics); M. C. Scott (physics); Dr. Heidi H. Swanson 
(anatomy); Research Fellowships, J. G. Allen (anatomy); 
Dr. N. A. Bukhari (chemistry); A. J. Collings (medical 
biochemistry and pharmacology); J. D. Davies (physics); 
Dr. J.C. Dore (Nuffield Research Fellow in the Department 
of Physics); G. J. Hawkins (electronic and electrical 
engineering); P. Hicken (pathology); J. Insley (Senior 
Research Fellow in the Institute of Child Health); D. A. 
Jackson (physics); E. W. Taylor (zoology and com- 
parative physiology), J. E. Williams (industrial metal- 
lurgy). 

London 


Mz. J. D. SaRGAN, reader in econometrics in the London 
School of Economies and Political Science, has been 
appointed to the chair of econometrics tenable at that 
School. Dr. P. H. Venables, of the Medical Research 
Council-Social Psychiatry Research Unit, has been 
appointed to the readership in psychology tenable at 
Birkbeck College. Titles have been conferred as follow: 
reader in physiology, on Mr. J. E. Pascoe in respect of 
his post at University College; reader in sociology (with 
special reference to criminology), on Dr. T. P. Morris in 
respect of his post at the London School of Economics 
and Political Science; professor of sociology (with special 
reference to politics), on Dr. R. T. McKenzie in respect 
of his post at the London School of Economics and 
Political Science. 


Royal College of Science and Technology, Glasgow 


THE annual report of the Royal College of Science and 
Technology, Glasgow, for 1962-63, covering the 167th 
session, records a total of 2,004 full-time and 2,150 part- 
time students, compared with 1,997 and 2,546, respectively, 
in 1961-62; the number of part-time students has steadily 
fallen from 3,241 in 1959-60 (Pp. 95. Glasgow: The 
Royal College of Science and Technology, 1964). In his 
foreword the principal, Dr. S. C. Curran, refers to the 
Government’s announcement that the College was to be 
given full university status and the choice of the name, 
the University of Strathclyde, with Lord Todd as first 
Chancellor. An imperative need stemming from the 
developments now proceeding is that of student residences, 
where tho College is at a grave disadvantage. Discussions 
with representatives of the Scottish College of Commerce 
are examining the possibility of amalgamating that College 
with the new University. Besides lists of publications, 
Council and heads of departments, the report includes 
the usual departmental reports which refer to the increas- 
ing volume and scope of the research effort. Dr. Curran 
refers particularly to the start-up of the reactor at the 
East Kilbride Research Centre in a collaborative venture 
with the Scottish universities and the Queen’s University, 
Belfast, and supported by a large grant from the Depart- 
ment of Scientific and Industrial Research. Further 
details of present research work are given in a separate 
Report on Research 1962-63, which also includes lists of 
publications and titles of theses approved for higher 
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degrees, arranged under Departments (Pp. 53. Glasgow: 
The Royal College of Science and Technology, 1964). 


The Night Sky in September 


New moon occurs on Sept. 6d 04h 35m V.T. and full 
moon on Sept. 21d 17h 31m. The following conjunctions 
with the Moon occur: Sept. 2d 13h, Mars 1? S.; Sept. 
2d 16h, Venus 5? 8.; Sept. 19d 11h, Saturn 3? N.; Sept. 
25d 19h, Jupiter 1° N. Venus is in conjunction with 
Pollux on Sept. 2d 14h, Venus being 9? S., and Mars with 
Pollux on Sept. 5d 05h, Mars being 6° S. Mercury is a 
morning star, rising nearly two hours before the Sun on 
Sept. 20; it is visible low in the south-east beforo sunrise, 
and may be observed during the last three weeks of the 
month. Venus is a morning star, rising at lh 10m, lh 
25m and Ih 55m on Sept. 1, 15 and 30, respectively. Its 
stellar magnitude is —3-8; its distance from the Earth 
increases during the month from 67 to 89 million miles 
and the visible portion of the apparent disk from 0:516 
to 0-654. Mars rises at 0h 45m, 0h 30m and Oh 20m at 
the beginning, middle and end of the month, respectively. 
Its stellar magnitude is + 1:6, and conditions for observa- 
tion are becoming more favourable. Jupiter rises at 21h 
10m, 20h 15m and 19h 15m on September 1, 15 and 30, 
respectively. It is near the boundary between Aries and 
Taurus, its stellar magnitude is —2-2 and its distance 
from the Earth on September 15 is 415 million miles. 
Saturn sots at 4h 20m, 3h 25m and 2h 20m at the begin- 
ning, middle and end of the month, respectively. It is 
in Aquarius, moving westwards among the stars. Its 
stellar magnitude is + 0-7 and its distance from the Earth 
on September 15 is 822 million miles. Occultations of 
stars brighter than megnitude 6 are as follows, observa- 
tions being made at Greenwich: Sept. 1d 02h 28-8m, 
3 Gem. m (R); Sept. 18d 20h 25-5m, x Cap. (D); Sept. 
29d 00h 20-8m, 87 B. Gem. (E). D and R refer to dis- 
appearance and reappearance, respectively. The autumnal 
equinox occurs on Sept. 23d 00h 17m. 


Announcements 

THE fourth annual general meeting and conference of 
the Society for Folk Life Studies will be held in Cardiff 
during September 11-13. Further information can be 
obtained from J. Geraint Jenkins, Welsh Folk Museum, 
St. Fagans, Cardiff. 

Tue thirty-eighth annual conference of Aslib entitled 
“Looking Forward in Documentation” will be held in 
the University of Exeter during September 28-October 1. 
Further information can be obtained from Aslib, 3 Bel- 
grave Square, London, S.W.1. 

A MEETING of the British Society of Rheology will be 
held in the University of Exeter during September 28—30. 
Papers will be presented on rheometry and the teaching 
of rheology. Further information can be obtained from 
Dr. M. F. Culpin, 8 The Broadway, Pontypool, Mon- 
mouthshire. 

Tue fifth course in “Histochemistry”, arranged by 
L'Institut d' Histochemie Médicale, will be held in Paris 
during September 28-October 10. Further information 
can be obtained from the Secrétariat de l'Institut d'Histo- 
chemie Médicale, Nouvelle Faculté de Médecine, 45 rue 
des Saints-Péres, Paris 6. ] 

A SYMPOSIUM on “The Application of Chemical Engin- 
eering in Newly Developing Countries", organized by the 
Institution of Chemical Engineers, will be held in London 
on September 29. Further information can be obtained 
from O. G. Weller, Institution of Chemical Engineers, 
16 Belgrave Square, London, S.W.1. 

Erratum. In the communication entitled ‘‘Allelism of 
Silver, Gold, and Imperfect Albinism in the Fowl” by 
Prof. R. K. Cole and T. K. Jeffers, which appeared on 
p. 1238 of the December 31, 1963, issue of Nature, lines 13 
and 14 should read “. . . Identical linkages (7:0 per cent) 
wore... 
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A COMPREHENSIVE SCHEME FOR THE QUALITY CONTROL OF DRUGS 
AND MEDICATED PRODUCTS 


HE following scheme for the quality control of drugs 

and medicated products was drawn up by a technical 
committee of the Pharmaceutical Society of Great 
Britain and deals with, in its widest aspects, the testing 
of drugs from the stage of their importation or manufac- 
ture to the delivery of the dispensed medicine to the 
patient. The report has been submitted by the Society 
to the Ministry of Health. 

As ® consequence of its earlier consideration of 
various aspects of quality control applicable to drugs and 
medicated products, the Science Committeo (Pharmae- 
ceutical Analysis) of the Pharmaceutical Society of Great 
Britain was requested in June 1963 to prepare & model 
drug-testing scheme to be operated in the United Kingdom. 
It seemed expedient and proper to consider a more 
comprehensive scheme than those now operating to 
ensure that all drugs supplied to the public, in whatever 
manner, should be controlled. 

In addition to the sampling and testing of drugs (a 
necessary process in any system of quality control) 
provision is planned for inspecting, licensing and registering 
premises in which drugs are manufactured, compounded 
or stored. A proposal for controlling imported drugs is 
also included. To make such control effective, the 
Committee envisages the establishment of a Directorate 
having the necessary legal powers with inspection and 
with laboratory facilities. (Detailed considerations of the 
legislation required and of the financing of the project 
were considered to be outside the terms of reference of the 
Committee.) 

In presenting its proposals, the Committee realizes 
that expediency may require these proposals to be 
modified for an interim period during which, for example, 
it may be necessary to correlate them with existing 
legislation and to use some of the existing machinery for 
testing drugs. Nevertheless, this period should be strictly 
limited and no modification should violate the basic 
principle that all drugs supplied to the public should be 
subject to serwtiny. 


REGISTRATION AND LICENSING 


The bodies over which some degree of control will need 
to be exercised include: drug manufacturers; medicated 
product manufacturers; importers of drugs both in bulk 
and as formulated products; drug wholesalers; hospital 
manufacturing and dispensing units; medical, pharma- 
ceutical, dental and veterinary practitioners who carry 
out dispensing; clinics, and all retailers handling drugs. 
The purpose of registration and licensing is to ensure, so 
far as is reasonable, that any premises used for the 
manufacture, warehousing or distribution of drugs are 
satisfactory. The issue of a licence to manufacture, import 
or distribute will depend on the acceptance of the principle 
that the accredited representative of the Executive 
Organization has a right to enter, inspect and take 
samples. Re-licensing will be necessary following a change 
of ownership. Since the deterioration of drugs during 
storage is & major reason for the sale of poor-quality drugs, 
the adequacy of warehous» and other storage facilities 
requires attention. 


Manufacturing Units 


The registration and licensing of premises to be used 
for the manufacture of drugs in bulk or as formulated 


products, including medicated toilet preparations, will 
depend on the general level of hygiene and management. 
The maintenance of an efficient system of internal control 
records, open for inspection, relating to the various 
products is an integral part of a control operation. The 
existence of a scheme adequate for tracing the origin of 
any batch of drug or medicinal preparation should be a 
part of any internal record system. 

Premises. These will be subject to inspection or approval 
before a licence to manufacture drugs is issued. The 
facilities available and the condition of the premises will 
determine the decision -of the Executive Organization. 
The issue of a licence will be for a limited period of, say, 
three years, after which renewal will be necessary. As it 
is imperative that there be some measure of control of the 
raw materials, including packaging materials, right of 
entry to the premises must be allowed to imspectors 
appointed by the Executive Organization. Such inspectors 
must also have access to the production records and be 
given the powers to take any necessary action. 

Personnel. The complexity of modern pharmaceutical 
industry necessitates that effective supervisory responsi- 
bility for drug manufacture be taken by highly qualified 
and experienced personnel. The manufacture of bulk 
drugs should be controlled by professionally qualified 
persons, such as chemists, pharmacists or chemical 
engineers, while the manufacture of medicated products 
in industry and in hospital practice should be the responsi- 
bility of pharmacists or chemists having appropriate 
experience. This supervisory staff should be listed by 
the Executive Organization, who would be informed 
immediately of any change ia personnel. As an interim 
measure only, the Committee considers that a list of 
technicians and other experienced operatives, not 
qualified in the professional sense, be compiled. Such 
people may be granted responsibility for supervisory 
control where it can be shown that they have had the 
necessary supervisory experience within the industry for 
a period of not less than five years before the date of the 
inception of this scheme. 


Warehouses and other Storage Units 


Experience in the pharmaceutical industry has shown 
that there can be & considerable delay between the 
manufacture of a medicated product and its utilization 
by members of the public. The instability of certain 
drugs and the products containing them makes it 
imperative to have proper conditions of drug storage in 
order to avoid deterioration. 

Bulk drug manufacturing units. The right to inspect 
storage areas is implicit in the issue of a licence to the 
drug manufacturing organization, since it is important 
that the drugs should not be subject to rodent infestation 
or other contamination, or to extreme moisture and 
temperature conditions. 

Hospital manufacturing units. The quantities of bulk 
drugs in these units will be relatively small and storage 
in the pharmacy may be adequate. If it is necessary to 
store outside the pharmacy the factors under the foregoing 
“Bulk drug manufacturing units" must be taken into 
account. 

Wholesalers’ warehouses. These premises must be subject 
to the same control as for “Bulk drug manufacturing 
units”. Special attention will have to be directed to the 
establishment of a satisfactory system designed to prevent 
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the accumulation of old material, and to products carrying 
an expiry date. 

Importers’ warehouses. Since comprehensive inspection 
of foreign manufacturers’ premises is not, in general, 
practicable, some control will need to be exercised when 
the product is landed in the United Kingdom. Warehouses 
at the docks and airports will require registration and be 
subject to inspection, etc. Appropriate information on 
the commodity is required. A separate clearance 
certificate will be necessary on each occasion. While 
bonded warehouses into which imported drugs will go 
pending their clearance will not normally be subject to 
inspection and registration, it is considered that the full 
co-operation of the Board of Trade in disclosing such 
importations will be required and that the storage 
‘conditions are suitable. The rejection of unsatisfactory 
imports at this stage could prevent their transfer to the 
importers’ warehouses. 


Outlets to the Consumer 


As the purpose of a comprehensive quality control 
scheme for drugs is that a pharmaceutically satisfactory 
product be made available to the public, some inspection 
control must be exercised at this point of distribution. 
The distribution points are concerned with the unrestricted, 
purchase of medicated products. Typical examples are 
pharmacies, drug stores, listed sellers, etc. An important 
contact point is that which occurs following the presen- 
tation of a prescription in either medical, pharmaceutical, 
dental or veterinary practice. 

Sale by retail. The Committee feels some concern at the 
present situation where it is now possible to purchase 
‘drugs and medicated products from stores, grocers, 
market stalls, licensed premises, etc., where control is 
exercised by people with little or no knowledge of the 
problems associated with the drugs. The use of vending 
machines inadequately protected from the weather and 
granting easy access to drugs is to be deplored. It is 
therefore essential that all premises used for the sale of 
drugs should be registered and subject to inspection and 
approval. 

Dispensaries. Dispensaries may be in retail shops, 
doctors’ surgeries, hospitals or clinics. All such premises 
in which prescriptions from members of the medical, 
dental or veterinary professions are dispensed should be 
registered and open to inspection by the representatives 
of the Executive Organization. 


SAMPLING AND TESTING 


The object of sampling and testing is to provide an 
effective check on the quality of drugs being offered to 
the public as prepacked drugs, formulated products and 
dispensed preparations, etc., and to determine the source 
and nature of any defect. The range of products to be 
controlled comprises raw materials, drugs and packaging 
materials, formulated products, surgical dressings and 
sutures, medicated cosmetics and toiletries, medicated 
"veterinary preparations, dispensed medicine and equip- 
:ment for which claims for sterility are made. In the 
opinion of the Committee the functional testing of 
-appliances is outside the scope of this quality control 
.Scheme. Inspectors must be empowered to sample at any 
stage of production or formulation and to sample the 
‘finished product at any point between the manufacturer 
-and the consumer. By using proper control records, as 
stipulated, any defect that is revealed can be traced to 
its source. Where adequate records by manufacturers and 
importers exist, and are available for inspection, the 
extent of sampling may be reduced. 


Sampling Techniques 


Where a sample can bo divided into replicate portions, 
it should be divided into three by the inspector in the 
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presence of a responsible person. One portion should be 
handed to the person from whom the sample was obtained 
and the remaining samples taken away by the inspector. 
Of these two samples, one would be the subject of 
examination by the official analyst and the other would 
be retained as reference sample for independent testing 
should this be necessary. It is essential that each sample 
should be sealed, and clearly identifiable. The present 
sampling technique that is operated under the Food and 
Drugs Act would be applicable to general sampling under 
this scheme. For dispensed medicines, the sampling 
procedure detailed in Part 1 of the Seventh Schedule of 
the Food and Drugs Act, 1955, would possibly be suitep 
after the preliminary procedure specified under the 
Ministry of Health E.C.L. 7/61 Appendix 1, para. 6 (a). 
Informal sampling for the purposes of obtaining general 
information is not precluded from the scheme. 

Raw materials (chemical and packaging materials). 
Evidence on the quality of raw materials (and the 
packaging materials) could be obtained from the inspection 
of manufacturers’ control records. Samples will be taken 
where, in the opinion of the inspector, doubts as to quality 
exist. In this connexion the use of such terms as British 
Pharmacopewia (B.P.), British Pharmaceutical Codex 
(B.P.C.), etc., demands complete compliance with the 
official monograph. 

Formulated products (medical, veterinary or cosmetic). 
The routine sampling of manufacturers’ stocks should be 
unnecessary where inspection of the internal control 
records indicates proper supervision and regular control. 
Where little or no analytical control is exercised, 
consultant-analyst certificates would give an indication 
of the extent to which products might need further 
examination. 

An indication of product stability is of importance and 
attention will need to be directed to an expiry date to be 
applied to those products for which prolonged storage is 
undesirable. 

Wholesalers’ stocks. Probably only a few samples will 
need to be taken from the wholesalers’ stocks, although 
the inspectors will have to ensure that the conditions of 
storage are satisfactory. 

Importers’ stocks. Importers of bulk drugs and formu- 
lated products should provide adequate information on: 
(a) specification of the raw materials used; (b) details of 
product manufacture; (c) details of product specification 
and control directions; (d) product stability; (e) intended 
procedure for distribution of stocks. Importers must 
supply samples on request. All imports should be 
submitted to some form of control as early as possible 
and each batch of each product must have an acceptable 
cortificate of analysis. It is envisaged that protocols of 
analysis from the consignors might be permitted, but the 
presentation of such documents does not preclude any 
sampling that might be considered desirable. The issue 
of a certificate to distribute would generally involve an 
examination by a consultant in Britain, registered as 
competent in the analysis of medicated products and 
pharmaceuticals. Holders of the joint Pharmaceutical 
Society and Royal Institute of Chemistry Diploma in 
Pharmaceutical Analysis are considered to satisfy this 
requirement. 

Dispensed products. The present sampling of dispensed 
medicines under the National Health Service Acts is felt 
to be inadequate both in scope and manner. All dispen- 
saries, whether under medical, pharmaceutical, dental or 
veterinary direction, should be subject to some form of 
control. The techniques of sampling might usefully form 
the basis of discussions with representatives of the 
professions concerned. It is proposed that the inspector 
be authorized to take as a sample any medicine or form of 
treatment, including proprietary preparations, awaiting 
collection for a patient (human or animal). It is implicit 
in this scheme that the inspector be provided with a copy 
of the relevant prescription. Quantities, for example, of 
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tablets, supplied against & prescription could be checked 
on the spot by the inspector. 


Retailers (pharmacies, listed sellers, drug stores and 
retail suppliers of medicinal products). It is expected 
that, as at present under the Food and Drugs Act, most 
samples will continue to be taken from retail establish- 
ments. It would be convenient to use the proposed scheme 
to exercise enforcement of Section 2 of the Pharmacy and 
Medicines Act, 1944, or the appropriate section of a new 
Consolidated Drugs Act. Pharmacists, by virtue of their 
professional training, will have knowledge of drug 
deterioration, but other retailers, having little or no 
experience of the problems, can unwittingly subject 
medicated products to storage and exposure conditions 
that are quite unsuitable; the use of batch identification 
codes is important in tracing any errors. A special examplo 
of unsatisfactory storage is the vending machine which 
may be exposed to a wide range of climatic conditions. 


Sample Records 


Bulk drugs and formulated products from U.K. manu- 
facturers. A. comprehensive quality control system can 
only be operated in a manufacturing unit where an 
efficient internal control system exists. While it is not 
part of the Committee’s responsibility to define what 
system should be adopted, certain features are considered 
to be essential if the scheme is to work to the advantage 
of both the manufacturer and the public. For example, 
adequate specifications and control methods for both raw 
materials and finished products are fundamental. 
Manufacturers should investigate the stability of their 
products, and keep adequate records available for 
inspection; inspectors must have power to examine such 
records. Ás an interim measure only—and for such time 
as may be determined by the Controlling Authority— 
there may be some relaxation in respect of stability 
records, but manufacturers are urged to take serious note 
of the recommendation. 


Supplies from importers. In the absence of satisfactory 
technical information submitted by the consignors or by 
the consignee's consultant analyst imports need to be 
sampled. Information will be required on: (e) the raw 
materials used; (b) specifications and control methods for 
the formulated products; (c) stability. 


Reimbursement for samples taken. A scheme will have to 
b» developed whereby reimbursement can be made for 
*samples taken for examination. 


ADMINIST RATION 


The Committee does not propose to specify the form 
of the Controlling Authority, which would undoubtedly 
have wider responsibilities than quality control. While 
tho Minister of Health may have governmental responsi- 
bility, the executive functions should be carried out by 
an independent body having the necessary legal powers. 
This body should be given the entire responsibility for 
the quality control of drugs. 


Executive Organization 


In the opinion of the Committee, the Pharmaceutical 
Society of Great Britain would be an appropriate 
‘Executive Organization’. The Society already has 
enforcement duties under existing Pharmacy Acts and 
its inspectors have considerable experience of conditions 
in retail pharmacy. 


Advisory Committee 


An advisory Committee—working in a voluntary 
capacity and including experienced representatives of 
the pharmaceutical industry—should be instituted to 
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make recommendations on ‘special cases’ that may arise 
during the operation of any quality control programme, 
to advise on matters concerned with premises, registration, 
the issue of licences, etc., and to advise on general policy. 


Directorate 


To achieve effective quality control, a ‘Directorate of 
Drug Testing’ should be established. The Directorate 
would have the necessary powers of entry, inspection and 
sampling, and its own laboratory facilities. The director- 
in-charge, who should have appropriate technical 
qualifications, would be required to administer the scheme 
as a whole, and would be concerned with the day-to-day 
administration, inspection and sampling and with the 
analytical services. He should be directly responsible to 
the Executive Organization for all the activities of his 
department. The activities of inspectors and analysts 
involved in the control programme should be the 
responsibility of the director. 


Inspectors 


Inspectors should preferably hold a pharmaceutical 
qualification, but this would not preclude the appointment 
of other suitably qualified persons for specialist duties. 


Qualifications. Jnspectors must be trained in the 
techniques of sampling. Practical experience of manu- 
facturing processes would be an advantage, as this would 
enable inspectors to act in an advisory capacity in matters 
related to drug control. 


Functions of inspectors. The functions of inspectors 
will inelude: (a) inspection of premises of organizations 
seeking registration; (b) inspection on a routine basis of 
factories, warehouses, wholesalers’ storerooms, hospital 
manufacturing and storage areas, dispensaries (medical, 
pharmaceutical, dental and veterinary), drug retailers’ 
premises, clinics; (c) routine examination of control 
records of manufacturers; (d) routine examination of 
data sheets on importations; (e) the taking of samples 
and carrying out of local checks. 


Manufacturers’ analysts as inspectors. In other contexts 
manufacturers’ analysts, under the supervision of the 
official inspectors, have been appointed as inspoctors of 
their own organizations. In the proposed scheme this 
principle merits consideration. 


Laboratory Services 


A central laboratory will be required to carry out the 
analysis of samples submitted by the inspectors. Regional 
laboratories which will handle routine work may be 
needed since uniformity of interpretation of analytical 
results and of control is essential; the regional laboratories 
must be placed under the authority of the Central 
Laboratory. As an interim measure, until the establish- 
ment is at the requisite level, use of other laboratories, 
for example, those of public analysts and analysts 
holding appointments under the National Health Service 
Acts, might be considered. The authority of the director 
will, however, be paramount even where public analysts, 
who may be called on to sample over-the-counter sales, 
are concerned. The Laboratory of the Government 
Chemist should be used as a reference laboratory in cases 
of dispute. 


Staffing (personnel). It is vital to the whole programme 
of a quality control scheme to establish confidence in the 
control exercised by the Central Laboratory. For this 
reason the staff must be of the highest calibre since it will 
be called on to conduct intricate analytical procedures 
and to undertake such analytical research as may be 
necessary to resolve problems. The senior members of 
the staff will be expected to advise the director on 
scientific and technical matters relating to the scheme. 
They would further be expected to participate on 
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professional committees and collaborate on investiga- 
tional work, possibly at international level. 


. Notes: (1) Since the testing of dressings requires special 
techniques, use should be made of established organiza- 
tions, for example, the Manchester Chamber of Commerco 
Testing House and Laboratory. (2) Specialized testing 
of materials by bioassay techniques will involve the 
co-operation of established organizations capable of mak- 
ing such tests. 


LEGISLATION. 


' It is not the purpose of this Committee to indicate in 
detail what legislation is involved, but it directs attention 
to the following matters. Consolidating legislation would 
have to be introduced to correlate and extend the existing 
legislation under the Pharmacy and Poisons Act, 1933, 
the Food and Drugs Act, 1955, the National Health 
Service Acts, the Pharmacy Act, 1954, and to provide the 
powers necessary to permit the Executive Organization 
to conduct its affairs in an efficient and responsible 
manner. 


| Right of entry and inspection. The inspectors must be 
given the necessary powers to carry out their duties 
properly both as regards sampling and the inspection of 
premises and records. 


- Test results. A procedure must be developed whereby 
information on the results of the tests are transmitted 
to the source from which the sample was obtained. 


Sanctions. In addition to the usual legal penalties the 
following sanctions might be applied: (a) withdrawal of 
licence; (6) removal of name from approved list of super- 
visory staff; (c) stock recall, impounding or destruc- 
tion. 

: Appeals. There must be included some means of 
appeal against decisions of the inspectors or the director. 


FINANCIAL 


Whereas a detailed consideration of the financial 
aspects of the scheme is beyond the terms of reference of 
the Committee, attention is directed to the following 
points : 

Expenditure. (1) Administrative expense of Executive 
Organization. (2) Administrative expense of Directorate 
and Inspectorate, including laboratory services. (3) Fees 
to outside analysts (for example, analysts responsible for 
bio-assays, public analysts, National Health Service 
analysts, Manchester Chamber of Commerce Testing 
House). 
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Income. (1) From registration and licensing fees (except 
dispensing areas). (2) From the Treasury. ; 


INTERPRETATION 


A drug (or pharmaceutical preparation) is any chemical 
or natural product or mixture of substances, including 
natural products, sold, offered for sale or represented for 
use in: (a) the diagnosis, treatment, mitigation or 
prevention of disease, abnormal physical state or the 
symptoms thereof in man or animal; (b) restoring, 
correcting or modifying organic functions in man or 
animal. 

Drug in bulk. A chemical or natural product stored in 
bulk quantity intended directly for use in the manufacture 
of medicinal products. 


Formulated product. A drug or mixture of drugs suitably 
prepared for administration as a medicine. A single 
chemical substance in small quantity, pre-packed for 
distribution. 


Pharmaceutical specialty. A simple or compound drug 
ready for use, available under a special trade designation 
or in some characteristic form and containing one or more 
drugs which may or may not have official (that is, B.P., 
B.P.C., B.Vet.C.) recognition. 


Proprietary preparation. A pharmaceutical specialty. 


Surgical dressings, surgical sutures. Materials for 
application to wounds or lesions for therapeutic use or 
for their protection. 

Dispensed medicine. Medicine dispensed for an indivi- 
dual patient in accordance with a prescription. 

Medicated cosmetic or toilet article. A toilet article for 
external use on any part of the body, whether in liquid, 
solid or any other form and medicated so as to bring it 
within the requirements of the Pharmacy and Medicines 
Act, 1941. 


THE SCIENCE COMMITTEE 
(PHARMACEUTICAL ANALYSIS) 


The Science Committee (Pharmaceutical Analysis) of 
the Department of Pharmaceutical Sciences consists of: 
Dr. D. C. Garratt (chairman), Mr. J. Allen, Dr. A. L. Glenn, 
Mr. C. A. Johnson, Mr. E. I. Johnson, Dr. R. F. Milton, 
Dr. H. D. C. Rapson, Mr. S. G. E. Stevens and Mr. G. 
Sykes. Not all members are pharmacists, but all in their 
day-to-day activities are intimately concerned with the 
quality of pharmaceutical materials; some have had ' 
experience of drug testing under the present restricted 
schemes. 


THE FISHERY LIMITS BILL 


HE Fishery Limits Bill, which received its second 

reading in the House of Commons on June 15, estab- 
lishes the fishery régime in British waters for which the 
Fisheries Convention resulting from the fisheries con- 
ference some months ago provides. As the Minister of 
Agriculture, Fisheries and Food, Mr. C. Soames, explained 
in moving the second reading, the Convention, which has 
since been signed by twelve countries including the 
United Kingdom, allows the coastal State a twelve-mile 
fishery zone measured from base-lines, and within this 
zone the State has power to regulate the fisheries. In 
the inner six miles the fishing is reserved for the fishermen 
of the coastal State, subject to a short transitional period 
for foreign fishermen who have traditionally fished within 
it. In the outer six miles the fishing is in principle reserved 
for fishermen of the coastal State and other parties to the 


Convention who have hebitually fished in that area. In 
this way such foreign fishermen will be restricted to the 
stocks and grounds which they have already fished. 

Mr. Soames emphasized that while Britain had con- 
sistently favoured the doctrine of narrow limits, the 
Government had concluded that some extension of limits 
could no longer be denied to Britain’s fishermen. The 
Government’s sole motive had been to secure more scope 
for Britain’s fishermen in Britain’s coastal waters. As 
regards conservation, the Government considered that 
the proper way to conserve fish stocks was by inter- 
national action equitable to all in the conservation com- 
missions which had been set up and in whose work Britain 
played a leading part. Mr. Soames said that there were 
some two or three countries which were not parties to the 
Convention but had some interest in the fisheries around 
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Britain's coast, although the extent of that fishing was not 
very great and Britain would need to consider with them 
what their position should be. It was hoped that the new 
arrangements could be brought into full operation by 
September. 

The kernel of the Bill was in Clause 1, which provided 
for the extension of Britain’s limits and for her control 
of access by foreign fishermen to the fisheries within these 
limits. The Convention provided that to qualify for 
recognition to be ablo to continue fishing between six 
and twelve miles this foreign fishing must have been 
carried on habitually during the ten years up to and 
including 1962 and that it must not be directed in future 
towards new grounds or new stocks of fish. In drawing 
up the designation orders, Mr. Soames said that Britain 
would, of course, need to take account of the fact that 
fish move round and that many species are often found 
on the same ground, but we would be able to distinguish 
between herring fisheries, fisheries for white fish and 
shell fisheries. The power of designation was not limited 
to the vessels of countries which were party to the con- 
vention, and Britain’s fishery agreement with Norway 
provided that if Britain established a fishery zone she 
would be prepared to make for Norwegian vessels arrange- 
ments corresponding to those which that agreement 
made for British vessels off Norway. The new base-lines 
which Britain was drawing were in conformity with the 
1958 Geneva Convention and she would be able to close 
bays with straight lines up to 24 miles in length, whereas 
at present 10 miles are the maximum lengths for a bay 
closing line. Until the Bill came into full operation there 
would be a transitional period for traditional foreign 
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fishing between three and six miles from base lines. This 
was dealt with in Clause 2. 

The right to enforce conservation measures on British 
and foreign vessels was one to which Britain attached 
great importance, but it did not require new powers 
from the House. It was simply a question of adapting 
the powers which existed under present legislation to 
apply conservation regulations to British vessels. This 
was done in the first schedule to the Bill. Mr. Soames 
emphasized that Britain now had a modern instrument 
for promoting conservation through international co- 
operation in the North-East Atlantic Fisheries Com- 
mission of which all countries fishing in the north-east 
Atlantic without exception were members. It was the 
responsibility of this Commission to take all the measures 
that conservation demanded. At a meeting of the Com- 
mission in June on the initiative of Britain a special 
committee was set up which would be concerned with 
making collective arrangements for enforcing conserva- 
tion measures on the high seas. This Committee would 
apply conservation measures to foreign vessels when they 
were fishing within Britain’s own fishery limits as well as 
to British vessels. Mr. M. Noble expressed the hope that 
members of the North East Atlantic Fisheries Commission, 
which included Poland and other countries not signatorics 
to the Convention, would be able to work together so 
that, while Britain could enforce within her twelve-mile 
limit the conservation measures which she thought right, 
these other countries would at the same time be able to 
work out conservation measures and internationally the 
same measures could be adopted and brought into 
force. 


NUCLEAR POWER IN BRITAIN 


N the debate in the House of Lords on June 10 on the 
White Paper, The Second Nuclear Power Programme 
(Nature, 202, 1247; 1964), Lord Coleraine was concerned 
with the reasons for Britain losing her commanding lead 
in this field to the United States, which he attributed to 
the organization of the nuclear power programme. This 
he thought was far less efficiently organized in Britain 
than in tho United States and this was partly because 
each power station carried an enormous load of research 
and development charges. He was concerned. that the 
, ordering of an American reactor system would mean that 
American technology would dominate the nuclear industry 
in Britain and that in effect she was opting out of that 
industry. He urged that the Government should take a 
hard look at the organization of the nuclear programme 
and particularly at the position of the Central Electricity 
Generating Board. He thought it was the function of that 
Board to provide the consumer in Britain with adequate 
supplies of cheap electricity, but that this function could 
not conceivably be combined with pioneering a new, 
expensive and complex industry. He did not think that 
a healthy nuclear industry could survive simply on the 
basis of copying designs. He suggested that the Atomic 
Energy Authority should be responsible for develop- 
ment until the first commercial station was in operation 
and proved, and then sell it to the Central Electricity 
Generating Board at a price which would meet the 
subsidy requested by the chairman of that Board. This 
was the system adopted in Canada. 

Lord Champion agreed that Britain did not have all 
the information which should be available when 
considering a matter of this immensity and importance. 
Moreover, she had not yet resolved the problem of the 
extent to which the Board and the Authority should bear 
the responsibility for research and development of 
civilian types of reactors and the legislation required to 
amend the Authority’s statute. Nevertheless, he thought 


that The Second Nuclear Power Programme was right in 
its flexibility, but Viscount Caldecote thought that it was 
doubtful whether technical resources had been as well 
used as they could have been and that the responsibilities 
had not always been shared in the best way among 
industry, the Atomic Energy Authority and tho Central 
Electricity Generating Board. He thought it essential 
to see that scarce national technical resources were 
utilized to the best advantage, electrical power supplied 
as economically as possible, that there was an active 
research and development programme and that an 
efficient industry should be allowed to make reasonable 
profits on the capital involved. The proper use of national 
resources, he pointed out, required a stable policy and 
that there should be no duplication between industry, the 
Authority and the Generating Board as well as & much 
better delineation of responsibility. A suitable adminis- 
trative set-up in the Government was required to control 
the Generating Board, the Authority and research and 
development and production work as well as the share 
done in industry. Viscount Caldecote suggested that 
the research functions of the [Authority should bo left 
under the Ministry for Science and Education and the 
responsibility of the Authority for development and col- 
laboration with industry in their field reviewed. He 
entirely agreed with Lord Champion that Britain could 
not reject a system which was clearly and obviously more 
economic because it had been designed in the United 
States and not in Britain, but it was all too clear that it 
was very easy to have too much competition in these 
difficult technological and rapidly advancing fields. 

Lord Stonham reiterated that not sufficient information 
was generally available for a proper judgment and that 
Britain should not reject an American system purely on 
the grounds that it was American. Lord Wolverton 
referred to the higher efficiency of the new station at 
Bradwell in Essex which had a thermal efficiency of 26-5 
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per cent compared with 19 per cent at Berkeley, 
Gloucestershire. He thought much more basic research 
was required before Britain embarked on a larger 
programme than that announced by the Government. 
Replying: for the Government, Lord Derwent pointed 
out that the magnox system might still show advantages 
in some other countries and that Britain should not take 
too insular a view of these developments. The building 
and commissioning of the present stations had involved 
a great partnership between the Authority and the 
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Generating Board as well as with the Consortia, the 
contracting firms and the inspectorate of nuclear 
installations. The Government was satisfied that there 
was effective collaboration between the Generating 
Board and the Atomic Energy Authority, and there was, 
and always had been, close organization between the 
Consortia and the various firms in the contracting industry 
and these bodies. He agreed that tho suggestion for 
adoption of systems and arrangements similar to that 
used in Canada merited careful consideration. 


THE MUSEUMS ASSOCIATION 


HE seventieth annual conference of the Museums 

Association was held in Nottingham during July 
13-17 under the presidency of Dr. D. John, director of 
the National Museum of Wales at Cardiff. 

The proceedings opened in the spacious Great Hall in 
the Trent Building of the University with a welcome from 
the Lord Mayor of Nottingham. Dr. John in his presiden- 
tial address outlined the financial difficulties which beset 
the Association and mentioned some of the proposed 
measures to be taken to remedy this state of affairs. He 
congratulated the Area Museum Councils on the work 
they had achieved in the early stages of their plan to 
regionalize museums. He also referred to the 1963 report 
of the Standing Commission and to the recommendations, 
some of which had not been implemented by H.M. 
Government. In conclusion, he considered that at the 
present time there was & greater consciousness concerning 
museums among the general public and that much is 
moving forward in the museum world. 

The general theme of the conference was that of “Public 
Relations” and this was introduced by Mr. C. Mann 
(president of the Institute of Public Relations), who gave 
a stimulating address on the importance of the public. He 
considered that the value of a work of art is in proportion 
to the number of people who see it, and for this reason 
museums should make every endeavour to attract the 
public to their galleries. A genuine belief that the public 
really matters was a curatorial necessity and he urged his 
audience to make more use of exciting entrance features, 
friendly and helpful attendants, and the creation of an 
atmosphere of goodwill. 

Mr. C. Gibbs-Smith of the Victoria and Albert Museum 


followed with a paper on “The Fault... is... in 
Ourselves”. He stated that good public relations meant 
plain good manners from the whole of the staff. He also 
felt that public relations should be the special duty of one 
member of staff who would be directly responsible to tho 
director. 

The theme was continued by Sir Frank Francis, director, 
British Museum, who said that museums though not in 
competition with themselves were certainly striving to 
gain customers in these days of more leisure and many 
interests. The aim of the curator should be to stimulate 
members of the public at all levels. 

Mr. P. Johnstone (producer, B.B.C. Television) stressed 
the need for close co-operation between museums and the 
British Broadcasting Corporation. Both used visible 
communication methods and mutual help was essential. 
He advocated the setting apart of a special gallery in the 
museum for television work. Mr. I. Finlay, director of the 
Royal Scottish Museum, pertinently asked for what image 
was the museum striving and, what public did we serve. 
A paper by the Rev. J. Jones-Davies describing the 
transformation of a small collection into a County Museum 
at Brecon closed the conference. 

At the annual meeting, Mr. N. Cook, Guildhall Museum, 
London, was elected president for the year 1964-65 and 
an invitation to hold the annual meeting in Dublin in 
June 1965 was accepted with thanks. 

Both the University and the City entertained the 
delegates at receptions, and during the meeting visits were 
arranged to the Newark and Derby Museums, Newstead 
Abbey, Boots Factory, Lincoln, Bakewell, Mansfield, 
Boston and other places. F. S. WALLIS 


PENDULAR MOISTURE IN PACKINGS OF EQUAL SPHERES 
By Pror. COLIN C. HARRIS and Dr. NORMAN R. MORROW 


Henry Krumb School of Mines, Columbia University, New York 


TO AEN relationships between capillary 
pressure, P, and saturation, Sy, often feature an 
‘irreducible’ fluid content shown in Fig. 1 as the saturation 
55». In & random packing of equal spheres of radius 
E, the pendular rings found at the minimum saturation 
aro not in equilibrium with oach other and cover a dis- 
tribution of sizos!. Values of PR/y calculated from the 
tables given by Fisher* fall largely in the rango 3-11 
which is also the range of PR/y over which random 
packings of equal-sized hydrophilic spheres desaturate 
(Fig. 1, curve Ry), y being the air-water interfacial tension. 
Direct measurements of ring pressures by means of a 
micro capillary-probe showed that, for a given ring, 
the ring pressure is equal to the capillary pressure, P, 
at the timo of formation, the error in measurement being 
not more than 5 per cent’. The ring pressure remains 


constant once the ring has formed, provided that mass 
transfer to or from the ring is negligible’. P 

In the work recorded here, random packings of equal- 
sized chrome steel spheres wore saturated with dilute acid 
and then the packing was drained in a fine-pored, fritted- 
glass Buchner filter to the irreducible saturation. After 
about 0-5 h, the spheres were clearly etched over the 
areas of contact with the retained fluid; this occurred 
as isolated or linked rings of fluid held around points 
of contact between the spheres. Circles, or for linked 
rings equivalent circles, were selected at random and from 
their diameter, L (inset in Fig. 1), the volume, V, and 
pressure deficiency of each ring were caleulated?. The. 
distribution of L was found for three sphere sizes (dia- 
meter, D = 3:18, 4-76, 6-35 mm) taking two samples 
of 125 circles for each size of spheres. The cumulativo 
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frequency distributions of LjD were all of similar shape 
and foll within 0-06 of each other on the L/D scale. Allow- 
ance for porosity by correlation according to hydraulic 
radius in place of D halved the separation of these curves. 

Tho average ring volume, V, was calculatod oxcluding 
tho rings held at points of contact betweon tho spheres 
and tho walls of the containing vessel. An avorage 
number of points of contact, ñ, per sphere for the 6-35 mm 
spheres was obtained by counting. Tho rosults showed 
good agreement with the method of obtaining tho averago 
co-ordination number from the porosity ‘of the packing‘, 
which was therefore used to obtain a value of ñ for the 
two smaller sizes of spheres. Average residual satur- 
ations (s5) calculated from ñ, V, D, and the bed porosity 
were 4:5, 5-0 and 4-6 per cent for the three packings 
taken in ascending order of sphere sizes. 

The presence of linked rings. found for about 25 per cent 
of the total number counted, showed that not all tho pores 
in the bed wore empty; from Fig. 1 it appears that all 
pores having an entry pressure of greater than about 10-5 
(for examplo, spaces surroundod. by threo or four sphoros 
in mutual contact) remain full. This is because thoy 
becomo isolated? before their entry pressure is reached. 
Thus there is residual-pore moisturo additional to that 
occurring as pendular rings. Rings which have calculated 
values of PR/y considerably greater than 10-5 aro probably 
of tho type that can be seen at points of near contact 
between the spheres; these have volumes larger and 
pressure deficiencies smaller than the values calculated. 
These two observations partly explain why bed saturation 
on account of rings alone, calculated from % and V, gavo 
residual saturations ranging from 4-2 to 5-3 per cent 
compared with 6-7 per cent measured by air-drying. 
In cubic and rhombohedral packings, which have porositios 
of 47-64 and 25-95 per cent respectively, all residual 
bulk moisture will be held as completely formed pendular 
rings. If these are formed at the approximato theoretical 
entry values of PR/y of 4-8 for cubie and 12-9 for rhom- 
bohedral paekings*, their respective residual saturations 
will be 4-2 and 5-5 per cent. These values, calculated 
for two extreme types of packing, aro close to tho range 
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PENDULAR RING BETWEEN TWO 
EQUAL SPHERES 
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Fig. 1l. Curve Ro, PR/y versus 8, for 104-124u diameter glass beads 


(porosity, 89 per cent); curve D p, PR/y versus sp for 4°76 mm diameter 
spheres (porosity, 39 per cent); curve Cr, PRjy versus &p[s5 x 100 
(from curve Dg). Vertical axes, relationships (ref. 2) between L/D, 
R4 pe and PR/y 
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Fig. 2. Curve Ro, PR/y versus 8v for 104-1244 diameter glass beads 

(porosity, 39 percent); curve Dr, PR/y versus 8p for 4-76 mm diameter 

spheres (porosity, 39 per cent); curve (Dg)p PR|y versus sp with 

pendularrings at equilibrium; curve (Ro) g, PR/y versus s, with pendular 
rings at equilibrium 


found for the random packings with measurement of 
ring volumes alone. 

An approximately constant residual saturation of 
about 6-8 per cent is frequently reported for random 
packings of closo-sized spheres provided that the ratio 
of gravitational to capillary forces is small*. For 
geomotrically similar packings, the procosses of do- 
saturation and pendular ring formation maintain simil- 
arity in PR/y; it is therefore to be expected that residual 
saturation is independent of sphero sizo. The effect of 
changing bed porosity is less predictable, mainly because 
it is not known how the amount of residual-pore moisture 
wil vary. An increase in porosity results in fewer points 
of contact, but the corresponding pressure dcficiency 
decrease for drainage causes an increase in the individual 
ring volumes. The approximate self-compensation of 
these two effects is illustrated by the closeness of the 
theorctical residual saturations calculated for cubic and 
rhombohedral packings. 

In experiments with cubic packings of 6:35 mm sphercs 
which were drained in a few seconds, it was observed that 
the ratio (>1) of the size of rings held in the horizontal 
plane to those in the vertical decreasod with increasing 
rate of drainage. While this offect can be oliminated 
by increasing the time of drainage the mechanism of ring 
formation is irreversible and involves as yot undcterm- 
ined local pressure variations within the bed no matter 
how slowly the bed is drained. However, from tho direct 
and circumstantial evidence so far available, it is bclievod 
that taking the ring pressure as tho capillary prossuro 
at the time of ring formation is a good working approxim- 
ation for most of the rings and will for the present be 
assumed to hold for all isolated bulk moisturo. 

From this assumption, the accumulating quantity of 
moisture isolated during drainage as pendular rings is 
shown in Fig. 1 both as a percentage sp of the total void 
spaco (curve Dr) and also as a percentage of their total 
maximum volume (curve Cr). 

The relationship obtained if the pendular rings werc 
given sufficient time to reach equilibrium with the capillary 
pressure, P, can be calculated by setting all formed rings 
(that is, those which have pressures less than or equal 
to the given value of P) at the ring volume corresponding 
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to the pressure P. The curve so obtained (Fig. 2 curve 
(Dn)E) passes through a maximum pendular saturation 
and then approaches the zero saturation axis asymp- 
totically. A corresponding correction of this nature is 
required in order to obtain the form of truly time in- 
dependent capillary pressure. curves. The experimental 
time required to obtain such curves may be prohibitive. 
The change in the curve R, due to equilibration. of the 
pendular rings is shown as the curvo (E,)g. In order to 
illustrate the nature of the relationship betweon tho two 
curves Dr and R, and their derived equilibrium relation- 
Ships, residual-pore moisture has been omitted and the 
saturations employed have been calculated from the 
data shown in Fig. 1 with pore volume redefined as the 
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sum of the moisture removed by suction and that calcu- 
lated to be retained as pendular rings so thats? — s?. 

The experimental curve Dr belongs to a postulated 
family of curves? relating the amount of moisture isolated 
as discrete quantities to the capillary pressure. This 
family and anothor for the isolated non-wetting phase 
are complementary to the well-known capillary pressure— 
saturation relationships’. 
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INVESTIGATION OF NUCLEAR WEAPON DEBRIS WITH X-RAY 
MICROANALYSER 


By J. SISEFSKY 


Research Institute of National Defence, Stockholm 


ROM 1958, investigations of the radioactive nuclear 
debris particles have been made in this laboratory. 
An autoradiographic technique has been worked out 
which allows identification and microscopic examination 
of the debris particles among all air-borne dust particles). 
It was found that the particle activity is roughly propor- 
tional to its volume and that the strongest particles found, 
with an activity of the magnitude 104 d.p.m. B at an age 
of a few weeks, have diameters ~3-5-5 um. A rough 
estimate of the fission product content of such a particle 
clearly indicates that most of the particle mass must 
consist of some other material even if the greatest reason- 
able limits of uncertainty are taken into consideration. 

As the X-ray microanalyser? is able to examine speci- 
mens of the size magnitude of um, such an analysis 
could help to solve the problem of the composition of the 
debris particles. 

High-altitude and ground-air samples from different 
parts of Sweden are continuously collected and auto- 
radiographed on X-ray film. Large spots on the films 
indicate strong and thus‘ large particles. During the 
U.S.S.R. bomb test series, September-Decomber 1961, 
particles of sufficient size mostly occurred in the ground— 
air samples. This has usually been the case. About 
700 samples from a total of 1-2 kilotons of air were exam- 
ined and some twenty large particles found. 

As it is necessary to place the particles in the very surface 
layer of the preparate, the method of preparation in refs. 
1, 2 and 4, therefore, was modified in the following way. 
With the help of the autoradiograms, small filter-pieces 
containing the interesting particles were punched out. 
The filter pieces were stirred in a viscous gelatin solution 
until a homogeneous suspension was obtained. The sus- 
pension was diluted and spread over a ~ 300 cm? glass 
plate and dried. The position of the particles was indi- 
cated by a new autoradiogram and the corresponding 
gelatin-layer pieces were punched out. In this way the 
active particles were freed from most of the accompanying 
dust. 

The pieces of gelatin were dissolved in a few drops of 
water and the solution mixed with some ml. of Ilford 
nuclear emulsion in gel form type G 5 (electron-sensitive). 
The emulsion was cast as thinly as possible on a glass 
plate which was covered with a celluloid film, and allowed 
to dry to a ~10-um thick layer. The plate was exposed 
for a week and developed in Ilford 'Ilfex' developer (5 min). 
The image wes bleached away in a solution of 4 g potas- 
sium permanganate and 5 ml. sulphuric.acid/l. (b min). 
The stain obtained from the above bath was dissolved in a 
solution of ~ 50 g potassium pyrosulphite/l.; the image 


zones were finally cleared in a solution of 3 parts of 
acid-fast-fixing bath in 4 parts of glycerole (cf. ref. 2). 
The particles were thus indicated by being situated in the 
centres of clear circular zones against the, in course of 
time, more and more black emulsion. Care was taken to 
ensure that the photographic chemicals had no dissolving 
effect on the particles, and that they did not dissolve 
appreciable amounts of activity from them. 

A first attempt to analyse the particles in situ was not 
successful as the electron beam caused local heating 
which was not led away by the glass and thus melted the 
gelatin and made the particle move away from the beam. 
Therefore, a ~ 1-mm? piece of the celluloid film with the 
emulsion containing the particle was cut away from the 
glass plate and placed upside-down on a, polished copper 
plate. The celluloid was removed with acetone, leaving 
the particle in its gelatin film in a better position nearer 
the surface (as the particle sank to the bottom of the 
emulsion layer before it solidified). Still, the preparation. 
was somewhat unsatisfactory; the gelatin persisted in 
making some small movements in the electron beam, 
and the covering gelatin, although very thin, absorbed 
some of the X-ray radiation, but the analysis this time 
could be performed at least semi-quantitatively. 

The analysis was performed at the Swedish Institute for ° 
Metal Research, Drottning Kristinas vag 48, Stockholm. 
The results are shown in Table 1. 

No element above Z = 12 (magnesium) not mentioned 
can be present to a content higher than ~ 2 per cent. 

The results are in agreement with Rajewsky's examina- 
tion of a 4-u nuclear debris particle where iron and 
aluminium or silicon were founds. 

Mamuro and Fujita’ report (for 7-14-um particles) iron, 
aluminium and sometimes traces of silicon, although they 
find that the light-coloured particles have a high alumin- 
ium and a low iron content, and vice versa for the dark- 
coloured ones. 

Calculation of the content of fission products causes 
some trouble, first, because the age of the particles, when 
measured, could be anything between 100 and 160 days, 
and secondly, because the composition of fission products 
is not the normal one, but is considerably altered by 
fractionation phenomena’. The particles were, however, 
individually measured in a low-background f-counter 
and, if strong enough, in a y-counter, February 8-9, 1962 
(at an age of 100-160 days). The two strongest particles 
(Nos. 6 and 11, Table 1) were also individually y-spectro- 
graphed as well as all the particles together. The spectro- 
grams show that 96 por cent of tho y-activity emanates 
from zirconium-niobium 95 and 4 per cent from other 
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Table 1 
Feb. 8-9, 1962 Analysis (%) 
Par- Colour Optical Min. x max. Vol.t 
ticle ‘ anisotropy diam. ym | x 101? em? | B-Count | y-Count 
(c.p.m.) | (c.p.m.) Fe Al Si Pb U Fiss. 

10 | Reddish Microcryst ? 4°10 x 4:34 38-2 38:4 19-6 40 20 10 «2 |Weakind.| 0-11(0:07-0-22) 
3 js Cryst. 3°76 x 4°34 32 20-3 ~40 ~ 20 ~10 <2 » n 0-07 (0-04—0-14) 
6 i Cryst. (or 5-93 x 6-72 124 105 68-5 ~ 40 ~20 No <2 33 3» 0-11 (0-07-0-22) 

containing 
cryst.) 
va No Cryst. birefr. 
green. II 
` ord. (?) 3-31 x 3-58 2111 74:6 33-6 ~40 ~20 ~10 <2 » n 0-34 (0:21-0:69) 
8 | Red+yel.* 3-76 22-7 70:6 30:3 ~40 ~20 No <2 NES 0-29 (0-18-0:58) 
4 Reddish Microcryst ? 2-62 x 3°54 12/7 8-75 High (Bad prep.) 0-06 (0:04-0:13) 
5 nb ryst. 8-65 x 4-55 3171 128 " " 0-04 (0-03—0-09) 
1 n Microcryst ? 8-54 28:8 8-6 Not followed through 0:04 (0:02-0:07) 
2 " : 2.02 9:41 10:2 » » 0-10 (0:06-0:22) 
9 e Cryst. birefr. 
green. II 
ord (?) 2°74 x 8:42 13-4 13-2 T n 0:08 (0:06-0:17) 
11 | No Cryst. birefr. 
green. 3-3 18:8 95:8 46-6 » » 0:54 (0:33-1:08) 
12 | Reddish . ? 2°62 x 2-85 10-2 23:3 9:8 » » 0-21 (0-13—0:42) 











* A red and a yellow particle coalesced. 
(min. diam.)*. 


y-emitting nuclides, mainly cerium-144. A normal mixture 
of fission products of the age of 100 and 160 days gives 
respectively 63-6 and 94-5 per cent zirconium-—niobium 95 
y-activity®. 

The ratio of g-counts to y-counts did not vary much 
from ~2. Thus y-activity of the particles too weak to 
measure was estimated to one-half of the B-activity. Con- 
sidering the conditions above and previous experiences 
from large particles’, it seems reasonable to assume a fission - 
product content corresponding to ~ one-quarter of the 
calculated Zr-Nb content and an age of ~ 160 days. In 
Table 1 the lower limits given correspond to an age of 
100 days and & zireonium-niobium 95 enrichment by 
a factor of 4. This limit cannot be valid for the strongest 
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Fig. 1. Particles mentioned in Table 1 


+ The clinging dust particle not included (see Fig.). 





i The volume is calculated as 7/6 (max. diam.) 


particles, as it would need an unreasonable zirconium- 
niobium enrichment of a factor 12 to be consistent with 
the y-spectra. The higher limits correspond to an age of 
160 days and a zirconium-niobium 95 enrichment by a 
factor of 2 (ref. 7). The density of large nuclear-debris 
particles has been found to exceed 4 g/cm? by centrifugat- 
ing a suspension of the particles in thallium-formiato- 
malonate. No heavier liquid is available except mercury 
(d = 13-6). It is reasonable to assume that the particles 
consist of oxides of the elements found and thus a density 
of 5 g/em® may be correct within 20 per cent. 

Assuming a. fission efficiency in the vicinity of 20 per 
cent, the uranium content should be four times the fission 
content; thus 0-2~2 per cent by weight, which is consistent 
with the fact that uranium is barely detectable. 

The low content of radioactive material in the particles 
is characteristic. A lot of nuclear debris samples (mostly 
the U.S.S.R. from 1958 (ref. 4) and 1961-62 (ref. 9)) with 
thousands of particles have been examined for correlation 
between particle size and activity. They give mostly 
about the same ratios of particle activity to particle 
volume as the above particles, thus indicating that only 
a small fraction of the particle mass consists of fission 
products. 

The lead content can be explained by the use of load 
in the tamper of the bomb”. 

It seems manifest that, although colourless particles 
as an average have a higher specific activity than red ones 
(100 x oil imm. obj. apert. 1-32) (ref. 11), tho differences 
in colour do not indicate considerable differences in com- 
position. The colourless particles especially do not lack 
iron (ef. ref. 6). Minerals with high content of iron are 
usually dark-coloured (hematite, hercynite, pleonaste, ctc.). 

The composition of the particles is peculiar. If the 
inactive material in the bomb is looked on as containment 
(bomb shell, construction material, the final rocket step) 
the ratio of containment to fissionable material seems 
remarkably great, apart from the case of tower shots. 
However, most of the U.S.S.R. shots at Novaya Zemlja 
occurred over the sea several miles from the west coast 
of the islands, and in most cases probably not below 
heights of ~ 200 m (ref. 12). Thus, tower shots are likely 
to be excluded. Even if the iron is supposed to be the 
debris from containment, there should have been analys- 
able amounts of alloying elements (such as manganese, 
chromium and perhaps titanium from rocket heads). 
The results of the analysis seem to indicate that most of 
the matter in the bomb debris particles does not emanate 
from the bomb itself, but from matter accidentally presont 
in the air-volume occupied by the fire-ball. This could be 
particles from voleanic activity, meteorite particles, dust 
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transported from the surface of the Earth up to the 
height of the nuclear blast (up to 3,600 m) (refs. 12, 13). 

The apparatus used for 8 measurements was a 2-5-cm 
diameter, 7 mg/cm? end-window  Geiger-Müller tube 
(General Electric GM 4LB) shielded with lead and an 
anti-coincidence arrangement, giving an efficiency of 
~ 25 per cent for point-geometry, high-energy B-samples 
and 0-7 d.p.m. background counting. For y-measurements: 
a 1-25 in. x I in. sodium iodide crystal, shielded 
by 10 cm lead, giving an efficiency for zireonium-niobium 
95 (~ 0-75 MeV) of 4-8 per cent (measured with a point- 
geometry sample of known strength) and & background of 
~ 40 cpm, 
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APPARENT ANISOTROPY FIELD OF CONTINUOUS MAGNETIC FILMS 
SUBJECTED TO INHOMOGENEOUS DRIVE FIELDS 


By J. G. EDWARDS 


General Electric Co., Ltd., Central Research Laboratories, Hirst Research Centre, Wembley 


HIN magnetie films deposited in & vacuum on to 

smooth substrates under the correct conditions! 
exhibit uniaxial anisotropy; that is, in the absence of a 
magnetic field the magnetization is stable in either of the 
two directions along an ‘easy’ axis in the plane of the 
film. If a homogeneous field is applied to the whole area 
of a film, along a ‘hard’ direction (perpendicular to the 
easy axis), the magnetization rotates towards this hard 
direction. The magnitude of the uniform field required 
to rotate the magnetization just into the hard direction 
against the internal anisotropy torque is known as the 
anisotropy field and depends on the deposition conditions 
and the composition of the film. One of the puzzling 
features of the properties of continuous magnetic films is 
that when the hard direction field is applied inhomo- 
geneously by a strip conductor, the field required to 
rotate the film can be several times larger than the 
anisotropy field of the film when subjected to homo- 
geneous fields. 

The conditions affecting the value of the apparent 
anisotropy field were extensively investigated by Leaver 
and Prutton for many strip conductor widths, film thick- 
nesses and, anisotropy field values??. They showed that 
the excess of the apparent anisotropy field over the value 
measured using homogeneous fields was qualitatively 
consistent with an effect of demagnotizing fields: when 
the strip of film is activated by the passage of a current 
down the drive conductor, magnetic poles appear down 
the edges of the strip and produce s field within the strip 
which opposes the field applied by the strip conductor. 
Theoretically, the field required to rotate the film into 
the hard direction is increased by an amount proportional 
to the film thickness and inversely proportional to the 
mean separation of the band of poles. The measured 
-jnerease, however, is far more than would be expected if 
the bands of poles were beneath the edges of the strip 
conductor. It might then be assumed that, for the case 
measured by Leaver and Prutton, the bands of poles were 
not beneath the edges of the strip but nearer the centre, 
giving an inereased demagnetizing field. However, our 
experiments, using continuous films, show that in cases 
where the whole film beneath the strip conductor is known 
to be saturated (so that the bands of poles must be 
beneath or beyond the edges) the apparent anisotropy 
field is stil] far in excess of any value that could be 
accounted for by demagnetizing fields. ` 

Explanation of apparent anisotropy field by propagation 
of magnetization changes in a continuous film. An alterna- 


tive explanation for the anomalously high values of 
effective anisotropy field arose when it was found that, 
with a continuous film, magnetization changes could occur 
well beyond the edges of the strip conductor although the 
field was applied directly only beneath the stript. This 
propagation is probably due to magnetostatic coupling 
between neighbouring regions of film, but the precise 
mechanism causing the propagation does not affect the 
present explanation. It was realized that, because the 
propagation occurred, larger fields had to be applied to 
the film to rotate the magnetization of the central strip 
against the internal anisotropy torque of the outer areas. 
This can be shown by considering a strip of film of length 
l beneath the drive conductor of width w. If we assume 
that all the magnetization within this strip rotates 
coherently through an angle 0, under the influence of the 
applied field, then the torque exerted on this strip of film 
by the field, H, is: 


T = MflwH cos 6, (1) 


where M is the magnetic moment per unit volume and 
f the thickness of the film. Now the torque which must 
be exerted on a segmental strip of the film parallel to the " 
conductor and of width dx in order to maintain a deflexion 
0 is: 

dT = MfLH x sin 0 cos 0 de (2) 
where Hg is the anisotropy field of the film. To avoid 
repetition of the analysis we shall anticipate the experi- 
mental result and assume that the magnetization deflexion 
in a segment away from the strip conductor (where no 
field is applied directly) is such that the hard-axis com- 
ponent of the magnetization decays exponentially with 
distance, v, away from the edge of the strip conductor: 


(3) 


where p is the propagation constant. Now the total 
torque that is required to maintain & magnetization de- 
flexion of 0, beneath the drive strip and a deflexion given 
by equation (3) on each side of it is obtained by integrating 
equation (2)*. For small deflexions, cos 0 ~ 0, ^ 1 and: 


sin 0 = exp( — zv/[p) sin 0, 


T = T MfIHR sin 6 cos 0 dz = 
zo s 
MfLH x sin 0, cos 0, (w + 2p) (4) 


* Note that there can be no net torque on the film due to any fields caused 
by the pole distribution. Any torque on the film at one point due to a pole 
a another must be exactly balanced by an opposite torque at the second 
point. 
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Because torque is not a localized quantity, we can equate 
the total torque required to maintain the known mag- 
netization distribution (equation 4) and the torque pro- 
duced by the applied field (equation 1), giving: 


wH = Hg sin 0, (w + 2p) (5) 


For the case of a homogeneous applied field (w very large), 
even for large deflexions, we have: 


H = Hg sin 6, (6) 


Equation (6) expresses the well-known line hysteresis 
loop for fields applied in the hard direction: when H = Hg 
the film reaches the hard direction and the anisotropy 
field can be obtained from the initial slope of the plot of 
hard direction magnetization against hard direction field. 
Rearranging equation (5), we can obtain the analogous 
equation for a field applied inhomogeneously: 


H = Hx(1 + 2p/w) sin 0, (7) 
Measuring the incremental slope will give the apparent 
anisotropy field, Hx(1 + 2p/w). This is not quite the 
same as the field required to rotate the central strip into 
the hard direction (0, = 90°) because of the approxima- 
tion that cos 0 everywhere equals cos 0, which will not 
be valid for points remote from the drive strip when 0, is 
large. In any event, however large the applied field, the 
strip of film beneath the drive strip could never quite 
reach the hard direction (when the applied torque would 
be zero and no torque would be required by this strip of 
film) because a ‘torque is still required to deflect the 
magnetization of the remote regions of film. 

Apparatus and techniques. The arrangement used to 
measure the propagation of magnetization changes is 
shown in Fig. 1. The conductor pattern was photo-etched 
from 25u copper sheet and insulated from the film and 
conducting substrate by 64 ‘Melinex’. By connecting 
various numbers of drive strips the drive-strip width could 
be varied between 0:5 and 3mm. Pulses 100 ns long and 
having rise times of about 1 ns were obtained from a 
mercury wetted reed discharge line pulse generator and 
matched into the low-impedance drive strips through a 
50 Q matching resistor. Hach drive strip was individually 
terminated and the current produced by the generator 
was established within 3 ns in the drive strips irrespective 
of the number used. Equal current sharing between the 
strips is ensured by earthing at the far end so that there 
is no potential on them after the first double ‘transit 
time. All the matching and terminating resistors were 
screened by placing them in milled recesses in the base 
plate of the test jig. The common return wire for the 
sense wires was returned near to the sense wires them- 
selves to reduce any E.M.F. due to eddy currents induced 
in the conducting base plate when the drive current 
flowed. Any transient capacitive €E.M.F. produced in the 
sense wires beneath the drive strips was reduced by 
connecting the oscilloscope to the sense wires through a 
‘balun’ transformer’. With this arrangement, only 
differences in potential of the sense and return wires are 
detected. When the drive pulse begins the magnetization 
of the film beneath a sense wire rotates through an angle 
0 towards the hard direction and the flux change produces 
& triangular pulsed E.M.F. of height V and base-length t, 
such thab: 


Vi/2 = 4x Mflsin 0 (8) 


where } is the length of the sense wire. It was found that 
the value of t was about the same (~ 10 ns) for all the 
sense wires and so the g.M.r., V, can be used as a measure 
of the rotation, 0, of the film beneath the sense wire, once 
a slight correction for the differing lengths of the sense 
wires has been made. The signal/noise ratio depended 
on the film and the drive current but scarcely at all on 
the particular sense wire being used, the worst value being 
about four. The measurement of every point included 
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Fig. 1. Arrangement used to detect propagation of magnetization 

changes. The aluminium plate carrying the film fitted into a recess in 

the base plate, giving a continuous conducting plane. The drive strips 

were 0-5 mm wide separated by 0-1 mm gaps. The sense wires were 

0:1 mm wide and spaced at distances of 5, 4, 3, 2-5, 2-0, 1-5, 1-0, 0-5, 0, 
—0-5 mm from the edge of the drive strips 


the measurement and subtraction of the noise, the noise 
being the value obtained by locking the film with a large 
permanent magnet. 

The loop plotter used to measure the anisotropy ficid 
of the film under homogeneous applied field conditions 
produced results consistent to within about 10 per cent 
(this is the standard deviation of a series of measurements 
of the same film). The oscilloscope used to measure tho 
drive currents could be read consistently to about 5 per 
cent and had a maximum sensitivity of 10 mV/em with 
a rise time of 4 ns. 

Experimental resulis. Curves were plotted of tho out- 
puts obtained from the various sense wires as a function 
of the drive current for various widths of drive strip 
and for films having a range of thicknesses and anisotropy 
fields. A typical result is shown in Fig. 2. It can bo seon 
that the sense wire detecting the magnetization changes 
up the centre of the strip (curve 1) gives a curve with a 
linear initial portion flattening off as the film bencath it 
approaches saturation. This is in accordance with equs- 
tions (7) and (8) which predict a linear increase in sin 0, 
and hence of V, with applied field. The rounding off of 
the corner, instead of a sharp bend as predicted by the 
equations, is probably due to dispersion in the anisotropy 
field of the film. The curve for the sense wire boneath 
the edge of the drive strip is almost identical to the curve 
for the wire in the centre, indicating that the magnetiza- 
tion changes are almost uniform in the strip of film directly 
beneath the drive conductor. The sense conductors 
(curves 3 and 4) away from the film show a reducod 
magnetization change increasing linearly with drivo field 
up to about the field at which the central strip became 
saturated (about 24 o) when the slope decreases. The 
finite slope of the second part of the curve was shown to 
be due to field spread from the strip conductor: this slope 
is approximately inversely proportional to the drive con- 
ductor width so that it is the current density which is 
important. As the drive current density increases, the 
region of uniform changes also increases, causing à corre- 
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Fig. 2. Output from sense wires as a function of drive current and 
equivalent drive field. Drive strip width 1-1 mm, film: 2200 A thick, 
Hg 87 œ. Sense wires: 1, at centre of strip; 2, at edge of strip; 3, 
0-5 mm from edge of strip; 4, 1-0 mm from edge of strip 
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sponding outward shift in the magnetization distribu- 
tion and giving a larger output from the sense wires. The 
apparent anisotropy field was measured from curves such 
as those in Fig. 2 by extrapolating the initial slope of 
curve l until it reached the peak output obtained at 
saturation. From the known relationship between drive 
conductor width, drive current and drive field the 
apparent anisotropy field can be found. Thus for the 
film of Fig. 2 the apparent anisotropy field was 24 + le 
with a 1-l-mm wide drive conductor while the true 
anisotropy field measured on the loop plotter was only 
8.7 + 0:8 œ. 

The distribution of magnetization changes in tbe film 
away from the drive conductor was found by measuring 
the output from each sense wire at & particular current 
below the knee of the curve. When the outputs were 
plotted on a logarithmie scale as a function of the position 
of the sense wire a straight line resulted, the slope of 
which appeared to be independent of both the drive field, 
if this was less than the apparent anisotropy field, and 
the width of the drive conductor. Since at any point the 
flux change due to the deflexion of the magnetization is 
proportional to the local resultant field, for this direction 
of measurement, it follows that this resultant field must 
fall off exponentially with distance from the edge of the 
drive conductor. The slope of the straight line provides 
a measure of the propagation constant, p, of equations 
(3) and (7). Measured values of p were between 0:3 and 
l mm. Since the curves of Fig. 2 are initially linear, the 
result that the propagation constant does not depend on 
the drive field is to be expected. The lack of dependence 
of the propagation constant on the drive-conductor width 
indieates only that the field at the film on one side of the 
drive conductor due to a line of poles on the other is too 
small to be of significance. From equation (7) we have 
the theoretical relationship between the apparent aniso- 
tropy field, H’ x, the true anisotropy field, Hx, the propa- 
gation constant, p, and the drive conductor width, w: 


H'g = Hg(1 + 2p/w) (9) 
In Fig. 3 the values obtained by inserting the measured 
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parameters into the right-hand side of equation (9) are 
plotted against the apparent anisotropy field measured 
directly for all the films and drive-conductor widths used. 
It can be seen that a reasonably good correlation is 
obtained, even although the films used were prepared 
under widely differing evaporation conditions and in three 
different plants. This suggests that the explanation of 
the increase in the apparent anisotropy field over the 
true value in terms of the propagation of magnetization 
changes is correct. 

Cause of propagation. It was mentioned above that a 
possible cause of the propagation was magnetostatic 
coupling between neighbouring regions of film, but a 
further discussion of this is of interest. If the propagation 
did not occur, a line of poles would appear beneath the 
edge of the drive conductor and a field of the order of 
104 ce would appear on either side of the line of poles. 
This field would tend to demagnetize the film beneath the 
drive conductor and tend to magnetize the film beyond 
the drive conductor, though producing no net torque on 
the film as a whole. Any magnetization changes produced 
by the hypothetical line of poles would broaden the line 
into a band and reduce the energy of the system. Now, 
the field produced by a line of poles is proportional to 
the thickness of the film and inversely proportional to the 
distance. The change of magnetization at any point in the 
film also depends on the relative magnitudes of the applied 
field and the anisotropy field. Thus it would be reason- 
able to suppose that the propagation constant would be 
greater for thicker films of lower anisotropy. Accordingly, 
an attempt was made to correlate the propagation con- 
stant with the film parameters. The propagation constant 
was found to have no distinct correlation with either the 
film thickness or the true anisotropy field, but there was 
a positive correlation with the ratio of film thickness to 
anisotropy field. The points obtained could be roughly 
enclosed in an ellipse with a ratio of major to minor axes 
of about three. This evidence alone cannot support the 
hypothesis of a linear relationship between the propagation 
distance and the ratio of film thickness to anisotropy 
field. We have as yet been unable to complete any 
rigorous theoretical calculation of the form of the magnet- 
ization distribution, as the integral equation describing 
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; drive conductor width 0-5-3-0 mm. The size 
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the equilibrium magnetization distribution requires the 
use of an analogue computer to obtain the solutions. An 
attempt to obtain an approximate solution using a digital 
computer was unsuccessful. 

The possibility that the propagation might be due to 
exchange rather than magnetostatic coupling was investi- 
gated by removing a strip of film about 100 u wide 0-8 mm 
from the edge of the drive conductor. The magnetization 
distribution was found to be unaffected by the break in 
the film. This appears to eliminate exchange coupling, 
which has a very short range and could not cross the 
break in the film. Magnetostatie coupling, on the other 
hand, would scarcely be affected, being a comparatively 
long-range force. If the propagation is due to magneto- 
static coupling it would be expected that slight mis- 
orientation of the easy axis of the film would not affect 
the distribution of magnetization changes significantly. 
It was found that the outputs obtained from the sense 
wires were not affected significantly by misorientations 
up to 20°, larger misorientations giving a reduction in 
output. As might be expected from this result, there 
seemed to be no consistent dependence of the propagation 
on the angular dispersion of easy axes of the film. 

Easy axis propagation. Propagation was also found to 
occur along the easy axis of the film when it was subjected 
to a hard direction bias field equal to the anisotropy field. 
Under these conditions the permeability along the easy 
direction is at a maximum, being in general about twice 
the normal permeability of the film in the hard direction®. 
lt was found that the magnetization distribution created 
by the drive current applying an easy axis field was very 
similar to that created by the hard direction drive field: 
the magnetization change is nearly uniform beneath the 
strip conductor and falls off exponentially with distance 
away from the edge of the conductor. The easy axis 
propagation constant, p, was in general about 20 per 
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cent less than the hard axis constant although the easy 
axis field required to produce a given flux change at the 
central sense wire was less than the hard axis field 
required to produce the same change (the permeability 
being more). There is no obvious reason why the hard 
and easy axis propagation constants should be similar, 
and the interpretation of this result must await the 
solutions of the relevant equation’. 

Conclusion. The increase of the apparent anisotropy 
field obtained with inhomogeneous applied drive fields 
over the true value found using homogeneous fields can 
be explained by the propagation of magnetization changes 
beyond the region of film subjected directly to the applied 
drive fields. The larger area of film influenced requires a 
correspondingly larger total torque to produce a given 
rotation in the region where the field is applied. The 
values of propagation constant found can predict the 
apparent value of anisotropy field to within the experi- 
mental error. The precise cause of the propagation does 
not affect this prediction, given the result that the mag- 
netization changes decrease exponentially away from the 
edge of the drive conductor. It seems most probable that 
the propagation is due to magnetostatic coupling, especi- 
ally since the expected dependence of the propagation 
distance on. the ratio of film thickness to anisotropy field 
is confirmed experimentally. Any complete confirmation 
of this hypothesis must await the results of the cal- 
culations of propagation constant as a function of film 
parameters and comparison with the experimental results. 


1 Bradley, E. M., J. App. Phys., Supp., 38, No. 3, 1051 (1962). 

2 Leaver, K. D., and Prutton, M., J. Elec. Control., 15, No. 2, 173 (1963). 
3 Leaver, K. D., Ph.D. thesis, Univ. London (1963). 

* Mossman, P. (to be published). 

5 Ruthroff, C. L., Proc. Inst. Rad. Eng., 47, 1837 (1959). 

* Torok, E. J., and White, R. A., J. App. Phys., 88, No. 10, 3037 (1962). 

* Nimmo, I. A. (to be published). 


GRAININESS IN THE PHOTOGRAPHIC RECORDING OF ELECTRON 
MICROSCOPE IMAGES 


By Dr. R. C. VALENTINE and N. G. WRIGLEY 
National! Institute for Medical Research, Mill Hill, London, N.W.7 


RAININESS can be seen in any over-enlarged 
photographie image. But since basically the image 

on the negative is simply an array of silver grains held in 
a thin layer of gelatin, the effect is often thought to have 
an obvious explanation. However, the silver grains 
themselves are seldom more than lp (10-* cm) in diameter 
and in fine-grain material many may be beyond resolution 
with an ordinary microscope. So clearly graininess, 
which can often be seen in a ten-times enlargement, is not 
to be explained in a way that would make the silver grains 
analogous to the points of ink in a printed illustration. 
In fact, it results from the fluctuations in the numbers of 
grains in each just visible area, and the primary cause of 
these fluctuations does not lie in the photographic emul- 
sion at all but in the radiation to which it has been exposed. 
Whatever its nature, this radiation arrives as quite inde- 
pendent particles in the form of quanta or electrons. A 
photographic negative may have been exposed to what is 
macroscopically a constant, uniform beam of radiation 
and, if the intensity is known, a simple calculation will 
give the mean number NN of particles that fall on an area 
of given size in a stated length of time. But the arrival 
of the individual quanta or electrons is quite random, 
and the actual numbers that arrive from spot to spot 
and from moment to moment will not be constant but will 


fluctuate around the mean number N. Such random 
events conform to Poisson’s law and the extent of the 
fluctuation is predictable; it will have a root-mean-square 
value of + 4/N. The fluctuation expressed as a fraction 
of the mean is thus 1/4/N. Where N is very largo, 1/4/N is 
insignificant and the radiation appears uniform and con- 
stant. But when small areas or short times are considered 
and N is consequently small, the fluctuations become 
very obvious; if, for example, N is only 100, the root- 
mean-square fluctuation becomes 10 per cent of the 
mean. 

When the emulsion is exposed to an image instead of to 
a uniform beam of radiation, tho smallest detail of given 
contrast that can be detected in the picture will clearly 
be limited by the graininess. The problem put in terms 
of simple information theory is that the signa] (which 
here is the change in density on the negative caused by 
the object we want to detect) must be significantly larger 
than. the noise (which is the random fluctuation in density 
in areas of the same size). In practice, unless the signal- 
to-noise ratio is greater than five, the object will not be 
detectable with certainty. The reason is that the amount 
of information conveyed from the object to the negative 
is not statistically significant and, since it is clear that 
no subsequent photographic manipulation when making 
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The figures give the number of electrons per x? (=10-* cm?) that give a specular optical density D=1 



































Developer 
Ilford Kodak 
Emulsion -— 
ID-2 ID-11 ID-13 ID-19 ID-36 ID-62 ID-78 | Microdol| D. 19b | D. 158 | D. 178 
(1:2) (none) (none) (none) (1:3) (1:3) (1:3) (none) (none) (1:1) (2:1) 

Ilford Ilfex (X-ray film) 0-07 

» AK 0-09 

» N 0-14 

»  G.5 (nuclear track) 0-25 

» N.40 0-75 1-0 0-44 0:87 0-75 0-69 0-75 3:0 

» crema lantern contrasty 0-75 0:94 0:31 -69 0-75 ee 0-04 27 

” D 

»  Speolallantern soft 0-81 

is 25 0:94 

»  L.4 (nuclear track) 16 

» N.50 2:0 1:8 0-69 2:2 1:8 1-7 2:2 7-5 

» Bpeciallantern normal 1:8 

4 * 3-6 3:5 1-4 49 2.9 5:1 41 81 

» Contaotlantern 16 14 8-6 18 12 16 14 51 
Kodak B.10 0-76 

1 4 l1 

» maximum resolution 51 
Gevaert 23 D 50 0-55 0:55 

» 11€ 50 11 T5 














The figures in brackets under each developer give the dilution as parts of stock developer to parts of water. 


Development was at 21° C for 4 min in a 


dish with intermittent agitation. The developers were freshly made up according to the manufacturer's published formule. 
As explained in tho text, the figures give a rough idea of exposure time in seconds when the beam gives a well-lit fluorescent screen. 


enlarged prints can ever add to this information, the 
object will be lost in graininess, however such prints are 
made. 

In the same way the signal-to-noise ratio on the negativo 
ean never be better than the ratio in the optical image 
during the time of exposure; but it may be considerably 
worse. Such loss of information in the photographic 
recording of the image will occur when each photon or 
electron in the image does not contribute equally to the 
optical density of the negative. For example, if three- 
quarters of the photons in the optical image pass right 
through the photographic emulsion without being absorbed 
by a grain of silver halide, they obviously contribute 
nothing to the photographic image. The number of 
effective photons is thus reduced to a quarter and so the 
noise (which varies with the square root of the number) 
is doubled with no increase in signal. The non-linear 
response of photographic emulsions to light complicates 
the rigorous application of information theory, but 
Fellgett! has estimated that a 100-fold loss of signal-to- 
noise ratio occurs in forming the negative with even the 
best emulsions available to-day. 

It is well known that the resolution obtained in electron 
microscope pictures of biological specimens falls disap- 
pointingly short of the 5 A resolution which can now be 
demonstrated with suitable test objects. The electron 
contrast in the ultra-structure of biological materials is 
so low that details smaller than 20 A are almost always lost 
in graininess. In part it is true that this graininess is not 
photographic but exists in the film used to support the 
specimen or in the stains used. But if the recording of the 
electron image on the photographic plate was anything 
like as inefficient as the recording of a light image, much 
relevant information might be present in the electron 
image but lost in the photographic processes. It would 
then be well worth looking for more efficient ways of 
recording the image. 

The response of a photographic emulsion to the usual 
40-100 kV electron beams used in microscopy differs 
from the response to light in being almost exactly linear 
over the whole useful working range?. The optical density 
on the plate (or film) after it has been processed is pro- 
portional to the number of electrons per unit area to which 
it was exposed. As æ consequence, a straightforward 
measurement gives the loss of signal-to-noise that occurs 
in recording the electron-microscope image. A plate is 
exposed in the usual way in the electron microscope but 
without a specimen in place. It is easy to arrange that 
the beam on the plate is uniform. After being processed, 


the plate is scanned with a recording microdensitometer 
and, as the aperture of the densitometer is reduced, the 
random fluctuations due to graininess increase. For any 
selected aperture area A the trace can be used to calculate 
the root-mean-square fluctuation in density c and also the 
mean density D of the plate. If the constant k is known 
that relates the optical density D to the number of elec- 
trons per unit area to which the emulsion was exposed 
(k being, in fact, a measure of the speed of the plate to 
electrons), then the mean number of electrons on an area 
A is given by N = AD/k. The ratio r of signal-to-noise 
in the photographic image to that in the electron image’ 
is (c/D)(V N]JN) and so r=oVA/Dk. For a perfect 
recording of all the information in the electron image 
r would be unity, but since in practice some information 
must be lost in the photographie processes r « 1. For 
exposure to light it has already been mentioned that an 
estimate gives r as only 0-01. 

A measurement of r for an electron micrograph requires 
in addition to the densitometer measurements a value for 
k. Since there are very few published measurements of 
the speeds of various emulsions to electrons? we measured 
k for a wide range of commonly used emulsions in various 
developers. Each plate was exposed in the electron 
microscope to a 60-kV beam for an appropriate time. The 
electron exposures given can be measured with a Faraday 
cage?, but we found it as accurate and more convenient 
to make counts of electron tracks on nuclear track 
plates (Ilford G.5 and L.4:10u thick emulsions) which 
had been given a known fraction of the exposure. The 
emulsions under test were processed in the usual way with 
4-min development in an intermittently agitated dish and 
their optical densities measured with the Joyce-Loebl 
microdensitometer using a large aperture. The spoods 
of the various emulsions were thus determined and are 
given in Table 1 as the number of electrons per p? 
(= 10-5 cm?) that give a specular density D = 1. This is 
2 convenient way of expressing speed (though it should 
be noted that the figures give the reciprocal of k and that a 
high speed is shown by a low figure), for when the fluores- 
cent viewing screen in the microscope is made just bright 
enough for the image to be seen clearly it will be receiving 
very approximately 1 electron/u?/sec. So the figures in 
Table 1 also indicate roughly the exposure time in seconds 
that each emulsion will require if exposed to the image at 
the same intensity that is used for direct examination 
on the screen. 

Mierodensitometer traces were then taken to obtain 
values forc. The densitometer aperture A was chosen to 
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Table 2.. FACTOR f BY WHICH THE SIGNAL-TO-NOISE RATIO IS REDUCED 
BETWEEN THE 00 kV ELECTRON IMAGE AND THE PHOTOGRAPHIC IMAGE 
with VARIOUS EMULSIONS AND DEVELOPERS 













r=10 G.5 (DASX. special lantern contrasty (ZD-62, Microdol): 
(nolos) | LA(GDÀ9) o 
r-09 i scial lantern contrasty (ID-11, ID-19): BA 
f (ID-30): 11 C.50 (1D-30) 

r-08 Pex (LD-02 GD-62): N.40 (1D-02, Microdol): special 
lantern contrasty (1 D-2, 1D-13, 1D-36, 1D-78): N.30 (TD-62): 
N.25 (LD-62): N.50 UD-2, 1D-36, MierodoD: N.60 (1D-2, 
TD-86): BAG(D.19b): 23 D.50 (/D-2): 11 C.50 (1D-2) 

ru XK (LD-62): N40 (D-2, ID-1, [D-18, ID-19, ID-36): 
special lantern soft (LD-62): N.50 (ID-11, LD-18, 1D-19, 
ID-18); special lantern normal (10-62): N.60 (1 D-11, 1D-13, 
ID-62): contact lantern (1D-36): maximum resolution (D.178) 

fs06 NAQOGD-78): N.60 (LD-T8): contact lantern (1.D-62, 1D-78) 

rub XN.60 (Microdal): contact lantern (D-2, ID-11, 1D-18, 1D-19) 

Contact lantern (Mierodol) 


pe OS, 
give a reasonable fluctuation in D (usually A was 50 x 
BO. or 100 x 100u). The density of tho plates was 
. arranged to be close to D = 1. The value of r, the frac- 
. tional loss of the signal-to-noise between the electron image 
~: and the photographie image, was then calculated for each 
emulsion from the equation given above, and the results 
are shown in Table 2. This clearly indicates that the 
photographie emulsion is an almost perfect recorder of 
‘the electron microscope image. Indeed, except for the 
very slowest plates, it is doubtful if in practice any of 
the figures would be significantly different from r = 1, 
“and with several emulsions any loss of signal-to-noise was 
immeasurable. Thus photographie granularity in electron 
‘micrographs can be almost always equated with electron 


NATURE 715 


noise: so the faster the emulsion the more prominent 
graininess will become because for the same density the 
emulsion will have been exposed to fewer electrons. > 
If one assumes the normal contrast constanis*^ for on 
electron microscope working at 60 kV with a 50y objective 
aperture for various specimen weight densities p iapproxi 
mately for most metals p = 20; for ni b. i 
p = 5; for positivo staining p = 2), the 
magnification of the image on the pla 
electron microscope to show specimen. 
of resolution distinctly above photograp 
calculated. We find approximately that 
magnification is given by M = 105/(pz*A/ 
is the required resolution and n the number: 
required by the emulsion for D = 1 as li 
Obviously imperfections in the specimen o: 
ing film may in practice limit useful rox 
sizes than that given by this equation; on 
apparent detail that is much smaller is ; 
graphic grain unless it has some regular fontu 


parallel lines in a crystal lattice) that aids recognition. 2 
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AN ELECTRODEPOSITION METHOD FOR THE PREPARATION OF 
ELECTRON MICROSCOPE SPECIMENS 


By W. PARKER* and H. BAUMGARTNER 
Institute of Chemistry, Reactor Centre, Seiberdorf, Austria 


N the course of some recent invesbigations!-" concern- 
ing the cathodic deposition of various elements in the 

chloride, nitrato or sulphate form from aleohol plating 
solutions, apparatus and procedure were developed 
whereby thin films produeed in this manner could be 
prepared in a form suitable for examination in an elec- 
|. *ronmieroseope of the Siemens Elmiskop I type. While 
our own interests were mainly directed toward various 
chemical compounds of uranium, the success and sim- 
plicity of the method and application to other elements 
are obvious. 

The electrodeposition cell shown in Fig. 1 is construc- 
ted in two parts, A and C, which can be screwed together. 
A plastic tubo D is eonnected by means of a nozzle to 
- geetion. C of the cell, and is fed by a mercury bulb provi- 
ded with a tap F and a metal seal for electrical connexion. 
The specimen. grid holder (Fig. 2) consists of a stainless- 
steel disk C, 28 mm in diameter, with a recessed stainless- 
steel projection B. The specimen grid, after cleaning, 
is placed in recess A. The top section of the cell is 
removed and the specimen grid holder placed, as shown 
in Fig. 1 B, in the cell base C, and held in position by 
replacing the top section of the cell A. The cell is now 
ready for flooding with mercury. This is achieved by 
raising the mercury bulb until tho stainless-steel disk is 
eovered by mercury and final adjustment made by 
regulating the flow of air into the bulb with tap F. The 

; pey should just cover the top of the specimen 
: gri E 

(5 Inour particular case, stock solutions of uranyl nitrate, 
uranium chloride: snd uranium sulphate were prepared 
having a concentration of 1 mg/ml. in distilled water. 
Tho cell was filled with 15 ml. of isopropanol and 10 yl. 


* Present address: Department of Physics, Chalmers University of Tech- 
nology, Gothenburg, Fat ig 7 


of the stock solution in question added during the stirring 
of the solution with a plat num anode having the form of 









Fig. 1l. Mercury cathode deposition cell. A; serew-in 
B, specimen rst helder; C, base of edt D, 
mercury-level adj 
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a flat spiral. Finally, 100 V d.c. was applied between the 
anode stirrer and mercury bulb. The distance between 
the anode and the mercury surface was adjusted for 
minimum current flow. 

After the completion of a 2- or 3-min run the anode is 
withdrawn and the plating solution siphoned off. 'The 
level of the mercury is very carefully lowered to a point 
just below the specimen grid and then drained out com- 
pletely from tho cell. Part A of the cell is serewed off and 
the specimen grid holder removed. During the early 
phases of the work some trouble was caused by small 
quantities of mercury boing trapped between the depos- 
ited film and tho specimen grid. However, providing 
some care is taken in the cleaning of such grids, no undue 
difficulty should arise. We found that washing the plati- 
num grids in concentrated nitric acid followed by alcohol 
was satisfactory for this purpose. 

Figs. 3 and 4 are some of the results obtained from 
specimens prepared from uranyl nitrate plating solu- 
tions. In this case the deposited material proved to be 
uranium dioxide and not, as was originally thought to be 
the case, the same compound as that dissolved in the 





Fig. 2, A, clectronmicroscope specimen support grid; B, stainless-steel 


grid holder; C, holes for admission of mercury 





Fig. 3. Electron diffraction pattern of film deposited from uranium 

nitrate in alcohol plating solution shows that during some stage of 

preparation, or microscope examination, conversion to the dioxide has 
occurred 
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Fig. 4. Electronphotomicrograph showing surface structure of UO, 
film obtained deposited from uranyl nitrate plating solution ( x e. 12,000) 


plating solution'. However, recent dissociation studies 
involving the labelling of magnesium sulphate with 
radiosulphur (sulphur-35), or Mg**SO,, have shown that 
under carefully controlled conditions magnesium sulphate 
is plated out as such at the cathode’. It has also been 
pointed out that this could be the case with the uranium 
salts, but that they are later converted to the dioxide 
caused by the heating of the electron beam. In order to 
test this possibility, labelling will also be applied to 
uranium sulphate. 

The described plating method has been applied to a 
wide range of elemental compounds including uranium 
and thorium*?, the rare earths!', cæsium, cobalt, iron, 
zine, strontium and calcium’, and plutonium‘; it is 
possible that the method may find routine application in 
electron diffraction where one can never have too many 
preparation techniques available. 

The possibility of using a similar technique for the 
preparation of thicker, self-supporting films (up to 
500 ug/em*), having an area in the region of 1 em?, is at the 
present time under development*. Such films would 
find eonsiderable application within nuclear physics. 

We thank the director of research, Dr. M. Higats- 
berger, for facilities and Dr. H. Bildstein, director of the 
chemical institute, for his advice. One of us (W. P.) 
thanks Prof. Nils Ryde, Gothenburg, for the leave of 
absence granted to him and for his advice. 
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* Parker, W., to be published in Nucl. Instr. and Meth. 
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CYTOCHEMICAL AND IMMUNOCHEMICAL ANALYSIS AT THE ELECTRON 
MICROSCOPY LEVEL: OBTAINING CONTRASTING ANTIBODIES 
BY USE OF IODINE 


By L. B. MEKLER, S. M. KLIMENKO, G. E. DOBREZOV, V. K. NAUMOVA, 
YU. P. HOFFMAN and Pror. V. M. ZHDANOV 


D. l. lvanovsky Institute of Virology, Academy of Medical Sciences of the U.S.S.R., Moscow 


Nass histochemistry offers various methods of 
histochemical analysis. These methods have been 
developed on the basis of optic microscopy. However, 
limitations due to the low-resolving capacity of optical 
microscopes do not allow the use of these methods for 
investigating histochemical problems at the molecular 
level. 

With the use of electron microscopes the only way of 
revealing two different neighbouring structures or sub- 
stances is by contrasting. - The intensity of blackening 
of a photographic plate (other conditions being equal) is 
determined by the quantity of clectrons reaching each 
particular area of the plate. The quantity of electrons 
loosened by the original electron pencil passing through the 
object is determined by that part of the electron pencil 
which is scattered inelastically and elastically by the atoms 
of the object. The first effect is determined by the correla- 
tion between the energy of the falling electrons and the 
structure of electron levels of an atom. It occurs if the 
energy of the falling olectrons is equal to or more than the 
energy which corresponds to characteristic frequencies of 
the element spectrum. 

Tf interaction between the electron pencil and the atoms 
of the element is inelastic, the representation of the bio- 
logical object in principle can be obtained as a mosaic 
which reflects the distribution of the chemical element in 
the preparation. In this case the change of the electron 
energy (for example, by a change of the accelerating 
voltage) and construction of an image of the object 
examined by inelastically scattered electrons renders it 
possible to obtain some photographs which reflect the 
distribution of different elements in the object investi- 
gated. 

If one proceeds from the K-lines of the X-ray spectrum 
the excitation energy of which is closest to the energy of 
electrons now used in electron microscopy, & simple 
calculation shows that micro-elements most interesting 
from the biological point of view (manganese, iron, cobalt, 
zine, molybdenum, silver, iodine, mercury, lead, etc.) may be 
detected with an electron microscope operating at 7-100 
kV with sufficiently precise stabilization of the voltage 
(the error should not exceed 0-001 per cent), a high 
resolving power (~ 2 A) and corresponding system of 
construction of image. At present such microscopes do 
not exist. However, possibilities of the method already 
mentioned may make the designing of such electronic 
microscopes very desirable. 

The second effect, that is, elastic scattering, is determ- 
ined in common by the size of the atom. The higher the 
atomic number of the element, the more intense (other 
conditions being equal) is the scattering of the electrons 
by its atoms. 

This effect apparently cannot be used for identification 
of elements, because the additivity of scattering effect 
on many atoms does not allow estimation of the part 
brought in common scattering by every element. 

At present, electron microscopy does not render it 
possible to distinguish between elastic and inelastic 
scattering. Both effects are determined by the size of 
atomic cross-section for electron scattering. If the 
atomic number is increased the cross-section for electron 


scattering is also increased. Owing to this it is easy to 
distinguish two structures containing atoms with widely 
distant atomic numbers, but it is difficult to do this when 
the atomic numbers are neighbouring. For this purpose 
the heavy elements (osmium, manganese, iron, uranium) 
are used as specific markers for increasing the contrast 
of objects. The specificity of a marker is highly increased 
by combining the iron-contained protein, ferritin, with 
antibodies. The possibility of obtaining antibodies against 
‘artificial’ antigens? suggests the idea of developing a 
method of electron-microscopic immunochemical analysis 
which is highly sensitive and unique as a specific immuno- 
chemical method, on one hand, and render it possible to 
detect both the macromolecules and usual smaller mole- 
cules of organic substances on the other. Hence, it is 
evident that the method of obtaining contrasting anti- 
bodies is of great importance. 

However, the method of ferritine antibodies has two 
significant disadvantages; for example: (1) obtaining & 
sufficiently pure complex molecule of antibody—ferritine 
is very difficult and laborious; (2) a sharp increase in the 
size of the immunologically active molecule may impede 
its diffusion to the areas of antigen localization in the cell. 

To eliminate these disadvantages, attempts were made 
to develop a method based on combining the antibody 
molecule with a small organic molecule containing mer- 
cury***. This method requires a scarcely available mercury- 
containing organic compound and is also very laborious. 

It is well known, however, that up to 20 iodine atoms 
may be included in the antibody molecule without losing 
its specific activity^?. The problem is whether this 
amount of iodine is sufficient to make the antibody thus 
iodized ‘black’ enough, that is, contrasting in the field of 
an electronic microscope against a background of the 
neighbouring areas of the preparation. 

At present there are no theoretical data allowing one to 
calculate precisely the dependence between the quantity 
of atoms with a particular atomic numbor and tho level of 
scattering of electrons produced by them, that is, tho 
value of blackening observed and the contrast in the 
electron microscopy. On the basis of the thooretical 
approach’, Valentine’? developed an equation making it 
possible to calculate as a guide the number (N) of atoms 
with the atomic number (Z) which must be distributed 
uniformly over the surface of an object or in its volume 
to obtain & minimally detectable increase in the contrast 
at the particular voltage used for electron-microscopic 
examination. 

By using this equation, Pearse’ carried out a similar 
calculation for contrasting with OsO,. According to his 
results sufficient contrast may be obtained by introducing 
one residue of OsO, per 400 A (ref. 2) of tho membrano 
surface. Since the cross-section of the antibody is 
8000 A (ref. 2) and the atomic number of iodino (Z) is 
53, it is evident that for obtaining a contrast analogous 
to that produced by osmium one should introduce about 
40 iodine atoms into the antibody molecule. 

An important factor for obtaining the contrast is the 
distribution of iodine atoms in the antibody molecule, 
determined in its turn by the distribution of tyrosine 
residues. Unfortunately such data are lacking. 





Fig. 1. Influenza virus PR-8 adsorbed on the chick red blood cell 
stroma, A, treated with Os0,; a troated with iodized immune y-globulin 
xe. 7, 


We have attempted, however, to estimate more pre- 
cisely the possibility of obtaining a sufficient contrast by 
iodizing. For this purpose we used the photographs taken 
in the course of electron-microscopic examination of thin 
tissue sections of the murine thyroid’. Thyreoglobulin 
contains 0-8 per cent of iodine. One could hope to 
detect it by electron-microscopic examination. Indeed, 
the photomicrographs showed several types of granulos 
with high-density levels. Although thore is no direct 
evidence that these granules are really the granules of 
thyreoglobulin, their unusual character, specificity for the 
thyroid gland and the characteristic dynamics of their 
oecurronce suggested tho possibility of obtaining a 
sufficient contrast by using iodized antibodies. On the 
basis of the aforementioned considerations the investiga- 
tions described here were performed. Influenza virus 
(strain PR-8) was used as the antigen, and hyperimmune 
polyvalent horse serum as the source of antibodios. 

(1) An allantoic culture of influenza virus (strain 
PR-8) was purified by means of ultrafiltration’? and 
differential centrifugation, as a result of which a virus 
suspension in 1 per cont ammonium acetate solution was 
obtained. 

(2) y-Globulin was prepared from hyperimmune horse 
serum. The solution obtained was diluted with sodium 
bicarbonate solution, down to the y-globulin concentration 
of 2 per cent and 1-5 per cent concentration of sodium 
bicarbonate. The solution was cooled down to 0°to + 2°C 
in an ice bath with constant stirrmg by a magnetic 
stirrer and gradually was added dropwise 0-2 N iodine 
solution in ethanol at a rate of about 0:01 ml./min. 
The amount of iodine added corresponded to 10 per cent 
of the weight of y-globulin. The solution gradually became 
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coloured and at the end of the iodine addition turned 
yellow, with a decrease of pH from 8-3-8-4 to 8-2-8-1. 
Addition of iodine lasted 2-2-5 h. Then the solution was 
poured into a ‘Cellophane’ sac and dialysed overnight 
against 1 per cent ammonium acetate solution, pH 7-0. 
A colourless solution was centrifuged at 8,000-10,000 
r.p.m. for 20 min. The residue was discarded and the 
solution was used as the source of iodized antibodies. 

(8) The antigen-antibody reaction was performed in 
two ways: (i) a sodium periodate solution was added to 
the virus suspension. The non-reacted sodium periodate 
was reduced with glucose”. Then the virus-containing 
suspension was mixed with chick red blood cells stroma, 
adsorbing the virus on the stroma and adding the iodized 
antibodies according to the method described’; (ii) the 
virus suspension was mixed with antibodies, after which 
the mixture was spread over a colloid membrane. 

(4) The initial non-iodized anti-influenza serum and the 
iodized horse anti-rabic serum were used as controls. 

(5) The preparations were examined with an electron 
microscopo, model JHM-5Y, at an accelerating voltage of 
80 kV. The expositions and the enlargements of the test 
and the control preparations were identical. Photo- 
graphs of the materials were taken simultaneously at all 
stages. 

Seligman!* pointed out that it is very desirable to 
introduce iodine into preparations examined with electron 
microscopes. When iodizing was performed, we tried to 
introduce an amount of iodine into the antibody molecule 
maximal from the point of view of preserving the spacific 
activity. The first experiments showed sufficient stability 
of the iodized antibodies and the amount of iodine intro- 
duced was increased up to 5 per cent. This amount is 
more than twice as high as that calculated. In practice, 
10 per cent of iodine is added to the y-globulin solution, 
since only ~ 50 per cent of iodine added is incorporated 
into the y-globulin molecule. Table 1 shows the results of 
determining the antibody titres in tho hemagglutination 
inhibition reaction. 


Table 1. CHANGES IN THE TITRES OF y-GLOBULIN RESULTING FROM 


IODIZING 


No. of Titres of the hemagglutination 
experi- inhibition reaction 
ments Initial Afteriodizing 
1 1: 5,120 1:1,024 
2 1: 612 1:612 
3 1:512 1: 128 


However, since the analysis of the iodine content in the 
antibodies was not performed, it was difficult to say what 
was the real content of iodine in the antibodies. Still, 
the examination of the preparation with electron micro- 
scope demonstrated that, in both the first and the second 
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Fig. 2. Influenza virus PR-8 mixed with y-globulin, A, with iodized immune y-globulin; B, with non-iodized immune y-globulin; C, with 
iodized anti-rabic y-globulin ( x 100,000) 
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variations of the reaction virus-antibodies, the contrast is 
observed in the presence of sufficient specificity. 

Fig. LA shows a preparation of influenza virus PR-8 
adsorbed on the chick red blood cell stroma contrasted 
with OsO, according to the usual procedure. Fig. 1B 
shows an analogous preparation treated with iodized 
antibodies but not contrasted with OsO,. The complex 
virus-antibody is clearly seen on the red blood cell stroma. 
Fig. 24 shows a preparation obtained on mixing & 
suspension of influenza virus PR-8 with iodized immune 

y-globulin. A sufficient contrast of the complex virus— 
antibody is clearly seen. 

Fig. 2B shows a preparation obtained in the same way 
by mixing & suspension of influenza virus PR-8 with non- 
iodized immune y-globulin. The complex virus-antibody 
is seon, as expected, in the form of a light grey diffuse 
zone. 

Fig. 2C shows a preparation, obtained with iodized anti- 
rabies horse y-globulin instead of iodized anti-influenza 
y-globulin. The virus particles are seen in the form of 
greyish diffuse spots. 

The photomicrographs are demonstrating an undoubt- 
edly sufficient level of contrast obtained with iodized 
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antibodies. However, it should be remembered that the 
final conclusion as to whether iodized antibodies are 
applicable for cytological investigations with the use of 
electron microscopes may be drawn only on the basis 
of investigating ultra-thin tissue sections treated with 
similar antibodies. 
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* Singer, S., Nature, 183, 1523 (1059). 
3 Landsteiner, K., The Specificity of Serological Reactions (Harvard Univ. 
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* Sigel, M., Proc. Fifth Intern. Congr. Biochem. (Russian ed,), Sections 1—13, 
482 (Moscow, 1962). 
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3 Cohen, S., J. Immunol., 67, 339 (1951). 
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Chistoserdova, T. V., and Lvova, A. I., Vopr. virusol., No. 2, 140 (1980). 
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SORPTION OF WATER BY WOOL KERATIN 


By J. G. DOWNES and P. NORDON 
C.S..R.O. Division of Textile Physics, Wool Research Laboratorles, Ryde, Sydney 


N a recent communication!, Dr. J. L. Morrison distin- 

guishes a water-content range of 35-42 per cent (relative 
to dry weight) in which he proposes that water is thermo- 
dynamically bound to wool keratin. His proposal is 
based on the results of experiments in which water 
vapour is slowly withdrawn via a capillary tube from a 
flask holding a wool sample initially containing free water, 
air being absent. Jt is our opinion that water is not 
bound to keratin in the proposed range (BC in Morrison’s 
notation) and that his observations result from a failure 
to maintain. the temperature throughout his sample 
sufficiently uniform. Our conclusions are based on 
theoretical grounds and are supported by results we have 
obtained from an experimental arrangement similar to 
that described by Morrison but used with a much reduced 
evacuation rate to obtain more nearly isothermal 
conditions. 

The important role of temperature in the wool—water 
sorption system is not always fully appreciated. Two 
examples may serve to emphasize the magnitude of the 
effect: (1) if the water content of a wool sample near 
saturation is changed under adiabatic conditions by 1 per 
cent, then the temperature of the sample will change by 
about 12? C. (2) In a system initially containing water 
vapour at saturation pressure at 20° C, if the temperature 
is increased by 1° C while the vapour pressure is main- 
tained constant, then the relative pressure (relative 
humidity) is reduced to 94 per cent and the corresponding 
equilibrium water content of wool is reduced from 33 to 
about 26 per cent. 

Owing to the presence of these strongly coupled effects 
the mechanisms of heat transfer are of prime importance 
in experimental studies of sorption. It is not easy to 
make observations of changes in water content which are 
characteristic of the wool keratin alone and uninfluenced 
by heat effects. This difficulty has already been con- 
sidered by King and Cassie*. It is particularly apparent 
in vacuum systems where heat transfer by convection is 
not present. 

In Morrison’s experiment water is removed from the 
sample at an initial rate of 2-2x 10+ g/sec. Assuming 


the heat of evaporation as 580 cal/g, then 0-128 cal/sec 
must be transferred to the sample. Transfer of heat to 
the interior of the wool mass is effective by conduction 
only at the vapour pressures used. Assuming the con- 
ductivity of the sample is effectively that of the water 
vapour present, for which we take the value 45x 10-5 
cal/sec/em/° C (ref. 3) and assuming a spherical sample of 
diameter 5 cm, it can be shown? that the necessary heat 
transfer can only take place if the centre of the wool mass 
is about 45° C below the surface temperature. It is clear, 
therefore, that either the experiment is not isothermal or 
evaporation is not occurring uniformly through the 
sample. 

If evaporation occurs only from the outer part of tho 
mass a much smaller temperature difference is required 
to sustain the necessary heat flow. In any actual oxpori- 
ment the interior temperature of the mass will fail only 
slightly to correspond with the rate of evaporation from 
the interior, which is limited by the relatively slow rate 
at which heat can be conducted to it. During evacuation, 
therefore, the source of water is essentially only the outer 
region of the wool mass. In the range AB (Morrison’s 
notation) the free water content of the outer rogion 
becomes progressively reduced and is lower than the 
average for the whole sample; however, the vapour 
pressure is constant at the saturation value. 

After point B is passed it is our opinion that the water 
content of the outer part of the wool mass is being reduced 
during evacuation to values progressively lower than the 
saturation value (that is, that usually taken as 33-35 per 
cent for unmodified wool keratin®), while in tho interior 
of the mass free water remains present but with its 
boundary receding towards the centre. The vapour 
pressure during evacuation will fall below the saturation 
value (this is manifested by the fall over tho rango BC 
in the amount removed per 20-min evacuation). The 
vapour pressure of the free water inside the mass falls 
correspondingly because it is at the lower temperature 
necessary to maintain heat flow. However, in the range 
BC the average moisture content for the whole sample is 
above the usually accepted saturation value for keratin‘. 
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This appears to us the probable explanation for the 
anomalous region BC, rather than the existence of 
‘capillary water’. 

While there is free water present throughout the 
sample and the temperature is uniform there is thermo- 
dynamic equilibrium and consequently no redistribution 
of water during the 12-h resting periods. Hence, non- 
uniformity in moisture distribution persists and the 
average moisture content of the wool mass is therefore 
not an indication of the condition of the outer region 
which is the effective source during evacuation. 

After all free water has been removed from the outer 
regions there will be a tendency during the 12-h periods 
for water to be transferred from the interior of the mass 
to the surface, since the latter then has an equilibrium 
vapour pressure below the saturation value. Calculation 
of the time required for redistribution is difficult; some 
estimates indicate, however, that complete equilibrium is 
"unlikely to occur in a 12-h period because of the thermal 
effects discussed earlier. Moreover, in no circumstances 
can the water content of the surface rise above the satura- 
tion value of 33~35 per cent. Hence, non-uniform distri- 
bution. persists in this case also. We consider that these 
are the conditions prevailing in the range BC and that 
the progressive fall in the amount removed per evacua- 
tion is a measure of the steady depletion of the sample 
surface. 

A further comment concerns the relative vapour 
pressure at the point C. Under the experimental con- 
ditions quoted by Morrison we believe the rate of 
evacuation, at least in the ABC region, to be almost 
completely determined by the resistance offered by the 
eapilary tube and by the vapour pressure prevailing in 
the flask and nob to any significant extent by desorption 
rate processes within the wool fibres. This would clearly 
be true while free water was present at the surface of the 
mass, while at high values of water content (but below 
saturation) the rate at which water can be released from 
wool fibres is several hundred times greater than the 
evacuation rate used by Morrison of 4-5 per cent water 
content per 20 min, or 4x10 per cent/sec. Thus 
Roberts and Haly® report initial desorption rates of 1 per 
cent water content per second, while King? and Nordon 
et al quote values of diffusion coefficient of about 
10-? em?/sec, corresponding to desorption times of a few 
seconds. Hence the vapour pressure in the flask is vir- 
tually in equilibrium with the wool and this together with 
the capillary resistance determines the evacuation rate. 
(The important point should be noted, however, that 
uniformity of vapour pressure within the flask does not 
imply uniformity of water content throughout the sample 
nor uniformity of temperature). 

Since the capillary flow over the range of vapour 
pressures encountered follows Poiseuille’s law, the mass 
transfer per second is proportional to the square of the 
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pressure drop along the capillary. The evacuation rate 
in the range AB is 0-26 g/20 min, corresponding to satura- 
tion vapour pressure. The evacuation rate at point C 
is 0-20 g/20 min, so that the relative vapour pressure at 
point C is (0-20/0-26)!/2, that is, 0-876 rather than the 
0-99 quoted by Morrison. (It is not clear from his 
communication how the figures for relative humidity in 
his table were arrived at.) At a relative vapour pressure 
of 0-876 the water content of wool has been frequently 
determined’ as about 23 per cent, rather than the value 
of 35 per cent quoted by Morrison. This throws doubt 
on the interpretation of C as a fibre saturation point. It 
appears to us that C could be the point at which the 

last of the free water is removed from the sample. 

We have performed an experiment similar to that of 
Morrison, using a sample of wool of similar mass and 
shape. Our capillary tube, however, was selected to offer 
a much greater resistance to flow, so that the initial 
evacuation rate was 8-7 x 10-* g/sec, that is, about 1/25 
of that used by Morrison. The initial water content of 
the sample was 160 per cent. Continuous evacuation of 
the sample was carried on until its average water content 
was 50 per cent. At this stage the evacuation rate was 
found to have fallen to 8-1 x 10-* g/sec, despite the slow- 
ness of the rate. Evacuation of the sample was then 
stopped for 60 h. On resuming evacuation it was found 
that the rate had returned completely to its initial value 
of 8-7 x 10-8 g/sec. 

There is no supporting evidence for any such long-term 
intra-fibre sorption effect in saturated wool as would 
give rise to behaviour of the magnitude observed. On 
the other hand, the result of our experiment is consistent 
with the proposal that, during evacuation, evaporation 
does not proceed uniformly from the sample, that the 
outer part of the mass is first depleted of free water, and 
that during a subsequent long rest period water is slowly 
transferred from the interior of the mass to bring the 
surface near to the saturated condition. 

The average rate of evacuation was lowered much 
further still, to 3-6 x 10- g/sec, and it was then found 
possible to reduce the water content of the sample to 
35 per cent without appreciable fall in evacuation rate 
from the initial value. . 

Note. Dr. Morrison has kindly discussed by corre- 
spondence some of the aspects raised in our letter. This 
does not, however, necessarily imply his agreement with 
our arguments. 
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3 Chemical Engineers’ Handbook (McGraw-Hill, 1950). 
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OLIGOMYCIN AND ACTIVE TRANSPORT REACTIONS IN CELL 
MEMBRANES 


By Dr. R. WHITTAM, K. P. WHEELER and A. BLAKE 


Department of Biochemistry, University of Oxford 


HE formation of adenosine triphosphate (ATP) by 

oxidative phosphorylation in mitochondria is & 
complex process involving a high-energy phosphate 
intermediate that has been partly characterized’. The 
antibiotic, oligomycin, appears to inhibit ATP formation 
by blocking some step in the transfer of high-energy 
phosphate through this intermediate to ADP*. The 
question arises whether ATP utilization for the active 


transport of sodium and potassium ions at cell membranes 
also involves a phosphate intermediate which is affected 
by oligomycin. Active transport intimately depends on 
the enzymatic hydrolysis of ATP, and it i$ now well 
established that sodium and potassium ions are required 
together for optimum rates of transport and of adenosine 
triphosphatase (ATPase) activity. There have been some 
indications that these ions influence the turnover of & 
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phosphate compound which is formed during this kind of 
enzymatic activity?!-2331, It is the purpose of this article 
to show that oligomycin is a potent inhibitor of active 
transport, and that it inhibits the breakdown of a phos- 
phate intermediate which is formed from ATP in cell 
membranes of kidney cortex. It seems likely that this 
reaction is responsible for the transformation of chemical 
energy into osmotic work. 

Provious authors have described some effects of oligo- 
mycin on membrane transport and its associated ATPase 
activity. A clear inhibition of potassium uptake was 
found with liver slices*. On the other hand, with red 
blood cells, Van Rossum? found no inhibition, while 
Glynn‘ found partial inhibition. As regards the membrane 
ATPase, which is activated by sodium and potassium 
inhibition by oligomycin, has beon shown in rod blood 
cells", brain microsomes®-’ and the electric organ of the 
electric eol*. Correlation of the effects on transport and 
ATPase, activity have not been made, however, and the 
question has been raised whether the antibiotic inhibits 
active transport directly, or indirectly by inhibiting the 
supply of ATP?-5. In investigating reactions that might 
be associated with membrane transport, it is important 
to conduct experiments with intact colls as well as with 
fragmented mombranes. Intact membranos are, of courso, 
required for active transport to be demonstrable, and red 
cells and kidney cortex slices have been used in this 
investigation to monitor ion movements; at the same 
time, metabolic activity was also measured. A membrane 
preparation was used to follow the fate of the terminal 
phosphate of ATP under conditions similar to those 
occurring in cells. 


Red Blood Cells 


ATP in these cells is derived entirely from the anaerobic 
convorsion of glucose to lactate, and oxidative phos- 
phorylation is not involved. Since oligomycin is generally 
believed to inhibit oxidative phosphorylation’, it was 
decided to investigate its effect in human red blood cells, 
to see how it affects other processes. 

Sodium and potassium transport. The potassium influx 
(in umoles/ml. cells/h) was measured! with potassium-42, 
and was lowered from 2-15 in control cells to 0-75 with 
oligomycin at a concentration of 20 ug/ml. medium. This 
represented maximum inhibition of the active influx 
because 100 uM ouabain caused a fall to the similar value 
of 0-65. The oligomycin concentration that would give 
half maximal inhibition would be 1-2 ug/ml. Sodium 
transport was determined from net movements, and 
oligomycin and ouabain each prevented the oxtrusion 
that was found in the control cells. Controls lost (in 
umoles sodium/ml. cells/3-5 h incubation) 3-4, whereas 
gains of 2-0 and 2-6 occurred in the presence of ouabain and 
oligomycin, respectively. These results agree with those 
of Glynn‘, but not those of van Rossum’. It is evident 
that oligomycin is analogous to ouabain so far as sodium 
and potassium transport is concerned. . 

ATP hydrolysis. The membrane ATPase activity was 
measured? by determining the orthophosphate (P!) 
released from ATP by a preparation of fragmented 
membranes”. The activity (in moles P;/ml. original 
cells/h) had a value of 1-6 in the presence of sodium and 
potassium ions, which are required together for optimum 
activity!?, Tho hydrolysis was lowered some 60 per 
cent either by the omission of potassium or by the addition 
of ouabain or oligomycin (Table 1). The inhibitory effects 
of oligomycin and ouabain are not additive, because the 
two together cause only the same degree of inhibition as 
either alone (Fig. 1). 

Comparison of potassium influx in intact cells with 
ATPase activity in fragmented membranes revealed a 
parallel inhibition over a rango of oligomyein concen- 
trations (Fig. 2). A decrease in ATPase activity went 
hand in hand with a fall in potassium influx, showing that 
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Fig. 1. Effect of oligomycin on the ATPase activity of fragmented 
erythrocyte membranes. Fragmented erythrocyte membranes (3 mg 
dry weight) were incubated in a medium of composition: 3 mM ATP; 
100 mM NaCl; 25 mM KCl; 1 mM MgCl; 10 mM tris-HCl, pH 7:5. 
Oligomycin was added as a solution in ethanol (1 mg/ml.) and an equal 
volume of ethanol was added to the other experimental tubes. Controls 
with no inhibitor are shown (6), with 20 ug/ml. oligomycin (A), with 
0-1 mM ouabain (O), and with both 20 ug/ml. oligomycin and 0-1 mM 
ouabain by (x 


an effect on one process is accompanied by a similar 
effect on the other process. The linear relationship in 
Fig. 2 is derived from comparing the behaviour of intact 
cells with fragmented membranes, and there are too 
many objections and assumptions involved to warrant a 
quantitative comparison of potassium influx/ATP hydro- 
lysed. These results suggest, nevertheless, that oligo- 
mycin, like ouabain, inhibits active transport through an 
action on a membrane ATPase in human red cells. 
Lactate production. Oligomycin appears to act on the 
membrane ATPase and should therefore cause a conse- 
quentia] fall in lactate production at least as great as that 
due to omission of potassium from the medium". Table 1 
shows that lactate produced from glucose (in ymoles/ral. 
cells/h) was lowered from 3-05 in control cells to 2-55 and 
2-60 in the presence of oligomycin or on the omission of 
potassium, respectively. The fall due to oligomycin was 
not significantly greater than that caused by omission of 
potassium. Since potassium ions activate the ATPase 
and lactate production from outside the colls!?75 it would 
appear that oligomyoin inhibits the same ATPase. These 
results do not show whether oligomycin acts on the 
internal or external surface of the cell membrane—only 
that it inhibits the mechanism that external potassium 


Table 1. INHIBITORY EFFECTS OF OLIGOMYCIN ON CATION MOVEMENTS 
AND LAOTATE PRODUCTION IN INTACT ERYTHROCYTES, AND THE ATPASE 
AOTIVITY OF FRAGMENTED ERYTHROCYTE MEMBRANES 


Net sodium Potassium Lactato 
on „ion ATPase produc- 
movement influx activity tion 
«——— — —— pmoles/ml. packed cells/h ——————— 
Control —1:0 (3) 2-15 (3) 1:6 (5) 3-05 (10) 
0-1 mM 
ouabain +0°6 (3) 0:65 (2) 0-5 (5) — 
20 ug[ml. | 
oligomyein +0°7 (3) 0-75 (2) 0-5 (5) 2-55 (10) 
Potassium 
free medium — 0 0:45 (8) 2-60 (4) 
10mM KCl 10mM KCl 95 mM KCl 10mM KCl 
115 mM NaCl 120 mM NaCl 100 mM NaCl 120 mM NaCl 
Tocubarion 10 mM í(ris- 10 mM tris- 10 mMíris- 10 mM tris- 
medium 


HOlgH 75 HClpH75 HClpH 75 HCi pH 7-5 
10 mi 10 mM 4mM ATP  10mM 


glucose glucose 1mM MgCl, glucose 


Figures in brackets show the number of determinations. For ATPase 
activity and lactate production the values are the means from two experi- 
ments, Incubations were performed at 37°. 
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Fig. 2. Comparison of the ATPase activity of fragmented erythrocyte 

membranes with the rate of potassium ion influx into intact cells in the 

presence of oligomycin. Concentrations of the antibiotic (ug/ml.) are 

shown in brackets. The co-ordinates of each point are the means of at 
least two experimental values 


activates, namely, the membrane ATPase. However, the 
evidence with the kidney membrane preparation (see 
later) shows that oligomycin is like ouabain in inhibiting 
the second step of the ATPase roaction, and as this is the 
‘one requiring potassium it looks as if oligomycin probably 
acts at the external cell surface. These results confirm 
that cessation of active transport, which may be due 
either to direct attack on the membrane (by ouabain or 
oligomycin) or to deprivation lof external potassium, has 
& pace-maker effect on energy production manifested by 
a fall in lactate production. 

From knowledge of the glycolytic pathway, it may be 
taken that each molecule of lactate produced is accom- 
panied by the genesis of a molecule of ATP from ADP. 
‘The extent of the stimulation of the lactate production 
by external potassium is therefore the same as the 
stimulation of ATP production. If this amount of ATP 
is that which is utilized for active transport, the ratio of 
potassium. transported/ATP hydrolysed can be calculated: 
‘the value is (2-15 —0-75)/(3-05—2-55) = 2-8. For net 
sodium actively transported/A TP hydrolysed the value is 
e ae ^y cos — 2-55) = 3-4 (Table 1). This means 
that the oligomycin-sensitive components of transport on 
one hand, and of lactate production on the other 
hand, yield a value of 2-8 + 3-4 = 6-2 for the ratio of 
sodium + potassium transported/ATP hydrolysed. The 
value is only approximate and is based on several assump- 
tions. Nevertheless, it is remarkably close to that cal- 
culated by Sen and Post!® by a different method. This 
work with red blood cells shows that all the effects of 
oligomycin can be explained by an inhibition of processes 
in the cell membrane without the need to postulate direct 
effects on metabolism. 





Kidney Cortex Slices and Membranes 


It was decided to find out if oligomycin affected kidney 
cells in a way that could also be ascribed to inhibition of 
transport reactions in cell membranes, rather than by a 
direct effect on energy metabolism in mitochondria. 

Rabbit kidney cortex slices were incubated in a physio- 
logical saline medium containing glucose, and their 
potassium content and rate of oxygen consumption 
measured". In a typical experiment, oligomycin in a 

‘concentration of 10 ug/ml. medium caused a fall in Qo, 
(ul. O./mg dry wt./h) from 12-6 to 8-7. This is similar to 
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the fall due to cessation of active transport produced 
either by ouabain or by omission of sodium ions!?. Com- 
parable falls were found when malate or «-oxoglutarate 
were motabolites instead of glucose. (Neither oligomycin 
nor ouabain abolished the response of slices to 2: 4- 
dinitrophenol, which caused a stimulation of oxygen 
consumption.) The maintenance of a high tissue potas- 
sium content was also prevented. Thus, in control slices 
& value (in umoles/g wet-wt.) of about 50-60 was found, 
wheroas with oligomycin or ouabain it was only about 20. 
To check that the inhibition was of potassium uptake and 
not just an increased rate of leakage, slices were first 
susponded in ice-cold medium in order to depleto them 
of potassium. The change in potassium content was then 
found after incubation for 1 h at 37? C. The not uptake 
of potassium in the controls was 25—50 and was abolished 
by oligomycin as it was by ouabain. Inhibition of potas- 
sium uptake in liver slices has been proviously reported’. 

These effects made it worth whilo to investigate the 
effect of oligomycin on the mombrane ATPase activity. 
Membranes of renal cortex aro sedimented with two of 
tho fractions of a homogenate the nuclear and the micro- 
somal fractions'*-*°, The ATPase of the nuclear fraction 
was activated about 100 per cent by adding sodium and 
potassium ions together, and this component of the 
enzymatic activity was 80 per cont inhibited by oligo- 
mycin?? (20 ug/ml.). The antibiotic did not inhibit the 
(sodium + potassium)-insensitive ATPase. In the same 
way, the microsomal fraction was sensitive to oligomycin, 
the (sodium + potassium) ATPase activity being lowered 
to the same extent as with ouabain (Fig. 3). The inhibition 
by oligomycin of the ATPase activity in both the nuclear 
and the microsomal fractions suggests that it inhibits the 
same ATPase as ouabain.: 

Phosphate intermediate in ATP hydrolysis. A valuable 
way of deciphering transport reactions is to trace the 
pathway of the terminal phosphate of ATP before it 
appears as P;, and several investigators have described 
the formation of labelled protein whon *P-y-labelled 
ATP is incubated with fragmented membranes?!-**. We 
propared y-labelled ATP (ref. 24) and incubated it with the 
kidney microsomal fraction, in a similar way to that of 
Charnock and Post??. After 10 sec the ATPase roaction 
was stopped with trichloroacetic acid (TCA) and the 
mixture spun down. The radioactivity due to phos- 
phorus-32 in the supernatant fluid was moasured in an 
extract of isobutanol'; this gavo the **P; liberated and 
hence the overall hydrolysis. The sedimented protein was 
washed several times with a solution of non-radioactive 
ATP and P;, and the precipitate then assayed for radio- 
activity. 

Fig. 3 shows that some tracer phosphate was not 
washed away with cold P; and became attached to the 
TCA precipitate. It is perhaps premature to refer to the 
compound as phosphoprotein, although total phospho- 
lipid extraction” shows that it is unlikely to be phospho- 
lipid. We prefer, as Pressman?* does in a similar situation, 
to refer to the intermediate as protein-bound phosphate. 

The striking feature of the labelling is that it is do- 
pendent on the sodium and potassium concentrations. In 
the presence of sodium alone, the labelling was some 
5-15 times greater than when potassium was present. 
Put another way, potassium prevents the labelling pro- 
moted by sodium. This feature is the converse of the 
hydrolysis that was taking place, because potassium 
stimulated hydrolysis some 200 per cent at the same time 
that it abolished labelling. Very little labelling was found 
when potassium ions were present without sodium. 
Ouabain had a slight effect on the formation of the pro- 
tein-bound phosphate with sodium alone. However, with 
sodium plus potassium, ouabain caused the labelling to 
increase about 10-fold. These results are similar to those 
of Charnock and Post?? in demonstrating the formation 
of a phosphate intermediate in the fission of ATP by a 
kidney-membrane preparation. The extent of the forma- 
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Fig. 3. Similarity between oligomycin and ouabain in opposing the 
action of K* during the ATPase reaction. Samples of the microsomal 
suspension (prepared according to the method of Charnock and Post?) 
were incubated for 10 sec at 37° in a medium containing 50 4M-ATP 
(labelled in the y-position with “P: sp. activity 1-2 uc.[|umole); 
64 uM MgSO,; 120 mM NaCl; and 40 mM imidazole, adjusted to pH 7-6 
with 0-5 N HCl. The medium was modified by the addition of KCl 
(16 mM), ouabain (0-2 mM), or oligomycin (ethanolic solution: 10 ng/ml.) 
às indicated; ethanol (1%) was added to the a propriate controls. 
The reaction was stopped by adding cold TCA solution (final concen- 
tration, w/v, 5%) to the incubation mixture, and the precipitated protein 
spun down after cooling in ice. In order to follow the hydrolysis of the 
ATP, the TCA supernatant solution was decanted into a solution of 
acidified ammonium molybdate and the phosphomolybdate complex 
formed was then extracted in isobutanol/benzene (ref. 30). The radio- 
activity of samples of the latter extract was measured. The precipitated 
protein was washed 3 times by resuspension in a cold solution of TCA 
(5% wiv), tris-phosphate (2 mM) and ATP E mM). The washed 
precipitate was then dispersed in a solution Oo scintillant containing 
5% (wiv) ‘Hyamine 10X’ and the radioactivity measured. All measure- 
ments of radioactivity were carried out using a liquid scintillation 
technique. Background counts were about one a second and the ATP 
added to each tube was equivalent to about 29x10‘ counts/100 sec. 
In the experiment presented here, the zero time values for the washed 
precipitates were about 1,500 counts/1,000 see: these values have been 
subtracted from those for the incubated samples. Other experiments, 
using (4C)-labelled ATP and inorganic phosphate, [have shown tbat 
the labelling of the tissue which is sensitive to Na* and K* is not due to 
the incorporation of ATP, or **P; released into the medium 


tion of the protein-bound phosphate is the inverse of the 
overall degree of hydrolysis, as shown by the offects of 
potassium and ouabain. 

In viow of the similarity of the effects of oligomycin 
and ouabain described here, the influence of the anti- 
biotic on the formation of protein-bound phosphato was 
examined. In each respect its action was like that of 
ouabain (Fig. 3). It did not intorfere with activation by 
sodium, and it promoted labelling by counteracting the 
effect of potassium. Again, the extent of labelling was 
opposite to the degree of ATP hydrolysis, the greater the 
hydrolysis the lower the labelling and vice versa. Attempts 
to demonstrate similar offects with red cell membranes 
have so far been unsuccessful. These results show, how- 
ever, that in kidney cortex, as in red cells, oligomycin and 
ouabain have very similar effects on a number of mem- 
brane reactions. 


Regulation of Respiration and Glycolysis 


Those results add to earlier ones in suggesting that the 
rates of lactate production and oxygen consumption may 
be regulated" by the activity of membrane ATPases con- 
cerned in active transport. Lactate production has pro- 
viously been thought to be unaffected by the rate of 
active transport in human red blood oolls?*. However, it 
now appears that a small fraction, equal to about 0-5 
umole lactate/ml. cells/h, is sensitive to cessation of active 
transport!*, The same fall in lactate occurs whether 
transport is stopped with ouabain, oligomycin or by 
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omission of external potassium. The mechanism by which 
these agents regulate lactate production would appear to 
be through their effect on the membrane ATPase. Thus, 
sodium and potassium transport requires ATP, and when 
it is stopped there will be changes in tho balance of ATP, 
ADP and P;. and perhaps in the ratio of NAD and NADH. 
Tho fluorometric and spectrophotomotrie observations of 
Aubert, Chance and Keynes? in the electric organ of 
Electrophorus electricus show a metabolic response to 
electrical activity which suggests that glycogenolysis may 
be stimulated as a result of increased activo cation trans- 
port. This would bo similar to the effects with red blood 
cells. 

Tho results with kidney slices also show that tho effects 
of oligomycin on oxygen consumption can bo attributed 
to inhibition of the ATPase of active transport. A part 
of the oxygen consumption of the slices appoars to bo 
regulated by the activity of the membrane ATPaso*?-?8, 
and it is particularly striking that oligomycin inhibits 
the enzymatic activity to the same oxtent as ouabain. 


Mode of Action of Oligomycin 


The effects of oligomycin described here leave no 
doubt that it inhibits transformations of energy from ATP 
into osmotic work in cell membranes. Oligomyein acts 
like ouabain on cell membranes, but the two compounds 
aro not the same in their action on mitochondria because 
ouabain appears to have no effect on mitochondrial meta- 
bolism?*. There appear to be at least two steps in the 
reaction coupling ATP hydrolysis with osmotic work 
one requiring sodium and the other potassium. By analogy 
with work with red cell ghosts!?:* and intact ecl]515,28.21, 
sodium would act from inside and, 8s & cofactor, facilitate 
tho formation of the protein-bound phosphate. It seems 
likely that the intermediate might have a high-enorgy 
character because no osmotic work is associated with this 
step, the intermediate still being formed in the presence 
of ouabain or oligomycin. Potassium would act from 
outside and promote the breakdown of the intermediate. 
Tt is this latter reaction which may be the key to the 
active transport mechanism, since the energy trans- 
formation is associated with this reaction; P4 is liberated 
to the inside of the cell, and sodium migrates outwards 
and potassium inwards. The reactions may bo repre- 
sented thus: 


activated by 
—> protein-bound phosphate + ADP 


internal Na 


ATP + protein 





activated by 
. external K . 
Protein-bound phosphate ——— protein + P 
inhibited by 
ouabain and 


J oligomycin 


ATP + internal Na + external K - -- — ADP + 
internal K + external Na + internal P, 


The effects of oligomycin on membranes of rod cells 
and kidney cortex raise the possibility that there may be 
similarities in the kind of intermediate implicated in 
enorgy transformation in mitochondria for ATP formation, 
and in cell membranes for ATP utilization. The resuits 
recorded here do not support the view that oligomycin 
affects active transport indirectly by an inhibition of 
energy supply in mitochondria. It should be borne in 
mind that most of the previous work on oligomycin bas 
been performed with mitochondria, from which its mech- 
anism of action has been deduced. Tho present work 
directs attention to three points in this connexion. First. 
our results show that oligomycin has other inhibitory 
effects in cells and is not a specific inhibitor of a mito- 
chondrial transphosphorylation reaction. Secondly, 
although the toxic action of the antibiotic is said to be 
due to its inhibition of oxidative phosphorylation. the 
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present results pose the question whether somo of its toxic 
action might also arise from-poisoning of active transport 
in the body cells generally. This would cause a leakage 
of potassium from cells into the circulation and might so 
raise the plasma potassium concentration as to stop the 
heart contracting. Thirdly, in work on the mechanism of 
action of oligomycin in mitochondria, complications will 
arise unless the preparations used are free from fragments 
of cell membranes. These are the wider implications of 
the present work. The general conclusion is that oligo- 
mycin acts at two sites in cells—the cell membrane and 
mitochondria—and that its effect at both sites is to 
inhibit the transformation of energy. We have shown 
that key reactions in active transport are the formation 
and breakdown of a phosphorylated intermediate derived 
from ATP. Sodium ions are required for its formation, 
whereas potassium ions catalyse its hydrolysis; ouabain 
and oligomycin are alike in inhibiting this hydrolysis. 
Work on the chemical characterization of this inter- 
mediate is in progress. 

We thank Pfizer, Ltd., for a gift of oligomycin. The 
work was supported by grants from the U.S. Public 
Health Service and the Rockefeller Foundation. One of 
us (K. P. W.) was in receipt of a grant from the Depart- 
ment of Scientific and Industrial Research. 
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ELECTRON HISTOCHEMICAL EXAMINATION OF OXIDATIVE ENZYMES 
AND MITOCHONDRIA 


By Dr. K. OGAWA and Pror. R. J. BARRNETT 


Department of Anatomy, Yale University, School of Medicine, New Haven, Conn. 


ISTOCHEMICALLY, mitochondria have been shown 
to possess oxidative enzymes such as succinic 
dehydrogenase (SDH) and dihydronicotinamide-adenine 
dinucleotide diaphorase (NADH-D)-*. The work re- 
corded here deals with the electron microscopic demon- 
stration of heterogeneity among mitochondria in terms of 
the oxidative enzymatic activity and the fine structural 
localization of enzymatic activity in mitochondrial 
criste, using tetrazolium salts as electron acceptors. 

Small pieces (<1 mm?) of rat heart muscle were fixed in 
6-25 per cent hydroxyadipaldehyde’, in 0-1 M cacodylate 
buffer, pH 7:6, containing 8 per cent sucrose for 30-60 
min at 0?—4? C. After fixation, these were washed in 
cold cacodylate buffer thoroughly, rinsed in 0-1 M. phos- 
phate buffer, pH. 7-6, and incubated in substrate media 
(0:3 ml. of 250 mg per cent tetra nitro-blue tetrazolium 
chloride (ITINBT), 1:5 ml. of 0-1 M. sodium succinate, 
1:2 ml. 0-1 M. phosphate buffer, pH 7-6, and 0:25 g of 
sucrose for SDH; 0-3 ml. 250 mg per cent TNBT, 0-3 ml. 
0:1 NADH, 1:0 ml. 0-1 M phosphate buffer, pH. 7-6, 1-4 ml. 
of distilled water and 0-25 g of sucrose for NADH-D) 
for 10-30 min at 0? C or room temperature. After incuba- 
tion, the blocks were fixed in cold 1 per cent buffered 
osmium tetroxide for 1 h, dehydrated through graded 
alcohols and propylene oxide, and embedded in a mixture 
of ‘Epon—DDSA-DMP-30’. Ultra-thin sections were cut 
by an ‘LKB’ ultratome, mounted directly on grids and 
examined with an R.C.A. ‘EMU-3EF” electron microscope 
without post-staining. 

Homogenates of rat heart muscles were also made and 
the mitochondrial fractions were obtained by the method 
of Luck*. Portions of the fractions thus obtained were 
negatively stained to demonstrate elementary particles?-!?, 
Other portions were also incubated in substrate media for 


SDH, fixed in hydroxyadipaldehyde, post-fixed in osmium 
tetroxide, ruptured in 1 mM phosphate buffer, pH 7-2, or 
de-ionized distilled water, and spread directly over 
‘Formvar’-coated grids for the electron microscopic 
observation. Pellets were also made following incubation, 
fixed in both hydroxyadipaldehyde and osmium tetroxide 
and treated in the same manner as blocks of heart muscle. 
Substrate-free media as well as media containing inhibitors 
(sodium malonate and iodoacetic acid) were used for 
controls. 

Amorphous electron opaque formazans of TNBT, which 
were absent in the control specimens, were localized at or 
near the sites of enzymatic activity. Mitochondria could 
be classified into three varieties depending on the distribu- 
tion of reaction: completely reactive ones containing 
deposits of formazan over all the cristz (Fig. 1), partially 
reactive ones containing formazan deposits over some or 
few of the cristz (Fig. 2), and unreactive ones containing 
no deposits of final product (Fig. 1). It was not uncom- 
mon. to find a mitochondrion positive for this reaction 
lying adjacent to a mitochondrion which was completely 
unreactive histochemically (Fig. 1). These findings not 
only occurred for mitochondria situated between myo- 
fibrils but also for those in the peripheral sarcoplasm. 
This heterogeneity of enzymatic activity among individual 
mitochondria of the same regions of heart muscle was also 
observed in the moderately intact mitochondrial fragments 
obtained in the fractionated specimens. 

Although these findings may be due to uneven penetra- 
tion of the ingredients of the substrate media into the 
blocks, this phenomenon was repeatedly observed in 
areas close to the peripheral surface of the blocks where 
penetration of the ingredients of the substrate media, 
are moderately even. The same findings in pellets of 
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Fig. 1. Rat heart muscle mitochondria, SDH activity, showing a 
completely unreactive mitochondrion between two mitochondria show- 
ing reaction on al! the internal membranes. (x c. 47,000) 





Rat heart muscle mitochondria, NADH-D activity, showing 


Fig. 2. 
(x c. 44,000) 


spotty reaction confined to only some of the crista. 


mitochondrial fractions further substantiate the finding 
in blocks. Furthermore, since those mitochondria in 
pellets which were positive for enzymatic activity revealed 
formazans over the entire area of mitochondria, uneven 
penetration of substrate media is unlikely. The partial 
reaction confined to some of the criste in some of the 
mitochondria in blocks was probably due to partial 
inhibition during the process of fixation in hydroxyadip- 
aldehyde. The heterogeneity among mitochondria may 
be explained by difference in functional stages or in the 
age of the mitochondria. 

In mitochondria positive for oxidative enzymatic 
activity, the formazan deposits were confined to inner 
mitochondrial membranes and cristae. Under high mag- 
nifications, formazans appeared localized as or on particles 
contained within osmiophilic layers of the criste. The 
size of particles contained in criste was in the range 
60-90 A. This particulate appearance of formazans in 
the criste was more clearly seen in the enzymatically 
active mitochondria contained in the pellets (Fig. 3). 
Formazans were also observed as or on spherical particles, 
50-85 A in diameter, in the cristæ of ruptured mitochon- 
dria, giving a linear, beaded appearance. 

Mitochondria from fractionated material, negatively 
stained with phosphotungstic acid (PTA), revealed elo- 
mentary particles, 60-90 A in diameter, in or associated 
with mitochondrial membranes (Fig. 4). This finding 
was in good agreement with findings of Smith* and 
others!?^-;, but the negatively stained particles were 
histochemically unreactive. However, when ruptured 
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mitochondria were first incubated in the substrate media 
fixed in hydroxyadipaldehyde, and then negatively stained 
with PTA, particles in poor alignment are observed, some 
of which were dense and others were negatively stained 
(Fig. 5). Dumb-bell-like struetures or particles attached 
to mitochondrial membranes by stalks were never observed 
in any of the specimens except those that were negatively 
stained. T'he dumb-bell-like structures or partieles attached 
to membranes by stalks*!? may be artefacts obtained du: 
ing the process of negative staining. They may be formed 
by separation of lipoprotein layers of criste by the high 
degree of dehydration!*:*, 

Elementary particles isolated biochemically by Green’, 
which were presumed to contain oxidative enzymes, were 
in the order of 150 À in diameter and are approximately 
twice as large as the particulate material observed in the 
present investigations. This difference in size may be due 
to differences in types of cells! or in the methods used 
per se, or indeed the large particles may be agminates of 
smaller units. These results corroborate the suggestion 
that the mitochondrial membranes are composed ol 





Fig. 8. Mitochondria from pellet showing SDH activity. Formazans 
are deposited as or on particles, 60-90 A in diameter, in the osmiophili 
layer of the membranes. ( x c. 273,300) 





Fig. 4. PTA negative staining of isolated mitochondria. So-callec 
elementary particles occur in membranous ribbons, sheets e ( 
attached to central ribbons or axes. (x e, 134,000) 





Fig. 5. Isolated mitochondria reacted for SDH activity, fixed in 
hydroxyadipaldehyde and negatively stained with PTA. Both electron 
opaque and negatively stained particles can be seen. (x ©, 106,600) 


726 
& mosaic of sub-units containing some dehydrogenase and 
the electron transport system™, ve 
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GROWTH-RETARDING EFFECT OF ORAL L-PENICILLAMINE ON 
SARCOMA-180 


By Dr. M. L. LITTMAN, Dr. T. TAGUCHI and Y. SHIMIZU 


Department of Health, New York City and Research Institute for Microbial Diseases, 
Osaka University, Osaka, Japan 


T. action of pyridoxamine dihydrochloride in 
accelerating the growth of ascitie and solid sarcoma- 
180 in CF, mice has shown the B,-avidity of this tumour 
system and pointed to the existenee of an exploitable 
biochemical difference of the tumour from normal host 
tissue’. This difference could be demonstrated in vivo by 
causing retardation of tumour growth with pyridoxine- 
deficient diet and by reversing this effect with pyridox- 
&mine'. Furthermore, the tumour-retarding action of 
pyridoxine-deficient diet was found to be duplieated with 
a chemical antagonist of vitamin B, L-penicillamine 
(8-mercaptovaline). It is of interest that another isomer, 
p-penicillamine, has been in clinical use as a chelating 
agent for treatment of hepatolenticular degeneration. 
Subcutaneous injection of t-penicillamine significantly 
retards the growth of solid form sarcoma-180 in mice 
maintained on a complete diet, and especially so on 
pyridoxine-defieient diet!. The r-, D- and br-forms of 
penicillamine were all found to be active as sarcoma-180 
growth-retarding agents, the L-form being the most 
active. Growth retardation of solid form sarcoma-180 
was produced by r-penicillamine whether treatment was 
started 24 h after tumour implantation or was delayed 
for 96 h (ref. 1). 

This report concerns an investigation of the effective- 
ness of orally administered r-penieillamine in retarding 
the growth of solid and ascitic forms of sarcoma-180 in 
CF, mice. 

L-Penicillamine was administered for long periods of 
time via the oral route by admixture with the diet and 
by addition to the drinking water, and for a short period 
of time (one week) by daily stomach intubation. Tech- 
niques of transplantation and methods of evaluation of 
tumour growth were as previously described for solid and 
ascitic sarcoma-180 (ref. 1). Two types of diet were used, 
< that is, a complete diet consisting of standard mouse 
= pellet (Rockland Farms, Inc.) and a pyridoxine-deficient 
< diet (Nutritional Biochemical Corp.) of the following 
composition, both fed ad libitum: vitamin-free test casein 
18 per cent, sucrose 68 per cent, vegetable oil 10 per cent, 
U.S.P. XIII salt mixture No. 2, 4 per cent; vitamins/ 
100-Ib. diet: vitamin A (200,000 units/g) 4-5 g., vitamin 
D concentrate (400,000 units/g) 0-25 g, «-tocopherol 5-0 g, 
ascorbie acid 45-0 g, inositol 5-0 g, choline ehloride 75-0 g, 
menadione 2-25 g, p-amino benzoic acid 5:0 g, niacin 
45 g, riboflavin 1-0 g, thiamine hydrochloride 1-0 g, 
calcium pantothenate 3-0 g, biotin 20-0 mg, folic acid 
90-0 mg. vitamin B,, 1-35 mg. 

Retarding effect of oral t-penicillamine. on solid sarcoma- 
180. Ninety 20-g white Swiss CF, male mice previously 


maintained on complete diet each received subcutaneous 
implantation of 1 x 10° ascitic sarcoma-180 cells. The 
mice were divided into six groups, and were fed with 
either complete or pyridoxine-deficient diets (Table 1). 
L-, D- and DL-penicillamine were incorporated separately, 
mixed well with pyridoxine deficient diet, and then given 
ad libitum. 

The daily oral administration via the drinking-water 
of 2-2-5 mg r-penicillamine/mouse/day to sarcoma-180- 
implanted mice for a period of 14 days caused 69 per cerit 
tumour inhibition without mortality (Table 1). Tumour 
size and weights of the untreated control group of mice 
on the same diet, on the other hand, were approximately 
triple that of the L-ponicillamine-treated group. The 
feeding of pyridoxine-deficient dict alone to sarcoma-180- 
implanted mice caused 48 per cent tumour inhibition, 
while addition of r-, D- and p1-forms of penicillamine to 
the deficient diet further increased the degree of tumour 
inhibition to 71, 70 and 68 per cent, respectively, for the 
respective isomeric forms. The greatest degree of tumour 
retardation was produced by the feeding of pyridoxine- 
deficient diet containing 0-5 mg r-penicillamine/g of diet. 
Subcutaneous injection of the above isomers of peni- 
cillamine to solid sarcoma-180-bearing mice had been 
reported to cause 55, 41 and 22 per cent tumour inhibition 
for the respective isomeric forms'. 

During storage of r-penicillamine-enriched pyridoxine- 
deficient diet, a dark greyish discoloration of the diet 
resulted which was feared to be a chemical reaction of 
penicillamine with some component of the diet. In sub- 
sequent experiments, therefore, r-penicillamine was 
&dministered in the drinking-water or by stomach in- 
tubation instead. 

Effect of 1.-penicillamine on survival of solid sarcoma-180- 
implanted mice. Four experiments were conducted. In 
experiment 1, fifty mice previously maintained on com- 
plete diet were implanted subcutancously with standard 
doses of 1 x 10° ascitic sarcoma-180 cells and were 
divided into two groups, after which they were maintained 
on complete diet (Table 2 and Fig. 1). One group of 20 
mice received r-penicillamine in the drinking-water 
(0-5 mg/ml), each mouse consuming approximately 
2-2-5 mg r-penicillamine per day (approximately 100 
mg/kg/day). Thirty untreated mice remained as controls. 
All the untreated mice developed solid sarcoma-180 
tumours within three days after implantation, which 
increased regularly and rapidly in size. All mice in this 
group were dead within 33 days and in every case each 
mouse bore tumours until death, some as large as its 
host. The median survival time for this untreated group 
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MEC Table 1, RETARDING EFFECT OF ORAL PENICILLAMINE ISOMERS ON THE GROWTH OF SARCOMA-180 IN CF, MALE Mice® 
uS : preeeate eren eee es 
i | Penicillamine | Average change | Average | 
i 1 pue i— in body-weight t | tumour -weight i Tumour 
Diet i mg/g | Average daily p m — | gzS.D.i inhibition 
| diet | oral dose (mg/kg) g i % j CS) 
Complete diet | 0 | +71 | +366 | 48240-27 0 
OB (1-)5 100-125 +45 | + 23-0 1-48 +0°78 69 
Pyridoxine-deficient diet ME 0 | +31 i +163 2-51 £057 48 
m E OS | 100-125 +10 i +53 1-37 + 0-47 71 
a » OS (pt | 100-125 +45 | +230 145 + 0-48 16 
» m COS (DL) | 100-125 +32 | +168 1:53 +035 | 95 
i 








* All mice received sedbtikasiocns implantation of 1 x 10* aseitic cells/mouse at start. 
t Caleulated from day of tumour implantation, inclusive of weight of tumour. 


t S.D. of individual tumour weights. 
$ Added to drinking-water at concentration of 50 mg/100 ml. 
q Mixed with pyridoxine deficient diet. 


Table 2. 





Solid sarcomas excised 14th day. 
Initial weight of mouse, 190-195 g. 


Average daily fluid intake 4-5 ml./rouse. 

















Tare PROLONGING EFFECT OF ORAL L-PENICILLAMINE ON SOLID SaRCOMA-180-BEARING WHITE Swiss CF, MICE MAINTAINED: ON 
è COMPLETE DiET* 
pa = — 
: No. and iContinuous oral! No. of solid sarcoma-180-bearing CF, mice surviving at weekly intervals 
date of | 1-penicillamine | 
experiment | (mg/kg/day) | Start istwk. 2nd wk. 3rdwk. 4th wk. Sthwk. 6th wk. 7th wk, 8th Wk i 
First | 0 | so | aso | s0 | w | 5 | o | o | .9 
(July 2-Aug. 8, 1903) | 100 | 30 | 20 | 20 | 20 | 16 B | 12 ^| 1$ 
Second Mb 0 L au. | dd | 39. ]-- a i o 4-9 | o | 9 
(Fuly 2-Aug. 28, 1963) | 100 | 10 | 1 | WO | 9 | 8 | 8 | 8 | 8 
Third i 0 EET 10 | wo | 3 | 1 | © | 9 | ọ 
(uly 9-Sept.3,1903) | — 100 | 0 |- 10 | 39e | 8 | 9$ | 4 | à | 4 
uem : E ae i i J- } penia i eus 
Fourth ] 0 | 90 | æ | 148 | M | 96 | 4 | 1 0 
(Fuly 16-Sept. 10, 1963) | — 100 | 30 | 20 | 3 | 9 u | BO 10 H 
j i l i i 














Farms mouse pellet diet). 





* Each mouse received subcutaneous implant of 1 x 10* ascitic sarcoma-180 cells at start of experiment, then maintained on complete diet ats dland 


t Drinking-water contained 0-5 mg L-penicillamine/ml. Each mouse consumed approx, 2 mg penicillamine/day (100 mg/kg). Initial average eight oo ge 


was 21 days (Fig. 1). In the 1-penicillamine-treated 
group, on the other hand, there was 74 per cent survival 
at 30 days and 60.per cent survival at 60 days. Further- 
more, the solid tumours of this group were very much 
smaller than those of the untreated group. In more than 
half tho treated animals, moreover, their tumours 
became necrotic, decreased progressively in size and were 
graduaily extruded, until they were no longer palpable by 
the forty-third day of treatment (Fig. 1). Apart from 
slightly roughened coats at the sixtieth day, L-peni- 
cillamine-treated mice were healthy and active. At the 
end of this treatment period, eleven complete and three 
incomplete tumour regressions had oceurred in 20 tumour- 
bearing animals. These animals were then maintained on 
complete diet without L-penicillamine treatment. At the 
"time of this report, 342 days after cessation of r-penicill- 
« amine treatment, none of the tumours had recurred in situ. 


SOLID SARCOMA -180 CF, 


ORAL L-PENICILLAMINE 
K wo mg / Kg/DAY 
jo RR 


TUMOR REGRESSIONS 


COMPLETE — : 11720 
INCOMPLETE = 3/20 


Surviving animals (per cent) 


UNTREATED 
TUMOR REGRESSIONS: 0/30 





Weeks 


Fig. 1. Effect of oral L-penieillaniüne on survival of solid sarcoma-180- 

implanted mice maintained on complete diet. L-Penicillamine admin- 

istered via drinking-water us 5 Ferd à and given ad libitum to about 
00 mg day 


Exps. 2, 3 and 4 with sarcoma-180-bearing mice: 
a similar life-prolonging effect of L-penicillarume 
In previous experiments, which had lasted 
each, the daily subeutaneous injection of L-per 
had caused retardation of the development of so d 
sarcoma-180 but failed to reduce the size of tumour 
masses already formed! In retrospect, we now sttribute 
this to the short duration of treatment. Vory few com- 

unds which inhibit tumour growth cause regress 
fully developed tumours. For example, only 6-xüc 
purine, some related antimetabolites?’ and pyridoxine 
deficient diett have been found to induce true regressions 
of already established sarcoma-180. The prolongation of 
life and regression of solid sarcoma-180 tumours in CT, 
mice, given prolonged oral therapy with r-penieile: 
while being maintained on complete diet, assuny 
siderable importance.  L-Penicillamine-in 
regression may be due to: (1) the blocking 
L-penicillamine in preventing the developing tumour 
obtaining sufficient vitamin B, needed for B,-depe 
cellular processes; (2) L-penieillamine-induced ai 
of cellular metabolism; (3) immunological resp 
host toward L- penicillamine-treated tumour tissue; (4) to í 
some combination of these factors. Some support for the 
idea of immunological response of the host is found in 
the information that cortisone reduced the nuniber of 
tumour regressions caused by 6-mercaptopurine without 
affecting retardation of tumour growth’. 

Effect of oral i-penicillamine on weight gain of tumour- 
free normal CF, mice fed with complete and pyridoxine- 
deficient diets. Tha effect on normal 22-¢ tumour-froe 
CF, male Swiss mice of prolonged maintenance on com- 
plete and pyridoxine-deficient diets with and without oral 
L-penicillamine is shown in Table 3. Normal mice main- 
tained on a complete diet gained 40 per cent body- 
after 30 days and 66 per cent in 60 days, without mortality. 



































same Seas of time and the mice exhi 
roughened coats with 10 per cent mortal 
60-day period. Maintenance of pyridos 
alone caused marked roughening of coats, but 
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weight did occur, albeit at a slower rate than with com- 
plete diet, and there was no mortality, The addition of 
L-penicillamine to the drinking water of the group main- 
tained on pyridoxine-deficient diet retarded their normal 
weight gain still further within the first 30 days, but there 
was no actual weight loss. It was only during the second 
30 days of oral r-penicillamine therapy with pyridoxine- 
deficient diet that a 15 per cent loss in body-weight and 
20 per cent. mortality occurred, This was attributed to 
the reinforcing action of r-penieillamine on the vitamin 
deficiency induced by pyridoxine-deficient diet. Baseline 
data demonstrate that within the first 30 days main- 
tenance on pyridoxine-deficient diet, with or without 
daily oral treatment with r-penieillamine, does not cause 
either weight loss or mortality in CF, mice. 


Table 3. EFFECT OF ORAL L-PENICILLAMINE AND PYRIDOXINE-DEFICIENT 
DIET ON BODY-WEIGHT OF TUMOUR-FREE NORMAL MICE 


L-Peni- 
eillamine Average body-weight (g) Mor- 
Diet mg/kg/ Initial 14days 30days 60 days tality 
y 
Complete diet 0 22-0 29-0 31-0 36-5 0/10 
» n 100* 220 28-0 29-0 31-8 1/10 
Pyridoxine- 
deficient: diet 0 22-0 24-0 26-0 28-0 0/10 
m » 100* 22-0 23-0 240 187 2/10 


* Added to drinking water at conc. of 0-5 mg/ml. Average daily fluid intake 
4-5 mi./mouse. 

Effect of oral r-penicillamine on ascitic sarcoma-180. 
Maintenance of ascitic sarcoma-180-bearing mice on 
pyridoxine-deficient diet caused inhibition of tumour 
development and more so when r-penicillamine was added 
to the drinking-water (Table 4). These mice had received 
ascitic cells by intraperitoneal route. Median survival 
time was not prolonged significantly by either pyridoxine- 
deficient diet, L-penieillamine, or a combination of both. 


Table 4,. EFFECT OF ORAL L-PENICILLAMINE AND PYRIDOXINE-DEFICIENT 
DIET ON ASCITIO SARCOMA-180 IN CF, WHITE Swiss MICE 


Y-Peni- Average Ascitic Median 
: eiliamine y- tumour survival 
Diet mg/íkg/ weight * inhibi- time 
] day) g tion (days) 
Complete diet 0 816 -— 10 
xx at 100+ 26-0 x 125 
Pyridoxine- 
deficient diet 0 23-7 + 115 
T Y 100+ 215 ++ il 


* 8 days after intraperitoneal injection 1 x 10* ascitic S-180 calls. Initial 
average weight 20 g, 

t Treatment started 24 h after tumour implantation, and given daily for 
7 days. Drinking-water contained 0'5 mg L- nieillamine/ml, Each mouse 
consumed approx. 2 mg penicillamine/day (100 mg/kg). 


Tumour retarding effect of 1-penicillamine on solid sar- 
coma-180 when administered by different routes. Twenty- 
four hours after subcutaneous implantation of standard 
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Table 5. EFFECTIVENESS OF L-PENICELLAMINE VIA DIFFERENT ROUTES IN 
RETARDING THE GROWTH OF SOLID SARCOMA-180 MICE MAINTAINED ON 
COMPLETE DIET 


L-peni- Average Tumour 

Route of ceillamine tumour wt. inhibition Mor- 

administration (mg/kg/day *) (gm X S.D.)t (90) tality 
None (control) 0 0-98 + 0-32 0/10 
Subcut. inject. 100 0-39 +0-21 2/10 
Iniraperit. inject. 100 0°60 + 0-15 39 2/10 
Stomach intub. 100 0-52 0-19 47 4/10 
Subeut. inject, 25 078 +022 21 1/10 
50 074x016 24 0/10 
100 0°39 + 0:21 60 2/10 
200 Toxict 10/10 
Stomach intub. 25 O-74 + 0:26 24 2/10 
50 057 + O15 42 2/10 
100 0.521012 47 di 
200 Toxic 10/10 
Oral (in drinking 25 0-724 0:32 26 0/10 
water) 50 0-63 10:25 35 0/10 
100 0-53 40-21 46 0/10 
200 0-55 + 0-25 44 0/10 

* 1-Penicillamine treatment of 20 g CF, white male Swiss tumour-bearin: 

mice started 24 h after implantation, daily for 7 days, Animals were kille 


on 8th day. 
t 5.D. of individual tumour weights. 
t, Toxie, all mice dead. 


dose of ascitic sarcoma-180 in CF, mice, treatment with 
L-penicillamine was commenced via different routes, and 
continued daily for 7 days (Table 5). Single daily doses 
were administered subeutaneously, intraperitoneally and 
by stomach intubation. Continuous oral therapy was 
provided by addition of r-penicillamine to the drinking- 
water. L-Penicillamine proved to be equally as active as 
& tumour-retarding agent by all routes of administration, 
and the tumour-retarding effect was demonstrable at 25, 
50 and 100 mg/kg daily dose-levels. Subcutaneous 
injection of 200 mg r-penicillamine/kg/day was toxic. 
More detailed effects of subcutaneous therapy of r-peni- 
cillamine on sarcoma-180 may be found in a previous 
publication’. Addition of 1-penicillamine to the drinking- 
water proved to be the simplest method of administering 
the drug. The higher mortality in mice intubated with 
L-penicillamine as a single daily dose was attributed, in 
part, to instrumentation. 

This work was supported by research grant G-21044 of 
the U.S. National Science Foundation. 
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MODE OF MULTIPLICATION OF Theileria IN CULTURES OF BOVINE 
LYMPHOCYTIC CELLS 


By Dr. LOTTE HULLIGER, Ds. J. K. H. WILDE, C. G. D. BROWN and Miss LESLIE TURNER 
Wellcome Research Laboratory (East Africa), Kabete, Kenya 


SINCE the early work on East Coast fever by Theiler?, 
Gonder*, Koch? and Meyer‘, no conclusive evidence 
has been brought forward to establish the mode of infec- 
tion and multiplication of Theileria parva in the bovine 
host. It was assumed by the early workers, particularly 
by Gonder’, that the parasite, after infecting lymphocytes, 
multiplied by schizogony, the particles of the schizonts 
breaking up into merozoites which then infected other 
lymphocytes. Gonder believed the final stages of schizo- 
gony to be the production of gamonts which broke up 
into individual particles and then infected red cells. 
Cowdry and Danks* and Neitz* subscribed to this view. 
Reichenow’, however, while agreeing with the theory of 


further infection of lymphocytes by merozoites produced 
by division of the original parasites, considered that this 
division was by binary fission and not by schizogony. 

Prolonged cultivation of T'. parva and TT. annulata has 
provided an opportunity for detailed examination of the 
multiplication. of the parasite in vitro. 

Multiplication of T. annulata in tissue culture using 
spleen explants in plasma clot has been described by 
Tsur* and Brocklesby and Hawking!*. Initial multiplica- 
tion and survival of T. parva over a period of 15 days in 
tissue cultures were described by Tsur et ail. and con- 
firmed by Brocklesby and Hawking’. Mass cultivation 
of T. annulata has been carried out by Tsur and Adler! 
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In this Laboratory mass cultivation of T. annulata has 
been successful over a period of four months and 7’. parva 
has been eultivated similarly for up to three months. 
During this cultivation, no signs of cytopathogenic 
activity by the parasite have been detected. 

Evidence has been obtained to support the concept 
that distribution of Theileria into both daughter cells 
during mitotic division of the host cell is responsible for 
the increase in numbers of infected cells. 

Terminology. The terminology used to describe the 
manifestations of the various parts of the life-cycle of 
the Theileridae is confusing and may be misleading. The 
forms of the parasite found in cells of the lymphatic 
system are often described as schizonts of two types: 
the macroschizonts and the microschizonts. We are not 
satisfied that division of the parasite at this stage is by 


schizogony 
terminology. 
the ‘agamont’ or ‘Koch’s body’, we use the term ‘theilerial 
body’. By this is understood the close association of 
chromatin particles enveloped in cytoplasm which is 
characteristic of the early stages of the patent disease 
in the bovine host. For the individual particles of 
chromatin which make up this body we prefer the term 
‘theilerial particles’. 

The so-called microschizont or gamont which appears 
in the later stages of the disease is made up of small, more 
compact particles of chromatin aggregated in larger 
numbers. Whereas these appear readily to break up into 
what may be termed ‘merozoites’, those described 
as ‘theilerial bodies’ here do not. In the series of tissue 
cultures described in this article, no gamont-like bodies 

and, therefore, the terms ‘theilerial body’ and 
ilerial particle’ refer only to the so-called agamont 
and its constituent particles. 

Observations were made on Theileria-infected cells 
growing in monolayer. The cells had been isolated from 
bovine spleen, lymph nodes or blood from Theileria- 
infected animals and grown in association with a cell line 
of baby hamster kidney (B.H.K.), isolated by Macpherson 
and Stoker™. 

(A) Chromosomal analysis of host cells. Chromosomal 
analysis was used to determine whether the Theileria- 
infected cells were bovine or hamster. Cultures were 
incubated with colchicine (10-7 g/ml.) for 6 h, then treated 
for 5 min in hypotonic solution, fixed and stained 
with Giemsa. Bovine cells are readily distinguished from 
hamster cells on the basis of chromosome number and 
morphology. The hamster chromosomes are acro- or 
meta-centrie, usually numbering 44 and rarely 88. The 
bovine chromosomes are smaller, rod-shaped and their 
number is 60. The centromere is situated at one end of 
the chromosome (telocentric) in all except one pair. 

Slide preparations of such cultures showed largo 
numbers of cells in mitosis. Theilerial particles could be 
recognized as pale red particles in between the chromo- 
somes. They were found only in bovine cells and not in 
hamster cells; 98-100 per cent bovine cells were infected 
with Theileria in established cultures. 

(B) Observations on mitotic division of Theileria-infected 
cells. Cell ions were fixed immediately after 
centrifugation to obtain all phases of mitotic division. 
Drop preparations were stained with Giemsa. Many 
mitotic figures were examined for the distribution of 
is particles. Representative examples are shown 
in Fig. 1. 

Prophase: Theilerial particles were found in the cyto- 
plasm between the chromosomes. 

: The parasite was found almost invariably 
in close association with the chromosomes as a distinct 
theilerial body, the most typical location being in between 
n, thus disturbing the symmetry of the equatorial 
plate. 

Anaphase: The particles were aligned in one or two, 
rarely more, threads along the fibrils of the spindle; in 
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E A 8i in the Division of Theileria-infected cells. (m Matania 
the body; (b) telophase with one strand; o , 
theilerial body separa to H reconstruction, daughter 
Inte thallsral body 


each of the threads the particles were associated in a 
strand of coherent cytoplasm. 

Telophase: The thread-like theilerial bodies were 
stretched by the dividing cell but still existed as one unit. 
In a few cases the thread was disrupted in one place, 
generally near the middle. 

Reconstruction: Complete separation of the cells and 
the theilerial bodies had taken place. 

Such a distribution of theilerial particles into both 
daughter cells was seen in 146 out of the 147 late mitotic 
phases observed and only on one occasion was a pair seen 
in which one of the daughter cells contained MD cent 

(C) Number of theilerial particles per cell. number 
of theilerial particles per cell was counted in 100 infected 
cells in preparations made over a period of three months 
from one line of T. annulata isolated on Sept. 12, 1963 *. 
The data when plotted gave a typical Poisson distribution. 
The averages and standard deviations are given in Table 1. 
In the last column the percentages of cells with more than 
one theilerial body are listed. 


Table 1. NUMBER OF THEILERIAL PARTICLES PER CELL DURING PROLONGED 


CULTIVATION. DATE OF ISOLATION SEPT. 12, 1969 
% cella with 


Days of Thellerial particies/cell more than 
cultivation Average theilerial body 
28 14 12 65 
35 16 11 80 
54 17 17 90 
77 16 10 145 
95 14 65 
117 14 10 85 


During the three months of observations the sverage 
numbers of theilerial partieles was found to be constant 
within the limits of 14 and 17. The number of cells 
containing more than one body varied from 6-5 to 14-5 per 
vacui but no progressive increase oceurred during this 


POD) Effect of prolonged exposure to colchicine. Prelim- 
inary experiments had suggested that colchicine, et 


* The T strain of T. annulata provided by Dr. of Israel 
and which had been serially peer tp n perro a Ay Sig i 
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concentrations of not more than 10-7 g/ml., while inhibiting 
the mitotic division of the bovine host cells did not 
prevent the multiplication of theilerial particles. 

Colchicine in a final concentration of 3x 10-* g/ml. was 
added to cultures of Theileria-infected cells. Samples 
were taken at 0, 24 and 48 h. Control eultures without 
colchicine were examined at the same times. Theilerial 
particles in each cell were counted. 

The results are given in Table 2. After 24 h the average 
number of particles per cell in a control eulture was 17-6 
and in a colchicine-treated culture 38-8. After 48 h the 
average rose in the latter to 111-2, with a very wide 
distribution; signs of a toxie effeet on the host cells, 
such as giant cell formation and foamy changes of cyto- 
plasm, could be observed. 


Table 2. EFFECT OF COLCHICINE ON LUMINE OF THEILERIAL PARTICLES 
ER CELL 


Colchicine cone.: 10-5 g/ml. 
Time Colchicine Control cultures 
(h) Average S.D. Average S.D. 
0 — DX 14 HI 
24 39 17 18 11 
48 115 65 16 i4 
Discussion, T. annulata and T. parva were cultivated 


in vitro on a large scale in bovine cells isolated from 
lymphatic tissue in association with B.H.K. cells. Chromo- 
somal analysis showed that the host cells of Theileria were 
bovine cells and that of these cells in established cultures 
98-100 per cent were infected with Theileria. Massive 
propagation of T'heieria-infected cells in tissue culture 
was maintained, however, for months. During. the 
continued multiplication of infected cells, distribution of 
theilerial particles into both daughter cells regularly took 
place. The theilerial body was associated with the 
mitotically dividing cell in such a way that it generally 
formed one thread attached to the spindle fibres and this 
chain was pulled apart in late mitosis. In.a number of 
cells more than one thread was aligned along the spindle 
fibres. The percentage of such mitotic cells was in the 
same range as the percentage of resting cells infected with 
more than one theilerial body. 

Reichenow’ described the foregoing mechanism of dis- 
tribution of theilerial particles into both daughter cells 
during mitosis in infected cattle, but he assumed this to 
be a peculiarity of a few cells only. On this observation 
he based the assumption that intracellular theilerial 
bodies were agglomerations of single organisms which 
could dissociate freely during host cell division. 

We have so far not found any signs of such dissociation 
in their cultures. In these investigations, the mechanism 
described here was observed in 98 per cent of all mitotic 
figures, and since there were scarcely any uninfeeted bovine 
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cells, it has to be assumed that, in these tissue cultures at 
least, a clone of infected lymphoid cells was produced 
and that theilerial particles multiplied intracellularly. 
Disintegration of infected lymphoid cells and the release 
of single theilerial particles (merozoites) and infection of 
new cells were not observed. 

The rate of multiplication of theilerial particles seemed 
to be in balance with the rate of multiplication of their 
host cells, as over several months the average number of 
particles per cell was constant between 14 and 17. Addi- 
tional evidence was obtained from the experiments with 
colchicine. The single theilerial particles seemed to 
divide into two. Twin particles closely associated with 
one another within the theilerial body could be observed 
in the resting cell and during all stages of mitosis. All 
the evidence was against simultaneous division of the 
particles within one cell, nor did there exist evidence of 
the division of theilerial particles synchronously with the 
mitotic division of their host cell. 

In the Theileria-infected animal the very rapid enlarge- 
ment of lymph nodes has been shown to be due mainly to 
multiple mitotic division. This suggests that Theileria 
might stimulate the host cells to divide at an increased 
rate, possibly by means of an association with the Golgi 
apparatus. 

Observations made on many thousands of lymph-node 
biopsy smears from animals infected with T. parva have 
failed to produce convincing evidence that multiplication 
of the parasites in their lymphocytic stage takes place by 
the infection of fresh lymph-node cells by merozoites 
liberated from the disintegrated theilerial bodies. On 
the other hand, we have often observed cells in which 
theilerial bodies were associated with the mitotic division 
of the host cell in the same way as described here for 
tissue culture. Further work is, however, necessary to 
elucidate the whole picture of the life-cycle of Theileria 
in the bovine host. 
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MAST CELLS AND HYALURONIC ACID IN THE BOVINE 
ENDOMETRIUM 


By Dr. |. N. LIKAR, Dr. LYDIA J. LIKAR and Dr. R. W. ROBINSON 


Research Laboratory, The Memorial Hospital, Worcester, Mass. 


ECENT literature concerning mast cells is abundant 
but somewhat confusing'-*. The pluri-potential 
funetions of mast cells in the dynamies of the connective 
tissue seem to be related to the chemical substances 
heparin, histamine, hyaluronic acid and serotonin. It 
appears that sufficient data are available to confirm the 
presence of heparin and histamine in the mast cell 
granules, but as regards serotonin and hyaluronic acid 
the question is not settled'*. Whether these substances 
are merely stored in the mast cells or stored and synthe- 
sized is not yet elear?.5, 


In previous work‘, the acid mucopolysaccharides of the 
bovine uterine wall were located by histochemical tech- 
niques, and it was found that the colour intensity of the 
staining reaction of acid mucopolysaccharides (AMPs) 
varied during the sexual cycle. A biochemical investiga- 
tion indicated 3 fractions of acid mucopolysaecharides 
present in the bovine uterine wall: fraction 1, hyaluronate; 
fraction 2, chondroitin sulphates and heparin monosul- 
phate; and fraction 3, heparin. Inspection of the levels 
of fractions 1, 2 and 3 showed. that the greatest variations 
occurred in the titres of fraction 1 (hyaluronate). The 
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Fig. 1 


Fig. 3 


average value of fraction 1 in pro-cestrus—cstrus was 
881 ug/g, while in meteestrus-dicestrus it was 426 ug/g, the 
difference being approximately 50 per cent. The average 
values of fraction 2 (616 and 615 ug/g for pro-cestrus— 
cestrus and metostrus—diwstrus, respectively) and frac- 
tion 3 (130 and 155 pg/g at different stages of the sexual 
cycle) did not show significant variations. However, 
histological observation of the presence of mast cells in 
the bovine uterine wall during the sexual cycle demon- 
strated cyclic changes, especially in the endometrium. 

The purpose of the work recorded here was to investi- 
gate the relationship between the mast cells and the 
hyaluronic acid in the bovine endometrial stroma with 

icular reference to the sexual cycle. 

Twenty’ fresh uteri with ovaries were collected from 

abattoirs with all necessary preventive measures. After 
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Fig. 2 





Fig. 4 
Figs. 1-4, Cross-sections of bovine endometrium at different stages of the sexual cycle, stained with toluidine blue for mast cells (all x e, 225) 
Fig. 1. 
Fig.2. Fair number of mast cells; dicstrus 
Fig.3. Many mast cells; procstrus 
Fig.4. Many mast cells and evidence of degranulation; oestrus 


Few mast cells; metcestrus 


the gross examination of the ovaries and uteri to establish 
approximately the stage of the sexual cycle’, samples of 
ovaries and uteri were fixed in 10 per cent formalin with 
cetyl pyridinium chloride™ (at room temperature) or in 
96 per cent ethanol (at — 20° C). Uniform sampling of a 
piece of uterus-horn 1 cm from the bifurcation was util- 
ized. The endometrium was separated from the myo- 
metrium and perimetrium and afterwards preserved 
in acetone at — 20? C for biochemical examination. For 
histochemical examination, paraffin sections were cut 
at 6u and stained by Hale's method (IC) for acid muco- 
polysaecharides as modified by Rinehart and Abul'Haj*, 
periodie acid-Schiff’s method (PAS) according to 
McManus’ and toluidine blue method (TB) at pH 41 
and pH 1-5 as described by Hayashi ef al.* Routine 
hematoxylin and eosin stains were used for definite 
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verification of the stage of the sexual eycle, which was 
previously determined only approximately by gross 
examination. The mast cells were stained with toluidine 
blue pH 3 in 70 per cent ethanol. The total AMP and 
hyaluronic acid in a 2-g biopsy were determined bio- 
chemically by the method of Schiller et al.5-*. 

Histological examination of the mast cells confirmed 
our previous findings‘ that after cstrus the number of 
mast cells decreased rapidly and in the middle of met- 
cestrus reached its lowest peak. During this stage only a 
few scattered mast cells were observed under the lining 
epithelia (Fig. 1). Later the number slowly increased, 
and mast cells with more distinct granules were noted 
(Fig. 2). In dicestrus the number was increased further 
and tho mast cells were found throughout the endometrial 
stroma, particularly under the lining epithelia. In 
pro-cestrus they were concentrated more distinctly beneath 
the lining epithelia (Fig. 3) and around the uterine glands. 
The mast cells in this stage were stained more intensively 
with toluidine blue and some were also IC- and PAS- 
positive. At the end of pro-cestrus or at the beginning of 
cestrus degranulation of mast. cells was observed. De- 
granulation was more noticeable during the end of estrus 
and the mast cells were stained less distinctly (Fig. 4). 
The number of mast cells then decreased rapidly as 
described before (Tables 1 and 2). 

The histochemical investigation located the AMPs 
in the endometrial stroma, particularly beneath the lining 
epithelia and much less around the uterine glands and 
in or around the walls of the uterine blood vessels (areas 
where the mast cells were present) The colour intensity 
varied at different stages of the sexual cycle (Table 1). 


Table 1 
Stage of the Endometrial stroma Mast. 
sexual cycle PAS ic TB ipl 41) cells 
Meteestrus + = = + 
Diestras _ + + x ++ 
Pro-cestrus + + + +++ 
strus ++ ++ ++ +++ 


Histochemicalevaluation: —, negative; +,intraces: + Slightly positive; 
+ +, strongly positive. 
Ineldence of mast cells: 


+++, high incidence. 


+, low incidence; ++, medium incidence; 

When sections were stained with TB at pH L5 the 
AMPs were always stained orthochromatically. This 
finding and PAS staining reaction in the same areas 
indicated also the presence of unsulphated acid muco- 
polysaccharides in the bovine endometrial stroma‘-*", 

Biochemical examination of endometrium demonstrated 
that hyaluronic acid varied greatly in value during the 
sexual cycle (Table 2). These variations were parallel 
with an increase or decrease of mast cells, with the colour 
intensity of the histochemical determination and with 
the value of the total amount of AMPs (Fig. 5). The 
possibility, therefore, exists that AMPs and the mast cells 
in the bovine endometrium are regulated by the hormones 
of the sexual cycle. 


Table 2 
Total amount 
. Stage of the Mast Hyaluronic of ac. 
Animal sexual cycle cells acid muocopoly- 
(ug/g) saccharides 
(ugig) 
1 Metastrua + 800 840 
2 » t 360 880 
8 ” + 340 1,000 
4 Dicstrus ++ 362 1,300 
5 Y ++ 412 1,460 
6 ^" ++ 550 ,b00 
7 Pro-ostrus Go 529 1,700 
8 $i tet 503 1,630 
9 » +++ 875 1,670 
10 Œstrus *RG 812 ,600 
1i "n tte + 839 1,850 
12 $i ++ + 790 1,740 


Incidence of mast cells in a microscopie field (objective 16): + ,less than 3; 
+, 3-10; ++, 10-30; ++ +, 30-50; + + + +, 50 or more. 


The different staining reactions of mast cells toward IC, 
PAS and TB indicate that mast cells are a heterogeneous 
population in the connective tissue. The orientation and 
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ug/g 





Days 


Fig. 5. Average values for hyaluronic acid (HA) and acid mucopoly- 
saccharides (AMPs) (ug/g) and mast celis in bovine endometrium at 
different stages of the sexual eyele. +, less than 3 mast cells in a 
microscopie field (objective 16); +, 3-10 mast cells; + + , 10-30 mast 
cells; +++, 30-50 mast cells; ++ ++, more than 50 mast cells 


number of mast cells have further significance from the 
point of view of available AMPs. Where there is a need 
for AMPs and the tissue does not contain sufficient 
amounts of ground substance of fibroblasts there is nor- 
mally a higher number of mast cells present?. It would 
appear that AMPs are of local origin, and in this investiga- 
tion a significant increase of fibroblasts was not noted by 
histological observation. While mast cells are not the 
only source nor even a significantly voluminous source of 
AMPs, they are important in the metabolism of AMPs?. 
Mast cells seem to be capable of both storage and/or 
synthesis, and of unloading the contents almost instantly, 
in contrast with fibroblasts and epithelial eells, which 
commonly produce a small continuous supply of AMPs 
during a longer period of time?:*, 

The results of this investigation support the concept 
that mast cells participate in the production of hyaluronic 
acid. These findings are in accord with Asboe-Hansen!, 
who suggested that there exists a definite relationship 
between the mast cells and hyaluronic acid content of the 
tissue. In the present work, biochemical, histochemical 
and histological investigations of the bovine endometrial 
stroma demonstrate that the values of hyaluronic acid 
and the total amount of acid mucopolysaccharides are 
parallel with the numerical changes of the mast cells at 
different stages of the sexual cycle. Different staining 
reactions of mast cells at different stages of the sexual 
cycle suggest that the content of granules is not the same 
in all mast cells. The localization of mast cells, histo- 
chemical staining reactions for AMPs in these areas, and 
biochemical values indicate that mast cells might share 


..of paralysis in adult mice. 
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in the production of hyaluronic acid in the bovine endo- 
metrial stroma. 


1 Asboe-Hansen, G., Connective Tissue in Health and Disease, 51 (Munks- 
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IMMUNOLOGICAL PARALYSIS INDUCED IN ADULT RABBITS BY 
SMALL AMOUNTS OF A PROTEIN ANTIGEN 


By Dr. D. W. DRESSER and Ds. G. GOWLAND 


National Institute for Medical Research, Mill Hill, 
London, N.W.7 


(C'PECIFIC immunological paralysis (tolerance, un- 


Y responsiveness) was induced in adult mice after the 
injection of small amounts of heterologous y-globulin’, 
an observation which has since been confirmed’. The 
earlier work suggested that the adjuvanticity of a protein 


- antigen had an important bearing on whether or not small 


amounts of this antigen would induce a specifie state 
‘Adjuvanticity’ has been 
described as that property of an antigen which leads to 


dte recognition as being foreign or denatured, Formerly 


it could have been argued that this phenomenon was not à 
general one but was restricted to bovine y-globulin in 
adult CBA mice. 

Tt is now known that several other mammalian y- 
globulins will paralyse CBA and other strains of mice*; 
that CBA mice may have a considerable degree of paraly- 
gis induced in them by small amounts of bovine serum 
albumin’; and finally, that guinea pigs can be paralysed 
by bovine y-globulin injected via the mesenteric vein‘. 
Tt now seems more likely that the induction of paralysis 
by small amounts of a protein antigen lacking adjuvanti- 
city (non-immunogenie ?) may be a general phenomenon. 
Paralysis to protems possessing their own adjuvanticity, 
that is, proteins sufficiently foreign to initiate an immune 


. gesponse without the addition of an artificial adjuvant, 
-ean only be achieved by the injection of massive doses of 


antigen into adults (antigen overloading paralysis) or 


by the injection of smaller amounts of antigen into neo- 
natal animals before the onset of immunological maturity 
(tolerance). 

The object of our experiments was to attempt to induce 
immunological paralysis in adult rabbits using small 
amounts of a protein antigen. The rabbit is gonerally 
recognized as a good producer of antisera to a wide range 
of proteins, including denatured rabbit y-globulin. There- 


"fore, we thought that a satisfactory demonstration of this 


type of immunological paralysis in rabbits would greatly 
strengthen the argument that the phenomenon was a 
general one and has an important bearing on the basie 
mechanism involved in the induetion of immunological 
paralysis (tolerance). The classical experiments of Glenny 
and Hopkins, carried out more than forty years ago, led 
to the use of equine y-globulin in some preliminary experi- 
ments. As the paralysis achieved in these preliminary 
experiments with this antigen was marginal indeed, we 
decided to use leporine y-globulin (from Lepus europaeus 
occidentalis De Winton, the lowland hare) on the grounds 
that closer phylogenetic relationship might give a better 
‘hance. of success. The results show that a convincing 


“degree of paralysis was obtained with this antigen. 


The rabbits used in the preliminary experiments were 
sandy lops (from a Southern California commercial 
dealer) and those in the main experiments Himalayans 
(from the closed colony maintained at the National 





Institute for Medical Research). The antigens wore 
equine y-globulin (EGG; Pentex Inc., Batch No H 24 
and leporine y-globulin (LGG) prepared from. hare sorum 
by ion-exchange chromatography on DEAE-‘Sephadex, 
A—50' coarse, using a stepwise molarity gradient. 110 mi. 
of hare serum was dialysed against 0-0175 M tris/phasphate 
buffer pH 8-0 and the DEAE was equilibrated against the 
same strength buffer. As the amount of protem eluted 
from this column (5 x 75 em) with this buffer proved to be 
too small to use (it appeared to be ‘pure’ Y, globulin), 
0-2 M buffer (0-05 M tris/phosphate + 0-15 M sodium 
chloride) was used for the next elution step. A consider- 
able amount of protein was eluted from the column, 
which, after concentration by pressure dialysis, was shown 
by immunoelectrophoresis to contain considerable amournte 
of a Y,,like protein and a small amount of a Y,-like 
protein. Both EGG and LGG were centrifug 
25,000-30,000g prior to intravenous injection. iG 
labelled with iodine-131 by the method of Wormal' 
(EGG*) and the LGG by the more satisfactory ICI 
method of McFarlane? (LGG *); both proteins received 
less than one atom of iodine per molecule. Rabbits 
injected with iodine-labelled protein were given water 
containing 100 mg sodium iodide/l. during the elimination 
of the antigen. Rabbits were bled from the marginal oar 
vein into tared tubes and the counts per g of w od 

























expressed as a percentage of the amount of antigen in be 
circulation 24 h after intravenous injection (aestum 


that most, if not all, the label was still attached to the 
antigen). ; "T 

Fig. 1 illustrates the results obtained with EGG as the 
antigen in the preliminary experiments. It ean be seen 
that: ; 

(A) There is a marked primary response to an intres 
venous injection of 50 mg of EGG*. This is probably of 
importance when compared with the lack of response to è 
similar injection of LGG*. 

(B) There is an easily detectable difference between 
the primary response and a secondary response after 
prior immunization with complete Freund's adjuvant 
containing 100 mg EGG (Freund's/EGG). 

(C) Rabbits injected intravenously with 100 mg 
centrifuged EGG 8 days before challenge with Preund's/ 
EGG show a response intermediate between the primary 
and secondary responses and in most cases significantly 
less than the secondary response control, 

(D) Two rabbits given the same treatment as ( C), 
also injeeted intravenously with 10 mg EGG 17 
earlier, showed an even greater elimination respons 
secondary response controls. An equivalence test, 
ever, showed them to have somewhat le eu 
antibody. It is clear from these experime 
contains its own adjuvanticity in rabbits 
number of rabbits apparently paralysed I 


but 


we 
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% Antigen (EGG *) 





8 
Days after challenge 


 Fig.1. Simplified graphs of the elimination of EGG *. 
A, B, C and D in the text 


Key to groups 
Hopkins? may easily have been due to à combination of 
genetic differences in those rabbits with a low level of 
overloading paralysis. 

In the experiments using LGG several rabbits were 
tested more than once with LGG*. ‘Table 1 lists the 
animals used, the nature and dates of any treatment given 
and, where relevant, the approximate nature of the antigen- 
elimination curve with the approximate half-life of the 
antigen in the circulation during elimination. Fig. 2 
illustrates the elimination of LGG* from the circulation 
of: (a) normal rabbits, Nos. 1 (injected: twice, curves 
la and b), 2, 3; (b) rabbits previously injected with alum- 
precipitated .LGG admixed with Bordetella pertussis, 
Nos. 4, 5; (c) rabbits previously given a series of injections 

of Proteus vulgaris coated with LGG (in the form of hare 

<- antibody prepared against this organism), Nos. 8, 9; 

. (d) rabbits previously injected with Freund’s/LGG, 

Nos. 6, 7, 10, 11, Only those animals previously injected 

he antigen emulsified in complete Freund’s adjuvant 






showed immune elimination of LGG when tested. The 


~ half-life of LGG* in normal animals varied between 2-5 
; and 3-9 days with an average of 3:3 days. 

Fig. 3 illustrates the effect of injecting LGG as a solu- 
tion prior to immunization with Freund's/LGG (Nos. 1, 2, 
3, 12, 13, 14 and 15). The results show that a considerable 
degree of paralysis was obtained even when the intra- 
venous injection of 16 mg LGG was as long as 3 months 
before challenge with Freund's/LGG. 

Serial dilutions of serum samples obtained one week 
after the end of elimination experiments were tested 
against a 1 per cent solution of LGG in Ouchterlony gel- 
diffusion plates. These showed that rabbits 6, 7, 10 and 








1l, which showed immune elimination of LGG*, had 
precipitin titres of from 1/8 to 1/16; rabbits with weak 
immune eliminations or non-immune eliminations had 
no detectable antibody to LGG in their serum. 
Although on a small seale with regard to numbers of 
animals our results are compatible with conclusions 
drawn from earlier work with mice!, where it was con- 
cluded that there was a progressive loss of paralysis after 
à given dose of paralytogen; that with increased doses of 
paralytogen the state of paralysis would be longer lasting 
(Table 1, rabbit 1); and that further injections of paralyto- 
gen before a state of paralysis had been lost could. prevent 
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Fig. 2. Graph of the elimination of LGG*. Rabbits 1, 2, 8, 4, 5, 8 and 
9 failing to show an immune response. Rabbits 6, 7, 10 and 11 showing 
2 secondary response after prior challenge with Freund's/LGG 
100 
10 
v 
oO 
Q 
= 
5 
a 
* 
ER 
ze 





4 8 12 18 20 
Days after challenge 


Fig. 3. Elimination of LGG* in rabbits previously paralysed (made. 
tolerant) by injections of LGG as a solution, followed by Freund's/LGG 
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Table 1 
Rabit, sex and No.| Date of treatment Antigen dose Route Approx. T',;,*in days Type of response See fig. 
d,1 Nov. 5, '63 16 mg LGG* iv. 2-5 Non-immune 2 
born Dec. 10, '63 16 mg LGG* i.v. 2-7 Non-immune 2 
11.10.63 Mar. 4, 64 8 ml. Freund's/LGG (12 mg) i.m. +8.¢. — — = 
Mar. 31, ’64 16 mg LGG* iv. 2:3 Non-immune 3 
Apr. 27, 64 16 mg LGG* iv. 2:33 Non-immune - 
3,2; 3,3 Dec. 10, ’63 16 mg LGG* iv. 3-8; 3-9 Non-immune 2 
born Mar. 4, '04 8 ml. Freund's/LGG (12 mg) i.m. -- B.C. — B 
11.10.03 Mar. 31, '64 16 mg LGG* lv. 1:06; 27 Partially immune; 8 
. Apr. 27, '04 16 mg LGG* iv. 1:5; 91 Non-immune - 
6,4: 0,5 Nov. 19, '03 10 mg alum ppt. LGG+10"° i.m. +8.¢. — — - 
born Bordetella pertussis 
11.10.63 Dec. 10, '03 16 mg LGG* iv. 3-5; 9:6 Non-immune 2 
Jan. 7, '64 15 mg alum ppt. LGG + 2 x 101° i.m. — = = 
Bordetella pertussis : 
Feb. 18, '64 25 mg LGG* iv. 2/7; 9:2 Non-immune Gai 
3,6; 3,7 Dec, 20, ’63 8 ml. Freund’s/LGG (9 mg) i.m. +3.¢. — — = 
born Feb. 18, 64 25 mg LGG* i.v. 0:4; 0-6 Immune 2 
10.10.63 
3,8; 6,9 Jan. 22, '64 4 injections of 5 x 10* Proteus 
born to vulgaris coated with LGG i.v. — 
30.11.63 Feb. 16, '64 (anti Proteus Ab) 
Feb. 18, ’64 25mg LGG* iv. 2:5; 3-5 Non-immune 2 
6, 10 born Mar. 4, '64 8 ml. Freund's/LGG (12 mg) i.m.- s.c. — — = 
25.12.63 Mar. 31, '64 16 mg LGG* n i.v. 0-5 Immune 2 
d, 11 Mar. 4, '04 1 ml. Freund's/LGG (2 mg) j.m. — — = 
born Mar. 11, '64 1 ml. Freund's/LGG (2 mg) i.m. — x = 
25.12.63 Mar. 31, '64 16 mg LGG* iv. 05 Immune 2 
8, 12; g, 13; Mar. 17, '64 25 mg centrifuged LGG iv. vx = = 
, 14; 9,15 Apr. 1, '64 8 ml. Freund's/LGG (12 mg) i.m. +5.¢. — T 
born 3.1.64 Apr. 27, '64 16 mg LGG* i.v. l8; 20; 17; 1:9 Partially immune 














* Estimated from day 8 to 5 in immune animals and from 5 to 15 in all others. 


a break from paralysis (for example, Table 1, rabbits 2 
and 3). . 

Further comparisons between protein-induced paralysis 
in rabbits and mice now seem possible. The minimum 
dose of bovine y-globulin (BGG) capable of inducing a 
reasonably complete degree of paralysis in adult CBA 
mice is 20-200 yg, although as little as 2 ug gives a measur- 
able effect. As the mice used weighed about 20 g, the 
minimum effective dose was about 10 mg/kg body-weight. 
For LGG in rabbits a considerable effect was seen 3 months 
after a dose of 16 mg given to animals weighing 900—1,100 
g. It has been estimated that 1011101? molecules of BGG 
must remain in the mouse for a state of paralysis to be 
maintained". A similar calculation based on the half- 
life of antigen in the circulation can be made for rabbits 
injected with LGG. This gives a figure of 105-10? molecules 
required to maintain a degree of immunological paralysis 
in a rabbit, that is, about 100 times less than the number 
of molecules apparently required to maintain paralysis 
in the mouse. This does not take into account the 
difference in size between the two animals and presumably 
a difference in the number of cells requiring antigen to 
remain in a state of paralysis. Such differences would 
increase the discrepancy between the two figures. We 
think that this discrepancy illustrates that the half-life 
of antigen in the circulation is not a good measure of the 
half-life of antigen in the animal as a whole. If taken 
at face value the figures would imply that intracellular 
antigen is destroyed at a slower rate than the same 
antigen is removed from the circulation; much more 
slowly in the case of LGG in rabbits (half-life in the cir- 
culation 3-3 days) than in the case of BGG in CBA mice 
(half-life in the circulation 6-5 days). Calculations of the 
number of molecules of antigen persisting in relation to a 
state of paralysis, based on half-lives of antigen in the 
circulation, probably have little significance. 

There is a fundamental difference between the immuno- 
logical response to EGG and many other proteins and the 
response to LGG in rabbits; also, between serum albumins 
and mammalian y-globulins in mice and possibly guinea 
pigs. In each case the former proteins can elicit an immune 
response without any aid from adjuvants, whereas the 
latter rarely elicit an immune response on their own and, 


in fact, elicit a specific state of immunological paralysis. 
An immune response to these paralytogens can be stimu- 
lated in normal animals by the use of an adjuvant, for 
example, Freund’s adjuvant containing the appropriate 
antigen. The first response of an animal to injected 
material may not be an immunological one, but a failure 
or non-failure to recognize this material as foreign as was 
originally proposed by Burnet and Fenner. If it is 
recognized as foreign the material is fed into a pathway 
which can lead to a specific immune response, while 
failure to recognize it as foreign (either because it is not 
foreign or because it is sufficiently closely related structur- 
ally to self-components to be mistaken for self) will fail 
to open up the immune pathway. Several things could be 
implied from this postulated mechanism. First, that the 
specificity of the mechanism for the recognition of self is 
not as accurate as the specificity of the immunological 
paralysis mechanism. Secondly, that there is no reason to 
think at present that unrecognized foreign material is 
not metabolized in the same way as self-components. 
The catabolic pathway must therefore give access to the 
paralysis mechanism, and it would seem that the mechan- 
ism of induction and maintenance of paralysis are not 
basically different. Thirdly, experiments with adjuvants 
indicate that the immune pathway can be opened up non- 
specifically, which would imply that the mechanism of 
immunological paralysis must operate to prevent goneral 
auto-immunity. Exceptions to this would be lens protein, 
nervous tissue and perhaps thyroid, where, in some cases, 
a lack of adjuvanticity together with a lack of ready access 
by antibody-forming cells prevents auto-immunity to 
them and, almost by definition, the failure to induce or at 
least maintain any state of paralysis (tolerance) to these 
tissues. 

Antibody production to many protein antigens can be 
suppressed in adult animals by the repeated injection of 
large amounts of antigen (antigen overloading paralysis), 
for example, 0-5 mg/g body-weight/day for several 
weeks!?, This high level of antigen seems to be necessary 
to suppress antibody production in cells already induced 
or being induced to produce antibody. With LGG in 
rabbits and y-globulins in mice the amount of antigen 
required to elicit paralysis and that required to stimulate 
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immunity (aided by an adjuvant) seom to be of the same 
order of magnitude. This clearly indicates that paralysis 
is not a by-product of over-saturation by antigen (unless 
the antigen is recognized as foreign, and the induction of 
immunity ensues in some cells), but, as was previously 
suggested, is a result of the failure of one of the steps 
in the pathway to an immune response. ‘ 

Recent investigations of rabbit y-globulin allotypes!* 
have shown that antigenic y-globulins of maternal origin 
may be found for a time in the circulation of young 
rabbits. When the young are genotypically different from 
their mothers it seems reasonable to expect that immuno- 
logical paralysis to the foreign allotypes will be induced 
and maintained for a time, although so far as we know 
this has not yet been tested. 

The preliminary experiments were carried out by one 
of us (D. W. D.) in the Division of Biology, California 
Institute of Technology, and thanks are due to Prof. 
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R. D. Owen. We also thank Dr. J. H. Humphrey for 
advice and Miss Jeanette Dilley and Mr. D. Wilson for 
their assistance. 
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FETAL EXCLUSION BY TRANSUTERINE LIGATION OF THE 
UMBILICAL CORD 


By Dr. DAVID LEHR, MARILYN KRUKOWSKI and RITA COLON 


Department of Physiology and Pharmacology, New York Medical College, 
Flower and Fifth Avenue Hospitals, New York 


I the course of investigations in the albino rat on the 
mechanism of protection by advanced pregnancy 
against parathyroid hormone-induced cardiorenal necrosis 
and calcification!, it appeared of interest to explore the 
effects of the placentas in the absence of the foetuses. 
Removal of the foetuses was carried out by Caesarean 
section which required individual surgical entry into all 
uterine beads. It was noted that even with most careful 
and gentle handling, interference with the integrity of 
the surviving part of the placenta was unavoidable, since 
removal of the foetus and loss of amniotic fluid destroyed 
the physiological tension of the amniotic sac and created 
a void which could not be readily abolished by contraction 
of the extremely thinned-out myometrium. Although 
most placentas survived until term in fairly good condition 
when fostal extirpation was carried out on the 19th day of 
pregnancy, the decrease in protection against parathyroid 
hormone poisoning was difficult to interpret. It could 
have been caused by the removal of a fotal factor. But 
it might also have been caused by diminution of a maternal 
protective mechanism, due either to placental damage or 
hormonal alterations resulting from removal of the foetus 
or the premature loss of uterine distension}. 

To avoid these pitfalls, a more physiological means of 
foetal exclusion was sought. This led to the development 
of a simple procedure consisting principally in the ligation 
of the umbilical cords of rat foetuses by passing a needle 
and thread around the umbilical cord through the intact 
uterine wall, leaving the conceptus and myometrium 
otherwise virtually undisturbed. This procedure proved 
not only highly successful for the intended purpose, but 
also appeared to offer interesting additional applications 
in maternal-fotal interrelations and in studies on the 
placental barrier. This article deals with a description of 
the technique and its application for the purpose for 
which it was originally developed. 

Virgin albino rats of the Sprague-Dawley strain, 3-4 
months old, raised in our own laboratory on standard 
food, were used. Tho date of impregnation was established 
by limiting contact with male rats to a 24-h period. Females 
afterwards found not to have been impregnated by this 
contact served as non-pregnant controls. 

As in earlier investigations!, surgical intervention was 
carried out on the 19th day of gestation. Under ether 


anesthesia, a midline abdominal incision 2 in. long was 
made and one uterine horn at a time was gently ‘delivered’ 
through the abdominal opening, starting at the vaginal 
insertion and proceeding towards the tip of the horn. The 
pregnant horn was placed on saline-soaked gauze, and 
covered with a second moist packing except for the bead 
to be operated on. The sequence of ligations was begun 
at the cephalic end of the horn. 

In the majority of uterine beads, a loop of the umbilical 
cord was clearly visible through the thinned-out 
myometrium. In some a portion of the cord could be 
readily brought into view by gentle manipulation of the 
foetus. As one proceeds caudad, the operation tends to 
become increasingly difficult because of the decreased 
manceuvrability of the horn near its vaginal fixation and 
because of the reduced transparency of the thicker uterine 
wall. Under these conditions a good binocular loupe and 
trans-illumination have proved of great help in localizing 
the umbilical cord. a 

Under careful visual control, a number 720-20 
(Torrington) half circle gut needle, threaded with number 
4-0 silk, was passed through the uterine wall around the 
umbilical cord and out again. The tip of the needle was 
guided so as to emerge near the point of entry into the 
myometrium. Care was taken to avoid puncture injury 
of the foetus, the placenta, or large uterine vessels. The 
two ends of the ligature were then grasped and gently 
tied, thus occluding the umbilical cord and fastening it 
to the uterine wall. Puncture of the amniotic sac causes 
some oozing of fluid and jelly-like material which ceases, 
however, immediately after the knot has been completed. 
The free ends of the ligature were clipped close to the 
knot and the procedure repeated with the next foetus 
until all cords had been tied in the same fashion. Knotting 
of the ligature is followed almost immediately by a 
distinct twitch of tho foetus which may serve as a sign of 
successful ligation. There are no further movements or 
convulsions of the fœtus following ligation of the cord. 

With some experience a skilled operator can complete 
the ligature of an umbilical cord in less than 1 min. After 
completion. of all ligations the uterine horns were gently 
eased back into the body cavity, the abdominal incision 
was closed, and the animals were permitted to continue 
to full term (22nd day). 
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Surgical extirpation of live foetuses on the 19th day of 
gestation was effected through individual entry into all 
uterine beads as outlined previously’. Care was taken to 
minimize disturbing the placentas during this manceuvre. 
Each uterine incision was closed with a purse-string 
silk suture. 

For the production of the acute hyperparathyroid 
state, the subcutaneous injection of ‘Parathyroid’ (supplied 
by Eli Lilly and Co., Indianapolis, Indiana, through the 
courtesy of Dr. Glenn W. Irwin) was started immediately 
following completion of the operation and continued in a 
dose of 150 units twice daily for three days, as done 
previously.. All rats were killed by decapitation in 
ether anesthesia, 72 h after the start of parathyroid 
hormone injections. 

Every animal was subjected to complete post-mortem 
examination. In pregnant rats, the placentas and foetuses 
were removed individually, weighed on a microbalance 
and then carefully inspected. Histological sections of 
heart, stomach, kidneys and representative groups of 
placentas and fostuses were examined in hematoxylin- 
eosin and von Kossa calcium stains. Samples of these 
same tissues were, in addition, homogenized for extraction 
and determination of calcium, magnesium, inorganic 
phosphate, sodium and potassium. These electrolytes 
were also determined in terminal samples of maternal 
serum. 

It was found that foetal exclusion by trans-uterine 
ligation of the umbilical cord on the 19th day of gestation 
was remarkably well tolerated by the pregnant rat since 
it induced no extended disability or signs of discomfort in 
the remaining days of pregnancy. Near term, the animals 
were indistinguishable from gravid controls in alertness, 
activity and food consumption. Distinct retardation of 
gain in maternal body-weight compared with pregnant 
controls was ascribed to death of the foetus. 

At autopsy the uteri of rats with tied umbilical cords 
exhibited the shape, colour and configuration expected of 
a normal organ near term, except that the individual 
uterine beads were smaller in size. Hach bead contained 
a dead, slightly macerated foetus which was smaller than 
a live foetus at the time of ligation. The placentas were 
normal in size and configuration, though slightly lower 
than normal in weight. They seemed to have suffered 
little ill-effect from the ligation procedure. This was in 
marked contrast to our observations with surgical 
extirpation of the foetus. There was in particular no 
evidence of infection, premature placental ablation, or 
uterine hemorrhage. 

As can be seen from Table 1, trans-uterine ligation of 
the umbilical cord had no noticeable influence on 
protection provided by advanced pregnancy against 
cardiorenal necrosis and calcification as a result of 
poisoning with parathyroid hormone (group 4). In fact, 
protection had remained as good as in control pregnant 
rats (group 2). This finding is in distinct contrast to 
surgical extirpation of foetuses, which resulted in conspic- 
uous loss of protection against cardiorenal injury (group 
3). These findings militate against the participation of 
fostal factors in the antagonism to parathyroid hormone 
poisoning. They also eliminate any possible role of the 
foetus as a reservoir into which a deleterious calcium/ 
phosphate overload of maternal tissues can be readily 
drained off. The decrease in parathyroid hormone 
antagonism following foetal extirpation is thus believed 
more likely due to interference with maternal protective 
mechanisms by disturbance of the integrity of the 
placenta and the uterus. The histological evaluation of 
tissues and the electrolyte pattern of fostuses and placentas 
of the various experimental groups will be reported else- 
where. 

The advantages of the method of trans-uterine ligation 
of the umbilical cord are obvious. The procedure is 
simple and can thus be readily carried out by anyone who 
possesses the routine skills of the experimental surgeon. 
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Table 1. COMPARISON OF UMBILIOAL CORD LIGATION WITH FETAL 
EXTIRPATION ON PROTECTION BY LATE PREGNANOY AGAINST CARDIORENAL 
INJURY OF ACUTE HYPERPARATHYROIDISM 


Incidence of 


. of Myocardial Nephro- 
ND Type. OH a g esae caleinosis 
1 Non-pregnant 
Control 30 100% 100% 
2 Pregnant 
Intact 20 0 60% 
3 Pregnant 
Al fotaneg 
extirpai 
on 19th day 10 80% 100% 
4 Pregnant 
All Pere oy 
cords liga: 
on 19th day 10 0 70% 


All groups received parathyroid hormone, 150 units twice daily sub- 
gitanes. for 3 aut reds days. In pregnant rats, injections were started 
on 19th day of gestation. 


Foetal exclusion is accomplished without foetal extirpation 
and thus with a minimum of disturbance of the pregnant 
uterus. Preservation of the foetus maintains the distension 
stimulus which is believed to be of importance in the 
continuation of hormonal homeostasis of pregnancy. 
Finally, the maternal part of the placenta remains 
apparently anatomically and functionally intact and 
there is thus no reason for premature ablation. 

The method lends itself to a variety of additional 
applications. A few examples may suffice to illustrate 
this aspect. It is possible, for example, in the acute 
experiment to ‘thread’ any desired number of umbilical 
cords in the described manner without tying the ligatures 
immediately. Such preparation can serve for transfer 
investigations across the placental membrane with timed 
ligations of the threaded umbilical cords at predetermined 
intervals following intravenous injection of the agents 
under examination into the maternal circulation. By this 
arrangement an equilibration curve of the agent between 
foatal and maternal blood and tissues could be obtained 
by elective surgical extirpation of foetuses immediately 
following ligation of their umbilical cords for blood and 
tissue analysis. It is also feasible by this procedure to 
examine the effects of timed short interruptions of the 
blood supply on the development of the foetus when 
compared with undisturbed control foetuses of the same 
mother. This can be accomplished by gentle transicnt 
compression of the threaded umbilical cord and subsequent 
removal of the thread, permitting pregnancy to continue 
to full term and. delivery of live or dead foetuses, dopending 
on the duration of compression’. 

By ligating umbilical cords at different stages of 
advanced gestation, one can examine the influence of 
foetal death on the physiology of the pregnant state. 
Moreover, by chemical and histological analyses of 
foetuses the exact time of death of which can be predeterm- 
ined and are carried by the pregnant rat to term, or 
for a shorter pre-selected span of time, one can obtain 
information on speed and sequence of resorptive processes 
and perhaps also on mechanisms of resorption. 

Recently, we succeeded in decapitating 19th day 
footuses by a similar trans-uterine approach with good 
survival of the foetal bodies until birth*. Details of tho 
procedure and of experimental findings will be reported 
elsewhere. 

Application of the method of trans-uterine ligation of 
the umbilical cord for our particular purpose made it 
possible to establish that factors of the live foetus are not 
essential for antagonism against parathyroid hormone 
poisoning in advanced pregnancy. 

This work was supported by grant HE-00890-13 
from the National Heart Institute, U.S. National Institutes 
of Health, and contract U—1078 from the Health Research. 
Council of the City of New York. 


1 Lehr, D., and Krukowski, M., Rev. Canad. Biol., 22, 281 (1968). 
1 Lehr, D., Krukowski, M., and Colón, R, (unpublished results). 
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CARBON DIOXIDE EFFLUX FROM THE HUMAN 
CORNEA in vivo 


By Pror. IRVING FATT, Dr. RICHARD M. HILL and 
Dr. GORDON H. TAKAHASHI 


College of Engineering and School of Optometry, University of California, Berkeley 


qs average carbon dioxide tension in human body 
tissue is about 60 mm mercury:. This is also the 
gradient between tho skin and the ambient atmosphere 
because air normally has a carbon dioxide tension of only 
0-3 mm mercury. Under these conditions an efflux of 
carbon, dioxide from the skin is predicted. The converse 
uptake of oxygen from the air by the skin, because the 
average oxygen tension in the body is about 80 mm 
mercury below that in air, has been observed by Hill and 
Fatt?. 

Carbon dioxide discharge by the skin cannot be an 
important part of the total-body discharge because the 
skin has à much lower area than the lung and is much less 
vascular. Discharge from the cornea, however, may be 
important in the normal function of the eye because the 
cornea is a highly specialized tissue. The human cornea 
is'a thin tissue, 0-53 mm thick and 1-3 em? in area, 
stretched over a chamber containing an aqueous solution 
of salts and protein and with a carbon dioxide tension of 
about 60 mm mercury?. Under conditions encountered 
in diving, flight, or more commonly, when wearing 
contact lenses, interference with normal carbon dioxide 
discharge from the cornea may cause physiological 
disturbances in the eye. The carbon dioxide efflux rate 
from the human cornea measured in vivo is reported here. 

Redslob and Tremblay’ measured the carbon dioxide 

discharge from the entire eye of the rabbit by passing 
carbon dioxide-free air over the eye and analysing the 
effluent gas mixture. They obtained a discharge of 
24 ul./h for the whole rabbit eye, averaged from eight 
experiments, and 53 ul./h for the human eye from one 
experiment. Their procedure is not easily adaptable for 
measurements on the cornea alone, particularly on human 
subjects. Smelzer* measured the pH of a bicarbonate 
buffer withdrawn from under a contact lens on a human 
subject. This measurement can in theory give carbon 
dioxide efflux from the cornea, but in Smelzer’s 
experiment too many uncertainties, particularly the 
volume under the lens, prevent a useful calculation from 
his data. "GE . 

We have used two methods to measure carbon dioxide 
efflux from the cornea. In the first method the eqüip- 
ment shown in Fig. 1 (top) was used. The contact lens 
assembly has been described previously*. The electrode 
assembly was a Beckman model 40279 glass electrode and 
a silver wire (1 mm diam.) both cemented with epoxy 
resin into a ‘Lucite’ rod ($ in. diam.). The O-ring provided 
a liquid seal so that the electrode assembly could be 
pushed into place after the lens was on the subject’s eye. 
The projecting tip of the silver wire, about 1 mm long, 
was coated with silver chloride by electrolysing for a few 
minutes at 3 V in a l-molar sodium chloride solution. 
The inlet and outlet ducts on the lens assembly allowed 
new solution to be added while the lens was on the eye. 
Temperature in the lens reservoir was recorded continu- 
ously from the thermistor. 

The pH of the reservoir solution was observed on a 
Beckman mode] 160 physiological gas analyser and 
recorded continuously, together with the temperature,.on 
Sanborn dual channel model 297 recorder. The Beckman 
analyser has a pH range of only 6-8-8-0. To make 


readings outside this range a potentiometer, across a 
1:34-V mercury cell, was placed in series with the silver 
chloride electrode lead. This potentiometer circuit 
provided a variable bucking voltage to bring the observed 
readings on scale. -By this procedure only changes in pH 
were recorded. The absolute pH in the lens reservoir at 
the beginning of an experiment was measured by another, 
wide-range pH meter. 

Solutions to be run into the lens reservoir were kept 
at 35° C in a thermally insulated bottle and run into the 
lens at the beginning of each measurement. The long, 
flexible line from bottle to lens, necessary to give the 
subject freedom of motion when inserting the lens, did 
allow the solution to cool somewhat, down to 30? C in 
some cases. This was not a serious problem because 
temperature in the lens reservoir was always known. All 
pH measurements were corrected to a base temperature, 
taken to be the steady-state temperature in the reservoir 
(Fig. 2) through use of the nomograph supplied with the 
glass electrode by the manufacturer. The reservoir 
volume of the lens in place in the subject’s eye was 0:50 
ml. for the assembly in Fig. 1 (top). 
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Tig. 1. Top: glass electrode for pH measurements in contact lens 

assembly. Reservoir volume is 0:50 ml. Bottom, Severinghaus 

carbon dioxide electrode; reservoir volume with this eleetrode in contact 
lens assembly is 0:33 ml. 
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Phytochemistry 

An International Journal of Plant 
Biochemistry 

Executive Editor: T.Swain, Low Temp- 
erature Research Station, Cambridge 
Covers the area of pure and applied 
plant biochemistry. It provides a forum 
for the publication of papers from all 
parts of the world on every aspect of the 
subject, especially those which have as 
their basis a deeper understanding of the 
factors underlying the development and 
differentiation of plants and the chemis- 
try of plant products. This quarterly 
journal is of especial interest to plant 
biologists, horticulturists, agricultural 
chemists and those biochemists working 
in the field of plant products. 
Contributions are invited for publication 
in this journal. 

For information on length and style of 
manuscripts please write to the most 
convenient address given below. 

A free specimen copy of the journal, 
together with details of subscription 
rates, will be sent on request. 


Supersonic Flow, Chemical 
Processes and Radiative Transfer 


Edited by D.B.Olfe, New York 
University, and V.Zakkay, R.I.B.A.L., 
New York 

Partial Contents : 

Mixing problems with chemical reactions 
— V.Zakkay and E.Krause; An investi- 
gation of real gas effects relevant to the 
performance of a kerosine fuelled 
hypersonic ramjet — R.Hawkins and 
M.D.Fox; Transonic aspects of hyper- 
velocity rocket plumes — J.Bowyer, 

L.d’ Attorre and H.Yoshihara; Similarity 
parameters for radiative energy transfer 
in isothermal and non-isothermal gas 
mixtures — S.S.Penner, M.Thomas and 
G.Adomeit, The influence of radiant- 
energy transfer on one-dimensional shock 
wave propagation — D.B.Olfe; Radiation 
heat transfer during re-entry — B.Kivel; 
Comments on applicability of the Rosse- 
land approximation to shock-heated air — 
S.S.Penner. 

624 pages. £9. $25.00 


Advances in Biology of Skin, 
Volume 5— Wound Healing 


Edited by W.Montagna, University of 
Oregon Medical School, Portland, 
Oregon, and R.E.Billingham, 
Department of Anatomy, The Wistar 
Institute, Philadelphia, Pennsylvania 
Partial Contents : 

Biological considerations of wound healing 
— A.E.Needham; The healing wound as an 
experimental model for biochemical ` 





studies of connective tissue — D.S.Jackson; 
Relationship of cell formation and ceil 
migration in the renewal of stratified 
squamous epithelia — C.P.Leblond, 
R.C.Greulich and J.P.M.Pereira; 
Epidermal mitotic activity in wounded 
human skin — W.L.Epstein and 
D.J.Sullivan; Cell turnover in the dermis — 
A.Glucksmann; Behaviour of cells toward 
one another — M.Abercrombie; Movement 
of epidermal cells over the wound surface — 
G.D.Winter; Aspects of the origin, 
synthesis and evolution of fibrous tissue in 
repair — H.C.Grillo; Studies of Collagen 
formation in healing wounds — R.Ross. 
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Micropower Electronics 

(Published for the Advisory Group for 
Aeronautical Research and Development 
NATO) 


Edited by E.Keonjian, American Bosch 
Arma Corporation, New York 
Proceedings of lectures held, successively 
in France, England, Germany and Italy 
during 1963, under the auspices of 
AGARD 

Contents: 

Relations between minimum required 
power density and frequency response for 
present and future semiconductor triode 
amplifiers — J.L.Moll; Physical realization 
of digital logic circuits — A.W.Lo; Metal- 
oxide-semiconductor field-effect devices 
for micropower logic circuitry — 
G.E.Moore, C.T.Sah and F.M.Wanlass; 
Micropower microelectronic subsystems — 
W.W.Gaertner, M.Schuller, C.Heizman 
and C.Levy; A microminiature digital 
integrator using micropower circuits — 
A.T. Watts; The multiple emitter transis- 
tor in low power logic circuits — 
B.A.Boulter; Designing minimum power 
digital circuits for Mariner II and other 
spacecrafts — R.C.Baron; Static and 
dynamic performance of micropower 
transistor linear amplifiers — J.D.Meindl, 
R.A.Gilson, O.Pitzalis and W.Kiss. 

228 pages. 84s. $12.00 

Published for and on behalf of 
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Integral Equations 

and their Applications to Certain Problems 
in Mechanics, Mathematical Physics 
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S.G.Mikhlin 

Contents: 

Part 1: Methods of solution of integral 
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equations; Part 2: Applications of integral 
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21 major Soviet Scientific Journals 
now available for the first time 


g AUTHORITATIVE COVER-TO-COVER ENGLISH TRANSLATION 





Nuclear Physics / Yadernaya Fizika 

Soviet progress at the Kurchatov Institute, at Dubna and other 
key centers, previously reported in various journals, will now be 
covered by this indispensable Academy of Sciences publication. 
Monthly, $155 / year 


Differential Equations / Differentsial'nyye Uravneniya 

Offers for the first time in a single journal the original work of 
outstanding Soviet mathematicians in this increasingly impor- 
tant field. Monthly, $155 / year 


Theoretical and Experimental Chemistry / 


Teoreticheskaya i Eksperimental'naya Khimiya 
Reports on the most important current research of the leading 
centers throughout the Soviet Union; the equivalent in impor- 
tance in chemistry to the Soviet J. Theoretical & Exp. Phys. in 
physics. Bimonthly, $125 / year 


Soviet Radiophysics / /zvestiya VUZ. Radiofizika 

Presents original contributions by Troitskiy and other world- 
famous Soviet radiophysicists dealing with lunar and solar radio 
emission, the propagation of electromagnetic waves, and other 
radiophysical phenomena. Bimonthly, $130 / year 


Soviet Radio Engineering / /zvestiya VUZ. 


Radiotekhnika 

Publishes articles on the latest Soviet advances in information 

theory, high-frequency radio electronics and electrodynamics, 
and new radio engineering materials and components. 

Bimonthly, $120 / year 


Journal of Applied Mechanics and Technical Physics / 


Zhurnal Prikladnoy Mekhaniki i Tekhnicheskoy Fiziki 


A wide-ranging journal of importance to applied physicists, and 
mechanical, aeronautical, chemical, and structural engineers. 
Bimonthly, $155 / year 


Soviet Physics / /zvestiya VUZ.  Fizika 
Covers advanced Soviet theoretical and experimental investiga- 
tions in plasma physics, optics, molecular physics, electronic 
processes and the entire range of physics research. 

Bimonthly, $130 / year 


Astrophysics / Astrofizika 

Describes Soviet research in lunar, interplanetary, solar and 
stellar physics, as performed under the direction of V. A. Ambart- 
sumyan and other leading astrophysicists. Quarterly, $95 / year 


Polymer Mechanics / Mekhanika Polimerov 
Keeps the reader informed on the latest and most valuable devel- 


opments in Soviet polymer research and applications. 
Bimonthly, $125 / year 


Heat and Power / Teploenergetika 

Reports the latest advances in heavy power equipment and auto- 
mation, fuels and combustion, turbomachinery design, and 
thermophysical propertles. Monthly, $225 / year 


Applied Solar Energy / Geliotekhnika 

A significant new Journal, devoted entirely to a subject in which 

Sovlet scientists are making outstanding contributions. 
Bimonthly, $115 / year 





uREGULAR YEARLY SUBSCRIPTION -BEGINNING WITH JAN. 1965 ISSUES 


Journal of Organic Chemistry / 

Zhurnal Organicheskoy Khimii 
Of interest to every Western organic chemist, this new journal 
will be the principal source of information on Soviet research in 
this field, previously available only as scattered articles in many 
journals. Monthly, $165 / year 


Journal of Applied Spectroscopy / 
Zhurnal Prikladnoy Spektroskopii 


Describes the many expanded and new applications of spec- 
troscopy in the various engineering and scientific disciplines. 
Monthly, $155 / year 


Jeurnal of Engineering Physics / 
Inzhenerno-Fizicheskiy Zhurnal 
Devoted to Soviet basic and applied research in heat and mass 
transfer and exotic heat sources; highly valuable, presenting 
many original contributions. Monthly, $155 / year 


Magnetic Properties of Liquid Metals / 


' Magnitnaya Mekhanika Zhidkikh Metallov 


Increasing research and success in technological applications of 
magnetism in the Soviet Union have led to the publication of 
this important new journal. Quarterly, $95 / year 


Chemistry of Heterocyclic Compounds / 
Khimiya Geterotsiklicheskikh Soyedineniy 


Expanding Soviet research in this increasingly important area 
has contributed this vital new journal. — Bimonthly, $125 / year 


Chemistry of Natural Compounds / 
Khimiya Prirodnykh Soyedineniy 
The Soviet journal devoted to original research in the structure, 


modification and synthesis of natural compounds. 
Bimonthly, $115 / year 


Electrical Engineering / Elektrotekhnika 
Reports the latest, most important advances in Soviet electrical 
equipment and instrumentation. Monthly, $165 / year 


Applied Biochemistry and Microbiology / 
Prikladnaya Biokhimiya i Mikrobiologiya 
Research in this“field is producing extensive and valuable new 
applications in many areas of industry and medicine; reviewed 
fully in this critically important new journal. 
Bimonthly, $125 / year 


Physicochemical Properties of Materials / 
Fiziko-Khimicheskaya Mekhanika Materialov 
Of great importance to industry, this journal reports on new 
materials being developed in the Soviet Union, their properties 
and specific applications. Bimonthly, $120 / year 


Cybernetics / Kibernetika 

Offers a complete review of current achievements and long- 

range goals in this field being rapidly developed in the Soviet 

Union, in which top Soviet talent is being concentrated. 
Bimonthly, $120 / year 


Note: Yearly subscriptions and back copies (1962-current)-to 
“Soviet Engineering Physics Abstracts" and “Soviet Heat and 
Power Abstracts” are still available—write for further Information. 
Order your 1965 subscriptions to the essential 
Soviet journals described above from: 
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CANINE BEHAVIOR : 


A History of Domestication ; Behavioral 
Development and Adult Behavior Patterns ; 

' Neurophysiology ; Psychobiology ; Training , 
Inheritance, Early Experience and Psycho- 
Social Relationships ; Experimental Neuroses 
and Spontaneous Behavioral Abnormalities; 
Congenital Anomalies and Differential Diag- 
nosis of Neurologic Disease 


By M. W. Fox, Galesburg State Research Hosp., 
Galesburg, Ill. Describes experiments in which dogs 
were used in psychobiological research to throw 
light on mental health problems in man. Special 
attention is focused on the normal rearing and 
training of the dog. The diagnosis, treatment, or 
prophylaxis of spontaneous behavioral abnormali- 
ties are discussed in detail. 


August 1964 About 176 pp. 


About 23 figs. 


THE LAWS OF BONE STRUCTURE 


By H. M. Frost, Henry Ford Hosp., Detroit, Mich. 
This monograph deals with one of the most basic 
properties of living matter—the control of direc- 
tionality of cell activity in three dimensional space. 
The laws presented here represent a breakthrough 
on the theoretical side of biomechanics. A series of 
appendices provides basic information about the 
mathematics, materials, properties, and bone 
physiology involved. Technical terms are defined 
in the glossary. (Henry Ford Hospital Surgical 
Monograph edited by Conrad R. Lam.) 


August 1964 About 325 pp. 
About $7.50 83 illus. 


PHYSIOLOGICAL PROBLEMS 
IN SPACE EXPLORATION 


Edited by James D. Hardy, Yale Univ., New Haven, 
Conn. (With 7 Contributors). Presents background 
information and the state of knowledge in the 
several aspects of space psychophysiology: Tem- 
perature Problems; High Energy Radiations ; 
The Gaseous Requirements (Respiration) ; Food 
Requirements ; Acceleration ; Weightlessness and 
Sub-Gravity Problems ; Sensory and Perceptual 
Problems ; Isolation and Disorientation; and 
Physiologic Rhythms. (Amer. Lec. Physiology) 


May 1964 344 pp. 
$12.50 100 illus. 
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THE ZYMOGRAM IN CLINICAL MEDICINE 


By S. H. Lawrence, Univ. of Calif., Los Angeles, Calif. The author 
introduces enzymology into medicine and develops advances which 
have led to the discovery and practical values of the heterogeneity 
of enzymes. He discusses its relation to diagnosis and genetics and probes 


- into the future of this new tool. Also included are the most widely 


used methods for the study of the zymogram with detailed tables of 
stains, buffers, substrates, activators, and inhibitors. An important 
book that will persuade researchers of the diagnostic potentials of the 
*multizymogram" as opposed to study of isozymes of only one 
enzyme. (Amer. Lec. Living Chemistry edited by I. Newton Kugelmass) 
June 1964 124 pp. 
$5.75. . 33 illus. 


THE CHEMICAL ORIGIN 


1 OF LIFE 
IMPORTANT 


NEW 


By Alexander I. Oparin, U.S.S.R. 
Academy of Sciences, Moscow, U.S.S.R. 
Translated from the Russian by Ann 
Synge, Stonehaven, Scotland. In this 
classic monograph Doctor Oparin des- 
cribes in as great detail as achievements 
of contemporary science will allow the 


IN three stages in the evolution of organic 


SCIENCE 
AND 
TECHNOLOGY | 


substances which preceded the appear- 
ance of life on Earth. He makes the 
widest possible use of the data of 
evolutionary biochemistry to sketch in a 
picture of later development of bio- 
logical metabolism and cellular struc- 
ture. (Amer. Lec. Living Chemistry) 
July 1964 About 80 pp. 
About $4.75 33 illus. 


STEROID ANALYSIS 
BY GAS LIQUID CHROMATOGRAPHY 


By A. Anne Patti and Arthur A. Stein, both of Albany Medical Coll., 
Albany, N.Y. Presents observations utilizing gas-liquid chromatography 
(GLC) for steroid analysis in biological fluids and tissues. Selected 
methods which give reproducible results with semi-purified extracts 
and which permit the separation and identification of one or more 
steroids in biological fluids are described. These methods have been 
chosen for rapid clinical screening. Some biochemistry is included to 
clarify the methodology and applications of GLC to steroid analysis in 
the normal and diseased states. 

July 1964 About 124 pp. 
About $6.25 ` 17 illus. 


COPPER AND PEROXIDES 
IN RADIOBIOLOGY AND MEDICINE 


By Jack Schubert, Nuclear Science and Engineering Corp., Pittsburgh, 
Pa. An unusual book . . . written not to satisfy but to stimulate 
research on the unique and widespread role played by copper in living 
organisms. Includes chapters critically reviewing selected aspects of 
current knowledge of copper chemistry ; copper in biochemistry and 
medicine ; peroxides and copper oxidases in radiobiology. Medical 
aspects include new views on Wilson’s disease, cancer and aging, 
antipyresis, and hypothermia. Special emphasis is given to radiobiology. 
August 1964 About 208 pp. 
About $8.75 18 illus. 
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VERTICAL PHOTO CONFERENCE 
Conference microscope for brightfield, darkground, 
phase contrast and fluorescence, with photo-micro- 
graphic attachments, for less than £500, 





BINOCULAR CONFERENCE 


Routine fluorescence microscope with b 


The Conference microscope is now availé 
cence—yet another addition to the remar 
the world's most remarkable microscope 


THE CONFERENCE MICROSCOP) 
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GILLETT & SIBERT - 
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Which routine fluorescence microscope with binocular costs less than £300 ? 
The Gillett & Sibert Conference. 


Which microscope offers you the facilities of brightfield, darkground, phase 
contrast (positive or negative) and'fluorescence for less than £500 — with 
photo-micrographic attachments and coupled ultra sensitive light meter 


‘included within that price ? 


The Gillett & Sibert Conference. 


Which microscope allows you to make colour photographic exposures 
of your fluorescent specimens in two—three minutes without bleaching ? 


The Gillett & Sibert Conference. 


Is there a microscope available which is one neat, compact and portable 
unit, with built-in light source and built-in transformer ? 


Yes—the Gillett & Sibert Conference. 


What do you need to adapt a standard research-type Conference micro- 
scope for fluorescence ? 


A set of filters. 


Which is the safest and simplest microscope to set up and use for fluores- 
cence observations and photo-micrography ? 


The Gillett & Sibert Conference. 
Are you yet convinced ? 
No—of course you're not, for only seeing is believing. 


May we have the chance to show you this equipment, and convince you 
of what we say ? 


Why not contact us for further information, and at the same 
time, tell us which fluorochromes you are using ? 


GILLETT & SIBERT LIMITED "a 
417 Battersea Park Road * London SW11 - Telephone: BATtersea 0117 
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if you use a 


MIGROSCOPE 


you need a 


SINGER 


FULLY PATENTED 


MICROMANIPULATOR 


Singer micromanipulators are used in 
most laboratories all over the world. 
Three types available: 

Mk I Low power for magnifications 
XI to x200 

Mk II For magnifications x1 to 

x 500 

Mk III High power for magnifications 
X100 to x 1,000 plus 

The most advanced instruments for 
micromanipulation. As described by 
Barer and Saunders-Singer with further 
improvements. 

Full details and demonstrations upon 
request to : 


SINGER INSTRUMENT CO. LTD., 
Fountain Court, 83 London St., 
Reading, Berkshire, England. 
Telephone: Reading 53613. 


MICROMANIPULATORS 


GLASS 


All Glass Requirements for Scientific 
Instrument Manufacturers and 
Research Workers 


@ SHEET & PLATE-GLASS—cut and 
ground to exact dimensions. 


@ LENSES, PRISMS & FLATS—to any 
standard of accuracy. 


€ MIRRORS—back silvered and front 
surface aluminised, etc. 


@ BLOOMING of optical components. 


C. J. WHILEMS, LTD. 


ILFORD OPTICAL WORKS 


FOREST ROAD, BARKINGSIDE, 
ESSEX 


Telephone : HAInault 5454-5 
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Synthetic 
Polyribonucleotides 


Prepared by polymerization of nucleo- 
tides with polynucleotide phosphory- 
lase from Micrococcus lysodeikticus, 
These polynucleotides are of high 
molecular weight, suitable for both 
physical-chemical and biochemical 
studies. 
In stock for immediate shipment are 
salts of : 
Polyadenylic acid 
Polyinosinie acid 
Polyuridylic acid 
Polyeytidylio acid 
Copolymers are custom synthesized 
with 2 to 4 different bases in any given 
ratio of substrates. 


Custom synthesis of CM and H3 
labelled homopolymers and copolymers 
can also be accomplished. 


For information and prices write to : 
Dept. A, 
ENzvMoLoav RESEARCH LABORATORY, 


MILES 


CHEMICAL COMPANY 


Division of Miles Laboratories, Inc. 


ELKHART, INDIANA. 


| DILLON'S UNIVERSITY 
BOOKSHOP Ltd. > 


All current scientific and technical textbooks 
available from stock. 


;! MALET ST., LONDON, W.C.l. MUSeum 2128 


Scientific Circulations Ltd. 


We have extensive stocks of Technical Journals, Periodicals 
and Textbooks. Special terms for Technical and Commercial 
Libraries. All Scientific and Technical publications purchased. 


Horton Road, Stanwell Moor, Staines, Middlesex 


Telephone: COLNBROOK (London Dial CNB8) 2266 






GLASSWORKERS' 
STRAIN-VIEWING 
POLARISCOPE 


Full wave retardation analyser 
for 5800 A gives most sensitive 
colour indication of strain. 
Field and sight aperture 14” 
dia. Dimensions 64” x 51” x 5”. 
Price: £13 10s. Od. 

As above but without colour 
analyser showing strains against 
black field. Price: £7 15s. 0d. 


Immediate Delivery 


H. S. B. MEAKIN, LTD., 25, Victoria Street, S.W.1 


SUPPLIERS OF POLAROID PLASTIC and GLASS Tel. : Abbey 6713 
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Journals of 


THE INSTITUTE OF PHYSICS 


AND THE PHYSICAL SOCIETY 
(published monthly) 


Proceedings of the Physical Society 
publishes original contributions on basic research 
in physies. £16 per annum, £1 12s. 6d. per single 
copy. 





British Journal of Applied Physics 
publishes original contributions describing new 
applications of physics and physical principles. 
£6 per annum, 12s. 6d. per single copy. 


Journal of Scientific Instruments 
describes physical instruments, instrumental and 
general experimental techniques developed in 
the course of research work in pure or applied 
physics. £8 per annum, lós. 8d. per single copy. 


Orders to: 
THE INSTITUTE OF PHYSICS 
AND THE PHYSICAL SOCIETY 
47 Belgrave Square, London, S.W.l. 





Thermostatic 
Bath 


Type C. T.3 


A New Temperature Control System with no moving 
parts. 
An accuracy better than 0.01 C. at 100°C. 


The replacement of any part of the contro! gear, heater 
or stirrer without draining the bath. 


Operating ranges either 20°C. to 90°C.; or 80°C. to 150°C. 


Large area double glazing on each side affords 
maximum vision for viscometry at any temperature up 
to 150°C. 


Illustrated catalogue on request to 

Laboratory Thermal! Equipment Ltd. 
Greenfield, Nr. Oldham. 

Telephone: Saddleworth 3221 2 











. Servomex Controls Ltd., Crowborough, Sussex 


Still using 
Orsat apparatus? 
It’s quicker with 

the Servomex D6CL10* 


This new oxygen analyser is an essential instrument 
for accurate determination of the oxygen content of 
boiler flue gases. 

It competes with chemical absorption methods for 
accuracy, but is also quick—sampling can be made 
in 30 seconds—clean, reliable and extremely simple 
to use. Completely portable, it is ready for use 
anywhere and it is not easily damaged by rough 
handling. 

The analyser will measure oxygen content to 0.196 
and boiler controls can be set precisely without having 
to make allowance for the burner modulating. 


The photograph shows the analyser being used by the 


Technical Services Department of Esso Petroleum 
Company Ltd. Send for Data Sheet. 


SERVOMEX -Q 


D6L101 Oxygen Analyser 


‘Crowborough 1247 
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BENZOIC ACID 
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Member of the Albright & Wilson Group of Companies 





= Your development team has months of work ahead if you are going to be 

ready to exploit the flow of high quality Benzoic Acid from Bush's new 
|. Widnes plant. It's late—but not yet too late if you start now! 
NEW MAJOR WORLD SOURCE OF BENZOIC ACID 

W. J. BUSH & COMPANY LIMITED, Ash Grove, Hackney, London, E.8. Telephone: CLIssold 1234 
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Fig. 2. pH and carbon dioxide tension as a function of time for various solutions in 
lensreservoir: A, pH. in 0:0336 molarbicarbonate; B, pH. inisotonicsaline (no bicarbonate); 
All bicarbonate solutions have sodium chloride 


C, pH in 0-01 molar bicarbonate. 
added to make solution physiologically isotonic in totalions. 


(bottom). 


The response time of the pH electrode assembly in 
Fig. 1 (top) was less than one second, as observed by 
quickly moving the electrode from a pH 8:5 buffer to one 
at pH 7-0. 

The reaction occurring when carbon dioxide from the 
cornea. enters the solution in the lens reservoir is 
CO, + H,O = H+ + HCO,-. The mass action equili- 
brium equation for this reaction can be differentiated 
with respect to time to give: - 


d([CO;] + [HCO;]) 
dt 





d([HCO,-], + [HCO,-].) 
dt. (1) 

_,. opH 

Tar 
where the left-hand side is the total change in carbonate 
content in the lens reservoir and .K is the association 
constant for bicarbonate and hydrogen ion (0-21 x 10? 
l./mole.at the usual temperature in the lens). Subscript 1 
refers to bicarbonate introduced by reaction of carbon 
dioxide and water, subscript 2 refers to bicarbonate ion 
coming directly from the cornea by diffusion. No sub- 

script on a bracket indicates total bicarbonate. 
When the solution put into the lens reservoir has the 
same ionic composition as the aqueous humour, 0:0336 
molar in bicarbonate ion and 0-10 molar in chloride ion, 


(K[H+] + 1) 


— 2:3K[H*] [HCO, 





then there is no flux of bicarbonate ion, ed 
is zero, and equation (1) reduces to: 
d([CO;]-FIHCO.) - 
; dt = 
dpH. 2 
— 2.3[H*] ET (KEH + KEHCO,]+ yO! 
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d j D, shows increase in carbon 
dioxide tension in isotonic sodium chloride using carbon dioxide electrode of Fig. 1 
p Upper curves are temperature record ‘during measurements. 
points in D show electrode response to step increase in carbon dioxide tension 
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Numerical values of the terms on the 
right-hand side of equation (2) are avail- 
able from Fig. 24. These data are 
for four runs on & human subject using an 
air-equilibrated solution of ion composi- 
tion already mentioned in the lens 
reservoir. These data give a carbon 
dioxide efflux from the cornea of 21 ul./b. 
The diffusion coefficient for carbon dioxide 
in the cornea can now be calculated 
assuming the interior of the eye at 60 
B mm mercury carbon dioxide tension and 
the exterior at 0-3 mm mercury. The 
dimensions of the cornea are taken as 
given above. The diffusion coefficient 
is then 0-50 x 10-5 cm?/sec. 

In a second set of measurements using 
the pH electrode of Fig. 1 (top) tho 
solution in the lens reservoir was 0-01 
molar in bicarbonate ion, 0-10 molar in 
chloride ion, and air-equilibrated. Under 
these conditions there is a flux of both 
carbon dioxide and bicarbonate ion. The 
bicarbonate ion change in the lens reser- 
voir is then given by equation (3): 


d[HCO.] _ 1 d[CO,] 
dt ^ K[H*] dt 
pH 


+ 23 [H00] 257 (uj 


8 10 12 





8 10 t2 
TIME - MINUTES 


At zero time we can take the bicarbonato 
ion concentration as 0:01 molar and 
the carbon dioxide flux as that determ- 
ined from the previous experiment. The 
slope of the data in Fig. 2C at zero time 
dpH 

di 
across the cornea is then calculated from equation (3) 
and found to be 0-75 x 10 mM/h. From the cornea 
dimensions given above and the imposed bicarbonate 
ion concentration gradient, the diffusion coefficient for 
bicarbonate ion in the cornea is caleulated from this 
flux to be 0-38 x 10-5 em?/sec. 

From the diffusion coefficients for carbon dioxide and 
bicarbonate ion in the cornea we can calculate the 
accumulation of bicarbonate in the lens reservoir when 
it is filled with 0-01 molar bicarbonate solution at 
zero time. At the end of 8 min the bicarbonate 
concentration rises to  0-0118 molar. When this 
bicarbonate concentration and the observed pH at 8 
min is used in equation (3) together with a bicarbon- 
ate flux calculated for this concentration, the predicted 
slope in Fig. 2C is 0-028 pH/min. A line of this slopo is 
drawn through the experimental data at 8 min and is a 
good fit. 

In a second procedure to measure carbon dioxide efflux 
from the cornea an isotonic saline solution was placed in 
the lens reservoir and carbon dioxide tension increase in 
this solution was measured directly. pH measurements 


Solid data 
The bicarbonate ion flux 





gives 


: were also made separately for isotonic saline solution 


(Fig. 2B). 

The carbon dioxide tension was measured with a 
Severinghaus type electrode? (Fig. 1). The glass 
electrode, provided on special order by Beckman, Inc., 
Fullerton, California, had the same dimensions as thoir 
model 40279, but had a flat tip. This glass electrode and 
a silver wire were cemented into a ‘Lucite’ rod as was done 
with the round tip electrode except that a flat surface 
was obtained. A drop of solution containing 0-1 molar 
potassium chloride with 0-01 molar sodium bicarbonate 
solution was placed on this surface and then covered by 
a 12u thick sheet of polyethylene held in place by the 
O-ring. Air bubbles were carefully squeezed out before 
installing to O-ring. 


740 


The carbon dioxide electrode was connected to the 
pCO, input of the Beckman analyser. The analyser was 
adjusted to read pCO, directly by placing the electrode 
first into air-saturated water (pCO, = 0-3 mm mercury) 
and then into water equilibrated with a carbon dioxide— 
nitrogen mixture (pCO, = 13-7 mm mercury). The 
output of the analyser is then directly, on a logarithmic 
scale, the carbon dioxide tension of any solution into which 
the electrode is placed. 

The response of the carbon dioxide electrode when 
moved quickly from a solution at 0:3 mm mercury 
carbon dioxide tension to one at 13-7 mm mercury is 
shown for two tests by the solid data points in Fig. 2D. 
This relatively slow response requires that the observed 
build-up of carbon dioxide tension, when the electrode is 
in the subject’s eye, be corrected to give the true build- 
up rate. This correction is made by the numerical 
evaluation of the convolution integral as is conventional 
in instrument control theory. 

The change in carbon dioxide tension in the lens is 
given by; 


d[CO;] q((HCO;7]; + [HCO;];) 
up = di T 
2-3[CO,] a (4) 


The first term on the right-hand side of equation (4) can 
be calculated from data previously obtained and the 
second term from Figs. 2B and D. Equation (4) predicts 
& carbon dioxide tension change of 2-55 mm mercury/min 
at 8 min. The slope of the uncorrected data in Fig. 2D 
is 2:0 mm mercury/min at 8 min, and corrected for 
finite response time of the carbon dioxide electrode is 
3-0 mm mercury/min. From this result we conclude that 
the data collected by pH measurements in bicarbonate 
solutions, as used in equation (4), are valid. 
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Figs. 2B and D require further comment. The very 
slow rise in carbon dioxide tension during the first 4 
min in Fig. 2D is attributed to the reaction of carbon 
dioxide with water to give mostly bicarbonate ion during 
this time-interval. After 4 min the pH falls, as shown 
in Fig. 2B, so that carbon dioxide entering from the 
cornea tends to remain as dissolved gas. 

In Fig. 2B the increase in pH during the first minute 
is attributed to the combined effect of efflux of 
bicarbonate ion from the cornea and the formation of 
bicarbonate ion from the carbon dioxide. 

All the calculations made here are based on the 
assumption of steady-state diffusion. The validity of 
this assumption can be easily demonstrated by noting 
that, for the cornea dimensions and diffusion coefficients, 
Fatt? has shown steady state is reached in 3 min. For 
each run shown in Fig. 2 the cornea was bathed in the 
test solution for at least this length of time before 
measurements were made. 

The assumption of constant composition in the anterior 
chamber is not easily verified. The highly vascular 
nature of the ciliary body probably maintains constant 
composition in spite of the efflux across the cornea. 

This work was supported in part by U.S. Public Health 
Service grant HE 06796 to one of us (I. F.) from the 
National Institutes of Health, U.S. Public Health 
Service. 
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SURVIVAL OF EHRLICH’S ASCITES CARCINOMA CELLS AT HIGH 
ULTRA-CENTRIFUGAL FORCES 


By Dr. NORMAN MOLOMUT, Dr. MORTON PADNOS, VIOLET SATORY 
and LEO GROSS 


Waldemar Medical Research Foundation Inc., Woodbury, New York 


E have found that ultracentrifugation will not sədi- 
ment all cells in a suspension but that a small 
number of tumour or bacterial cells will remain in the 
supernatant even after prolonged centrifugation. This 
was discovered while attempting to confirm the work of 
Tolnai e£ al, who reported Ehrlich ascites tumour 
induction from cell-free supernatants of the ascitic fluid 
obtained by centrifugation up to 105,000g for 1 h. 
We repeated Tolnai’s experiment with Ehrlich ascites 


carcinoma, adding ultracentrifugation of the ascitic fluid ` 


for 105,000g for intervals up to 5h. We similarly obtained 
Ehrlich ascites tumour induction from the supernatant 
fractions. 

Injection of such supernatant fractions in mice into 
several different anatomical sites, including intracerebral, 
resulted in a rapid induction of tumour morphologically 
typical of Ehrlich carcinoma cells. The identity of these 
induced tumours was confirmed by quantitative immuno- 
logical means described previously?. 

Additional data on the physical properties of the 
reported! inducing agent appeared to be more consistent 
with the presence of whole cells rather than subcellular 
particles. We therefore repeated the differential centrifu- 


gation, instituting rigid tests to ascertain whether the 
resulting supernatants of 105,000g for 1 or more hours 
were indeed free of cells. 

Ehrlich ascites carcinoma, originally obtained from 
Dr. Sugiura in November 1960, is carried routinely in 
C,H mice in our laboratory and was in the 127th passage 
on April 20, 1964. This carcinoma grows in all mouse 
strains. Approximately 100 ml. of ascitic fluid was 
collected from the routine passage of Ehrlich ascites 
carcinoma in C,H mice. The pooled ascitic fluid was 
subjected to differential centrifugation at 5° C. The 
supernatants were carefully pipetted away and the sedi- 
mented pellet from each step was discarded. All super- 
natants were removed from the centrifuge with a rigidly 
supported pipette, with care taken to avoid possible re- 
suspension of the pellet. The steps were 8,000g for 10 min, 
then 12,000g for 10 min both in a Lourdes model L 
refrigerated centrifuge, followed by 105,000g for 1 h, then 
at 105,000g for an additional 4 h both in a Spinco model 
L ultracentrifuge. 

The supernatants of the 105,000g 1-h and 5-h centrifuga- 
tions were divided into two portions. One was filtered 
through a 02 Selas filter, the pore size of which is 1-7; 
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Fig. 1. 


membrane. C and D, cells obtained from a supernatant cent: 


a second portion was left unfiltered. Both filtered and 
non-filtered portions were then injected intraperitoneally 
in 0-25 ml. volumes into different inbred strains of mice. 

Both unfiltered 105,000g supernatants of the l-h and 
5-h centrifugation induced Ehrlich ascites tumour in 
15-25 days in mice of several inbred strains. In repeated 
trials, supernatants were found to vary in tumour-inducing 
activity in mice of the same strain, sex, age and weight 
(Table 1). Filtered supernatants were completely inactive 
in all mice tested and observed for a period of 90 days. 

In addition, we found that active supernatants were 
inactivated by freezing at — 20° C for short periods followed 
by thawing prior to testing. These data suggested that 
the tumour-inducing agent obtained from the unfiltered 
supernatant might be cellular since cells are killed by 
freezing and thawing. 

A careful search was made for residual tumour cells in 
the supernatants following 105,000g centrifugation. 
Samples were taken from three different levels of the 
supernatant in the centrifuge tube, and 0-5 ml. of the 


Table 1. SURVIVAL OF DIFFERENT MOUSE STRAINS FOLLOWING INTRA- 
PERITONEAL ADMINISTRATION OF 0:25 ML. ALIQUOTS OF EHRLICH ASOITES 
UNFILTERED SUPERNATANTS CENTRIFUGED AT 105,000g 


Time of 
Trial centrifuga- Mouse strain (No. dead/total) Conc. 
No.  tion(h A[He Swiss C,H Cs,BL, (cells/ml.) 
1 1 10/12 7/12 3/12 1/12 
2 1 5/12 5/12 0/12 0/12 
3 1 11/12 10/12 10/12 3/12 
4 1 2/12 4/12 1/12 0/12 200 
5 1 7/12 7/12 3/12 0/12 280 
b 5 7/2 0 
Table 2. SURVIVAL OF SWISS MIOR FOLLOWING INTRAPERITONEAL AD- 


MINISTRATION OF EHRLICH ASCITES TUMOUR CELLS 
Total E.A. cells 


, administered Average No. of 
initraporitoneally Dead/total days survival 
n U . 

5 x 10* 12/12 10 

5 x 10* 12/12 12 

5 x 10° 12/12 17 

5 x 10! 12/12 20 

1 x 10! 8/12 22 

50 7/12 25 

5 0/12 — 
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A and B, individual Ehrlich ascites carcinoma cells observed in a supernatant 
centrifuged at 105,000g for 1 h. Note that the nuclei are pausing distension of the cell 


a BU fuged at 105,000g for 
2 h reveal the progressive evagination of the cell membrane 
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unfiltered supernatants distributed in 
0.02 ml. drops on thoroughly cleaned 
microscope slides were examined with 
phase objectives at times 100 and times 
200 magnification without a cover slip. 
Small numbers of vacuolated cells with 
intact or deformed nuclei and some with 
the nuclei in an evaginated protrusion of 
the cell membrane were observed near 
the air-liquid interface of the drops. 
Approximately the same number of cells 
were seen in the l-h and 5-h samples, the 
5-h exposure causing greater evagination 
of the portion of the cell membrane in 
contact with the nucleus (Figs. 1 and 2). 

An additional test involving five 1-h 
serial centrifugations at 105,000g was 
performed. After each 1-h centrifugation 
only the middle portion of the supernatant 
was removed and transferred. At the 
end of the 5th hour we still observed these 
deformed cells by direct phase micro- 
scopy. ‘The concentration of suspended. 
cells remained relatively unchanged at 
250—300 cells per ml. (Table 1). 

The number of cells required to kill 
50 per cent of their hosts (LDg) is 
approximately 40 Ehrlich ascites carcin- 
oma, cells in Swiss mice as indicated in 
Table 2. Since a comparable number of 
vacuolated cells produce similar results, 
they apparently survive after ultra- 
centrifugation. They appear to be as 
viable and lethal to their hosts on transplantation as 
vacuole-free cells that were never subjected to centri- 
fugation. 

A few vacuolated tumour cells varying in size are nor- 
mally present in peritoneal aspirates obtained from mice 
with progressing Ehrlich ascites tumour and can be 
readily observed in stained smears (Fig. 8). Cell vacuole- 
tion is not a special characteristic of the Ehrlich ascites 
carcinoma, but has been observed consistently in our 
laboratory for other transplantable ascites tumours, for 
example, sarcoma I, and Ca 755 mammary adenocar- 
cinoma. 

We were able to obtain tumour induction from ultra- 
centrifugates of the Ca 755 ascites adenocarcinoma and 
have observed similarly the presence of deformed vacuol- 
ated tumour cells in the unfiltered supernatants. 


1 2 
50 
3 4 p 
Fig. 2. Line drawing of progressive protrusion of the cell membrane 


by the nucleus in vacuolated cells following centrifugation at 105,000 
for 1 h (1), 2 h (2), 4 h (3) and 5 h (4) 





Fig. 3. Hematoxylin and eosin stained smear of Ehrlich ascites car- 
cinoma aspirated from C,H mice at nine days after transplantation 
showing approximately 10 per cent vacuolated cells 


It is apparent that the cells found floating in the ascitic 
fluid after prolonged ultracentrifugation are of a Specific 
gravity comparable to that of the ascitic fluid. The 
presence of vacuoles in these cells results in an overall 
specific gravity smaller than that of the more populous 
cells which are heavier and sediment. 

The possibility that Selas filters may absorb a filterable 
agent, if present, was controlled by filtration using 290 


my ‘Gradocol’ membranes, which absorb minimal protein. . 


The injected filtrate did not induce tumours in 90 days 
in the most susceptible mouse strain (Swiss mice), con- 
firming results obtained by Tolnai et al. with filtered ascitic 
fluid. f 

In summary, rigidly controlled conditions indicate that 
contrifugation at 105,000g for 5 h in one run or serially for 
five 1-h runs does not sediment all suspended cells of 


NATURE 


August 15, 1964 vor.203 


Ehrlich ascites carcinoma, and other tumours in the 
ascites form. 

It is therefore vital that all claims for subcellular 
tumour-inducing agents obtained solely by high-speed 
centrifugation should be carefully reviewed for the definite 
absence of cells. i 

Our data indicate that vacuolated viable cells, though 
deformed by the high centrifugal forces, are found in the 
supernatant and are capablo of survival, transplantation 
and progressivo growth in susceptible mice. Tolnai 
et aL? have observed these suspended cells, and report 
that they are confined only to the lipid layer, which they 
skim off the supernatant. Our work shows that vacuolated 
cells can be found throughout the supernatant. Another 
claim of tumour induction from ultracentrifugal super- 
natants* is probably due to suspended vacuolated cells. 
In virulent tumours for which a low LD; exists, the small 
number of cells required to induce tumour escape detection 
in unfiltered ultracentrifugates. ; : 

The observed vacuolated cells remain in ‘suspension 
after centrifugation because of their apparently lowered 
specific gravity. The nucleus, which is denser than the 
cytoplasm, is. drawn down into contact with the cell 
membrane and progressive centrifugation. increases the 
distortion and evagination of the membrane. The 
recuperative powers of the Ehrlich ‘cells so treated must 
be quite high, since they exhibit approximately the same 
virulence (ZD;,) as cells not centrifuged. : . 

We thank Dr. J. S. Murphy, of the Rockefeller Institute 
of New York, for his advice. This work was supported in 
part by the U.S. National Institutes of Health, grant 
CA 07114, and Mr. Wilfred P. Cohen of Great Neck, 
New York. : 
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VARIATION OF THE RELATIVE SENSITIVITY OF CLOSELY RELATED 
NEOPLASTIC CELL LINES IRRADIATED IN CULTURE IN THE 
PRESENCE OR ABSENCE OF OXYGEN 


By LASZLO REVESZ and BO LITTBRAND 


Department of Tumour Biology, Karolinska Institutet Medical School, Stockholm 


HE examination of the differential effect of various 
treatments in modifying the relative radiosensitivity 
of closely related cell lines which have genetically or bio- 
chemically well-defined differences proved to be a fruitful 
experimental approach to obtain information about the 
mode of action of radiation'. In accordance with this 
approach, and in an extension of previous investigations? 3, 
a series of experiments was performed in which cultures 
of an Ehrlich ascites tumour and its selected sublines were 
used as the cellular material, and sensitization by oxygen 
was used as the modifying treatment. This article reports 
‘the results of these experiments and some of the con- 
clusions which can be drawn from them. 

The Ehrlich tumour of this work was a hyperdiploid 
cell line, denoted ELD. One of the sublines, ELT, 
represents the cloned derivative of a predominantly 
hypertetraploid population, isolated from ELD. Another 
subline, clone g, has been derived from a serially irradiated 
line of HED, denoted SELD. The details of the isolation 
of the clones and several characteristics of the cell lines, 
including certain growth characteristics, chromosomal 


variation, radiosensitivity, DNA and sulphydryl content, 
have been examined and aré described in previous 
publications‘. 

In vitro cultures of these lines were established from 
ascitic material. Freshly withdrawn. ascites of the respec- 
tive tumour line were dispensed in 0-1 ml. amounts in 
several stoppered ‘Pyrex’ tissue-culture vessels. The 
medium contained Eagle's solution’, pregassed with carbon 
dioxide and supplemented with 15 per cent feetal calf 
serum and antibiotics. After a period varying between 
7 and 18 days, multiple foci of vigorously growing colonies 
became visible which were firmly attached to the bottom 


.of the culture flasks. The colonies were detached and 


dispersed by gontle trypsin treatment and, afterwards, 
the cells were cultivated in serial passage by transfers of 
10* cells at weekly intervals, and by medium changes on 
each second or third day. The plating efficiency, expressed 
as the percentage of cells which grew into macroscopic 
colonies in about 10 days, varied between 25 and 100 per 
cent (cf. cols. 5 and 6, Table 1). In order to protect 
against major alterations, prone to occur in cell strains 
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Table 1. THE SLOPE CONSTANT AND EXTRAPOLATION NUMBER OF SURVIVAL REGRESSIONS AND THE MEAN LETHAL Dose, (Do), CALCULATED BY 
LEAST-SQUARE ANALYSIS FROM THE MEAN OF SURVIVING FRACTIONS OF IRRADIATED CULTURES WHICH ARE ILLUSTRATED IN FIG. 1 


The number of separate experiments and individual determinations of survival, used for computation, and data on the plating efficiency of the particular 
cell lines are also presented 


























No. of Plating efficiency f Slope constant Extrapolation No. 

Atmosphere No. of separate de- + standard error z 
Cellline during separate | terminations (b + ob) Arithmetic D$ (r.) 

irradiation | experiments | of survival* Mean Range log uniis/100 r. value —o— + of 

1 2 3 4 5 6 7 8 9 10 
ELD Argon 24 43 71 40-100 —0:425 + 0-013 0:03 0-80-1-07 235 
ELT Argon 18 52 : 35 26-58 —0-359 + 0-010 1:01 0:89-1:15 279 
Clone g Argon 27 71 47 26-76 — 0:343 + 0-010 1-31 0:98-1:25 292 
ELD Oxygen 8 21 77 37-100 —1:096 + 0-052 2.23 1:81-2-74 91 
ELT Oxygen 9 25 40 26-62 —1:003 + 0-065 1:86 1:45-2-89 100 
Clone g Oxygen 13 38 31 25-44 —1:087 + 0-080 2°30 2:01-2:62 92 
al 
We ee M — 














* Determinations based in each case on the mean values from three irradiated and six control replicate cultures. 
+ Expressed as percentage of cells which grow into macroscopic colonies in 10 days. 


t Determined according to formula (1) when X = 0. 


§ Reciprocal of the slope constant in col. 7 indicating the increment of radiation dose which reduces the surviving fraction by 37 per cent. 


maintained in prolonged serial cultures in vitro, the 
chromosomal constitution of the coll populations was 
examined at intervals of about 10 successive passages, 
as described previously? Whenever shifts were noted 
in the modal chromosome number or the chromosomal 
markers identified in provious investigations’, the propaga- 
tion of the line was discontinued, and new cultures were 
established from the original ascitic material preserved 
in the frozen state. 

Reproductive integrity of the cells, as judged by their 
clone-forming ability, was used as the measure of radio- 
sensitivity. Suspensions of single cells were prepared 
from cultures growing in non-confluent monolayers which 
readily dissociated on treatment with trypsin. After 
counting in a hemocytometer and diluting as necessary, 
the appropriate number of cells was added to a series of 
6-em Petri dishes, containing 4-6 ml. of nutrient medium. 
The number of cells explanted (2x 107-6 x 105) was 
chosen with respect to the size of the expected surviving 
fraction after a particular treatment. The dishes were 
incubated at 38° C in a moist atmosphere of carbon dioxide 
in air to maintain a pH of 7-0-7-2. After incubation for 
3 h the cells were irradiated and re-incubated for 10 days, 
with medium changes taking place at 3-4 day intervals. 
Afterwards, clones fixed and stained in situ, comprising 
more than fifty cells, were counted and the number of 
clones was taken to represent the surviving fraction. In 
each experiment, mean values were calculated of three 
(irradiated cultures) or six (unirradiated controls) replicate 
dishes. The standard error was 8 and 5 per cent respec- 
tively, as determined from a total of 170 randomly 
chosen individual observations. The fraction of cells 
surviving irradiation was calculated as a percentage of 
unirradiated controls in the same experiment. 

Exposure to X-rays was mado at room temperature in 
an air-tight plastic chamber of 3 1. volume. The lids were 
removed from the culture dishes, and the nutrient medium 
was withdrawn to such an extent that a layer of only 
about 1 mm fluid was left to cover the cells. For 20 min 
prior and during irradiation, the chamber was gassed 
with either oxygen or argon, both containing 1-25 por cent 
carbon. dioxide, at a flow rate adjusted to 6 1./min. Con- 
trol cultures were subjected to the same, procedure as 
irradiated ones. The plating efficiency of the controls 
equilibrated with the oxygen-carbon dioxide mixture did 
not differ significantly from those gassed with the argon- 
carbon dioxide mixture (cf. cols. 5 and 6, Table 1). The 
gases were led through pre-equilibrated water warmed 
slightly above room temperature. Argon was cleaned in 
the factory by burning out its oxygen contamination by 
hydrogen. Its oxygen content was less than 3 p.p.m., 
as measured according to the method of Tédt®. Radiation 
was generated in a Siomens X-ray unit at 190 kV and 
15 m.amp, was filtered by 1 mm aluminium, and had 
half-value layer of 0-95 mm copper. The dose rate, 
measured by means of ionization chamber, was 235 r./min 


at the bottom of the culture dishes at a distance of 43 cm 
from the focus. 

The mean surviving fraction of several ELT, ELD and 
SELD clone g cultures, irradiated with different X-ray 
doses in either oxygen or argon, is illustrated, together 
with the 95 per cent confidence limits, in Fig. 1. The 
regression lines, calculated by the method of least-square 
analysis from the means of the respective tumour popula- 
tions, are also shown. The 95 per cent probability limits 
of survival after different radiation doses are indicated 
by shading round the line, and were calculated, based on 
statistical theory’, according to equation (1): 
: 1 " xX — X)2 

=8; n 
Vilog Y)-s8ys| n $ Z- 3} 
i=] 


(1) 


where V(log Y) is the variance of the mean surviving 
fraction after treatment with a certain X dose of radia- 
tion; Sy, is the variance from regression; n is the 
number of observations; X is the mean dose of radiation 


"n 
used; and X (X;— X)? is the sum of the squares of the 
i21 
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Tig, 1. Survival of cultures of the ELD ascites tumour line and of its 

ELT and SELD clone g sublines after exposure to different doses of X- 

rays in oxygen or argon. Open circles with vertica] lines illustrate the 

means of surviving fractionsin different experiments with the 95 per cent 

confidence limit. Oblique lines with shading indicate the statistical 
regression of survival with 95 per cent probability 
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deviations from the mean of the radiation doses used. 
Significant differences are apparent betweon the survival 
of ELD, on one hand, and of HLT or clone g on the 
other, after irradiation in argon, while the survival of the 
three cell lines is closely similar after irradiation in oxygen. 

The numerical values of the slope constants and their 
standard error are presented in Table 1 (col. 7) together 
with the number of separate tests (col. 3) and the number 
of separato determinations of survival (col. 4) used for 
computation. By means of co-variance analysis’ it can 
be calculated that the regression of HLD survival differs 
significantly (P<0-01) from the regression of ELT and 
clone g survival, respectively, after treatment in argon, but 
the differences are statistically insignificant after treatment 
in oxygen. The reciprocals of the slope constants are 
given in col. 10, and indicate the increment of radiation 
dose (Dy) which reduces the surviving fraction of the 
respective population by 37 per cent. The extrapolation 
numbers* with standard errors are tabulated in cols. 8 
and 9. Using t-test analysis, it can be calculated that tho 
extrapolation number of any of the cell lines after oxygen 
treatment differs significantly from the respective extra- 
polation number after treatment in argon (P «0-001 for 
ELD and clone g, and P « 0-05 for ELT). The differences 
between different lines with regard to the extrapolation 
numbers in oxygen and in argon, respectively, are 
statistically not significant. 

The results of the tests reported here are concordant 
in indicating that, in agreement with previous assays in 
vivo*, differences in radiosensitivity do exist betweon the 
ELD strain and its selected sublines when irradiated 
under anoxic conditions. It can be calculated from the 
relationship between slope constants (col. 7, Table 1) 
that the sensitivity of clone g and ELT is 24 and 19 per 
cent less, respectively, than the sensitivity of the original 
ELD. The decreased sensitivity of clone g may be 
attributed to the protective effect of an increased cellular 
concentration of intrinsic, low molecular sulphydryls in 
this line, which has been previously estimated to be also 
24 per cent higher than in ELD’. The reduction of the 
sensitivity of ELT, which has a sulphydryl concentration 
of the same magnitude as HLD*, can be associated with 
the duplicated genome of this subline in comparison with 
ELD*, and is in accordance with observations on the 
decrease of the sensitivity in other tumours with doubled 
chromosome  sots!^!3, The possible requirement to 
inactivate a larger number of sensitive sites has been 
considered to account for radio resistance in these cases?. 

The differences between the radiosensitivity of the cell 
strains demonstrated in anoxia were shown to be reduced 
to statistically insignificant variations when exposure to 
X-rays took place in oxygen. A reduction of sensitivity 
differences in oxygen, relative to those under anaerobic 
conditions, has been previously noted also when our? or 
other cell strains’? were investigated in different test 
systems in vivo. It is conceivable that a similar ‘masking’ 
of the sensitivity differences by oxygen may explain the 
generally uniform survival of unrelated cultures treated 
in media equilibrated with air!?, that is, under conditions 
when cells exhibit full oxygen sensitivity. If, as sug- 
gested by the data, the proportionately increased sul- 
phydryl concentration accounts for the radio resistance of 
clone g in anoxia, then the disappearance of sensitivity 
difference between this strain and ELD in oxygen would 
be in agreement with the observation!‘ of a considerable 
decrease of sulphydryl protection in an oxygenated 
medium. 

The differences between the cell lines with regard to the 
relative radiosensitivities under aerobic and anaerobic 
conditions imply a differential enhancement of the 
effectiveness of radiation by oxygen. For #LD, ELT and 
clone g, oxygen enhancement ratios of 2:58, 2:79 and 3-16, 
respectively, can be calculated from the slope-constants. 
It can be inferred that oxygen does not act as a dose 
multiplying factor only, but there is also a qualitative 
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difference in the lethal damage caused by irradiation in 
the presence or absence of oxygen. It has previously 
been suggested? that, in killing FLD and ELT, a genetic 
injury may prevail in connexion with anoxic X-irradiation 
and, conversely, a mainly non-genetic mechanism may be 
operative in connexion with aerobic treatment. This 
suggestion is in agreement with the postulate’, based 
on observations made in experiments with micro-organ- 
isms, that DNA is more heavily involved in killing by 
X-radiation under anoxic as compared to aerobic con- 
ditions. 

The extrapolation number of survival regressions, 
presented in cols. 8 and 9, Table 1, can be viewed as 
further evidence supporting the supposition of differential 
mechanisms of the radiation effect under aerobic and 
anaerobic conditions. Extrapolation to numbers larger 
than unity, found after treatment in oxygen, implies a 


sigmoid type of survival curve. This can be regarded as 


indicating that two or more damaging events, of the same 
or of different kind, must be accumulated for any lethal 
effect®. Conversely, extrapolation close to unity and the 
corresponding nearly exponential dose-effect relationship 
observed after treatment in oxygen-free argon denotes 
that a single damaging event may be sufficient for the 
loss of reproductive capacity. It would thus seem that 
the dose-effect relationship after anoxic treatment with 
sparsely ionizing X-rays is similar to that after treat- 
ment with densely ionizing radiations!?5, A reduc- 
tion of the extrapolation number of the survival curve 
of cells treated by X-rays in an anoxic medium, as 
contrasted to treatment in a medium equilibrated 
with air, has been noted in our previous study? and by 
Humphrey et al.. The opposite result has also been 
reported!5*. However, the significance’ of the difference 
between extrapolation numbers has yet to be established 
in these cases. Since the extent of recovery from radiation 
damage in connexion with fractionated X-ray treatment 
is related to the extrapolation number of the survival 
curves?*, such treatment of anoxic cells can be expected 
to result in & strong decrease or, possibly, absence of 
recovery, as in the case of densely ionizing radiations?*»16, 
This expectation has been fully verified in experiments 
to be reported elsewhere, involving the exposure of HLT 
to fractionated X-ray doses in the presence or absence of 
oxygen. 

This work was supported by grants from the Swedish 
Cancer Society, the National Cancer Institute, U.S. Public 
Health Service (grant C—06633-02) and the Swedish 
Atomic Research Council. 

! Alper, T., Abh. deutsch., Akad. Wiss, Berl., Klasse für Medizin, No. 1, 
158 (1902). Alper, T., Physics in Med. and Biol., 8, 365 (1903). 


* Révész, L., and Norman, U., J. Nat. Cancer Inst., 25, 1041 (19060). Glas, U., 
and Révész, L., Intern. J. Rad. Diol., 6, 69 (1903). 


? Robinson, J. E., and Révész, L., Rad. Res.,14, 493 (1961). 

i Hauschka, T. S., Grinnell, S, T., Révész, L., and Klein, G., J. Nat. Cancer 
Inst., 19, 13 (1957). Révész, L., Glas, U., and Hilding, G., Nature, 198 , 
260 (1963). 

5 Eagle, H., Science, 180, 432 (1959). 

* Tödt, F., Angew. Chem., 67, 266 (1955). 

7 dtum G. W., Statistical Methods (Iowa State College Press, Ames, 


* Alper, T., Gillies, N. E., and Elkind, M. M., Nature, 186, 1062 (1960). 
Porter, E. H., Brit. J. Rad., 86, 372 (1968). 

? Révész, L., Bergstrand, H., and Modig, H., Nature, 198, 1276 (1968). 
Caspersson, O., and Révész, L., Nature, 190, 153 (1963). 

10 Silini, G., and Hornsey, S., Intern. J. Rad. Biol., 5, 147 (1962). 

11 Berry, R. J., Rad. Res., 18, 236 (1963). 

1° Morkovin, D., and Feldman, A., Brit. J. Radiol., 38, 197 (1960). Munro, 
T. R., and Gilbert, C. W., Brit. J. Radiol., 34, 246 (1961). Till, J. E., 
Rad. Res., 15, 400 (1901). 

19 Schneider, D. O., and Whitmore, G. F., Rad. Res., 18, 286 (1963). 

M Dewey, D. L., Rad. Res., 19, 64 (1963). 

15 Alper, T., Nature, 200, 534 (1963). 

1* Barendsen, G. W., Nature, 193, 1153 (1962). Deering, R. A., and Rice, R., 
Rad. Res., 17, 774 (1962). Barendsen, G. W., Walter, H. M. D., Fowler, 
J. F., and Bewley, D. K., Rad. Res., 18, 106 (1963). 

1: Humphrey, R. M., Dewey, W. C., and Cork, A., Nature, 198, 268 (1963). 

18 Dewey, D. L., Nature, 186, 780 (1960). 

1 Elkind, M. M., and Sutton, H., Rad. Res.,13, 556 (1960). Alper, T., Fowler, 
J. F., Morgan, R. L., Vonberg, D. D., Ellis, F.. and Oliver, T., Brit. J. 

Rad., 35, 722 (1962). 


No. 4946 August 15, 1964 


LETTERS TO 


PHYSICS 


Propagation of a Gaseous Discharge in a 
Crossed Magnetic Field 


Tur application of a crossed magnetic field to an elec- 
tron swarm moving under the influence of a uniform 
electric field enabled Townsend! to derive the high 
electron drift velocities, using & steady-state d.c. method 
without recourse to pulse techniques or oscilloscopes. 
From the measurement of the electron angular deflexion, 
0-, and making use of the expression, deduced by Towns- 


end, vT = = tan 0-, in which E and B are the crossed 


electric and magnetic fields, respectively, the drift 
velocity, vr, was obtained in an elementary way. In this 
communication the early treatment is extended to include 
the numerous practical cases in which Townsend’s 
secondary ionization coefficient comes into play in tho 
full development of a gaseous discharge. 

The mode of charge movement together with the 
crossed electric and magnetic field directions are shown 
in Fig. 1. An electron, or bunch of electrons, starts off 
instantly at point 0. As the electrons move in the trans- 
verse (Æ) direction, they are deflected in the perpendicular 
(eo x B) direction with velocity vj. On reaching the 
point A (or A’, A” or A”, which corresponds to the end 
of the discharge region), sufficient positive ions have been 
produced which drift towards the cathode, in turn are 
deflected, though to a lesser extent on account of their 
mass, and strike the cathode surface to release a further 
burst of electrons. Thus, due to successive cycles, the 
discharge propagates in the perpendicular direction. 


Analysis of Fig. 1 shows that the propagation velocity,v, 
is given by: 


v = vf (tan 6- + tan 6+) (1) 
in which vf is the transverse positive ion velocity and 0- 
and 6+ are the angular deflexions of the respective particles. 
No specification has been made as to whether the motion 
is governed by a few individual collisions or by multiple 
. processes, and an important aspect is that the propagation 
velocity in this régime is independent of the discharge- 
length. 

Tt has been observed? that the emission of an electron 
from the cathode on positive ion bombardment may be 
delayed for a time ts, called the site time, which may be 
comparable in duration with the ion transit time, T4. 





0 CATHODE 


Fig. 1. Movement of electrons and ions of a Townsend discharge in a 
cr ossed electric and magnetic fleld 
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Taking this effect into account, the above expression 
becomes: 


Ty 2 
Ts + Th ( 
Thus the propagation velocity may vary over a wide 
range and is influericed by the properties of the gas and 
the nature of the electrodes. 

In certain discharges, such as the column region, the 
regenerative process can be considered to take place con- 
tinuously rather than in a stepped fashion, and a recon- 
sideration of equation (1) shows that for this régime the 
propagation velocity is given by v, or vj, depending on 
which ion component dominates the discharge. Thus, in 
general, the propagation velocity of a discharge will fall 
within the range: 

v, > py (tan 0- + tan 0*) > vi (3) 
in which the limiting velocities can be associated with 
columnar processes and the middle range corresponds to 
the cathode fall condition. The large differences between 
electron and positive ion velocities would lead to charge 
separation, and as this continuous mode may only be 
active in columnar regions, the presence of space charges 
can no longer be neglected and the concept of ion coupling? 
may have to be evoked. 

It can be shown‘ for an electron swarm in hydrogen 
with a mean energy, € — 3 eV, that v; = 1:5 x 105. 


; : B m/sec and tan 0- = 40 Z for weak magnetic ficlds; 


also vf = pt Zin which ut = 96 


v = vf (tan 0- + tan 0+) 





m em A 
— —mmmereury?, 
see volt 


yielding a = 3-84 x 10? E Z m/sec. Thus, the electron 


columnar velocity is 40 x larger than the stepped velocity of 
the discharge, which could correspond to that of the cathode 


fall. For på = 1,000, E), = 20 (ref. 6) and for B = 


0-1 Wb/m? and p = 1,000 mm mercury, v = 1:68 m/sec 
in agreement as to order of magnitude with observed gas 
discharge propagation velocities’. In the numerical 
derivation, the positive ion angular deflexion, 0*, has been 
neglected. As no data are available for this quantity or 
vi, there is a need for these to be measured, particularly 
as ib is claimed/-? that 6+ is the overriding quantity 
determining the propagation of an arc discharge. Useful 
information should also be gained from an investigation 
of the propagation velocity of a Townsend and glow 
discharge. 

I thank Prof. G. W. Carter for granting facilities for 
this work; this preliminary work is sponsored partly 
by the Air Force Cambridge Laboratories under contract 
AF 61(052)-812 through the European Office of Aerospace 
Research, United States Air Force. 
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Porous Electron Emitters 


In a recent publication! it was shown that the electron 
emission at zero field from a porous cathode was very 
dependent on the size of the pores and their emitting 
apertures. In particular a reduction in the slope of the 
Richardson plot, with increasing temperature, is to be 
expected because the space charge is constrained and can 
only exist near to the walls of the cavities. The resulting 
electron emission through apertures in the cavities is 
then in the form of ‘quasi hollow’ beams. Curvature of 
the Richardson plot commences when: 


D 

2 d= 
where D is the diameter of the apertures, d is the distance 
from the emitting surface for which P—9o/4; p being the 
charge density at a point distance r from the centre of a 
spherical cavity, p, the charge density at the cavity 
surface and j, the emission current density at zero field 
from the emitting surfaces. For spherical cavities: 


2 Œ x T 
Rd; 0 =p,= aC ) 
a Oe tag (Rydo ^ A» Ba de 
R<d; P = Po 


where R is the radius of the spherical cavities. 

For normal oxide cathodes with a pore diameter of 
about 3 um (ref. 2) fee at high temperatures. The 
emission from the cathode is considerably lower than 
would be the ease from cathodes with a larger number of 
smaller pores naving smaller emitting apertures. There- 
fore, the porosity of porous cathodes should, if possible, 
be controlled so that the condition R <d will hold at 
the ‘operating temperature, and the maximum possible 
emission should then be obtained. 

Since the emission current density from an aperture is 
then the same as that which would be obtained from an 
equivalent area of exposed uncontaminated surface it is 
important that the exposed surface area of the cathode 
(including apertures) should be maximized. The addi- 
tional emitting surfaces within the pores do not contribute 
to the overall emission from the cathode. The main 
advantage of a porous cathode is the fact that the emitting 
surfaces are more protected from contamination. If the 
coating is too thick then the temperature gradient existing 
in the matrix will make it necessary to heat the cathode 
base to a higher temperature for the same emission than 
would be the case for a thinner coating. On the other 
hand, the matrix should contain sufficient material so 
that evaporation effects do not unduly shorten the life 
of the cathode. 


1-54 x 10-°72j,-4um 





R. DEwsBERRY 


Viriamu Jones Laboratory, 
University College, 
Cardiff. 


! Dewsberry, R., Brit. J. App. Phys., 15, 71 (1904). 
* Hensley, E. B., J. App. Phys., 23, 1122 (1952). 


GEOPHYSICS 


Shock Wave Propagation from a Nuclear 
Blast 


SiwcE the American nuclear explosion on J uly 9, 1962, 
at Johnston Island, independent reports from different 
parts of the world!-5 have become available relating to the 
time of onset of some of its magnetic and earth-current 
effects. Apparently, in some places, the first impetus of 
the signal, almost instantaneously with the detonation, 
has not been noticed for some reason or other. The more 
intense impulse registered after 2 sec after zero time has 
been, perhaps, thought to be the first. At some other 
places, no mention is made of anything other than that 
received almost simultaneously with the blast. This 
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Fig. 1. Approximate locations of the different stations recording 

magnetic or earth-current or both effects due to the blasb: 1, Johnston 

Island; 2, Kerguelen Island; 3, Chambon-la-Forét; 4, Ottawa; 
5, Prince Albert; 6, Los Angeles; 7, Penticton 


note is to point out a substantial possibility of a hydro- 
magnetic shock propagation due to the blast giving rise 
to almost simultaneous signal at different parts of the 
globe. Both the impulses, one at zero time, and the other 
2 sec later, are treated from this point of view. It is, 
incidentally, pointed out that some of the auroral luminos- 
ity reported on this occasion might be attributed to the 
interaction of shock waves with the magnetosphere.- 

Fig. 1 shows the approximate locations of the several 
stations of observation over different parts of the globe. 
From these places, either magnetic or earth-current effect 
or both have been reported. The reported times of 
onset of the effects at the respective stations are shown 
in Table 1. At some places, such as Prince Albert, 
“Canada, (53-2° N, 105-9° W.), mention is made only of the 
signal after 2 sec or so after detonation. In the Antarctic 
French station, Dumont d’Urville, the supposed first im- 
pulse has also been noticed only after 2 sec after zero time. 
However, other French stations (for example, Chambon- 
la-Forét, France) did notice both the impulses referred to. 
The interesting feature is that, besides the first signal at 
almost zero time, the second, seen about 2 sec later, is also 
simultaneous at different parts of the globe. It may be 
recalled that, for Argus III explosion, the onset of some of 
the earth-current effects was registered within 1 sec 
interval over a range of 120? in longitude*-5. 


Table 1. TIME OF ONSET OF SIGNAL DUE TO BLAST AT DIFFERENT STATIONS 
OF THE GLOBE 


(Detonation time 09 : 00 : 09 v.T.) 


Station Signal arrival ttme Ref. 
(v.7.) 
h min sec 
S.T.L., Los Angeles, U.S.A. 09 : 00: 09 (-- 0:1 sec) 1 
Penticton, Canada 09 : 00 : 09:1 (+ 01 sec) 3 
Chambon-la-Forét, France 09 : 00: 08-8 (+ 0-2 sec) 
Also a second strong 2 
impulse 2 sec later 
Kerguelen Island, 

South Indian Ocean 09 : 00 : 08-7 (3- 0-5 sec) 2 
Prince Albert, Canada. ^ 2 sec after detonation 5 
Christchurch and Lauder, 

New Zealand 0-2 ~ 0-5 sec after 

(earth-potential) detonation 4 
Ottawa, Canada 09:00:12 (+2 sec) E] 

(Rb vapour magnetometer) 

Amberley, New Zealand 09 : 00: 12 (€ 1:5 seo) 4 


(magnetic effect) 


Considering the very small time in which the signal due 
to the blast is propagated over the globe, one would be 
led to think of either electromagnetic propagation, or a 
hydromagnetic shock, among others (for example, very 
fast neutron propagation?) We now consider the case of 
a hydromagnetic shock in the following. 

For a shock front, it is known that the Rankine— 
Hugonoit equation must be satisfied, namely: 


e _ Ply 1) + Poly — 1) 


Po — Ply — 1) + Poly 1) 
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Fig. 2. Variation of shock Mach with the ratio of specific heats 


y is the ratio of specific heats; Po, po, refer to ambient 
pressure and density respectively, before the arrival of 
the shock; and P, p are those behind the shock. For an 
explosion, P 2» Po and the Rankine-Hugonoit equation 
gives: 


Po 
p yi 

Furthermore, it is known?:!? that when a shock develops: 
V e 


Vo E 4/2 


where V, is the Alfven velocity in the gas at the 
front of the shock and V is the velocity behind the shock. 


V 
Fig. 2 shows the ratios Trend for different values of vy. 
0 0 


The ratio y, the shock Mach, increases considerably 
0 


7 
as y reduces towards unity. The ratio d (or the shock 
0 
Mach) ean be considerably large depending on the intensity 
of the blast. Shocks arriving at the vicinity of the Earth 
having their origin, for example, in the solar blasts have 
a very high Mach number”. 

The hydromagnetic wave propagation speed at the 
heights of explosion, around 400 km, is of the order 
150 km/s!?:?, Even the crudest calculation on this basis 
gives up to 4,000 km/s for the shock propagation. Accord- 
ingly, it is obvious that a distance of the order of the 
diameter of the Earth can be traversed in 3-4 sec. It is 
interesting that this order of time is seen actually from 
the observations of the second impulse simultaneously at 
different places of the globe (stations 3 and 5, Fig. 1, 
for example). 

The Alfven velocity can be as great as 500 km/s 
around 1,000 km  altitude!/*. Simple calculations 

‘of shock .speeds from this (without assuming any 
ducted propagation") could give up to about 1/15 of 
the speed of light. If such a high-altitude propagation is 
possible at all, the simultaneity of the signal over different 
parts of the globe, almost instantaneously with the blast, 
is apparent. Aurore have been observed! on this occasion 
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at altitudes around 700 km. This is evidence in favour 
of the possible high-altitude propagation of the shock 
effect. In fact, it is possible that the observed auroral 
luminosity, in part at least, is by the interaction of the 
shock and the magnetosphere in a manner suggested 
earlier by Singer'. 

Ín conclusion, it is possible that both the first impulse 
due to the blast at almost zero time, and the second 
after 2 sec, could be attributed to shock propagation from 
the blast site. The second is perhaps due to propagation 
near the altitude of blast in space. 

R. S. IYENGAR 

Mount Allison University, 

Sackville, Canada. 
1 Crook, G. M., et al., J. Geophys. Res., 68, 178 (1903). 
2 Roguet, J., et al., J. Geophys. Res., 68, 3731 (1963). 
3 Caner, B., and Whitham, K., Canad. J. Phys., 40, 1846 (1962). 
* Gregory, J. B., Nature, 196, 508 (1902). 
5 Greystone, P., Canad. J. Phys., 41, 1743 (1903). 
* Troitskaya, V. A., J. Geophys. Res., 60, 5 (1961). 
7 Berthold, W. K., et al., J. Geophys. Res., 65, 2233 (1960). 
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GEOLOGY 


Magnetic Survey off the North Coast of 
Ireland 


THE geological relationships between the Pre-Cambrian 
and Caledonian folding and faulting systems of Scotland 
and Ireland to a large extent remain unresolved because 
of the unknown geology beneath the North Channel. 
A small but detailed (0-25-0-5 mile line spacing) total 
field magnetic survey off the coast of Donegal shows the 
presence of two faults which may well be of importance 
in the evaluation of these relationships. A simplified 
map of the magnetic results is shown in Fig. 1. 

A strong scarp interpreted as Fault A is of some 500—600 
gammas in amplitude, and a simple interpretation of this 
feature suggests that it is largely due to the almost 
vertical boundary of a large magnetic body at a depth to 
the top of 2-3,000’ below sea-level. The geographical 
linearity of the feature is indisputable and strengthens 
the fault interpretation, particularly as it is parallel to the 
known Caledonian faults of surrounding areas. Extension 
of the observed lineation to the north-east would take 
it west of Colonsay to south-east Mull, and to the south- 
west, into Mulroy Bay (marked MB on the inset map, 
Fig. 1). It is not suggested that this is necessarily a 
fault of major importance but it does indicate that the 
fault ‘complex’ of Donegal is probably continued to the 
north-east. 

The fault marked B is in a complementary direction 
and divides two areas of particularly high magnetic 
values. Again a steep scarp is seen on the western group 
of anomalies following the line of the suggested fault, 
although the eastern group is less precisely bounded by 
this same direction. A detailed bathymetric survey 
(unpublished) reveals a linear scarp feature corresponding 
with the projected line and confirming its geological 
reality. The direction of movement of this fault can be 
suggested if it is assumed that the western and eastern 
groups of anomalies are equivalent, in which case the 
movement is dextral with a tear displacement of 5 miles. 
This is very similar to the fault mapped by McCallien in 
Inishowen and referred to by Pitcher, Elwell e£ al.'; 
nevertheless correspondence of the two groups is by no 
means certain. 

Detailed sections show that in general thore aro two 
types of anomaly present, the large wave-length anomaly 
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COLONSAY, 


Fig. 1. 


which has been interpreted as referred to above, and 
narrower high-amplitude anomalies which are judged to 
be the product of smaller shallower basic bodies. The 
two types of anomaly have a similar geographical extent 
and the rocks are probably closely associated geologically, 
although there is some suggestion of a differential 
response to the north-west-south-east fault. The absence 
of any evidence of reversed magnetization gives preference 
to a non-Tertiary age for the rocks, but any closer 
identification is impossible at this early stage. 

The survey was financed by the Department of Scientific 
and Industrial Research and made possible by the 
Hydrographic Office of the Royal Navy. 

R. P. RrppisovGH 
Geophysies Department of 
Imperial College of Science 
and Technology, 
London, 8.W.7. 


“Pitcher, W. S., Elwell, R. W. D., Tozer, C. F., and Cambray, F. W., Quart. 
J. Geol. Soc. Lond., 120, 241 (1904). 


CHEMISTRY 


Proton Magnetic Relaxation Times of 
Aqueous Tetra Alkyl Ammonium Halide 
Solutions 


THE effect of ionic solutes on the structure of water 
has been of considerable interest to electrochemists for 
a number of years!i-?. Especially intriguing has been the 
anomalous behaviour of tetra alkyl ammonium salts. 
In order to account for the apparent molal heat capacities? 
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Simplified total magnetic field contours of the survey area (regional removed). 
Values are given in gammas, zero value being the absolute value of the field at Eskdale- 
muir Observatory. Inset map shows the location of the survey area 
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and large negative entropies of hydration}, 
Frank and Wen? have proposed that the 
apolar groups of these solutes exert & net 

. ‘structure-making’ influence on surrounding 
- water molecules in addition to the structural 
changes (that is, primary hydration) associ- 
ated with the electric field of the ions. If 
the extent of structure-making is significant 
it might be expected that the correlation 
time, Te for fluctuations of the local mag- 
netic environment and hence the spin-lattice 
relaxation time, T, for water protons would 
alter apprecisbly*. 

In this communication we report spin- 
lattice relaxation times for water protons 
in solutions containing tetramethyl and 
and tetraethyl ammonium bromide over a 
wide concentration range. Relaxation times 
were measured by the spin-echo method 
and the individual T's are accurate to 5 
per cent. Both solutes are observed to 
decrease T', with increasing concentration 
with the largest rate of decrease noted for 
the tetraethyl compound. A plot of the 
relaxation enhancement, E = £ — qve 
sus molality is given in Fig. 1 and shows 
that the molal relativity, defined by the 
slope of the linear portions of the curve, is 
considerably greater for tetraethyl ammon- 
ium bromide 0:0825 sec-! mole- kg than 
for tetramethyl ammonium bromide 0-0358 
sec! mol- kg, and alkali halides’ ®§ A 
deviation from linearity in the Æ versus m 
plots is also noted to occur at lower concen- 
tration for tetraethyl ammonium bromide. 

An enhancement of the relaxation rate 
in solutions of tetra alkyl ammonium salts 
may arise from-three effects: (1) relaxation 
by the nitrogen-14 quadrupole; (2) inter- 
molecular dipolar interaction with protons 

on the apolar groups; (3) increased intra- and inter- 
molecular dipolar contributions due to structural changes 
of the solvent. 


0:5 


0:4 


1/T, — 1/T,? (sec?) 
e 
e 


e 
9 


(CH3)4NBr 


0:1 





0 1:0 2:0 40 


3-0 
Concentration (moles/1,000 g water) 
Fig. 1. Relaxation rates of water protons in solutions of tetramethyl- 
and tetraethyl ammonium bromides at 23? C. T? (pure water)= 
3:10 sec; 7',;=relaxation time of water in solution 
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Of these the first possibility is unlikely because of 
steric hindrance by the alkyl groups while the second, 
although leading to a T, change in the correct direction, 
would not give rise to the large changes observed. The 
third and more likely possibility is &n increase in the cor- 
relation times for rotation and diffusion of the water mole- 
cules with a resultant increase in both the intra- and inter- 
molecular components of the relaxation rate’. Such an 
increase in t, would result if a significant fraction of the 
water molecules are partially immobilized in the vicinity 
of the apolar groups either by an increase in the ‘ice-like- 
ness’ of water near the apolar groups or by the formation 
of partial clathrate hydrates about the apolar groups?'. 

A qualitative interpretation of the Æ versus m curves 
can be given in terms of a simplified model in which the 
protons are assumed to occupy three distinct sites; that 
is, clathrate (or ‘ice-like’) water, hydrated Br- ion and 
bulk water. The observed relaxation rate, 1/T;, is then 
given by the weighted average of the contributions from 
these sites and a preliminary calculation®® shows that 
approximately 30 water molecules are involved in the 
ordered water layer about the (C,H,;),N* ion. The order- 
ing is accompanied by a ten-fold increase in the correlation 
time more than that in bulk water. In comparison, tetra- 
methyl ammonium bromide is a much less effective 
structure-maker orienting less than 5 water molecules 
about the (CH;),N+ ion. The deviations from linearity 
observed in the Æ versus m curves at higher concentrations 
indicate that the three-site model is inadequate under 
these conditions. 

This work was supported by the National Cancer 
Institute of Canada. 

Steven S. DANYLUK 
Ernest S. GORE 


Department of Chemistry, 
University of Toronto, 
Toronto 5, Ontario. 
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Detection of Divalent Sulphur Compounds 
on Paper and Thin-layer Chromatograms 


RECENTLY a communication has been published by 
Thompson e£ al.1 which describes a sensitive qualitative 
test for sulphoxides on paper chromatograms. The 
method is based on the reaction of sulphoxides with 
hydriodie acid to form iodine. C. De Marco? essentially 
extended the method of Thompson to certain other classes 
of partially oxidized sulphur compounds like sulphinic 
acids and sulphones. However, as explicitly stated in 
De Marco’s communication, the Thompson test is of no 
direct use for the detection of other classes of organic 
sulphur compounds, especially the large number of 
substances containing divalent sulphur. 

The publication of the two aforementioned papers! 
indueed us to report a mothod used in this laboratory, 
whieh makes it possible to dotect just those classes of 
organic sulphur compounds giving no reaction with 
hydriodie acid. Our method is based on the well-known 
oxidation of divalent sulphur compounds by periodic acid 
to sulphoxides, sulphones, sulphinic acids or derivatives 
thereof. 

À positive reaction with neutral aqueous potassium 
(meta) periodate solution is given by aliphatic thiols, 
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sulphides,  disulphides, thioketones, thiamides and 
thioureas*. The aromatic thiols, sulphides, and disulphides 
usually do not react under these conditions*. However, these 
aromatic sulphur compounds will give satisfactory posi- 
tive results with periodate in acetic acid solution, since an 
increase in the acidic strength of the oxidant favours the 
oxidation reaction’. 

The oxidation of compounds on paper chromatograms 
with periodate and the subsequent development of the 
unconsumed periodic acid with benzidine was originally 
used by Viscontini e£ al.’, in carbohydrate chemistry, whore 
the method indicates glycol groups. In this laboratory, 
the application of Viscontini’s method for the detection of 
sulphur compounds was first observed while working 
with sugar-amino-acid complexes, the amino-acids having 
been pDL-methionine and L-cystine. The method was 
later extended to aliphatic and aromatic thiols, sulphides 
and thioketones. As expected, thiophene and its deriva- 
tives give no reaction, the reason being the aromatic 
character of these compounds. 

The technical details of the periodic acid oxidation of 
sulphur compounds are very similar to those given in the 
original application by M. Viscontini. The paper or the 
glass-plate is sprayed with a 0-1 per cent solution of 
sodium (meta) periodate in water or in 8 N acotic acid, 
respectively. After 4 min the colour is developed by 
spraying the paper with a 0-5 per cent solution of benzidine 
in n-butanol/acetic acid (4:1 v/v). Where oxidizable 
substances are present on the paper, the periodate is 
consumed and, afterwards, the colourless benzidine 
is not oxidized to the dark blue compound as on the rest 
of the paper. The final chromatogram shows white spots 
on & blue background. 

The procedure is readily reproducible and sonsitive. 
In the case of methionine the sensitivity is comparable 
to that of ninhydrin (5-10 ug). With aromatic sulphur 
compounds, the sensitivity is somewhat lower and depends 
on the aromatic residue (20-30 ug). 

A preparative periodate oxidation of methionine was 
performed under the conditions of the development 
of the chromatogram. The main reaction product was 
methionine sulphoxide, with a minor amount of the 
sulphone present. 

This work was sponsored by the Gulf Research and 
Development Co. as part of the research programmo of 
the Multiple Fellowship on Petroleum. 


RUDOLF STEPHAN 
J. GORDON ERDMAN 
Mellon Institute, 
Pittsburgh, Pennsylvania. 
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Production of Gallium by Continuous 
Electrodeposition from Acidic Solutions 


As a means of production, electrolysis of gallium from 
only alkaline and not acidic solutions has been reported!. 
The principal difficulties reported using acidic solutions 
are: (a) poor current efficiencies; (b) formation of solid 
gallium oxychloride’. 

Reports of acidic gallium electrolyses*:4 have shown it to 
be feasible, and the simple considerations leading to suc- 
cessful acidic gallium electrodeposition useful for large- 
scale production are outlined in this work. 

Electrolysis of an aqueous solution of GaCl, using a 
molten gallium cathode and a graphite anode results in 
the sequence of events here. 


750 


(a) Aqueous dissolution of GaCl, yields an acidic solu- 
tion (hydrolysis of a salt of a strong acid and weak base). 

(b) Electrolysis begins with littlo or no hydrogen pro- 
duced at the cathode with increasing amounts being 
generated as the process proceeds. 

(c) The pH of the solution increases and, finally, 
GaOCl is precipitated and the gallium deposition current 
efficiency approaches zero. 

(d) Addition of hydrochloric acid to GaCl, solutions 
reduces the gallium doposition current officiency finally to 
zero. 

For a 2 molar solution of GaCl, which has a pH of about 
1, one calculates the following approximate values’: 


Ega deposition % 0-51 V 
Eg, discharge ^ 0-50 (at molten gallium) 


Thus the reduction of Gat? and H+ occurs with about 
equal ease and roughly in proportion to their relative con- 
centrations. At first [Gat*] > [H+], but as the process 
proceeds this ratio is decreased and eventually is reversed 
when the pH is sufficiently high, causing the precipitation 
of GaOCl. The ratio is also decreased by the addition of 
hydrochloric acid. 

A simplified overall reaction may be written: 


electrolysis 342 
(1 + y)GaCl, + xH,O ————> Ga + xH: + D) X Cl, 





+ xG80* + yCl- 
where, if x becomes sufficiently large: 
xGa0* + Cl- — xGaOCl 


In order to conduct a continuous electrodeposition of 
gallium from an acidic solution the Ga*? concentration 
must be replenished and the acidity controlled to prevent 
the precipitation of GaOCl or the excessive formation of 
hydrogen at the cathode. 

The Gat? can be replenished by the addition of a con- 
centrated stock solution of GaCl,. A measure of the 
amount of hydrochloric acid which must be added is the 
departure of the [Cl-] to [Ga*?] ratio of the solution 
from 3. The excess water may be removed by evapora- 
tion. 

Utilizing the principles outlined, electrodeposition of 
gallium from about 1-5 1. of a 2 m GaCl, solution has been 
carried out indefinitely, producing 200-250 g of gallium 
in 6—7 h at current efficiencies of 60-80 per cent. 

Many variations in automatic equipment are conceiv- 
able, but certain features are desirable: 

(1) The graphite anode and molten gallium cathode 
areas should be such as to have current densities of 
0-3-1 amp/cm? at each, and horizontally mounted parallel 
to each other at a distance that passes the required current 
(50-100 amp) at a potential of 12-16 V. It is advisable 
to perforate and channel the anode to facilitate the escape 
of chlorine gas. 

(2) A cooling arrangement to keep the operating 
temperature within the range of 70?—90? is desirable. 

(3) The only materials to be used that will come in 
contact with the gallium (III) chloride solution should be 
‘Pyrex’, quartz and ‘Teflon’. Other materials such as 
the “Tygons’ and 'Kel-7" are badly attacked, as are most 
metals. 

ROBERT I. STEARNS 
Monsanto Co., 

St. Louis, Missouri. 
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Reaction between Molybdenum Disulphide 
and Water 


MOoLYBDENUM disulphide, MoS,, undergoes oxidation 
in bulk at temperatures above 450°C, which may be 
demonstrated? by gravimetry. However, the substance 
must ordinarily be covered with a surface layer of oxide, 
since heating samples in a good vacuum leads to the 
evaporation of molybdenum trioxide. It is possible that 
such layers are involved in the frictional transients obser- 
ved? when molybdenum disulphide is used as a lubricant 
in wet atmospheric environments. It is germane to in- 
quire as to the origin of the oxide layers, and we wish to 
comment on the possible extent of the hydrolytic de- 
composition of molybdenum disulphide to yield hydrogen 
sulphide and molybdenum dioxide. Haltner found? that 
when an MoS, film, supported on certain metals, and 
particularly copper, was exposed to rubbing and shearing 
forces in a wet atmosphere, hydrogen sulphide could be 
detected. If no metal is present, however, the reaction 
appears to be different, for Cannon? found that the 
gravimetry of adsorption of water on fino particle molyb- 
denum disulphide showed a strong and extensive ir- 
reversible interaction at 0? C. The latter also found that 
for very finely dispersed samples, if the specific surface 
area, rather than the mass of the solid, were taken as the 
extensive variable, the observed gravimetry conformed 
most closely with the reaction : 


MoS, + H,O ————> MoO8, + H, 


rather than a hydrolysis. While no search for hydrogen 
evolution was made in the earlier experiments!-, an 
examination of the thermal behaviour? of the putative 
oxysulphide indicated that a temperature of 350? C could 
be attained before- any appreciable loss in weight was 
observed, and that this loss appeared to be associated 
with the formation of sulphur dioxide rather than hydro- 
gen sulphide. It thus seemed likely that the reaction of 
molybdenum disulphide with water, studied in the absence 
of metals under conventional high vacuum conditions, 
was not a hydrolytic process of sulphide to oxide plus 
hydrogen sulphide, but a net oxidation. We have now 
extended the work to higher temperatures, with the follow- 
ing interesting results. The water adsorption work was 
repeated at 180? C, 20u water vapour pressure, in quartz 
microbalance equipment like that described before, 
The surface-area limited reaction with a permanent weight 
increase proportional to the specific surface area, was 
seen again. 20 g samples of molybdenum disulphide 
(E = 15 m?/g) were then exposed to 20 mm water vapour 
at progressively higher temperatures between 200° and 
500°C. The experiments were conducted in a quartz 
envelope to permit pre-degassing the solid. Pressures 
were monitored through the seven-day holding period 
of each of the experiments and gas samples weré with- 
drawn for mass spectrometric study after one day each 
at various temperatures. The results are summarized in 


Table 1. 
Table 1 
Gas yield (mass spectrometric analysis) 
Exp. qe H,O Condensable Non-condensable 
No. (C) charge at 77° K at 77° K 
(S.T.P. c.c.) 

1 200 5:6 Trace Large amount of H, 

2 300 4:8 Trace Large amount of Hs 

8 400 4:0 0-29 (SO4) Trace 

4 500 2:9 1:5 (804) Trace 


No hydrogen sulphide was formed at any time during the 
sequence, and measurable amounts of sulphur dioxide 
only at temperatures in excess of 300? C. The first gas 
to be evolved from the samples was actually hydrogen, 
which was found in quantity in the gases withdrawn 
after a day at 200? C. The validity of the proposed 
equation is thereby supported. 
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It is also evident that any hydrolytic reaction which 
does occur must proceed through a mixed sulphide or 
at least involve the accommodation of the reactive 
metals cited (copper and iron) as ions in the molybdenum 
disulphide crystals. 

These results confirm the interpretive extrapolation 
of the previous work?, namely, that the action of water on 
MoS, is surface limited, and, in the absence of metals, 
consists primarily of an oxidative rather than a hydro- 
lytic step. 

P. Cannon 
2 F. J. Norton 
General Electric Research Laboratory, 
Schenectady, New York. 

1Cannon, P., Nature, 188, 1612 (1959). i 
? Haltner, A. J., and Oliver, C. S., paper 18, Div. Petroleum Chem., 134th 

meeting, American Chemical Society, Chicago, Illinois (Sept. 1958); see 

also Gen. Elec. Re Rep. 63-RL-349 
* Cannon, P., J. Chim. ` Phys., e 130 “ave. 


A Kinetic Approach to the Nature of 
Ferrous lons in Aqueous Solution 


low association involving ferrous ions is difficult to 
detect by the usual techniques: direct spectrophotometry 
due to the low extinction coefficients of Fe(II) species 
and the possible presence of trace Fe(III) species with 
high extinction coefficients; conductivity due to the high 
concentrations of anions needed; electrometric measure- 
ments due to the easier formation of complex species 
involving Fe(III) ions. In these circumstances, kinetics 
can be useful in providing information on complex forma- 
tion, ifa suitable reaction can befound. Suchareactionto 
study the nature of Fe(II) ions is that of Fe(II) with 
hydrogen peroxide: with [Fe(IT)]/[H,0.] > 2, the reaction 
is first order in [Fe(II)| and first order in [H.,O;] (refs. 1 
and 2): 


Fe(II)--H,0,—Fe(II)-- OH + OH- 
Fe(II) + -OH-+Fe(III) + OH- 


(1) 
(2) 


We have found that the reaction is independent of ionic 
strength, independent of hydrogen ion concentration 
below pH 3 using perchloric acid and that the rate of the 
slow step (1) is dependent on the charge on the Fe(II) 
species. This allows the determination of the concentra- 
tions of free and of associated Fe(II) from the observed 
rate: and ionic strength effects must be due to the existence 
of equilibria between various Fe(II) species. 

Hardwick? has shown, using ferrous sulphate in aqueous 
sulphuric acid, that the rate constant appears to depend 
on the concentration of sulphuric acid added when the 
latter is high. We have confirmed this, and carried out 
an investigation of the effect of added sulphate ions on the 
reaction of ferrous perchlorate with hydrogen peroxide in 
aqueous perchloric acid, following the rate spectrophoto- 
metrically by the formation of the Fe(III) species. Under 
these conditions, with added [HCIO,|]24 x 10-3 M and 
ionic strength p adjusted to 1-0 with added sodium per- 
chlorate, the observed bimolecular rate constant ko 


increases with the concentration of added sulphate ions 
until a limiting value of ky is reached which is independent 
Table 1. VARIATION OF k, WITH SULPHATE IONS ADDED aT x= 1-0 AND 25°C 
[SO3-] M [S02-] M [HCIO,] M ko 
added corrected added moles? 1. sec-* 
— — 0:0040 49-5 
0-025 0-024 0-0040 53-0 
0-050 0:0482 0-0040 57:9 
0-075 0-0733 0-0040 60-0 
0-10 0-0975 0-0040 66-7 
0-125 0-122 0-0040 68-2 
0:15 0-147 0-0040 79:0 
0-20 0-197 0-0040 744 
0-30 0-209 0-0040 72:5 
0-35 0-347 0-0040 73-0 
0-10 0-094 0-010 58-0 
0-10 0-073 0-050 54-0 
0-10 0-054 0-100 53-5 
0'10 0-009 0-700 48:8 
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of the sulphate ion concentration, as shown in Table 1. 
This Table also shows that increasing the concentration of 
perchloric acid reduces the rate constant to the original 
value obtained in the absence of sulphate ions. 

These results can be d as follows: 


SO? + HiO = HS0; + H,O (3) 
SOl- + Fer = FeSO, (4) 
Fo + H,O, > Fe + OH + OH- (5) 
FeSO, + H,O,--FeSO; + OH + 0H- (6) 
Fe(II) + -OH — Fe(IIY) + OH- 


with k,>k,: Fe?t is assumed to be hexahydrated ferrous 
ion and all other ionic species are assumed to be hydrated. 
When sulphate ions are added the species FeSO, is formed 
via equation (4), which produces an increased rate through 
equation (6). The presence of a possible species FeHSO; 
is rojected under these conditions due to the effect observed 
on increasing the acidity, as recorded in Table 1. If 
[Fe(II)] is the total concentration of ferrous species, 


d[Fe(IIT)/dt = 2k,[Fe(I1)][H.02] 
= 2k, [Fe**]|H.O;] + 2/;[FeSO ][H,0;] 


and it ean be shown that: 


kı + k,Kd4SOtT] 
IFERON] 


If Ke[S0}]<1, this 


ko = (7) 
where K;-[FeSO,]/[Fe** 115017]. 
reduces to: 


ky=k,+h,K [S07] 


When k, is plotted against [SO?] a straight line is 
obtained (Fig. la): [SO?-] was corrected for the formation 
of HSO; ions by using a value of K» at u= 1 interpolated 
from the data of Reynolds and Fukushima?. If the reac- 
tive species in the presence of sulphate ions is Fe(SO,)}-, 
a plot of k, against [SO2-]? should give a straight line: 
Fig. 1b shows that such & plot is a curve, and therefore 
Fe(SO,)2- is not formed under these conditions. From the 
slope of Fig. la, using the value of k, obtained from the 
limiting value of kọ an approximate value of Ke can be 
obtained. This value was substituted back into the full 
expression (7) and &,(1+K-[SO}-]) plotted against 
[SO?-], and a further value for Ke obtained from the 
slope of the straight line (Fig. 2). By re-substituting this 


ko moles- 1. sec* 
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value and replotting in this way until successive plots 
converge an accurate value was obtained for Ke: these 
plots are shown in Fig. 2. By this method for FeSO,, X, = 
10-2 moles~ 1. at 4=1-0 and 25? C. These results can be 
compared with K.=1-1 at w=1-0 and 30-5? C suggested 
by Huffman and Davidson‘ to explain their kinetic data 
on the autoxidation of Fe(II) in aqueous sulphuric acid 
and Ke=0-61 for FeHSO{ and Ke=1:7 at room tem- 
perature used by Beukenkamp and Herrington‘ to explain 
their ion-exchange data involving ferrous ions in sulphuric 
acid without control of ionic strength. 


Table 2. VALUES OF ky AND K, AT 25° C 


Fe(II) ky Ke 
species u moles-11. see-?  moles-l. 
e 1-0 (Ky = )49°5 — 
FeCl+ 1-0 68-7 4:45 
FeSO, 1:0 74:4 10:2 
FeHP;O, L0 91:5 9:42 
FeP,0,- 1:0 123-2 18-4 
Fecit 40 66-2 10:3 


Similar detailed kinetic investigations of the reaction of 
ferrous perchlorate with hydrogen peroxide in aqueous 
perchlorie acid with added chloride ions and trimetaphos- 
phate ions show in each case an increase in I, to a limiting 
value independent of the concentration of the anion. 
These results have been interpreted in an analogous 
manner to the above for the FeSO, species, and values of 
k: and Ke for the species FeClt, FeP,0; and FeHP,O, are 
given in Table 2. These data, when combined with that 
for FeSO, and k, for Fe?* ions in perchlorate media alone, 
indicate that, as expected on simple electrostatic con- 
siderations of electron transfer, the ability to abstract an 
electron from Fe(II) is increased by a decrease in the 
positive charge, with a further increase on changing to a 
negative charge, but comparison of values of k, for FeSO, 
and FeHP;O, shows that the size of the anion has some 
influence. The association constant K, increases with an 
increase in the negative charge on the anion, as expected 
on a simple electrostatic picture. Experiments with 
[ClO;]- 8 M and [NO3]=5-2 M indicate that, in these 
conditions, the association of ferrous ions with perchlorate 
ions and nitrate ions does not occur. The data for FeCl* 
in Table 2 show, as expected, that an increase in ionic 
strength has no effect on k, but changes Ke. 

This work will be described in detail elsewhere, together 
with further work on other anions and the effects of the 
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variation of temperature. Ono of us (M. A. S.) thanks the 
Colombo Plan for a scholarship. 
C. F. WELLS 
M. A. SALAM 
Department of Chemistry, 
University of Birmingham. 
1 Baxendale, J. H., Evans, M. G., and Park, G. S., Trans. Faraday Soc., 38, 
155 (1942). Barb, W. G., Baxendale, J. H., George, P., and Hargrave, 
K. R., Trans. Faraday Soc., 47, 462 (1951). 
? Hardwick, T. J., Canad. J. Chem., 35, 428 (1957). 
? Reynolds, W. L., and Fukushima, S., Inorganic Chemistry, 2, 176 (1963). 
* Huffman, R. E., and Davidson, N., J. Amer. Chem. Soc., 78, 4836 (1950). 
ideo xu J., and Herrington, K. D., J. Amer. Chem. Soc., 82, 3022 


BIOPHYSICS 


Electron Paramagnetic Resonance in Single 
Crystals of Cupric Insulin 


Tu binding of divalent metal ions to insulin has been 
the subject of several investigations, both chemical and 
physical in nature!-*. In describing here the application 
of electron paramagnetic resonance (EPR) spectroscopy 
to this problem, we wish to emphasize the richness of the 
data obtainable from orientation investigations of single 
crystals. This information is of the following kinds: (1) 
the number of distinct magnetic centres; (2) the orienta- 
tion with respect to the crystal axes of the symmetry axes 
of the magnetic centres; (3) the symmetries of the protein 
environments of the magnetic centres, and the ground- 
states of the transition metal ions; (4) the delocalization 
of the electrons in metal ion-protein bonds; (5) identi- 
fication of protein atoms bound to metal ions when the 
former have nuclear magnetic moments; (6) an estimate 
of the distance between metal ions. 

Single crystals of ferrimyoglobin and hemoglobin have 
been investigated by EPR’-*, but no euproprotein crystal 
has. 

Orientation investigations require the crystal to be 
mounted in a resonant cavity so that knowledge of the 
directions of the crystal axes is retained; then spectra 
are taken at many angles of the magnetic field with 
respect to the crystal axes. Protein crystals pose special 
problems. They are difficult to prepare in large size and 
are magnotically dilute, whence a sensitivity requirement 
is imposed. The crystals are fragile, which makes handling 
difficult. If the protein must be cycled between room and 
cryogenic temperatures in order to re-position the crystal, 
the EPR spectra progressively deteriorate. 

We have developed a fused-quartz mount which auto- 
matically determines the initial orientation of the crystal. 
A gear train permits remote orientation of this mount 
and hence, in conjunction with rotation of the magnet, 
provides access to all orientations of crystal relative to 
field and eliminates temperature cycling and remounting. 
The resonant cavity, a totally enclosed, gold-plated, fused- 
quartz structure (half-wave-length), is immersed directly 
in the refrigerant. A 100-kc/s field modulation is used. 

The low noise and high sensitivity of this spparatus are 
demonstrated by the photographically reproduced record 
of Fig. 1A, taken from a single cupric insulin crystal (at 
90° K) containing 5 x 10!9 spins. The signal-to-noise 
ratio of this spectrum is about 50 : 1 for a 1 sec integration 
time and a modulation field of two gauss. The number 
of detectable spins for a signal of width AH is 1 x 101 
AH at optimum modulation field strength?. The prac- 
ticality of the apparatus is indicated by the fact that a 
complete orientation investigation (more than 50 spectra) 
was performed at 90° K within 48 h without removing 
or disturbing the crystal (though rotating it through 
many angles). 

Cuprie pig insulin crystals were prepared and analysed 
at Novo Terapeutisk Laboratorium A/S, Copenhagen, by 
the method of Schlichtkrull’. These rhombohedral crystals 
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= =n pendicular to a crystal edge. The spectrum of Fig. 24 
== ERE was taken with H in the direction of the highest g value 
== ====— observed (peaks appearing at minimum H). There are 
== =SS Ss two other directions giving the same spectrum. The 
= =en spectra do not change very much as 0 is varied from this 
LEE ——— position, but become quite different—peaks are only 
== c partially resolved (Fig. 2B)—as 9 is changed. When only 








room temperature spectra were available, we believed this 
direction and the other two like it to be the gmax principal 
axos of three magnetic sites. 

The spectra in Fig. 1 were taken at 90° K with the 
crystal in the same orientations as in Fig. 2. Fig. LA is 
similar to Fig. 24 but for a reduced line-width. Tho 
direction shown in Fig. 1B now shows well-resolved peaks. 
The crispness of the spectra taken at 90° K makes it 
possible to observe the movement of the separate peaks 
as ọ is changed and so see that the directions originally 
believed to be gmsx of three ions were each actually 
( A) superposition of peaks of (at least) two ions. Careful 

investigations indicate that the maximum g values of 
these ions are identical and lie at 9 = about + 15° from 
the original directions. 

Due to the large line-widths and overlapping lines 
present even at 90° K, the detailed magnetic character- 
istics of Cutt insulin must be determined by a digital 
computer programme we have developed. Although the 
computer analysis of the room temperature and 90° K 
spectra is not complete, some general features of our data 
are clear: 

(1) The spectra are completely reproducible from crys- 
tal to crystal. 

(2) The magnetic symmetries exhibited by the crystals 
are consistent with the known space group of insulin, R3 
(ref. 1). 

(3) Although there are 2 Cutt per unit cell (on the 
average), there are 6 magnetic sites per unit cell. These 
sites appear to differ only in the orientation of the ligands 

y ; n z PM about the ions. While the existence of 6 sites has not 
Fig. 1. Porsenna iplc no ies eU EH dee m been predicted by physical chemical measurements^*, it 
is consistent with the data of Schlichtkrull, which show 






































3169 
s idi 2613 





(A) Entire Spectrum 





3169 


s k- B1 


(B) 


Fig. 2. Cupric insulin crystal at 295° K. (A), ọ=0°, 6=56-6°; 
(B), p= —20°, 6=56°6°; v—9:492 Ge/s in (A) and (B) 3298 


contain two cupric ions per 36,000 molecular-weight unit 
cell (6 Sanger units), and, along with insulin crystals 
similarly prepared with other divalent metal ions of the 
3d group, are isomorphic with the diamagnetic zinc 
crystals. 

Spectra from s single Cu** insulin erystal at room 
temperature are shown in Fig. 2. 0 and o are spherical 
co-ordinates, with the three-fold symmetry axis of the 
crystal the polar axis. For 0 = 90°, 9 = 0°, H is per- 


(B) Expanded Span 
of High Field Peak 


Fig. 8. Cupric insulin crystal at 90° K. 9=135°, 0=889°, v= 
9-532 Ge/s 


754 


that a maximum of 6 atoms can go into a 36,000 mole- 
cular-weight units. 

(4) In certain directions (Fig. 3) the high-field absorp- 
tion is observed to be modulated by five sub-peaks. This 
is the interaction of the cupric ion with its ligands. In 
terms of co-ordinating groups available in the protein, 
the only likely possibility is that the metal ion is bound 
to two magnetically equivalent nitrogen atoms (nuclear 
spin = 1), in agreement with the suggestion of Tanford 
and Epstein? and contrary to the implication of Marcker!. 

When the computer analysis is complete and resulis 
are available from present experiments at 20° K, a 
complete report will be submitted for publication. 

This work was supported by U.S. Public Health Service 
research grant GJM—09256 from the Division of General 
Medical Science. 

We thank Dr. Jargen Schlichtkrull, Novo Terapeutisk 
Laboratorium A/S, Copenhagen, for his assistance in this 
work. 

ARTHUR S. BRILL 
Jomw H. VENABLE, JUN. 


Department of Molecular Biology and Biophysics, 
Yale University, 
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* Marcker, K., Acta Chem. Scand., 14, 194, 2071 (1960). 
* Schlichtkrull, J., Acta Chem. Scand., 10, 1455 (1950). 
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Molecular Geometry of Androsterone 


THE structure of androsterone, C,,H3,0, (Fig. 1), the 
first male sex hormone to be discovered, was determined 
recently by High! by vector coincidence methods. The 
space group of this compound is P2,; the unit cell constants 
are a = 9-56 A, b= 7-90 A, c = 11-78 A, =111-36°, 
Z = 2, and the measured density equals 1-164 g em-?. 
High’s atomic positional parameters have been used to 
calculate the quantitative geometry of the androsterone 
molecule as follows. The final monoclinic fractional 
co-ordinates (x, y, z) were converted to Cartesian co- 
ordinates in A (p, q, r) using the expressions p = a,z + 
Coz cos B, q = boy, and r = ez sin B, where ao, b, and c, are 
taken in the Donnay setting e = 11-78 A, b, = 7-90 A, 
€, = 9:56 A). The Cartesian A co-ordinates were used, in 
turn, to compute a series of ‘best’ planes (Table 1) to 
which various geometrical features of the molecule could 
be referred, namely, the root mean square distances of 
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Table 1. COEFFICIENTS a, b, c, d IN THE EQUATION (ax-+by+ez=d) OF 
THE ‘BEST’ PLANES OF ANDROSTERONE * 
a b c d 
Entire molecule — —0:347 — 0-055 0-936 0-354 
Steroid nucleus plus 

angular methyls 0-324 0-126 — 0:938 0:011 
Steroid nucleus — 0-312 — 0-021 0-050 0-756 
A 0-458 0-025 — 0-888 0-538 

Al 0-833 0-072 — 0:548 5-348 

AQ — 0174 0-008 0-086 2:129 

A3 0-853 0-077 — 0-516 4-502 

B — 0:337 — 0-069 0-939 0-199 

B1 0:812 0:120 — 0-572 4:278 

B2 — 0-036 — 0-039 0-099 2-173 

B3 0-757 0-086 — 0-648 2-428 

[^ — 0:275 — 0:019 0:961 0-789 

C1 07727 0-051 — 0:685 2-037 

C2 0:029 — 0:000 0-999 2:017 

C3 0:701 0-052 — 0-646 1:007 

D —0:141 — 0-049 0-089 1:019 

D1 0-623 0-165 — 0:765 1:037 

D2 0-059 — 0:010 0:998 1:408 
43B1 0:837 0:100 — 0:538 4:418 
B3C1 0:743 0-068 — 0:606 2-212 
C8D1 0-681 0:106 — 0:725 0-908 


* In the Cartesian co-ordinate system desoribed in the text. 


Table 2. ROOT MEAN SQUARE DISTANCE (4/4) OF THE ATOMS OF ANDRO- 
STERONE FROM THE ‘BEST’ PLANES 


ya (A) 
Entire molecule 0-773 
Steroid nucleus plus angular methyls 0-625 
Steroid nucleus 0-269 
4 0-227 
Al 0-000 
A2 0:001 
A3 0-000 
B 0:233 
Bl 0-000 
B2 0-015 
B3 0-000 
[^ 0-232 
Ci 0-000 
c2 0-008 
C3 0-000 
D r 0:197 
D1 0-000 
D2 0-055 
A3B1 0-030 
B3C1 0-021 
C8D1 0-077 


atoms from the ‘best’ planes (Table 2), the perpendicular 
distance of individual atoms from the ‘best’ planes (Table 
3), and the angles between the ‘best’ planes and various 
sub-portions thereof (Table 4). The ‘best’ plane calcula- 
tions were performed on an IBM 1620 computer using 
the ‘best’ plane ‘Fortran’ programme of Harris and 
Harker?. 

The degree of planarity, as indicated by the root mean 
Square (r.m.s.) distance of atoms from the ‘best’ planes 
(Fig. 2), improves as one considers smaller and smaller 
portions of the androsterone molecule. A clear demonstra- 
tion of this is given by the gradual decline of the r.m.s. 
distances of atoms from: (1) the entire androsterone 
molecule (4/4 = 0-773 A); (2) the steroid nucleus plus the 
angular methyl groups (4/4 = 0-625 A); (3) the steroid 
nucleus by itself (4/4 = 0-269 A). 


Table 3. PERPENDICULAR DISTANOE (A) OF INDIVIDUAL ATOMS FROM ONE OR MORE OF THE ‘BEST’ PLANES OF ANDROSTERONE * 


Nucleus 
Entire plus 
molecule angular Nucleus A B [^] 
methyls 
C1 0-202 — 0:519 0-199 —0:239 
C2 — 0:076 — 0:264 —0:017 0:214 
C3 0-366 — 0:021 0-491 — 0-199 
C4 — 0-186 0-028 — 0-053 0-218 
C6 0-098 —0:233 0-169 —0:241 0-252 
C6 — 0:363 0:321 — 0-270 — 0-225 
C7 0:086 — 0:098 0-110 0-201 
C8 — 0:838 0:250 — 0:383 —0-210 — 0:228 
C9 — 0-088 — 0-280 0-033 0:241 0:218 
C10 — 0:425 0:206 — 0-421 0:247 — 0-258 
C11 — 0-258 — 0-020 —0:37 — 0:222 
C12 0:314 — 0563 0-130 0-230 
C13 — 0:140 — 0-006 —0°315 — 0-244 
C14 0:250 —0:317 0:147 0:246 
C15 0-016 0-016 — 0-090 
C16 0-493 — 0-481 0:313 
C17 0-555 — 0:657 0:337 
C18 — 1:653 1:504 — 1:839 -1-777 
C19 — 1:963 1-731 —1:058 1-782 —1:793 
03 1:810 — 2:060 1-933 — 1-634 
017 1-108 —1:258 0-836 


* Atoms lying between the origin of the unit cell and the plane have a negative value. 


a positive value. 


D A42 B2 C2 D2 A3B1 B301 C3D1 
— 0-001 — 0:028 
0-001 
— 0-001 
0-001 0-033 
0:015 —0:030 
— 0:015 — 0:021 
‘ — 0-008 0:020 
0-015 0:021 
—0:014 0-025 
0-007 — 0:021 
— 0-008 — 0-078 
0-257 — 0-041 0-087 
—0:275 0-008 0-065 
0-176 0-040 — 0:074 
—0-016 — 0:065 
0-141 0-066 
—1:804 
0-540 


Those on the opposite side of the plane from the origin have 
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[f one considers the divisions and subdivisions of the 
steroid nucleus, it is apparent that the same relationship 
holds. The rmm.s. distances of atoms (4/2) from rings 
A, B, C, and D are 0-227, 0-233, 0-232 and 0-197 A respec- 
tively. Atoms in the sub-portions of the ring system have 
the following r.m.s. distances: (1) those for A2, B2, C2 
and D2 equal 0-001, 0-015, 0-008 and 0-055 A, respectively ; 
(2) those for the major-ring-division joins A3B1, B3C1 
and C3D1 equal 0-030, 0-021 and 0-077 À, respectively. 

Information concerning side group configuration can be 
obtained from consideration of the perpendicular dis- 
tances of individual atoms from the ‘best’ planes (Table 3). 
The hydroxyl oxygen attached to C3 is coplanar with 
respect to ring A. This is illustrated by the fact that the 
perpendicular distance of O, from the ‘best’ plane A is 
1-634 A, a distance which is nearly equal to the sum of 
the C,-O, bond-length (1-444 A) and the perpendicular 
distance of O, (0-199 A) from ‘best’ plane A. Tho per- 
pendicular distance of the keto oxygen (O,,) to the 
‘best’ plane of ring D is 0-540 A. 


Table 4. DIHYDRAL ANGLES OF ANDROSTERONE 


Planes Dihedral angles (deg.) 
AB 172 
BC 175 
CD 172 
A142 133 
A2A3 131 
A3B1 175 
B1B2 127 
B2B8 132 
B8C1 176 
C102 132 
C2C3 129 
C3D1 108 
D1D2 187 


The C,, angular methyl group is axial with respect to 
ring D as evidenced by the fact that the perpendicular 
distance of Cıa (1-804 A) to the "best? plane D is equal to 
the sum of the C,,-C,, bond-length (1-548 A) and the 
perpendicular distance of Cı, (0-257 A) from ‘best’ plane 
D 


The C,, angular methyl group is axial with respect to 
ring A and ring B respectively. The perpendicular dis- 
tance of C,, from ‘best’ plane A is 1-782 A; from ‘best’ 
plene B it is 1.793 A. In each case this distance is the 
sum of the C,,-C,, bond-length (1-541 A) and the per- 
pendicular distance of C,, to the ‘best’ planes (0-247 A 
and 0-258 A respectively). 

That the angular methyls are on the same side of the 
molecule is shown by the agreement of signs (both nega- 
tive) prefixing the perpendicular distances of the methyls 
to the plane of the entire molecule. 

Consideration of the dihedral angles (Table 4) reveals 
the following additional steric information about andro- 
sterone. 

(1) The A, B and C chairs are symmetrical as illustrated 
by their similar dihedral angles (4142 = 133°, 4243 = 
131°; B1B2 = 127°, B2B3 = 132°; C1C2 = 132°, C203 = 
129°). 
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(2) Theinterchair which joins 4351 and B3C1 is almost 
planar (dihedral angles equal 175° and 176°, respectively). 
The joint between chair C and ring D is less planar (C 3D1= 
168°). The r.m.s. distances of atoms involved in the 
A8B1, B3C1 and C3Dl interchair joints substantiate 
these data (0-030, 0-021 and 0-077 A, respectively). 

This work was supported in part by U.S. Public Health 
Service grant CA-06183 from the National Cancer 
Institute. 

DonrrA A. NORTON 
Jean M. OnHnT 


Biophysics Department, 
Roswell Park Memorial Institute, 
Buffalo, New York. 
1 High, Darrell F., thesis, Univ. of Washington. University Microfilms, Inc.’ 
“Ann Arbor, Michigan (1962). 
2 Harris, David, and Harker, David (unpublished results). 


BIOCHEMISTRY 


Optical Rotatory Dispersion of Liver Alcohol 
Dehydrogenase and its Complexes 


We have recently reported that the stability of liver 
alcohol dehydrogenase (LADH) towards denaturing 
agents, such as heat, hydrogen or hydroxyl ions, is 
greatly enhanced in the binary complexes with NADH* 
or NAD, and stil more in the ternary complexes with 
coenzymes and inhibitors!. The reaction velocity of the 
free SH groups with PCMS was greatly reduced by 
complex formation, and the solubility of the enzyme in 
phosphate buffer increased considerably. 

Furthermore, X-ray diffraction studies on crystals of 
LADH and its complexes showed definite differences 
between LADH or its binary complexes and the ternary 
complexes?. It was therefore of interest to study the 
optical rotatory dispersion of LADH and its complexes 
in solution, especially since the changes indicated here 
could very well be due to changes in a-helix content of 
the protein moiety. Even if the strict numerical relations 
between optical rotatory dispersion and «-helix content 
have so far been established only for polypeptides, the 
relative changes we are interested in here can be inter- 
preted with considerable confidence. 

The LADH used was prepared essentially according to 
Dalziel? with the omission of the chromatographic steps. 
The quality of the coenzymes used has been described 
previously?. The optical rotatory dispersion spectra were 
run on a partly modified Rudolph recording spectro- 
polarimeter. The effective wave-length scale was recali- 
brated for the slit width used. The temperature was on 
all occasions 25-0° C. The solvent was a sodium phosphate 
buffer of ionic strength 0-1 and pH 7.0. The refractive 
index of the solvent was determined as a function of wave- 
length and the values obtained were used for calculation 
of Mofütt-Yang plots. The A, value used was 2120 A, 
which gave linear plots on all occasions. 

The presence of NADH and NAD molecules respec- 
tively in the enzyme solutions produces a series of Cotton 
effects characteristic for the complexes formed‘. These 
effects were located at the absorption maxima of the 
coenzymes. ‘The effects at tho NAD band at 260 mp 
and the NADH bands at 260 and 340 my could be 
measured directly. Additional Cotton effects can be 
assumed to exist at lower wave-length. The partial 
rotatory contributions from these bands can be expressed 
as a series of correction terms. The magnitude of the 
contributions can be estimated and the measured values 
corrected, thus making it possible to calculate the Moffitt- 
Yang parameters. ‘The detailed calculations will be 
published separately. 

* Abbreviations: NAD, nicotinamide adenine dinucleotide; 


reduced nicotinamide adenine dinucleotide; PCMS, 
zene sulphonate. 


NADH, 
p-chloromercuriben- 
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Table 1. MOFFITT-YANG PARAMETERS OF LADH SOLUTIONS AT 25° C e 
=2120 A oh ot? H,c GHz CH -C20--H 
LADH LADH1-00% LADH 1-009, 3 Dcus NH 
LADH 1:00% NADH3004M NAD 330 uM 
in NADH isobutyramide pyrazole fe} CH CH CH: o 

buffer 417 uM. 16-6 mM 8-3 mM si acne. d 
b, —95415 -119+10 —185+10 —180 +10 y & er 
ds -3015 —49+10 —65+10 —60310 H---0=C-CH 0, 075 H, “CH, 


The estimated errors are mainly due to differences 
between different batches of enzyme. The error in b, 
values due to instrumental error could be estimated from 
repeated runs of the same solution. It never exceeded 
+5 units. The changes in a, values cannot be interpreted 
in detail as, in ‘addition to the usual complications, it 
contains additional terms. The b, values can, on the 
other hand, be directly correlated with the protein part 
of the LADH. It is remarkable that the presence of 
NADH, which results in the appearance of the whole 
system of Cotton effects, has very little influence on Bp. 
In the case of ternary complexes, additions of pyrazole 
or isobutyramide, which do not introduce further Cotton 
effects in the long wave-length region, give rise to con- 
siderable increases in b, values. The magnitude of the 
increase is the same for the ternary complexes LADH- 
NADH-isobutyramide and LADH-NAD-pyrazole. Thus 
the evidence at hand strongly suggests that a definite 
change of protein conformation takes place when the 
ternary complex is formed. The absence of definite 
changes in b, for the binary complex does not of course 
imply that the protein is entirely unchanged, but only 
that the type of change to which b, values are sensitive 
is small or absent. As for the interpretation of the nature 
of the change visualized by the increase of by, the tentative 
assumption can be made that it represents an increase 
of «-helix content of the enzyme, or more correctly, an 
increase in any system of identical and weakly interacting 


groups’. 
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Stability of Bilirubin 


CRYSTALLINE bilirubin changes with time as noted by 
Küster. Newly recrystallized, it dissolves immediately 
and completely in chloroform. With aged preparations, 
when dissolved at room temperature, a certain amount of 
insoluble substance is observed which dissolves within 
a few seconds when boiled under reflux. This must be 
due to either an isomerization from bilirubin to dihydro- 
biliverdin—a displacement of the x electrons from the 
vinyl to the central methylene bridge’—or a transition 
between two crystalline phases, the less soluble having 
the highest thermodynamical stability. 

Dissolved in pure chloroform, bilirubin is stable for 
hours even in diffuse daylight as a result of the intra- 
molecular hydrogen bonds which stabilize the central 
methylene bridge’. 

- Alkaline solutions of bilirubin, on the contrary, are 
very labile depending on alkalinity, the presence of metal 
ions and light. The intramolecular hydrogen bonds are 
broken and the central methylene bridge is adapted to 
dehydrogenation either by isomerization? or oxidation. 
This process is catalysed by metals as shown in Fig. 2 by 
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Fig. 2. x2 & Na,CO; and 2-5 mM EDTAJ/L (pH 11:0); A, 2g NasCO;/1. 
(pH 11-0); Y, 10 g Na,CO,/l. (pH. 11-3); ©, 2 g Na500,/1. + zinc acetate 
(tracer quantity) 


adding zinc acetate or a metal-complexing reagent as 
EDTA (ethylenediamine tetraacetic acid). Metals are 
bonded to the pyrrolnitrogens in biliverdins* and conse- 
quently, in the presenco of metals, the more linear bili- 
rubin molecule is forced into the circular biliverdin 
(Fig. 1), that is, a double bond is introduced into the 
central bridge. 

Alkaline solutions are stabilized also by human serum 
probably because of a re-establishment of the intra- 
molecular hydrogen bonds as shown by the ‘indirect’ 
Hijmans van den Bergh’s reaction observed with such 
solutions. 

Daylight facilitates electron displacements and bili- 
rubin absorbs strongly in light. In alkaline solutions the 
extinction coefficient is approximately 55,000 (440 my/M/1./ 
cm). 

Consequently, standard solutions of bilirubin in chloro- 
form should be prepared by boiling under reflux. Alkaline 
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standards are stabilized by adding a few mM EDTA per 
litre. The standard solutions should be kept in the 
dark. Concentrated solutions are more stable than diluted 
samples* and when human serum is added solutions of 
bilirubin are stable for many hours*:5. 


J. Foe 
B. BucGax-AsPERHEIM 


Institute for Medical Biochemistry, 
University of Oslo. 
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Influence of the Injection of a Sucrose 
Solution on the Properties of Rat-liver 
Lysosomes 


Iw work recorded here, rats were injected intraperi- 
toneally with 8 ml. of a 50 per cent sucrose solution. 
They were killed 2 h after the injection. Some of the 
properties of the hepatic lysosomes were found to be 
deeply affected by the treatment, namely: (1) their 
density was reduced, as shown by a shift towards the 
regions of low density in the distribution curves of their 
hydrolases, following density equilibration in a glycogen 
gradient (Fig. 1); (2) their size was increased, as sug- 
gested by a fall of the sedimentation boundaries of their 
enzymes in the centrifuge tube, after incomplete sedi- 
mentation in a stabilizing gradient of aqueous sucrose 
(Fig. 2). On the other hand, the distribution of proteins, 
used as marker for mitochondria! and of particle-bound 
catalase, remained practically unaltered. f 

The observed changes may be explained by supposing 
that some of the injected sucrose is stored up in the 
hepatic lysosomes along with water required for their 
tonicity. After an injection of sucrose labelled with 
carbon-14, some of the sugar was found indeed to be 
taken up by the liver; using the differential centrifuga- 
tion technique, according to de Duve et al.2, we noticed 
that a significant portion of the radioactive material had 
sedimented with the mitochondrial fraction. Further 
analysis of this fraction by isopycnic centrifugation in a 
glycogen gradient made it clear that the distribution 
patterns of radioactivity and acid hydrolases were the 
same (Fig. 3). It appears very likely, therefore, that 
sucrose was indeed collected in the lysosomes. 

If the rats are killed more than 2 h after the injection, 
the percentage of acid hydrolases present under unsedi- 
mentable form increases progressively in liver homo- 
genates. This suggests that the filling of lysosomes by 
aqueous sucrose is going on for hours after the injection. 
By administering sucrose labelled with carbon-14, we 
were able to detect indeed an increase in the liver radio- 
activity up to 24 h after the injection. Becoming larger 
and larger, the lysosomes become more sensitive, too, to 
the homogenizing procedure. 

The related changes in the properties of lysosomes are 
reversible. A gradual return to normal was observed 
during the days which followed the treatment. 

These striking modifications of the physico-chemical 
properties of liver lysosomes are likely to be related to 
those observed after injection of ‘Triton WR1339’ to the 
rat™4; like this substance, sucrose stored up in the lyso- 
somes is probably also not affected by the lysosomal 
enzymes—among them no invertase has been described— 
so that accumulation can easily be observed; moreover, 
the small molecular weight of sugar greatly enhances the 
osmotic content of the granules and would explain their 
rapid swelling in vivo after an injection. 
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Fig. 1. Distribution of reference enzymes and proteins after centri- 
fugation (for 2:5 h at 89,000 r.p.m. in head 53739 of the Spinco model 
I-HV peas ultracentrifuge) of a mitochondrial fraction of rat 
liver, through a glycogen gradient extending from 0 to 20 per cent 
(w/w) with as solvent 0-264 molal sucrose in water. This experiment 
was performed according to a method similar to that followed by 
Beaufay et al. (ref. 6). Enzyme determinations were made according 
to the techniques of de Duve et al. (ref. 2) and Beaufay et al. (ref. 1) for 
the hydrolases and of Baudhuin e£ al. (ref. 7) for catalase. Proteins were 
measured by the method of Lowry et al. (ref. 8). For the drawing of 
the curves, the average frequency of the components was calculated for 








each fraction: ApzQ' where Q represents the activity found in the 


fraction, EQ the total recovered activity and 4p the increment of density 

from the top to the bottom of the fraction; these values were plotted 

against density in histogram form and the smoothest possible continuous 

curve was fitted to this histogram. For calculation details see Beaufay 

et al. (ref. 6). ——, preparation from a control animal; —-—-—, prepara- 
tion from an animal killed 2 h after the injection of sucrose 
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Fig. 2. Sedimentation boundaries of particle-bound enzymes and 
proteins after centrifugation (for 8 min at 6,000 r.p.m. in head S39 
of the Spinco model L-HV preparative ultracentrifuge) of a mito- 
chondrial fraction of rat liver, through a linear gradient of 0:25-0-5 M 
sucrosein water. The experimental technique wassimilar to the method 
of Beaufay et al. (ref. 1). , preparation from a control animal; 
— —-, preparation from an anima] killed 2 h after the injection of sucrose. 
The relative concentration (ordinate) is the ratio of the observed activity 
to that which had been found if the enzyme had been homogeneously 

distributed throughout the whole gradient 
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Fig. 3. Distribution of reference enzymes, proteins and radioactivity. 


Experimenta] conditions were asin Fig. 1. The mitochondrial prepara- 

tion comes from a rat injected with ¢ g of sucrose dissolved in § ml. of 

distilled water to which was added 20 pe. of sucrose labelled with car- 

bon-14, and killed 2 h after the injection. Radioactivity was measured 

in a liquid scintillation system using £n Ekoo scintillator. ------, acid 

phosphatase; ———, acid ribonuclease; ....,radioactivity; ———, pro- 
teins; ——, catalase 


Further, taken together with the morphological 
observations of Brewer and Heath®, our observations on 
the consequences of a hypertonic sucrose injection in the 
rat strongly support the hypothesis that vacuolation of 
the liver cell, produced by this treatment, is initiated by 
an accumulation of sucrose in the lysosomes. 

This work was supported by a grant from the Fonds 
National de la Recherche Scientifique. 
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Effect of Glucose on Insulin Secretion in 
vitro by Rabbit Pancreas pre-incubated with 
f-Hydroxybutyrate 

We have shown! that 8-hydroxybutyrate does not 
induce secretion of insulin in vitro as does glucose or citrate. 
Newsholme, Randle and Manchester? have observed a 
diminution of uptake of glucose (perfused heart) in the 
presence of §-hydroxybutyrate, acetoacetate and octo- 
noate. They conclude that these substrates inhibit uptake 
of glucose by inhibiting the intracellular phosphorylation 
of glucose by hexokinase and the phosphofructokinase 
reaction. According to Passonneau and Lowry? phos- 
phofructokinase is responsive to the balance between 
~P expenditure and ~P formation. In view of those 
results we decided to ascertain the effect of glucose on 
insulin secretion in vitro by rabbit pancreas pre-treated 
with B-hydroxybutyrate. 

A piece of rabbit pancreas weighing 250 mg was in- 
cubated in Krebs-Henseleit buffer containing B-hydroxy- 
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butyrate 1 x 10-12 M plus glucose 0-6 mg/ml. and another 
piece of the same weight (+ 1 mg) was incubated in the 
same buffer containing glucose 0:6 mg/ml. for 30 min 
at 37°C. After washing, the pieces of pancreas were 
incubated for 15 min in buffer containing 3 mg/ml. 
glucose. Extraction of insulin from the buffer was per- 
formed according to the method of Grodsky and Tarver 
and estimated by the technique of epididymal fat tissue‘. 
The effect of insulin was expressed as uptake of glucose 
and the statistical analysis of the results was performed 
using the paired observations method’. 

Table 1. EFFEOT OF GLUCOSE (3 MG/Mr.) on INSULIN SEORETION in vitro BY 
RABBIT PANCREAS PRE-INCUBATED WITH j-HYDROXYBUTYRATE (1x 102 M) 


Metabolites Mean glucose uptake 
(mg/100 mg tissue/4 h) 


neqne Ob)” 0:352 

glucose (25). . . f 

Glucose (25) 0:517 +0°022* P001 

* S.E.M, the numbers in brackets give the number of experiments. 


As can be seen from Table 1, the insulin extracted from 
the incubation buffer, in which was a piece of pancreas 
pre-incubated with @-hydroxybutyrate, is significantly 
less than the control. The effect of glucose as stimulus 
for insulin secretion in vitro seoms to be reduced by pre- 
treatment with this ketone body. 

We thank Dr. S. Ochoa for his adviee. This work was 
supported in part by a grant from Eli Lilly Co. 
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Co-precipitating Properties of 3 S Fragments 
derived from Horse Antitoxins 


Nisonorr et al.L? showed that precipitating fragments 
of rabbit antibody obtained by peptic digestion (5 S 
fragments) could be transformed by reductive cleavage 
into non-precipitating univalent 3 S fragments. These 
results have been taken into account for the new scheme 
developed by Porter? for rabbit y-globulin structure. 

We prepared 5 S fragments by peptic digestion’-* of 
specific precipitate (diphtheria toxin+-2-type horse 
antitoxin) using 0-08 ug of crystallized pepsin (pH = 2:8; 
0-066 M phosphate buffer, 30 min; 20°C). After neutral- 
ization and equilibration with 0-02 phosphate buffer 
pH=7-8 containing 0-011 M sodium chloride, the soluble 
fraction is passed through a DEAE-cellulose column. 
Tho first part of the non-adsorbed fraction is collected: 
it is 70-90 per cent precipitable by antigen (diphtheria 
toxin 3. 100 Lf units*/mg nitrogen) and has a sedimenta- 
tion constant of about 5S. It will be abbreviated here as 
P (precipitating 5 S fragment). Reduction of P is not so 
easy as the reduction of rabbit 5 S fragment+. The 
reduction is performed with 0-100 B-mereaptoethanol for 
18h at 20° Cand pH=7-5. After alkylation (with 0-125 M. 
monoiodacetamide) and dialysis, we obtain a fragment 
having a sedimentation constant equal to 3-0 S (value 
extrapolated to zero concentration of protein). It can 
be kept at —15° C without alteration: the product does 
not aggregate or precipitate spontaneously. 

The neutralizing activity is retained, being equal to 
80-90 per cent of the activity of P, without change of 
dilution ratio as expressed in Cinader’s notation’. The 

* Flocculation units. 
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3 S fragment will be designated as i (inhibitory 3 S frag- 
ment); % inhibits tho passive hemagglutination test of 
antigen-coated erythrocytes at a relatively low concen- 
tration (0-01 1.0./ml.). We obtained fresh results con- 
cerning the inhibitory action of 3 S fragment ‘ on the 
precipitation reaction. (By itself ‘’ does not give any 
precipitation with antigen.) We observed that the 
behaviour of the ‘i’ fragment depends on the Pfi ratio. 
'? fragments have been labelled with iodine-131 (ref. 7) 
for these experiments (2*). 

Mixtures containing different proportions of P and i* 
have been used. Toxin is first mixed with $*, then P is 
added. The proportion of antigen (toxin) is equal to the 
sum of antibody (P+7*) used. This point is an important 
one (see following). 

It can be seen (Fig. 1) that for P/i* lower then or equal 
to 0-50, one observes a total inhibition of the precipitation. 
This value of P/?* can be called ‘critical P/i value’. (‘This 
result is in accordance with classical observations in this 
field. The ‘critical P/i value’ found by Porter? for rabbit 
antipolysaccharide antibodies is much lower: 0-04 (cal- 
culated from Fig. 4, ref. 8).) For a ratio P/i* between 
0-5 and 1-0, there is only a partial inhibition: the total 
amount of precipitated nitrogen is lower than that 
corresponding to the precipitating antibody (P) alone 
present in the mixture. Nevertheless, a part of the specific 
precipitate contains the ‘inhibitory’ monovalent frag- 
ment $*, as shown by precipitate’s radioactivity. For a 
ratio P/t* betweon 1 and 2 there is no apparent inhibition: 
the total amount of precipitated nitrogen is higher than 
the amount corresponding to the precipitating antibody 
(P), but the 4* fragment is only partially co-precipitated. 
For a sufficiently high value of P/i* (more than 4) all 
the monovalent 3 S 4* fragment is co-precipitated with P. 
The influence of the proportion of antigen used is more 
apparent when a complete precipitation curve is plotted 
for a mixture corresponding to a P/i* ratio, equal to 5. 
We have by these means observed that the presence of 
the monovalent 3 S fragment in the mixture has several 
effects. (1) It enhances the length of the inhibition zone 
in antibody excess (this inhibition zone is one of the 
characteristic features of horse’s 8-2-antitoxin). (2) If the 
amount of antigen added is lower than the amount 
equivalent to P+2*, the co-precipitation of i* is incom- 
plete. (3) If the amount of antigen is sufficiently large, 
the whole 3 S fragment is co-precipitated. It is possible 
to calculate, from the curve, the minimal amount of 
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antigen which may be used for this purpose and which 
can be said to be ‘equivalent to P + 7*. 

These results show that it will now be possible to devise 
for any system a quantitative test for measuring non- 
precipitating fragments of antibody. This test can be 
probably applied to the quantitative determination of 
residual antibody activity of A or B chains, provided 
they are obtained in an aqueous soluble form. 
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Stimulation of Steroid C-Ilg Hydroxylase 
Activity in Adrenal Homogenates by Cyclic 
3’,5’-Adenosine Monophosphate 


SrEROID biosynthesis in the mammalian adrenal cortex 
is dependent on the activity of a number of complex 
enzyme systems, including several hydroxylases which 
require NADPH as cofactor. NADPH is continuously 
generated from NADP within the adrenal cortex by the 
action of several dehydrogenases acting on appropriate 
substrates? Of the latter, glucose-6-phosphate appears 
to be the most important’. Haynes, Koritz and Péron* 
demonstrated that adenosine-3’,5’-monophosphate (cyclic 
3’,5’-AMP) enhanced the production of corticosterone 
from endogenous precursors by surviving rat adrenal 
sections. Since cyclic 3’,5’-AMP also stimulated phos- 
phorylase activity in adrenal slices, the effect of the 
nucleotide on corticosteroidogenesis was apparently 
related to increased provision of glucose-6-phosphate®. 
Of added significance was the observation by Haynes*:* 
that ACTH resulted in the accumulation in adrenal 
slices of cyclic 3’,5’-AMP, which presum- 
ably was responsible for the resulting 
stimulation of corticosteroidogenesis. At- 
tempts to demonstrate a stimulatory 
effect of cyclic 3’,5’-AMP on corticoster- 
oidogenesis from endogenous substrates 
in adrenal homogenates have hitherto 
been unsuccessful’. In the investigations 
recorded here, addition of this nucleotide 
to rat adrenal homogenates markedly 
stimulated C-118 hydroxylation of added 
progesterone and 11-deoxycorticosterone, 
but appeared to have no effect on C-21 
hydroxylation of progesterone. 

Adrenal glands were obtained under 
light ‘Nembutal’ (sodium pentobarbital) 
anesthesia from young male rats (120— 
150 g) of an inbred Sprague-Dawley 
strain. The glands were dissected free of 
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Fig. 1. Influence of the Pji* ratio with T= P.-ri*, 


containing variable proportions of P and i*. 


3 S fragment 


AT 
50 
5. 
, 1 Curve I corresponds to the total 
nitrogen found in the precipitate obtained by adding a constant amount of antigen 
(100 Lf units of diphtheria toxin) to a constant amount of P+i* (100 1.0. of antitoxin), 
Curve II is the total nitrogen which could 
be obtained by adding to P the equivalent amount of antigen (7) in the absence of i*. 


Curve III corresponds to the per cent of radioactivity (2*) recovered in the specific preci- 
pitate. T, pure diphtheria toxin. P, purified 5 S antibody fragment. 4*, '9[-Iabelled 


o fat and connective tissue, cut into eighths, 
and subjected to a preliminary incuba- 
tion for 1 h in a medium composed of 
109 parts 0-154 M. sodium chloride and 
21 paris 0-154 M. sodium bicarbonate’. 
Preformed steroid hormones were re- 
moved by this procedure. The adrenals 
were then blotted, weighed and homo- 
genized for 0°5 min in cold 0-154 M 
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potassium chloride. The homogenate was diluted to 
& concentration of 75 mg wet weight of tissue per ml. 
The final incubation mixture contained 0-4 ml. of homo- 
genate (30 mg adrenal tissue), 40 umoles N&HOCO,, 
7 pmoles Na glucose-6-P, and 2-1 umoles NaNADP, 
made up to 2 ml. with 0-154 M KCl. The presence of 
varying amounts of (4-4C)-progesterone or (4-MC). 
11-deoxycorticosterone, cyclic 3’,5’-AMP, and other 
additives is indicated in the results. All incubations were 
carried out in a Dubnoff metabolic incubator at 37-5? 
under an atmosphere of 95 per cent oxygen—5 per cent 
carbon dioxide. 

After incubation, the media were each extracted three 
times with 6 ml. of methylene chloride. Total radio- 
activity recovered from the incubation mixture was 
determined on an aliquot of the extract by a scintillation 
counting procedure*. Purification of the steroidal products 
was accomplished by partition between 70 per cent 
ethanol and petroleum ether. Finally, the steroid residue 
was dissolved in ethyl acetate/methanol (1 : 1) for analysis 
by thin-layer chromatography. The chromatographic 
system most commonly used was system L of Lisboa’, 
utilizing chloroform/ethanol (19: 1). Plates, 2 in.x 
8 in., were coated with a 250p layer of ‘Silica Gel G^ 
containing 2-5 per cent zine silicate to provide a 
fluorescent background against which the separated 
steroids could be visualized more readily by their ab- 
sorption of ultra-violet light. The chromatogram was 
allowed to develop at 25° until the solvent front had 
ascended 15 em. Appropriate standards were run along- 
side each incubation sample. The plate was dried, 
photographed in ultra-violet light, then analysed for 
radioactivity on the Packard chromatogram scanner, 
model 7200. Recovery of radioactive steroids carried 
through the extraction procedure averaged 80 per cent}. 
Additional methods used for the separation and identi- 
fication of the steroidal incubation products will be 
described in detail". 
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Fig. 1. Radioactivity scanning patterns of thin-layer chromatograms, 
showing corticosteroids formed from (4-**C)-progesterone in rat adrenal 
homogenates. The incubation medium (2 ml.) contained 16-2 x 10-2 
umoles progesterone (0-05 ue.) in 0-0125 ml. of 95 per cent ethanol; 
8 umoles of cyclic 3,5'-AMP were added where indicated. Chromato- 
graphic origin is represented by 0 on abscissa. 
P, progesterone ; DOC, 11-deoxycorticosterone; 1180 HP, 118-hydroxy- 
progesterone; B, corticosterone 
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Fig. 2. Influence of cyclic 3’,5’-AMP on conversion of (4-HC)-pro- 
gesterone to corticosteroids by rat adrenal homogenates. In each case, 
0-05 uc. of steroid was present in 0:0125 ml. 95 per cent ethanol per 
2 ml. of medium. Results are based on percentage recovery of added 
radioactivity in each metabolite after incubation for 15 min. Open 
circles, controls; solid circles, 8 pmoles of cyclic 3',5/-AMP added 
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Fig. 3. Selective influence of cyclic $’,5’-AMP on steroid hydroxyl- 
ations in rat adrenal homogenates. See legend to Fig. 2 and text for 
explanations 
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Fig. 4. Radioactivity scanning patterns of thin-layer chromatograms, 


showing conversion of a deoxycorticosterone to corticosterone 
in rat adrenal homogenates. The incubation medium e ml.) contained 
21-0x10-? umoles 11-deoxycorticosterone (0-05 ue.) in 0-0195 ml. of 
95 per cent ethanol; 8 umoles of cyclic 3’,5’-AMP were added where 
indieated. See legend to Fig. 1 for additional explanations 


In incubation periods of 15-min duration the major 
products formed from (4-“C)-progesterone were ll- 
deoxycorticosterone and corticosterone (Fig. 1, control). 
In some instances, measurable quantities of 118-hydroxy- 
progesterone were also formed. The influence of varied 
amounts of added progesterone on the production of these 
corticosteroids is shown in Fig. 2 (open circles). Although 
the conversion to corticosterone and 11-deoxycorticoster- 
one reached a maximum at 50 uM progesterone, the 
formation of 118-hydroxyprogesterone tended to in- 
crease with additional substrate. The transformations 
involved may be represented by the following scheme: 


C-21 hydroxylase . 
11-deoxycorticosterone 
C-118 hydroxylase 
corticosterone 


progesterone: 
C-118 hydroxylase | 
118-hydroxyprogesterone 


The activity of the C-21 hydroxylase enzyme system may 
be estimated from the combined rates of formation of 
1l-deoxycorticosterone and corticosterone. Similarly, 
overall C-118 hydroxylase activity can be measuréd from 
the combined rates of formation of 11$-hydroxyproge- 
sterone and corticosterone. In incubation studies of 
longer duration than 15 min, additional products were 
formed, complicating estimation of enzymatic activities. 

Cyclic 3’,5’-AMP had a striking effect on the pathway 
of progesterone utilization (Fig. 1). Corticosterone 
formation was markedly enhanced at the expense of 
11-deoxycorticosterone; concomitantly, the production 
of 118-hydroxyprogesterone was doubled (Fig. 2, solid 
circles). The net effect of 3’,5’-AMP was a striking 
and selective stimulation of overall steroid C-118 
hydroxylase activity (Fig. 3). This action of the 
cyclic nucleotide was accentuated at the highest 
concentration of progesterone. No effect on endogenous 
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steroid utilization was noted*?. Under the conditions 
of the experiments described here, steroid C-21 
hydroxylase activity appeared to be maximal at 
about 50 uM progesterone (Fig. 3). However, the 
lack of responsiveness of this enzyme system to cyclic 
3’,5’-AMP was not due to saturation with substrate. 
Thus, even at the highest substrate-level C-21 hydroxylase 
activity was stimulated about 35 per cent on addition 
of 0-1 ml. fresh rat serum to the incubation medium. 
Homologous serum has previously been shown to activate 
C-21 hydroxylation of added progesterone in adrenal 
homogenates’? and microsomes". In separate experi- 
ments, conversion of (4-4C)-11-deoxycorticosterone to 
corticosterone was enhanced by cyclic 3’,5’-AMP (Fig. 
4); 5'-AMP, the degradation product of 3’,5’-AMP, was 
only half as effective, ATP (2 mM) plus Mg** (3 mM) also 
stimulated C-118 steroid hydroxylations in the presence 
of either substrate. This finding raised the possibility 
that adenyl cyclase was active in adrenal homogenates. 

The selective stimulation of C-118 hydroxylations in 
adrenal homogenates by cyclic 3’,5’-AMP may have been 
brought about via enhancement of glucose-6-phosphate 
formation from glycogen and a resultant increase in 
NADPH generation. Although stimulation of NADPH 
generation in the adrenal cortex would be expected 
to accentuate all steroid hydroxylations, recent investi- 
gations from this laboratory? have shown that con- 
centrations of NADPH-generating system in excess 
of the requirement for maximal production of cortico- 
sterone from progesterone selectively enhanced C-118 
hydroxylation of this substrate. The mechanism of this 
phenomenon is not clear but may be related to a differ- 
ential requirement for NADPH by mitochondrial C-118 
hydroxylase and microsomal C-21 hydroxylese enzyme 
systems or to some functional association between the 
NADPH-generating system and adrenal mitochondrig!!, 

These observations may help in the elucidation of the 
mechanism of action of ACTH. A selective action of 
ACTH on C-116 hydroxylations in the adrenal cortex 
has been reported by Grant’. The investigations re- 
corded here indicate that this selective effect of ACTH 
on steroid hydroxylations may be associated with rapid 
generation of NADPH in response to elevated levels 
of cyclic 3’,5’-AMP. 

This work was supported by a research grant from the 
National Science Foundation (GB—2500) and the National 
Institutes of Health, United States Public Health 
Service (GM-03869), and by a contract between the 
Office of Naval Research, Department of the Navy 
and the University of California (NR 110-402). 
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Relationship between Pyrophosphate 
Content and Oxytetracycline Labelling 
of Bone Salt 


Hearne of bone to 325? C has been shown to induce the 
formation of pyrophosphate!-*. The quantity of pyro- 
phosphate so formed is greater in the epiphysis than in the 
diaphysis and greater in the younger than in the older 
animal, and is therefore presumably greater in newly 
laid down than in older bone salt?. The question to be 
investigated is whether pyrophosphate-yielding mineral 
of new bone has specific chemical characteristics. There 
is much evidence which suggests that the tetracyclines 
are deposited in high concentrations in newly formed bone 
saltt. This communication demonstrates that the tetra- 
cycline labels the form of the bone salt that yields pyro- 
phosphate in large amounts after heating. 

Two New Zealand rabbits were injected with 25 mg 
of oxytetracycline intravenously and killed 24 h later. 
The long bones of the hind quarters were excised and 
ground in @ hand coffee mill. The resulting small particles 
were separated into two groups by means of ultra-violet 
light and a dissecting microscope. The particles that 
fluoresced brightly were picked out with the forceps and 
placed in one crucible while those that had no visible 
fluorescence were collected in another. Each crucible 
was heated to 325° C for 1 h in a muffle oven. The ortho- 
and pyro-phosphates obtained from these samples wero 
separated by the method of Frangois*. The resin used 
was ‘Bio-Rad AG 1 x 8, 200-400 mesh’. Pyrophosphate 
was hydrolysed by heating for 30 min in 1 N hydrochloric 
acid at 100° C, and the orthophosphate was determined 
by the Fiske-Subbarow method’. The results, summar- 
ized in Table 1, clearly demonstrate that the fluorescent 
particles contain the mineral with the greatest potential 
for forming pyrophosphate. This corroborates the observa- 
tion that both the tetracycline reactive and pyrophos- 
phate-yielding minerals are found in less than 1 per cent 
of the bone salt that is the exchangeable, reactive, labilo or 
metabolic fraction. The exact composition and structure 
of this fraction are not known, but the following are possi- 
bilities that have been considered in the literature: 
monetite, brushite, octacaleium phosphate, hydrated 
tricalcium phosphate, calcium-deficient apatite. New 
observations with new methods may be made using the 
foregoing method of labelling and separation of new 
mineral. 


Table 1. PYROPHOSPHATE CONTENT OF BONE WHICH DOES AND WHICH 
DOES NOT BIND WITH OXYTETRACYCLINE 


Sample Rabbit Pyrophosphate x 100 
(approximate age) ortho - + pyro-phosphate 
Oxytetracycline- 
labelled bone 1-2 yr. 10:3 
6 mo. 15:8 
Non-labelled 1-2 yr. 32:0 
bone 6 mo. 5-0 


This investigation was supported by a contract between 
the U.S. Atomic Energy Commission and the University 
of California (AT (11—1)-34), and grants-in-aid from 
the U.S. National Institutes of Health (No. A-3793), 
Easter Seal Foundation, Soc. Crippled Children and Adults, 
and Ayerst Laboratories, Inc. 
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Effect of Nicotinic Acid on Sterol Biosynthesis 
in Saccharomyces cerevisiae 


In 1955, Altschul et al. reported! that large doses of 
nicotinic acid, but not of its amide, decreased serum 
cholesterol-levels in man and rabbit. This finding has 
been confirmed by many workers. Despite several 
investigations of mechanisms, however, the locus of the 
nicotinic acid effect remains unknown?*. We wish to 
report an effect of high concentrations of nicotinic acid 
on sterol biosynthesis in yeast. This effect may account 
for the hypocholesteremic action of nicotinic acid. 
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mesh *Diaport S’ and was housed in an F. and M. model 
609 flame ionization instrument. For determination of 
specific activities, squalene and sterols were isolated by 
silicic acid thin layer chromatography, using hexane/ 
ether/acetic acid, 80 : 20: 1-5, as the developing solvent. 
The radioactivity taken up by whole yeast colls was 
determined in a flow-gas counter and corrected to infinite 
thinness. Lipid fractions and “CO, in hyamine® were 
counted in a Packard liquid scintillation spectrometer. 
Nicotinic acid was determined by microbial assay. 

It was observed (Fig. 1) that the squalene content of 
yeast cells increased almost linearly as the nicotinic 
acid concentration in the medium was 
increased. This effect was preceded by 
elevation of nicotinic acid levels in the 
cells and associated with growth inhibi- 
tion. In these and other experiments 
(Table 1), & small depression in total 
sterol-levels and a marked fall in lano- 
sterol content were noted when nicotinic 
acid was present in the medium. This 
suggested that nicotinic acid was in- 
hibiting the conversion of squalene to 
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Fig. 1 


Saccharomyces cerevisiae UT-139, a prolific producer of 
sterols’, was grown at 25° C, with gentle stirring, in 
Fernback flasks containing 500 ml. medium. The medium 
was prepared according to Atkin’, with the addition of 
0-068y biotin/ml. The initial pH of all media was 5-5-5-6. 
Nicotinic acid and mevalonic acid-2-«0 were added as 
in Fig. 1 and Table 1. An elevated or reduced oxygen 
tension was obtained by bubbling air or nitrogen into 
the medium and carbon dioxide was collected in 2 N 
sodium hydroxide. 

Cells were collected at given times by centrifugation 
and washed three times with cold 0-85 per cent saline. 
Dry weight was determined on aliquots of cells dried at 
85° C. Lipids were extracted from the wet cells either 
by repeated grinding with sea sand and Folch reagent? 
or by saponification’. Squalene and sterols in the non- 
saponifiable fraction were quantitatively determined 
by gas liquid chromatography. Cholestane or allo- 
pregnane-3,20 dione was the internal standard. The 
column, 6 ft. by 0-25 in. internal diameter silanized glass 
U tube, contained 2 per cent *SE-30' coated on 80-100 


biosis on squalene cyclization. In the 
presence of nicotinic acid there was a 
marked fall both in total radioactivity 
taken up by cells and in the spocific 
activity of the non-saponifiable lipid with little change 
in mass (Table 1). This result appears to be due to an 
effect of nicotinic acid on the uptake of mevalonate 
from the medium since the specific activity of whole 
cells, the radioactivity recovered in “CO, per mg cell, 
and the fall in specific activity of non-saponifiable lipid 
were of the same order. By similar reasoning, it was 
concluded that reduced oxygen tensions in the absence 
of nicotinic acid stimulated MVA uptake. This novel 
blockade of mevalonate uptake by nicotinic acid seems 
to be independent of the effect on sterol biosynthesis. 
The latter, therefore, was evaluated by comparing the 
specific activities of given non-saponifieble lipids after 
correction for the penetration effect. 

The results (Table 1) clearly demonstrated that in the 
presence of nicotinic acid and MVA, under both oxygen 
tensions, squalene mass and total radioactivity increased, 
while sterol mass and total radioactivity decreased. 
Similar distribution of radioactivity in lipids was noted 
with acetate-1-“C as substrate, although with this 
substrate no effect of nicotinic acid on uptake by cells 


Table 1. EFFECT OF NICOTINIO AOID (180 uMOLES/ML. MEDIUM) ON THE UPTAKE AND INCORPORATION OF MEVALONIO ACID 2-40 INTO YEAST CELLS 





























Growth conditions Penetration effect Biosynthetic effect 
r Radioactivity in fractions Mass and radioactivity in lipids 
Exp. | Nicotinic Oxygen A Bn Non-saponifiable lipid Squalene Sterolt 
No. acid tension Yeast “CO, Lanosterol 
cell* (d.p.m./g) Spec. act. 96 total mg/g 
(d.p.m./g) (d.p.m./mg) act. mg/g d.p.m./g 
1 - Elevated 136,000 718 2,731 39-0 19:3 70,368 3:6 
2 + Elevated A 308 647 19:3 16:3 11,9771 2:8 
3 — Reduced 821,250 1,666 24,963 41:7 11-6 246,054 4:0 
4 + Reduced 51,139 80 904 47-1 5:6 68,2081 27 








Mevalonate was present as the DBEB salt; 10 xe./500 ml. medium. 
inhibited: 40-50 h, depending on oxygen tension). 





Yeast cells were gathered during the log phase (controls: 15 h; nicotinic acid 


* The efficiency factor (20 per cent) was based on the value given by 5 mg of Ba!CO, (3:01 x 10-1 ue./mM). 
+ Sterols measured include zymosterol, ergosterol, two unidentified sterols and lanosterol. 
1 Specific activity is corrected for normal penetration of isotope by the factor: (4 +B)control/(A + B)nicotinie acid. 
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was observed. These results strengthen the view that 
nicotinic acid inhibits the cyclization of squalene. 

The general mechanism of sterol biosynthesis in yeasts 
is similar to that of cholesterol biosynthesis in animals’. 
From rat liver slice experiments, Gamble and Wright 
concluded!* that nicotinic acid inhibits cholesterol 
biosynthesis prior to MVA. However, these experiments 
have been criticized’. Since divergence of pathways in 
sterol biosynthesis in yeast as compared to animal tissues 
occurs after the formation of lanosterol?, it is possible 
that nicotinic acid acts at the squalene cyclization stage 
rather than prior to MVA in animals. This possibility 
is under continuing investigation. 

We thank Dr. J. O. Mundt, Department of Bacteriology, 
University of Tennessee, Knoxville, Tenn., for supplying 
the culture of S. cerevisiae UT-139, and Dr. O. N. Brevik, 
Fleischmann Labs., Stamford, Conn., for an authentic 
sample of zymosterol. This work was supported in 
part by grants from the National Institutes of Health 
of the U.S. Public Health Service (1501-FR 05151 and 
5 TI GM 564 respectively). 
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Metabolism of Phenoxyacetic Acid 
by Aspergillus niger van Tiegh 

A RECENT communication! reported the isolation of 
o-hydroxyphenoxyacetic acid as the main acidic product 
from the metabolism of phenoxyacetic acid by A. niger, 
using a replacement culture technique. Since these find- 
ings contrasted with our earlier work? in which both 
o- and p-hydroxyphenoxyacetie acids had been isolated, 
it was thought advisable to re-investigate the problem. 

It has now been shown using both paper and thin-layer 
chromatography that while ortho-hydroxylation is pre- 
dominant, all three hydroxyphenoxyacetic acids are in 
fact produced. While the m- and p-isomers have very 
similar Rp values in the three solvents used, their presence 
is clearly indicated by the characteristic colours of the 
diazo-coupled spots (m-isomer, bright yellow; p-isomer, 
salmon-pink). Exposure of the chromatogram to ammonia 
vapour changed the colour of the m-spot to magenta and 
that of the p-spot to bright blue. Furthermore, the 
relative positions of the spots are reversed in the two 
solvent systems used in the paper chromatographic 
examination. 

Cultures of A. niger (Mulder strain, C.M.I. 31283) were 
grown in penicillin flasks and after 3 days the medium was 
replaced by a solution of phenoxyacetic acid (10-* M) in 
aqueous disodium hydrogen phosphate (10-? M). After 
24h at 26°, the substrate was poured off and concentrated 
in a cyclone evaporator, and the acidified concentrate 
continuously extracted with ether. 
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In & typical experiment, from 31 1. of fungal sub- 
strate initially containing 4-7 g phenoxyacetic acid, 3 g of 
sodium bicarbonate-soluble material was isolated. Separa- 
tion was achieved by partition chromatography using 
silica gel as the supporting medium for the stationary 
aqueous phase which was buffered to pH 8, tho mobile 
phase being n-butanol-chloroform (successively 60: 40. 
70:30, 80:20). After elution of unidentified material 
(0-9 g) and unchanged phenoxyacetic acid (1-42 g), tho 
monohydroxyphenoxyacetic acids followed in the order 
0-(0-4 g), m-(0-02 g) and p-(0-1 g), details of their identifica- 
tion being given in Table 1. 


Table 1. HYDROXYPHENOXYACETIO ACIDS 


Rr Rr Diazo a 

Substi- solvent solvent coupling imor  Amax Identi- 

tuent B colour pH2 pH 11 fication 

Ortho- 0-53 0°60 Purple 975 290 Mixed mp. 
(orange centre) U.V. and LR. 

Meta- 0-31 0-45 Bright yellow 273 286 Mixed m.p. 
278 U.V. and LR. 

Para- 0-27 051 Salmon pink 286 307.5 Mixed m.p; 
U.Y. and I.R. 


Solvent A: butanol/ethanol/3 N ammonia (4:1: b). 
Solvent B: propanol/0-880 ammonia (7 : 3). 


The difference between these findings and our earlier 
report? may reflect an improved separation technique or 
it may be due to a strain difference in A. niger. The 
culture used in the earlier work was Mulder strain, which 
had been in use at Long Ashton for some years previously ; 
current practice is to renew the inoculum at frequent 
intervals from the Commonwealth Mycological Institute. 
The general pattern of hydroxylation appears to be rela- 
tively non-specific—resembling the metabolism of 2- and 
4-chlorophenoxyacetic acids’, but contrasting with results 
obtained in the metabolism of 2-naphthyloxyacotic acid‘ 
and with recent results obtained with 2,4-dichlorophenoxy- 
acetic acid’. 
The metabolism of phenoxyacetic acid by a wild-strain 
of A. niger (kindly supplied by Dr. S. M. Bocks) has also 
been investigated. Thin-layer (propanol/0-880 ammonia 
(7-5 : 2-5) using ‘Silica Gel G’) and paper chromatographic 
examinations of acidic material obtained from four separ- 
ate experiments using the replacement culture technique 
clearly reveal the presence of all three hydroxyphen- 
oxyacetic acids, though the m- and p-isomers are present 
in a lower proportion than in the case of the Mulder strain. 
D. R. CLIFFORD 
D. Woopcock 
Research Station 
(University of Bristol), 
Long Ashton, 
Bristol. 
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PHYSIOLOGY 


Effect of Intraventricularly Injected Anti- 
cerebral Antibodies on the Histamine-like 
Substance and Potassium Content of Various 
Regions of the Brain of the Cat 


In an attempt to investigate the possible differential 
reactivity of various cerebral structures when exposed to 
the action of different brain region anti-sera, it has been 
shown that the injection of heterologous anti-caudate 
nucleus antibody into the lateral cerebral ventricle of the 
cat was followed by pronounced electrographic abnormali- 
ties, confined mainly to the caudate nucleus. Since the 
electrical activity of other, simultaneously investigated 
brain regions was not essentially modified, the alterations 
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observed were intorpreted as being strongly suggestive 
of the possibility that the anti-caudate antibody has an 
affinity for the homologous nervous tissuoe!. 

Pursuing this line of investigation and having in mind 
the well-known fact that, in genoral. an antigen-antibody 
reaction is associated with a releaseof histamine, 5-hydroxy- 
tryptamine and other biologically active substances, a 
series of experiments have been undertaken to test: (1) 
if a similar phonomenon occurs when the brain is attacked 
by an intraventricularly injected anti-brain antibody; (2) 
whether or not the differential roactivity of various brain 
structures to the action of an antibody produced against 
the tissue of specific cerebral region, as suggested by 
previous experiments, could be ascertained using as 
indicators the variations in the histamino and potassium 
contents. This communication refers to the offects of 
intraventricularly injected anti-caudate and anti-hippo- 
campal antibodies on tho histamine-like substance and 
potassium contents of the frontal cortex, caudate nucleus, 
hippocampus and the cerebrospinal fluid of the cat. 

The mothods used for the preparation of antigens, 
immunization and separation of y-globulins from immuno 
rabbit sera were the samo as those previously described??. 
Immune anti-caudate and anti-hippocampal y-globulins 
were tested by diffusion in gel and complement fixation 
reaction in which saline extracts and lipids (ethanol 
extracted) of caudate and hippocampal tissues respoo- 
tively were used as antigens. Thus, tested normal rabbit 
Y-globulins, obtained from the sera prior to immunization, 
did not show any serological activity. 

Experiments were performed on unanesthetized adult 
cats carrying the cannula inserted under asoptic conditions 
(at least five days earlier) into the same, anterior portion 
of the lateral cerebral ventricle according to the method of 
Feldberg and Sherwood?. Animals wero divided into three 
groups: the first group was injected with the anti-caudate, 
the second with the anti-hippocampal and the third group 
of animals with the normal y-globulin. Three injections 
of 0-3 ml. containing 40 mg of protoin were administered 
successively with an interinjection interval of 60 min. 
One hour following the last injection, animals were 
anesthetized (“Nembutal’, 0-6 ml. of 5 per cent solution/ 
kg), the cerebrospinal fluid obtained by means of sub- 
occipital puncture and immediately centrifuged at 2,500g. 
Then the animals were killed and tissue samples from the 
head of caudate nucleus, hippocampus and the frontal 
cortex were quickly dissected, taking care to obtain the 
equal amounts of tissue from both hemispheres of tho 
brain. 


A histamino-like substance from the brain tissue was 


extracted according to the method of Barsoum and 
Gaddum* as modified by Kwiatkowski’, while that from 
the cerébrospinal fluid and blood was extracted according 
to Code's method*. The extracts were then assayed on 
the guinea pig ileum suspended in 3 ml. of oxygonated, 
magnesium-free, Tyrode’s solution, containing 1/3 x 10-7 
of atropine. Contractions induced by brain extracts 
could be antagonized by adequate doses of antistin. All 
values for histamine-like substance refer to the baso. 
The tissue for potassium determination was deprotoinized 
and potassium in tissue filtrate, the corebrospinal fluid 
and plasma estimated by means of an EEL flame photo- 
meter. 

The results are presonted in Tablo 1. They show, first 
of all, that in contradistinction to the normal rabbit 
y-globulin, an immune anti-cerebral y-globulin, when 
injected into the lateral cerebral ventricle of cat, produces 
an important increase of histamine-like substance in the 
brain. Furthermore, they demonstrate an apparently 
differential reactivity of various cerebral structures to the 
action of an antibody produced against the tissue of 
specific brain region. Thus, an intraventricular injection 
of anti-caudate antibody resulted in a significant increase 
of histamine-like substance in the tissuo of the head of 
caudate nucleus, associated in some instances with its 
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Table 1 
Mean values 
N. caudatus Frontal cortex Hippocampus 
Substance Histamine- Potas- Histamine- Potas- Histamine- Potas- 
injected * like subst. sium like subst. sium likesubst. sium 
(ug/g) (mg%) (ug/g) (mg%) (ug/g) (mg%) 
Anti-n. caudatus . 
y-globulin 0-128 404 0-069 391 0-049 378 
Normal rabbit 
y-globulin 0:038 386 0-067 406 0-066 883 
Anti-hippocampus 
y-globulin 0-051 412 0-038 403 0-157 399 


* Three injections of 0-3 ml. (total protein content 40 mg per cent), with 
an interinjection interval of 60 min, have been administered; animals were 
killed 1 h following the last injection. 


Table 1a. ANALYSIS OF VARIANOE 
Histamine-like substance in n. caudatus 
Animal No. 


Substance injected 1 2 3 4 5 6 
Anti-n. caudatus 
y-globulin 0-118 0:135 0-046 0:281 0-096 0-092 
Normal rabbit 
y-globulin 0-030 0-020 0-020 0-060 0:040 0-060 
Anti-hippocampus 
y-globulin 0-030 0-030 0-031 0:082 0:006 0-065 
Summary of computations 
Source Sum of DF. Mean Ratio 
of variation squares square 
Rows 28-345 2 14:172 7-30* 
Columns 17:720 5 9:544 1:83 
Error 19-239 10 1:924 
Total 65-300 17 
*P, 0-01. 
Table 1b. ANALYSIS OF VARIANCE 
Histamine-like substance in hippocampus 
Animal No. 
. Substance injected 1 8 4 5 6 
Anti-n. caudatus 
y-globulin 0-017 0-064 0-012 0-031 0:133 0-038 
Normal rabbit 
y-globulin 0-022 0-091 0-115 . 0-053 0-060 0-055 
Anti-hippocampus 
y-globulin 0:251 0-100 0-201 0-152 0-120 0-121 
Summary of computations 
Source Sum of D.F. Mean Ratio 
of variation Bquares square 
Rows 40-777 2 20-388 7:06* 
Columns 3-271 5 654 0-229 
Error 28-852 10 2:885 
Total 72-900 17 
*P, 0:01 


increase in the corebrospinal fluid, but not (or at least not 
in a significant degree) in tissues of other cerebral struc- 
tures investigated. On the other hand, the increasod 
content of histamine-like substance following intraventri- 
cular injection of anti-hippocampal antibody was not 
evidenced in any other cerebral region invostigated, but 
in the hippocampus itself and in some casos in the cere- 
brospinal fiuid as well. Results wore statistically tested 
using the method of variance analysis. The predominant 
increase of histamine-like substance in the caudate nucleus 
and hippocampus following the intraventricular injection 
of anti-caudate and anti-hippocampal antibodies, re- 
spectively, proved to be statistically significant (P = 
0-01). Although in some of these experiments the values 
of histamine-like substance in the cerebrospinal fluid wore 
remarkably high with respect to normal. the differences 
as expressed by the means were not found to be statistic- 
ally significant. It should be added that in another 
series of experiments, in which the histamine content of 
both caudates and hippocampi was separately ostimatod, 
the increase of the amine was usually, but not nocessarily, 
greater on the cannulated side of the brain. Potassium 
concentrations of investigated cerebral tissues as well as 
that of the cerebrospinal fluid were not essentially 
modified. 

On the basis of clectroencephalographic findings re- 
ported in a previous communieation!, the idea has been 
put forward suggesting the possible regional specificity of 
some high molecular weight substances present in morpho- 
logically and functionally differentiated parts of the 
central nervous system. Although the results of the 
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presont experiments challenge the discussion in many 
other directions, only the aspects pertaining to problems 
implied in the aforementioned hypothesis will be briefly 
commented. Despite the high degree of differentiation, 
various portions of the grey matter of the central nervous 
system could still be considered morphologically similar 
in that they are all composed of neurones, glia cells, 
unmyelinated and myelinated fibres, blood vessols, 
elements of the supposedly common ground substance, 
ete. Therefore, in view of the high specificity of serological 
reactions, so amply attested by Landsteiner’, it can bo 
assumed that immune y-globulins used in our experiments 
contained a bulk of antibodies against the number of 
various components present in homogenates of given 
brain rogions, including non-specific ones, common to tho 
brain as a whole. Yet, as could be judged on the basis of 
variations in contents of histamine-like substance found 
in the present experiments, anti-caudate and anti-hippo- 
campal y-globulins were still able to ‘recognize’ the corre- 
sponding nervous structures. Jt could be inferred from 
theso considerations that the predominant (if not selective) 
increase in the histamine-like substance content in the part 
of the brain attacked by the corresponding antibody 
indicates that in the antigen-antibody reaction are 
involved primarily those elements (most likely cellular, 
whatever they might be: neurones, glia or both) which 
determine the antigenic specificity of the given nervous 
structure. 

This work has been supported in part by a grant from 
the Yugoslav Foundation for Scientific Research, con- 
tracts 490/1 and 202/1. 
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^ Possible Role of a Phospholipid in the 
Development of the Slow Muscle Contracting 
Activity of Human Plasma 


THE presence of a substance in the G.2 fraction of human 
blood plasma with a slow contracting activity on plain 
musole (S.M.C.) was established and the active principle 
has been isolated from the G.2 fraction and designated as 
G acid!. It is important to note that the same effect 
has been obtained from citrated human plasma and is 
best observed with dialysed plasma, since dialysis elimin- 
ates the quick contracting agents*. The chemical nature 
of G acid prompted a search for a possible precursor of 
this lipid-soluble unsaturated fatty acid (3-octadecenoic 
acid)?. 

Although the G.2 fraction stimulates the isolated guinea 
pig ileum, the y-globulin and the albumin fractions are 
much less active on the same muscle preparation. The 
S.M.C. effect of human plasma and of G.2 fraction is 
reduced to about 50 per cent of the initial effect after the 
addition of calcium ions to a final concentration of M/40. 
The serum prepared by recalcification of the plasma is 
much less active on smooth muscle than the serum 
obtained after clotting the same plasma with human 
thrombin. 
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The formation of a slow muscle-contracting substance 
by alkaline hydrolysis of lecithin or by the action of 
phospholipase A present in cobra venom on lecithin’, 
and the recognition of another variety of phospholipid 
in human serum identified as lysolecithin‘, suggested the 
investigation of the effect of human plasma on egg lecithin 
in vitro. The results obtained show that the addition of egg 
lecithin (0-25 per cent) to plasma causes & marked increase 
in its S.M.C. activity which is neutralized by the addition 
of calcium ions to a final concentration of M/40. Lecithin 
alone is inactive on the isolated ileum of a guinca pig 
at the same level of dosage. Incubation of the plasma 
with lecithin at 37° C or raising the pH of the plasma 
to 8 increases the slow contraction of smooth musclo 
produced by lecithin-plasma. Olive oil, cotton-seed oil 
and butter fat do not produce similar effects on smooth 
muscle when emulsified with human plasma and incubated 
at pH 8. 

It may be interesting to note that the amount of egg 
lecithin which doubles the 8.M.C. effect of human plasma 
is about 250 mg per cent of the plasma, a concentration 
which roughly corresponds to the concentration of tho 
naturally occurring choline-containing phospholipids in 
human plasma. Parallel results were not obtained after 
incubation of egg lecithin with 5 per cent solution of 
human serum albumin in saline. 

The S.M.C. effect produced by lecithin added to human 
plasma is not antagonized by atropine or by antazoline. 
Similar to the S.M.C. effect of the original plasma, the 
S.M.C. effect produced by added egg lecithin is not 
destroyed by an esterase-rich fraction of blood which 
destroys acetylcholine under the same conditions. The 
esterase-rich fraction is produced during the purification 
of human serum albumin by the method of Kekwick 
and Mackay*. 

Processing of human plasma with kaolin considerably 
decreases its effect on the isolated ileum of a guinea pig". 
The S.M.C. effect produced by lecithin added to human 
plasma is completely abolished by the same treatment. 
The S.M.C. effect of such plasma is indistinguishable from 
the S.M.C. effect of kaolin-treated plasma without added 
lecithin. 
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Brown Adipose Tissue and Thermoregulatory 
Heat Production in the Rat 


Tus role of brown adipose tissue in thermoregulatory 
heat production of the cold-adapted rat was inferred by 
R. E. Smith from the thermogenic activity of the inter- 
scapular fat in vitro? and the anatomical distribution of 
brown adipose tissue in the body*. The thermogenic role 
of brown fat has been directly demonstrated in the 
hibernating hamster by measuring temperatures at various 
sites in the body?, and by measuring simultaneously 
the oxygen consumption of the whole animal, in the 
new-born rabbiti:5. 

In our experiments, copper-constantan thermocouples 
were inserted under light urethane anssthesia (0-8 g/kg 
body-wt.) into adult rats adapted to room temperature at 
the following sites: (1) midbrain, 7 mm deep; (2) colon, 
10 em from the anus; (3) interscapular fat; (4) muscle, 
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Fig. 1. Changes in colonic, brain and interscapular fat temperatures 

and the increase in oxygen consumption in response to transfer from a 

thermoneutral to a moderately cool environment in the adult rat. 

@, Colonic temperature; A, brain temperature; [], interscapular fat 
temperature; O, oxygen consumption 


just beneath interseapular fat; (5) lumbar musculature. 
Oxygen consumption was recorded by a Noyons diafero- 
meter permitting the registration of rapid changes®. 
Since the temperature of the lumbar musculature 
remained in every instance well below all the others and, 
in the cold, that of the thoracic muscle was found to be 
always less than that of the interscapular fat lying above 
it, these have been omitted from the figure and need 
not be discussed here in detail. Fig. 1 demonstrates 
a typical response of colonic, brain and interscapular fat 
temperature to exposure to & moderately cool onviron- 
ment. In many cases, however, the difference between 
colonic and interscapular fat temperature was greater 
in the thermoneutral environment than in this observation 
and brain temperature held an intermediate level betweon 
colonic and interscapular fat temperature. The increase 
` in oxygen consumption in response to the cool environ- 
ment coincided in every case with a marked and rapid 
increase in the temperature of the interscapular fat, and 
generally it became the highest in the body. Simultane- 
ously, colonic and brain temperature ceased to fall. 
Following re-transfer into a thermoneutral environment, 
in parallel with the fall in oxygen consumption, the 
temperature of the interscapular fat decreased rapidly 
to a level below that of the colonic temperature, and in 
many instances also below that of brain temperature. 
The consecutive rise in colonic and brain temperature was 
followed by the interscapular fat only with a lag of several 
minutes. These observations seem to prove that the 
interscapular fat participates in thermoregulatory heat 
production in the adult, non-cold-adapted rat. 
Sz. DONHOFFER 
F. SÁnDYX 
Gy. SZEGVÁRI 
Institute of Pathophysiology, 
University of Pécs, 
Hungary. 
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Effects of Deceleration on Rats exposed to 
Prolonged Centrifugation 


PROLONGED exposures of animals to simulated high 
gravity environments by centrifugation have been reported 
to repress their normal growth and attainable body mass. 
Matthews! centrifuged rats for more than a year at 3g 
and found that the body mass of centrifuged rats was 
appreciably lower than corresponding control animals. 
Similar effects for shorter exposure periods have beon 
noted by Wunder? with mice and by Smith? with birds. 
The latter workers have found that when their animals 
were removed from the centrifuge the weight of these 
animals over a period of time approached that of the 
non-centrifuged controls. This investigation was under- 
taken to evaluate the effects of both an increase and de- 
crease in gravity on rats adapted to relatively high g by 
prolonged centrifugation. 

Weanling female Sprague-Dawley rats weighing approx- 
imately 84 g, usually 4-6 per cage, were placed on a 10- 
radial armed centrifuge and subjected to either 2-5, 
3-5 or 47g depending on the radius used. The centrifuge, 
which had a maximum radius of 8:5 ft., was run at a 
constant 40 r.p.m. Animal cages were mounted on a 
swinging-bucket type of assembly and were illuminated 
by means of individual fluorescent lights automated to 
simulate 12 h of day and night cycling. A detailed desorip- 
tion of the centrifuge is in preparation and will be published 
elsewhere. Rats were maintained on a standard labora- 
tory rat chow (‘Purina’). Water was provided by means 
of an inverted water bottle tray assembly. The centrifuge 
was stopped an average of 20 min each day to service and 
weigh the animals. The overall stoppage time was 
approximately 1-6 per cent of the total centrifugation 
time. 

Fig. 1 (Curve A) shows the changes in body-weights of 
4:7-g adapted rats removed from the centrifuge and 
successively exposed to normal gravity for periods of 
168, 48, 24 and 9-5 h. These off-centrifuge exposures to 
normal gravity were spaced no closer than 2 weeks to 
allow sufficient time for recovery. A characteristic 
rapid increase in body-weight of rats removed from the 
centrifuge is noted with the greatest rate of increase 
occurring during the first 24 h. There was a progressive 
rise in the magnitude of this increase with each successive 
exposure treatment. This increase can be attributed to an 
enhanced rate of food and water consumption. For 
example, the basal food consumption of 16-4 g/rat/day 
for animals on the centrifuge increased to 25-3 g/rat/day 
when they were removed from the centrifuge for the first 
time. Comparable increases were noted in the other 
treatments. 

The precipitous fall in body-weights of these rats when 
returned to the centrifuge was due to inanition. Rats 
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Fig.1. Effect of deceleration on body-weights of female rats centrifuged 

from weaning age at 4-7g.  Solidline shows time on centrifuge; broken 

line, time off centrifuge. Curve A, 5 rats, variable exposure. Curve B, 

6 rats, sustained exposure. Mean poe weight for both groups was 
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Fig. 2. Effect of increased g-loads on female rats previously exposed 

from weaning age to 2-5g. @, 25g; A, 35g; O, 477g. Values are 

means of four rats 
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Fig. 3. Effect of decrease and increase in g-loads on female rats pre- 
viously exposed from weaning age to 3-59; A, 3-59; @,259; O, 4-79. 
Values are means of four rats 


consumed no food or water during the first 24 h on the 
centrifuge following the first off-on treatment. Nine 
days elapsed before the food consumption of these rats 
was restored to the pre-treatment basal level of 16 g/rat/ 
day. With progressively shorter exposures to normal 
gravity, the time required for the restoration of the 
basal food consumption rate was decreased propor- 
tionately. ‘The recovery time after the 48-, 24- and 
9-5-h exposure treatments was 5, 4 and 2 days respec- 
tively. 
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The repeated off-on treatments had no apparent effect 
on the overall growth rate since the growth-rate curve of 
these rats was similar to centrifuged rats not subjected 
to the off-on treatments (curve B). Preliminary growth 
examinations of rats exposed to prolonged centrifugation 
from weaning age to maturity have been reported‘ and 
will be presented in detail later (in preparation). Fig. 2 
shows the response of rats adapted to 2-5g for 164 days 
and then subjected to 3-5g and 4-7g. It is observed that 
there is à marked decrease in body-weight, food and water 
consumption when the g-load is increased from 2-5 to 
3-5g. A smaller decrease is noted in going from 3-5 to 
4:7g. In distinct contrast, rats adapted to 3-5g for 164 
days when decelerated to 2-5g show no marked change in 
body-weight or food and water consumption (Fig. 3). 
The characteristic decrement in these parameters with the 
imposition of a g-load is observed, however, when the rats 
are moved from 2:5g to 4-7g. The treatment accorded the 
animals in the latter experiment may be analogous to 
that received by terrestrial organisms when subjected 
to sub-gravity or weightlessness in space and then returned 
to Earth. 

The results from this investigation indicate that 
deceleration is well tolerated by rats and appears not to be 
a stress factor. On the other hand, any sustained incre- 
mental increase in gravity has a deleterious effect on 
appetite and body-weight maintenance, and can be con- 
sidered a condition of imposed stress. 
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Duplex Function in the Grey Squirrel's 
Electroretinogram 


Tue grey squirrel (Sciurus carolinesis leucotis) was 
initially considered to have an all-cone retina, based on 
evidence obtained by light microscopy? and electro- 
retinography?. In support of this, a difference spectrum 
obtained by reflexion densitometry was found to peak 
at 535 mu’. Afterwards a difference spectrum of a 
photopigment extracted from this retina peaked at 
504 my, however, and resembled rhodopsin‘. Thereafter 
a group of diurnal squirrels including the grey squirrel 
was found to have double-peaked ERG spectral sens- 
itivity curves, suggesting that there was more than one 
receptor mechanism in these retine?. Similar ERG 
results have been reported for other diurnal squirrels*.’. 
Recently, conditioning experiments on the grey squirrel 
demonstrated a peak wave-length sensitivity at 502 mu 
(ref. 8), and rod-like in addition to cone receptors were 
found by electronmicroscopy®. This report shows that 
there are at least two receptor systems contributing 
to the grey squirrel’s ERG which behave similarly to the 
rod and cone components of the ERGs of duplex retinz. 

The ERG has been recorded from a corneal contact 
lens electrode and a stainless steel needle placed under 
the skin on the forehead of squirrels anesthetized with 
‘Nembutal’. The eye is stimulated in Maxwellian view 
subtending 90° of visual angle at the pupil. The light 
source is a well-regulated, high-pressure xenon arc lamp, 
the output of which can be filtered by neutral and double 
interference filters both calibrated spectrophotometrically. 
The energies of the spectral lights have been measured 
by a thermocouple and galvanometer.  Sinusoidally 
flickering stimuli are obtained by rotating a ‘Polaroid’ 
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trace in each set is the ERG and the lower, the response of a photocell monitoring the 
stimulus, The calibration, lower right, represents 100 microvolts vertically and 100 msec 
horizontally. Upward deflexions indicate positivity and light on 


plate in a polarized beam. The light modulation depth is 
99 per cent. 

Duplex function can be demonstrated by comparing 
the ERG responses obtained with light stimuli from both 
ends of the visible spectrum at different flicker frequencies 
(Fig. 1) With 610 mp the ERG has a pronounced corneal 
positive ‘off’ effect and a higher peak-to-peak amplitude 
at 8 c/s than at lower or higher frequencies. At approxi- 
mately equal response amplitudes with 456 mu, there is 
neither a conspicuous ‘off’ effect nor amplitude peaking 
in the frequency response. The flicker fusion frequency 
is higher at 610 my than at 456 my, but if the energies 
in these stimuli are reduced equally, the ERG is more 
sensitive to 456 mp than to 610 mp. This can be seen 
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Fig. 2. Spectral sensitivity of the ERG at two response amplitude 

orteria and at two different flicker frequencies. The pairs of curves are 


displaced along the ordinate axis. @, 4 c/s; O, 10, c/s 
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in the spectral sensitivity curves obtained 
at. low-response criteria (Fig. 2). With 
dim stimuli the ERG is always more 
sensitive to 456 my than to 610 mu. 
With brighter stimuli the ERG response 
increases more rapidly at 610 my than 
at 456 mp. With bright stimuli of high 
frequency the ERG becomes more 
sensitive to 610 my than to 456 my. 
This is not the result of saturation 
because larger responses are obtainable 
with wave-lengths of greater luminance 
than 610 or 456 my at all flicker fre- 
quencies. 

There must be at least two receptor 
systems contributing to the grey squir- 
rel’s ERG, one more rod-like in the sense 
of determining threshold at dim light 
levels and being more short wave- 
length sensitive but slower than the 
other. The shift in spectral sensitivity 
resulting from changes in either the 
luminance or the flicker frequency of 
the stimulus parallels the Purkinje shifts 
of more familiar duplex retine. 
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HISTOCHEMISTRY 


Alkaline Phosphatase in the Juxtaglomerular 
Apparatus of the Rat 


Suvcz the original observations by Goormaghtigh! on 
the structure of the juxtaglomerular apparatus of the 
mammalian kidney, and his subsequent observations on its 
endocrine function’, the rat has been used as an experi- 
mental animal to provide material for studies of this 
organ. Thus examinations of enzyme changes in experi- 
mentally induced hypertension® and more recently 
granular cell changes following endocrine organ manipula- 
tion and hormone administration’: have been carried 
out using the juxtaglomerular apparatus of the rat 
kidney. 

In one respect at least the rat juxtaglomerular appara- 
tus differs from that of many other mammals: that i is, in 
the occurrence of non-specific alkaline phosphatase in a 
specialized layer of the cells which constitute the juxtaglo- 
merular body. Activity at this site has been. observed in 
four strains of laboratory rat following the application of 
two histochemical methods. The methods used were 
Lillie’s modification of the calcium precipitation method 
of Gomori® and a modification? of the simultaneous 
coupling azo dye method of Manheimer and Seligman?. 

The activity which was observed varied with the strain 
of rat, and the intensities of the alkaline phosphatase 
visualized by the different methods did not correspond. 
This is shown in Table 1. 

Alkaline phosphatase activity was located in a band of 
cells separating the myoepithelial cells of the juxta- 
glomerular body from the macula densa (Fig. 1). The 
afferent arteriole is surrounded by a zone of clear myo- 
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Table 1. ALKALINE PHOSPHATASE IN THE JUXTAGLOMERULAR APPARATUS OF THE Rat 














Rat No. 1 2 3 4 5 6 7 8 9 
. Strain Suffield * Suffield Suffield Sprague- Sprague- Sprague- Fischer Hooded Hooded 
Dawley Dawley awley 
Gomori method + — FF cbe +++ +++ +++ ++ +++ 
Azo dye method | f l Tr + + + + + 











+ + +, Strong positive; + +, positive; +, weak positive; +, very weak positive; ], method not performed. 
* Inbred line from Sprague-Dawley/ Wistar cross, 


epithelial cells while the cells in contact with the macula 
densa show an intense alkaline phosphatase reaction. 
The nuclear staining in the cells of the macula densa and 
the vascular endothelium of the afferent arteriole is 
attributable to the nuclear staining artefact which results 
with the Gomori method. Comparison of the Gomori 
and azo dye results shows a weaker, more diffuse reaction 
by the azo dye method although the intensities of the 
reactions observed in the proximal convoluted tubules 
were approximately equal in both methods (Figs. 2 and 
3). The variation in intensity which was observed may 





Fig. 3. Moderate alkaline phosphatase reaction in the juxtaglomerular 
body. Rat4. Azo dye method (x 1,500) 


perhaps be due to the occurrence of isoenzymes visualized. 
selectively by the different methods. 

The occurrence of non-specific alkaline phosphatase in 
this location has not been observed in nineteen other 
species of mammal which have been examined’. It may 
be of some significance that the rat differed from the other 
species in the possession of well-defined alkaline phos- 
phatase activity in the adventitia of arterial vessels. The 
possibility therefore exists that this specialized layer of 

à the rat juxtaglomerular apparatus is derived from 
activity ja [rege quieti Dni body P aioe tue E dide. elements of the adventitia, as opposed to the myoepithelial 
Rat 4. Gomori method ( x 1,500) cells derived from the media of the juxtaglomerular 

afferent arteriole. 

It would be difficult to assign a function to alkaline 
phosphatase activity at this site. Perhaps this activity is 
concerned with the energy requirements of chemical or 
hormonal transfer related to the homeostatic or endocrine 
function of the juxtaglomerular apparatus, or perhaps 
more directly with the absorption of substances from the 
macula densa and their transference to the juxtaglomeru- 
lar body. 
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Histochemical Localization of Alkaline 
Phosphatase and Adenosine Triphosphatase 
in the Myoepithelial Cells of Rat Salivary 
Glands 


THE histochemical demonstration of alkaline phosphat- 
ase in the myoepithelial cells of salivary glands, sweat 
glands and mammary glands has been reported by a 
number of workers!-. 

Leeson? distinguishes between the myoepithelial cells 
surrounding the gland acini which form an extensive, 
irregularly branching network, and those of the inter- 
calated ducts which are smaller and less extensively ramify- 
ing. He points out that the remaining portions of the 
duct system in rat salivary glands are alkaline phos- 
phatase negative, implying thereby the absence of myo- 
epithelial cells in the large duots. 

My own investigations of the distribution of alkaline 
phosphatase in rat salivary gland were carried out on 
fresh-frozen cryostat sections fixed in formol-ealeium for 
10 min, using naphthol AS-BI phosphate as substrate 
and coupling with fast red T'R (5-chloro-o-toluidine)®, 
The results confirm Leeson’s observations with regard to 
the myoepithelial cells of the acini and intercalated ducts. 
In addition, however, they clearly indicate the presence 
of similar cells giving strongly positive reactions for 
alkaline phosphatase, surrounding the striated ducts 
(Fig. 1). This suggests that in the rat submaxillary 
salivary’ gland, myoepithelial cells are present also in 
relation to the striated ducts. 

Little is known of the function of alkaline phosphatase 
in myoepithelial colls. Certainly, its demonstration in 
these cells has contributed little to the understanding of, 
their function. Although Leeson‘ states that the function 
of the myoepithelial cells is primarily one of contractility, 
there is little direct evidence in these cells of metabolic 
activity normally associated with muscle contraction. 
Indirect evidence has been provided by the work of 
Linzell®, who found by direct microscopic examination of 
living mammary glands that the alveoli contracted 
following stimulation by vasopressin, oxytocin and other 
agents which produce smooth muscle contraction. A 
silver impregnation technique was used by Richardson", 
who observed structural changes in the epithelium of 
contracted as compared with distended alveoli and ducts 
in goat mammary glands. More recently, in electron 
microscope investigations, Scott and Pease! have demon- 
strated fibrils in the myoepithelial cells of salivary glands 
which they consider to be evidence that these cells can 
contract. 

The work recorded here was undertaken in order to 
determine whether adenosine triphosphatase (ATPase), 
which is known to be present in smooth muscle, is present 
in the myoepithelial cells of salivary glands.  Fresh- 
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Myoe ithelial cells surrounding a striated duct in rat submaxil- 
Bectioned longitudinally at L and tangentially at T. 
(Alkaline phosphatase; x c. 90) 
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frozen cryostat sections were treated either unfixed, or 
fixed in formol—calcium at — 3? C for 5-10 min, and werc 
incubated at pH 7-2 for 30 min at room temperature after 
the method of Wachstein and Meisels. : 

Sections treated in this way show the presence of 
elongated, flattened cells which give a positive reaction for 
ATPase surrounding and lying in close contact with the 
gland acini and ducts. Their distribution is the same as 
that of the alkaline phosphatase-positive material in rat 
salivary glands and it may be assumed that they are 
myoepithelial cells. They form an almost unbroken ring 
around the mucous acini but are more sparsely located 
around the striated ducts (Fig. 2). Blood vessels and nerve 
fibres show equally strong reactions, but the acinar and 
duct cells themselves show no ATPase activity. 

The specificity of the various histochemical reactions 
for ATPase has frequently been debated, as non-specific 
alkaline phosphatase is known to dephosphorylate ATP. 
The problem is discussed by Pearse*, who concludes that, 
at pH 17:2, the pH involved in the Wachstein—Meisel 
procedure, the activity of non-specific alkaline phosphatase 
can be ignored. Furthermore, it was noted in this 
investigation that fixation at room temperature for 15 min 
was sufficient to obliterate any activity in these tissues, 
using the Wachstein-Meisel technique. As similar fixation 
will obviously not interfere to any marked extent with 
alkaline phosphatase activity in histochemical procedures, 
it may be assumed that the enzyme demonstrated here, 
using the Wachstein-Meisel procedure, is magnesium- 
activated ATPase and not non-specific alkaline phos- 
phatase. ` 

Tho indications are, therefore, that both alkaline 
phosphatase and ATPase aro present in the myoepithelial 
cells of rat salivary glands. It is suggested that the pre- 
sence of ATPase in these cells provides further evidenco 
of their contractile nature. 

This work was carried out during the tenure of a directed 
research bursary of the South African Council for Scientific 
and Industrial Research. 
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Experimental Myopathic Syndrome associated 
with Pituitary Activation of Thymus 


Formation of lymphoid follicles with light germinal 
centres is generally considered as being characteristic of 
myasthenia gravis! and is regarded as one of the manifesta- 
tions of the auto-immune nature of this disease?. However, 
quite similar changes are induced in the thymus with no 
symptoms of myasthenia by subcutaneous injection of 
Freund’s adjuvant? or through direct administration 
to the thymus of various antigens‘, proving only that the 
thymus is involved in every enhanced immunization 
process. On the other hand, the relationship of myas- 
thenia gravis to thymus pathology is beyond any doubt; 
yet the nature of this relationship is obscure. 

We have suggested that a mutual endocrine relation- 
ship does exist between the thymus and hypophysis. 
Tf, therefore, some known or unknown pituitary hormone 
carries a thymotropic function, implantation of the 
pituitary cells directly into the thymus of intact animals 
might lead to proliferation and drastic activation of the 
function of various thymic structures. 

Experiments have been carried out on non-inbred 
albino rats (100-150 g). Minute pieces from 5-10 rat 
pituitaries have been surgically administered to the 
thymus of each animal. 

More than 75 per cent of the experimental animals (22 
out of 27) on the 14th-60th day after implantation have 
become ever more depressed, constrained and motionless 
and when set on the edge of a table usually drooped their 
heads for many hours. Aspiration was enforced. These 
symptoms as well as rapid onset of fatigue revealed a 
disease greatly similar to myasthenia. The tactile skin 
sensitivity was increased. The healing of wounds in the 
myopathie rats was longer than in normal ones. Electro- 
physiological examination shows neuromuscular disorders 
in this syndrome. 

The following are additional symptoms observed in 
some individual rats: changes in the ratio of serum pro- 
teins; symptoms of hemorrhagic diathesis; appearance 
in the blood of a great number of large immature cells 
with unsegmented nuclei ; aneemia—tke fall of erythrocytes 
number without changing the type of erythropoiesis. 

Control animals injected intrathymically with pieces 
of brain, posterior pituitary or with the Freund adjuvant 
did not reveal any of the foregoing clinical changes. 

Living grafts of the anterior pituitary were observed 
in the thymuses of some myopathic rats killed on the 
25th day after implantation. These thymuses were almost 
normal in appearance with insignificant prevalence of 
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Lymph cells in the striated muscle fibres of myophathic rat. 
(Hematoxylin and eosin, x c. 210) 
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Fig.2. Pitultary-activated thymus in cobalt-60irradiated rat. Cavities 
lined with epithelium (x c. 52) 


lymphoid elements. Extreme hyperplasia of the lymphoid 
tissue with abundant germinal centres and with prolifera- 
tion of plasma cells were noted in the spleen and lymph 
nodes. 

In some groups of striated muscle fibres of myopathic 
rats clumps of lymphoid cells and histiocytes with indi- 
vidual leucocytes between unchanged muscle fibres 
(lymph cells) were noted (Fig. 1). 

In a rat with myopathic syndrome killed on the 80th 
day after pituitary implantation the thymus was reduced 
without any features of accidental involution. Ovoid 
lobules with nodular hyperplasia of the lymphoid tissuc 
were noted in the upper part of the gland but without any 
follicles. In the lower part, lobules with thick fibrous 
capsule rich in mast colls, there occurred groups of 
epithelial and lymphoid cells surrounded by an abundance 
of fibrous colls. Lymph cells in the striated muscles 
were noted. 

As to the morphological structures responsible for the 
myopatbie syndrome, this question remains open. The 
lymphoepithelial thymoma-like structures previously 
described in this laboratory? have no relation to myopathic 
syndrome. The thymectomy of 2 rats with developed 
myopathia did not lead to recovery. 

Tn some rats irradiated with cobalt-60 (200 r.) and thon 
intrathymically implanted with the anterior pituitary 
unusual activation of the epithelial structure was observed 
which was different from that previously described’. 
The thymus was a little reduced in size, being composed 
only of reticular tissue in which many cavities of 
various size lined with monolayered epithelium wore ob- 
served, some of them with pyroninophil homogeneous 
secretion. The whole thymus has an appearance of a 
secreting gland (Fig. 2). Lymphocytos were absent. 
Transient inhibition was observed in these rats. Such 
structures but less numerous were noted in control experi- 
ments with intrathymical implantation of hepatic tissue 
to irradiated rats. Such irradiated and pituitary activ- 
ated thymuses can be used as a source for extraction of 
the thymus hormone. Preliminary experiments show that 
injection of such a thymus extract induces a marked but 
transient inhibition of the irradiated rats. 

The foregoing experimental evidence proves the thymo- 
tropic action of the pituitary. Experiments show that this 
action is connected with the anterior lobe of the pituitary. 
Injection into the thymus of pure so far known. pituitary 
hormones opens the possibility of deciding whether or not 
there actually does exist a specific pituitary thymotropin. 

If the pituitary-thymus interrelation is mutual the 
thymus should act on the pituitary according to the feed- 
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back principle, and experimental implantation of the 
pituitary into the thymus of hypophysectomized animals 
should not either restore or change the syndromes develop- 
ing after hypophysectomy. This theory, as well as 
the method of stimulating implantation of one endocrine 
gland into another, is of general significance and may be 
used for the examination of any pair of organs to reveal 
in one of them an unknown endocrine or hormone- 
inhibiting function with regard to the other organ. 
Results of autotransplantation of the pituitary into the 
thymus indicate the existence of the anti-hypophyseal 
action of the thymus. 

GEORGE J. SvET-MOLDAVSKY 
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Artificial Heterogenization of Tumours by means 
of Herpes Simplex and Polyoma Viruses 


WE have suggested elsewhere! the possibility of artificial 
heterogenization of malignant tumours by induction in 
tumour cells of new antigen determinants followed by 
exposure of these antigens to actively acquired or passively 
administered lymphoid cells or antibodies. 

Experiments in this laboratory on artificial hetero- 
genization of tumours with Salmonella and Staphylococcus 
antigens followed by treatment with corresponding anti- 
sera proved of low efficacy. Artificial induction of new 
antigens in tumour cells by means of ‘infectious’ and 
‘oncogenic’ viruses is described here. 

In these experiments sarcoma 237 induced in C, 
mice by means of 7,12-dibenz-(a)-anthracene and 2-5 
times transplanted to these mice was used. The tumour 
nodes appeared on approximately the thirtieth day 
after inoculation. The tumour was minced without any 
trypsinization. The cells were filtered through 2 layers 
of gauze and infected in vitro with the herpes simplex 
virus (strain Hl-2 (kindly supplied by Dr. A. I. Shatkin) 
with low pathogenicity to mice has previously undergone 
about 80 passages in chick embryonic tissue cultures, 
titre 10* PFU;, (plaque forming units)) and then implanted 
in mice. The cells of grown infected tumours have once 
more been infected with the herpes virus and implanted 
in mice. This procedure was carried out three times. 

Tumour cells of the third passage were once more 
infected 4m vitro with the herpes virus and different 
quantities of such virus-infected tumour cells (104, 105 
and 10* cells) were administered at a rate of 0-2 ml. to 
the following groups of mice: firs& group was twice 
immunized at 10-day intervals with herpes virus alone 
1 month before tumour cells inoculation; the second 
group was immunized with vaccinia virus according to 
a similar schedule; the third group consisted of non- 
immunized mice. The same amounts of non-infected 
tumour cells have been injected into immune and non- 
immune mice. 

It will appear from Table 1 that the growth of tumours 
infected by herpes virus was specifically inhibited in the 
herpes virus immunized mice. 

In the next experiment the cells of sarcoma 237 were 
mixed in vitro with SE-polyoma virus, containing 4,960 
hemagglutinating units per 1 ml. This strain has kindly 
been supplied by Dr. S. Stewart. After exposure for 2 h 
the cells were precipitated.by gentle centrifugation and 
resuspended in -Earle’s solution and. injected into mice. 
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Table 1. ARTIFICIAL HETEROGENIZATION OF CELLS OF CANCEROGEN- 
INDUCED SARCOMA 237 BY MEANS: OF THE HERPES SIMPLEX VIRUS 


Herpes virus-infected Non-infected 


Mice tumour cells tumour cells 
10* 105 10* 10* 10° 10* 
Immunized with 
herpes virus 3/14* 6/15 15/15 14/14 14/14 14/14 
Immunized with 
vaccinia virus 14/14 13/14 14/14 nit nt nt 
Non-immune 14/14 12/14 14/14 12/12 14/14 18/14 


* Denominator indicates number of inoculated mice; numerator, number 
of tumours which have developed. 
T nt, not tested. 


Ripe tumours were minced and repeatedly treated with 
the polyoma virus in vitro. The cells treated with polyoma 
virus as well as non-treated control sarcoma cells were 
injected in doses of 104, 105 and 108 per mouse to the 
following groups of mice: (1) twice immunized with 
polyoma virus at 10-day intervals; (2) immunized with 
vaccinia virus; (3) non-immune control mice. 

Absence of antibodies to polyoma virus was tested in 
the sera of the latter group of mice by the hemagglutin- 
ation inhibition test. 

It is clear from Table 2 that growth of sarcoma 237 
infected with polyoma virus is inhibited in polyoma- 
immunized mice. 

The immunological nature of the growth inhibition 
phenomenon of heterogenized tumours is obvious from 
its passive transmission by means of lymphoid cells. 

Fresh Cs, mice were injected with polyoma virus- 
treated cells of sarcoma 237 (104 cells per mouse) and 48 h 
thereafter half these mice received lymphoid cells from 
the C; mice actively immunized with the polyoma 
virus (10* lymphoid cells intravenously + 106 intra- 
peritoneally). A second group of mice received the same 
quantity of lymphoid cells from vaccinia-immunized 
mice. Tumour growth in these two groups of mice was 
3/14 and 14/14 respectively. The experiment shows 
the possibility of subsequent immunological action on the 
artificially heterogenized tumour. 

The foregoing experiments show that tumour cells aro’ 
artificially heterogenized by herpes and polyoma viruses 
aud that immunity acts specifically on these newly 
artificially induced antigens. Another alternative, namely, 
that tumour growth is stimulated by means of virus in 
non-immune mice, and that this effect is inhibited in 
immune animals, can probably be excluded by a compari- 
son of growth of infected and non-infected tumours. 

The result of artificial heterogenization of tumour 
cells by means of herpes virus complies with our previous 
suggestion that natural heterogenization of infected cells 
is a general property of viruses?. 

Inflammatory lymphoid cell infiltrates common in 
virus disease of birds and mammals are a host reaction on 
the cells heterogenized by means of virus’. 

The principal problem is artificial heterogenization of 
ripe tumours followed by immunological treatment. 
For these purposes it is necessary to examine artificial 
heterogenization by means of various cytotropic organisms 
and compounds. 

In one of the pioneer papers on viral oncolysis, Pierce 
and Rivers* have pointed out that growth of Brown- 
Pierce carcinoma infected with virus IIT is to some degree 
inhibited in rabbits immune to this virus. They regarded 
this effect as a non-specific one. It might be suggested, 
however, that here we are dealing with a specific immuno- 
logical effect on an artificially hoterogenized by virus ITI 
carcinoma. 


Table-2. ARTIFICIAL INDUCTION OF ‘PoLYOMA’ ANTIGEN IN CELLS OF 
SARCOMA 287* ` 
Polyoma-infected Non-infected 


tumour cells 


Mice tumour cells 
10* 10* 10* 10* 
Immuníized with 
polyoma virus 0/18 4/20 19/19 18/19 20/20 
Immunized with . 
vaccinia virus 20/20 18/19 20/20 nt nt 
Non-immunized 20/20 20/20 19/20 17/19 19/20 


* Legends same as in Table 1. 
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The resistance of polyoma immunized mice to im- 
plantation of some non-polyoma tumours as reported by 
Sachs* was probably due to casual infection with the 
polyoma virus and subsequent artificial heterogenization 
of these twmours. 

Note added in proof. Recently, Sjogren? has shown that 
polyoma antig2n can be induced in non-polyoma tumours 
by a very simplo method. It was shown recently in our 
laboratory that vacuolating virus S V, can induce strong 
artificial heterogenization of tumours. 
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Protein Components of Amyloid 


AMYLOID may be deposited in animal or human 
connective tissues in a variety of pathological circum- 
stances. It consists mainly of protein, with up to 5 per 
cent of carbohydrates largely in the form of mucopoly- 
saccharides. Previous attempts to characterize the 
protein moiety of amyloid have included : (a) Extraction 
with strong alkali followed by electrophoresis, revealing 
either «-1-, «-2-, and ®-globulins with traces of &lbumin! : 
or o-globulin alone? ; (b) Extraction with strong alkali 
followed by analytical ultra-centrifugation, demonstrating 
a single component with a sedimentation coefficient of 6? ; 
(c) Extraction with concentrated aqueous urea followed by 
analytical ultracentrifugation, showing five fractions with 
sedimentation coefficients of 1, 6, 9, 16 and 23 (ref. 3); (d) 
Extraction with strong alkali followed by amino-acid 
analysis, which gave no precise protein identification but 
excluded collagen as a significant constituent 
on the basis of low hydroxyproline values? ; 
(e) Fluorescent protein tracing in histological 
preparations, which is so sensitive a tech- 
nique that trace contaminants would be 
revealed, has detected the presence of 
y-globulin‘-*, 8-1 complement’, rheumatoid 
factor?, and fibrinogen*; (f) Absorption of 
specific anti y-globulin antiserum with puri- 
fied amyloid substance, which produced no 
significant reduction in titre"; (g) Extraction 
with concentrated aqueous urea followed 
by immuno-diffusion and electrophoresis 
against specific antisera to albumin, y- 
globulin, ceruloplasmin. orosomucoid, 8-2 
macroglobulin, rheumatoid factor, C-reactive 
protein, a pool of myeloma globulins, and 
whole serum ; none of these antisera pre- 
cipitated the amyloid proteins’; (k) Extrac- 
tion with strong alkali followed by prepara- 
tion of an antiserum which, on immuno- 
electrophoresis against whole serum, gave 
precipitin arcs in the a-2 regions?*. None 
of these methods has entirely surmounted 
the two main obstacles to precise identifica- 
tion of the protein components of amyloid. 
These are, first, the relative insolubility 
of this material in all but chemically 
vigorous reagents which are liable to 
degrade proteins and, secondly, the difficulty 


Fig. 1. 


Fig. 2. 
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ares, and àn a-2 arc extending forward into the a-1 region are clearly visible. 
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in obtaining amyloid free from incidental contamination 
by plasma proteins. The new method reported here 
appears to circumvent both these difficulties in the isola- 
tion of pure natural amyloid. 

The technique involves cycles of : (a) brief ultrasonic 
disintegration into particlos of macromolecular dimensions; 
(b) differential cold precipitation of the amyloid, which 
sometimes involves freezing, combined with numerous 
washings with neutral isotonic saline in order to remove 
all traces of incidentally trapped serum proteins. The 
substance so isolated is still in its original insoluble state 
and retains the tinctorial reactions (Schiff positivity, 
methyl violet metachromasia, positive congo red staining) 
characteristic of the parent amyloid deposits in the original 
tissues. The preparations from two human amyloidaceous 
kidneys were used to immunize rabbits and the antiscra 
produced were analysed for their ability to precipitate 
human plasma proteins in immuno-electrophoresis. 

Antiserum obtained with amyloid prepared from a 
patient with chronic syphilis reacted solely with 7S 
y-globulin (Fig. 1). The antiserum produced by amyloid 
derived from a patient with chronic rheumatoid arthritis 
reacted with five plasma proteins ; very weakly with 
7S y-globulin, but very strongly with one «-1 and three 
a-2 components (Fig. 2). If the plasma proteins had been 
present in the amyloid preparations as a result of con- 
tamination from tissue fluids or blood they would most 
likely have been similar in both cases. However, since the 
antisera to each amyloid sample contained antibodies to 
different plasma proteins, the components revealed were 
probably integral with and peculiar to their respectivo 
amyloid substances. Neither sample induced precipi- 
tating antibodies to B-2-macroglobulin, to which class both 
rheumatoid factor and the Wassermann antibody belong’. 
and thus these auto-antibodies were not components of 
the respective amyloid deposits. Hence, in opposition to 
Letterer's!! belief regarding the pathogenesis of amyloid 
substance, it appears that neither of the amyloid samples 
tested contained sequestered products of an auto-immune 
reaction. 

The present method of isolating amyloid, using only 
gentle physical means, seems to provide the substance 
pure and with its protein components undegraded. The 
findings with antisera prepared from such material may 
thus be accepted with less reserve than evidence obtained 





Upper trough, antiserum to syphilitic amyloid; the only arc developed is to 75 
y-globulin, recognizable by its characteristic situation and curvature; well, whole 
human serum, anode to the left; lower trough, antiserum to whole human serum, buffer, 
borate-succinate; pH 8:0; M 


0-05. N.B. The reduplication of the 7S y-globulin lines 
on both sides is gel and/or Liesegang artefact 





Upper trough, antiserum to rheumatoid amyloid; the a-1 arc, two a-2 localized 
The 75 
y-globulin arc is too faint for photographic reproduction; well, whole human serum, anode 
to the left; lower trough, antiserum to whole human serum; buffer, barbitone; pH 82; 
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by earlier techniques. While most authors are in agree- 
ment that different amyloids probably contain different 
proteins, there is less unanimity regarding their source. 
The results of the work recorded here confirm the hetero- 
geneity of the protein components in amyloid from 
different sources and provide evidence that some of these 
proteins are derived from those normally circulating in 
the blood plasma. 

Work is proceeding on similar analyses of other human 
and animal amyloids, and on the more precise identifica- 
tion of the alpha components revealed in the rheumatoid 
amyloid. 

Tuos. J. MUCKLE 
Department of Pathology, 
Royal Victoria Infirmary, 
Newcastle upon Tyne, 1. s 
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IMMUNOLOGY 


Preparation of Soluble Pertussis Vaccine 


SEVERAL suggestions have been made for isolating from 
B. pertussis the cell fraction which is responsible for 
immunizing man against whooping cough. Most investi- 
gators!-* have used some form of mechanical dis- 
integration of the cells, but the possibility must also be 
considered, since the protective fraction is most probably 
located in the cell wall’, that chemical solubilization of 
the outer layers of the cell may be a better approach. 

Barta*®, using sodium deoxycholate, has shown that 
such an approach is possible although a reproducible 
process for the treatment of large quantities of cells was 
not considered. The process we describe here is one by 
which a solution of the protective antigen can easily be 
obtained in sufficient quantity, yielding a fairly constant 
starting material for further investigation. 

The method is outlined as follows: 


CULTURE MEDIUM 
continuous culture 
CULTURE 


acid precipitation 


CELL SUSPENSION CULTURE FLUID 


treatment with 
deoxycholate-+ DNase (+ RNase) 


centrifugation 


t 


CELL RESIDUES SUPERNATANT 


| 
gel filtration 
1 
ANTIGEN SOLUTION 


The method comprises: 

(1) Continuous culture of B. pertussis according to the 
chemostat principle with a dilution rate of 0-06-0-09 h-! 
(ref. 7). This procedure provides a suspension of cells 
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grown under the same conditions, which is of great advan- 
tage to the reproducibility of the solubilization process. 

(2) Precipitation of cells by lowering the pH to 3-8—4-0 
as described by Pusztai et al.?, followed by decantation of 
the culture fluids in a closed system. 

(3) Treatment with 1 per cent sodium deoxycholate 
at 25? C and pH 8:0 of a cell suspension containing about 
200 x l0?cells/ml. Barta‘, using a suspension of 20 x 10? 
cells/ml., sometimes obtained a very viscous liquid at this 
stage, but we have found that treatment with DNase at 
25° C for 15 min reduces the liquid to a low viscosity and 
thus enables the next stages to be done quickly. 

In some experiments addition of a very small quantity 
of RNase was necessary to reduce the viscosity to the 
desired level. An explanation of this fact may lie in 
veriation in the RNA-content of the cell material. 
Unlike DNA, RNA is known to vary with dilution rate in 
continuous culture? and with age of the cells in stationary 
culéure?11, 

(4) Centrifugation of the treated suspension at 14,000g 
for 15 min. i 


Table 1. ACTIVITY OF SOLUBLE FRACTIONS COMPARED WITH THAT OF 
WHOLE BACTERIA 


Values (1.U.) per human dose * 


Cells prepared ole bacteria Soluble fraction 


from culture Protective Protective 
No. antigen H.S.F. antigen H.S.F. 
117-3113 54 — 14 — 
6-2 15-8 40 — 
127-2/15 46 — 48 — 
13:6 -- 
2-6 — 
4-4 — 
56 — 
138-8/14 72 0:2 3-6 18:8 
3-4 12:6 
138-15/18 36 15:8 6-4 TO 
€:2 T2 
150-2/22 22 3-0 T2 18-2 
6:8 24:0 3-8 4l'4 
9-4 194 
3:6 10 
3-2 8-4 
5:2 22:4 


*The protective antigen was assayed in relation to the international 
standard for pertussis vaccine and the potency expressed in international 
units. The H.S.F. was also assayed in relation to the international standard 
n oe method of Preston" and the potency expressed in arbitrary 
units (ref. 15). 


(5) Gel filtration of the clear supernatant in 0-025 molar 
phosphate buffer at pH 8-5. ‘Sephadex G-75’ has proved 
to be the most suitable. The filtration can be accomplished 
in a closed sterile system. Dialysis, as recommended 
by Barta‘, has certain disadvantages in that it takes 
longer and can be carried out aseptically only with 
difficulty ; moreover, it is difficult to reduce the deoxycho- 
late concentration sufficiently. In our gel-filtration 
procedure less than 20 mg deoxycholate per litre was left, 
this being the lower limit of sensitivity of the test which 
involves heating with 60 per cent sulphuric acid for 
15 min and measuring in the photometer at 385 my. 
The column used was a modified version of that de- 
scribed by Porath!*, and is equipped with a double 
glass wall for working at constant temperature; it enabled 
6 1. of the soluble fraction to be processed in one day. 

A number of preparations of the soluble fraction 
have been tested in mice for protective antigen and 
histamine sensitizing factor (HSF) in comparison with 
whole bacterial suspensions. The results are given in 
Table 1. The lack of accuracy of the biological assay for 
protective antigen docs not permit a precise estimate 
to be made of the yield, but it can safely be concluded that 
at least 75 per cent of the protective antigen of the whole 
cells is contained in the extract. The high concentration 
of HSF gives another indication of the close association 
of this factor with the protective antigen?:!?. 

In the toxicity test according to the American minimum 
requirements for pertussis vaccine mice have shown no 
toxic reactions during the 7 days observation period. 
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The soluble fraction has been shown to retain its anti- 
genie potency for at least 3 months when stored in tbe 
liquid state at 4° C. The fraction may be lyophilized 
but so far the method used has given rise to losses of 
activity of up to 50 per cent. 

Further investigations are to be made to evaluate the 
produet in pharmacological and immunologieal tests, 
and also to purify it still further. 

We thank Prof. D. G. Evans (London School of Hygiene 
and Tropical Medicine) for his advice. 


PAUL VAN HEMERT 
A. L. VAN WEZEL 
H. H. COHEN 


Rijks Instituut voor de Volksgezondheid, 
Bilthoven, Holland. 
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Secondary Immune Response to Bacteriophage 
TI in the Shore Crab, Carcinus maenas 


Comparative investigations of the clearance of injected 
bacteriophage from the circulation of several species of 
animal have been carried out. Clearance from the chicken, 
frog and from certain elasmobranch, holostean and teleost 
fish was very rapid and was associated with the develop- 
ment of neutralizing &ntibody'?. In the cyclostomes 
Petromyzon marinus and Eptatretus stouti? clearance was 
relatively slow, and little or no neutralizing ability 
developed in the serum of injected animals’. The insect 
Samia cecropia cleared 90 per cent or more of the injected 
dose of bacteriophage from the hemolymph between the 
second and the tenth hour, but no neutralizing activity 
appeared to develop?. Accelerated secondary clearance has 
been demonstrated in the chicken, the frog and in some 
fish, but was not tested in the insect. The following 
preliminary experiments were carried out to investigate 
primary and secondary clearance of bacteriophage in other 
invertebrates as part of an investigation in comparative 
immunology. 

Bacteriophage T1 (10? ‘phage particles) was injected 
into the hemoccele of three shore crabs (Carcinus maenas) 
which were maintained in sea water at 16°-18° C. Hamo- 
lymph samples were taken 30 min after injection and then 
at fortnightly intervals. In the two instances in which 
the bacteriophage was completely cleared from the cir- 
culation, a further dose of 10° particles was injected and 
again the clearance was followed in fortnightly samples. 

Samples of hemolymph were allowed to clot, centrifuged 
and the supernatant tested for viable bacteriophage by 
the following pour plate technique. The hemolymph was 
serially diluted in nutrient broth and 0-1 ml. of one or 
more suitable dilutions was mixed with 0-1 ml. of a 4h 
culture of Escherichia coli B. The mixture was pipetted 
into 0-5 ml. of melted nutrient agar (0-7 per cent) at 50° C 
which was then poured evenly over the surface of a 1 
per cent nutrient agar plate. After overnight incubation 
at 37° CO the number of plaques was counted and from 
this the number of viable bacteriophage particles was 
calculated. Each selected dilution of hemolymph was 
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Iphage particles per ml. 
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titrated in this way 5 times and the mean of the results 
taken. 

Fig. 1 illustrates the decrease in bacteriophage particle 
counts in the three animals. Primary clearance occurred 
in 42 and 70 days in animals 2 and 3, respectively. Animal 
1 died before complete primary clearance, but the "phage 
particle counts were following a similar course to those 
in the other two animals. Secondary clearance was more 
rapid, animals 2 and 3 clearing completely in 14 and 42 
days, respectively. Thus in the two instances in which 
secondary response was measured the rate of clearance 
increased by factors of 3-0 and 1:6. 

Hæmolymph from crabs 2 and 3 was tested for neutral- 
izing activity against bacteriophage Tl after secondary 
clearance of "phage from the circulation and again 2 and 
4 weeks later. No activity could be demonstrated. 
Although this observation suggests that the accelerated 
secondary clearance is mediated by a cellular rather than 
by a humoral mechanism, the possibility that undetected 
humoral factors are involved cannot be discounted. 

Ann E. TAYLOR 
GEOFFREY TAYLOR 
Parrick COLLARD 
Department of Bacteriology, 
University of Manchester. 
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RADIOBIOLOGY 


Soluble Liver Proteins Fractionation by 
Zone Electrophoresis on ‘Pevikon C-870’ 


Liver proteins have been separated by agar-gel electro- 
phoresis into thirteen! and fifteen? separate moieties. The 
use of ‘Pevikon C-870’ (PVK) as supporting medium for 
electrophoresis has numerous advantages*^, and an 
analysis of soluble proteins in rabbit liver separated by 
PVK-block electrophoresis has yielded the results reported 
here. PVK (Stockholms Superfosfat Fabriks Aktiebolag) 
blocks measuring 50:0 em x 24-0 cm x 1:6 em; veronal 
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diethyl-barbiturie acid), were used throughout. 

Tho liver (73-0 g) of à heparinized male rabbit pre- 
viously injected with homologous serum proteins labelled 
with iodine-131 was perfused with about 2 l. of saline 
through the portal vein and homogenized with an equal 
volume of veronal -buffer, 0-15u, pH 8:6. The homo- 
genate was frozen at — 39° and thawed six times, and the 
suspension was centrifuged at 34,000g for 90 min. The 
whole procedure was carried out at 2°-4°, 

Protein solutions were labelled with iodine-181 (IBS.3, 
Radiochemical Centre, Amersham) according to McFar- 
lane? and were equilibrated, by dialysis, against buffer 
solutions. At the end of the electrophoresis, performed at 
room temperature with adequate cooling and buffer 
mixing systems, the PVK block was separated into 49-50 
segments 1 cm wide. The proteins in each segment were 
eluted with 0-15 M sodium chloride and the eluates wore 
estimated for their radioactive and protein contents. 
Proteins were ostimated from 540 my’ absorption in a 
Unicam SP.500 spectrophctometer. 

"HI-TCA (trichloroacetic acid final concentration: 
10 per cent) soluble radioactivity as a percentage of the 
original radioactivity was measured in the presence of 
sodium iodide and of 85-0 mg of carrier bovine serum 
proteins. 

After concentration and clarification the protein 
fractions were tested by starch-gel electrophorosis?. Agar 
used for double diffusion® was a 1 per cent solution of 
‘Tonagar’ No. 2 (Oxo, Ltd., London) in phosphate buffered 
saline, pH 7-3. 

Technical details about PVK-block electrophoresis have 
been previously described’. Soluble hepatic 151I-proteins 
(2-1 g, 80 mg/ml; !*I.TCA soluble radioactivity: 4-6 
per cent) were applied into a block at 10 em from the 
cathodal end and electrophoresis was carried out for 
445 h with a gradient voltage of 4-4 V/em (current 
160 m.amp). 
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PVK-block electrophoresis of normal soluble +? -proteins in rabbit liver 
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buffer, pH 8-6 (0-075 M sodium barbital and 0-015 M. 
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Fig. 2. Starch-gel electrophoresis (pH 8:6, 0-025 M. borate buffer) of: 
(a) rabbit serum proteins; (b) rabbit liver soluble proteins and of rabbit 
liver protein fractions the numbers of which correspond to segment 
l numbers in Fig. 1 


Bromophenol blue-proteins bound had moved about 
25 cm towards the anode. Fig. 1 shows the radioactive 
and protein contents of the PVK segments. The two 
profiles correspond fairly well, and therefore by measuring 
radioactivity the degree of separation can easily be 
assessed. Fig. 2 shows the electrophoretic pattern in 
starch gel of the separated liver protein components run 
compared with the original liver proteins sample and 
with rabbit serum proteins. 

Starch-gel electrophoresis did not separate into distinct 
units the soluble liver proteins, whereas it helped to 
distinguish the separated protein fractions due to different 
electrophoretic mobilities, but showed in many cases 
the persistent complexity of the separated protein 
fractions. Segments Nos. 1-10 contained at least four 
liver protein components which moved towards the 
cathode, and some of these y-globulin type proteins 
migrated faster than y-globulin serum proteins, possibly 
because of a net positive charge under the conditions of 
electrophoresis. Segments Nos. 11-16 contained protein 
components having a low electrophoretic mobility. Seg- 
ments Nos. 17-49 contained protein components all 
moving towards the anode. On starch-gel electrophoresis 
the liver protein fractions obtained from PVK. segments 
gave at least 22 easily recognizable migrating bands. 
Some could be considered 8-a-globulins or albumin or 
pre-albumin type proteins as they had the same migratory 
rate as corresponding protein serum fractions. - 

However, the soluble proteins extracted from liver 
should be free of contaminating blood serum proteins, 
because the liver, after an accurate perfusion, contained 
a very small amount of radioactivity due to circulating 
P![.serum proteins. Intracellular and extracellular serum 
proteins, by considering the role of the liver in plasma, 
protein synthesis!?, could account for some of the protein 
bands. However, the immunological examination of 
rabbit serum proteins and liver soluble protein fractions, 
tested against a goat anti-rabbit serum, showed little, if 
any, contribution of serum proteins to liver protein 
bands. 
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The resolution of the liver proteins in such a high 
number of fractions is due, at least in part, to the pos- 
sibility of large loading of protein in the PVK-block. 
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Exchange Labelling of ‘Lipiodol’ Ultra Fluids 
with lodine-13I and its Intra-lymphatic 
Administration with a Fistula on the Thoracic 
Duct 


LYMPHANGIOGRAPHY of diagnostic contrast media was 
first reported in clinical practice by Kinmonth in 1955 
(ref. 1). The therapeutic significance of this method was 
recognized by Fischer in 1959 (ref. 2) and is gaining 
increasing importance. Most authors are using radioactive 
colloidal gold for intra-lymphatic application? and 
supplementary therapy to surgical intervention in the case 
of microscopical metastatic infiltration of lymph nodes 
in malignant diseases. However, recently*-* iodine-131- 
labelled ‘Lipiodol UF’ or ‘Ethiodol’ is preferred for this 
purpose. 

A new method for preparing ‘Lipiodol UF’-iodine-131 
by an exchange reaction and an improved method of 
administration is described here. 

After intra-lymphatic administration of large quantities 
of ‘Lipiodol UF’, embolization of this compound occurs 
in the lungs, occasionally causing severe to lethal com- 
plications in the patient®*. A technique was elaborated 
experimentally which prevents these difficulties. A 
polyethylene tube was introduced into the terminal part 
of the thoracic duct on the necks of dogs. A fistula was 
formed through which the lymph as well as ‘Lipiodol’ 





Fig. 1 
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leaves the body of the experimental animal. Figs. 1 and 2 
(1, lungs; 2, para-aortal lymph nodes; 3, popliteal lymph 
nodes) show scintigraphs of dogs after administration of 
1 ml. of 'Lipiodol U"-iodine-131/10 kg body-weight 
(spec. act. 1 mo./1 ml). Fig. 1 shows a dog without the 
fistula on the thoracic duct, in which a high activity 
above the lungs can be observed. Fig. 2 shows distribution 
of ‘Lipiodol’ after application of the same quantity of 
‘Lipiodol UF’-iodine-131 (relative to body-weight) by the 
fistula. No activity is detectable in the lungs. Fig. 3 
shows the lymphangiogram of the latter dog; the popliteal 
and two para-aortal lymph nodes filled by *Lipiodol 
U F’-iodine-131 can be recognized. Radioactivity in the 
lungs was measured also after killing the dog. 'The results 
confirmed the conclusions from the scintigraph as well as 
histological examination of the lung tissues. 

Since performance of a thoracic duct fistula is simplo 
and safe in clinical practice, this method is recommended 
for patients to whom large quantities of these compounds 
are injected. 

Iodine-131-labelled ‘Lipiodol UF’ was prepared by a 
modified radioactive exchange method based on our 
previous experience with labelling of RTG contrast 
media!! and rose bengal?. Two methods of exchange 
labelling of ‘Lipiodol UF’ (iodinated higher fatty acid 
ethyl esters with 38 per cent iodine content)? have been 
elaborated, the first being more advantageous. 
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(a) Exchange reaction between ‘Lipiodol UF’ and 
iodine-131. 0-1 ml. of 0-1 N potassium iodide, 0-1 ml. of 
0-01 N sodium nitrite, 1 ml. potassium iodine-131 (10 mo.), 
2 ml. carbon tetrachloride and 0-15 ml. 0-02 N hydro- 
chloric acid are pipetted into a glass-stoppered flask and 
intensively stirred for 1 h. The organic phase containing 
the iodino-131 released is separated and washed three 
times with 1-5 ml. water. The iodine-131 solution in 
carbon tetrachloride together with a mixture of 2 ml. of 
carbon tetrachloride and 1 ml. of ‘Lipiodol UF” is heated 
to 50°-60° in a tapered flask under reflux. The solution 
is then extracted twice with 2 ml. of 0-001 N N24,8,0,, 
twice with 2 ml. 0-001 N potassium carbonate and twice 
with 5 ml. water. The carbon tetrachloride solution is 
evaporated 4n vacuo, dissolved in ethanol, filtered if 
necessary, and evaporated again. A clear oil is obtained: 
radioactivity 9 mo. iodine-131 (yield 90 per cent). The 
product is chromatographically identical with the starting 
material and does not contain any free iodine-131. 

(6) Exchange reaction between ‘Lipiodol UF’ and 
potassium iodine-131, 1 ml. ‘Lipiodol UF’, 35 ml. of 
acetone and 2 ml. of an aqueous solution of potassium 
iodine-131 and 0-5 ml. 0-001 N potassium iodide carrier 
are mixed and heated under reflux for 2h. The solvents 
are evaporated, 5 ml. petrol ether and 2 ml. water added 
and the layers separated. The petrol ether solution 
containing 87 per cent of the initial radioactivity is 
evaporated to give a colourless oil. 
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BIOLOGY 


Resistance to Warfarin in the Common Rat 


A CASE of apparent resistance of the common rat to 
warfarin occurred in 1958 on a farm in West Scotland!, 
and further evidence of resistance ftom the same farm was 
given in 1963 (ref. 2). No other report on this matter is 
known to me. 

In 1962 some difficulties arose in controlling rats 
(Rattus norvegicus) on a couple of farms in Jutland, Den- 
mark, and some rats caught on the farms during the 
winter of 1962-63 were consequently tested for warfarin 
resistance in the laboratory. After being fed for two or 
three weeks on the same diet as brown rats from the rat 
farm of the Laboratory, they were compared with these 
rats in four tests, each consisting of four rats from Jutland 
(J-rats) and four rats from the rat farm (RI-rats). The 
two groups were identical in regard to sex and rather 
uniform in regard to weight. They were placed singly in 
metal cages and supplied with water from a bottle with 
tube at the top of the cage. 
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Table 1 - 
Average No. of days 
No. of No. of rats from first portion 
Dose of rats surviving eaten to death ` 
warfarin J- RI- - RI- J- AI- 
rats rats rats rats rats rats 
Test 1 0-02595 
1 ml. for 5 days 4 4 2 1 10 (2 r) 4:7 (3 r) 
Test 2 0:045% 
lgfor5days 4 4 3 0 11 (1r) 6:5 (4 r) 
Test 3 0:049% 
lgfor5days 4 4 8 [U 6 (17) 6:5 (4 r) 
Test 4 0:024% 
1gfor 5days 4 4 4 0 — 7-3 (4r) 
Total 16 16 12 1 


(-r)=(-rats). All the dead rats had pronounced internal hemcrrhages. 


In test 1 each rat had 1 ml. of a warfarin solution 
dripped on a piece of white bread on each of five suc- 
cessive days. 

In tests 2-4 each rat had 1 g of a warfarin preparation 
mixed up in white bread on each of five successive days. 
When five portions had been eaten, the rats were fed 
with ordinary rye bread. 

In test 4 the J-rats were survivors from tests 1, 2 and 3. 

As two groups of J-rats, each consisting of seven rats, 
were received during October-November 1963, two sup- 
plementary tests were carried out. 

In test 5 the seven J-rats from the first group were fed 
a bait containing 0-05 per cent warfarin. On the first day 
each rat was offered 30 g of the bait as the only food 
and more was added the following days, the rat always 
having a surplus of bait to eat. After 51 days the test 
wes broken off and the amount of bait eaten was measured. 
One rat died in seven days with internal hemorrhages, 
the other six remained sound, eating on an average 630 g 
bait each in the period (504—887 g). 

In test 6 four J-rats from the second group were fed 
a bait containing 0-025 per cent warfarin + 0-025 per 
cent sulphaquinoxaline (an antibacterial agent supposed 
to eliminate the bacteria in the intestinal tract of the rat, 
and in this way reducing the amount of vitamin K, 
the antidote to warfarin). These rats were compared with 
the three remaining J-rats being fed on an ordinary 
0-025 per cent warfarin bait. 

One of the four J-rats died after 11 days with no sign 
of warfarin poisoning (inflammation of the lungs and 
enteritis), the rest remaining sound for 30 days, when the 
test was broken off. In this period each rat had eaten 
on an average 410 g (358-460 g). 

The surviving J-rats from tests l-4 plus later received 
rats were placed in an empty rat pen at the laboratory in 
order to let them breed. 

Besides showing an astonishing resistance to warfarin 
in the J-rats, the test may indicate that the vitamin K- 
producing bacteria in the intestinal tract are not 
primarily responsible for this resistance. 

M. Lonp 
Government Pest Infestation Laboratory, 
Springforbi, Denmark. 
1 Boyle, C. M., Nature, 188, 517 (1960). 
* Cuthbert, J. H., Nature, 188, 807 (1963). 


Retino-hypothalamic Connexions in Cetacea 


TEE existence of retino-hypothalamic neural con- 
nexions in mammalian forms has long been controversial. 
The more recent investigations of Bliimcke! in the cat 
and guinea pig, of Frey? in the guinea pig and of Knoche*4 
in man, dog and rabbit strongly suggest that a bundle of 
fibres leaves the optic pathway at a chiasmatic level and 
passes dorsalward into the area of the paraventricular 
nucleus of the adjacent hypothalamus and also into the 
posterior lobe of the hypophysis. Altman, using the 
Nauta-Gygax staining technique to demonstrate fibre 
degeneration following optic nerve section in the cat, 
observed fibres of retinal origin above the optic chiasm 
and in the lateral hypothalamus immediately adjacent 
to the optic tract. Giolli®, on the other hand, using 
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Fig. 1. Ventral aspect of cetacean brains. A, humpback whale 

(Megaptera nodosa) optic nerve (ON) and optic tract (OT) are Indicated. 

Anterior lobe of pituitary gland (AP) reflected anteriorly from separate 

posterior pituitary (PP), B, sperm whale (Physeter catodon) depicting 
optic nerve (ON) and more slender optic tract (OTT) 


both the Nauta-Gygax and Romanes silver methods to 
investigate the accessory optic system in the cynomolgus 
monkey, found no ovidence of retino-hypothalamic 
fibres in this form after enucleation of the eye. 

In our laboratories we were impressed by tho general 
disparity in relative size between the optic nerve and 
optic tract in a variety of cetacean brains. On gross 
observation the optic nerve always appeared to be the 
larger of the two structures. This feature has been ob- 
served in the sperm whale (Physeter catodon), fin whale 
(Balaenoptera physalus), humpback whale (Megaptera 
nodosa), Sei whale (Balaenoptera borealis) and in the bottle- 
nose dolphin (Tursiops truncatus). This disparity in 
size can bo clearly seen as it exists in the humpback whale 
(Fig. LA) and sperm whale (Fig. 1B). 

In a 401-lb. male bottlenose dolphin, with brain per- 
fused through the aorta with 20 gallons of Windle’s 
solution, planimetric measurements of transverse sections 
of the optic nerve and tract were made. Such measure- 
ments were carried out as part of the procedure’ utilized 
to estimate the number of fibres in those structures. 
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Similar data on other cranial nerves of the bottlenose 
dolphin? have been reported earlier. In this particular 
animal, the area of the optic nerve was 93-0 + 1-2mm? 
(mean + S.D.) whereas the area of the optic tract was 
only 74-0 + 1:9 mm*?. Since microscopic examination 
showed the fibres in both optic nerve and tract to be 
similar in size (Fig. 24 and B), it appeared that the in- 
creased cross-sectional area of the nerve represented a 
larger number of fibres. 

This was confirmed by fibre counts which showed that 
the average number of fibres for both optic nerves in this 
Tursiops specimen was 158,435, whereas it was only 
132,753 for the optic tract. 

The fact that the optic nerve has a cross-sectional 
area oxcecding that of tho tract by about 25 per cent and 
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Fig. 2. A, optic nerve fibres; B, optic tract fibres. Both from bottle- 
nose dolphin (Tursiops truncatus). (Alzheimer-Mann, x 440) 
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Fig. 3. Ventral aspect of chiasmatic region of bottlenose dolphin 
(Tursiops truncatus). Photograph shows the optic tracts (OT), severed 
attachment with the hypothalamus (34) and impression for optic nerve 
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contains about 19 per cent more fibres than the corre- 
sponding optic tract leaves little doubt that certain con- 
tingents separate from the visual pathways at approxi- 
mately the chiasmatie level. To test this hypothesis 
further, the optic chiasm of one T'ursiops truncatus was 
dissected from the brain base. In the process it became 
necessary to sever a broad tissue attachment to the over- 
lying hypothalamus (Fig. 3). 

The isolated chiasm was embedded in paraffin, sagittally 
sectioned at 6p and stained by the method of Klüver 
and Barrera’. In sections through the middle third of the 
optic chiasm, a fibre bundle appeared to take origin from 
its dorsal aspect and stream obliquely upward and poster- 
iorly into the adjacent hypothalamic area (Fig. 44 and 
B). As yet, chiasmatico-fugal terminations of this bundle 
have not been investigated in the cetacean form, but our 
future investigations will bear on this point. 


oo ee 





Fig. 4. Optic chiasm in bottlenose dolphin (Tursiops truncatus). 

A, retino-hypothalamic bundle (arrows) coming from optic chiasm (OC). 

(Sagittal section, Klüver-Barrera, x 9.) B, fibres of retino-hypo- 
thalamie bundle at higher magnification (x c.183) 


The preceding considerations strongly suggest the 
existence in Cetacoa of direct neural connexions between 
the optie pathway and hypothalamus. These observations 
support other investigations in the literature indicating 
that retino-hypothalamic connoxions do exist in a variety 
of animal forms. 

This work was supported in part by U.S. Public Health 
Service research grants NB 03849-03 and NB 03097-04 
from the National Institute of Neurological Diseases and 
Blindness. 
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New York Medical College, 
New York. 


P. J. MORGANE 


Division of Neurological Sciences, 
Communication Research Institute, 
Miami, Florida. 


* Blimeke, S., Z. Zellforsch., 48, 261 (1958). 

* Frey, E., Acta Anat., 4, 123 (1947). 

? Knoche, H., Z. Zellforsch., 45, 201 (1956). 

* Knoche, H., Z. mikr.-Anat. Forsch., 63, 461 (1957). 

5 Altman, J., J. Comp. Neurol., 77 (1962). 

* Giolli, R. A., J. Comp. Neurol., 191, 89 (1963). 

7 Sehnitzlein, H. N., and Foley, J. O., Stain T'ech., 32, 293 (1957). 


* Jacobs, M. S., Morgane, P. J., Lilly, J., and Campbell, B., Anat. Rec., 148, 
379 (1964). 


° Kliver, H., and Barrera, E., J. Neuropath. Exp. Neurol., 12, 400 (1953). 


NATURE E 


August 15, 1964 VoL. 203 


K Keratinized Epidermal Derivatives as an 
Aid to Climbing in Gekkonid Lizards 


THE ability of gekkonid lizards to climb up vertical 
glass surfaces and to hang upside-down on ceilings is a 
problem which has attracted the attention of numerous 
workers. All of them!-? have.referred to the presence of 
microscopic bristles on the undersides of the feet which 
are apparently associated with the animal’s climbing 
ability. However, the exact histological structure of the 
bristles has not been described, and even Altevogt's? 
electron-microscope observations contain no reference to 
the nature and histological origin of the bristles. "The lack 
ofinformation on the histological structure of the squamate 
epidermis, for the bristles are, in fact, epidermal deriva- 
tives, precluded any precise interpretation. 

Sections of the adhesive pads on the feet of Gekko gecko 
(the tokay) have been examined during examination of 
the structure of the squamate epidermis, and some 
preliminary observations regarding the structure of the 
bristles, with comments on the present theories of the 
adhesive mechanism, are presented here. 

Longitudinal sections of the digits show that the 
adhesive pads consist of a series of lamellar scales, each 
of which shows a slightly modified form of the typical 
squamate scale’. The adhesive bristles arise in pairs from 
the surface of the B-keratin on the outer scale surface’. 
Each bristle is about 90u long and about 10u wide at its 
base. Under oil immersion they are seen to be cylindrical 
structures of homogeneous keratin the distal ends of which 
have a brush-like appearance (Fig. 1). Altevogt's? electron- 
micrograph shows that there are numerous terminal sub- 
divisions in this region. 





Fig. 1. Diagrammatic drawing of pairs of adhesive bristles of the foot 
of Gekko gecko 


The topographical position of the pairs of bristles 
suggests that they are homologous with the sculp- 
turing which characterize squamate keratint. As 
has been described elsewhere?, the sculpturings arise 
during keratinization by the splitting of the Oberhautchen 
cells: the ‘split’ Oberhautchen cells thus form the outer 
surface of the B-layer*. The method of formation of the 
adhesive bristles of the gecko's foot is more complex. The 
Oberhautchen of the inner epidermal generation on the 
underside of the foot is a very distinct cell layer the com- 
ponent cells of which show a striking vertical differentiation 
when keratinization begins (Fig. 2). The pairs of bristles 
are formed from without inwards, so that whereas the 
distal portion of the Oberhautchen cell, away from the 
stratum germinativum, consists of dead polymerized 
keratin, the proximal portion, nearest the stratum germin- 
ativum, is living, having a distinct nucleus and slightly 
granular cytoplasm. The bristles increase in length by 
the addition of now keratin at the proximal end. When 
the Oberhautchen cell dies and becomes fully keratinized, 
the bristle attains its full length (Fig. 2). It is not possible 
to describe the formation of the terminal sub-divisions of 
each bristle as they are beyond the limit of resolution of 
the light microscope. Oil immersion examination of the 
dead Oberhautchen cell body reveals thousands of even 
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Fig. 2a, Diagrammatic ene of an early stage in the formation of new 


bristles from the Oberhautchen of the inner epidermal generation; 
b, diagrammatic drawing of a later stage in the formation of new bristles 
from the Oberhautchen of the inner epidermal generation; clo, clearlayer 
of outer epidermal generation; term. br., terminal sub-divisions of major 
bristles; Obi, Oberhautchen of inner epidermal generation 


smaller bristles on its outer surface, between the bases of 
the major formations (Fig. 1). The completion of kera- 
tinization of the inner epidermal generation results in the 
formation of a new Q-layer bearing the adhesive bristles 
on its outer surface. These are revealed when the next 
slough occurs’. 

These observations are important in assessing the 
validity of the explanation at present accepted of the 
adhesive mechanism. Mahendra? and Altevogt? have put 
forward a theory which suggests that a gecko uses its 
adhesive pads in essentially the same way as a climber 
uses spiked boots. They believed that in the first instance 
adhesion is achieved by the digital claws clinging to the 
major irregularities in the substrate, and, secondly, that 
the bristles, as well as the sub-divisions thereof, reinforce 
the action of the claws by entering the smaller irregulari- 
ties. In climbing windows the claws play no part and the 
adhesion results from the insertion of the terminal sub- 
divisions into the microscopic irregularities in the glass. 

This hypothesis presents a number of difficulties in 
the light of the observations presented here. Neither 
Mahendra? nor Altevogt® referred to the length of the 
major bristles, nor to the relatively flexible nature of the 
keratin of which they are composed. The extra adhesion 
afforded by the spikes on a climber’s boot depends not 
only on the individual spike’s ability to engage small 
crevices, but also on its immobility relative to the sole of 
the boot. The length of the bristles affords a flexibility 
which would seem to preclude an analogous function. In 
the absence of any mechanism which would enable the 
bristles to actively engage the irregularities in the sub- 
strate, it is doubtful whether a direct insertion of the 
bristles into small crevices, as illustrated by Mahendra’s? 
model, could withstand gravitational forces, particularly 
when the animal is walking upside-down on the ceiling. 
Furthermore, the effects of abrasion when the animal runs 
over rough surfaces, for example, stone walls, suggests 
that the minimum effective diameter of the terminal sub- 
divisions would be in the order of 0-5-0-1p, and there is no 
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evidence to suggest that surface depressions of this 
magnitude are normally to be found in window-glass. 
However, the presence of a bed of smaller bristles around 
the bases of the major structures, and the terminal sub- 
divisions of the latter, suggest that the adhesive mechanism 
is dependent on the existence of a very large surface area. 
In spite of the objections of Mahendra?, the possibility of 
the existence of & mechanism dependent on electrostatic 
charges cannot be ruled out, although thero is no experi- 
mental evidence to support or reject such a theory. It is 
difficult to see, however, what would be the significance of 
the terminal sub-divisions if an electrostatic charge was 
responsible for the adhesion. It is suggested that the 
present adhesion theory is unsatisfactory and that further 
attention should be directed to the possibility of a mechan- 
ism dependent on physical properties. 


P. F. A. MADERSON 


Department of Zoology, 
University of Hong Kong. 
1 Schmidt, W. J., Zool. Jahrb. abt. Anat., 86, 377 (1913). 
? Mahendra, B. C., Proc. Ind. Acad. Sci., 18, 5, B (1941). 
3 Altevogt, R., Kosmos, Stutt., 50, 428 (1054). 
* Maderson, P. F. A., Brit. J. Herp., 4 (June 1964). 
* Maderson, P. F. A. (in the press). 


Effect of Low-salinity Water on the Vertical 
Migration of Estuarine Plankton 


PLANKTON in estuaries is frequently exposed to water of 
different salinities in layers at different levels, with less 
dense low-salinity water at the surface!. The effects of 
such salinity layers on the behaviour and distribution of 
zooplankton have been considered by a number of 
workers, including in recent years Harder’, Banse? and 
Lance‘. 

Plankton samples pumped from a series of depths in the 
estuary of the River Test at Southampton during the day 
and the night indicated that the presence of low-salinity 
water at the surface inhibited the vertical migration of 
most species of estuarine zooplankton. A concentration 
of planktonic animals during the night appeared just 
below the low-salinity surface water, whereas when. there 
was no such salinity gradient the plankton rose to the 
surface. 

Most workers have found that estuarine plankton will 
not perform natural diurnal migrations in the laboratory 
so it is difficult to investigate this behaviour oxperi- 
mentally. In the laboratory most species are attracted to 
a light^*, whereas in the field they may only migrate 
upwards during darkness. 

Lancet has shown in an elegant series of laboratory 
experiments that the strong positive phototactic responses 
of various estuarine copepods are reduced or inhibited by a 
layer of low-salinity water. The effect of salinity discon- 
tinuities on several estuarine species was reported. 
However, it seemed desirable to find whether diumal 
vertical migrations in the field occurring in darkness wero 
affected in the same way as these responses to a directional 
light stimulus in the laboratory. 

For field experiments an apparatus was required, similar 
in principle to that designed by Sir Alister Hardy (Hardy 
and Paton’), but in which the enclosed water could come 
into equilibrium with the environment, and take up any 
outside salinity layering. Such an apparatus (Fig. 1) was 
constructed in the Zoology Department of the University 
of Southampton with the technical assistance of Mr. R. 
Odell. A transparent tube of square section, l ın. 
long, with one side covered solely by 200 mesh/in. nylon 
netting was separated into three compartments by two 
sliding trap-doors. Mechanisms were devised for injecting 
& previously caught sample of living zooplankton and for 
closing the trap-doors while the apparatus was submerged. 
The apparatus was designed so that it could be raised 
without losing the enclosed water through the panels of 
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Fig. 1. Apparatus for studying the vertical migration of plankton. 
A shows the position in which it is lowered into the water with the trap- 
doors (do.) open, and a pecu caught sample of plankton in the 
injection mechanism (inj.). Wateris taken up freely through the panels 
of nylon netting (AIL. The apparatus is left down for 30 min 
after injecting the plankton into the main tube before closing the trap- 
doors (do.) B shows the apparatus being heuled up horizontally 60 
that the enclosed water is not lost through the panels of nylon netting 
(nyl), but can be drained separately from the outlets (z, y and z). The 
weight (w) holds the apparatus steady in either position 


netting. The water can then be drained from the three 
compartments separately and the percentages of each 
species in the upper, middle and lower compartments 
counted. Sharp salinity discontinuities were produced by 
surrounding the upper chamber only, by a metal cylinder 
made from a sawn-off drum, and running fresh water into 
this, where it was held as a floating layer. The cylinder 
was large enough in diameter to avoid shading the tube. 
Slight salinity gradients were also obtained in experiments 
under completely natural conditions. Several estuarine 
species appeared to exhibit natural vertical migration 
patterns in this apparatus and the effects of low-salinity 
water on their migrations could be determined. 

Experiments were carried out using this apparatus in 
estuaries at Hermanus and Milmerton near Cape Town, 
with the estuarine copepod  Pseudodiaptomus hessei 
(Mrázek)*. Groups of experiments in sunlight, shaded 
daylight, darkness and just before dawn were performed to 
determine the normal behaviour of the animals in salinities 
of 24:0, 35-0 parts per thousand. Two further. groups of 
experiments in sunlight and darkness were then done with 
the top chamber of the apparatus surrounded by water of 
salinity of 8-5-19-0 parts per thousand. 1,000 and 3,000 
Pseudodiaptomus were used in each of the six groups of 
experiments. 

In the absence of a low-salinity layer the mean per- 
centage of Pseudodiaptomus in darkness and before dawn 
was greatest in the top chamber, less in the middle and 
least in the bottom chamber. (Mean in the top chamber, 
53-8 per cent; range 41-2-73-6 per cent.) In sunlight and 
shaded daylight the mean percentage was least in the top 
chamber, greater in the middle and greatest in the bottom. 
(Mean in top chamber, 23-9 per cent; range 10-1—36-8 per 
cent.) 

In the presence of the low-salinity layer described 
here the percentage of Pseudodiaptomus in the top cham- 
ber, which was above the salinity discontinuity, was 
less than 1-0 per cent in all cases both in sunlight and in 
darkness. There was thus an almost complete inhibition 
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of migration into the water of lower salinity, despite the 
fact that Pseudodiaptomus hessei may at times be found 
living naturally in water of equally low salinity’, where 
there is no sharp salinity discontinuity. No consistent 
differences in. the behaviour of the sexes or developmental 
stages of Pseudodiaptomus were apparent in these experi- 
ments. 

Diurnal vertical migration must be of profound signifi- 
cance to have evolved in almost all planktonic animals. 
Its survival value to estuarine planktonic animals is 
probably in helping to maintain thoir position in the 
estuary. Complex current patterns occur in estuaries, 
where there are usually tidal oscillations and a net surface 
outflow of low-salinity water, and a compensating influx 
of saline water along the bottom which maintains the 
salinity gradient’. By performing vertical migrations, 
the planktonic animals drift alternately upstream and 
downstream, tending to maintain their position in the 
estuary?®, In the case of river floods, however, the 
plankton would be in danger of being swept out to sea if it 
rose to the surface. The inhibition of migration produced 
by a strong salinity discontinuity would, however, prevent 
this occurring. This may well be the reason for the evolu- 
tion of this particular behaviour pattern. This behavioural 
mechanism would also reduce the coefficient of reproduc- 
tion!, required to maintain a zooplankton population in 
an estuary, for a given exchange ratio of water escaping 
seaward at each tidal cycle. 

I thank Prof. J. E. G. Raymont (Southampton) for 
advice and facilities, and Dr. R. Bainbridge (Cambridge) 
and Dr. Joan Lance (Hull) for advice. 
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Relation of Electrical Resistance to Vigour 
of Apple Scions 


THE size attained by a scion apple tree grafted to a 
clonal rootstock may be modified by interaction between 
them; but this size is primarily an expression of root- 
stock effect, and it is usually similar to that of the un- 
worked stock. The vigour rating’ assigned to the latter 
is stated in terms of its effect on the ultimate size of 
scions. 

Two electrolytic methods, namely, one involving 
extraction by either ethanol and/or water and the specific 
conductance of the extract, and a needle electrode probe 
method which is applied to living shoots, have identified 
the accepted vigour of a number of apple rootstocks. 
Dwarfing and vigorous stocks had high and low specific 
conductance?*, and low and high electrical resistance’, 
respectively. This communication examines resistance 
data from living shoots of 3 scion varieties of apple grafted 
to 5 apple rootstock varieties. 

The accepted vigour ratings 2, 4, of the rootstock clones 
in the experiment were as follows: M (Malling) IX, 
very dwarfing ; M VII, semi-dwarfing; M I, vigorous ; 
and M XII, end the Ottawa stock, Malus robusta No. 5 
(hereafter referred to as R 5), very vigorous. The pre- 
ceding were grafted to each of 3 scion varieties classified 
in respect of self-vigour as follows: ‘“Toshkee’, semi-dwarf ; 
‘McIntosh’, semi-vigorous ; and an ‘Ottawa’ selection, 
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0-2016, very vigorous. Growth and resistance data 
were obtained when the scions had attained the age of 
5 years. 

Table 1 gives averaged growth results obtained in 
October for each of the three varieties of scion trees on 
the various rootstocks. The heights of 15 trees in each 
rootstock/scion combination were measured in feet from 
ground-level, and their trunk circumference in inches 
at l-ft. above the ground. The results for each scion 
variety reveal a direct relationship between height and 
rootstock vigour, and a similar relationship between 
circumference and rootstock vigour excepting in the case 
of the variety 'Toshkee'. On a particular rootstock 
both the height and circumference of the very vigorous 
scion 0-2016 were invariably greater than those of either 
‘McIntosh’ or ‘Toshkee’. The height of ‘McIntosh’ 
exceeded that of "Toshkeo' excepting in the case of the 
combination ‘Toshkee’/M XII. The circumference of 
‘Toshkee’ was slightly greater on both rootstocks M IX 
and M XII. Scion means for both height and circum- 
ference were in the order of accepted scion vigour. Simil- 
arly rootstock means identified in the true order of root- 
stock vigour. 

The electrical resistances of living twigs of the previous 
| year’s growth of the scion varieties, 8 mm in diameter, 
were measured in the field on October 5 and November 5 
by means of a portable, battery-powered Bouyoucos bridge 
and steel needle electrode probe assemblage according to 
procedures‘ previously described. The electrodes, 0-7 mm 
in diameter, had a tip separation of 7-0 mm. Their pene- 
tration of 2-5 mm ensured complete passage of the bark, 
which becomes progressively thicker with age of shoot. 
Air temperature ranged from 20° to 28°C; but it must 
be pointed out that air temperature is one of the least 
influential factors affecting resistance readings made on 
living shoots*. The averaged results given in Table 2 
represent results from 2 twigs on each of 4 trees in each 
combination of rootstock and scion varieties. 

Inspection of the results in Table 2 generally, and of 
rootstock means in particular, reveals no consistent pattern 
of electrical resistance attributable to rootstock effect. 
That the rootstock per se had no significant effect on 
the resistance of the scion grafted to it is further indicated 
by an analysis of variance and application of the Duncan 


Table 1. HEIGHTS AND CIRCUMFERENCES OF TREES OF THREE APPLE 


SCION VARIETIES GRAFTED TO FIVE APPLE ROOTSTOOKS 
i Helght (ft.) 


- Rootstock cion Bootstock 
*Toshkee' ‘McIntosh’ 0-2016 mean 

MIX 4°5 5-0 6:1 5:2 

M VI 5-0 6-1 63 5:8 

I 5-9 6-5 T1 6-5 

M XII 78 T4 9-8 83 

5 T6 7:0 9-7 8:4 
Scion mean 6:2 6-6 78 

Circumference (in.) 

MIX 41 40 4-4 42 

M VIL 3:0 44 4:6 43 

I 4:0 4:0 5:8 4:9 

M XII 58 57 6:3 5:0 

R5 5:8 59 6-8 6:2 
Selon mean a7 5:0 5-6 


Table 2. ELECTRICAL RESISTANOES (BACH x100 OHMS) OF LIVING SHOOTS 
OF THREE APPLE SCION VARIETIES GRAFTED TO FIVE APPLE ROOTSTOCKS 


Oct. 5 
Rootstock Scion Rootstock 
‘Toshkee’ ‘McIntosh’ 0-2016 mean 
M IX 207-0 242-0 270-0 259-7 
M VII 212-0 232-0 246:0 230-0 
MI 213:0 246-0 258-0 239-0 
M XII 230-0 243-0 280-0 251-0 
R5 266-0 254-0 277-0 205-7 
Scion mean 287-6 243-4 266-2 
Nov. 5 
MIX 204-0 259-0 266-0 263-0 
M VII 288-0 330-0 332-0 315-0 
MI 312-0 292-0 359-0 321-0 
M XII 224-0 248-0 271-0 247:7 
R5 253-0 201-0 282-0 267-0 
Scion mean 207-2 278-0 302-0 


L.S.D., between scion means: Oct. 5, 5 per cent level, 19:30; 1 per cent, 
28:07. Nov. 5, 5 per cent, 24-83; 1 per cent, 36:12. 
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multiple range test? to the data. However, the interaction 
between the rootstock and the scion was statistically 
significant at the 5 per cent level. 

There were no significant differences attributable to 
date of sampling. On each of the two dates there existed 
a direct relationship between. self-vigour of scions and 
their mean resistances. Low resistance was associated 
with semi-dwarfness and semi-vigour, and high resistance 
with extreme vigour. The mean scion resistance of 
0-2016 differed significantly from those of ‘McIntosh’ and 
“Toshkee’, but there was no significant difference between 
the latter two. The latter result appears attributable to 
the proximity of "Toshkee' and ‘McIntosh’ in the classi- 
fication scale. 

From this experiment it appears that, whereas the 
height and circumference of a scion apple tree tend to 
identify the vigour of both the scion and its rootstock, 
the electrical resistance of living scion shoots is markedly 
affected by the scion itself, and tends to identify only the 
accepted self-vigour of the scion variety. 

This work was supported by the Canada Department 
of Agriculture. 
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Feeding of Vitamin C to Tomato Stems 
and Leaves 


Brancues of tomato plants (“King Humbert’ variety) 
can absorb, without any apparent ill-effects, large quanti- 
ties of ascorbic acid (0-1 per cent in tap water). In this 
solution, oxidation does not proceed very quickly; 
moreover, the vitamin C content remains constant. In 
July, in two days, 205* mg were absorbed per 100 g 
fresh weight; in October, 332 mg per 100 g fresh weight?-3. 

Vitamin C, thus absorbed in the form of ascorbic acid, 
partly disappears during the absorption itself: in July, 
the immediate determination found in the plant an 
excess over the controls of 115 mg vitamin C per 100 g 
fresh weight, that is, 56 per centrof the quantity absorbed ; 
in October, of 129 mg vitamin C per cent fresh weight 
(39 per cent of the absorbed vitamin). 

For the larger part at least, vitamin C is absorbed as 
ascorbic acid; it can be found as such in the plant, or, 
in various percentages, as the non-reducing form. In July, 
the excess of 115 mg vitamin C contains 95 mg (that is, 
83 per cent) ascorbic acid. In October the excess of 129 
mg vitamin C per cent g fresh weight was 97 per cent 
ascorbic acid. 

If after two days’ absorption of the ascorbic acid solution 
this solution is replaced by tap water, the excess of vitamin 
C over the controls does not exceed 29 mg per cent g 
fresh weight. As 158 mg (per cent g fresh weight) were 
absorbed, only 18 per cent of the absorbed quantity is 
found in the plant. These 29 mg vitamin C contain 
23 mg ascorbic acid (that is, 79 per cent). 

In July, after two days’ absorption of the solution 
the vitamin C content in the stem and in the stalk of the 
leaves is 84 mg per cent g fresh weight: in the control at 
the same time, itis 27 mg. Thus the content in the expori- 
ment is about three times the content in the control. In 
the flat parts of the blades, the figures are much higher 
—experiment, 292 mg per cent g fresh weight; control. 
84 mg. The content in the blade is about 3-5 times the 
content in the control. 


* All figures given here are means. 
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If after two days absorption the solution is replaced by Table 1. CORRELATION COEFFICIENTS AND REGRESSION EQUATIONS ee 
tap water for three days, a large part of the absorbed vita- STARE AND DIGESTION OF Dry MATTER, CRUDE o E AND GROS 
min C disappears; the content in stem and stalk falls to Correlation coefficients 
45 mg (control 30 mg) per cent g fresh weight: in the ‘Hereford’ ‘Brahman’ 
flat part of the blades, to 147 mg (control, 91 mg) per cent Dry mattor í pore 0:927 
g fresh weight: the ratio to the control is thus about 1-5 Gross AO 0-70* 0-59* 


for both. The distribution of the excess of vitamin C in 
the experiment is fairly uniform with the distribution of 
the vitamin in the control, in both cases. 

In October, concentration in the stem after absorption 
for three days rose to 75 mg per cent g fresh weight 
(control, 26 mg) and in the whole leaves to 223 mg per cent 
g fresh weight (control, 44 mg). At the end of the experi- 
ment the concentration is 3 times the control in the stem, 
5 times the control, and more than twice the concentration 
in the solution, in the whole leaves. Water is always a 
little more abundant in the experimental plants than in 
the controls, but this is of little consequence. 

At the end of the last experiment, after absorption of 

. tap water for three days, the concentration of vitamin C 
in the stem is still higher than in the control: this fact 
points to the incorporation of the excess of vitamin C 
in the tissues, the increase of concentration in the stem 
being not merely an appearance resulting from the presence 
of the solution moving in the vessels. 

There is a very sharp difference between the composi- 
tion of vitamin C in the two kinds of organs: in the leaves, 
specially in the leaf blades, all the vitamin C absorbed 
can be in the form of ascorbic acid; in mg per cent g 
fresh weight 273/292 (control, 68/87) and 217/223 (control, 
31/44). In the stem the proportion of ascorbic acid in 
vitamin C is always much lower: 42/84 (control, 14/27) 
and 46/75 (control, 7/26). It seems that oxidation in the 
stem is followed by reduction in the leaves, most probably 
in the blades. 

The absorption of a solution of ascorbic acid (0-5 per 
cent in tap water) can also be brought about by means of a 
wick set as a seton in a slot cut in the stem of a normally 
rooted tomato plant. The results are less regular; but 
sometimes there is an important increase of the vitamin 
C content in the stem and the concentration may be lower 
above the seton than below it. 

PAPPE HAGENE 
JEANNE TRICHET 
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Université də Rennes, France. 
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VETERINARY SCIENCE 


Comparative Digestive Capacities of Bos 
taurus and Bos indicus Cattle as affected 
by Intake of Feed 


A COMPARISON of the productivity and efficiency of 
Bos taurus and Bos indicus cattle in an environment 
intermediate to those in which the two species developed 
was carried out over a 3-year period and reported in 1963 
by Howes et al.!. Using these data it is possible to correlate 
and regress the apparent digestive coefficients with 
nutrient intakes (Table 1) for the two bovine species. 

All correlation coefficients are highly significant and 
indicate that the coefficients of apparent digestibility are 
significantly correlated with the intake of dry matter, 
protein and gross energy for both species. However, the 
individual correlation coefficients for the ‘Herefords’ were 
consistently larger, although not significantly greater 
than those for the ‘Brahmans’, which may be interpreted 
to indicate that the digestibility of dry matter, protein 
and energy are more closely related to intake in ‘Here- 
fords’ than ‘Brahmans’. Compared with the ‘Brahmans’, 


Regression equations (S.E. in brackets) 


Dry matter: 
‘Hereford’ X= 46:2490 + 0-0028 X, (0:0007) 
‘Brahman’ X= 45-9007 + 0:0030 X, (0-0009) 
Crude protein: 
‘Hereford’ X= 19-4490 + 0:0498 X; (0:005) 
" ‘Brahman’ X= 29-0271 + 0:0391 X a (0-0047 
TOSS energy: 
‘Hereford’ X = 40:3030 + 0-7805 X. (0-1577) 
‘Brahman’ X, = 43:1186 + 0:6094 X , (0:2175) 


* P«0-01. X;,coefficlent ofapparent digestibility. Xs, totaldaily intake. 


‘Horefords’ over the past century have been subjected 
to much selection for growth and feed efficiency. This 
may be the reason for the closer association between intake 
and digestion for tbe ‘Herefords’. If thé correlation 
between intake and digestion for the 'Herefords' was 
truly superior, it would indicate a greater efficiency in 
beef production. 

Based on these investigations the regression equations: 
reveal that the interrelationships for the dry matter andi 
energy measures are similar for both species. However, 
the relationship for protein is markedly different for the 
two species (P « 0-05). The superior ability of ‘Brahman’ 
females to digest crude protein has been discussed in detail 
elsewhere! Ashton? has recently indicated that 'Brah- 
man’ steers have a superior coefficient of apparent digesti- 
bility for nitrogen. It is appreciated that the fecah 
nitrogen involved in these investigations includedt 
undigested feed residues, unabsorbed but digestedi 
nitrogen, nitrogen secreted from various sources into the 
alimentary tract, nitrogen from cellular debris from the 
tract wall and nitrogen from undigested bacteria. No 
satisfactory system for separating these components hae 
been developed. i 

Attempts to classify the origins of fecal nitrogen. 
usually involve more assumptions and errors than they 
eliminate. 

Bos indicus cattle developed in the tropics appeared 
to possess fundamental digestive and other advantages. 
for tropical beef production’. Since crude protein is 
comparatively low in tropical forages, this may be the 
result of adaptation. With suitable management and 
selection, it is possible that tropical cattle production 
would eventually benefit more from the selection of 
indigenous types rather than attempts to adapt temperate 
species to environments for which they are not well 
suited. 
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ENTOMOLOGY 


Accelerating and Inhibiting Effects of 
Crowding on Sexual Maturation in Two 
Species of Locusts 


IsonATED pairs of Locusta migratoria (R. and F.) kept 
in optimum laboratory conditions may begin to copulate 
seven days from their emergence as adults, and the 
majority of females lay their first egg-pods before the 14th 
day of adult life’. Isolated pairs of Schistocerca gregaria 
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Forsk.) kept in the same conditions seldom copulate or 
viposit before the fourth week of adult life, and matura- 
ion is frequently delayed for long periods*. Crowding 
,ecelerates maturation in Schistocerca but retards it in 
zocusta. This difference between two acridids of similar 
regarious habit seemed anomalous. However, the 
rbservation that continuous crowding of Schistocerca 
vith very young individuals, or fledglings, less than 8 
lays old retards maturation suggested that the difference 
yetween the two species might be mainly one of timing’. 
[his suggestion is confirmed by the results of the following 
»xperiment which show that in Locusta, as in Schistocerca*, 
nature males exert an accelerating influence on the 
naturation or readiness to copulate of young males. 

Six groups of 10 newly emerged pairs of Locusta were 
set up and three of them were seeded each with two mature 
males. The times from emergence until the first copulation of 
»ach experimental male was noted and any male copulating 
in the non-seeded groups was at once removed and replaced 
by a female of the same age as the others in the group. 
The copulation times of the males were as follows: 


Groups with maturemales Groups without mature males 


13:5 +17 days 19-3 6-5 days 
W114 ,, 105t24 ,, 
13-6416 ,, W235 ,, 

The average of 13-7 + 1-5 for all males in the seeded 
groups differed significantly from that of 20:7 + 5-5 
for the non-seeded ones (t = 6:566, P < 0-001). Also 
the average for the most rapidly maturing non-seeded 
group differed significantly from that of the most slowly 
maturing seeded group (t= 3-377, P < 0-01). The 
synchronizing effect of the mature males on the rates of 
maturation was, as in Schistocerca, very well marked. 

In both species, therefore, the young locusts have an 
inhibiting effect on male maturation and the mature ones 
have an accelerating effect. The retarding effects of 
crowding are counteracted by the stimulating effect of 
the first males which become mature, and maturation is 
thus synchronized. When young individuals are crowded 
together there comes a point where the balance is switched 
over from inhibition to stimulation. In Schistocerca this 
point is reached during the second week of adult life, 
probably before the crowded males are fully mature, and 
before any but the most precocious isolated individuals 
are mature. In Locusta, on the other hand, the inhibitory 
period lasts beyond the second week while most isolated 
individuals become mature early in the second week. 
The net result of these opposing differences in the duration 
of the inhibitory period and in the characteristic matura- 
tion time of isolated individuals is that crowding retards 
in Locusta and accelerates in Schistocerca. 

In Schistocerca the accelerating influence of mature 
males is due to & chemical substance or pheromone 
secreted by the epidermal cells of the male at maturity‘. 
The stimulating agent in mature Locusia males has not 
been isolated but it may safely be assumed to be a phero- 
mone as in Schistocerca. There is as yet no direct evidence 
as to the nature of the juvenile inhibitor in either species 

: but there are strong indications that it is also a pheromone. 
In general, crowding stimulates activity. Yet older males 
of Schistocerca, whether mature or immature, show 
depressed activity when permanently crowded with 
fledglings and become more active when temporarily 
isolated or crowded with each other. If permanently 
isolated they show depressed activity when temporarily 
crowded with fledglings and increased activity when 
crowded with each others. Since the fledglings are them- 
selves very active, locusts crowded with them are sub- 
jected to far more tactile and visual stimulation of a type 
which normally induces activity than they are when 
isolated. The inference follows that depression of activity 
is a response to some non-mechanical, non-visual and 
therefore presumably chemical stimulus. High activity 
is associated with rapid maturation in males’ and enforced 
activity stimulates ovarial development in females’. 
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Although depression of activity in older males may be a 
response to the same stimulus as that which inhibits 
maturation it is improbable that delayed maturation is 
the direct result of depressed activity. During tho first 
two weeks of adult life, by the end of which time ordinary 
crowded Schistocerca are normally maturing, males 
crowded with fledglings are as active as those crowded 
with older individuals and more active than isolated ones’. 

In Schistocerca the pheromone also has a stimulating 
effect on ovarial development and on readiness to copulate 
in the female??. (As is usually the case in insects sperni- 
atogenesis in the male is under independent control and is 
dissociated from readiness to copulate; spermatozou 
appear in the seminal vesicles within 10 days from 
emergence.) Oviposition in virgin females is stimulated 
by pheromone action but still more so by copulation’, and 
where both sexes are present the effect of the pheromone 
on oviposition is mainly indirect through acceleration of 
copulation. The effect on the female was not tested 
in the present experiment with Locusta. The females in 
the seeded groups certainly copulated with the maturo 
males well before they did so with the young males in any 
of the groups, but it is probable that this was forced 
copulation rather than the result of pheromone action on 
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Role of DDT-hydroxylation in Resistance 


To prove the rate of enzymatic detoxication in resist- 
ance, a direct correlation between the degree of insecticide 
resistance with the enzyme system concentration within 
the insect must be shown. Thus, in the housefly, DDT * 
is readily converted to DDE by cell-free preparations and 
the resistance appears to be proportional to the DDT- 
dehydrochlorinase activity}. DDT is also metabolized 
to a ‘Kelthane’-like material by a microsomal enzyme 
system, in several insect species, including Triatoma in- 
festans®*, However, no significant data are available on 
the possible relation of DDT-hydroxylation to resistance. 
Correlation between the level of enzymatic detoxication 
and resistance can be shown by in vivo specific inhibition 
or stimulation of the enzymatic process, resulting in 
decreased or increased resistance, respectively. In this 
respect, it is known that SKF 525—A and other compounds, 
such as iproniazid, block microsomal hydroxylation 
reactions’, while 3-methyleholanthrene acts like an 
activator’. By using this last approach, it has been 
possible to show that the degree of tolerance to DDT by 
nymph T. infestans can be modified by the foregoing 
inhibitors and activators, suggesting that DDT-hydroxyla- 
tion plays indeed a part in resistance. 

T. infestans third instar larve, which are fairly 
tolerant to DDT", kept under the conditions of Dinamarca 
et al. were used throughout. To groups of 15 insects, 
10 ul. of an acetone solution containing 30 pg SKF 
525—A or 3-methyleholanthrene were topically applied 
to the ventral abdominal region of the insects by means of à 
micropipette. Iproniazid phosphate in aqueous solution 
(75 ug/9-3 ul) was intraeclomatieally injected at the 
dose of 75 ug per specimen. After treatment for 24 h, the 
insects were topically intoxicated with 200 ug DDT 
in acetone solution per specimen?, and tbe survival 
determined thereafter for 72 h. In order to follow the 

* Abbreviations: DDT, 2,2,-bis-(p-chlorophenyl)-1,1,1-trichloroethanc ; 
DDE, 2,2-bis-(p-chlorophenyl)-1,1-dichloroethylene; ‘Kelthane’, 2,2-bt8-(p- 


ehlorophenyl-l,l 1-trichlorocthanol; SKF 525-A, B-diethyl-aminoeth; l- 
diphenylpropylacetate; iproniazid; 2-isopropyl-1-isonicotinoyl hydrazine. 
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production of internal polar DDT-metabolites?, ring- 
labelled DDT-:*C (5,000 o.p.m./ug) was used. The latter 
was applied at the dose of 4-0 ug per specimen in 10 ul. 
acetone’. After 24, 48 and 72 h of the application of the 
DDT-4C, the insects were rinsed three times in acetone 
to eliminate any external insecticide, homogenized in 
chloroform and extracted according to Dinamarca et al.?. 
The chloroform extracts were fractionated in an activated 
alumina column by the procedure of Sternburg et al.?.. The 
carbon tetrachloride eluate, containing unchanged DDT 
and DDES, and the combined benzene and acetone eluates 
which correspond to the polar metabolites, were concen- 
trated to a known volume and an aliquot taken for measur- 
ing the radioactivity. Proper functioning of the alumina 
columns was checked by paper chromatography of the 
carbon tetrachloride and benzene-acetone eluates?. 

Control groups were treated only with either SKF 
525-A, iproniazid, 3-methylcholanthrene, acetone, or 
injected with water. At the doses used, SKF 525—A and 
3-methylcholanthrene proved to be non-toxic, while 
iproniazid alone produced a small mortality of 8 per cent 
96 h after injection. Topically applied acetone or injected 
water was without effect on the insects during the entire 
experimental period. Ring-labelled DDT-“C was syn- 
thesized in the laboratory?. SKF 525-A was a gift from 
Dr. James R. Gillette. The rest of the reagents used were 
of commercial sources. Radioactivity was measured as 
described elsewhere?. 

Fig. 1 shows the effect of SKF 525-A, iproniazid, and 
3-methylcholanthrene on the toxicity of DDT to T. 
infestans nymphs. It is evident that SKF 525-A and 
iproniazid potentiate the effects of DDT. At 72 h, DDT 
alone produced a 58 per cent mortality, while with 
SKF 525-A and iproniazid, the mortalities were 81 and 
89 per cent, respectively. On the other hand, the mor- 
tality of DDT-intoxicated insects decreased to 46 per 
cent by the action of 3-methylcholanthrene, indicating 
a certain degree of antagonism between DDT- and 3- 
methylcholanthrene. 

When experiments were conducted with DDT-C, 
it was found that iproniazid and SKF 525-A substantially 
decreased the rate of production of polar metabolites, 
while 3-methylcholanthrene increased their production 
(Table 1). The latter effect, although fairly small, was 
consistently found in several experiments. 

Our results indicate a negative correlation between the 
mortality and the rate of production of DDT-polar 
metabolites. When the latter were decreased, for example, 
by the effect of SKF 525—A at 72h, to about 52 per cent, 
as compared with control insects, mortality increased 
about 23 per cent. On the other hand, when DDT-polar 
metabolites were increased to 11 per cent of the controls 
by the action of 3-methylcholanthrene at 72 h, mortality 
decreased in 12 per cent. The reported observations would 
apparently contradict those of Hewlett et al., showing no 
effect of SKF 525-A on the toxicity of DDT to Aliphitobius 
laevigatus*. However, there is no evidence that DDT 
is metabolized to hydroxylated compounds by this insect, 


100 
Eel DDT + iproniazid 
8 DDT--SKF 625-A 
8 
& DDT 
» 
= 50 DDT + 3-methyl- 
8 cholanthrene 
S 
a 
0: 
24 48 72 
Hours of intoxication 
Fig. 1. Effect of iproniazid, SKF 525-A and 3-methylcholanthrene on 


the mortality of DDT-intoxicated nymph T. infestans. The values are 
the average results of 15 experiments 
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Table 1. EFFEOT OF IPRONIAZID, SKF 525-A, AND 3-METHYLCHOLANTHREN] 
ON THE in vivo PRODUCTION OF DDT-“C INTERNAL POLAR METABOLITE! 
BY NYMPH T. infestans 
The values correspond to the average of 5 experiments 


Compound Metabolites production (% of DDT controls 
24h 48h 72h 
Iproniazid 60 78 75 
SKF 525-A 52 41 52 
3-Methylcholanthrene 124 115 111 


as occurs in T. ónfestans?. Further supporting our work, 
Terriere? has recently observed that DDT-resistani 
houseflies contain microsomal tissue of greater hydroxyl. 
ating capacity than those isolated from normal insects. 
Whether the effect of SKF 525-A, iproniazid and 3. 
methylcholanthrene reflect a depression or an acceleration, 
respectively, of the rate of specific protein biosynthesis at 
the microsomal level, or simply an inhibition or activatior. 
of microsomal enzymes, is now under investigation. Or 
the basis of this work, it is concluded that DDT-meta. 
bolization via hydroxylation plays a part in resistance. 
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Sex Attractant of Male Scorpion Flies 


Ir is well known that in mecopteran flies of the family 
Panorpidae courtship and mating behaviour fall into 3 
distinctive pattern!. In the case of the Bittacidae, the 
recorded observations?“, although suggestive, have been 
insufficient to reveal clear-cut feeding and mating patterns 

Harpobittacus nigriceps (Selys) is a very importan» 
predator of the cinnabar moth (Callimorpha (Tyria, 
jacobaeae L.) which was introduced into Australia fo: 
the control of ragwort (Senecio jacobaea L.). Observations 
carried out in the Gippsland area of Victoria, wherc 
Callimorpha was released, and later in the Australian 
Capital Territory on the closely similar Harpobittacu: 
australis (Klug), brought to light an extraordinarily 
interesting pattern of courtship behaviour in which thc 
emission of a sex attractant by the male is combined with 
the presentation to the female of a nuptial meal. Part 
of the interest of these observations stems from the fact 
that the production of a ‘female lure’ has been very seldom 
reported in the Insecta. 

Both species of Harpobittacus search for the soft. 
bodied insects on which they prey by flying slowly upwaró 
along the stems of herbage with their powerful raptoria 
hind legs outstretched. The long prehensile tarsi vibrat 
rapidly while they systematically explore the surfaces o 
the plants. Anything soft or moving is captured instantly 
by the hind tarsi, which coil around the prey. Once the 
victim is held securely, the predator seeks out a suitabl. 
plant on which to settle and feed. As soon as the bitiny 
mouthparts penetrate the integument of the prey, a» 
apparent paralysis sets in, suggesting the presence of som: 
toxic constituent in the saliva. Feeding is usually com. 
pleted in 1-2 min. 

It is significant that the females of H. nigriceps ane 
H. australis were never observed hunting, capturing o 
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Fig.1. A male H. australis in its female-luring position with vesicles 
everted (x c. 1:5) 


dlling prey in the field. When the male Harpobittacus 
s holding its prey and starts feeding, two reddish-brown 
vesicles are everted on the abdomen between tergites 6-7 
and. 7-8 (Fig. 1); and these can be observed to expand and 
:xontract in a slow rhythmic motion. These abdominal 
vesicles discharge a scent, best described as musty, 
which is perceivable by the human nose. In the field it 
acts as a sex pheromone’ which attracts the females to the 
vicinity of the male. Females down-wind of & male with 
orey in its clutches have been repeatedly observed to 
nove unerringly in his direction. 

As soon as the female is within reach of the male, the 
atter retracts its vesicles (presumably ceasing immedi- 
tely to emit scent) and brings the prey to its mouthparts. 

e female makes efforts to get hold of the prey, but is 
revented in this by the hind legs of the male. During 
he somewhat agitated proceedings, the abdomen of the 
ale seeks out the tip of that of the female and manipul- 
tes it until impregnation commences. Once in copula, the 
ale voluntarily passes the prey with its hind legs over to 
he female, which eagerly accepts this nuptial food offering. 

This courtship and mating pattern, which is virtually 
dentical in H. nigriceps and H. australis, will be described 
greater detail elsewhere. The composition of the 
arpobittacus sex pheromone is being investigated by 
colleagues in this Division. A preliminary examination 
as been carried out of the scent-producing vesicles. 
hey do not appear to have any associated scent reservoirs ; 
nd they seem to consist of a specialized intertergal 
embrane, the cells of which presumably discharge their 
cretion directly: on to the membrane surface (Dr. D. F. 
aterhouse, personal communication). 

Q. F. BoRNEMISSZA 
ommonwealth Scientific and Industrial 
Research Organization 
Division of Entomology, Canberra. 
1 Mercier, L., Arch. Zool. exp. et gen., 55, 1 (1915). 
? Brauer, F., Verhandl. zool. bot. Ges. Wien, 3, 3 (1868). 
Miyake, T., J. Coll. Agric. Uni. Tokyo, 4, 205 (1913). 
Setty, L. R., Amer. Midl. Nat. Notre Dame Ind., 28, 257 (1940). 
Karlson, P., and Butenandt, A., Ann. Rev. Entomol., 4, 39 (1959). 






















MICROBIOLOGY 


{mmuno-clinical Classification of Staphylococcus 
pyogenes aureus 
EXPERIMENTAL pyelonephritis in animals and clinical 
yelonepbritis in man have been under serious investiga- 
ion at Columbia, Presbyterian Medical Center for the past 
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decade. We have been publishing and presenting scientific 
exhibits at various time-intervals. In 1958, an immunol- 
ogical approach for the possible diagnosis of pyelonephritis 
in man was undertaken because, bacteriuria being inter- 
mittent, the urine culture in such patients was often 
negative, and no abnormal urinary and radiological 
changes were demonstrable, particularly early during the 
course of this disease. 

Pyelonephritis is a very common condition. Among 
the autopsy cases at Columbia-Presbyterien Medical 
Center in 1940, 11-1 per cent of the kidneys microscopically 
showed evidence of pyelonephritis, while in 1960 it 
rose to 26-1 per cent!. The results of agar-gel immuno- 
logical investigations were first reported from our 
laboratories in the form of a scientific exhibit at the 
annual meeting of the American Medical Association and 
American Urological Association in 1960, and a brief 
reference was made to this technique by us in 19627. 

While evaluating the results of the agar-gel precipitation 
bands in patients suffering from chronic pyelonephritis, we 
observed a very significant fact concerning antibodies to 
Staphylococcus pyogenes aureus. A tabulation showed 
that some strains of Staphylococci reacted uniformly with 
all patients’ sera, while a second group very rarely reacted 
with such sera, and an intermediate or third group reacted 
with 5-30 per cent ofsera. Having observed this immunol- 
ogical phenomenon, we undertook a survey in 1960 to 
test as many clinical strains of Staphylococcus as possible 
against tho sera we obtained from patients suspected of 
clinical pyelonephritis. 

Every patient suspected of pyelonephritis is routinely 
examined by the house physician, a urine specimen is 
collected for culture and 10 ml. blood obtained for 
serological investigations. 

The following eight cultures are being routinely used as 
antigens in these investigations because they arc 
commonly involved in upper urinary tract infections: 
Proteus columbiensis (P. retigert, P. mirabilis, P. vulgaris). 
P. morganii, K. pneumoniae, A. aerogenes, E. coli, P. 
aeruginosa, enterococcus and Staphylococcus pyogenes 
aureus. These pathogens are grown for 18 h on Difco 
brain heart agar in Roux bottles; they are then lysed by 
sonic oscillation in a Raytheon oscillator DF 101, 250 W, 
10 ko/s, 115 V and 60 c/s, for 30 min. 

One per cent ‘Ion agar’ (Oxoid) in normal saline is 
heated to dissolve, and. 1: 10,000 merthiolate is added. 
Four and a half ml. of melted agar is put on a standard 
(25 x 75 mm) microscope slide. After the agar has 
solidified, eight peripheral wells are bored with core borer 
No. 2, and two centre wells with No. 3. The serum of the 
patient is put in the centre well, while eight antigens are 
put in the peripheral wells. The slides are kept at room 
temperature in a closed plastic freezer box containing 
moist cotton balls or beakers of water to prevent drying. 
The readings are taken at the end of 24 and 48h. The 
same procedure is carried on using antigens obtained 
from various Staphylococcus pyogenes aureus obtained 
from surgical and urological patients. 

So far 840 sera from patients suffering from chronic 
pyelonephritis have been tested since 1958, using our 
eight standard antigens. This observation in pyelone- 
phritis will be reported separately. During this period 

221 clinical strains of Staphylococcus pyogenes aureus have 
been tested against 288 sera obtained from cases of chronic 
pyelonephritis. ; 

A tabulation of these Staphylococci showed that 81 
Staphylococcus or 36:7 per cent gave agar-gel reactions 
with more than 50 per cent of sera tested. These have 
been named Group I. Twenty-six of this group are 
tentatively placed in Sub-group Ia, and they account for 
11-1 per cent of Staphylococcus. Sub-group Ia reacts with 
almost 100 per cent of sera tested. Forty-four or 19-9 per 
cent of Staphylococcus reacted with less than 5 per cent 
of these sera, some showing no reaction whatever. These 
have been named Group III. In the intermediate 
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Table 1. IMMUNO-OLINICAL CLASSIFIOATION OF Staphylococcus OBTAINED 
FROM 221 PATIENTS 


No. of 
Staphylococcus 


Group Percent 
I (Ia included) 81 307 
Ta—sub-group 26 111 
II 96 49:4 
XII 44 19-9 


Group II there were 96 Staphylococcus which reacted with 
5-30 per cent of sera tested, and they accounted for 43-4 
per cent of the pathogens. 

We do not know the significance of this observation. 
We are now preparing typing sera in rabbits with these 
four types of Staphylococcus, so that we shall be able to 
type all clinical and laboratory strains of this pathogen. 
Moreover, we shall try to correlate these types with phage 
80/81, mutation in relation to chemotherapeutic agents, 
urease production, coagulase reaction, toxin production, 
virulence, epidemiology etc. . and the possible 
relationship to superinfection under the impact of 
chemotherapy with antibiotics. 

A brief review of the literaturo shows that some inter- 
esting observations have been reported in this field. 
Staphylococcal typing by agglutination and agglutinin 
absorption methods has been in use for some time since 
first reported by Blair in 1939 (ref. 3). In 1960, Haukenes 
and Oeding* described agglutinins m and n, and attempted 
to correlate agar-gel bands with agglutination reaction. 
Jensen’ typed 161 Staphylococci against sera from 951 
donors by agar gel method, and described eight antigens, 
namely, A, B, C, D, E, F, Gand H; up to six were present 
in a single strain. Antigen A was found in all pathogenic 
Staphylococci, and corresponding antibody found in all 
normal sera. The sera from infected patients contained 
more antibodies of the other types than sera from healthy 
patients. Haukenes, Losnegard and Oeding? tested acid 
and alcohol extracts of Staphylococci and found Jensen 
antigen A to be chemically and immunologically distinct 
from carbohydrate A which was identified in ail patho- 
genic Staphylococci by Julianelle and Wieghard’. Lofk- 
quist and Sjoquist® proved the identity of Jensen's A and 
Verwey’s type specific protein. Oeding and Haukenes? 
compared agar-gel precipitin bands and agglutinin. Of 9 
specific factors used in agglutinin typing, three formed 
bands in agar gel, namely, n, h and 7. Polysaccharide A 
of pathogenic Staphylococcus is known to be ribitol terchoic 
acid mucopeptide. 

These observations lead us to believe that there are 
certain patterns or trends in the nature of the highly 
mutagenic pathogen, Staphylococcus, which have become a 
great nuisance in the two decades of antibiotic therapy. 
Apparently, within the species of Staphylococcus pyogenes 
aureus, strain or race variation may be responsible for the 
erratic behaviour of this organism. 

Investigations in Europe and ours in the United States 
have been carried out independently. Complete and 
adequate knowledge of these three or four types of 
Staphylococcus pyogenes aureus may prove to be of clinical 
and epidemiological importance, similar to Lancefield’s 
contribution to the classification of Streptococcus. 


Harry SENECA 
Pat PEER 
College of Physicians and Surgeons 
and Presbyterian Hospital, 
New York. 


1 Seneca, H., Zinsser, H. H., and Lattimer, J. K., J. Urol., 87, 213 (1962). 

* Seneca, H., J. Amer. Ger. Soc., 10, 1018 (1960). 

? Blair, J. E., Bact. Rev., 3, 97 (1939). 

7 DS G., and Oeding, P., Acta Path. et Microbiol. Scand., 49, 237 

* Jensen, K., Acta Path. et Microbiol. Scand., 52, 175 (1961). 

* Haukenes, G., Losnegard, N., and Oeding, P., Acta Path. et Microbiol. 
Scand., 58, 84 (1961). 

? Julianelle, L. A., and Wieghard, C. W., J. Exp. Med., 62, 11, 23, 91 (1935). 

be Totequist, T., and Sjoquist, J., Acta Path. et Microbiol. Scand., 56, 295 

z Cedae Pa and Haukenes, G., Acta Path. et Microbiol. Scand., 57, 438 
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CYTOLOGY 


Effects of Tannic Acid and Mercury on Humai 
Erythrocytes 


INVESTIGATIONS have been carried out in this laborator: 
on the effect of various substances on the permeability 
erythrocytes to non-electrolytes in an attempt to elucida 
the problem of the relationship between the molecul: 
anatomy of the cell membrane and the movement : 
molecules across it. The effect of these same substanc 
on other characteristics of erythrocytes, including ham: 
lytic volume, initial volume and fragility, may also gi 
information which will contribute to a possible solutic 
of the basic problem. Tho present report includes dai 
obtained from an investigation of the effect of tannic aci 
and mercury on these parameters. 

Human blood was obtained by venipuncture an 
citrated. It was refrigerated no more than 24 h befo 
being washed three times in solution A (phosphat 
buffered, pH 7-1, isotonic sodium chloride). For examini 
tion of initial volumes, 1 ml. of packed cells obtaine 
following the third washing was added to 10 ml. < 
solution A and another 1 ml. of packed cells was added t 
10 ml. of solution A containing mercuric chloride « 
tannic acid. After 10 min, both solutions were centr 
fuged at approximately 2,000g for 10 min. The super 
natant fluid was discarded and the packed cells wer 
used for cell counts? and hematocrit measurements 
From these results the initial volume of the cells in th 
presence and absence of the two substances could Lk 
calculated. The highest concentration of mercuri 
chloride used in these experiments was 8 x 10-5 M an 
of tannic acid 3:5 x 10— per cent. 

The method of Hoffman et al.4 was used to measure th 
hemolytic volume (Vx). Stock suspensions of contr 
and experimental cells were prepared as above. Aliquot 
of the packed cells were added to different volumes « 
water as described by these authors. The experiment: 
cells were added to water containing mercury or tannis 
acid. In some experiments the value for 100 per cen 
hemolysis in these solutions was slightly different fro: 
the control reading. Calculations using both dat» 
however, led to the same conclusions. The higher 
concentrations used in the cell suspensions in thes 
experiments were 2-7 x 10-* M mercuric chloride an 
3:5 x 10-* per cent tannic acid. The highest concentre 
tions used in the water were 2-0 x 10- M mereur» 
chloride and 4-6 x 10- per cent tannic acid. 

Since previous experiments with "Triton X-100’ (ref. ! 
had demonstrated that with fragility measurements tb» 
concentration of the substance in the salt solutions wa» 
effective while the concentration in the stock solutions 
made no difference, aliquots of packed cells were adde 
directly to solutions of sodium chloride of differen 
osmotic pressures. The highest concentrations used i: 
these experiments were 5-9 x 10-* M mercuric chlorid 
and 2-9 x 10-3 per cent tannic acid. 

A. stock solution of tannic acid was prepared fresh! 
each day for all types of experiments. A stock solution o 
10-3 M mercuric chloride was kept in a *Desicote'-coveree 
flask. Dilutions of this solution were prepared freshl, 
each day in a desicote-covered flask. All measurement 
were made at room temperature (20? -- 29 C). 


Table 1. EFFEOT OF TANNIO ACID AND MEROURIC CHLORIDE ON Pao 
HUMAN ERYTHROOYTES 


No. of E 
Substance Concentration observations Va 
Control 127 1:50 
Tannic acid 3-5x10- % 127 1:33 8 
Control 27 1:52 
'HgCl, 1-0 x 10-* M 24 1:45 1 
Control 70 1-41 
HgCl, 20x10" M 69 1:40 0 
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ZEISS 


STEREO MICROSCOPE 


This microscope incorporates automatic 
drum-change magnification which gives a 
range from 4x to 100x without the need 
to re-focus on altering magnification. The 
fixed working distance is 4”. Accessories 


are available for transmitted light and photo- 


micrographic work. Ideally suitable for the 
chemist and metallurgist in all forms of 
research work where simple and rapid 
operation is essential. 


Please write for details to: 


C.Z. Scientific Instruments Ltd. 


12a Golden Square, London, W.l. 


REVEALING THE EFFECTS OF 


* STRESS» 


IMPORTANT APPLICATIONS 
OF SPINDLER & HOYER 
OPTICAL BENCHES 





Beam of light from carbon arc lamp is gathered 
in optical condensers, transmitted through 
polarizing screen, specimen, analysing screen 
and objective, which projects it on viewing 
screen. Spindler & Hoyer optical benches 
feature an automatic feeding device to move 
carbons uniformly through the lamp and 
eliminate adjustment. A wide range of sliding 
carriages and other accessories makes them 
extremely versatile, 


(2) TEACHING 

When specimens of plastic or special 
glass are fitted to a Spindler & Hoyer 
optical bench and subjected to stress, 
an image showing the effects is pro- 
jected for observation. It may be 
filmed or photographed as a record. 
The instrument provides lecturers 
with a particularly graphic means of 
illustrating the principles of mechanics 
at work. 


Industrial applications are numerous— 
Spindler & Hoyer optical benches 
are valued as time and money-saving 
equipmentin many leading laboratories. 





Telephone: Gerrard 4488 





For example, they are used to test glass 
and plastic mixes and product designs 
before manufacture, and to investigate 
the effects of stress on engineering 
projects at the technical design stage. 
For full details, please contact the sole 
U.K. distributors, 


GREY OF NORWICH 


Specialist in Laboratory Research Equipment 


1a The Haymarket & 3 White Lion Street, Norwich, NOR 45E 
Tel: Norwich 23696 & 26819 
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Both tannic acid and mercuric chloride 
increased the fragility of these cells slightly. 
To determine whether or not any of the 
differences are statistically significant an 
analysis was made of 44 control values and 
65 observations in each of the most con- 
centrated solutions of tannic acid and 
mercuric chloride. The values in 0-45 per 
cent sodium chloride were used since the 
greatest differences were observed in this 
solution. Using the Student t-test, the 
difference between the cells in the presence 
of mercury and the controls is significant 
at tke 1 per cent level, and between tannic 
acid and the controls at the 0-1 per cent 
level. Neither of these substances produced 
a significantly different value for the initial 
volume. 

The results of the investigation of the 
effect of these two substances on V; are 
summarized in Table 1. It can be seen that 
high concentrations of tannic acid decrease 
the hemolytic volume significantly. Mer- 
cury, however, in the concentrations used 
had no statistically significant effect on 
this parameter. 

Comparing the present results with those previously 
reported on the effect of ‘Triton’ (ref. 5), it can be seen that 
none of these three substances has a marked effect on the 
initial volume. ‘Triton’ decreases, while mercury and 
tannic acid increase, the fragility of these cells. Mercury 
has no effect, tannic acid decreases and ‘Triton’ increases 
the hemolytic volume. These observations can readily be 
reconciled with the suggestions previously made that each 
of these substances is acting on the membrane in a different 
manner. 

This work was supported by the Rockefeller Foundation 
and, the Petroleum Research Fund, administered by the 
American Chemical Society. 
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Laser in Cytology 


Tux article by Lang et al.! suggests that the ruby crystal 
laser, without mode control, is incapable of producing 
small areas of tissue destruction, and also that the triocular 
microscope is not usable. In this laboratory we have 
been using a ruby crystal laser and a triocular microscope 
as a routine instrument in biological investigation. The 
laser, originally designed for ophthalmological coagula- 
tion?, has been modified to be easily connected to the 
microscope. In numerous experiments we have achieved 
areas of tissue destruction of <2u diameter, and Fig. 1 
shows the effect of the pulsed ruby crystal laser beam on a 
gametophyte coll of the fern Osmunda cinnamomea L. 
It is worth remarking that we have investigated, theoreti- 
cally, the temperature distribution in material irradiated 
by a focused laser beam in the system presented by the 
retina-choroid interface?. We are at present conducting 


cinnamomea L. 
which the beam was aimed; 





Effect of a ruby laser beam burst on a living gametophyte cell of Osmunda 
(a), Before laser beam: the cross marks the point on the chloroplast at 


(b), after a single laser beam burst of approximately 10 m 
joule into the triocular microscope 


a series of experiments on the volume/temperature 
relationships of laser irradiation in the case of homo- 
geneous media and have shown, conclusively, the possi- 
bility of producing tissue destruction confined to the 
nucleus of a single cell. 

This work, which was supported by the National 
Research Council grant 4—1356 and the Medical Research 
Council grant MBA-1149, will be reported in full else- 
where. 

' A. D. BoorE 
R. S. C. COBBOLD 
G. WACKER 
Department of Electrical Engineering, 


G. G. LEPPARD 
J. M. NAYLOR 
T. A. SrEEVES 
Department of Biology, 
University of Saskatchewan, 
Saskatoon. 
1 Tin K. R., Barnes, F. S., Daniel, J. C., and Maisel, J. C., Nature, 201, 675 
1964). 


? Cobbold, R. S. C., Drance, S. M., and Wacker, G., T'rans. Canad. Ophthalmol. 
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VIROLOGY 


Effect of Urea on A Influenza Virus 


ALTHOUGH many investigations have been reported 
concerning the action of concentrated urea solutions on 
plant viruses, relatively few papers discussing the reaction 
of this reagent with animal viruses have been published. 

Cooper? has recently described, in some detail, the 
action of urea solutions on poliovirus. He found that 
7-2 M urea initially induced slight surface changes in 
poliovirus particles and these changes were followed by 
rupture of the particle. Loss of infectivity and release of 
RNA. were associated with this rupture. 

The effect of urea on the hemagglutinin of influenza 
virus has been reported by Scott and Lauffer?, who investi- 
gated the action of urea on the thermal stability of 
hemagglutinin. Buckland and Tyrrell’ have recently 
briefly recorded, the response of influenza A, virus hem- 
agglutinin to urea solutions of varying concentration. 

In the present work, the effect of concentrated urca 
solutions on a number of properties of influenza A, virus 
has been investigated. Purified preparations of A/Sing./ 
1/57 were prepared by adsorption of virus from infected 
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Fig. 1. Control virus. Distribution of light scattering material, 

homagglutinin (HA) and complement-fixing antigen (C. F.) after centri- 

fugation on a potassium tartrate density gradient. O, HA titre; 
~-=, specific gravity; stippling, V complement-fixing antigen 
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allantoic fluid on to human red blood cells followed by 
elution and passage of the cluate through a caleium phos- 
phate column‘. The virus was further concentrated by 
centrifugation yielding virus concentrates with hem- 
agglutinin titres of 1-5-2-0 x 10*. Urea solutions were 
freshly prepared by dissolving urea, without heating, in 
0-15 M sodium chloride containing 0-01 M phosphate 
buffer pH 7:0. Such solutions were free of cyanate®:§, 
Virus concentrates were treated with urea in the following 
manner: 0-1 ml. of concentrate and 0-9 ml. of 8 M urea, 
at the appropriate temperature, were mixed and the 
reaction allowed to proceed for the selected time. 6-0 ml. 
of chilled phosphate buffered saline was then added and 
the mixture transferred to a refrigerator. Control prepara- 
tions were made by substituting phosphate buffered saline 
for the urea solution in the above procedure. 

Table 1 shows the effect on the hemagglutinin and the 
complement fixing antigens of exposure to 7-2 M urea, for 
l min at 0? C. The hemagglutinin titre is unchanged 


Table 1. TREATMENT OF A, cU oos WITH 7-2 M UREA FOR 1 MIN 
AT 0° 


Hæmagglutinin * Complement fixing t 
titre antigen titre 
Fowl Guinea pig 
cells cells S y 
Control 2,500 2,560 «1 24 
Urea treated 960 2,560 12 24 


* 0-5 ml. volumes of serial, double dilutions were mixed with an equal 
volume of 0*5 per cent red blood cells and results were read after settling for 
1h at room temperature. 

T Determined by the method of Belyavin (ref. 
dilution, 


7) but using a single serum 
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when measured with guinea pig red blood cells but i 
reduced when measured with fowl red blood cells. Th 
V complement-fixing antigen is unaffected by the treat 
ment, but in contrast there has been a marked increas: 
in the titre of S complement-fixing antigen. Othe 
experiments have shown that no change occurs in thi 
neuraminidase activity of the virus following urea treat 
ment under these conditions. 

To explore the foregoing changes in more detail, 4-0 ml 
aliquots of the control and urea-treated preparations wer 
placed on potassium tartrato density gradient column 
contained in 3 in. x 1 in. lusteroid tubes*?. The tube: 
were then centrifuged in an SW 25.1 rotor (Spinco mode. 
L ultracentrifuge) for 90 min at 20,000 rpm. Afte 
centrifugation, the distribution of light-scattering materia, 
was recorded photographically. The contents of the tube 
were then displaced by the introduction of 45 per cent 
potassium tartrate solution into the bottom of the tube 
and 1-4 ml. fractions were collected from the top through 
a modified cap. Fractions were tested for hemagglutinin 
using fowl red blood cells and, after overnight dialysis 
against phosphate buffered saline, for V and S comple. 
ment-fixing antigen. 

The results of the foregoing experiment are shown in 
Fig. 1, representing the control material, and Fig. 2, 
representing the urea-treated virus. A comparison oj 
these figures reveals that there has been little change im 
the sedimentation behaviour of light-scattering materia» 
following treatment with urea under the conditions 
described. Furthermore, tho distribution of hemagglutinim 
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Fig. 2. Urea-treated virus (7-2 M urea for 1 min at 0° C). Distribution 

of light scattering matorial, hamagglutinin (H4) and complement fixing 

antigen (C.F.) after centrifugation on a potassium tartrate density 

gradient. O, HA titre; light stippling, V complement-fixing antigen; 
dark stippling, S complement-fixing antigen 
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3 remained unchanged while the change in the dis- 
bution of V complement-fixing antigen is slight. 
wever, Fig. 2 shows quite clearly that the bulk of the 
complement-fixing antigen revealed by urea treatment 
liments much more slowly than either hemagglutinin 
V antigen. 
Brief treatment of A, influenza virus with urea thus 
pears to release S complement fixing antigen from the 
"us particle and in this respect resembles the action of 
1er on influenza virus described by Hoyle”. 
Extension of this work to the examination of the effect 
. influenza virus of prolonged exposure to urea at higher 
mperatures has confirmed the rapid release of S com- 
sment-fixing antigen but has revealed marked additional 
anges in the hemagglutinin and V complement fixing 
tigen of A, influenza virus". 
I thank Prof. G. Belyavin for his advice. I also thank 
e Wellcome Trust and the Fleming Memorial Fund for 
e purchase of equipment used in this investigation. 
iis work was carried out while I was on leave from the 
stitute of Pathology, Royal Alexandra Hospital for 
uildren, Camperdown, New South Wales. 
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GENETICS 


Palatinose Element of the Receptor of the 
Melezitose Locus in Saccharomyces 


Tue receptor? of the melezitose (MZ) gene-system 
omprises at least five ‘elements’ corresponding to five 
-glucosidie inductors of the enzyme melezitase, an 
„glucosidase capable of splitting the five different 
‘-glucosidic inductors of MZ, namely, turanose, maltose, 
ucrose, «-methyl-glucoside and melezitose**. The 
otipotent allele, which responds adaptively to all five 
ubstrates, is designated MZ™84z (abbreviated to TMSG2). 
-artially recessive alleles, for example, TMSGz, TMSgz, 
"Msgz, Tmsgz, and the totally recessive allele, tmsgz, 
rere obtained by ultra-violet irradiation’. (The small 
tters indicate specific inabilities of cultures to respond 
daptively to the corresponding substrates.) The multiple 
lleles are inferred, on the receptor-hypothesis’, to 
eflect mutations (heritable changes in folding) of the 
roteinaceous receptor, a component of the gene con- 
rolling the capacity to respond to different inductors. 
t is of special interest to know if the synthetic «-glucoside, 
alatinose (a-glucosido-6-fructofuranose), can act as a 
ubstrate and an inductor of this particular enzyme. 
$meis* has already shown that Saccharomyces cultures 
arry genes controlling the fermentation of palatinose, 
ub since there are other genes which split «-glucosides 
and fructofuranosides), and since he did not have genetic- 
lly identified MZ cultures with which to make specific 
ests, further analysis was necessary to implicate MZ. 
he totipotent TMSGZ cultures of the Lindegren Breeding 
tock are able to ferment palatinose after 48 h, but specific 
artial mutants, for example, TMsgz and recessive tmsgz 
ultures, do not ferment palatinose when tested on EMB- 
gar and by the Durham tube technique (remained 
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negative for five days)’. The fact that the TMSGZ 
cultures fermented palatinose suggested that palatinose 
might be one of the substrates (and possibly an inductor) 
by which the different alleles of the MZ locus may be 
distinguished from each other. 

Melezitase induced in the palatinose-negative, partial 
mutant TMSgz, B4799 (the glucose-grown cells which 
ferment turanose, maltose, and sucrose after a lag period 
but which are unable to utilize palatinose, «-methyl- 
glucoside, melezitose or raffinose), hydrolysed palatinose. 
The culture was grown on glucose, yeast-extract, peptone 
nutrient broth for 24 h under aerobic conditions. The 
cells were adapted to maltose, collected, washed and 
tested for fermentation? of turanose, maltose, sucrose, 
a-methyl-glucoside, melezitose, palatinose, raffinose and 
glucose. In control experiments with unadapted cells 
in which melezitase had not been induced the some 
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Fig. 1. Culture B4799 (TMSgz *P.A*) was grown in 2 per cent glucose 


nutrient broth for 24 h, adapted to 1 per cent maltose nutrient broth for 
12 h and tested for CO. pond on glucose, palatinose, turanose, 
maltose, sucrose, a-methyl-glucoside, melezitoge and raffünose by the 
syringe gasometer (1:4 x 10' cels m oo of pH 4-5 phosphate buffer at 
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Fig. 2. Culture B4799 (TMSgz 'P.A') was grown in 2 per cent glucose 
nutrient broth for 24 h, then in 1 per cent glucose nutrient broth for 
12 h and tested for CO, production on glucose, palatinose, turanose, 
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maltose, sucrose, a-methyl-glucoside, melezitose and raffinose by 
the syringe gasometer (1-4 x ah in 4 ml. of pH 4-5 phosphate buffer 
at 30° 
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Fig. 3. Culture No. D1008Z (TMSGZ 'PA') was grown in 2 per cent 

glucose nutrient broth for 24 h, adapted in 1 per cent palatinose nutrient 

broth for 12 h and tested for CO, production on glucose, palatinose, 

Taffinose, turanose, maltose, sucrose, a-methy]-glucoside and melezitose 

by the syringe gasometer (1-0 x 10? [n 4 ml. of pH 4-5 phosphate 
buffer at 80° C) 
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Fig. 4. Culture No. D1008Z (TMSGZ ‘PA’) was grown in 2 per cent 

glucose nutrient broth for 24 h, then In 1 per cent glucose nutrient broth 

or 12 h and tested for COs production on glucose, palatinose, turanose, 

maltose, sucrose, a-methyl-glucoside, melezitose and rafünose by 

the syringe gasometer (1:0 x 10° cells in 4 ml. of pH 46 phosphate 
buffer at 30? C) 


procedure was used (Figs. 1 and 2). The maltose-adspted 


cells of the TMSgz mutant immediately fermented 


palatinose and the other five substrates, although the 
The 


different sugars were fermented at different rates. 
unadapted cells were completely unable to utilize raffinose, 
indicating the absence of f-fructo-furanosidase?. These 


results indicate that the enzyme, melezitase, induced by 


maltose (in the palatinose-negative culture) is capable 
of hydrolysing palatinose and the other five substrates. 

imilar experiments were performed using the 
palatinose-fermenting totipotent culture No. D1008Z 
(IMSGZ) (Figs. 3 and 4). 
TMSGZ fermented turanose, maltose, sucrose, «-methyl- 
glucoside, melezitose and palatinose, but glucose-grown 
cells did not ferment any of the six substrates without 
2 lag period. These results indicate that palatinose can 


induce a melezitase which hydrolyses palatinose as well 
as the other five «-glucosides, and that another element 
(the palatinose element, P) is presumably a component 


of the MZ receptor. 


Two palatinose-fermenting, totipotent, TMSGZ, single 


ascospore cultures, derived from the same ascus, were 
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each mated to a recessive tmsgz culture which was 
capable of fermenting palatinose, and no recombinat 
were observed between the capacity to ferment palati 
and the capacity to ferment the other five substr 
among 23 tetrads from these hybrids. The close link 
supports the view that the palatinose element is a c 
ponent of MZ. 

A partial mutant (TMsgz) No. 14 uv (which had t 
obtained by ultra-violet irradiation of a palatin 
fermenting, totipotent, TMSGZ culture, No. D10C 
formented turanose and maltose but not palatin 
sucrose, «-methyl-glucoside or melezitose. The re 
suggests that the putative ‘P’ element (along with 
elements ‘S’, ‘@ and ‘Z’) had been inactivated by ul 
violet irradiation. It is unlikely that ultra-violet irr 
ation would have simultaneously injured two sepal 
genes (M Z' and ‘PA’) in a single cell if one were to asst 
that ‘PA’ was an independent geno rather than 
‘element’ of the MZ receptor. Furthermore, when 
injury of the ultra-violes mutant was back-muta 
by exposure to melezitose, totipotent back mutants w 
obtained which had regained the ability to ferm 
palatinose along with recovery of the ability to ferm 
sucrose, «-methyl-glucoside and  melezitose. Th 
abilities (once regained) remained tightly linked in s 
sequent genetical analysis. 

We thank Dr. H. Hirschmiiller, director of the Be: 
Institute for Sugar Technology, for & supply of palatinc 
We also thank Messrs. J. K. Bhattacharjee and Tom 
M. Yau for their assistance. 

This work was supported in part by a research gre 
from the Damon Runyon Memorial Fund for Can 
Research. 
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PSYCHOLOGY 


Apparent Size of Holes felt with the Tongue 


Tr is often said that holes, such as dental cavities, fe 
much larger to the tongue than they appear to the oth 
senses. This was tested by comparing the apparent si 
of holes when felt with the tongue and with the finger 
using the psychophysical method of constant stimuli. 

Six research students in psychology, aged 22-30 yea: 
acted as subjects. The subject closed his eyes and pt 
pated with his tongue a hole accurately reamed in tl 
centre of a 2-in. square of 1/8-in. thick ‘Paxolin’, whit 
he held to his lips with his left hand. At the same tin 
he ran his right index finger round a circular row . 
graduated holes and selected that which felt the san 
apparent size as the tongue hole. These graduated hol 
were arranged in steps of 1/64 in., from 1/16 in. up - 
1/2 in., and were bored in a metal annulus: they we 
the drill-holding holes in a Dormer drill holder. 

Four standard holes were presented to the tongue, t 
diameters 1/8, 1/4, 3/8 and 7/16 in. Each hole was pri 
sented eight times, in randomized order, and the dri 
stand felt by the finger was rotated through a rando: 
angle after each trial, to counteract position habits. ‘Tt 
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bject was allowed to see the finger holes on the drill 
and before the experiment, but not during it. No 
bject saw the tongue holes at any time. 

Results are shown in Fig. 1. Each point represents the 
ean of six subjects, with eight trials per condition. The 
19 of unit slope (45°) indicates no illusion, where the 
etual space of the tongue would be congruent with the 
etual space of the finger. It will be seen that there is 
large illusion of just more than 50 per cent for the 
8-in. hole, a smaller illusion (15 per cent) for the 1/4-in. 
le, but no appreciable illusion on the 3/8- and 7/16-in. 
yes. The line which best fits these points by the method 
‘least squares is: y = 0718x + 0-106. 

The equations for the individual subjects are: y = 
616z + 0-097; y = 0067x + 0:152; y = 0-768" + 
089; y = 0-828¢ + 0-117; y = 0-450 + 0-151; y= 
005g + 0-034. A t-test shows that the slope of the 
dividual subjects’ lines is significantly less than unity 
> < 0-05), and that they intercept the y axis at a value 
znifieantly above zero (P < 0-01). 

So a size illusion is found when the tongue feels 1/8- 
id 1/4-in. holes, but not when it feels 3/8- and 7/16-in. 
;les. 

This work was supported by a research grant from the 
.S. Air Force (AF HOARDC 63-93). 


S. M. Ansris 


Psychological Laboratory, 
University of Cambridge. 


Alcohol Dehydrogenase Activity and Previous 
Ethanol Consumption in Mice 


PREVIOUS investigations"? have shown marked strain 
fferences in ethanol preference of mice, and a correlation 
tween strain means for alcohol preference and for liver 
cohol dehydrogenase (ADH) activity has been described’. 
urther investigation of this association between ADH 
id preference is needed to clarify the causal relationships, 
owever. 

Available techniques require that alcohol preferenco 
sting precede ADH assay. Thus, if any increase in 
ieasured ADH occurs as & result of substrate ingestion, 
yurious correlations would automatically arise from 
dividual differences in ethanol intake during the 
reference testing period. Dajani, Danielski and Orten: 
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have described such enzyme alteration subsequent to 
ethanol ingestion in Sprague-Dasley rats, and Figueroa 
and Klotz’ have shown an increasé“with later decrease in 
ADH activity in Sprague-Dawley ?5ts forced to consume 
ethanol. Studies on the relationship of ethanol ingestion 
to ADH in mice should provide data of comparative 
interest as well as providing information of methodological 
importance for a planned series of researches on gene- 

enzyme relationships in ethanol preference of mice. The 
present investigations are concerned with two strains that 

differ extensively in the traits of interest: C57BL/Crgl mice 
with high alcohol preference and high ADH activity, and 
DBA][20rgl mice with strong alcohol avoidance and low 
ADE activity. 

ADH activity was measured in liver homogenates by thc 
rate of reduction of diphosphopyridine nucleotide (DPN: 
under standard conditions. ‘The procedure used has 
been described in detail previously’. 

The condition of ‘forced’ alcohol consumption was 
imposed simply by providing the animal with only a 10 
per cent ethanol solution as a liquid source. Variations ol 
three basic conditions were employed in different studies. 
The basic conditions were: (a) a period of forced alcohol 
consumption terminating at the time of enzyme assay; (b) 
& period of forced alcohol consumption with a period of 
forced water consumption intervening before enzyme 
assay; (c) a control condition in which the animal never 
was provided with alcohol. 

Male animals from the C57BL and DBA/2 inbred mouse 
strains were used. Descriptions of the origin and some of 
the characteristics of these strains have been given by 
Jay’. 

Investigations 1 and 2 were designed to determine if 
the amount of alcohol ingested in the two-week test 
routinely used for measuring preference could increase 
measured ADH activity. Forcing animals to consumi 
alcohol solution exclusively for this period of time should 
provide an estimate of the maximum increase that could 
be expected in a choice situation. 

The effect of forced alcohol consumption, of course, 
might reasonably be expected to differ in strains which 
differ markedly in baseline ADH activity and in alcohol 
preference. In investigation 1, ADH activity was meas- 
ured in control and experimental (forced alcohol consump- 
tion) animals from both the C57BL and DBA/2 strains. All 
animals were 5743 days old when killed for ADH 
assay. The experimental animals had been forced 
to drink alcohol for either 15 or 16 days prior to killing. 
Investigation 2 was & partial replication of investigation 1, 
differing from it in these respects: (a) Animals were 777-84 
days old when killed for ADH assay; (6) the experi- 
mental animals had been on a forced alcohol condition for 
14 days prior to killing for ADH assay. 

Investigations 3 and 4 were undertaken to determine 
if the alteration in ADH activity observed in investiga- 
tions 1 and 2 would persist in the absence of ethanol. In 
O67 BL and DBA/2 mice, animals forced to consumo alco- 
hol for 3 weeks (37740 group) and control animals were 
compared to animals which had been forced to consume 
alcohol for 2 weeks and had then been returned to control 
conditions (water only available) for 1 week immediately 
preceding death (2-1 group). Age at time of death was 
90+3 days for all groups. The 2-1 group and tho 3F AC 
group were thus introduced to the forced alcohol con- 
sumption condition at the same age. 

Investigation 4 compared 27AC and control animals to 
animals forced to consume aleohol for 2 weeks and then 
returned to control conditions for 3 weeks prior to death 
(2-3 group). Age at time of death was 90+3 days. The 
2-3 group was thus introduced to the forced alcohol con- 
sumption condition three weeks earlier than the 27 AC 
group. 

The results are summarized in Table 1 and Fig. 1. Three 
measures used to express ADH activity present the same 
general pieturo of an increase in liver ADH activity with 
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s Table 1. MEANS OF MEASURES OF INVESTIGATIONS 1-4 
Weights p Micromoles ethanol oxidized/min 

Strain | Condition | Study N Body Liver Liver + erg Entire Entire liver 

3 (g) (g) body iver liver per g body-wt. 
C57BL 3FAC 3 4 23-0 1:26 0-052 6-88 8-68 0-301 
2FAC 1* b 25:7 1:38 0-063 6-29 8-63 0-390 
2 7 24:0 1:32 0-056 7-24 9-07 0-395 
4 6 26-1 1-41 0:057 6-01 8-52 0:340 
2-1 3 4 28:0 1:34 0-058 6:13 8-20 0-356 
2-3 4 6 20:2 1:45 0-055 5:49 7-04 0:303 
Control 1 4 23-0 1:23 0-058 5:42 0-69 0-290 
2 7 28:5 1:38 0-056 5:93 7-89 0:336 
3 4 23-4 1:23 0-058 5-86 7:19 0:308 
4 6 25-7 1:36 0-053 5:29 7-19 0:280 
DBA|2 | 3FAC 3 4 20:8 0-94 0-052 4-66 432 0-236 
2FAC 1” 5 18:8 1:01 0-054 4:03 4:95 0-203 
2 7 20:5 1:09 0-054 4:87 5-28 0:259 
4 6 23-7 124 0-052 4:10 5-06 0-213 
2-1 3 4 18:7 1313 0-060 4:01 4-55 0-240 
2-3 4 6 23:5 131 0-054 3-56 464 0:198 
Control 1 6 18:5 0-94 0-051 4:36 4:07 0-221 

2 7 19-1 1:03 0-054 4:16 4:26 0-222, ! 

3 4 19:0 1:06 0-053 3°84 4:04 0-204 
4 5 211 1-19 0-056 3°52 4:17 0-196 














* The experimental animals of investigation 1 are approximately 2F AC, and are shown as such in this Table and in Fig. 1. 


forced substrate ingestion and a reduction of ADH 
activity with abstinence. The relation is most regular and 
consistent when ADH activity is expressed in terms of 
liver weight as in Fig. 1. 

These results confirm earlier reports?" that liver ADH 
activity in C57BL mice exceeds that of the DB.A/2 mice. 

The increment in ADH activity for the experimental 
(forced alcohol consumption) conditions appears to be of 
approximately the same magnitude in the two strains. 
This, of course, results in a greater percentage increase for 
the DBA/2 animals. Because of the aversion of the DBA/2 
animals to alcohol, the total ingested by the forced alcohol 
consumption groups is less than that of the corresponding 
CSTBL groups. For example, in investigation 1 the mean 
fluid consumption per gram body-weight for the control 
groups was 0-176 ml. and 0-184 ml. for the C57BL and 
DBA/2 strains, respectively. The mean fluid intake/g 
body-wt. for the forced alcohol consumption groups was 
0-196 ml. and 0-128 ml. for the C57BL and DBA/2 strains 
respectively. Under ostensibly the same conditions, then, 
the C57BL animals drank more ethanol although water 
requirements, as measured by intake in the control 
condition, are similar in the two strains. Therefore, a 
detailed analysis of the relative ADH activity increase in 
the two strains would require controlled substrate adminis- 
tration or correction for consumption differential. 
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Fig. 1. Alcohol dehydrogenase activity under different conditions. 


Numbers in circles designate different studies 


The results demonstrate that measured ADH activity 
increases as a function of ingestion of the substrate, ane 
that activity declines toward control values when th: 
substrate is withdrawn. It appears that the absence o 
ethanol ingestion for three weeks permits almost complet 
return to baseline values, and, by extrapolation, a period o 
four weeks or more should constitute an adequate interve 
in further research on the relationship of ADH to alcoho 
preference. It is not known, of course, whether th. 
increase in ADH activity represents release of inhibition 
actual de novo synthesis of the enzyme, or some othe 
process. Nor has it been demonstrated that an increas 
of this relatively small percentage magnitude has : 
detectable effect upon ethanol metabolism. 

The liver weight results, taken primarily for purpose 
of correcting the ADH activity data for differences i 
organ size, are of interest per se. The larger livers of th 
O57BL animals may simply reflect their greater bod 
size. The ratio of liver weight to body-weight does no 
differ between the strains (Table 1). In both investiga 
tions (3 and 4) which include a group forced to consum» 
and then to abstain, that group has liver weight in exces 
of either their control group or the forced alcohol eonsumr 
tion group. This is true for both strains. Whatever th» 
process responsible for this phenomenon, it appears to b. 
either accelerated by, or initiated by, the cessation c 
ethanol consumption. Further investigation of thim 
phenomenon might be of value to the examination of live 
pathologies associated with alcohol consumption b 
human beings. 

This work was supported by grant G—14221 from th» 
U.S. National Science Foundation and also receive» 
support from the U.S. Atomic Energy Commission. 
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. FORTHCOMING EVENTS 


Tuesday, August 18—Friday, August 21 ? 


ITY OF CAMBRIDGE, SCHOOL OF CLINICAL RESEARCH AND POST- 
"MEDICAL TEACHING (in the Lecture Theatre of the Department 
my, Tennis Court Road, Cambridge), at 9.15 a.m. daily—Symposium 
Tent Research in Leukaemia’. 


APPOINTMENTS VACANT 


PPLIOATIONS are invited for the following appointments on or before 
dates mentioned: . 

IXPERIMENTAL OFFICER IN ELECTRICAL ENGINEERING in the Faculty of 
mce, to be responsible for the development and operation of bigh vacuum 
. electronic equipment— The Registrar, The University, Manchester, 18 
gust 22). 

VESEARCH ASSISTANT (with a degree) IN THE DEPARTMENT OF GEOLOGY, 
arry out cartographical work and evaluate echo traces for an investigation 
she submarine topography of the northern North Sea—The Registrar, 
: University, Liverpool 3, quoting Ref. CV/260 (August 22). 

SESEARCH ASSISTANTS (2) (science graduates) IN THE LABORATORIES OF 
1 RMEUMATISM RESEARCH CENTRE, to take part in studies of the experi- 
atal immuno-pathology and ultrastructure of synovial and other connec- 
»tissues—The Registrar, The University, Manchester, 13 (August 22). 
LESEAROH ASSOCIATES in the following subjects: biology, organic chemis- 
, mechanical engineering, civil engineering and physics—The Principal, 
ae) and District Technical College, Burton Street, Nottingham 
igust 22). 

JEMONSTRATOR (graduate) IN AGRICULTURE (ANIMAL PRODUCTION) in the 
»artment of Agriculture, to assist with experiments and for general duties 
ihe University farms—The Registrar, The University, Leeds, 2 (August 24). 
ABRARIAN (with a scientific background, p with a pass degree or 
ivalent, and proficient in German)—The Secretary, John Innes Institute, 
yfordbury, Hertford (August 24). 

\SSISTANT LECTURER IN PURE MATHEMATICS—The Registrar, The Univer- 
r, Sheffield (August 26). 

ASSISTANT LECTURER (with special interests in stratigraphy and sedi- 
ntation) IN THE DEPARTMENT OF GEOLOGY—The Registrar, The Univer- 
7, Manchester 13 (August 27). 

AXPERIMXNTAL OFFICER (with a university degree or Higher National 
‘tificate, and preferably some knowledge of digital electronics and data 
idling systems) IN THE DEPARTMENT OF COMPUTER SCIENCE, to have 
ponsibilities for special purpose systems connected to the Atlas computing 
chine and to assist with the development of new equipment—The Begis- 
r, University of Manchester, Manchester, 13 (August 27). 

}RADUATE ASSISTANT (ADMINISTRATIVE) IN THE DEPARTMENT OF EDUCA- 
'N—The Registrar, The University, Manchester, 13 (August 28). 
LECTURER (praduite In veterinary science or honours graduate within the 
sulty of Science, and preferably with postgraduate qualifications and a 
barch background) IN ANIMAL HUSBANDRY at the University of Queens- 
d, Australia—The Secretary, Association of Commonwealth Universities 
‘anch Office), Marlborough House, Pall Mall, London, 8.W.1 (London and 
isbane, August 28). . 

SENIOR LECTURER (veterinary graduate with postgraduate qualifications 
honours graduate with a science degree majoring in anatomy and physiol- 
7 or biochemistry) IN ANIMAL HUSBANDRY (Meat Production) at the 
iversity of Queensland—The Secretary, Association of Commonwealth 
iversities (Branch Office), Marlborough House, Pall Mall, London, S.W.1 
»ndon and Brisbane, August 28). 

3ENIOR LECTURER (with a higher degree in biochemistry and considerable 
‘ching and/or research experience in this field) IN BIOCHEMISTRY at the 
versity of Queensland, Australia—The Secretary, Association of Common- 
alth Universities (Branch Office), Marlborough House, Pall Mall, London, 
V.1 (London and Brisbane, August 28). 
l'ECHNIOIAN (with Ordinary National Certificate in Chemistry or equivalent 
alification) to assist with research in the Botany Department— Prof. 
J. Carr, Department of Botany, The Queen's University, Belfast, Northern 
land (August 28). 
ASSISTANT LECTURER (with medical qualifications registrable in the 
We cy cea IN ANATOMY—The Registrar, The University, Manchester, 

ugust 31). 

BIOORHRMIET or CHBMIST (Scientific Officer grade) to work in a team studying 
don of organo-phosphorus insecticides—The Secretary, thamsted 
perimental Station, Harpenden, Hertfordshire (August 31). 
HAIR OF CHEMICAL ENGINEERING at Newcastle University College, The 
liversity of New South Wales—The Warden, Newcastle University College, 
zhe’s Hill, N.S.W., Australia; and The Agent General for New South 
ales, 56-57 Strand, London, W.C.2 (August 31). 
CHAIR OF PBYOHOLOGY at Newcastle University College, The University 
New South Wales—The Warden, Newcastle University College, Tighe's 
ll, N.S.W., Australia; and The Agent General for New South Wales, 
-57 Strand, London, W.C.2 (August 31). 
LEOTURER IN THEORETICAL PHYSICS in St. Salvator’s College—The Secre- 
ry, Ad of St. Andrews, College Gate, St. Andrews, Scotland 


ugus a 
Post-Docronal RESEAROH FELLOW (with experience in adsorption studies 
in mass spectrometry) for the spectroscopic Investigation of molecules 
sorbed on surfaces— Prof. N. Sheppard, School of Chemical Sciences, 
iiversity of East Anglia, Wilberforce Road, Norwich, NOR 77H (August 31). 
RESEARCH ASSISTANT (with a degree in zoology and an interest in fresh- 
iter biology or ecology) for work on the profundal fauna of lakes—The 
sgistrar, The University, Liverpool 3, quoting Ref. CV/269 (August 31). 
SENIOR ÁSSISTANT LIBRARIAN or LIBRARIAN (chartered librarian, and for 
e higher grade an appropriate university degree) to be employed principally 
ı cataloguing and classification duties—The Academic Registrar, Lough- 
rough College of Technology, Loughborough, Leicestershire, quoting 
af. 21/G (August 31). 
RESEARCH ASSISTANT (with a pass degree in one of the natural sciences) 
assist in an investigation of unidentified phenolic constituents of plants— 
16 Secretary, Low Temperature Research Station, Downing Street, Cam- 
‘idge, quoting Vacancy 64/23 (September 1). 
STATISTICIAN (Assistant Lecturer or Lecturer) to assist and initiate in- 
stigations IN THE DEPARTMENT OF SOCIAL MEDICINE and consult with 
her members of the School and Hospital—Dr. H. W. Holland, Department 
Social Medicine, St. Thomas's Hospital, London, S.E.1 (September 1). 
Post-DOCTORAL RESEARCH ASSISTANT (preferably with an interest in the 
plication of physico-chemieal methods to biochemical problems) IN THE 
PARTMENT OF BIOCHEMISTRY, to investigate interaction phenomena in 
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hemoglobin reactions—Dr. S. Ainsworth, Department of Biochemistry, 
The University, Sheffield, 10 (September 2). 

ADMINISTRATIVE ASSISTANT (graduate of a British university and prefer- 
ably experience of university administration) IN THE INSTITUTE OF EDUCA- 
TION— The Registrar, The University, Liverpool 3, quoting Ref. CV/263 
(September 5). 
` SENIOR LECTURER (medically qualified man or woman) IN THE DEPART- 
MENT OF PUBLIO HEALTH AND SOCIAL MEDIcINE—The Secretary, The 
University, Edinburgh (September 5). 

. RESEARCH FELLOW (with a Ph.D. or equivalent postgraduate experience 
in experimental geophysics, and preferably experience in the maintenance 
or development of electronic equipment) IN SEISMOLOGY IN THE DEPARTMENT 
OF ASTRONOMY—The Secretary, The University, Edinburgh (September 7). 

PRINCIPAL SCIENTIFIO OFFICER (Senior Zoologist, Research) (with a goud 
honours degree in zoology, considerable postgraduate ecological research 
experience, and preferably a knowledge of Scottish fauna) AT THE EDIN- 
BURGH HEADQUARTERS OF THE NATURE CONSERVANCY —The Nature Con- 
servancy (E), 19 Belgrave Square, London, S.W.1 (September 10). 

SENIOR LECTURERS; LECTURERS; and ASSISTANT LECTURERS IN GEv- 
GRAPHY, in the following fields of specialization: cartography, climatology, 
geomorphology, and economic geography, at University College of Cape 

oast, Ghana—The Assistant Registrar (Overseas), University College cf 
Capo Coast, 15 Gordon Square, London, W.C.1 (September 11). 

ESEARCH ASSISTANT (with an honours degree in botany or agricultural 
botany) to investigate the effects of storage conditions on the life span of 
crop seeds—The Secretary, National Institute of Agricultural Botany, 
Huntingdon Road, Cambridge (September 12). 

LECTURER IN PHYSIOLOGY in the Institute of Obstetrics and Gynrcology 
at Queen Charlotte’s and Chelsea Hospitals and at the Institute of Basic 
Medical Sciences—The Secretary, Institute of Obstetrics and Gynecology, 
P CETT Hospital for Women, Dovehouse Street, London, 8.W.3 (Septem- 

er 14). 

FELLOW, SENIOR RESEARCH FELLOW or RESEARCH FELLOW in a Unit of 
Cell Biology and Immunology within the Department of Experimenta] 
Pathology, The John Curton School of Medical Research, Institute of 
‘Advanced Studies, Australian National University, for studies on acquir: a 
immunity and on mechanisms involved in the responses and interactions of 
cells—Secrotary, Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S.W.1 (Australia and Londen, 

September 15). 

‘ASSISTANT DIRECTOR OF RESEARCH IN THE MATHEMATICAL LABORATORY-— 
The Secretary of the Appointments Committee of the Faculty of Mathe- 
matics, Arts School, The University, Bene’t Street, Cambridge Eire ig 16). 

LECTURER (preferably with special competence in X-ray diffraction and 
crystallography and/or electron diffraction) IN PHYsICS at the University 
of Cape Town—The Secretary, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S.W.1; and Thu 
Registrar, University of Cape Town, Private Bag, Rondebosch, Cape Town, 
South Africa (September 25). 

SENIOR LECTURER or LECTURER IN THE DEPARTMENT OF MATHEMATICS, 
University of Cape Town—The Secretary, Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, $.W.1; 
and The Registrar, University of Cape Town, Private Bag, Rondebosch, 
Cape Town, South Africa (September 25). 

BADER IN MICROBIAL GENETICS—The Registrar, University of Newcastle 
upon Tyne, 6 Kensington Terrace, Newcastle upon Tyne, 2 (September 26). 

CHAIR OP BOTANY at the University of Hong Kong—The Secretary, 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S. W.1 (Hong Kong and London, September 30). 

CHAIR OF OPERATIONAL RESEARCH IN THE DEPARTMENT OF ENGINEERING 
Propuction—The Registrar, University of Birmingham, Birmingham 15 
(September 30). 

LECTURER or ASSISTANT LECTURER IN FOOD CHEMISTRY IN THE DEPART- 
MENT OF NUTRITION in the School of Home Science of the University of 
Otago, Dunedin, New Zealand—The Secretary, Association of Ccmmon- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London. 
S.W.1 (New Zealand and London, September 30). 

SENIOR LECTURER or LECTURER (with experience in teaching and research) 
IN PHYSIOAL CHEMISTRY at the Australian National University—The Secre- 
tary, Association of Commonwealth Universities (Branch Office), Marl- 
boroneh House, Pall Mall, London, S.W.1 (Australia and London, Septem- 

er 30). 

‘ABSTRACTOR (science graduate interested in plant pathology and mycology 
and information handling, and preferably a reading knowledge of one or 
moreforeignlanguages)—The Director, Commonwealth MycologicalInstitute, 
Ferry Lane, Kew, Surrey. 

AGRIOULTURAL CHEMIST (with a degree in chemistry or agricultural 
chemistry, and preferably postgraduate experience in agricultural chemistry 
with specific reference to soil and plant analysis and the design and evaluation 
of field trials) in Northern Rhodesia, to supervise routine chemical analysis 
for agricultural purposes, and to undertake development or modification of 
analytical methads, as governed by crop response to suit the needs of agricul- 
ture in Northern Rhodesia—Appointments Officer, Department of Technical 
Co-operation, Room 301, Eland House, Stag Place, London, S.W.1, quoting 
Ref. RC/213/132/010. f 

ALFRED CAPPER PASS CHAIR OF ORGANIC CHEMISTRY—The Registrar, 
The University, Senate House, Bristol 2. 

C.E.G.B. RESEARCH FELLOW IN HIGH TEMPERATURE ELECTROCHEMISTRY 
—tThe Secretary and Registrar, The University, Southampton. 

G.E.G.B. RESEARCH STUDENT IN HIGH TEMPERATURE ELECTROCHEMISTRY 
—Prof. G. J. Hills, The University, Southampton. 

S CHAE oF ZOoLOGy—The Registrar, The University, Senate House, 

ristol 2. 

LABORATORY TECHNICIAN IN THE DEPARTMENT OF VETERINARY MEDICINE, 
to work on research and diagnosis in connexion with animal diseases— The 
Professor of Veterinary Medicine, University of Bristol, School of Veterinary 
Science, Langford, near Bristol. 

PHYSICIST (with a good honours degree) to initiate and undertake basie 
research in machining processes—The Secretary, Production Engineering 

Research Association, Melton Mowbray, Leicestershire. 

RESEARCH ASSISTANT (honours graduate in zoology, biochemistry, or 
genetics) IN GENETICS, to participate in investigations into the physiological 
genetics of melanotic tumours in the fruit-fly Drosophila —Ihe Registrar. 
The University, Sheffield. 

RESEARCH ASSISTANT (with an honours degree in physics, biology, medicine 
or a related subject, and preferably with a broad range of scientific interests) 
IN THE ELECTRON Microscopy Unit—Dr. G. Eaves, Department of Experi- 
mental Fathology and Cancer Research, School of Medicine, The University, 

eeds, 2. 

RESEARCH FELLOW (either medically qualified perscn with some interest 
in computers, or a graduate with a knowledge of computer methods wishing 

to work on medical problems) IN ELECTRONIC DIGITAL COMPUTER METHODS, 
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to-undertake studies on the development and application of automatic data 
processing of medical information—Dr. W. W Holland, Department of 
Social Medicine, St. Thomas’s Hospital, London, S.E.1. 

RESEARCH FELLOW (preferably with a Ph.D. degree and research experience 
In a subject related to this work) IN THE INSTITUTE OF SOUND AND VIBRATION 
RESEARCH, for work on the application of high damping alloys in engineering 
to alleviate noise and vibration—The Secretary and Registrar, The Univere 
sity, Southampton. 

. VIROLOGIST (preferably with previous experience in microbiology) for 
tissue culture work in a diagnostic virus laboratory—Consultant in Labora- 
tory Medicine, Belvedere Hospital, Glasgow, E.1. 


REPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 


Great Britain and Ireland 


The Administrators: The Reform of the Civil Service. (Fabian Tract 
No. 856.) Pp. 45. (London: The Fabian Society, 1964.) 4s. [176 

British Museum (Natural History). Economic Leaflet No.7: The Common 
Earwig. Pp. 4. 6d. The Identification of British Mammals. By G. B. 
yee Pp. ifit+46, 4s. (London: British Museum (Natural History) 


Philosophical Transactions of the Royal Society of London. Series B: 
Biological Sciences. No. 737, Vol. 247 (11June 1964): Mandibular Mechan- 
isms and the Evolution of Arthropods. By Dr. S. M. Manton (Mrs. J. P. 
TA Pp. 1-183 + plate 1, 80s.; 12 dollars. No. 738, Vol. 247 (11 June, 
1964): terglacial Deposits at Ilford, Essex. By R. G. West, Camilla A. 
Lambert and B. W. Sparks. With an Appendix on the Bryophyta by J. H. 
Dickson. Pp. 185-212, 108. 6d.; 1.55 dollars. (London: The Royal 
Society, 1964.) {176 

Publications of the Royal Observatory, Edinburgh. Vol. 4: Astronomical 
Discussions on Problems of the Interstellar Medium and Galactic Structure. 
Edited by N. M. Pratt and V. C. Reddish. Pp.106. (Edinburgh and London: 
H.M. Stationery Office, 1964.) 20s. net. [186 

Commonwealth Development Corporation. Annual Report and Statement 
of Accounts for year ended 31st December, 1903. Pp. vi--102. (London: 
H.M. Stationery Office, 1964.) 6s. 6d. net. [226 

Fifth Report from the Estimates Committee together with the Minutes 
of the Evidence taken before Sub-Committee C and Appendices, Session 
1968-04—Treasury Control of Establishments. Pp. xxxvit172. (London: 
H.M. Stationery Office, 1964.) 12s. 6d. net. [226 

The Animal Virus Research Institute, Pirbright. Report for the years 
1961-1963. Pp. 34. (Pirbright: The Animal Virus Research Institute, 
1904.) 2s. 6d. [256 

British Empire Cance Campaign for Research. Forty-first Annual 
Report covering the year 1963. Part 1: The Chairman’s Statement and the 
Accounts of the Central Organization. Pp. xl. Part 2: The Scientific 
Report of the Researches undertaken by the Central Organization and its 
Autonomous Councils in the United Kingdom, and by some of its Affiliated 
Organizations Overseas. Pp. xli-Ixfii+ 1-707. (London: British Empire 
Cancer Campaign for Research, 1964.) {256 

The Third Phase in Metallurgy. By Prof. A. V. Bradshaw. (Inaugural 
Lecture delivered 8 December, 1963.) Pp. 131-153--11 plates. (London: 
Imperial College of Science and Technology, 1064.) 48. 6d. [256 

he International Nickel Company (Mond), Ltd. Welding Cupro-Nickel 
DELITE 26. (London: The International Nickel Company Cond), 

Privy Council—Medical Research Council. Special Report Series, No. 305: 
Abnormalities of the Sex Chromosome Complement in Man. By W. M. 
Court Brown, D. G. Harnden, Patricia A. Jacobs, N. Maclean and D. J. 
Mantle. Pp. vili--230 4-8 plates. (London: H.M. Stationery Office, 1964.) 
278. 6d. net. [256 

Selentific Information Consultants, Ltd. Theoretical C ‘bernetics 
Abstracts, No.1. English Translation Editor: Morton Nadler. Pp. ii+1- 
88. Annual subscription (12 issues) £45; 136 dollars. Tematisheckiy Plan 
—-1964: Books to be published in 1964 by the Academy of Sciences USSR. 
Ih ibd 703.; 10 dollars. (London: DOSE Information Consultanta, 

T " 6 

Complete Table of Contents of Volumes 1-36 of the Annals of the Inter- 
national Geophysical Year. Fp. 147. (London and New York: Pergamon 
Press, 1904. Published for the International Council of Scientific Unions, 
International Geophysical Committee (C.I.G.). Gratis.. [256 

Overseas Development Institute, Ltd. Japanese Ald. By John White. 
Pp. 78. (London: Overseas Development Institute, Ltd., 1964.) 68. [956 

Most Significant Now Books on Mathematics 1963. (A Bibliographic Guide 
to new literature published throughout the world, with Annotations.) Pp. 32. 
(Oxford: Robert Maxwell and Co., Ltd., 1964.) 1256 

Ministry of Aviation. Operating and Traffic Statistics of United Kingdom 
ab April 1962-March 1963. Pp. 51. (London: Ministry of Aviation, 


[256 
Ministry of Health. Reports on Public Health and Medical Subjects 
No. 111: Requirements of Man for Protein. Pp. vi+90. (London: H.M. 
Stationery Office, 1964.) , 58. 6d. net. [147 
Political and "Economie Planning. Annual Report 1968-64. Pp. 17. 
(London: Political and Economic Planning, 1064. 

Couneil for the Preservation of Rural England. Thirty-eighth Annual 
Report 1968-1964. Pp. 56--10 photographs. (Vol. 17, No. 6.) (London: 
Council for the Preservation of Rural England, 1964.) i 147 

The Library Association, Reference, Special and Information Section— 
North Western Group. Newspapers First Published before 1900 in Lan- 
cashire, Cheshire and the Isle of Man: à Union List of Holdings in Libraries 
and Newspaper Offices within that Area. Edited by R. E. G. Smith. Pp. 47. 
(pondon: The Library Association, 1964.) 133. (L.A. members 
10s. 6d. 

Philosophical Transactions of the Royal Society of London. Series B: 
Biological Sciences. No. 739, Vol. 247 (2 July, 1964): A Review of Mesozoic 
Acanthopterygian Fishes with special reference to those of the English 
Chalk. By C. Patterson. Pp. 213-482 + plates 2-5. 1059.; 15.75 dollars. 
No. 740, Vol. 247 (2 July, 1964): The Structure and Origin of the Waul- 
sortian (Lower Carboniferous) ‘Reefs’ of West-Central Bire. By A. Lees. 
Pp. 483-531 + plates 0-8. 22s. 6d.; 3.35 dollars. (London: The Royal 
Society, 1964.) [147 

Department of Scientific and Industrial Research: Laboratory of the 
Government Chemist. Report of the Government Chemist 1963. Pp. vi+ 
119 +4 plates. (London: H.M. Stationery Office, 1964.) 8s. 6d. net. [147 

Ambassade de France, Service de Presse et d'Information. The State 
and Edueationin France. Pp.15. (London: Ambassade de France, Service 
de Presse et d'Information, 1964.) [1 
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Research Defence Society. Conquest Pamphlet No. 18: Sı 
Vaccination: Outstanding Questions Posed and Answered by t; 
Defence Society. Pp. 7. (London: The Research Defence 8c 


Spectrochemical Abstracts, Vol. 9, 1902-63. By Ernest H. S. v: 
rw a and F. T. Birks, Pp. 94. (London: Hilger and V. 
.) 425. 3 
NationalInstitute of Oceanography. Collected Reprints, Vol. 11. 5 
n 405-466. (Wormley, Godalming: National Institute of Oceanc 


West of Scotland Agricultural College. Techniques for Hill Land L. 
ment. Pp. 6. Notes for Timothy Growers, No. 6: Screening Stc 
Scots Timothy. By I. V. Hunt. Pp. 3. (Auchineruive, Ayr: W 
Scotland Agricultura] College, 1964.) : 


Other Countries 


United States Department of the Interior: Geological Survey. "Bw 
1110-B: Geology of the Lead-Zinc Deposits in the Municipio de Janu 
State of Minas Gerais, Brazil. By Jacques F. Robertson. Pp. iv+35-1i' 

lates 3-5. Bulletin 1149: Geology of the Winnett-Mosby Area, Petrole: 

arfield, Rosebud, and Fergis Counties, Montana. By William D. John 
Jr., and Howard E. Smith. Pp. iv+91 +plates1-3. Bulletin 1157: Geol. 
of the Shotgun Butte Area, Fremont County, Wyoming. By W. R. Kee 
and M. L. Troyer. Pp. Vv+123+4plates1and2. Bulletin 1108: Stratigrat 
of the Dripping Spring Quartzite, Southeastern Arizona. By H. C. Gra. 
and R. B. Raup. Pp. vi--119--plates 1 and 2. Bulletin 1174: Taco; 
Stratigraphic Names: Definitions and Synonymies. By E-an Zen. S^ 
95. (Washington, D.C.: Government Printing Office, 1968 and 1004.) ; 

Annual Report of the Tate and Lyle Central Agricultural Research Stat 
for 1963. Pp. xiv--272. (Carapichaima, Trinidad: Tate and Lyle Cer 
Agricultural Research Station, 1064.) L 

Institut Royal Météorologique de Belgique. Contributions, No. 
VEffet de la Diffusion Thermique sur la Distribution de l'Hélium K^ 
l'Hétérosphére. Par Dr. G. Kockarts. Pp . Publications, Série 
No. 42: Le Temps en 1963. Par Dr. R. Sneyers. Fp. 52. Observatic 
Ionospheriques— Station de Dourbes. Avril 1984. p.20. (Bruxelk 
Institut Royal Météorologique de Belgique, 1964.) n 

Annals of the South African Museum. Vol. 48, Part2: New Cavernicolc 
Spiders of South Africa. By R. F. Lawrence. Pp. 57-76. 43c. Vol. 4 
Part 3: Contribution to the Knowledge of the South African Species of t 
Genus Pisidium (Lamellibranchiata). By J. G. J. Kuiper. Pp. 77-4 
49c. Vol. 48, Part b: The Girdles and Limbs of the Pristerognathid The 
cephalia. By L. D. Boonstra. Pp. 121-166 +plate 1. R. 1.25. (Ca 
Town: South African Museum, 1964.) [1 

Annals of the New York Academy of Sciences. Vol. 112, Article 
Sensory Evoked Response in Man. By Robert Katzman and 50 oth 
authors. Pp. 1-546. (New York: UN Kork Academy of Sciences, 1964.) [1' 

United States Deparment of the Interior: Fish and Wildlife Serv» 
Bureau of Sport Fisheries and Wildlife. Circular No. 179: Anglers’ Gu: 
to Sharks of the Northeastern United States, Maine to Chesapeake B. 
By John G., Casey. Pp. 32. (Washington, D.C.: Government Prints 


Office, 1964.) 25 cents. [1 

Atlantide-Report No. 7: Scientific Results of the Danish Expedition 
the Coasts of Tropical West Africa, 1945-1946. By Jorgen Knudsen’ a 
Torben Wolff. Pp. 213. (Copenhagen: Danish Science ress, Ltd., 19: 
Published on behalf of the University, Copenhagen, and The British Muse» 
(Natural History).) 55 D.kr. [» 

World Health Organization. Technical Report Series. No. 271: Atn 
spheric Pure rere Ped of à WHO Expert Committee. Pp. 18. 1&5 
franc; 1s. 9d.; 0.30 dollars. No. 272: O Expert Committee on Mala 
Tenth Report. Pp. 52. 2 Sw. francs: 3s. 6d; 0.60 dollars. No. 2: 
WHO Expert Committee on Biological Standardization—Sixteenth Repo 
FP: 90. 3 Sw. francs; 55.; 1 dollar. No. 275: Psychosomatic Disorder: 
Thirteenth Report of the WHO Expert Committee on Mental Hear 
Pp. 27. 1 Sw. franc; 1s. 9d.; 0.80 dollars. No. 276: Prevention of Can 
—Report of a WHO Expert Committee. . 58. 2 Sw. francs; 3s. 6» 
0.60 dollars. No. 277: Soil-Transmitted elminths—Report of a NM 
Expert Committee on Helminthiases. Pp. 69. 3 Sw. francs; 68.; 1 dol 
(Geneva; World Health Organization; London: H.M. Stationery Off 
1 » 


[1 
Monographs in the Surgical Sciences, Vol. 1, No. l(March 1964). Edit 
by William G. Anlyan and David C. Sabiston, Jr. Pp. 1-118. Publish 
quarterly. Subscription prices per volume of fourissues: 10 dollars (U.S. 
10.50 dollars (Canada); 10.75 dolars (all other countries). Single issu 
6 dollars (U.S.A.); 5.25 dollars (all other countries). (Baltimore, Mei 
The Williams and ‘Wilkins Company, 1964.) : 
University of California Publications in Geological Sciences, Vol. 
Fossil Vertebrates from the Late Cretaceous Lance Formation, East 
Wyoming. By Richard Estes. Pp. 1804-5 plates. (Berkeley and Ml 
Angeles: University of California Press; London: Cambridge Univer: 
Press, 1964.) 4 dollars. D 
Consell Permanent International pour l'Exploration de la Mer, Ch 
lottenlund-Slot, Danemark. Bulletin Statletique des Pêches Maritim 
Vol. 46, pour l’Année 1961. Rédigé par A. Fridriksson. Pp. xii+ 
(Copenhague: Andr. Fred. Host and Fils, 1964.) 25 D.kr. ae 
The Carlsberg Foundation’s Oceanographical Expedition Round the Wo 
1928-30 and previous “Dana” Expeditions. "Dana" Re E 
Eyes of some Ceratioid Fishes. By Ole Munk. £ “Dar 
Beport No. 62: Rectal Light Organsin the Argentinois Fishes Opisthoproc 
and Winteria. By E. Bertelsen and Ole Munk. Pp. 1742 plates. (Cop 
hagen: Andr. Fred. Host and Son, 1964.) 11 D.kr. the two reports. [1 
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Anat 
"Cur 


YE of the recommendations of the Plowden Commit- 
n teo on Representational Services Overseas (Nature, 


. 202, 1039; 1964. 203, 439; 1964) arose out of that 


Committee’s concern that the unified Service proposed in 
its Report should be in a position to respond quickly and 
‘in time to changing requirements. For this the Plowden 


.. Committee held that flexibility in the control and de- 


ployment of man-power was essential. This is generally 


. true also of scientific and technical man-power, but the 


- Plowden Committee was more particularly concerned that 


„there should be a sufficient margin of man-power to cover 


- the time necessarily spent in travel, training, home leave 


and sick leave. The Committee received convincing 
evidence that lack of such an adequate reserve of man- 
power had seriously impeded the effective deployment of 
the present Foreign and Commonwealth Services and had 
led to overstrain. ! 

It was considered vital that this situation should be 
remedied and the Committee was satisfied that a margin 
of the order of 10 per cent was reasonable. It recom- 
mended accordingly that the authorized man-power of 
the new Diplomatic Service should be calculated to include 
such a reserve, though it recognized that it would have 
to be built up pradually: emphasis was placed on the 
fact that such a reserve should not be squandered by the 
creation of new operational posts. Firm management 
would be required to ensure that this reserve was held 
and used for the purposes intended, and such manage- 
ment would also ensure that, as requirements change and 
new commitments are accepted, old commitments which 
have ceased to be worth while should be dropped. Further, 


it believed that a reasonable man-power ceiling such as is 


proposed accentuates the departmental sense of responsi- 
bility and encourages both real economy and morale. 
The cost of providing and maintaining such a reserve 
of man-power was put at £7 50,000 a year, but the Govern- 
ment was not prepared to accept the recommendation in 
full. Instead, it was agreed that the position should be 
reviewed again when a margin of 7-5 per cent had been 
achieved, probably in about two years time. There 
would then be a careful reappraisal as a basis for deciding 
whether or not it was necessary to go so far as the 10 per 
cent recommended. The main basis of the Committee's 
argument was unchallenged, and the decision taken accords 
with what the Plowden Committee itself recognized as 
being practical. 2 
In spite of this, however, this recommendation of the 
Plowden Committee has now been rejected outright by 
the Estimates Committee, without seriously examining 
'the evidence presented to the Plowden Committee and 
questioning the fact that the Diplomatic Service might, 
under the present arrangements, be understaffed. In its 
fifth report for the Session 1963-64, Treasury Control of 
Establishments *, the Estimates Committee, refusing to 
discuss any such considerations of overstrain and possible 
undermanning, refuses peremptorily to consider the pro- 
posal of the Plowden Committee on the ground that it 
endangers the present system of Treasury control of the 
* Fifth Report from the Estimates Committee together with the minutes 
of the Evidence taken before Sub-Committee C and Appendixes, Session 


1963-64—Treasury Control of Establishments. Pp. +172. (London: 
H.M.S.0O., 1904.) 125. 6d. net. 
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: REAPPRAISAL OF TREASURY CONTROL : 


Civil Service. The purpose which that control is intended 
to preserve is ignored, and accordingly the vital question 
whether such control effectively serves the national 
interests is unasked. Control for control’s sake is advo- 
cated nakedly and unashamed, and the present system of 
determining reserves for the Foreign Service should be 
retained, regardless of its proved defects. 

There are two major reasons why this attitude of tho 
Estimates Committee should not be allowed to pass 
unchallenged. First, such an attitude has the most 
serious implications for the association of scientists and 
tecbnologists in the task of government, whether in tho 
strictly scientific and technical sphere, or in that of 
administration. Inevitably, it must hinder scientific and 
technical work, leading to frustration and inefficiency 
and waste. It is also likely to discourage scientists and 
technologists from taking their fitting share in adminis- 
tration—a point on which considerable emphasis was 
placed in a recent Fabian Group pamphlet, The Adminis- 
trators: the Reform of the Civil Service (Nature, 209, 555; 
1964), as well as in the earlier Plowden Report, Control 
of Public Expenditure, issed in July 1961 (Nature, 192, 
485; 1961). 

The second reason is thab the unenlightened and 


-restrictivo attitude which marks this Report from the 


Estimates Committee is detrimental to the valuable work 
which that Committee has done in the past and also to 
the public esteem of Parliament. Tt is no service to the 
effective control of public expenditure to refuse to con- 
sider the purposes which such expenditure is intonded to 
service and subordinate the end to the means. There is 
already a large volume of criticism of the effectiveness of 
Parliament and suggestions for reform are being freely, 
if seldom convincingly, advanced. This is & vital element 
in arriving at an appropriate system for the public dis- 
cussion of policy and for integrating advice and judgment 
in ministerial decisions. Solution will not be easier if tho 
stending or prestige of Parliament is diminished by 
recommendations as ill-founded as that of the Estimates 
Committee in this matter. The report could well be the 
subject of some, consideration by the Parliamentary and 
Scientific Committee, all the more in that there aro 
other recommendations which axe constructive and en- 
lightened. 

Tt should be noted that the Plowden Report on Controt 
of Public Expenditure arose essentially out of & recom- 
mendation in an earlier report from the Select Committeo 
on Estimates in 1958 on Treasury Control of Hapend ture 
and the comment of the Treasury in a subsequent special 
report in the Session 1958-59. The recommendations of 
the Plowden Report led to certain changes in the intcrnal 
organization of the Treasury in November 1962, designed 
to contribute more positively to good management 
throughout the Civil Service, and the present arrangements 
for Treasury Control are outlined in this latest Report 
from the Estimates Committee. The Report, however, is 
not limited to the methods by which the numbers and 
grades of personnel in departments are kept under scrut iny 
by the Treasury, but considers also the managenient 
functions of the Treasury, including recruitment and the 
introduction of computers. Moreover, the Report includes 
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a 
among the minutes of evidence a memorandum submitted 
by the Treasury on Treasury control of departmental 
establishments and the minutes of an interview with Sir 
Ronald Holroyd, which covers the experience of Imperial 
Chemical Industries, Ltd., in the recruitment and manage- 
ment of staff. 

Where the Estimates Committee has gone astray is 
clear early in the Report. The present system for con- 
trolling numbers and, grading in the Civil Service is 
basically that established in 1949. The primary method 
as a twice-yearly review of man-power, at which the total 
ceiling of a department’s non-industrial staff is fixed. 
Below this figure, departments can vary the numbers and 
grades of their staff in particular fields up to the level of 
their delegated authority, but the creation of senior posts 
and staff expenditure on any new function or any con- 
siderable expansion of an existing function requires 
Treasury approval. To ensure that complementing and 
grading standards are properly applied in departments, 
test checks are made by & team of staff inspectors from 
the Treasury. 

The Estimates Committee agrees with the principles 
underlying the present system, though it makes certain 
recommendations. The April review of the man-power of 
Civil departments should be abolished and the Treasury 
should require departments to submit their October 
returns in regular sequence. The Treasury should estab- 
lish an interdepartmental committee to review the existing 
arrangements for delegated authority with the view of 
raising the level throughout the Civil Service for the 
professional, scientific and technical classes, and for the 
goneral service classes also in departments where the 
establishment officer is of a rank lower than under- 
secretary. Establishmenis (Complementing) Division 
should make regular and systematic examinations of the 
staff of all Civil departments over a period of 3-5 years. 

The Committee tried hard to induce Sir Laurence 
Helsby, Joint Permanent Secretary to the Treasury and 
head of the Home Civil Service, to commit himself to 
the Committee’s view that the recommendation of the 
Plowden Report regarding the staffing of the Diplomatie 
Service would make it impossible for the Treasury to 
perform its primary duty, “to ensure that no more staff 
are employed than are needed; that posts are correctly 
graded by reference to duties; that suitable staff are 
assigned to the posts; and that consistent standards are 
maintained throughout the Service’. However, it is 
obvious that Sir Laurence Helsby has an open mind on 
this matter. He pointed out, in fact, that the 10 per cent 
margin recommended by the Plowden Committee was 
not a full 10 per cent increase, though the existing margin 
which the Plowden Committee thought inadequate was 
not disclosed. Sir Laurence thought that it might not be 
necessary to exceed the 7-5 per cent margin adopted for 
the present, but preferred to reserve judgment until we 
had seen over-the next two years what a modest increase 
in the existing reserve did to make for a greater flexibility. 
He gave no support to the idea that removal of Treasury 
scrutiny from this reserve violated the whole principle of 
Treasury control. 

On the evidence of this report, the Estimates Com- 
mittee’s concern that one of the most important functions 
of the Treasury is to be the agent of the House of Com- 
mons and its committees in d3termining the amount of 
public oxpenditure and the means by which the House 
controls the size and pattern of the public service has 
- blinded it to the real issues. It is irrelevant that other 
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departments are, in general, satisfied with the present 
system. We are faced with a proved defect. which the 
Estimates Committee will not really face, least of all the 
fact that the size of the Civil Service is ultimately 
determined by Government policy which increases or 
eurteils the work to be done. So naive a recommendation 
could scarcely have come from the Committee if its 
members had read Lord Bridges’s recent book, The 
Treasury (Nature, 203, 555; 1964), particularly the 
chapter, "Treasury Staff Control: How it Works". 
Even. so, it is difficult to account for so futile a recom- 
mendation in a report characterized otherwise by much 


' sound sense and insight, particularly when, es. already 


noted, the recommendation could hinder the recruitment 
of. scientific and technical staff with which the Estimates 
Committee was also concerned. The interdepartmental 
committee it recommends is intended partly as a con- 
+ribution to the more effective use of such staff. However, 
the Committee’s major recommendation in this field is 
that the Treasury should take positive steps to stimulate 
the recruitment of scientists by producing a better career 
structure within the Scientific Class and should encourage 
the transfer of members of the- Scientific Class to the 
Administrative Class. Sir Laurence Helsby, in evidence, 
admitted that there was a considerable shortage of 
scientists in the Civil Service, while the Treasury memor- 
andum referred to the difficulty of discerning and applying 
standards or objective criteria in the work of professional 
and scientifio staff. This is a prime reason for seeking to 
increase the delegated authority in such classes. _ 

Sir Laurence pointed out that in the recruitment of 
scientists the Treasury and the Civil Service Commission 
were already co-operating to the maximum extent. How- 
ever, much of this reeruitment was on & temporary basis 
and the research fellowships offered by the Commission 
had attracted some exceptional scientists who did not 
respond to establishment on a career basis. He agreed 
that the dividing line between the administrative and 
the scientific and professional classes might have been 
too rigid and hindered recruitment. Nevertheless, he 
did not think that the scientist was at a grave dis- 
advantage. While they had been disappointed about the 
willingness of potential administrators to move from 
the scientific field into the administrative class, within 
the past three months a competition to that end had been 
more successful than any for some years and fifteen 
really promising administrators had been recruited from 
the scientific class. 

Tt was at this point that Sir Ronald Holroyd’s evidence 
was relevant. However, while the Estimates Committee 
does not consider that there should virtually be no 
boundary between administrative and specialist tasks, it 
wishes to encourage to the full the incorporation, so far 
as possible, of scientists into the management team of a 
department, provided recruitment for the purely scientific 
posts was fully maintained. The Estimates Committee 
considers that, in any event until recently, there has been 
too rigid a barrier between the administrative and 
scientific classes and that this should: be relaxad. This is 
not of itself likely to contribute greatly towards making 
the Civil Service more attractive as & career to the younger 
scientists: other factors are probably much more im. 
portant, and the interchange between the Civil Service 
and industry, with which the Estimates Committee was 
next concerned, could contribute something to the estab- 
lishment of the atmosphere which is most likely to 
overcome the reluctance of a scientist to adopt the Civil 
Service as a career. 
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In spite of recommendations in the earlier Plowden 
Report and elsewhere, such interchange does not occur 
on any appreciable scale—though the Treasury was con- 
sidering whether it would increase its initiative here. Sir 
Ronald Holroyd in his evidence referred to the need for 
people in the Civil Service who can speak the language of 
‘industry. Even though there was good agreement on this 
point, it is an open question whether this broadening of 
experience is best achieved by physical interchange of 
staff or by the exchange of experience and ideas. Sir 
Laurence had reservations as to how far the former had 
really benefited the Civil Servants who had enlarged their 
experience in this way, and very clearly there are con- 
siderable practical difficulties in arranging such inter- 
change which do not apply, for example, to interchange 
with universities. Nevertheless, the Estimates Committee 
is satisfied that the more informed discussion and ex- 
changes of ideas can occur the better for all concerned. The 
barrier between the Civil Service and industry is, indeed, 
gradually being broken down, but the Estimates Com- 
mittee urges that the process should be accelerated as 
much as possible. The new syllabus at the Centre for 
Administrative Studies, which provides for visits to 
industrial concerns, is one example of increasing Treasury 
initiative in this field, and the Committee recommends 
that the Treasury should make every effort to increase 
the scope for interchange of knowledge and experience 
between the Civil Servico and industry both at home and 
abroad. 

For the rest, the Estimates Committee in this report 
considers at some length the management services of the 
Treasury, now organized under an Under-Secretary, 
responsible to the Third Secretary (Management). While 
it has no doubts as to the skill and efficiency of the 
Organization and Methods (General) Division, it questions 
whether this skill is fully utilized, partly through lack of 
control over departments which have their own organiza- 
tion and methods branch and partly through the limita- 
tions imposed by the Division’s advisory role. The 
Committee thinks that the Treasury should require such 
departmental branches to submit a forward programme 

' of their assignments, in which the Treasury should par- 
ticipate if it thought fit. It also recommends that the 
Division should carry out planned reviews of all the 
departments for which it had responsibility. 

The role of the Organization and Methods (Machine) 
Division is also advisory, but it participates in any major 
mechanization scheme in the Civil Service, and in this 
sphere of machines the Treasury plays a much more 
central part. The Division has already, rightly, in the 
Committee's opinion, taken on itself immense responsi- 
bilities which it is believed to be fulfilling with care and 
skill. Contrary to some rather vocal criticism elsewhere, 
the Estimates Committee found the Civi] Service at least 
as far advanced in this field as a commercial concern such 
as Imperial Chemical Industries, Ltd., without plunging 
recklessly into excessive expenditure without proper 
consideration. For this position the credit is given to 
the Treasury, and steps are also being taken to make 
all departments fully aware of the great potentials of 
mechanization. Welcoming the Treasury’s initiative, the 
Committee also expresses the hope that still further 
steps will be taken to instil into all departments a proper 
appreciation of the immense potentialities of computers 
as a means of speedier and more efficient management. 

The third of the management divisions, Management 
Services (General Division), has only operated since 
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November 1962, and is responsible for investigating 
problems outside the strict field of organization and 
methods, and acting as an organ of the Treasury, to 
compare the practices of sevoral departments. The 
Estimates Committee welcomes this wider opportunity 
but does not consider that the opportunity has yct been 
used. It recommends accordingly that the organization 
and functions of the Division should be reviewed to 
enable it to carry out a wider range of investiga- 
tions which the Committee believes are of tho highest 
importance. 

Generally, the Committee holds the opinion that the 
greatly increased emphasis in the Treasury on manage- 
ment since November 1962 is to be welcomed and it hopes 
that the initiative will be maintained and strengthened. 
To a large extent, the impulse here comes from the Plowden 
Report on Control of Public Expenditure, but the Estimates 
Committee does not accept all the implications of that 
Report. It challenges, for example, the view which. it 
suggests, is implicit in that Report that the Treasury 
and the other departments are more or less equal partners, 
and that the work done by the complementing divisions 
is far less important than the political work to be done 
by the management divisions. Unhesitatingly, the Com- 
mittee affirms the supremacy of the Treasury, at least to 
the extent of the right and duty to institute regular and 
thorough inspections of the departments. 

The Plowden Committee maintained that there should 
be no interference with a department’s responsibilities, 
and it can certainly be argued that regular inspection by 
the Treasury tends to undermine departmental responsi- 
bility. The Estimates Committee’s anxiety to restore the 
supremacy of the Treasury, however, really stems from 
its desire to reassert the authority of the House of 
Commons. That much is plain from any reading of A. Hill 
and A. Whichelow's What's Wrong with Parliament? They 
point out that to-day control by the House of Commons 
of Government spending is now largely non-existent and 
only the Treasury can help. While Members are aware of 
this and are now more wary about the full financial 
implications of the policies they approve, they still eling 
to old procedural forms which no longer grip the matters 
they were designed to control. 

Mr. Hill and Mr. Whichelow argue firmly that the 
influence and prestige of Parliament would bo restored 
by use of a series of parliamentary special committees — 
as opposed to the Party committees which have developed 
since the Second World War—and they cite as an example 
the Select Committee on the Nationalized Industries. In 
this system, they suggest, the Estimates Committee 
would itself occupy an important place: its inhibition in 
respect of policy would be removed and its six sub- 
committees might form the basis of the new committees. 
The Public Accounts Committee would probably continue 
to function as at present, but if the Estimates Committee 
were no longer debarred from criticizing Government 
policy, the futilities in its present report would be unlikely 
to recur. 

While there is some substance in the view that the 
weaknesses in the present Report arise out of out-dated 
procedures, more is involved than procedures. There is 
also the question of the function of the Treasury itself, 
and it is obvious that the Estimates Committee is poles 
asunder from the view put forward by the Fabian Group 
in the pamphlet mentioned earlier. The Fabian Group 
sees the functions of the Treasury as very different and 
does not regard it as good for the Civil Service that the 
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department responsible for financial control should also 
be responsible for policy and management of personnel, 
since it is judge in its own causo: considerations of 
finance may take precedence over ideas of enlightened 
management. Whother in fact that happens seems a 
little doubtful on the evidence of the Estimates Com- 
mittee’s report, but the function of the Treasury as 
viewed by the Fabian Group should be considered in the 
light of its proposal to transfor to the Civil Service Com- 
mission the responsibility for personnel management and 
the structure of the Civil Service. For that, however, the 
pamphlet must be considered in greater’ detail, and all 
that can be added here is that, like the Estimates Com- 
mittee itself and Mr. Hill and Mr. Whichelow in discussing 
the reform of Parliament, the Fabian Group is intensely 
concerned with the recruitment and use of scientists on 
an adequate scale and up to the highest levels. 


THE INTERNATIONALE OF SCIENTISTS 


The Dawn of a New Age 

Reflections on Science and Human Affairs. By Eugene 
Rabinowitch. Pp. viii+ 332. (Chicago and London: 
University of Chicago Press, 1963.) 6.95 dollars; 52s. 


‘To book by the internationally known, respected 
and loved editor of the Bulletin of the Atomic 
Scientisis contains his reflexions on human affairs ex- 
tending over almost twenty-five years. He first presents 
his credentials as a prophet in two astonishingly accurate 
forecasts of the Second World War, written on September 
1, 1939, and on May 5, 1941. After this ib comes as less 
of a surprise that in his later essays, written at the time 
of the Korean war, of the Vietnam crisis, of the first 
Sputnik and of the Cuban crisis, he has displayed the same 
sound judgment; always confirmed, never contradicted 
by what has happened since then. 

Eugene Rabinowitch was born in the U.S.S.R. and is 
now professor of biophysies at the University of Illinois. 
He has maintained friendly relations with a great number 
of Soviet scientists, without ever ceasing to be critical of 
their system. His essay on “Russian and Soviet Science” 
is a masterpiece of balanced judgment. In this, and in 
all his other essays collected in this volume, he pleads 
a realistic gospel of understanding and of patience, which 
is probably equally uncongenial to the average unsophistic- 
ated American with a somowhat fundamentalistic cast 
of mind, who can seo nothing but diabolic wickedness 
in Communism, and to the fundamentalists among his 
fellow-scientists, who recommend conscientious objection, 
and who can see no hope short of *Banning the Bomb". 

Rabinowitch is a Fabian of disarmament, who keeps 
his eye steadfastly on what is possible, without ever for- 
getting the final goal. The report to tho Secretary of 
War, 1945, of which he was one of the chief authors, 
and which has become known as the Franck Report, 
and his speech for the President in 1954, are fine examples 
of his method of approaching influential non-scientists. 
If not even words of such wise moderation so closely 
argued from incontrovertible facts have an effect on 
politicians, then what use are words? Rabinowitch 
must have often asked himself this question, yet he has 
never despaired, and never given up his patient pleading. 
If, as is very likely, ho and people like him have made 
even 8 small contribution to the tremendous fact that 
fifteen years after both sides came into possession of the 
atomic weapon not a single nuclear bomb was exploded 
in anger, this ought to bo considered a rich reward for 
their patience. 

The book contains thirty essays, grouped under tho 
headings “Looking Ahead”, “Taking Stock", “Talking 
with World Scientists’, and ‘Horetical Thoughts". 
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If anybody looks for really heretical thoughts, he will be 
disappointed. Rabinowitch offers plain common sense, 
and he scorns Bernard Shaw’s trick of dishing up common- 
sense as a shocking paradox. Itis somewhat regrettable, 
but in tho nature of things, that out of his many pages of 
carefully balanced arguments, it will be scarcely possible 
to lift out even one epigram, which might take root in 
the common man’s mind. He is a fluent and polished 
writer, eminently readable, yet sometimes I wish he 
had taken advice from ‘Mad. Ad.'. But any serious 
reader, scientist or humanist, will find great enjoyment 
in reading his book. D. GABOR 


PHYSICIAN AND PHILOSOPHER 


John Locke (1632-1704): Physician and Philosopher 
A Medical Biography, with an Edition of the Medical 
Notes in his Journals. By Kenneth Dewhurst. Pp. 
xii--331--11 plates. (London: The Wellcome Historical 
Medical Library, 1963.) 42s. 


OHN LOCKE’S abiding fame rests on his philosophy. 
J He may be regarded, as the foundor of empiricism, 
which is the doctrine that all our knowledge (with the 
possible exception of logic and mathematics) is founded 
on experience. He was born in 1632, but did not publish 
the Essay Concerning Human Understanding until 1687. 
Six years (1687—1693) sufficed for this and his further 
works on Toleration, Government and Education to make 
him the most influential and perhaps the greatest of 
British philosophers. His teaching in his lifetime and 
after his death exerted a far-reaching political influence. 
The British Constitution was based on Locke's doctrines 
until some sixty years ago; with Montesquieu's additions 
they are part of the American Constitution; they had 
a determining influence for the French philosophers 
and the moderate reformers in the French Revolution 
and inspired the French Constitution in 18711. a 

So great is Locke’s stature as a philosopher that it is 
often forgotten that he was also a scientist, and throughout 
the greater part of his life a practising physician, a writer 
of medical essays and of clinical reports and papers. 
The view may well be accepted that it was his interest 
in science and prolonged observation of disease that led 
him to reflect on human knowledge and to enunciate 
his views that this equally was based on experience. 

When Locke died, his large store of manuscripts, 
notebooks and journals went to his cousin, Peter King, 
later Lord Chancellor. The seventh Lord King, in 1829, 
published an indifferent biography, entitled Life and 
Letters of John Locke, with a few extracts from the journals. 
The medical aspect of Locke’s life was brought forward 
in Dr. John Brown’s discursive essay, “Locke and 
Sydenham” (Horae Subsecivae, 1866). In 1876, H. R. 
Fox Bourne’s reliable biography, the Life of John Locke, 
appeared in two volumes, which examined new material 
including some of Locke’s medical writings. This led to 
the brief but admirable studies of two medical historians, 
Dr. E. T. Withington? and Sir William Osler’, who both 
concluded that Locke was an experienced and skilful 
physician of sound judgment and advanced views. 
They surmised that he gave more time to his chosen 
profession than the manuscripts then disclosed. These 
beliefs were confirmed in 1948, when the Bodleian Library. 
with the aid of the Clarendon Press, purchased from the 
Earl of Lovelace (a descendant of the first Lord King) 
a large collection of Locke’s unpublished papers including 
much material of medical interest. 

Dr. K. Dewhurst, Wellcome Research Fellow in 
medicine, Corpus Christi College, Oxford, has sedulously 
studied and deciphered the medical papers in this new 
source of material and has written this scholarly medical 
biography of John Locke, which reveals the philosopher's 
attainments as scientist and physician. Included are 
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a complete edition in English of the medical notes in 
Locke’s journals and a biographical survey of his other 
medical writings. 

John Locke, the son of a Somersetshire lawyer, in 
1646 entered Westminster School under Dr. Busby. 
Among his school-fellows were Richard Lower, Walter 
Needham and John Mapletoft, future physicians. In 
1652 he proceeded to Christ Church, Oxford, graduating 
B.A. in 1655 and M.A. in 1658. In 1659 he was elected 
to a senior studentship at Christ Church; in 1660 he became 
lecturer in Greek and in 1662 lecturer in rhetoric. Dr. 
Dewhurst notes that Locke kept a medical note-book 
and studied science and medicine from the beginning 
of his university career; and also that through his friend, 
Lower, he was early in touch with the precursors of the 
Royal Society, that group of experimental philosophers, 
including William Petty, Thomas Goddard, Ralph 
Bathurst, Christopher Wren, Thomas Willis, and Robert 
Hooke, who met in the rooms of Jobn Wilkins, Warden 
of Wadham College. In 1660 Locke’s friendship with 
Robert Boyle augmented his interest in medical chemistry 
or pharmacology; and he studied botany in the Oxford 
Botanic Garden and attended Willis’s lectures on thera- 
peutics. In 1665 he served as secretary to Sir Walter 
Vane's diplomatic mission to the Elector of Brandenburg. 
Returning to Oxford, he worked with his friend, Dr. 
David Thomas, at practical chemistry and in 1666 joined 
him in medical practice. Lord Clarendon, Chancellor 
of the University, requested that Locke might now 
accumulate the M.B. and M.D. degrees. Fearing oppos- 
ition and rejection, Locke did not submit the request 
but ensured continuation of his studentship by a royal 
dispensation. 

Tn 1667 Locke went to London as personal physician 
to Lord Ashley. This led to his association in clinical 
work with Thomas Sydenham, and he forsook the labor- 
atory to study disease at the bedside. An early success 
was his operation on Lord Ashley for a suppurating 
hydatid cyst of the liver. In 1668 he was elected a Fellow 
of the Royal Society of London and served on a com- 
mittee of the Society. In 1670 Lord Ashley nominated 
Locke for the degree of M.D. Oxon., but Locke asked his 
patron to withdraw the request on hearing that John 
Fell, Dean of Christ Church, and the Provost of Eton 
both opposed the award. When Ashley became Earl of 
Shaftesbury, Locke was appointed Secretary of Present- 
ations. In 1674 he became M.B. Oxon., a medical graduate 
at last, but he never proceeded to the M.D. He was 
appointed to a medical studentship at Christ Church. 

In the smoky atmosphere of London, Locke appears 
to have contracted asthma and chronic bronchitis. 
After Shaftesbury’s fall from power in 1673 he lost his post, 
and in 1675 he went to France for the sake of his health. 
He stayed fifteen months at Montpellier studying medicine 
and science and, afterwards, went to Paris for the same 
purpose. His medical services were constantly in request 
by British residents. He revisited Montpellier, then 
Paris again, and returned to London in 1679. From then 
until 1682 he was again with Shaftesbury in public affairs 
and renewed his friendship with Sydenham and other 
physicians. After Shaftesbury’s death he fell under 
suspicion for his political views and from 1683 until 
1689 sought refuge in Holland. Here he wrote his cele- 
brated Essay, but also studied Dutch medicine and met 
scientists and physicians. In 1685, on the order of James 
TI, he was expelled from his studentship. 

After the Revolution, he returned to England and 
accepted the office of Commissioner of Appeals. For his 
health he spent the winter months with Lady Masham’s 
family at Oates in Essex. In 1696 he was appointed a 
Commissioner for Trade and Plantations. In 1700 he 
resigned his appointments, but as late as 1701 he was 
giving medical advice to some of his poorer neighbours. 
He died probably from heart failure supervening on 
bronchitis and emphysema in 1704. 
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Such in brief outline was the career of this great genius 
whose medical biography Dr. Dewhurst has so fully and 
„ably put on record. ARTHUR S8. MacNALTY 

1 Vide Bertrand Russell, History of Western Philosophy (G. Allen and Unwin, 
London, 1946). Book 3, Chaps. 13, 14 and 16, describe Locke's phil- 
osophy and his influence. 

* Withington, E. T., “John Locke as a Medical Practitioner", Med. Magazine, 
7, 47, 375, 673 (1898); Janus, 4, 893, 407, 527, 579 (1899). 

3 Osler, Sir William, An Alabama Student and. Other Biographical Essays. 
“John Locke as à Physician" (Clarendon Press, Oxford, 1908). 


LAW AND TECHNOLOGISTS 


Law and Technologists 
By Dr. Roy Douglas. Pp. 158. (London: Gee and 
Company (Publishers), Ltd., 1964.) 30s. net. 


I and science are rightfully regarded as significant 
tool subjects for developing the logical mind. It 
has frequently been argued that a scientifie background 
can be as valuable as a humanistic one for the study 
of the law. Many scientists and engineers at some stage 
in their career divert towards the legal aspects of industry 
and technology. In the world of to-day the applied 
scientist finds the law increasingly impinging on his 
activities—employment, contracts, patents, company 
affairs. A book such as Law for Technologists is 
assuredly, therefore, in principle to be welcomed, though 
it was written primarily for those studying for the Diploma 
in Technology and other students who require a measure 
of legal knowledge as an adjunct to a course which is 
primarily technological or scientific. 

This publication is not submitted as "every technologist 
his own lawyer”, though it provides a brief, lucid insight 
into the structure and operation of the English legal system 
and an analysis of certain key topics directly relevant to 
the application of science or engineering to industry. 
Anyone so interested reading these chapters will not only 
be better informed but will also become conscious of the 
wisdom of the author’s injunction “this book may perhaps 
help people to understand what the law and lawyors 
are saying, and therefore it may also help them to avoid 
unnecessary legal trouble—but is most certainly not 
designed to extricate people from trouble once they have 
got into it”. 

The author has at the outset been faced with the 
difficult problem of deciding to what extent he is to concern 
himself with formal aspects, such as the evolution and 
procedure of the law, in order to help pave the way to 
an adequate understanding of the substantive portions 
of his subject. He has attempted to solve this by treating 
first of all with legal sources and machinery, leaving such 
matters as proof and international aspects to the last; 
sandwiched between are chapters on contracts, torts, 
crimes, master and servant, trade secrets, patents and 
other monopoly rights and restrictive practices. 

Tt may be commented that the section on private and 
public companies, which is to be found within the chapter 
on “Machinery of the Law”, would well merit a little 
expansion into a chapter in its own right, with somo 
reference to the duties of directors; and that perhaps 
tho section on restrictive covenants as regards employees, 
sound as it is, should fall under the heading "Master 
and Servant” rather than “Trade Secrets". A list of 
key reference books on the various legal subjects dis- 
cussed would be of value. 

A word about the selection of cases: this is always a 
pitfall for the legal writer, but the author has struck a 
fair balance between ancient historical cases which still 
to-day often constitute important landmarks in the 
evolution of the law, and the modern ones which may 
reflect more directly on present-day industrial conditions. 
This is particularly noteworthy in the short sections on 
nuisance and restrictive covenants as between master and 
servant. Itis to be noted that the treatment of the subject 
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of resale price maintenance may shortly be out of date by 
reason of tbe new legislation at present before Parliament. 

Although limitations of space and the nature of the 
intended readership have necessitated not only careful 
selection but also & certain amount of superficial treat- 
ment of some subject matter, the style is always readable 
and intelligible. This book should be of real assistance 
to those for whom it is primarily intended, even though 
inevitably they cannot end up with much more than a 
general appreciation of this complex subject, or rather 
interrelation of subjects. B. J. A. BARD 


A GREAT CIVILIZATION OF 
ANTIQUITY 


Ancient lraq 
By Georges Roux. Pp. 431 + 33 plates + 5 maps. 
(London: George Alien and Unwin, Ltd., 1964.) 50s. net. 


HE three great civilizations of early antiquity with 

the longest past history were those of Iraq, Egypt 
and China. For Irag, Dr. Georges Roux has contributed 
a history from the Paleolithic and Mesolithic periods 
until about the seventh century A.D., and those who have 
worked in a part of Mesopotamia will be grateful for his 
outline history of other parts and periods. The book will 
also be useful to students who wish to get a general view 
of their position in any special subject they choose to 
make their own. 

From 1928 until 1934, I was closely associated with the 
University of Oxford and Field Museum Expedition to 
Mesopotamia working at Kish (the Harsagkalamma end) 
under the late Prof. Langdon and the late M. Louis C. 
Watelin, and was fortunate to be in the field in the year 
when we at Kish, Sir Leonard Woolley at Ur, and Dr. 
Jordan at Uruk (the Erech of Genesis, now Warka), all 
reached virgin soil, ourselves after digging through 60 
ft. of buried civilizations and passing downward through 
more then 5,000 years of history. Thus, for the first time, 
we wore able to establish the main succession of events 
including the position of the three pre-dynastic periods: 
Al 'Ubaid, with its fine pottery painted with one-colour 
designs, and copper (including cire perdue casting), its 
affinities in Iran; Uruk, with the origin of writing in 
pietographie script, its affinities with the north shown by 
its polished red, polished black and polished grey pottery, 
and its open-spouted jars; and Jemdet Nasr, with its 
polychrome red, buff and black pottery, again with 
affinities with Iran and farther east. 

Here, I think, Dr. Roux is rather severe in restricting the 
Jemdet Nasr period to pottery. I remember well the work 
of Prof. Langdon in saving at Jemdeb Nasr a large number 
of semi-pictographic unbaked clay tablets and baking 
and publishing them in the Ozford Edition of Cuneiform 
Texts (7, 1928), each sign with a series of the forms taken 
by this through all periods to the Assyrian. 

More too might have been made of the slow progress in 
copper and bronze, and the development of iron, both 
through a long experimental period, and of their diffusion 
to the rest of the civilized world, and their work on copper 
and alloy which saved bronze users of other areas from a 
long experimental chalcolithic period. 

In. connexion with irrigation, something might be made 
of the wealth of tablets dealing with water and its use 
between individuals and between cities. Here perhaps 
was an early start of the principles of both individual and 
of international law. 

In dealing with chronology, it is somewhat surprising to 
find no mention of the pioneer work of Langdon and 
Fotheringham on The Venus Tablets of Ammizaduga 
(found at Kish) with its first establishment of the date of 
the beginning of the first Babylonian dynasty, later 
corrected to the next cycle of Venus 275 years later by 
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Sidney Smith and Brigadier-General Sewell in Alalakh 
and Chronology. . 

Dr. Roux is quite right in his statement that Sumerian 
and Semite (including Akkadian) are linguistic terms, and 
not racial, and that thero is no racial difference. Both had 
the Armenoid and Mediterranean mixture, the latter 
predominating. In my report on the early dynastic 
skeletal material in Kish IV, in agreement with Dr. 
Dudley Buxton’s earlier report in the Journal of the 
Royal Anthropological Institute on æ longer series, I 
mentioned three racial groups, Mediterranean, Eurafrican 
(a sturdier form of Mediterranean) and Armenoid, and 
said that throughout Mesopotamian history there was a 
mixture of the same three races which helped us in 
excavations to-day. 

My few observations are not made in a carping spirit, 
and I fully appreciate the chapters and sections on law, 
religion, social and economic life, science, and military 
and political organization. 

To have sorted out the rise and fall of so many cities 
and dynasties, and to have placed in order so long a period 
from the Paleolithic to the Parthian, is a considerable 
achievement, let alone the large amount of varied biblio- 
graphical material required to support it, all listed with 
notes at the end. The book is illustrated, and has four 
maps of different periods. T. K. PENNIMAN 


AGRICULTURAL RESEARCH 
IN NEW ZEALAND 


Thomas Cawthron and the Cawthron Institute 

By David Miller. Pp. vi + 248. (Nelson, New Zealand: 
The Cawthron Institute Trust Board, 1963.) 30s. New 
Zealand currency. 


ANY agricultural research institutes were started by 
benefactions from rich men ; the Cawthron Institute 
at Nelson in the South Island of New Zealand began in this 
way. The Cawthron family went to New Zealand in 1849 
when Thomas was 15; they were poor. Nelson was 
founded only a few years before the Cawthrons arrived and 
there were large rewards for hard work and initiative in 
the rapidly-growing colony. Thomas made a start in 
business by working as & contractor, first in the Australian 
gold fields, and afterwards at Nelson. From the late 
1850’s he had “a thriving business at Port Nelson as a 
shipping agent, merchant and prudent investor leading to 
the accumulation of his substantial wealth"— ultimately 
amounting to £264,000. He had plans to found a Solar 
Physies Laboratory but died before the arrangements 
were completed. By his will the bulk of his fortune was 
left to start an Industrial and Technical School, Institute 
and Museum to be called the Cawthron Institute". The 
Trustees decided that the new Institute should work 
mainly in agriculture—the main industry of New Zealand 
—and particularly in fruit growing, which was important 
around Nelson. 

In 1917, just before the Institute was formed, only : 
£10,000 a year was available to Government Departments 
and the Dominion Museum for scientific research. The 
Cawthron Institute endowment of £231,000 made much 
more research possible. Work began in 1920 and for the 
next forty years. was mainly in ‘biology’ (entomology and 
plant diseases) and ‘agriculture’ (soils, plant nutrition 
and agricultural chemistry). The Institute had many 
early successes, particularly in the biological control of 
insect pests, such as woolly aphis, and of weeds, through 
the introduction of predators. Later, grass grub was 
controlled by insecticides; this latter work is said to have 
saved New Zealand farmers £15 million a year. Other 
pioneer work was in soil surveying, fertilizer use, the control 
of deficiency diseases in plants and animals, and forestry. 
By 1959, 760 papers had been published by the staff. 
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Many agricultural research institutes have expanded 
greatly in attempts to cover their subjects as more money 
has become available from Governments. The Cawthron 
Institute has been an exception; it has started many 
branches of agricultural research and developed them 
until they could stand alone. Recent expansions in 
research in New Zealand have generally involved the 
formation of new institutes, mostly under the Depart- 
ment of Scientific and Industrial Research. The Institute 
was reorganized between 1956 and 1959; it still has the 
autonomy of a privately-endowed institution and works 
mainly on problems of plant and animal nutrition of the 
Nelson district. 

The first third of the book describes the origins of the 
Cawthron family and the life of Thomas as colonist, 
business man, and public benefactor. The next third 
summarizes the development of the Institute. The 
remainder of the book lists fully the papers published by 
Institute staff up to 1959 and gives short biographies of 
the directors and many senior staff. (David Miller, the 
author, worked at the Institute for more than 30 years 
and was director from 1956 until 1959.) 

The book is of general interest for its accounts of the 
career of & distinguished citizen of Nelson (which also 
produced Lord Rutherford—in fact the Cawthron family 
arrived there the same year as he was born) and of the 
development of this part of New Zealand. The excellent 
history of the first forty years of the Cawthron Institute, 
and the summaries of investigations that have been done, 
inevitably mako it an essential source-book for all inter- 
ested in the development and history of agricultural 
science in the Dominions. There is a good index, and 
sources of information on the life of Cawthron and the 
development of Nelson are all listed. G. W. CooxE 


FUNGAL AND YEAST CHEMISTRY 


The Chemistry and Biochemistry of Fungi and Yeasts 
Proceedings of the Symposium on the Chemistry and 
Biochemistry of Fungi and Yeasts, Dublin, 18-20 July 
1963. (International Union of Pure and Applied Chemistry, 
Royal Irish Academy and Irish National Committee 
for Chemistry.) Pp. v+525-705. (London: Butterworth 
and Co. (Publishers), Ltd., 1963.) 45s. 


HESE Proceedings fall into three unequal parts. 
Section 1, on “Fungal Metabolites”, contains four 
apers. Under the title “Biosynthesis of Antibiotics", 
A. J. Birch (United Kingdom) examines the question 
whether antibiotic production can be manipulated by 
the chemist to make it more efficient, and whether an 
individual antibiotic can be endowed with more useful 
properties by effecting minor alterations in its molecule. 
Penicillin, tetracyclines, novobiocin, fumagillin and one 
non-antibiotic substance, gibberellic acid, are used to 
illustrate how intimate knowledge of details of the 
metabolic routes involved in antibiotic biosynthesis 
- might be usefully applied for these ends. The remaining 
papers in Section 1 are excellent examples of the con- 
tributions which organic chemists make to ~biological 
sciences. D. Dolphin, A. W. Johnson, R. Rodrigo and 
N. Shaw (United Kingdom) describe, in their paper on 
“The Vitamin B,, Coenzyme”, the chemical synthesis 
from reduced vitamin B,, of vitamin B,, coenzyme 
(5’-deoxyadenosylcobalamine) and a range of its 
alkyl coenzyme analogues. Their properties and 
reactions seem particularly interesting in relation to 
possible mechanisms of the biochemical role of vitamin. 
B,,. In “Constitution of Rifamycins", V. Prelog (Switzer- 
land) unfolds how the structure of the complex rifamycin 
molecule has yielded to the formidable weapons of modern 
organic chemistry. The similar success attending the 
attack on the sclerotiorin group is described by W. H. 
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Whalley (United Kingdom) in “The Sclerotiorin Group 
of Fungal Metabolites: Their Structure and Biosynthesis”. 

Section 2 comprises three papers on ‘‘Biochomistry of 
Fungi”: ‘Fungal Metabolism of Certain Aromatic 
Compounds Related to Lignin” by M. E. K. Henderson 
(United Kingdom); “Carbohydrate Metabolism by Fungi” 
by D. Gottlieb (United States); and ‘“Influcr.ce of Peat 
Substances on the Metabolism of Fungi" by E. Küster 
(Ireland). The first and final papers of this group contrast 
sharply with those of Section 1, and show how remote 
is the stage when the organic chemist will find lignin and 
peat rewarding subjects for research. Yet lignin, through 
its role in the maintenance of soil fertility, and peat, 
because of its economic importance, demand investi- 
gation and, as these contributions show, the research 
prospects in the chemistry and biology of lignin and peat 
arerich. Dr. Gottlieb presents a general review, surveying 
the operation in hyphal fungi of the major pathways of 
carbohydrate metabolism. 

Section 3, devoted to “Chemistry and Biochemistry 
of Yeasts”, consists of seven papers. D. J.D. Hockenhull 
(United Kingdom), in "Changing Approaches to Anti- 
biotic Production”, reviews in general terms the historical 
development of the nutritional and cultural conditions 
needed for antibiotic production, and develops tho thesis 
that “the concept of antibiotic production as a steady 
state system based on an understanding of rato processes 
concerned with the assimilation of simple nutrients 
is here to stay”. The complex subject, “Protein Synthesis 
in Yeast”, is viewed by A. H. Cook (United Kingdom) 
from four angles: age aspects of yeast cultures, the 
occurrence and nature of yeast ‘peptide-nucleotides’, 
synchronous yeast cultures and enzyme development 
in yeast. Despite its seemingly academic nature, Dr. 
Cook aptly indicates possible technical advances resulting 
from the pursuance of such research as he describes. 
This point also emerges in the contribution by H. 
Suomalainen (Finland), Changes in the Cell Constitution 
of Bakers Yeast in Changing Growth Conditions", in 
which are described some changes in the chemical and 
biochemical make-up of baker’s yeast taking place in 
response to the sequence of environmental changes 
involved in the stages of its industrial propagation. 
In “Sulphur Utilization by Yeast”, G. A. Maw (Ireland) 
deals with the distribution of sulphur in Saccharomyces 
cerevisiae, its ability to utilize various sulphur compounds 


. for growth and sulphur transport and uptake in this 


species. Interest in the glycogen, glucan and mannan 
of yeast is heightened by recent investigations described 
by D. H. Northcote (United Kingdom) in ‘‘The Structure 
and Organization of the Polysaccharides of Yeast", 
in which their chemistry and properties are related to 
their function and synthesis in the total organization of 
the cell. G. Ehrensvärd (Sweden), in “Biochemistry of 
Yeasts—an Analysis of Some Conditions for Growth", 
reports experiments designed to throw light on the 
metabolism of acetate and formate during tho lag and 
log phases of growth of the fodder yeast, Candida, utilis. 
The final contribution, by S. R. Mardashev (U.S.S.R.), 
provides “Some Data on the Metabolism of Diearboxylie 
Amino Acids and Their Amides in Yeast”. In particular, 
the biosynthesis and breakdown of aspartate, glutamate, 
B-methylaspartate, asparagine and glutamine by extracts 
of Saccharomyces strains are considered. 

This review of its contents indicates that the volume 


‘is one for specialists, of whom the yeast specialist is 


likely to derive the greatest benefit from its perusal. 
Not only is the largest individual section devoted to 
yeast (except for Dr. Hockenhull’s paper, which is surely 
more appropriate to Section 1), but also it achieves a 
better focus than the other sections can hope to achieve, 
with so few papers in so vast a field, despite the individual 
excellence of the contributions. The book is well produced 
and contains few typographical errors, although there aro 
some remarkable Latin plurals on p.677. C. RaAmmBow 
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Progress in Ceramic Science 
‘Vol. 3. Edited by Dr. J. E. Burke. Pp. vii+262. (London 
and New York: Pergamon Press, 1963.) 80s. net. 


HE second volume in this series was reviewed on 

p. 932 of the March 9, 1963, issue of Nature. The 
present volume contains four essays, the first by Prof. 
G. W. Brindley (Pennsylvania State University), *Orystal- 
lographic Aspects of Some Decomposition and Reorystal- 
lization Reactions”, in which orientation relationships 
between parent and product phases are discussed and 
illustrated, including the aluminium hydrous silicates— 
& field which Prof. Brindley has made especially his own. 
The second essay, by F. M. Ernsbergor (Pittsburgh 
Plate Glass Co.), deals with the current status of the 
Griffith crack theory of glass strength. He surveys 
techniques (ion-exchange, pulsed-stress, bifluoride etch 
and sodium-vapour treatment) for the direct detection 
of Griffith cracks. It is suggested that mechanical- 
damage cracks form a distinct class of strength-impairing 
structures, and that the description ‘Griffith crack’ 
should be reserved for such defects, distinguishing them 
from hypothetical intrinsic flaws which aro presumably 
responsible for the failure of glass with damage-free 
surfaces. There appears to be a good deal of information 
on this aspect of the problem which so far does not 
present a coherent picture. A. E. Owen (Westinghouse 
Research Laboratories) contributes a report on electric 
conduction and dielectric relaxation in glass, in which, 
after a brief review of the Zachariasen—Warren work, 
he outlines the present-day theories of d.c. conductivity 
and relaxation, directing particular attention to the role of 
the ‘alkali ion. He feels that, in spite of the present-day 
work, a quantitative understanding of even the simpler 
electrical phenomena in glass has still not been achieved. 
The final essay is by R. L. Coble (Massachusetts Institute 
of Technology) and J. E. Burke (General Electric Re- 
search Laboratory) on sintering. This covers a good 
deal of fairly well-established work, but is particularly 
Interesting in its comments on the inhibition of discontin- 
uous grain growth and on pore trapping. 

The book in some curious way lacks impact, and one 
must hope that future volumes in this series will be more 
exciting. However, it is a useful addition to the library and 
contains extensive bibliographies. N. F. AsrBURY 


Encyclopedia of Chemical Technology 
By Kirk-Othmer. Executive Editor: Anthony Standen. 
Vol. 2: Aluminium Compounds to Azo Dyes. Second 
completely revised edition. Pp. xv+910. (New York 
and London: Interscience Publishers, a Division of 
John Wiley and Sons, Inc., 1963.) 338s. 


"ES publieation of the revised second volume of 
‘Kirk-Othmer’ within a year of the publication of 
the first volume is a notable achievement, and full 
credit must be given to the editorial board on fulfilling 
their promise to publish two to three revised volumes 
per year of this excellent Encyclopedia of Chemical 
Technology. 

This volume contains thirty-nine articles ranging from 
“Aluminium Compounds” to “Azo Dyes”, the majority of 
which appeared in Volumes 1 and 2 of the first edition. 
Each article, written by a specialist, has been completely 
revised and extended. For example, “Amines”, included 
in the first edition, has been replaced by three complete 
articles covering, “Amines aliphatic", “Amines fatty” and 
“Amines chloroalkyl". New leading articles covering 
material only briefly mentioned in the first edition include 
the following subjects. ‘“Antistatic Agents", an article 
which reviews the theory and use of these agents in 
fabric and polymer technology. “Aquametry”, a review 
of analytical methods for the determination of water, 
with special reference to instrumental techniques, such as 
nuclear magnetic resonance, infra-red and ultra-violet 
spectroscopy, etc. “Automobile exhaust control", a 
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subject of increasing importance, dealing with the health 
hazards and methods of control of the exhaust gases 
from automobile engines. i 
The preface to the first edition stated that contributions 
from other countries would be included in an attempt 
to widen the scope of the Encyclopedia beyond the limits 
of technology in the United States. In this edition 
attompts to do this have been made by including leading 
articles written by Swiss, French and J: apanese authors. 
The lists of trade names, although still predominantly 
of American origin, have all been revised and extended. 
It is disappointing that so many of the cross-references 
that were presented and found so useful in the first 
edition have been omitted—a loss that will no doubt 
be overcome when the index volume is published. The 
omission of the review on “Analytical Chemistry" will, 
we hope, be replaced by the inclusion, in later volumes, of 
separate articles on individual analytical procedures. 
K. FELD 


A Manual of Experiments in Reactor Physics 

Edited by Prof. Frank A. Valentino. Pp. xv+ 335. 
(New York: The Maemillan Company; London: Collier- 
Macmillan Ltd., 1963.) 55s. 


É is inevitable that any account of specialized. experi- 
ments using equipment available in modern laboratorjes, 
such as those catering for reactor physics students, must 
contain a certain amount of detailed description of items 
of equipment which are special to the country of origin. 
This means that accounts of experiments and details of 
how they are to be performed must inevitably lose some 
of their value in & country other than that which has 
the oquipment readily available. 

For non-American users, therefore, this is a fault from 
which A Manual of Experiments in Reactor Physics 
suffers. However, despite this, it is generally so good 
an account as largely to make up for this defect. There 
is an excellent opening chapter on the elementary statistics 
of experiments, a subject which is so often neglected 
altogether or dealt with inadequately. This is followed 
by a short discussion of radioactivity, which includes a 
description of the method of analysis of decay curves. 
The standard methods of detection of particles are then 
described, together with a very short account of some 
electronic techniques. Also included in this chapter is 
an account of neutron sources. As a number of the 
experiments which are described later in the book require 
® pulsed-neutron source, there is a short discussion of the 
theory and methods of production of pulsed-neutron 
sources, and the final chapter in the introductory section 
(rather less than half the book) deals with radiological 
considerations relating to safety requirements in a 
reactor physics laboratory. 

The remainder of the book describes actual experiments 
which fall into three broad categories; those requiring 
only a steady source of noutrons (ten experiments); 
those requiring a subscribed assembly and a steady 
source of neutrons (six experiments); and those re- 
quiring a sigma-pile or a subcritical assembly and a 
pulsed source of neutrons (seven experiments) All 
are well described according to a standard pattern of 
introduction, object, theory and method, materials and 
apparatus, procedure, resulfs and discussion. It should, 
however, be noted that the theory given generally amounts 
only to a discussion of the necessary and relevant formulx 
required and not to the derivation of them. However, 
very adequate references are given for the experimenter 
to be able to read these up for himself. 

For those who wish to have ready-made descriptions 
of many important, yet relatively simple, experiments 
in reactor physics this is an excellent book, with the 
proviso that some of the particular pieces of equipment 
described will not be available outside American labor- 
atories. J. F. Hin 
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EMERGENCE OF POTATO BLIGHT, 1843—46 
By P. M. AUSTIN BOURKE 


Irish Meteorological Service, Dublin 


O outbreak of a plant disease, before or since, has 
received the publie attention given to the epidemic 
of potato blight (Phytophthora infestans (Mont.) de Bary) 
which commenced in Europe in 1845. The detailed con- 
sideration of the disease in agricultural journals like the 
Gardeners’ Chronicle is not surprising; it is more un- 
expected to find no fewer than sixty-six entries on the 
subject in the official Belgian gazette, le Moniteur Belge, 
during the five-month period, August-December 1845, 
and a number of articles in the French Journal des Débats. 
The first appearances of blight were mostly recorded 
in local newspapers, which sometimes were led by political 
or sectional allegiances to minimize or exaggerate its 
intensity and extent. In the professional Press, there was 
quite an amount of sharp jostling as to which group was 
most competent to deal with the outbreak. The medical 
men felt that all disease fell within their ambit, so the 
Lancet, in common with the corresponding continental 
journals, gave considerable space to the epidemic. In 
Ireland, the Dublin Medical Press, feeling the first chill 
breath of socialized medicine, suspected that Governmental 
concern about food shortage, famine and fever was merely 
a stratagem to ease the passage of a “medical charities 
bill", and for a long time denied the gravity of the situa- 
tion. The chemists argued that the potato rot was 
primarily a chemical change and thus came within their 
field of competence; for this they earned the scorn of the 
London Medical Times, which dismissed them as “the 
Giessen-bitten boys of the present day”, mesmerized by 
"the tasmalic name of Liebig". Commercial concern, 
and, in particular, possible rapercussions on the grain 
market, explain the continued interest of journals like 
the Mark Lane Express; but, in fact, every periodical 
from the Bankers’ Circular to Punch featured blight to 
such an extent that the American Monthly Journal of 
Agriculture wes moved to complain that the British 
papers of the time spoke of nothing except the potato 
disease and the railway mania. The botanists and 
mycologists were quite outnumbered in this rush 
into print; the plant pathologists had not yet been 
invented. 

The epidemic broke out at an awkward 
time for the learned socicties. Some, like 
the Société Royale et Centrale d'Agricul- 
ture of Paris, were summoned back by 
ministerial demand from their summer 
holidays to urgent special sessions; tho 
remainder made up for lost time when they 
reassembled in the autumn. Many set 
up special committees to examine and to 
experiment on the disease, and, in due 
course, to add to th» voluminous and per- 
plexed reports which were emanating 
from officially inspired commissions in 
Belgium, Holland, France and Ireland. 
But it was the pamphleteers who had the 
real field day. An eruption of brochures 
broke out all over Western Europe, 
written by physicians, surgeons, botanists, 
noblemen, pharmaceutical and other 
chemists, geologists, excisemen, gardeners 
and accountants; even a plain housowife 
added her meed of wisdom. Many of 
these pamphlets put forward highly 
eccentric views, but few were without 
useful factual information. 





Although the attack took Europe completely by sur- 
prise, blight had already been ravaging tho potato crops 
of North America in the previous two seasons. Stevens? 
has charted the annual progress of the disease, from its 
beginnings in 1843 in the five States closest to the great 
ports of tho east coast of the United States, to an expanded 
area in 1845 which closely approximates to the limits 
within which blight is & serious problem to-day. Fig. lis 
based primarily on Stevens’s work, with the addition of a 
limited amount of extra information on the impact of the 
disease in Canada. The diagram bears quite a resem- 
blance to charts of the ten-yearly progress of tho 
Japanese beetle from its introduction near Philadelphia 
in 1916. 

From what has been said, it will be clear that there 
is no lack of material on which to base a similar chart of 
the geographical progress of potato blight in Europe in 
1845; indeed, the major problem is the sheer volurne of 
the relevant data. Eye-witness accounts of the earlier 
stages in Belgium and neighbouring countries are given 
by Dumortier? and by Martens’. Bonjean’ adds details 
of the onset of the disease in southern France, Switzerland 
and north Italy. Münter* and others describe its progress 
in Germany. Decaisne? is one of the few to attempt a 
comprehensive verbal picture of the spread of the disease. 
In France? and in Scotland’, reports were collected and 
co-ordinated by a central committee. In ireland, the 
constabulary were instructed by an order dated September 
16, 1845, to submit periodie confidential reports on the 
progress of the disease; the original returns from more 
then 250 police stations are filed in the Public Records 
Office, Dublin. Data from all these sources and from very 
many others, including British, Irish, French and Belgian 
newspapers, are summarized in Fig. 2. 


Onset of Potato Blight 


The disease was first noticed in the Courtrai arca of 
Belgium towards the end of June 1845. By mid-July it 
extended all over Flanders, and had appeared in neigh- 
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Fig. 1. Approximate extent of potato blight attacks in the United States and Canada duzinz 


1848-45 (after Stevens) 
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bouring parts of The Netherlands and France. The first 
newspaper references to the strange and alarming disease 
occurred in the second half of July. As early as July 31, 
1845, lOrgane des Flandres, a newspaper published at 
Gand, printed an article by the Abbé Edouard van den 
Hecke, in which he suggested that the disease was due to 
& fungus which he described briefly, with particular 
reference to the remarkable mechanism by which it 
launched its spores. A previous suggestion as to the 
fungal nature of potato blight had been made in the 
United States by Mr. J. E. Teschemacher of Boston, but 
had caused no reaction there. Ven den Hecke’s inde- 
pendent conclusion proved to be the first innocent shot 
in what soon developed into a violent controversy between 
those who considered the fungus to be the unique cause 
and those who dismissed it as a consequence of the disease. 
There were authentic grounds at the time for scientific 
doubt, but the issue was embittered by personal jealousy, 
international rivalry and even religious conviction. The 
standard bearer of the fungal theory was Prof. Charles 
Morren of Liége, who launched, in the Brussels newspaper 
VIndépendence belge of August 20, 1845, a vigorous 
manifesto which was ‘reproduced all over Europe and 
in the United States. He was supported by Rev. M. J. 
Berkoley in England and, more cautiously, by A. Payen 
in France; but the opponents of the theory were far more 
numerous and influential, and carried the waverers with 
them. The fungal theory quickly fell into disfavour with 
all except the faithful few, and did not emerge from the 
shadows until de Bary’s time, some fifteen years later. 


Spread of the Disease 


To return to Fig. 2, the extension of the disease from 
Belgium to Luxembourg seems at first to have been 
blocked by the Ardennes; it did not appear there until it 
had flanked the mountains from north and south. At a 
later stage, the entry of the disease into Switzerland 
appears similarly to have been made, virtually simul- 
taneously in September, along the valleys of the Rhéne 
and the Rhine. 

The disease was found in the Paris area about mid- 
August. On August 20, M. Élisée Lefebvre showed 
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examples of blighted potato foliage and 
tubers to a session of the Société Royale 
et Centrale d’Agriculture. In Paris also, 
Dr. C. Montagne hastened to comply 
with the botanical canons by describing 
tho fungus in proper detail to a meeting 
of the Société Philomathique on August 
30, and thus gained priority over a number 
of Belgian writers—van den Hecke, 
Anne Marie Libert, René van Oye and 
Morren—who had already given less 
formal accounts of the fungus in popular 
newspapers. 

By mid-August the disease had also 
oxtended to the lower Rhineland, to 
north-west France, to the Channel Islands 
and to southern England. In England, 
the alarm was first sounded by Dr. Bell 
Salter of the Isle of Wight in a letter 
which appeared in the Gardeners’ Chronicle 
of August 16; the following week’s issue 
confirmed the presence of the disease over 
much of southern England. It had not 
yet appeared in the Midlands, for when 
Rev. M. J. Berkeley of King’s Cliffe, 
Northamptonshire, received on August 
26 some infected foliage from his friend 
Dr. Montagne in Paris, he had not 
succeeded, despite careful search, in 
finding any traces of the disease in his 
area. A few days later it made its 
appearance, and he followed its progress 
in the field and checked its characteristics against Dr. 
Montagne’s specimen and description. 

The advent of potato blight in Ireland was announced 
simultaneously, on September 6, in brief paragraphs in 
the Waterford Freeman and the Dublin Evening Post. On: 
September 13, Dr. John Lindley, impressed by the 
advanced stage of destruction of the potato crops in the 
London area, stopped the press to announce the grim news 
from Ireland in the Gardeners’ Chronicle. In Ireland itself, 
however, the newspapers and journals, irrespective of 
their political allegiances, tended in the earlier weeks to 
play down the disease, and it was not until considerable 
tuber rot was noted at harvest time in October that the 
popular panic spread to the Irish newspapers. 

In the later stages of a potato-growing season, it is 
difficult to distinguish the effects of blight on haulm which 
is ripening to decay. The outer boundary line in Fig. 2 
thus encloses, in large part, areas in which tuber blight 
was discovered at or soon after harvesting. It is difficult 
to place with absolute certainty in Scandinavia and 
central Europe. There is little doubt that the disease in 
Scotland was virtually limited to the area south of the 
Grampians and, in particular, did not extend to the 
Highlands in 1845. Neither did it appear in the Shetland, 
Orkney or Scilly Islands, and it made little or no impact 
in Achill Island on the Irish west coast. The southorn 
limit of the disease did not quite reach the Mediterranean, 
with the possible exception of the Genoa area about which 
there were conflicting reports. 





Extent of Crop Losses in 1845 


Losses in the potato crop in 1845 were most severe in 
the area of earliest attack. In Belgium, Holland and 
north-east France, the foliage of the main crop was 
destroyed in most cases while the tubers were no bigger - 
than marbles. In the regions of late-season attack where 
the potatoes were almost fully developed, the extent of 
loss by tuber rot depended on the wetness or otherwise 
of the season before and at harvest time. In rainy areas, 
losses were quite serious, particularly where panic digging 
took place while the fungus was active. Appreciable 
damage was suffered in parts of Switzerland, and the 
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ffect on the lives of the poor is vividly described in the 
voll-known novel, Kathi, die Grossmutter, by Jeremias 
totthelf (Albert Bitzius), published in 1847. In Ireland, 
he effects of the disease were very variable; but the 
nean loss by tuber rot was about 40 per cent in a 
mop which had yielded remarkably well, so that the pro- 
luetion of sound potatoes was about a quarter or a third 
selow normal. In Bavaria and Prussia, where the 
wutumn was dry, crop losses were slight. A contrary 
mpression was ereated abroad by the decision of the 
Prussian Government, by a decree dated September 18, 
1845, to prohibit the export of potatoes, but this was 
merely a temporary safeguard directed against heavy 
buying by Belgian and Dutch importers. 


Pattern of Blight Progress in 1845 and 1846 








elgium, the pattern of disease progress in 





1845 (F passed virtually unnoticed, and in each 
area W as attacked later in the season there was a 
tonden interpret the data as showing a linear progres- 
sion. Thus, in Britain, the apparent path from Belgium 


through England to Ireland was extrapolated backwards 
to include Germany and even Poland; the outbreak of 
blight was thus seen as “coming from the east", and, 
with the path of the cholera pandemic of 1826-37 still 
fresh in the publie mind, the disease was often described 
as the “potato cholera". In the south of France, potato 
blight appeared to travel from north to south, and its 
late season appearance was interpreted as support for the 
theory that the potato was suffering from a kind of cool 
weather degeneration. Writing about forty years later, 
Jensen of Copenhagen? recalled the sequence of successive 
blight appearances in 1845 from the Isle of Wight through 
England to Scotland, and from The Netherlands through 
Holstein to Denmark, and claimed that it was identical 
with the apparent progress of the disease in normal later 
years, as controlled by climatic factors. 

In fact, however, the cycle of events as shown in Fig. 2 
is completely untypical of the annual course of potato 
blight in Europe, nor is it explicable in terms of abnormal 
weather conditions. The summer of 1845 in north-west 
Europe was everywhere cold, sunless and wetter than 


normal, but, while it was a depressing season, it was by 


no means an unusual one. Growing seasons more favour- 
able to blight development had occurred in every part 
of the region within the past 3-6 years. The only adequate 
explanation of the pattern of development of blight in 
1845 is that the fungus had recently been introduced into 
Europe, and that the main concentration of inoculum in 
that year lay within the region in which the disease was 
obvious by mid-August. 


This interpretation is reinforced by the sequence of. 


events in 1846 when the apparent geographical march of 
the disease followed what was afterwards to be recog- 
nized as its characteristic climatic pattern’. It first 
appeared in the west, striking Ireland fully two months 
before it was noted in the previous year, and its apparent 
progress was eastwards or north-eastwards ‘‘at about 50 
miles per week”. In Ireland the crop was destroyed in 
most cases in early August at a time when tuber formation 
in the main crop, then sown later than nowadays, had 
barely begun. The sole food of a great part of the popula- 
tion was thus wiped out, and the year which followed 
marked the most intense stage of the great hunger so 
_ eloquently described in Mrs. Woodham-Smith’s book". 
‘The Scottish Highlands, which had emerged unscathed in 
1845, suffered an early and severe attack of blight in 
1846, and distress in this area was second only to that in 
 Yreland£. In south-east England and on the neighbouring 
European mainland the disease not only appeared later, 
but also, since the summer there was dry and warm, 
such damage as the potato crop suffered was due more to 
drought than to blight. 
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In 1846, the disease made an appearance in new areas. on 
the European mainland, in the Orkney and Shetland 
Islands, and even in Algeria. 


A Political Consequence 


The different courses of the disease in 1845 and 1846 
had political repercussions which are of some historical 
interest. In 1845, the London area was attacked sooner 
and more spectaeularly than was Ireland. We have seen 
that Dr. Lindley, in his Gardeners’ Chronicle, was already 
sounding the alarm for Ireland a month before the irish 
journals commenced to treat the matter seriously. As & 
result, Peel’s Government in London took prompt action, 
required the constabulary to survey the Irish. crops, and 
set up a scientific commission of three, including Lindley, 
to go to Ireland and report on the situation. Impressed 
by Lindley’s estimate that five-sixths of the Irish potato 
crop would be lost, Peel placed an early order for maize 
in North America. The provision made was parsimonious 
by modern relief standards; but, since the actual loss was 
only about half the original estimate, the emergency 
measures blunted the sharper edge of starvation in the 
spring and early summer of 1846. 

By the time the disease reappeared in Ireland in i546, 
the parliamentary opposition which had berated Peel for 
exaggeration and unjustified panic was itself im power. 
Further, the disease was rampant in Ireland at a time when 
south-east England was virtually free. Russels Ge 
ment, treating the earlier appeals from Treland as 
of ‘Wolf ', moved with tragic slowness and madegus 
Meanwhile, in Ireland, Lindiey's forecast was being v : 
than justified, with a time-lag of a year. The result is & 
matter of history. 




















A New Disease? 


Although most observers in 1845, and particularly 
practical farmers, insisted that blight was a disease new to 
Europe, there was by no means complete agreement on 
the point. A new appearance was difficult to explain, 
irrespective of the theory advanced, and there wae & T h 
source of error in the confusion of blight with earle 
potato diseases, which was mined with particular industry 
by the academic commentators who lacked direct esperi- 
ence of the disease in the field. There were also those wbo 
folt that the first need was to dispel public panis and that 
this consideration justified the mild deception of identify- 
ing the disease with earlier outbreaks which had died down 
after a short period. 

In the past, the potato had suffered from drought in 
dry seasons, from water-logging and consequent rot in 
wet years, and from frost damage in growth and storage 
when the weather was unusually cold. It was also subject 
to a number of minor ailments, like scab, which were more 
a nuisance than a matter of concern. Two diseases only 
had claimed major attention. The first was the ‘curl’, 
which we can now recognize as a virus attack. This was 
prominent from the last quarter of the eighteenth contury 
and gave rise to a voluminous literature which has been 
fairly exhaustively reviewed by Atanaso 3. The develop- 
ment of new varieties and the regular replacement of 
seed potatoes from areas free of the complaint proved to be 
effective devices for the restraint of ‘curl’. It led, however, 
to a continuous and uncontrolled exchange of potatoes 
which guaranteed the rapid extension and development 
of any new plant diseases. 

The ‘curl’ differed so radically from blight that it is 
difficult to credit that anyone could confuse them; yet 
there was a small group who wielded Occam’s razor with 
fanatical zeal and argued that ‘curl’, blight anid. other 
maladies of the potato were merely different aspects of ap, 
single disease. EIS 

The ‘taint’ or ‘dry rot’, now recognizable as @ 
infection caused by Fusarium spp., appeared to & ! 
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some degree about 1830 and caused serious concern. in 
Germany towards the end of the same decade. Again 
there was a voluminous output of articles, prize essays 
and pamphlets, culminating in the famous study by von 
Martius in 1842 (ref. 14). 

Again, the course of the diseaso was quite distinctive, 
and only a small group of contemporary observers took 
the line that dry rot and blight were two aspects of a 
single malady, the respective characteristics developing 
according as the season was dry or wet. They were 
sufficiently vocal, however, to create a confusion regarding 
the time when blight first appeared in Germany and else- 
where in Europe. This confusion has persisted to the 
present day and has led to the supposition, which is in 
reality an extension of the cholera fallacy, that the 
disease might have travelled from Europe to North 
America, 

The fact is that if blight existed in Europe prior to the 
1840's, it passed completely unnoticed either by von 
Martius, who carefully recorded even the minor ailments 
of the potato, or by the hundreds of other commentators 
who wrote on the potato. All the evidence points to the 
conclusion that blight had arrived in Europe only shortly 
before the epidemic of 1845. 


Date of introduction of Potato Blight into 
Europe 


Accepting that the fungus had been recently introduced, 
the question arises as to whether the spread of blight in 
1845 to à large part of Europe could have occurred in the 
course of a single season. The possibility cannot be 
entirely ruled out. It was a summer in which shallow 
thundery depressions penetrated into the continent and 
gave rise to a recurrent wind pattern which favoured the 
transport of spores eastwards as well as westwards in 
moist sunless weather. 

A further favourable factor was the extreme susceptibil- 
ity to blight of most of the potato crop of the time. No 
variety proved immune, but a few showed a fair resistance 
to the disease; it was from a build-up of these partially 
resistant potatoes that the crop continued to be grown 
successfully up to the time, towards the end of the century, 
when treatment with fungicides came into use. But the 
varieties then most widely grown, such as the *Lumper' in 
Ireland, proved highly susceptible and went out of general 
use after 1846. No doubt there was much exaggeration 
in the frequent reports of fields which were blackened 
overnight or even in a matter of hours. But there is solid 
evidence that the disease worked its destruction with 
terrifying rapidity. This has recently been confirmed 
in a remarkable way by Prof. van der Plank’, Using 
potatoes from a stock introduced by missionaries into 
Basutoland in 1833, which have since then survived in an 
ambient unfavourable to blight, he has tested the old 
varieties and found them to be intensely susceptible to 
the disease. 

There is, however, some evidence that blight was already 
present in parts of Europe in 1844, when the summer was 
mainly dry. The areas for which a prior appearance are 
elaimed with some plausibility are Belgium, the Lille 
district. in France, the south-east corner of England 
(Kent and Sussex) and Dumfriesshire in Scotland. 
There are some reports in 1845 of appearances of the 
disease in Cheshire and in Dumfriesshire some weeks earlier 
than the orderly advance depicted in Fig. 2 would suggest. 
Claims from South Africa, Poland and Portugal that the 
only crops in which blight appeared. were grown from 
British seed potatoes of the 1844 crop would be decisive, 
if one could be sure that the disease in question was, in 
fact, blight. However, the accumulation of evidence 
does suggest strongly that the disease had already gained a 
foothold in 1844. There are isolated. grains of evidence 
that the disease may have dated back loeally to 1843 
or even 1842, but they are far from conclusive. For 
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1841 and earlier, there.is little risk in a dogmatic claim 
that potato blight did not then exist in Europe. 


Source of Blight 


It may be deduced with some confidence that blight 
was not introduced from Europe into the United States; 
it may have come from the latter, where it was already 
widespread in 1843, to Europe or it may have arrived 
independently in the two areas from a common third 
source. Where this source was located remains a debat- 
&ble point, on which further detective work is required. 
Modern commentators have suggested Mexico!*, Recent 
work by Dr. Niederhauser et ai." has shown that the 
blight fungus there comprises a highly specialized popula- 
tion of races and that it retains the power to mate and 
form oóspores freely. These characteristics give strong 
support to the claims of Mexico as the primary site of 
origin of potato blight; they are less convincing as evidence 
that Mexico was the immediate source of the less versatile 
fungus which invaded the United States and Europe. 

The nineteenth-century theory was that blight came 
from the northern Andes region in South America, The 
direct evidence that the disease existed there prior to 
1845 is not very satisfactory; but the region has recently 
proved to be one in which genes of hypersensitivity to 
blight occur in wild potatoes". Certainly, the timing and 
method of disease entry are easier to demonstrate for the 
Andes area. The newly independent South American 
States opened up trade with Europe and North America, 
and this was greatly expanded with the guano boom 
which commenced in 1840. The problem of the dry rot 
may have induced the European growers to experiment 
with fresh stocks from South America, “the home of the 
potato". Certainly the guano ships brought South 
American potatoes to Europe, and among the newly 
introduced varieties which went down in the first attack in 
Belgium in 1845 were three which bore the significant 
names, ‘Lima’, ‘Péruviennes’ and 'Cordilióres 5, The 
available evidence suggests that the disease may well have 
come from the Andes area; but there are several out- 
standing problems to be solved before a dogmatie answer 
ean be given. 
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SPACE AND TIME IN CHEMISTRY* 
By Pror. ALLEN MACCOLL 


Department of Chemistry, University College, London 


D seems good reason for a practising scientist 
occasionally to spend a little time in reviewing the 
wider area of science into which his interests fit and in 
assessing their relationship to the subject as a whole. I 
therefore propose to examine the structure of chemistry 
nd the way in which my own research interests fit into 
neral pattern. "Traditionally, chemistry is divided 
hree main areas, inorganic, organic and physical. 
emistry occupies a place between physics on one 
us and biology on the other, further subdivisions 
- have occurred, leading, for example, to chemical physies 
and biochemistry. This immediately poses the question, 
from the point of view of a physical chemist, as to whether 
the traditional subdivision is necessarily the most 
‘natural or convenient one. Especially from the point of 
view of a physical chemist, since his subject has to do 
more with methods of investigation and with theories, 
/ than with synthesis and analysis, which are the stuff of 
organic and inorganic chemistry. The physical chemist 
must. provide the basic ideas that underpin progress in 
the other two main areas of chemistry. In the analysis 
of chemistry which I am going to develop I claim no 
originality. What I am in fact doing is borrowing as my 
theme part of the title of Ingold’s book, Structure and 
Mechanism. Since I am going to use these terms quite 
extensively let me first explein what I mean by them. 

The term ‘structure’ is used at three different levels in 
chemistry. In the first place the organic and inorganic 
chemists use the term in an almost topological sense in 
saying that the structure of a molecule is known when the 
spatial arrangement of the atoms forming it is known, 
but not necessarily the distances between them. Thus 
at this level (Fig. 1) the cobaltinitrite anion is described as 
six nitro groups surrounding a central cobalt ion octa- 
hedrally, and the ketene molecule as one carbon atom 
to which two hydrogen atoms are attached, joined to a 
second carbon atom, which in turn is attached to an 
oxygen atom. The second sense in which the term 
‘strueture’ is used is essentially a geometrical one; the 
distances between the atoms in a molecule are specified 
as are the angles that a pair of atoms subtend at a given 
atom. By various physieal techniques the structures in 
this sense of the two compounds mentioned earlier have 
been determined leading to the distances and angles shown 
in Fig. l. The third sense in which the term 'structure' is 
used relates to the way in which the electrons which bind 
together the nuclei of moleoules are organized. This 
description is essentially a mathematical one. 

The three levels discussed here may be differentiated 
by the terms ‘chemical’, ‘physical’ and ‘mathematical’, In 
the chemical method of approach to questions of structure, 
the behaviour of a substance in a series of chemical 
reactions is observed and deductions made as to the 
structure of its molecules. Thus the tetrahedral structure 
of methane, the planar structure of benzene and the 
octahedral structure of the cobaltamines were all inferred 
by this method and represent some of the highlights of 
deductive reasoning in chemistry. This approach was 
equally successful in the investigation of the structure of 
complex, naturally occurring. organic molecules. In the 
physical method of approach, not only the topology but 
also the metrical properties of molecules are established. 
The most powerful technique is that of X-ray diffraction, 
in that it ean fix to a very high degree of precision the 
positions of all the atoms in a molecule. Spectroscopy. 
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for small and intermediate-sized molecules, ean also yield 
precise values of the structural parameters of molecules. 
Again there is a recently developed technique which im 
closely related to the chemical technique. discussed hero, 
namely, mass spectrometry. In this a beam of electrons 
is used to fragment a molecule and structural deductions 
can be drawn from the nature of the fragments. f shall 
have more to say about this method later, Finally, there 
is the third, or mathematical, approach which, by using 
the techniques of quantum mechanics calculates 
energy of the molecule in terms of structural param 
and thus is able to predict the stable structure. 
problems of structure are of importance for the ¢ cited 
states of molecules as well as for the ground-states, problems 
of the energy-levels of atoms and molecules ean rightly 
be included within the general term structure as developed 
here; and so can energy relationships between abome and 
molecules. 

Mechanism is concerned with the intimate details of 
the way in which molecules interact to give new molecules. 
It too ean be subdivided in the same way as sirücture. 
Thus there are again three levels at which mechanism 
can be investigated, namely, the chemical, the physical 
and the mathematical. In the first the method is to take a 
parent molecule and to substitute various groups at differ- 
ent positions in order to find the effect on the rote of 
reaction. In the physical method, since it is know 
two molecules can only react when they possess exo 
energy. the question arises as to how they gain or lose 
this energy. In the mathematical approach an attempts 
made first to calculate how the energy of a molecular 
system varies with various displacements of fhe constitu- 
ent atoms and, secondly, to caleulate the rate af which the 
displacement leading to reaction will occur. Phe chemical 
method has been widely used in investigations both of 
reactions in solution and of reactions in the gas-phase. 
The physical method, based as it is on examinations of 
intra- and inter-molecular energy transfer, is developing 
very rapidly at present. The mathematical method, 
because of the inherent difficulty of the problem, has not 
as yet been widely applied, although the general principles 
underlying such a treatment are becoming clearer. 
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Chemistry is essentially the study of interactions, 
for it is only by allowing the substance that we wish to 
investigate to interact with something else that we can 
learn anything about it. Thus we can examine the 
relation between the pressure and volume of a gas by 
investigating its interaction with the walls of the contain- 
ing vessel. By a refinement, the interactions between the 
molecules themselves can also be investigated by the same 
technique. So it should not seem surprising if the term 
interaction looms large in a classification of chemistry. 
One possible classification is shown in Table 1. This is 
based on the three methods, namely, mathematical, 
physical and chemical, by which chemical phenomena 
can be investigated. No mention is made of the classical 
subdivisions, namely, inorganic, organic and physical. 
This is the logical outcome of the physical-chemienl 
approach, 

Table 1. A SUBDIVISION OF CHEMISTRY 
STRUCTURE MECHANISM 


Mathematical 

Interaction ofelectrongand nuclei 
in atoms and molecules, Bonds 
and intermolecular forces. 


Quantum mechanics 

Interactions of atoms and mole- 
cules with fields (for exam- 
ple, radiation), with particles 
(for example, electrons) and 
with cach other (chemical 
reactions), 


Statistical mechanics 


Systems in equilibrium Systems not in equilibrium 


Physical 

The interaction of atoms and 
molecules with fields and parti- 
cles, Non-reacting interactions 
of atoms and molecules with 
each other. Reacting inter- 
actions of atoms and molecules 
with each other. 


Chemical 

The stoichiometry of chemical 
reactions. Structure by the 
study of the interactions of 
chemical substances. Substi- 
tuent effects on equilibria. 


Such a scheme is based on a vertical division according 
to whether or not time is one of the variables investigated, 
and a horizontal division according to the method of 
investigation used. 

This subdivision allows us to sce that what is normally 
called ‘physical chemistry’ provides the scaffolding 

' inside which chemistry can be built. The correctness 
of this view was by no means so apparent a few decades 
ago when inorganic and organic chemists used the 
simplest of physical techniques in their problems. This 
raises one of the most important pedagogical difficulties 
for the teachers of physical chemistry. Some of the more 
complex concepts and methods of physical chemistry are 
required in the early stages in the teaching of inorganic 
and organic chemistry; long before they ean be rigorously 
presented. Two examples come to mind—the use of 
equilibrium theory in a discussion of the properties of 
inorganic systems and tho use of spectroscopic data in the 
determination of organic structures. In both cases, the 
best solution seems to be to give a short phenomeno- 
logical discussion of the topic, in order to enable the 
method to be applied, and postpone the more rigorous 
discussion until later in the physical chemistry course. 

Physical chemistry has two major contributions to 
make in the development of a chemist. The first of these 
is the imparting of a sense of rigour, so well exemplified 
in the study of thermodynamics. This subject plays 
much the same part in the development of the young 
chemical mind as does geometry in the development of 
the young mathematical mind. It is a discipline in the 
real sense of the term; if one proceeds logically within 
its framework, one cannot be led to the wrong conclusion. 
The second contribution lies in the area of numerical 
analysis. An ability on the part of a student to produce 
formulx relating chemically significant quantities counts 
for little if he or she is unable to apply these formule 
to specific examples and to get chemically sensible answers. 
By a judicious selection of numerical problems the 
development of a feeling for the quantitative aspects of 


Rates of intra- and inter- 
molecular energy transfer. 
Rates of reaction from the 
properties of atoms and 
molecules. 


The effect of substituents on 
tne kinetics of reacting sys- 
ems. 
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chemical phenomena can be developed in the student, a 
feeling that will be of the utmost importance in his future 
scientific life, whether in pure or applied research. Much 
more serious than the lack of ability of a student to get ^ 
the correct answer to a problem is his lack of realization 
that the answer he has produced may make chemical 
nonsense. This feeling for the quantitative aspects of 
chemistry will also facilitate the making of rapid order-of- 
magnitude calculations, which are an important guide in 
accepting or rejecting a possible interpretation of experi- 
mental results. 

I would like now to turn to the areas of chemistry in 
which my collaborators and I are most actively working. 
We are interested both in structure and mechanism. It is 
only very recently, thanks to the Department of Scientific 
and Industrial Research, that we havo been able to enter 
the field of structure by the aequisition of a high-resolu- 
tion mass spectrometer. Work in mechanism through the 
kinetics of gas-phase reactions has been proceeding for 
more years than I care to remember. 

A mass spectrometer is an instrument which takes a 
beam of atoms or molecules and sorts them. according 
to their mass, just as an optical spectrometer takes a 
beam of light and resolves it into its component wave- 
lengths. In its simplest form (Fig. 2) the mass spectro- 
meter uses a beam of electrons to knock off an electron 
from a molecule, forming a beam of charged species or 
ions: 

M + e-M+ + 2e 
for example: 
C,H,Cl + e—(C,H;Cl])* + 2e 


The ions are then accelerated by an electric field along 
the line of motion, and mass analysis is effected by a 
transverse magnetic field, the ions of a given mass being 
brought to a focus and finally collected. For a given 
velocity of the ions, and a given magnetic field, the 
heavier ions are deviated from a straight-line course less 
than the lighter ones. This property provides a means of 
weighing atoms and molecules. Such an instrument is 
known as a single-focusing mass spectrometer. In 
addition to the magnetic analyser there is included an 
electrostatic analyser, and the geometry is such that the 
ion beams may be brought to a very sharp focus. This is 
known as a double-focusing mass spectrometer, and it 
ean be used for very accurate mass measurements, as we 
shall see later. 
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Besides being used for determining the masses of charged 
‘particles, the mass spectrometer may also be used for an 
investigation of the energetics of ionization. For if we 
vary the energy of the ionizing electron beam we can 
*. determine the minimum energy required to ionize a given 

molecule, namely, the ionization potential. Fig. 2, which 
-gives a plot of the logarithm of the ion current against 
< the energy of the electron beam, shows the way in which 
_ the former increases as the latter decreases. In an actual 
. determination of an ionization potential, a standard 

substance (acetylene in this case) is added along with the 

unknown. (n-propyl chloride) and the efficiency curves 
_ for these two species are the inner and outer ones. The 
izontal distance between the curves then gives the 
in ionization potential between the unknown 
own species. In this way, the ionization poten- 
n-propyl chloride has been determined as 10-75 eV. 
des merely ionizing a molecule, the electron beam 
ragment it : 
M+ e->Pt + Q + 2e 

















example: 
D o CH, Cl + e—(C,H,j* + Cl 2e 
and the minimum energy required to produce a fragment 
_ P+ is known as the appearance potential of P+ or A(P*). 
' "This quantity is of importance, since it leads to chemically 
important information regarding the chemical bond. 
For consider the fate of a species RX. This can fragment 
-in three different ways to give R + X, R* + X-or Rt + X. 
| The energy required to bring about the first process is 
"known as the homolytic bond dissociation energy 
D(R—X), that for the second is the heterolytic bond 
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‘dissociation energy D(R*X-) while that for the third, 
as we have already seen, is the appearance potential of 
‘Rt from RX. There is one further quantity required, 
namely, the ionization potential of the radical R, namely 
I(R*). Tho relationship between these quantities is 
shown in Fig. 3, I(X-) being the electron affinity of X. 
It is immediately apparent that: 


(0 D(R—X) = A(R*) — 1(R*) 
(0 DRX) = AQ) — I(X-) 


and that these two quantities may be ob- 

ined if one can determine A(R*), 7(R*) and 
). Returning to Fig. 2, it is seen that the 
pearance potential of the n-propyl ion 
d:)is1133 eV. This gives for the hetero- 
lytic bond dissociation energy of n-propyl 
chloride the value of: 


1113 — 3-80 = 7.33 eV = 169 keal mole-! 


3-80 eV. being the electron affinity of chlor- 
| dme. The relevance of such an. investigation 
f energeties will be seen when we come 
uss our interests in mechanism. 
for a while the energetics 
us examine some other 
fragmentation. The first 
fact that the mass spectrum of 
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Fig. 4. The mass spectra of methane, ethane and an equimolay mixture 
of the two substances 


a molecule is normally uniquely characteristic of 
moleevle; it can be regarded as a molecular fuge 
and used for identification. But one can go further 
this; the mass spectrum of a mixture of substances 
analysed for the relative abundance of the componente 
of the mixture, that is quantitative analysis of muxiure 

can be carried out. A simple example is shown in Fig. : 
where the mass spectra of methane and of ethane are 
shown, together with the mass spectrum of an equimolar 
mixture of the two. In a diagram such as this the heights 
of the lines at different mass numbers represent the case 
of production of the given species. The most abundant | 

peaks are at 16 in methane (top spectrum), nex ,the 
parent peak, and 28 in ethane (middle spectrum), 1 d 
a fragment peak. The results for the mixt 
spectrum) would enable us to conclude that it co 
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equal amounts of methane and ethane. Problems of this 
sort, which were particularly relevant to the oil industry, 
resulted in the first commercially produced mass spectro- 
meters. This aspeet of mass spectrometry we hope to 
utilize in our investigations. of reaction mechanisms, in 
particular in the identification of the products of reaction. 

The mass number of an ion or à fragment is not sufficient 
to identify the atomic composition of the fragment. For 
consider the case of mass number 28. ‘This could arise 
from Si, CO, Na, CH,N, 1307CH. or C,H, the mass num- 
bers of hydrogen, carbon, nitrogen, oxygen and silicon 
being 1, 12 (or 13), 14, 16 and 28 respectively. However, 
the atomic weights vary slightly from whole numbers as 
shown in Table 2. 


Table 2. SOME ATOMIC WEIGHTS 


Element Atomic wt. 
H 1:007825 

[t] 12-000000 
13003355 

N 14.003074 

0 15-094014 

Si 27-07690929 


Such a sextuplet resolved on the MS9 mass spectrometer 
is shown in Fig. 5. If mass measurements can be made to a 
sufficiently high degree of accuracy, the atomic composi- 
tion of the ion or fragment may be determined. This 
aspect has immediate application to the investigation of 
molecular structure, since in one step the molecular 


formule of a given compound ean be unambiguously 
determined. "Thus in our examination of à compound 


isolated from an East African plant and containing only 
carbon, hydrogen and oxygen, we found the molecular 
weight to be 412-224 + 0-002. Examination of possible 
formule (about thirty in all, some of which aro shown in 
Table 3) showed it to have the composition C,;H,.0;. 
The next aspect of mass spectrometry I wish to discuss 
is the determination of the structure of a given molecule 
from its fragmentation pattern. This is, of course, a 
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Fig 6. The mass speetra ofanisole, phenyl acetateand N-acetyl 
piperidine 
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Table 3. SOME POSSIBLE FORMULE OF A-COMPOUND OF Mass No. 412 





CHO; 412-180 
Cs H0: 412-225 
Ci HU, 412-261 
mH 412-283 
PUSETLER 412-428 
observed 412-224 


problem of much greater difficulty, due to the mass of 
information afforded by the many lines in the mass 
spectrum. However, as an example, let us look at the in- 
verse problem, namely, the interpretation of the mass spec- 
trum on the basis of an established formula. Thus diacetyl 
crotonosine, a substance isolated from a West Indian 
plant, was shown to have the structure A by Profs. Barton, 
Hayes et al. In order to simplify the problem, spectra 


o 





of the model compounds related to A, namely, phenyl 
acetate (B), anisole (C) and N-acetyl piperidine (D), were 
run, and are shown in Fig. 6. 

Large peaks occur in these compounds due to the loss of 
ketene (mass 42), formaldehyde (mass 30) and the acetyl 
radical (mass 43) respectively. In diacetyl crotonosine, 
peaks at 337 (C,H,,O,N), 325 (C,,H,,O,N) and 324 
(C,,H,,0,N) ean be interpreted as due to losses of formal- 
dehyde, ketene and the acetyl radical respectively. The 
interpretation of the many remaining lines will have to 
await another occasion. 

There is one further aspect. of mass spectrometry that 
we are investigating, namely, the phenomenon of metast- 
able peaks. These arise from processes of the type: 


Mi—M$ + M, 
for example: 
{C,H,Cl}+-+{C,H,}* + HCl 
{C.H,OCH,}+—{C,H,}* + CH,O 


which occur after the ion has been accelerated but 
before it enters the magnetic analyser. Now the mass 
spectrometer only sees those metastable reactions that 
occur in the region of the entrance to the magnetic analy - 
ser. A simple relation exists between the masses of the 
original and of the offspring ions, and the non-integral 
mass at which the metastable peaks occur. It is: 

m3 

My 


m* = 


wherem, and m, are the masses of the original and offspring 
ions, and m* is the mass at which the metastable peak 
occurs. Metastable peaks may be used to confirm a 
postulated fragmentation. In this way the production 
of olefines from alkyl halides and of formaldehyde from 
anisole can be shown to have arisen, at least in part, by 
electron bombardment and not by thermal decomposition. 
The metastable peak in anisole due to the elimination 
of formaldehyde is shown in Fig. 7. The characteristic 
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ÍCH,OCH, [CHI + CHO 





50 56-3 60 
Fig. 7. 


A metastable peak in anisole 


width of such peaks compared with the normal peaks is 
apparent, the width in this case extending over more 
than one mass number. Further, by observing the varia- 
tion of the intensity of the metastable peak under various 
conditions, an estimate may be made of the rate of the 
. unimolecular reaction giving rise to it. The half-lives of 
_ such processes are of the order of a microsecond. 
This leads me back to the other area of our researches, 
namely, the kinetics of gas-phase reactions. The essential 
blem here is the prediction of the rate at which a 
iction occurs in terms of some previously known pro- 
rties of the atoms or molecules of the reactants. As we 
have already seen, the problem may be tackled at the 
.. three different levels, which we have called the mathe- 
|. matical, the physical and the chemical. We have applied 
- the chemical method to homogeneous unimolecular gas- 
phase elimination reactions of alkyl halides: 
er ee Ue 
Cé- + 0-90 + HX 
A x HL N 
H x 







yielding an olefine and a hydrogen halide (X being Cl, 
Br or 1) The method is to take a parent molecule, 
namely, the ethyl halide, and determine the effect of 
substitutions at the «- and 8-carbon atoms on the rate of 
elimination. The basic method has been used to great 
effect by organic chemists and in particular by Prof. 


(| Tngold and the late Prof. Hughes, in their investigation of 


eactions in solution. It was perhaps understandable, 

although still surprising, that Dr. Thomas and I were led 
to postulate an analogy between the gas-phase elimination 
reaction and reactions occurring in solution in a polar 
solvent by the unimolecular mechanism. Understandable 
because we were working in a department which had 
devoted so much of its energies towards an interpretation 
of reactions in solution. Surprising because, while the 
solution réactions occur at temperatures between 0° and 

- 100° C, the gas-phase reactions take place between 200° 
and 450° ©, 


‘The solution reactions have been established as proceed- 


hrough a slow, rate-controlling ionization. Thus the 
following scheme holds for either substitution (Syl) or 
elimination (E1) On the basis of these mechanisms, it 
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follows that the rate of the unimolecular reaction will be 
increased by the attachment of electron-repelling g 
at the o-carbon atom (and to a lesser extent 
8-carbon atoms) and decreased by the corre 
attachment of electron-attracting groups. Or, 
another way, factors which tend to stabilize the carbonium 
ion will also tend to speed up reactions by the unimolecular 
mechanism. 










N P4 slow 
ND USE — 
P E^ fast 
H X 
ES ra fast 
Yo + —C—C — Sal 
H 
^ +, fast ; 
X- p —C—C —— BA 
ff hA 
H 


The evidence on which the analogy was based, namely, 
the effect of substitution on rates of reaction, is shown in 
Table 4. In the ease of the chlorides the data are in the 
main taken from the work of Prof. Barton, Dr. Howlett 
et al., while that for the bromides and iodides has iainiy 
been obtained in this Department. It might be said in 
passing that, although only rate sequences are used in 












Table 4. EVIDENCE FOR THE ANALOGY BETWEEN Eg AND Et 
(CH,SCX >(CH,),CHY > CH,CH, X S CLE 
(CH,SCCX(CH, > (CH..CHCX(CB4 > CH.CH,UEE(UHZA 

CH,CX(CHs): 
(CH,),CHCHsX > CH,CH,UH,E > CH,CHst 
CHCC > CH,CHCI, > CH,CH,Cl> CH,CICH,O! 

CH,CHBr, > CH,CH,Br > CH,BrCHéBr 
C,H,CH,CH,X ~ CH,CH,X; C,H,OHXCH, ~ (CHO, 
p-F-C,H,CHCICH, > C,H.CHCICH, > p-Cl-C, B,CHOICH, 
CH, = CHCHCICH, ~ CH,CHCICH, ; 

CH, = CHCH,CHBrCH, ~ CH,CH,CHEICH: 
CH,OCHCICH, >>> CH,CH,X 
"Nagner-Meerwein rearrangements 


[d 





oN Coup 


Table 4, the investigations have usually led £o the 
complete temperature-dependence: of the rate constant, 
through the Arrhenius equation > 


k = A exp{— EIRT) 


both A and E being determined for the reactions, It ie 
found that the log A values are distributed about à value 
of 13-5 in an approximately Gaussian fashion. "Thus the 
variations in activation energy are the major cause 
variations in rate of elimination throughout a series of 
related compounds. This justifies the use of her 
relative rates or of activation energies in an nítenipt to 
correlate the effect of substitution on the rates of reaction. 
The striking feature of Table 4 is that the rate sequences 
shown are just those which have long beer established as 
characteristic of reactions proceeding by the unimolecular 
mechanism in a polar solvent. This suggests that the 
activation energies for gas-phase elimination should be 
related to the heterolytic bond dissociation energies 
D(R*X-) of the R-X bonds: and this provides a Ink 
between our two major areas of interest, gas-phase kine- 
tics and mass spectrometry. For we have already seen 
how heterolytic bond dissociation energies can be obtained 
using mass-spectrometric techniques. On the basis of 
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Fig. 8. Relation between the activation energies for gas-phase climination 
and the heterolytic bond. dissociation energies 


There is one further aspect of Table 4. that I would like 
to mention in greater detail, namely, observation of 
Wagner-Meerwein rearrangements in the gas-phase. 
The first case reported was that of neopentyl chloride, 
in which it was shown that the major route of pyrolysis 
of this compound was a homogeneous, unimolecular one, 
the products being those that would have been expected 
from t-pentyl chloride. This again is analogous to the 
results: 


CH, (CH;),C— CHCH, CH, 


^ N 
CH bonton, ,0H—CH — CH, » CH,—cH, 6. 
x 
H, CH,=C(CH,)—CH,CH, : 


T HCl 


neopentyl chloride t-pentyl chloride 


observed in the examination of the solvolysis of similar 
compounds. During the reaction, the carbon skeleton 
has changed, which implies the migration of a methyl 
group from the B- to the a-carbon atom. Corresponding 
rearrangements have been observed in ‘the gas-phase 
pyrolyses of bornyl and iso-bornyl chlorides, which again 
confirm the proposed analogy. 

This then leads us to the main object of any kinetic 
study, namely, the molecular description of the procoss of 
reaction, or, more precisely, the assignment of a mechanism 
to the reaction or alternatively a physical model of the 
transition state. We have seen that those factors which 
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Jead to the stabilization of the carbonium, ion also lead to 


an enhancement of the rate of gas-phase elimination. 
This, in turn, provides the essential clue to the mechaniam. 
For it clearly suggests a carbonium ion character for the 
transition state. The essential experimental facts are in 
accord with the model of the transition state as an elonga- 
tion, with polarization, of the C*— X?- bond in the sense 
indicated. This in turn may be represented by the 
formula: 


x- 


on the understanding that the charge separation has not 
been carried to completion, and further, that the system is 
stabilized by polarization forces. A somewhat better 
than order-of-magnitude calculation shows that such a 
formulation cannot be ruled out on energetic grounds. 

This then is the position at which we stand at present. 
Gas-phase elimination reaetions of the type I have dis- 
cussed can be understood on the basis of the postulated 
transition state. In addition the correlation of the 
solvolysis reaetion in polar solvents with the gas-phase 
elimination reactions of the same compound can be ration- 
alized on the basis of the gas-phase transition state pre- 
sented here. What stil remains is a more detailed 
model for the transition state which will enable more 
precise estimates of rates of reaction to be made. This 
problem is a challenging one on which we hope eventually 
to throw more light. 

What I have tried to do is to define what I understand 
to be physical chemistry, to outline the areas of mass 
spectrometry and gas-phase kinetics which we are investi- 
gating, and to indieate the progress which has been made 
up to the present time. In conelusion I should like to 
thank those people who have helped me at various stages. 
First, Prof. Fawsitt and Dr. Iredale of the University of 
Sydney for encouraging my interest in chemistry and, 
secondly, the University of London for the award of an 
Imperial Chemical Industries fellowship. Thirdly, all 
my research associates, without whose help the work 
deseribed here eould not have been carried out. Finally, 
I would like to express my appreciation of the technical 
assistance T have at all times received, of the support I 
have had from this College and of the advice I have been 
given by colleagues past and present. 


OBITUARY 


Prof. J. Bartels 

Pror. J. BARTELS, professor of geophysics in the 
University of Góttingen, died on March 6. 

Though deeply interested in all aspeots of the physies 
of the Earth, and indeed much involved from time to 
time in seismology (results from Heligoland explosions) 
and meteorology (atmospheric tides and solar radiation), 
Bartols’s life-long interest was in geomagnetism. In this 
discipline his early training at Potsdam Observatory 
under Dr. Adolph Schmidt ensured. that he had the 
soundest possible basis on both observational practico 
and classical theory. One of his lasting contributions to 
the subject dates from that early period. He deduced 
from Prof. 8. Chapman's analysis of the quiet day solar 
and lunar magnetic variations the pattern of the electric 
current system in the atmosphere which could produce 
these variations. He also became much interested in the 
slow secular changes in the Earth's main magnetic field and 
brought out clearly the regional rather than planetary 
nature of this phenomenon. The recognition of this later 
led to the cause of the isoporie foci being attributed to 
fluid eddies in the Earth's core. 


After Potsdam, Bartels spent several periods in the 
Department of Terrestrial Magnetism of the Carnegie 
Institution of Washington. 'There he had direct contact 
with the records from various observatories which the 
Institution had set up in specially selected parts of 
the World. The abnormally large daytime amplitude of the 
diurnal variation at Huancayo, Peru, attracted his 
attention and led him with colleagues in the Institution to 
make a series of detailed studies. These resulted in the 
discovery of what has become known as the equatorial 
electojet, a narrow band of intensified electric current in 
the high atmosphere over the magnetic equator, now 
explicable in terms of a steep increase in conductivity 
where the angle of inclination of the field is small. 

To follow up his long-standing interest in relationships 
between geomagnetic, solar and other related phenomena, 
Bartels needed an index of magnetic activity covering 
shorter intervals than the old international character 
figures for whole days; and, more particularly, he wanted 
the index to distinguish the effeets of solar corpuseular 
radiation as shown by short-period irregular disturbance 
from the effects of electromagnetic wave radiation on the 
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quiet day variation. The outcome of his work on this 
theme, which covered the period from before the Second 
World War to his later years, was the 3-h Kp index, and, 
more experimentally, the 15-min index Q. Thanks to 
its sound physical basis and the many careful investiga- 
<. tions Bartels made to evaluate its validity and usefulness, 
_ “Kp is now internationally accepted in many geophysical 
, disciplines as an authoritative index not just for 


6 geomagnetie activity but for comparison with all effects 


| masociated with the solar corpuscular wind. 
In addition to his comprehensive grasp of the physics 
and. mathematics of geomagnetism, Bartels had an 
,  exeeptional flair for handling statistics and succinctly 
. displaying their main import. His personal contributions 
to the subject in a series of papers on the harmonic dial, 
j, harmonic analysis of a single day’s data, and 
etuations and persistence in quasi-periodicitios 
'e been adopted as present-day practice in many fields. 
Ho had a special and justifiable pride in the amount 
of concentrated information displayed in the 'musical 
"diagrams! which he issued regularly from Göttingen to 
show the sequence, every three hours, of the planetary 
| indices, Kp, over successive rotation intervals of the Sun. 
Tn addition to his personal research work, the results of 
which appeared in a long series of papers, Bartels wrote 
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Director of the Post Office Radio Services: 
Mr. H. G. Lillicrap 
Mr. H, G. Lizzicga? has been appointed director of the 
Radio Services Department of the Post Office in succession 
to Mr. Alan Wolstencroft, who became deputy director 
general on August 15. Mr. Lillicrap is at present a 
deputy director of finance in the Accountant General's 
Department at the Post Office. He started work in the 
Research Laboratories of the General Electric Co., Ltd., 
at Wembley, and joined the Post Office as à probationary 
assistant engineer in 1936. Apart from an early spell at 
Exeter, he spent most of the next ten years or so at the 
Post Office Research Station at Dollis Hill, London, 
working on the design of radio transmitters and recervers. 
In 1947 he moved to the Radio Branch of the Engineer-in- 
Chief’s Department, where he was concerned with fre- 
quency allocation and the technical side of broadcasting. 
In 1951 he became a principal in what was then the Over- 
seas Telecommunications Department (now the External 
Telecommunications Executive), of which he became 
a deputy director in 1958. While in this work he attended 
numerous international conferences at Buenos Aires, in 
the United States, Canada, Japan and various European 
countries. In 1960 he became a deputy director of finance. 


School of Applied Sciences in the University of Sussex: 
Prof. J. C. West 

Pror. E? C. West, at present professor of electrical 
engine in Queen's University of Belfast, has been 
appointed professor of engineering and dean of the School 
of Applied Sciences in the University of Sussex. Prof. 
West graduated at the University of Manchester in 1943 
and. then joined the Royal Navy Volunteer Reserve, 
being stationed in N orthern Ireland for a period, engaged in 
anti-submarine- warfare. He returned to the Electrical 
Engineering Department at Manchester in 1946, where ho 


(s ‘was appointed successively assistant lecturer, lecturer and 


senior lecturer. In 1958 he was appointed professor and 
head. of the Department of Electrical Engineering in 
| Queen's University of Belfast (Nature, 180, 1168; 1957), 
where he has been responsible for the rapid expansion of 
the Department. Prof. West is well known for his con- 
tributions to the analysis of non-linear servomechanisms, 
and for his more recent work on unconventional electrical 
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several texts on magnetic observatory praetiee and the 
theory behind it: in 1940 with S. Chapman he produced 
the two great volumes on geomagnetiem which 
immediately beeame and still remain the definitive 
comprehensive text on the subject. 

Since 1946 Bartels had held the joint posts of director 
of the Geophysical Observatory and professor of geo- 
physies in the University of Göttingen. He took an active 
part in the international organizations related to his 
subjects, being president of the International Association 
of Geomagnetism and Aeronomy (1954-57), and wicc- 
president of International Union of Geodesy and 
Geophysics (1957-63), and chairman of various comunibtees. 
and commissions related to International Geophysical 
Year, International Year of the Quiet Sun and. more 
recently, tho Committee on Space Research (COBPAR). 
In 1953 he was awarded the Charles Chreo Medal by the 
London Physieal Soeiety. He was awarded posthumously 
the Bowie Medal by the American Geophysical Union. 
In recent years (since the death of Prof. Rogener) ho had 
been director of the Max Planck Gesellschaft Institute of 
Aeronomy at Lindau. 

Bartels was a kindly, friendly man with a great fand of 
quiet humour and with eatholie tastes in musie and the 
arta. S. K. RuNcORN 
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machines. He is the author of two text-books on auto- 
io 


matic control. As dean of the School of Applied Bei 
in the new University of Sussex, Prof. West is on 
introduce undergraduate courses differing significantly 
from the traditional specialized subjects, and one of his 
first tasks is the specification of new buildings for engineers, 
the third time he has performed this operation. 






Electrical Power Engineering in the University of 
Southampton: Prof. P. Hammond 


Mz. P. HAMMOND, Fellow and director of studios in 
electrical sciences in Pembroke College, Cambridge, has 
been appointed to the chair of electrical power engineering 
at the University of Southampton. Mr. Hammond was 
educated at Steyning Grammar School and Eromiernel 
College, Cambridge. He served a graduate apprenti ship 
in electrical and mechanical engineering with the English 
Electric Co., Ltd., and afterwards joined the staff o! is 
Company as à designer of synchronous machines. He was 
appointed to a lectureship at Cambridge in 1949 and was 
later elected to a fellowship at Pembroke College. He 
has twice been invited to serve as visiting professor over- 
seas: at Stanford in 1955-56 and at Kuala Larapia in 
1962-63. Mr. Hammond is the author of & number of 
papers and one book on electromagnetism. His poseareh 
work has been largely concerned, with eddy current losses 
in rotating machines and he has written a number of 
articles on the early history of electromagnetism. 
















Fibre Science in the University of Leeds : 
Prof. A. Robson 


Dr. A. Rosson has been appointed professor of fibre 
science in the Department of Textile Industries im the 
University of Leeds as from September l. After graduoting 
from the University of Leeds in 1947, Dr. Robson worked 
under the late Prof. F. A. Paneth at the Londonderry 
Laboratories for Radiochemistry in the University of 
Durham, on the microanalysis of uranium. He was 
awarded a Ph.D. degree in 1949, and in the autumn of 
that year he joined the staff of the Wool In i 
Research Association at Torridon, Leeds, 5s 8: 
scientific officer; latterly he has been head of 
Chemistry Department. Dr. Robson's m 
have been in the application of radinieeioye 
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to problems in wool chemistry. . With his colleagues he 
has developed methods for the analysis of amino-acids 
and amino-acid derivatives, determined the amino-acid 
composition of wool and of proteins isolated from wool, 
and examined the distribution of sulphur in wool. The 
last-mentioned of these topics was supported by a 
grant from the United States Department of Agriculture, 
and led to the discovery of two new sulphur-containing 
amino-acids. Dr. Robson will retain responsibility for 
the direction of a new research project on which he and 
his colleagues at the Wool Industries Research Association 
are ab present engaged, and which is also sponsored by 
the United States Department of Agriculture. 


Medical Biochemistry in the University of Manchester : 
Prof. D. S. Jackson 


Dn. D. 8. Jackson has been appointed to be the first 
holder of the chair of medical biochemistry in the Univer- 
sity of Manchester. Dr. Jackson, now aged forty-three, 
was educated at Farnworth Grammar School, and served 
from 1940 until 1946 in the Royal Air Force before entering 
the University of Manchester. He graduated B.Sc., with 
honours in chemistry, in 1949, and Ph.D. in 1954. He 
has been interested throughout his career in the medical 
applications of chemistry and biochemistry. As a research 
assistant in the Rheumatism Research Centre, he became 
concerned with the nature of collagen and reticulin, and 
with the response of tissues to the irritant carrageenin. 
In 1954-55 he was Visiting Fellow at the National Institute 
for Medical Research, with Prof. A. Neuberger. From 
1987 until 1959 he was a research associate in biochemistry 
at the Harvard Medical School, and in 1959 he went to 
the medieal school of the University of Oregon as assistant, 
and later associate professor. In 1962 he was appointed 
professor of biochemistry, and also head of the Surgical 
Research Laboratories in Oregon. Dr. Jackson's pub- 
lished work has been concerned with the proteins of con- 
nective tissue, and more recently with wound healing and 
tissue reaction to foreign materials and to tumours. He 
has also developed new approaches in the teaching of 
biochemistry to medical and biological students. His 
return to Britain, and to his own University, is welcome. 


Experimental Psychology in the University of Sussex : 
Prof. N. S. Sutherland 


Tux progress of the behavioural sciences in Britain will 
be notably furthered by the establishment of a chair of 
experimental psychology at the University of Sussex and 
the appointment of Dr. N. S. Sutherland to it. A recruit 
to psychology from ‘Greats’, Dr. Sutherland followed this 
with the Oxford Final Honour School of Psyehology, 
Philosophy and Physiology. and was afterwards elected 
to a fellowship by examination at Magdalen College. 
Encouraged by Prof. J. Z. Young in his interest in the 
visual discrimination mechanisms in Octopus, he and his 
eolleagues have, in the past ten years, made a massive 
and penetrating investigation of stimulus-analysing 
mechanisms in both vertebrates and invertebrates. Dr. 
Sutherland is also well known for his contributions to 
human psychology, especially in the field of learning and 
memory. Appointed University lecturer in experimental 
psychology at Oxford in 1960, he was elected to an official 
fellowship at Merton College in 1962. He has played a 
large part in the development of the subject at Oxford, 
through a period of rapid and diffieult evolution. His 
many friends and colleagues, not only in Britain, but also 
in the United States, will look forward with great interest 
to the development of the new department at Sussex. 


1964 Guggenheim International Astronautics Award : 
Prof. W. O. Fenn 


Tue Daniel and Florence Guggenheim Intemational 
Astronautics Award for 1964 has been conferred on Prof. 
Wallace O. Fenn, of the Department of Physiology in the 
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University of Rochester School of Medicine and Dentistry. 
Dr. Fenn is well known for his work in mary of the 
biological sciences, including respiratory problems, the 
mechanies of running and bodily movements, heat pro- 
duction of muscle, potassium and other clectrolytes in 
muscle, and oxygen requirements of stimulated nerves. 
Since 1959 he has been secretary-general of the Inter- 
national Union of Physiological Sciences. He has been 
an active member on numerous committees of leading 
American scientific institutions, such as the National 
Research Council, the Research and Development Board, 
the National Science Foundation, and he has served at 
times as chairman of the Physiological Training Grant 
Committee and of the Physiology Study Section of the 
National Institutes of Health. His achievements have 
been widely recognized and earlier this year he received 
the Antonio Feltrinelli Prize for experimental medicine. 
The presentation of the Guggenheim International Astro- 
nautics Award will be made during the fifteenth Congress 
of the International Astronautical Federation, which will 
be held in Warsaw during September 7-12. The Award, 
which carries a prize of 1,000 dollars, has been made 
annually since 1961, but this is the first time that it has 
been awarded to a scientist working in the field of physio- 
logical research. 


British Aviation Research 


REPLYING to a question in the House of Commons on 
July 8, the Minister of Aviation, Mr. J. Amery, said that 
the Ministry’s research and development establishments, 
in co-operation with industry, were devoting considerable 
effort to problems of approach and landing guidance, 
long-range navigation, communications, ground data 
handling and processing systems, the application of auto- 
mation to future air traffic control systems and the use of 
micro-electronics techniques for civil aviation equipment. 
His department would also finance most of the British 
share in the development of the Concord supersonic trans- 
port aircraft, which entails the development of advanced 
electronic systems. Links with industry had recently been 
strengthened and they were very much aware of the need 
for the fullest dissemination of information. 


Research and Development for Power 


IN a written answer in the House of Commons on July 
29, the Parliamentary Secretary to the Ministry of Power, 
Mr. J. Peyton, stated that the combined expenditure on 
research and development by the nationalized coal, gas 
and electricity industries had increased from about £6 
million in 1958--59 to about £12 million in 1963-64. In 
conjunction with manufacturers, the National Coal Board 
had made significant progress in developing equipment for 
the widespread mechanization of coal winning, and more 
recently for applying remote control techniques to mining. 
Pioneer research by the Gas Council had led’ to the 
development of new processes which were bringing about 
a technological revolution in the production of gas. The 
Central Electricity Generating Board had expanded its 
central research laboratories and built new laboratories 
for nuclear and engineering research. 


Solway Firth Barrage 


In reply to questions in the House of Commons on 
July 22, Mr. G. Campbell, Under-Secretary of State for 
Scotland, said that the proposal for a barrage in the 
Solway Firth was being examined jointly by the Scottish 
Development Group in its investigation of South-west 
Scotland and by the North-west England Regional 
Development Group. The Secretary of State for Scotland 
was aware of the interest of the University of Strathclyde 
in this problem and he was sure that it was being 
examined urgently. The Scottish Office was considering 
all representations which had been made on this subject, 
including the memoranda submitted by Dr. R. Drew. 
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The Price of Education 


IN reply to questions in the House of Lords on July 7, 
the Earl of Bessborough said that, for the present year, 
capital and recurrent Exchequer grants to the universities 
were estimated at £133 million compared with £58 million 
in 1959, when there were 24 university institutions, com- 
pared with the present 33. Over the same period the 
number of full-time students had risen from 104,000 to 
125,000, and of full-time teachers from 12,000 to 15,000. 
These figures did not include the colleges of advanced 
technology and certain Scottish institutions which were 
achieving university status. The proportion of women 
students had risen from about 24 to 27 per cent. In the 
House of Commons on July 6, in reply to a question, the 
Seeretary of State for Education and Science, Mr. Q. 
Hogg, stated that the total educational expenditure of 
publie authorities in Great Britain, including expenditure 
on school meals and milk, rose from £479 million in 1952- 
53 to £1,277 million in 1962-63, or from 3-4 per cent to 
5-1 per cent of the gross national product. In terms of 
constant prices the increase was estimated at about 
75 per cent over the period, about half being attributable 
to an increase in the number of pupils and students. 


British Aid to Development 

Iw a written answer in the House of Commons on July 
30, the. Chief Secretary to the Treasury, Mr. J. Boyd- 
Carpenter, stated that the Government had announced 
to the United Nations Conference on Trade and Develop- 
ment Britain's intention of inereasing her contribution to 
the United Nations Special Fund and to the Expanded 
Programme of Technieal Assistance, to contribute to the 
African Development Bank, and to examine sympathetic- 
ally the possibility of assisting other regional development 
banks. Britain was contributing in one form or another 
£7-1 million to the resources of the Inter-American 
Development Bank and her annual contribution to the 
International Development Association had been in- 
ereased. At the recent meeting of Commonwealth Prime 
Ministers proposals were announced for a scheme of 
Commonwealth Development Projects, increased capital 
aid for higher education and an expansion of training 
facilities for senior administrators from developing 
countries in the Commonwealth. On this the Prime 
Minister had said in the House of Commons on July 23 
that the proposals for a Commonwealth Foundation to 
encourage professional exchanges had been remitted to 
Commonwealth officials for study. He stated that he 
would not exclude the idea of a Foundation extending its 
activities to include training and exchanges of technical 
personnel. Much would depend on the funds available 
and the Foundation was devised essentially to promote 
professional links. Mr. Boyd-Carpenter continued that 
Britain would, at the third Commonwealth Education 
Conference at Ottawa in August, make proposals to 
expand and improve the Commonwealth Educational 
Co-operation Scheme. Recent specific bilateral commit- 
ments included provision of £52 million of economic aid 
for Kenya over the next three years, £51 million for Malta 
over the next ten years subject to satisfactory con- 
tinuation of the defence arrangements, and increased aid 
for the Sudan. Expenditure on non-military aid in 1963-64 
was £175 million and on military aid £30 million. 


Japanese Aid 


Iw the past decade Japan's gross national product 
has risen by about 10 per cent per annum, and in the non- 
Communist world only the United States, West Germany. 
the United Kingdom and France have & higher gross 
national product. With a programme of aid to developing 
countries of £60 million a year. she is also the fifth largest 
of the non-Communist donors, but a survey, Japanese Aid, 
by J. White, issued by the Overseas Development Insti- 
tute, eonchides that most of this is designed to help 
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Japan's economie expansion rather than deve 
countries (Pp. 78. London: Overseas De 
Institute, Ltd., 1964. 6s. The survey reviews 
the motives and objectives of Japanese aid, and then the 
mechanisms used and the flow of resources. Jt is pointed 
out that Japanese aid should not be judged by W n 
standards and attention is directed to some defects in 
the present system. This appears to be based on principles 
of selection which have little to do with the requi 
of the recipients and neither enhances the pr 
of other donors nor is enhanced by them. The b 
should contribute to a better understanding between 
Japan and the West, and Mr. White suggests that in 
practice Japan should be encouraged to participate to a 
greater extent in programmes which require detailed 
consultation and co-operation with other donors, amd to 
administer a higher proportion of its aid on the basis of 
Government-to-Government agreements. 
















Infant and Neo-natal Mortality 

Tre Office of Health Economics set up in 1962 hy the 
Association of the British Pharmaceutical Industry bes 
recently published a pamphlet entitled Infante at Risk, 
which gives an account of infant and neo-natal mortality, 





well known, infant mortality in Britain has been de 
since the beginning of the twentieth century, but the rate 
of decline has slackened since the mid-nineteen-ffties, 


However, the social pattern of infant mortality hss per- 
sisted almost unchanged since Edwardian days: in other 
words, different social groups im the community have 
benefited uniformly. The recent slowing down im the rate 
of decline means that Britain now lags behind countries 
such as Sweden, and a reduction of the British infant 
mortality rate to the Swedish level would mean a redu 
tion of 4,000 infant deaths per annum. The report sug 
that a more extensive use of ante-natal services on the 
part of expectant mothers might be instrumental in 
highlighting their present inadequacies and help in 
reducing the wastage immediately after birth. 
















Scientific Research in British Universities and Colleges, 

1963-64 

Tue 1964 edition of Sctentific Research in Britiah 
Universities and Colleges contains brief notes on sei f 
research in progress in British universities and 
(including colleges of technology), and describe 
nature of the projects in sufficient detail to indicat 
scope of the research carried out by the various 
departments and individual teams of investigators | 
xxv-- 727. London: H.M.S.0., 1964. 358. net) The 
social sciences and industrial administration are not 
included except where work in these fields normally occurs 
within the science faculty or technology departinent. 
Universities and colleges are listed alphabetically and 
under each are entered departments, and in many cases 
sub-departments and affiliated institutions, ete. The 
staff of each department are listed along with their quali- 
fications and present fields of research. Indication is made 
where members of staff are affiliates of the Agricultural 
Research Council or Medical Research Council. The three 
indexes, "List of Subject Headings", Name Index” and 
"Subject Index", make this publication one of the most 
useful guides to scientific research in British universities 
and colleges. The publication is issued jointly by the 
Department of Scientific and Industrial Research and 
the British Council. 








+} 








Soviet Technical Literature 

Tematicheskiy Plan—1964 is a complete lis 
English by subject-matter of all books sched 
publication by the Soviet Academy of Beienees 
(Pp. iv--132. London: Scientifie Informatio 
sultants, Ltd., 1964. 70s.; 10 dollars). Each entry give 














818 


author, title, sponsoring agency, size (in terms of printing 
sheets), size of edition and scheduled time of publication. 
Except where otherwise stated, all books are published by 
the Academy of Sciences. Synopses ean be supplied on 
request at a cost of 75. 6d. each, including postage. Some 
1,255 titles are listed. 

The Directorate for Scientific Affairs of the Organiza- 
tion for Economic Co-operation and Development has 
issued an index to issues 1 to 12 of the bulletin Russian 
Technical Literature, covering the period February 1960- 
October 1963 (Pp. 58. Paris: The Directorate for Scientific 
Affairs of the Organization for Economie Co-operation 
and Development, 1963). Entries are arranged alpha- 
betieally under author and subject, and entries relating to 
original contributions are differentiated. Titles of trans- 
lated books are entered in the language into which they 
have been translated. 


Bulletin of the International Computation Centre 

Tre April issue of the Bulletin of the International Com- 
putation Centre in Rome contains three interesting papers 
concerned with the use of integrated computer systems in 
research and education—the latter both from the point 
of view of administration and of instruction. A paper 
by Tadatoshi Sakai, who is head of the Data Processing 
Section of the Bureau of Statistics, attached to the 
Prime Minister's Office in Japan, is of particular interest 
in showing the way in which the Japanese have adapted 
some notions on automatie programming to their IBM 
705 data-processing system. In addition to the scientific 
papers there are a number of book reviews and notes of 
forthcoming conferences in the field of computation. 


A Television Station in the Desert 


ACCORDING to a recent article in The Lamp (45, No. 4; 
Winter 1963), quarterly publication of the Standard Oil 
Company (New Jersey), Baghdad was the first television 
transmitting station to be established in the Middle 
East. In 1957 the Arabian American Oil Company 
(‘Aramco’), an affiliate of Standard Oil sponsored the 
setting up of the second station at Dhahran in the desert 
region of eastern Saudi Arabia. This was later followed by 
the establishment of television stations in Beirut, Cairo, 
Damascus, Kuwait, Abadan and Tehran. ‘Channel 2 
Dhahran', as it is called, can claim certain distinctions. 
In the first place ‘Aramco Television’ is probably the only 
social and cultural facility of its kind operated by an 
industrial firm. Secondly, it is the only station broadcast- 
ing entirely in Arabic. When it first came on the air the 
intention of the Company was to provide entertainment, 
information and education for 11,000 local employees 
and their families. “This audience is vastly outnumbered 
to-day by an estimated 100,000 or more viewers who can 
be reached by the Dhahran transmitter and a newly 
opened relay station sixty miles away. The number of 
receivers in the region has grown to about 16,000, and 
selling and servicing sets has provided new jobs and a 
brisk business for Saudi Arab merchants." The Dhahran 
station operates from a building situated not far from the 
original discovery oil-well im this desert. region, the 
antenna being sited on the top of an old drilling rig. 
The station includes studie and control room for live 
programmes, film-processing laboratory, offices and a 
‘dubbing’ booth; this last facility is of great importance 
because by means of ‘dubbed-in’ dialogue rendered by 
people who speak fluent Arabic, the characters and themes 
of many well-known American television films and pro- 
ductions are thus made available to these desert audiences. 
As regards programme policy, Aramco television devotes 
about one-third of its air-time (32 hours per week) to 
information and education; local events are covered by 
the station’s own camera and sound-truek; Arabic-speak- 
ing doctors discuss hygiene, and pre- and post-natal care, 
among other subjects concerned with the health of the 
community. Although provision is made for non-Arabie 
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viewers to enjoy imported films, by tuning their sets to a 
wave-length broadcasting the original soundtrack, one 
of the perhaps unexpected results of this enterprise has 
been to encourage many to learn Arabic. 


New Barley Varieties in Europe 


Tux European Brewery Convention Report of the Barley 
Committee: Trials, 1962 (Pp. 138. 1964), presents the 
results of comparative trials of new barley varieties in 
twelve European countries both from the agricultural and 
malting points of view. From the first point of view, the 
trials consisted of (a) comparisons of the variety ‘Kenia’, 
which was regarded as the standard, with three obiigatory 
varieties, and (b) local trials of some thirty additional 
varieties. Perhaps the major importance of these results in 
scientific literature is not the numerical values and. assess- 
ment of specifie qualities; rather is it to emphasize the 
complex organization required to give an overall pieture of 
the acceptability of a new barley variety and perhaps of 
any agricultural crop when account has to be taken of 
climatic differences from country to country, climatic 
variations from year to year and differences in, for 
example, agricultural methods and susceptibility to 
disease in varying localities. Nevertheless, the sum- 
marized results and the country-by-country reports 
contain a wealth of tabulated information of a kind which 
would be very difficult to locate elsewhere. In addition, 
the Report ineludes summaries of papers presented at a 
joint meeting at which wider topies such as quality in 
malting barley, the development of barley breeding 
programmes and specific problems such as premature 
sprouting were considered. Radical new information is 
necessarily limited, but it will probably be helpful in 
similar fields to see how appreciation has grown of the 
value of regional agricultural experience and of objectively 
assessing a crop in terms which go far beyond the first 
consideration of yield per acre. 


British Paleozoic Fossils 


A GENUINE welcome is accorded the appearance of the 
Natural History Museum's publication British Palcozoic 
Fossils which completes the set of three very reasonably 
priced handbooks illustrating a representative selection 
of British fossils from the beginning of Cambrian times 


onwards (Pp. vi+208 (69 plates), London: British 
Museum (Natural History), 1964. 12s. 6d.). Though 


intended primarily as an aid to the interested layman, 
this series also provides a wealth of readily accessible 
information for the specialist, and one may cite, by way of 
example, the synonyms given, where necessary, for the 
species selected for illustration. In this third handbook, 
an introductory chapter outlines the geological history 
of the British Isles during the Paleozoic Era, while subse- 
quent sections include stratigraphical tables for each of the 
six systems involved, the geological distribution of the 
species illustrated, and brief notes on the intricacies of 
species nomenclature. The greater part of the book 
(pp. 54-191), however, is devoted to annotated illustra- 
tions of the 443 species selected to represent the Palieozoic. 
Having in mind the problems which must have confronted 
the authors, one is reluctant to criticize, but it is felt that 
certain improvements could have been implemented and 
at no extra eost. Thus, the illustrations are frequently 
too heavily shaded, giving insuffieient contrast and 
consequent loss of detail, and it is unfortunate that less 
than 50 per cent of the species depicted are on display 
in the Museum. But such drawbacks aro slight in com- 
parison with the services rendered by this handbook. 


Canadian Anthropology 


A VALUABLE collection of a pre-First World War field 
survey with excavations appears in the Novembor 1963 
issue of the National Museum of Canada Anthropology 
Papers (No. 4. The W. B. Nickerson Survey and Excava- 
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tions, 1912-15, of the Southern Manitoba Mounds Region. 
By Katherine H. Capes. Pp. iii+ 178 (19 plates). 
“Ottawa: Queen's Printer, 1963). This investigation 
utilizes the extensive field notes of Nickerson to produce 
a full report of his work and to show the relationship of 
the burial mounds of the area to those of other regions. 
On the basis of form, burial site and grave goods, and on 
distribution, the author suggests that the mounds form a 
north-western periphery to a great burial mound complex 
"con the Northern Plains, evolving perhaps from Middle 
* Woodland. antecedents, and introduced into southern 
Manitoba by the Assiniboine. 
A recent number of Études Anthropologiques, Musée 
— National du Canada (No. 6, March 1964), describes the 
excavation of an Early Woodland site near the north bank 
of the St. Lawrence River (Le Gisement de Batiscan. Notes 
sur des vestiges laissés par une peuplade de culture Sylvicole 
inférieure dans la valle. du Saint-Laurient. Par L'Abbe 
Rene Levesque, F. Fitz Osborne et J. V. Wright. Pp. 49 
(5 plates) Ottawa: Queon's Printer, 1964). Although 
. little organic material survived at this eroded site, diag- 
nostic: pottery and stone tools were recovered from a 
protected and homogeneous occupation layer. This 
ay ed one of the few culturally pure sites of Early 
odiand nature in the north-east. While some quantita- 
tive analysis of the material has been attempted here, the 
materials thereby available would have been of greater 
value had the analysis been more comprehensive and the 
illustrations of artefacts more legible. 


index to Publications of the Bureau of American 
Ethnology 


Tue Bureau of American Ethnology has published an 
index to the first 100 numbers of its Bulletin, which is 


likely to be of immense value, even though the Bulletins 


“are now well advanced in their second century (Bulletin 
_ No. 178: Index to Bulletins 1-100 of the Bureau of American 

: Ethnology, with Index to Contributions te N. American 
CouBthnology, Introductions and Miscellaneous Publications. 
By Biren Bonnerjea. Pp. vi--726. Washington. D.C.: 
Government Printing Office, 1963. 3.50 dollars) In 
addition to the subject index, there are separate indexes 
of authors and titles, and of illustrations. For good 
measure, indexes of the ethnological material in three other 
series which are largely out of print are added, namely, 
Contributions to North American Ethnology, Introductions, 
and Miscellaneous Publications. 


University News : Leeds 


De. G. W. Jounson has been appointed lecturer in the 
Department of Metallurgy. Mrs. J. Tough has been 
appointed lecturer in the Institute of Education. 


London 


Tug following titles have been conferred: professor of 
metallurgical chemistry, on Dr. C. B. Alcock, in respect 
of his post at the Imperial College of Science and Tech- 
nology; professor of rural economy, on Dr. G. P. Wibber- 
ley, in respect of his post at Wye College; professor of 
histology, on Dr. F. R. Johnson, in respect of his post at 
the London Hospital Medical College ; professor of embryo- 
logy, on Dr. P. H. Spencer-Silver, in respect of his post 
at the Middlesex Hospital Medical School; reader in 
biophysies, on Mr. D. K. Hill, in respect of his post at the 
Postgraduate Medical School of London; reader in 
hematology, on Mr. J. G. Humble, in respect of his post 
. at Westminster Medical School; reader in psychology, on 
oDe R. J. Audley, in respect of his post at University 
|: College. 

* Sheffield 


: Pror: R. 8. Warers, professor of geography in the 
University of Canterbury, New Zealand, has been 
appointed to a chair of geology. 
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Battersea College of Technology 

BATTERSEA COLLEGE or TECHNOLOGY, in anticipation 
of the granting of university status, has conferred the title 
of professor on the following heads of departmer De. 
F. M. Arscott (mathematics); Dr. L. R. B. Elton (physics); 
Dr. V. S. Griifiths (spectroscopy and chemical physics); 
Dr. Z. S. Makowski (civil engineering); Dr. J. E. Sahion 
(chemistry); Dr. S. R. Tailby (chemical engineering). A 
petition is in preparation for presentation io IEM: The 
Queen in Council for a royal charter incorporating the 
University, which it is hoped may be entitled the 
University of Surrey. 








The International Institute for Conservation of Historic 
and Artistic Works 


AT the annual general meeting of the International 
Institute for Conservation of Historie and Artistic Works 
the following officers were elected: President, Dr. A. van 
Schendel; Vice-President, Mr. N. Bronimelle; Secretary- 
General, Mr. N. Reid. Mr. F. I. G. Rawlins, the first 
seeretary-general of the Institute and vice-president, was 
elected an Honorary Fellow of the Instituto. 








Announcements 





Tue Elwell Award papers for 1964 will be prescemicc 
at an ordinary meeting of the Midlands Section of the 
Society for Analytical Chemistry, which will be held im 
the University of Birmingham on September 16. 





Ax international conference on “The Earth Seiences" 












will be held at the Massachusetts Institute of Teel: y 
during September 30-Oetober 2. Further information 
can be obtained from Dr. H. G. Houghton. Departement 
of Meteorology. Massachusetts Institute of Tecoma ogy. 
Cambridge 39, Massachusetts. 


A JOINT meeting of the Microchemical Meth 
and the Scottish Section of the Society for 
Chemistry on "Automatic Methods of Analysis’ 
held in the University of Aberdeen during Se 
25-26. Further information ean be obtained f 
Society for Analytical Chemistry, 14 Belgrave 
London, S.W.1. 


Tue Australian Science Index, April 19€4 (8, : 
contains a further 300 entries of articles pubs 
Australian scientific and technical periodicals. 
entries are classified under general; physical. scie 
engineering, technology and biological sciences, % 
ture; and there are subdivisions of sciences, ete. Ther 
also an author index and a subject index. 








A course of instruction in “Powder Technology”, 
leading to a College postgraduate diploma, will be held, 
in King’s College, University of London, cómmeneing in 
October, under the direction of Prof. H. E. Rose. The 
course, which will extend over one academic year, i& 
designed for students having a first degree in engineering, 
physics, chemistry or certain other approved branches of 
applied science. Further information can be obtained 
from A. Davies, King’s College, Strand, London, W.C.2. 
The fee for the course will be £87. 


ERRATUM. In the communication entitled "Anuaonium 
Production in Soil under Waterlogged Conditions as an 
Index of Nitrogen Availability", by 8. A. Waring. and 
Prof. J. M. Bremner, which appeared on p. 951 of the 
February 29 issue of Nature, it is stated in the f 
first line of the second paragraph that the stamlard. 
sulphuric acid used was 0-0005 N, whereas the correct — 
figure is 0-005 N. PEE nee oe 
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SCIENCE INFORMATION 


SUCCESSFUL first conference was held by the 

Institute of Information Scientists at Merton 
College, Oxford, during July 17-19, attended by 64 
persons. The conference dinner on the Saturday evening 
was also attended by Prof. J. W. S. Pringle, representing 
the College, and by Mr. L. Wilson, director of Aslib (Asso- 
ciation of Special Libraries and Information Bureaux), 
who proposed the toast of the Institute and spoke of the 
successful growth of the Institute since its inauguration 
in 1958, and of the courses in information science started 
at Northampton College of Advanced Technology, 
London, on the basis of the Institute's syllabus. Of these 
courses, the full-time, one-year postgraduate course, 
leading to the Diploma of the College, was the first full 
course in information science to be given in any country; 
the. two-year part-time evening courses, which were 
started in: 1961, lead to the Certificate of the Institute. 
The Institute now has nearly 400 members, of whom some 
sixty are in various countries overseas. 

Of the papers presented, two concerned information 
services direct to management. Miss P. H. Cutting 
outlined the work at Messrs. Urwick, Orr and Partners, 
where she is information officer, and Mr. S. J. Batchelder 
described the work of the information department of the 
Leeds Incorporated Chamber of Commerce, of which he is 
the secretary. The wide scope and extent of the services 
provided at Leeds were of great interest, and indicated 
that many firms were finding that the Chamber of 
Commeree could provide answers to technical as well as 
eeonomie questions. Mr. Batchelder remarked, however, 
that there were still many small firms which had not yet 
realized the value of obtaining information to improve 
their productivity. This is a problem which the Depart- 
ment of Scientific and Industrial Research and other bodies 
have been attacking for many years. 

An interesting point of view, provoking much diseus- 
sion, was put forward by Dr. F. J. Wallace, senior research 
engineer at the Pressed Steel Co., Ltd., Cowley; he 
suggested that a research worker, especially an engineer, 
would prefer not to be given too much information early 
in the start of a new project. He would want to work 
with a general picture of the problem, and would welcome 
some basic data, but then needed a period in which to 
develop his own ideas before again sceking the services of 
an information department for the provision of detailed 
literature on specific points which he could then select. 
In the discussion, it was suggested that the engineer’s 
outlook was, perhaps, always of a more practical and less 
theoretical nature and, therefore, different from that of, 
say, a chemist who generally required the full literature 
in advanee of a project. The differences in the information 
requirements of workers in different subject fields would 
appear to deserve further investigation. 

A paper entitled "Information work in a.p. 2000" was 
given by Mr. J. Farradane, the honorary secretary of the 
Institute and Senior Research Fellow (also course organ- 
izer) at Northampton College. This was a necessarily 
fanciful presentation of serious considerations of possible 
developments of present trends in information science 
within the next fifty years. He considered in particular 
the necessity for control of scientific publications by 
channelling better research work into a limited number of 
‘official’ organs which would be reviewed, abstracted and 
indexed in large regional information centres; all other 
literature, especially trade literature, would receive 


secondary consideration or be ignored for the record. 
Abstraeting would have to give place to reviews of groups 
of papers at a time. (In discussion, Miss I. M. Slade sug- 
gested that special regional applied science and technology 
centres would also be needed, and could deal with their 
appropriate literature.) He also suggested that mechan- 
ized storage and retrieval would never be satisfactorily 
performed by present types of computers, which were 
appropriate for handling data, but not linguistic informa- 
tion, and that machines based on a closer approximation 
to the working of the human brain would have to be 
developed. Close liaison between such centres and 
industrial and other information departments (the latter 
feeding back information) was also considered im- 
portant. 

Mr. J. 8. Rippon (information officer, Metal Box Co., 
Ltd.) gave a detailed survey of the extent to which inform- 
ation services could relieve research workers of the need 
to undertake their own literature searches. Although the 
research worker must clearly undertake adequate personal 
reading, and make his own decisions, the information 
department provided an essential service in view of the 
complexities of the literature problem and could do useful 
pre-evaluation of the material found. It was important 
that management, and research and development per- 
sonnel, should appreciate the full scope of possible services 
which eould be provided by an efficient service. 

The problems of foreign literature, and especially those 
of teehnieal translation and its cost, were considered by 
Mr. F. Liebesny (intelligence officer, British Aluminium 
Co., Ltd.). Since literature written in English is now only 
little more than half the total, with Russian now in second 
place, the need for skills in reading languages and for 
accurate translation was rapidly increasing; the exacting 
qualities required for good work were not common. He 
suggested that the only satisfactory course, in the long 
run, was for children to be taught foreign languages as a 
regular cultural necessity from an early age. The technical 
complexities were such that it was doubtful whether 
mechanical translation, even with pre- and post- 
editing, would ever be an economic possibility, or even 
feasible. 

Finally, Mr. J. Blackwell (B. H. Blackwell Ltd.) and 
Mr. C. W. Hanson (head of research, Aslib) discussed the 
need for a new effort in publicizing the value of information 
work (and the work of the Institute) Mr. Blackwell 
suggested that the matter should now be put in the hands 
of professional publicity experts so that the subject 
could, in particular, be brought convincingly to the atten- 
tion of management. Mr. Hanson pointed out that, as 
with research, it was difficult to give evidence of the direct 
economie value of information services; cases which 
might show convineing evidence were often related to 
confidential matters and could thus not be published. 
Adequate information was necessary in order to keep up to 
date and abreast of competition. Researches carried out 
at Aslib had indieated the probable extent of wasted effort 
due to lack of adequate information in support of research, 
and this waste was considerable. He therefore supported 
the poliey of increased publicity. 

The conference provided a demonstration of the growing 
importance of information work since the Second World 
War and the consolidation of the profession of information 
scientist. It is expected that the full Proceedings will be 
published in the autumn. J. FARRADANE 
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NOMENCLATURE OF MULTIPLE ENZYME FORMS 


INCE the original demonstration that some enzymes 
may exist in a number of different forms in the same 
species or the same tissue, & considerable literature has 
accumulated on the topic. There has been no unanimity 
in these papers on the method of identifying a particular 
form, as Wieme! has pointed out. In a later note, King 
and Thompson? stated that the specific question of the 
numbering of isoenzymes which have been separated by 
electrophoresis had been referred to the Standing Com- 
mittee on Enzymes and the International Commission of 
Editors of Biochemical Journals. The Enzyme Com- 
mission in its report? had made no recommendation about 
multiple enzyme forms, and the International Union of 
Biochemistry, when it dissolved the Enzyme Commission 
and set up the Standing Committee on Enzymes', also 
set. up a Sub-committee on Isoenzymes composed of the 
late B. J. King, C. L. Markert, R. J. Wieme, F. Wroblewski 
and E. C. Webb. After the death of E. J. King, N. O. 
Kaplan was appointed to the Sub-eommittee by the 
Bureau of International Union of Biochemistry. This 
Sub-committee reached certain decisions which have 
been approved by the Standing Committee on Enzymes 
and are set out here. 

Multiple enzyme forms may be distinguished from one 
M another by any of several means, for example, electro- 
phoresis, chromatography, salt fractionation, ultra- 
contrifugation, immunochemistry and reaction kinetics. 
The electrophoretic method has been most commonly 

used, particularly in clinical laboratories, and number- 
jing systems which have been utilized have usually 

related to electrophoretic separation. Unfortunately, 
two quite different systems have been used; it is now 
recommended that: 
“When multiple forms of an enzyme are identified by 
electrophoretic separation, they should be given con- 


seeutive numbers, the form having the highest mobility 
towards the anode being numbered one". 

'This system is in conformity with that universally used 
for the fractions obtained by electrophoresis of serum 
proteins. 

Such numbering systems are probably to be regarded as 
temporary expedients until information is available about 
the chemical differences between the various forms. if 
the molecules of the different forms vary in the nature and 
arrangements of protein sub-units, à nomenclature should 
be used analogous to that which has been successfully 





specificity". 
have also been widely used, and t 
to multiple forms in a single species. The majority 
Sub-committee felt that the latter forms were pretursbt 
as being more logical and in line with such terms as 
isotope. 

Tt is, therefore, recommended that: 

"Multiple enzym> forms in & single species should be 
known as isoenzymes, although since either form is readily 
intelligible this recommendation is not te be interpreted as 
excluding the use of ‘isozyme’ if any individual author 
prefers it". Epwi C. Were 


! Wieme, R. J., Lancet, i, 270 (1962). 

? King, E. J., and Thompson, R. H. S., Lancet, i, 588 (19625. 

3 Rep. Commission on. Enzymes of the International Union of Biorhemisirg 
(Pergamon Press, Oxford, 1961). 

1 Thompson, R. H. S., Nature, 198, 1227 (1962). 

5 Markert, C. L., and Moller, F., Proc. U.S, Nat. Acad, Sci., 45, 753 (1959). 


THE MEDICAL RESEARCH COUNCIL 


ICHE latest report of the Medical Research Council * 

again impresses us, às previous reports have done, by 
the immense range and outstandingly practical value of 
the research work supported by the Couneil and carried 
out in numerous research centres in Britain and abroad. 
Established in 1913 as the Medical Research Committee, 
the Council was created and was granted its Royal Charter 
in 1920, and in November 1963 it celebrated its fiftieth 
anniversary at a dinner at the Goldsmiths Hall, at which 
the guest of honour was the Minister for Science. The 
Council re-formulated in its report for 1960-61 its concept 
of the part it should play, that is, “to watch over the 
whole field of medical and related biological research, so 
as to foresee the needs and opportunities: to give 
support to any promising research in these fields irrespec- 
tive of the agent concerned; to work in partnership with 
the universities and professions on the one hand, and the 
various departments of Government on the other, so that 
new knowledge may be made available as the need arises". 
Following this aim, the Council has supported research in 
two main ways: by employing its own staff in its own 
. institutes and research units; and by helping the work 
iof the staffs of other agencies such as universities Or 
.. hospitals by means of temporary or block research grants 
"^or by setting up research groups. Thus, apart from the 
National Institute for Medical Research at Hampstead, 


* Committee of Privy Council for Medical Research, Report of the 
Medical Research Council for the year 1962-1968. Pp. vii+280+3 plates. 
(Omnd. 2382.) (London: -H.M.3.0., 1964.) 165, 6d. net. 


the Couneil has established 72 research units, of which 
four are abroad (one each in Gambia and Uganda and 
two in Jamaica) (see also Nature, 200, 1088; 1063). 
During 1962-63 the Council set up three new research 
units: one, now in Cambridge, is investigating abnormal 
hemoglobins: another, at Oxford, is investigating the 
psychological aspects of speech and language; while 
another, at the Imperial College of Seience and Tech- 
nology, is investigating metabolic reactions in tho tissues 
of higher animals and in micro-organisms. Five other new 
research groups are devoted to biomechanics, megalo- 
blastic anæmia, respiration and energy metabolism in the 
new-born, the immunology of certain skin diseases, and 
genetie problems in orthopedic conditions such as club 
foot and congenital dislocation of the hip. During the year 
1962-63, research workers at the Medical Research Council 
published 4,730 papers in various scientific journals. 

After paying 9 well-deserved tribute to the Rockefeller 
Foundation and its work, this report records the value 
the Council places on its happy relationships with this 
Foundation and its gratitude for the help given by the 
Foundation to medical research in the United Kingdom, 
especially by its establishment of the Rockefeller travelling 
fellowships between the years 1923 and 1963. Since their 
foundation, 203 fellowships have been awarded and many 
of the Fellows have become university officers of high 
rank. In 1964 the fellowships will be discontinued, Ma 
the Council will now award traveling fellows 
own to replace the Rockefeller awards. 
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"Investigations on Human Subjects”, and in this report 
4} pages are devoted to an important statement of the 
Council's views as to the considerations which should 
govern medical men who may propose for one reason or 
another to carry out experiments on human volunteers 
in order to advance beneficent knowledge. This state- 
ment will be heartily welcomed by all medical men and 
research workers. Important also and of great interest 
to all medical men and biologists is the section of the 
report entitled “Some Aspects of Medical Research", 
which will be published separately together with the 
Council's statement on responsibility in investigations on 
human subjects, under the title Current Medical Research 
(H.M.S.O. 4s. 6d.). As most readers will know, this 
Section bas been a feature of previous reports and has 
.been published separately under the same title. This 
year it discusses the theoretical basis of organ trans- 
plantation; chromosome damage in man following 
exposure to ionizing radiations; clinical genetics and its 
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applications (illustrated by 3 plates); recent studies on the 
control of ovarian function; rnierobial drug resistance; 
the chemotherapy of cancer; protein turnover in. the 
central nervous system; and epidemiological research in 
psychiatry. All these articles have valuable bibliographies. 

The rest of the report is devoted to an extensive sum- 
mary of all the research work being done under the 
auspices of the Council, with details of the personnel 
employed in various capacities and indexes of their names 
and of the subjects they are working on and of the estab- 
lishments in which they are working. 

Taken as a whole, the report provides a valuable epi- 
tome of the main trends of the medical and biological 
research now being done not only in Britain but also in 
the tropics and elsewhere. The Council's work is unique. 
lt deserves the widest publicity, for a nobler example 
could scarcely be found of the devoted co-operation of 
men and women of all grades of skill and experience for 
the benefit of their fellows all over the world. 

G. LAPAGE 


A HALF-CENTURY OF FRUIT RESEARCH 


'INCE there have been less than forty half-centuries 
since the beginning of our present dating era, a jubilee 
provides a sufficient lapse of time over which to review 
progress in any field of sustained human effort. That 
East Malling Research Station came into being before 


the First World War was a major achievement, for money 
and effort were then but sparsely invested in the pursuit 
of new knowledge. The Station’s first contribution to the 
fruit-growing industry was spectacular—the classification 
of rootstocks to give, for the first time, reliable, regulated 
production in orchards—and the name of its early director, 
R. G: (later Sir Ronald) Hatton, is inseparably linked with 
this. It was almost inevitable that subsequent contribu- 
tions had to become more detailed—more intensive 
investigations of smaller parts of the whole problem of 
fruit production. Papers delivered during the three-day 
jubilee celebrations therefore give a unique opportunity 
for reviewing the work at East Malling as a practical 
whole *. 

A true perspective was introduced at the outset in a 
paper by W. S. Rogers and D. W. Way, who, speaking of 
strawberry culture, stated bluntly “the need is for 
cheaper production and greater economy of labour, and 
the most likely contribution to this, on the cultural side, 
is in the use of herbicides’. This conclusion followed a 
gratifyingly long-term review of all aspects of culture, for 
W. S. Rogers has been concerned with the trials for 
thirty-six years. R. I. C. Holliday spoke of the herbicides, 
of which simazine has proved the outstanding material so 
far for soft fruits. The work on rootstocks still continues, 
and W. S. Rogers discussed the features of Malling-Merton 
104, 106, 111 and Malling XXV among others. Trees are 
also being worked 12 in. above the ground to give a ‘built- 
in’ insurance against the soil-borne fungus causing collar 
rot. Sufficient water is a basic need for any crop, and J. E. 
Goode demonstrated average increases per acre of 4 cwt. 
of black currants per in. of water applied as irrigation. 
D. W. P. Greenham, investigating problems of manuring 
and soil management, has also linked them with water 
needs. Dessert apples have not responded greatly to 
applieations of phosphate or potassium, and after being 
planted for 32 years have only responded to light dressings 
of nitrogen during the past ten. This work seems to 
indicate the need for careful timing of the &pplieations of 
water and nitrogen to give the maximum desired effect. 


* The Kent Incorporated Society for Promoting Experiments in Horti- 
eulture. Jubilee Annual Report of the East "Maling Researeh Station, 
Maidstone, Kent, 1st October, 1962, to 80th September, 1963. Pp. xxx + 208. 
(Fifty-first year.) (East Malling, Maidstone: East Malling Research Station, 
1964.) 17s. 6d.: 2.50 dollars. 


The long-term nature of this work also is particularly 
valuable. Still on the subject of management, J. F. Wilson 
showed that proper composting of hop bines and trash 
after picking by stationary machine destroys the 
Verticillium fungus causing wilt. This is a most welcome 
adaptation to a modern economic tendency, and provides 
better facilities for checking the spread of Verticillium 
than those previously possible. 

It takes a great deal of detailed research to simplify 
and improve measures of direct control of fungal and 
bacterial diseases, but there are three most welcome 
instances of this. Botrytis fruit rot of strawberries is a 
tantalizing disease of greatly varying severity between 
localities in the same season, and between seasons in the 
same locality. M. H. Moore has shown that much infection 
arises from earlier attack of the fungus during flowering, 
so a spray of thiram or captan then is far more effective 
than later. Apple scab and apple mildew are now being 
controlled by sprays designed to reduce infection in the 
spring, and Gloeosporium diseases in store by reducing 
infection in the orchard between July and September 
(J. E. Crosse). Spores of the Verticillium wilt fungus of 
hops are relatively short-lived in the soil (G. W. F. Sewell 
and J. F. Wilson). They do not attack grasses, thus 
suggesting measures of control by grassing down for short 
periods and linking with the control by composting 
mentioned here. Life-cycle investigations of codling 
moth and tortrix have also led to more effective timing of 
sprays against these insects, as described by G. H. L. 
Dicker. There are now highly efficient insecticides, but 
their very efficiency brought an increase of fruit-tree red 
spider mite which requires separate control, 

Virus diseases limit fruit produetion greatly, and A. F. 
Posnette reviewed the methods of virus control—relative 
isolation of stocks, the planting of healthy material, the 
control of aphids and other vectors and the thrilling 
development of heat therapy. The recognition of leaf- 
hopper and soil nematode vectors has brought new 
methods of control, but the older methods of planting 
only virus-free stocks are still highly effective, for “trees 
(now ten years old) of our cherry and plum mother tree 
clones have yielded three times the crop produced by virus- 
infected trees often used for planting orchards in the 
past”. J. T. Legg showed that degeneration of the hop 
ean be explained by the joint attack of ‘nettlehead’ and 
‘line pattern’ viruses, but here again, vigour can be 
maintained by planting only virus-tested stocks supplied 
by the Station through the Ministry of Agriculture's 
A-plus scheme. 
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R. V. Harris, in an introductory paper on hop problems, 
outlined, inter alia, the part that could be played in 
disease control by the breeding of resistant or tolerant 
varieties. There are always variations within such 
varieties, but P. W. Talboys concluded that “variation 
in response. to local environmental factors will always 
tend to be large in varieties of intermediate resistance, 
but small in very sensitive or very resistant varieties". 
He also showed that resistance to Verticillium wilt 
depends. on the more rapid completion of endodermal 
suberization, and the production of highly tolerart 
varieties is thus placed on a sure basis. East Malling kas 
produced new varieties of black currant and a whole 

range of raspberries; R. L. Knight and Elizabeth Keep 
 -diseussed patterns for remodelling varieties for resistance 
. to aphids and Botrytis fungi, black currant varieties for 
ew strig type and resistance to gall mite, gooseberry for 
inelessness and resistance to American gooseberry 












T: the initial competition for the Guinness Awards for 
„Science Teachers in Training, held in 1963, the first 
prize wes gained for their joint work by two students, 
Sheila Stafford and David Horswill, of the City of Leeds 
Training College. A slightly edited version of their entry 
* has now been published as a special Supplement to The 
Science Teacher (T, No. 1; July 1964). It needs to be 
appreciated that, at the time when they were producing 
their essay, the classroom experience of these two students 
was limited mainly to their periods of school practice and 
observation of teachers in action, so that they were 
drawing on their own academic studies, which included 
< among others the writings of Susan Isaacs, J. Piaget. 
amd Cyril Burt. 
Following a trend which is gathering strength, they 
bave broken away from the tradition that for young 
children nature study provides the best introduction to 
science. Instead, they consider that the aim should be to 
help boys and girls to gain confidence in seientifie methods 
of enquiry and experiment, and train them to think 
methodically and logically, so that, within the seope of 
their abilities, they may gain an understanding of selected 
aspects of the world around them, in accordance with 
the needs of society. There should be no fixed syllabus, 
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mildew, and all for high yield and quality. There are also 
some interesting interspecific crosses. 

One might perhaps predict for the future that, as 
great practical work of the Station is now to reduce ex 
for the industry, more assessment will become necessary 
of the relative expenditure required for the various new 
operations introduced by research. There is nothing 
mercenary about this, for as the World wants more focd, 
it wants it without the expenditure of undue human 
energy, and the scientific measure of such energy is 
ultimately based on its cash value. In reviewing the 
sustained work of the Station as a whole I have, unfortu- 
nately, omitted mention of twenty-five detailed papers, a 
general review and four bulletins for fruit growers which 
indeed occupy the bulk of the report. Apologies to 
the authors of these, but warmest congratulat! 
the Jubilee, thus fortified by an acute approvati 
of the Station's work. J, GRAINGER 


ihe 














SCIENCE IN THE JUNIOR SCHOOL 


although, while allowing for flexibility, the course should 
not lack cohesion; and the driving-power should co 
from the children's own interests, the teacher 
“when to follow, when to discuss, explain, teach or guide”. 
In this way they believe the teacher can provide oppc 
tunities for progressive observation and experimen 
which will lead to deeper understanding and the formu- 
lation of simple, general laws-—as, for example. tho 
relating to elementary magnetism and ihe reflexion of 
light. 

“The essay includes sections on such topics as the help 
teachers can give in building up concepts. project work, 
and the value of class discussion; and it ends with an 
outline syllabus for children of seven to eleven voars old. 
Although somewhat discursive and repetitive, it is a 
commendable piece of work, well in Ime with modern 
developments in the junior school; and it indicat: at 
the scheme of Guinness Awards for Science Teac in 
Training is serving a useful cause. It also highlights the 
need for more attention to be directed, at full res arch 
level, to a still greater cause, that of gaining a bette 
understanding of individual attitudes, intere 
abilities, in relation to science, iiw d the whole 
the educational period. . WEATHERALL 
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INDUSTRIAL DESIGN 


N a debate in the House of Lords on June 17 Lord 
Peddie directed attention to the annual report of the 
Council of Industrial Design and referred to the recent 
Fielden Report on Engineering Design. The latter had 
expressed the view that Britain's share of international 
trade in engineering goods had been declining because, in 
spite of many notable suecesses, many British products 
were being outclassed in performance, reliability and sales 
appeal. Lord Peddie referred to the importance of 
raising the standards of design. He thought that design 
in industry was never more important than it is to-day, 
and he also thought it unfortunate that industrial design 
was mentally closely identified with art. During the 
past twenty years the Council of Industrial Design had 
played a significant part in increasing the awareness that 
good design was an expression of creative genius and of 
the importance of the whole subjeet. But he thought 
that it was necessary to increase substantially the work 
of the Council and to extend its activities into designs not 
at. present covered by the Design Centre, capital goods 
and engineering industries. He thought a closer associ- 


ation would be justified between the Council and the 
Department of Scientific and Industrial Research. It was 
encouraging to see that the Royal College of Arts was now 
recognizing the importance of greater attention te the 
problem of industrial design, and Lord Peddie also referred. 
to the proposal for a university on design and technology 
in northern Middlesex. 

The Minister of State (Board of Trazle), Lord 
Drumalbyn, referred briefly to the development of 
industrial design to put the question of design into 
perspective. He pointed out that the new profession of 
industrial designing had formally been 
less than thirty years ago (1936) when the Roy: 
of Arts founded the distinction of Royal D 
Industry, of which there were now 48 in add 
honorary foreign holders of the distinction. É si 
of Industrial Design and its Scottish Comzittes bad 
been formed in 1944 to promote by all practic : 
the improvement of design in the products o Be 
industry, and in 1956 the Design Centre ba: 
established at 28 Haymarket, London, SW 
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Design Centre in Glasgow was opened in the following 
year. Small Design Centres with duplicate copies of the 
Design Index had recently been set up in Bristol, 
Nottingham and Manchester with financial support from 
local interests. The Council was trying to convince firms 
that it was in their interest to employ qualified designers 
and to give them their proper place in the managerial 
structure. It also sought to encourage a progressive 
attitude towards design among retailers and their 
customers and the recognition that the pressure for good 
design must come largely from the users and from the 
trade. At the present time the Council was concentrating 
on seeking to persuade buyers in the services, Government 
departments, local authorities, hotels, hospitals, offices, 
etc., to give serious thought to the design of what they 
bought. Lord Drumalbyn pointed out that a critical 
and well-informed public taste tone was important if 
Britain’s manufacturers were to have well-designed goods 
to offer in competitive export markets. The grant to the 
Council in 1963 was £250,000 and this had been increased 
to £325,000 in the current year. In its new development 
of thematie exhibitions to show manufacturers how the 
industrial designer could be of service in designing such 
products as aircraft, vehicles, machine tools, scientific 
instruments, ete., the Council worked in close co-operation 
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with the Federation of British Industries and the Depart- 
ment of Scientific and Industrial Research as well as the 
British Productivity Council. 

Other speakers in the debate mentioned the importance 
of the education of the designer, particularly those 
working in the field of industrial design, and Viscount 
Eccles pointed out that scientific and technical education 
were proving a most powerful stimulant to better 
industrial design. Baroness Burton of Coventry thought 
that industrial design was now being given more careful 
consideration by many sections of the economy, but 
suggested that research into consumer needs was much 
more constructive than collecting complaints about the 
unsatisfactory products. Baroness Elliot of Harwood 
asked for some help and encouragement of crafts- 
men. 

In replying on the debate, Lord Drumalbyn said that 
the point about postgraduate schools was very much in 
the mind of the Secretary for Education and Science, and 
suggestions from the Coldstream Council were being 
considered. He agreed that there was need for greater 
encouragement and improvement in the status of 
designers, but thought that more attention was being 
given to the display of craft goods than Baroness Elliot 
of Harwood had suggested. 


AT AN ALTITUDE OF 20 KM 


By Dr. S. C. MOSSOP 
C.S.I.R.O. Division of Radiophysics, University Grounds, Sydney 


Tt eruption of Mt. Agung, Bali (8° 25' S., 115° 30’ E.), 
on March 17, 1963, caused the ejection of large 
quantities of volcanic dust to great heights in the strato- 
sphere. Optical effects have been reported from both the 
southern hemisphere! and the northern?. This article 
deals with the concentration and size distribution of 
volcanic dust at an altitude of 20 km over a period of a 
year subsequent to the eruption. These measurements 
were mado using techniques developed for the detection 
of extra-terrestrial particles, a purpose which the incur- 
sion of voleanic dust into the stratosphere effectively 
frustrated from April 1963 onwards. 

Particles were collected at an altitude of 20 km by the 
use of a ‘dust probo’ carried by a U-2 aircraft of the U.S. 
Air Force. The collecting surfaces were electron micro- 
scope grids covered with ecarbon-collodion films and 
mounted on a 3-mm wide metal strip. This was housed 
in a dust-tight cover from which it could be caused to 
protrude for the desired time by the aircraft pilot. In this 
way the electron microscope grids could be exposed 
normal to the airstream, to collect airborne dust by 
impaction. Following Ranz and Wong?, it can be shown 
that this system collects virtually all particles larger than 
0-2 in diameter of density 2 g/cm? under the exposure 
conditions. 

Collections were made with varying durations of 
exposure while the aircraft was on a north-south track at 
longitude 145° E. The flights fall into two groups which 
we will designate northerly, between latitudes 15° and 
35° S. and southerly, between 40? and 45° S. 

The nature of particles collected by this technique 
prior to the eruption of Mt. Agung has been described 
elsewhere*. Typically they consisted of flattened 
‘rosettes’ of water-soluble material of about lu diameter, 
within which were found denser water-insoluble particles 
of about one-tenth this diameter. The latter are thought 
to be mainly of extra-terrestrial origin, and to form 
nuclei on which the soluble material, ammonium sulphate 
and persulphate®, is deposited when produced by gaseous 
reactions at these altitudes. The flattened, rather than 


shattered, nature of the sulphate particles indicates that 
they are not completely dry when collected. Their 
typical indented appearance in the electron microscope 
is illustrated in Fig. 1. 





Fig. 1. Particles collected at 20 km between latitudes 44° and 40° 8. 

on May 21, 1963, with metalshadowing. The large particles which cast 

an appreciable shadow are volcanic particles encased in soluble material, 

the smaller flat ‘rosettes’ are typical of particles present at this 
level before the incursion of volcanic dust 


while 
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Table 1. SIZE AND CONCENTRATION OF VOLCANIC PARTICLES AT 20 KM 


since 
(days 


25 


tion 








This description applies to collections of particles made 
during the period January 29-March 14, 1963. Particle 


concentrations averaged about 30 per litro. Larger 
concentrations have been reported at this altitude at 
other times and x 


| Particles of an entirely different appearance were found 
in a collection made on the following sampling mission on 
April 11, 1963, between latitudes 15° and 35° S., and in all 
s collections at 20 km. These particles were 
insoluble in water, electron-dense, angular, and much 
larger than the non-soluble particles observed before this 
date. Their appearance and size, coupled with the fact 
that their first detection coincided with reports of vivid 
sunset and sunrise displays moving southward from Mt. 
Agung, left little doubt that the new particles were in fact 
voleanic dust. 

As in the case of the stratospheric particles previously 
examined, the voleanic dust particles wero covered in 
water-soluble material as illustrated in Fig. J. By 
floating the electron microscope grids on water, specimen 
side uppermost, this soluble material was removed by 
dialysis. A typical collection of volcanic particles 
revealed in this way is shown in Fig. 2. 

The concentration of voleanie dust in our collections 
was obtained by examining electron micrographs at a 





Fig.2. Volcanic particles 
Ha and 21° 8, on July 9, 1963. 
removed by dialysis 


collected at £0 km altitude, between latitudes 
Water-soluble material has been 
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ification of 7,000. The diameter of cach particle was 
taken as the average of two dimensions at right angles to 
one another. In this way the size distributions shown in 
Figs. 3 and 4 were derived. The swept volumes corre- 
sponding to the examined area are shown in Table ! and 
range from 1:3 to 83 l. depending on particle concentra- 
tion. It is of interest to note that 8-y particles were 
carried as far south as 41° S., and that l-p particlos were 
still prosent at this level a year after tho eruption. 

At first there was no difficulty in distinguishing the 
voleanic dust from other insoluble stratospheric particles. 
From December 1963 onwards, however, many voleanic 
dust particles as small as 0-1y in diameter wore present, 
and at this size the distinguishing criterion of angulerity, 
as against the rounded, nodular shape of non-volcanic 
particles, was difficult to apply with certainty. These 
most recent measurements may therefore underestimate 
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Fig. 4, Size distribution of voleanic dust particles collected at an 
altitude of 20 km on southerly flights (between 40° and 45° 8. latitude), 
plotted at diameter intervals of 0-44 
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the concentration of the smallest volcanic particles and 
cause corresponding errors in the estimate of median size. 

As shown in Fig. 5, the median sizes at the two sampling 
latitudes were very similar apart from tho first southerly 
collection when only the largest of the southward-diffusing 
particles had descended to the.20 km level. 

Fig. 6 shows that for a period of 80-150 days after the 
eruption a concentration of about 100 particles per litre 
prevailed at this altitude between latitudes 20° and 40*.8. 
The mean diameter of the voleanic partieles ranged from 
0-8 to 0-5u. and these sizes were increased to an unknown 
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extent by the coating of soluble material. . The arrival of 
these high eoncentrations of dust was marked at Sydney 
(latitude 34^ S.) by tho disappearance of the vivid sunset 
and sunrise colours that had been apparent from April 14, 
1963, onwards, presumably owing to the heavy attenu- 
ation of all twilight wave-lengths. These phenomena 
afterwards reappeared and have persisted at Sydney 
until June 1964 at least. 

A careful search was mado for spherical particles in 15 
of our collections dated April 11-December 3, 1963. The 
total number of partieles examined was of the order of 
1,000 in each ease. Only on one occasion, May 7, 1963, did 
the collected particles contain spheres and spherules. 

It therefore appears that in the size range below lOp 
that we are concerned with, spheres usually constituted 
less than 0-1 per cent of tho total number of volcanic 
particles. This particular oruption therefore lends no 
support to the suggestion of Fredricksson and Martin". 
that volcanic sources provide an appreciable proportion 
of the black sphoros and sphorules found in polar ice, and 
in deep-sea sediments. 

In the collection of May 7, 1963, there were 82 spheres 
and spherules, ranging from 0-5 to 5u diameter, median 
value 1-7, among the total of 1,050 particles examined. As 
compared with this, Hodge and Wright* find on average 
that only 1:4 per cent of particles are spherules in the” 
magnetic components of various volcanic dusts. There 
is therefore strong reason to believe that the spheres 
collected on May 7 were of extra-terrestrial origin. Their 
concentration at the sampled level was about two per 
litre. 

It has previously been noted that dust particles in the 
stratosphere become coated with soluble material. © After 
the incursion of dust from Mt. Agung, the quantity of 
this coating material seems to have increased and its 
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Fig. 6. Change of concentration of voleanic dust particles with time. 
Full Hine indicates data. from northerly sampling flights, broken line 
southerly 
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Fig. 7. Fluid particles collected at 20 km on April 7, 1964, between 
latitudes 41° and 45° S. 


nature to have changed. This change was immediately 
apparent in the northerly samples. The water-soluble 
material is much more fluid and spreads over the collect- 
ing surface, sometimes in a continuous layer. In the 
case of the southerly collections this change did not 
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become marked until June, and the ‘rosette’ structute of 
the dried sulphate particles can still be seen in the collec- 
tion of May 21 (Fig. 1). In subsequent collections the 
coating material was much more fluid, as illustrated in 
Fig. 7. 

This fluid material did not evaporate to any marked 
degree in the electron microscope vacuum but could be 
driven off by an intense electron beam. It caused black- 
ening and corrosion of exposed parts of the copper electron 
microscope grids. The material colleeted on tho aireraft 
windshield is acid to litmus paper and painfully acid to 
the tongue. More sophisticated tests are in preparation. 

The most likely composition of this material is thought 
to be sulphuric acid. Reports of the Mt. Agung eruption 
mention the sulphurous fumos present® and the high 
sulphur content of the solid produets'*. The entry of 
large quantities of sulphur-bearing gases into the strato- 
sphere might cause an excess of sulphur as compared 
with the ammonia present so that the action of ozone 
would form sulphuric acid in addition to the usual ammo- 
nium sulphates. 

I thank the personnel of O.L 11, 4080 Strategic Recon- 
aissance Wing, U.S. Air Force, for earrying and operating 
the particle-sampling apparatus on their aircraft, I also 
thank the Sydney University Electron Mieroscope Unit 
for electron microscopy and in particular Mr. C. D. 
Shorey for his assistance. 
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EVIDENCE FOR ASYMMETRY OF JUPITER'S VAN ALLEN BELT 


By J. A. ROBERTS and M. M. KOMESAROFF 
C.S.I.R.O. Division of Radiophysics, University Grounds, Sydney 


OST of the decimetrie radio emission from Jupiter 

is believed to be synchrotron radiation from the 
electrons of a Van Allen belt surrounding the planet. 
Using the C.S.I.R.O. 210-ft. telescope at Parkes, New 
South Wales, we have recently examined the polarization 
of this radiation at wave-lengths of 6-100 em and will 
submit a detailed report of the observations to Icarus. 
This article discusses two interesting features which 
suggest that the belt is not symmetrically disposed about 
the planet. 

The Van Allen belt radiation is substantially linearly 
polarized, and Morris and Berge! have shown that as the 
planet rotates the direetion of the polarization rocks 
through about + 10°. Their suggested explanation of 
this effect, namely, a tilt of about 10° between the direc- 
tion of the magnetic dipole axis and the axis of rotation of 
the planet, appears to be generally accepted. Several 
other authors have investigated this effect*-*, but our 
observations, in which the linear polarization is com- 
pletely determined with reasonably good signal/noise 
ratio at intervals of 15-45 min, serve to define the varia- 
tion much more clearly and show it to possess a character- 
istic asymmetry. In addition they demonstrate un- 
ambiguously another feature which was inferred indirectly 
by others'^*, namely, the beaming of the radiation, 
which manifests itself as a variation of the total intensity 
as the planet rotates. 


Fig. 1 shows the variation of the total intensity as a 
function of the system IIT longitude of the central meri- 
dian. There are seen to be two maxima and minima 
per revolution, the minimum near longitude 200° being 
deeper. The curves are reasonably symmetrical about 
longitudes 18° and 198°. 

To a first approximation this observed variation of 
intensity may be ascribed to the change, as the planet 
rotates, of the magnetic latitude of the Earth relative 
to a magnetic dipole centred on Jupiter. Fig. 2a shows 
the predicted variation of this latitude, when the dipole is 
assumed to lie in the plane of longitude 18° and 198°, and 
to be tilted at 10° to the rotational axis. The different 
depths of the two minima result from the tilt of the 
North rotational pole of the planet towards the Earth. 
The resemblance of this curve to the observed total 
intensity curve (Fig. 1a) is striking. and when, as in Fig. 2b, 
the intensities are replotted as a function of magnetic 
latitude it is seen that to a good approximation they are 
a function of the magnetic latitude alone. This is the 
result expected for a centred dipole. 

In attempting to relate this observed beaming to the 
distribution of the pitch angle, «. of the electrons in the 
belt we have used the published computations of Thorne? 
supplemented by further calculations which he communi- 
cated to us privately. The observed beaming and the 
degree of polarization could be accounted for by the 
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Fig, lo. Variation of total intensity of Jupiter emission with system III 


longitude. ‘The Intensity has been normalized to a polar semi-diameter 
OFSTTS are (4.04 A.U... The significance of the symbols is indicated in 
the caption to. Fig. 3. (aq) 21 m ao 1963, (b 11 em, November 


superposition of two distributions of the form sin? «, in 
which one-quarter of the electrons were in very flat 
helices (q ~ 25) while the remainder were nearly isotropi- 
cally distributed (q ~ 2). Such a double-humped distri- 
bution inight suggest two radiation belts, an idea already 
proposed for other reasons by Chang and Davis? and 
Warwick’, 

Departures from the centred dipole case are apparent 
in Fig. 26 in the small but systematic displacement of the 
. Values for longitudes near 18° (shown by squares) relative 
io the values for longitudes near 198° (cireles). This 


separation is not removed by changing the assumed tilt. 


of the dipole by a few degrees, and it seems to represent a 
genuine asymmetry of the source. Clearer evidence for 
9n asymmetry is provided by the variation of the direc- 
tion of polarization with longitude. 
The variation of the direction of polarization with plane- 
tary rotation is shown in Fig. 3. It is obvious that the 
direction does not vary sinusoidally. The curve is dis- 
tinetly asymmetric : the downward cross-over is steeper 
than the upward cross-over and crosses the centre line 
at an earlier phase. 
The effect does not appear to be transitory, as the par- 
tially incomplete curve for August-September 1962 (Fig. 
3b) shows the same features as the curve for August 
1963 (Fig. 3a). This comparison also shows that the 
rotation period of the magnetic field structure is very 
. close. to the system ITI period determined by the deca- 
-metric radio bursts. The curves for 1962 and 1963 coincide 
within the aecuracy of the measurements and fix the 
rotation period as coincident with the r.4.U.!9:! system 
TIL within + 0-5. sec. 

Although casual inspection of Fig. 3c suggests that the 
asymmetry is less marked at a wave-length of 11 em, the 
differences between the 11 em and the 21 em data are, 
in fact, scarcely significant. Evidently Faraday rotation, 
which would be four times greater at 21 em than at 11 em, 
is not sensibly affecting the form of Fig. 3a. 

It is easily shown that if the emitting area were com- 
pletely symmetrical about an axis through the centre of 
the planet, but inclined at an angle ~ 10° to the rotational 
axis, the resulting variation of the direction of polarization 
would be a symmetrical curve and very nearly sinusoidal. 


‘Hence the observations imply some asymmetry of the 
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belt in longitude. At the upward cross-over at longitude 
17° the slope of the curve is much nearer the slope of à 
sinusoid of amplitude. 9° or 10° than at the downward 
cross-over. This suggests that near longitude 17° the 
belt may be less affected by the asymmetry. Since the 
total intensity curves (Fig. 1) show symmetry about à 
similar longitude (18° and 198°) it seems possible that a 
basic dipole (inclined at 9° or 10°) intersects the surface at 
longitude 18° in the southern hemisphere and 198° in the 
northern hemisphere. 

The nature of the asymmetry of the belt is not clear, 
but it probably reflects some permanent departure of the 
magnetic field from the centred dipole-configuration. An 
asymmetricel magnetic field has alroady been suggested 
to explain the 360° (rather than 180°) periodicity in the 
occurrence of the decametrie radio bursts*3-6, Tf 
Elis and MeCulloch's'5 representation of the field as 
that of a centred dipole plus a local anomaly is correet, 
the present observations imply that the effect of the 
anomaly is still evident at several radii from the planet. 
On the other hand, Warwick has shown that with a pure 
dipole model, but with the dipole displaced to the south, 
shadowing by the planet will produce qualitatively the 
type of asymmetry observed. Further discussion requires 
the extension of theoretical developments already 
begun™:%:17 to provide two-dimensional distributions of the 
intensity and polarization for the dipole case (to test the 
shadowing theory), and alternatively an analysis of the 
non-dipolar case. 

We wish to express our gratitude to the many people 
who have contributed to the acquisition of the data and 
their subsequent analysis and. discussion. In particular 
we would like to thank Mr. K. S. Thome and Dr. J. W. 
Warwick for making available their unpublished calcula- 
tions, and Mr. C. 8. Higgins and Mr. D. W. Orchiston 
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Fig. 2. a, The computed magnetic latitude of the Earth with respect to 
an assumed magnetic dipole inclined at 10° to J upiter's rotational axis, 
the pole In the northern hemisphere being at hn — 198°. A 29° tit of 
the north rotational pole towards the Earth has been included, this being 
the value appropriate to the 1963 August observations. b, Observed 
total intensity at 21 em as a funetion of the magnetic latitude of the - 
Earth. This figure is derived from the data of Figs. la and 2e, Points 
corresponding to the four longitude ranges in 2a are distinguished thus: 
18-02" (C, 92^-198* (O), 198-304" (8), 304°-18° (I) 
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Fig. 3... Position angle of the maximum electrie vector of Jupiter radiation as a function of 1.4.0, system ITT longitude. e, 216m, August 1903; 
| b, 2T em, August/September, 1962; e, 11 em, November, 1963. To assist in the comparison of the shapes and symmetries of fhese cui 
those in Fig. Ay dashed lines are shown (Dat the position angle midway between the maxima and minima of the curves and Gi) af long: 
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of this laboratory. for. assistance in the observing pro- 
gramme. : 
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PAL/EOMAGNETISM IN MIOCENE 
OREGON, SOUTH-EASTERN 


WASHINGTON AND WEST-CENTRAL IDAHO 
By N. D. WATKINS* 


Department of Geophysics, Stanford University, Stanford, California 


PALJEOMAGNETIC survey of the Miocene lavas of 
south-eastern Oregon! was extended northwards 
during the summer of 1963. This communication concerns 
the lavas sampled in seven widely separated sections close 
to the sharp bend of the suspected gigantic structural 
feature or orocline, as proposed by Carey? (Figs. 1 and 3). 
Waters? has described the lithologie variation in four 
of the seven sections, and has divided the Columbia River 
Basalt into two distinct varieties. In at least one section 
(Fig. 3, section G, Imnaha) both the younger Yakima and 
older Picture Gorge Basalt outerop. The type section of 
the older basalt lies under the Middle to Late Miocene 
Maseall formation‘, and the Yakima Basalt is intercalated 
with Middle or late Miocene flora (ibid.). A few Early 
Pliocene lavas’ may be present at the top of sections E 
and F. 

More than three hundred accurately orientated cores, 
representing at least two cores from each lava, have been 
taken from a total of 154 lavas. It is probable that some 
of these represent repeated sampling of the same lava in 
different sections. The sections sampled are the largest 
local outcrops available, and the nature of the exposures, 
most of which are along the steep canyons of the Snake 
River and its tributaries, has in most cases enabled com- 
plete sections of successive lavas to be sampled. 

Campbell and Runcorn? have examined the palmo- 
magnetic properties of the Columbia River lavas, and 
point out that normally and reversely magnetized lavas 
occur in approximately equal numbers. Their results 
showed considerable scatter in direction of natural 
remanent magnetism. Lack of apparatus for removing 
unstable components’ at that time no doubt contributed 
to this condition. Cox? found unusual directions of 
natural remanent magnetism in Eocene lavas in southern 
Idaho, and Irving’ suggested that the anomalous natural 
remanent magnetism might be a function of tectonic 
rotation, since the area is still tectonically active. 

The magnetic properties of each core have been determ- 

ined using a spinner magnetometer and a triaxial de- 
magnetizing apparatus’. Following experiments in which 
samples. from at least four lavas in each section were 
subjected to progressive demagnetization in alternating 
magnetic fields", a field of 200 œ was chosen as sufficient 
to remove unstable components. Application of this 
field to each specimen resulted in a great reduction of 
scatter of natural remanent magnetism. Statistical 
analysis of the mean natural remanent magnetism in 
each lava has been carried out for all sections, using the 
methods of Fisher, and the results are presented in 
Table 1. 

The natural remanent magnetism in all cores after 
removal of viscous components is presented, for two of 

* Present address: Sub-department of Geophysics, University of Liverpool, 


Table 1. STATISTICAL ANALYSIS OF NATURAL REMANENT MAGNETISM 
(NRM) ts EACH. Section 

Section N I R a95? 
A 22 337° 07 + 66° 17’ 21:22 6-1 
B 10 334° 29° + 66° 20° 934 167 
c 16 339" 08° +73° 04" 15-08 92 
D 30 1° 87” +67° 4T 28:53 6-0 
E 18 359° G1’ + 54° 04’ 17-13 go 
F 22 0° 05" +68° O1' 20-92 86 
G 36 12° 45" *61?43 33°28 6-9 


XN, No. of lavas in section; D, mean declination of NRM; I, mean inclina- 
tion; R, resultant vector, assigning unit vector to each lava; a95°, semi- 
vertical angle of 95 per cent confidence cone. All reversed directions of 
NRM have been transposed to the northern hemisphere. 


the seven sections, in Fig. 2. The size of the unstable 
component in some lavas is large enough to produce 
pseudo-normally magnetized lavas, which Mumme 
has described elsewhere. Removal of this unstable 
component to produce stable reversely magnetized lavas 
has resulted in the reduction of the number of the 
successive variations in polarity in most sections. Should 
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Fig.2. Remanent magnetismin sections A and G after treatment in alternating magnetic fields. 


the surface geologist integrate field measurements of 
natural remanent magnetism" into stratigraphic work in 
this area, as Einarsson!^ and others have done elsewhere, 
pseudo-normally magnetized lavas would be encountered. 
In terms of the implied Miocene geomagnetic field this 
would be misleading, although there is no reason why such 
a lava should not be a suitable mapping unit, if the 
property is homogeneous in the magnetically unstable lava. 

All sections feature both polarities. This polarity vari- 
ation in single sections is one of several properties con- 
trasting with properties revealed in the paleomagnetic 
survey of Miocene lavas of the Basin and Range area of 
the Columbia Plateaux to the south!. Here eight of ten 
sections possess only a single polarity in up to forty 
successive lavas. This difference implies a more rapid 
rate of extrusion in the southern region, if magnetic 
polarity epochs encountered are of the same order of 
duration as those defined in younger rocks’*. In the 
present survey, the number of successive polarity vari- 
ations in each section increases eastward. This may be 
due to the time-span of sections increasing eastwards. 

The most significant result of the survey is illustrated 
in Fig. 3. The mean palzomagnetic declinations, determ- 
ined from the mean direction of natural remanent 
magnetism in all lavas in each section, are plotted at 
each section location. The sections well to the north 
of the Oregon-Washington border have declinations 
differing from those sections to the south. (This fact 
is very obvious in Fig. 2.) Tho conditions may be caused 
by one of the following circumstances : 

(1) The sections north and south of the Oregon- 
Washington border are not contemporaneous. Their 
different mean paleomagnetic declinations are due to the 
fact that insufficient time is represented by the sections 
to average out non-axial dipole components to the spin 
axis. If the polarity epochs encountered in the sections 
are of the same order as those defined for more recent 
rocks by Cox, Doell arid Dalrymple’, then the time 
represented would be at least five million years. Tho 
duration of the persistence of non-axial dipole conditions 
is fundamental in the paleomagnetic model, particularly 
in the application of data to inter-continental studies. 
The time-span required to average non-axial components 
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Left, Snake River; right, Imnaha. 
hemisphere; O, upper hemisphere; (N), direction of geocentric dipole field; (xi. direction of present geomagnetic field 
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to the spin axis has previously been suggested to range 
from ten thousand years!? up to one million vears!*. 

(2) The sections north of the Oregon-Washington 
border are not contemporaneous with those to the south. 
Sufficient time is represented in the sections to average 
non-axial dipole components to the spin axis, but the 
spin axis moved considerably in Miocene items. 

(3) The séctions involved are roughly contemporaneous. 
The spin axis did not move considerably during the Mio- 
cene period, and the different declinations are the result 
of post-Miocene differential tectonic rotation, in the same 
sense as the orocline indicated in Fig. 1. Similar ex- 
planations of non-coincident paleomagnetic data aro 
common in the literature. Wise!* has summarized the 
diverse geological, geophysical and geochemieal data 
which support a tectonic origin for the broad features of 
this part of the Cordillera. He does, however. point 
out factors contradicting the implied sense of rotation. 
Recently, Bodvarsson and Walker? have presented evi- 
dence for crustal drift in Iceland, and suggost that con- 
sideration be given to similar phenomena in the other 
great flood basalt areas. The enormous dyke swarms 
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Fig. 3. Mean paleomagnetic declinations in seven sections of Miocene 
lavas in South-eastern Washington, North-eastern Oregon and West- 
central Idaho. No. in brackets is No. of Javas in each section 
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at Grande Ronde (in the area of section D) and Cornucopia 
(south of section G), described briefly by Waters’, comple- 
ment the ideas of Bodvarsson and Walker®°, who state that 
large-scale intrusion of dykes is a significant factor in 
crustal spreading in the great Icelandic lava pile. It can 
be stated that the paleomagnetic data are consistent with 
crustal spreading of the part of the Columbia Plateaux 
under consideration, but by no means are independent 
proof of the event. 

Since it has been shown! that the Miocene geomagnetic 
field may be subject to apparently sudden movement, 
and due to the uncertainty of the time required to average 
non-axial dipole components to the spin axis, the possi- 
bility that ambient geomagnetic field variation may be 
the cause of the declination variations described in this 
communication must be stressed. 

The ambiguity in interpretation of the observations 
should be resolved to a large extent by further collection 
in north-central Washington, and by dating of the lavas 
concerned in order to determine the degree of contempor- 
aneity. 

I thank Drs. A. Cox and R. Doell of the U.S. Geological 
Survey for the loan of equipment, and Prof. A. C. Waters 
of the University of California, Santa Barbara, for guid- 
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ance in selection of the sections. This work was carried 
under a National Science Foundation administered 
U.S.-Japan Co-operation Programme grant to Stanford 
University. 
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RHEID AND RIGID ROTATIONS- 
By E. S. O'DRISCOLL 


Department of Economic Geology, University of Adelaide 


I rocks deformed by rheid folding, rotational phenomena 
displayed by eomponental segregates appear to allow 
contradictory -kinematic interpretations where the 
accepted sense ôf individual rotation cannot readily be 
reconciled with the proposed mechanism of environmental 
shearing. The subject of rheid deformation by solid 
laminar flow, as developed by Carey, provides idéalizod 
concepts that are readily susceptible of analysis through 
the use of laminar models where planar translations by 
rotational and irrdtational shear are conceived. Such 
models as have’ been described?~? represent ideal rheid 
deformations in homogeneous isotropic material in terms 
of direct shear movemént. 

To facilitate geological field investigations of flow 
phenomena, specifically those related to the effects of 
rotation and stretching of dissimilar bodies embedded in a 
strained rheid matrix, I have recently used a combination 
plasti-laminar model in which to observe the behaviour of 
inhomogeneous ‘material aggregates enclosed in a rheid 
medium that deforms by plane laminar flow resulting from 
experimentally controlled progressive shear deformation. 
These aggregates include the idealized extremes of both 
rigid and rheid bodies as well as intermediate anisotropic 
bodies that, by virtue of preferred internal slip surfaces, 
behave both as rigid and rheid bodies according to 
variations of internal shear induced in them during the 
controlled progress of matrix deformation. The 
examination of these ‘rheoplex’ models has disclosed some 
curious and seemingly paradoxical rotational and 
orientational qualities that are interdependent and 
consistent with the one superimposed deformation, 
although their counterparts in the field might otherwise 
be regarded as cogenetically incompatible. 

The essential feature of the models is a rheid matrix of 
Silicone putty (P, Fig. 1), which is uniformly rabbeted in 
the upper edge-surface (L, Fig. 1) of a standard laminar 
model. This attachment provides a direct coupling 
whereby transcurrent movement of the ‘basement’ is 
reproduced directly in the rheid matrix by plane laminar 
flow without producing visible shear planes. Within this 
matrix are set small bodies of various shapes and 
orientations. In the accompanying illustrations, rigid 


bodies, marked G, remain undeformed but free to rotate 
in the matrix. ` Rheid bodies, marked H, are represented 
by shapes engraved in the matrix, and these may be 
regarded as bodies of thé same rhoidity as the matrix and 
deforming with it by internal laminar flow parallel to the 
superimposed. shear according to a direct function of the 
strain ellipse. Anisotropic bodies, marked N, are small 
hand-set laminar prisms, free to deform by internal 
laminal slip (or induced shear) which may be variously 
divergent from the superimposed direct shear, depending 
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Fig. 1. Rheoplex model showing different rotational behaviour of rows 
of rigid (G1), rheid (H1) and anisotropic (N1) segregates in rheid matrix 
deformed by laminar flow imposed by shear parallel to rows 
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Fig. 9. Similar model to Fig. 1, except that imposed shear is perpen- 
dicular to rows of segregates. e shows attempted restoration by 
*unshearing' 


on the initial orientations of the bodies. The anisotropic 
N-bodies may be regarded as combining the behaviour of 
the rigid G-bodies and the rheid H-bodies depending on 
the divergence between the direct and the induced shear 
planes. By adaptation of the terms described by Woods, 
the G-, H- and N-bodies are called segregates, and the 
long axis of each segregate is called the segregate axis. 
Groups of segregates are called aggregates, and the long 
axis of distribution of such a group is called the aggregate 
axis. 

Fig. la shows a rheoplex model containing three parallel 
rows of segregates embedded in a rheid matrix, P. The 
left-hand row of rigid bodies, marked G, contains five 
segregates ranging from circular (G1) to linear (G5) shape. 
The segregate axes of these bodies ‘coincide with their 
aggregate axis, which, in turn, is parallel to the shear 
planes in the laminar basement, L. The centre row of five 
rheid segregates, H1-H5, has shapes and alignments 
identical with those of the corresponding G-segregates by 
which their respective deformational behaviour may be 
the more easily compared. The right-hand row contains 
five rectangular laminated anisotropic segregates, N1-N5, 
which have their segregate axes, their aggregate axis and 
their internal lamine all parallel to the shear direction of 
the basement. 

Fig. 16 shows the effect of a uniform superimposed 
right lateral shear (tan BAC) applied to the basement, L, 
and transmitted to the rheid matrix, P. It is seen that 
the rigid G-segregates rotate in a tight lateral sense in 
sympathy with the superimposed shear, whereas the 
rheid H-segregates rotate in the opposite sense, the amount 
of rotation of a particular segregate in each case depending 
on its formal aspect ratio (length/breadth). The N- 
segregates behave in a composite manner. They deform 
internally by right lateral induced shear, and. also rotate 
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slightly in a right lateral sense so that their internal 
laminal directions assume a left-hand en échelon alignment 
along the aggregate axis. This pattern is to be compared 
with the left-hand en échelon of the rigid G-segregates. 
However, the formal long axes of the N-segregates now 
assume new diagonal positions in right-hand en échelon 
alignment, which is to be compared with the behaviour of 
the rheid H-segregates. 

In the foregoing terms the remaining illustrations are 
largely self-explanatory. Fig. 2 shows an example where 
the G-, H- and N-segregates have their aggregate axes 
initially perpendicular to the superimposed shear direction. 
At each stage of deformation by right-hand rotational 
shear, a time-circle, T, is added to the matrix to provide a 
progressive deformation history, as shown by T1, T2, T$ 
and T4 in Fig. 2d. Figs. 2a, b, c and d may be compared 
with the right limb of a shear fold anticline during 
progressive deformation in which the rows of segregates 
define the strata, and the segregate and aggregate axes 
coincide initially with the bedding planes. It will be seen 
that for a considerable part of the deformation, the rigid 
G-segregates rotate in a left-hand sense relative to their 
bed, that is “in a sonse just opposite of that assumed in 
shear folding"*. In the extreme deformation of Fig. 2d, 
this sense is eventually reversed. The rheid H-sogregates 
behave in a contrary manner except that their sense of 
rotation relative to their bed does not suffer a reversal in 
Fig. 2d. Instead, the H-segregates are stretched. to more 
than three times their original lengths-in the plane of the 
bedding. It may be noted that the distance between 
segregates increases progressively, in contrast to Fig. 1 
where the initial spacing is largely maintained during 
‘bedding slip’. In Figs. 2b and c, the N-segregates display 
a composite behaviour. The shear induced in them 
initially as left-hand internal slip in Fig. 2c has afterwards 
suffered a reversal in Fig. 2d in which the segregates have 
been restored by internal ‘unshearing’ to nearly their 
original shapes. Fig. 2e shows the restoration of the entire 
model matrix to its original shape by complete reversal of 
the superimposed direct shear. Both the G- and H- 
segregates are restored with considerable fidelity, but the 
N-segregates have undergone irreversible changes. It may 
also be noted in Fig. 2e that the matrix surface has 
developed a set of strain striations which supersede those 
in Fig. 2c. To the extent that these striz or ‘folds’ could 
become fixed during deformation, a cross-fold relationship 





Fig. 3. 
respectively divergent, parallel and convergent orientations in successive 
bands of particular segregates 


Rheoplex model of anticline in which shear folding produces 
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Fig. 4. Four identical anisotropic segregates deform differently accord- 
ing to their initial orientations in rheid matrix deformed by laminar flow i 


is established by the reversal in sense of the superimposed 
shear. 

Fig. 3 illustrates the case where both the segregate axes 
and the superimposed shear are perpendicular to the 
aggregate axes. In Fig. 3a, the aggregate axes, G1-G5 
and G6-G10, which may be equated to stratal bedding, are 
the locus of rigid segregates respectively of low and high 
aspect ratio, while H6-H10 and H1-H5 represent the 
corresponding sets of rheid segregates. Fig. 3b shows the 
effect of superimposing an anticlinal fold by axial plane 
shear. The segregates of high aspect ratio, H1-H5 and 
G6-G10, resist rotation and remain in the axial (shear) 
plane. Of those of lower aspect ratio, the G1-G@5 segregates 
assume orientations corresponding to slaty!! cleavage 
divergent toward the anticlinal crest, while the 
H6-H10 segregates assume orientations convergent 
toward the anticlinal crest after the manner of fracture!’ 
cleavage. This model suggests an analogy to the attitude 
of fold cleavage where it is determined by the orientation 
of mineral segregates, varying with the strata, which have 
originated as mimetic growths in early axial plane 
cleavage, and thereafter responded unequally and 
differentially to continuing deformation. In this context, 
three accepted types of cleavage orientation may be 
causally united under the one shear fold system. 

Fig. 4 illustrates the different behaviour of four similar 
N-segregates according to their initial orientation with 
respect to the superimposed shear. The axes n1, n2, eto., 
are specified as the respective aggregate axes of the 
individual segregates, corresponding to their internal 
laminal direction bofore deformation. When right lateral 
shear is imposed, the subsequent interngl deformation of 
the segregates is altornatively by right-hand or left-hand 
slip, or, as in N2, by both, successively, according to the 
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stage of movement. In the advanced stage of this type 
of shear deformation, as in Fig. 4d, all formal elongations . 
and all aggregate axes except those in the shear plane 
(for example, n4) tend to become perallel to the gross 
strain elongation. D 

Fig. 5 illustrates how the one uniform shear may appear 
to produce contrary rotations in similar G-segrogates 
according to the initial angle of shear with the bedding 
planes (aggregate axes). Thus, G3 and G4 (Fig. 5a) 
rotate anticlockwise with respect to their aggregate axis 
(Fig. 56), whereas G7 and G8 do the opposite. Of particular 
interest is the ‘rigid area’ divided in two parts (@9 and 
G10) by a line of scission perpendicular to the super- 
imposed shear direction. It may be seen in Figs. õa and b 
that although the ‘basement’ shearing is in a left lateral 
sense, not only do the rigid areas, G9 and G10, move in a 
right lateral sense with respect to one another, but the 
‘fault’ separating them also rotates relatively in the same 
sense. In this context, the ‘sense of rotation’ is a relative 
matter depending on the interaction of rigid and rheid 
qualities which vary according to initial orientations as 
well as to the stage of deformation. 

It is of interest to consider a composite segregate that 
consists of a rigid nucleus with a rheid periphery (as if 
Gl were inside HI in Fig. 2), or one that grows 
by progressive syntectonic accretion, especially if the 
accretion is polarized along the infinitesimal strain axis. 
With appropriate orientation, a superimposed clockwise 
shear can cause such a segregate to assume a formal 
‘S-structure’ even though the shear rotates both the 
segregate and its environment in a clockwise sense with 
respect to & fixed direction. This is of importance when 
recalling that an S-strueturo.in a mineral segregate is 
accepted as indicating anticlockwise rotation“. On a 
global scale it is also of interest to extend the implications 
of Fig. 5 to the conclusion that sub-crustal rheid flow in a 
given direction may induce fault movements in crustal 
blocks that may appear to contradict it in both direction 
and rotational sense. 

The role of model presentations must be kept in proper 
perspective and their limitations appreciated. As Suppes!? 
claims, a model drastically simplifies the true physical 
phenomena and describes only certain aspects of them. 
In this way, the idealized extremes shown in rheoplex 
models may be regarded as qualitative components 
effective in varying degrees in an ultimate deformation 
which is variously a compromise between rigidity and 
theidity. The separate representation of these properties 
is intended to help the elucidation of what Simpson?* 





Fig. 5. Left lateral shear of rheid matrix induces contrary rotational 
effects in various rigid bodies disposed within it 
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distinguishes as “immanent” qualities, that characterize 
particular relationships, from “configurationa ” qualities, 
that are related to particular materials. 
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RECOMBINATION OF CHLORINE ATOMS 
By E. HUTTON 


Rocket Propulsion Establishment, Westcott, Bucks 


HE recombination of chlorine atoms has been the 
subject of two recent communications'?, Linnett and 
Booth! having obtained a value for the overall termolec- 
ular rate constant which is approximately two orders of 
magnitude less then that reported by Beder and Ogryzlo*. 
Both authors used the isothermal calorimetric tech- 
nique? to measure the decay of the atom concentration. 
This method is known to give results of dubious reliability 
in the presence of excited species, and it is sometimes 
found that only a fraction of the energy of the atom 
recombination is accommodated on the catalytic wiret. 
We have used an alternative technique to monitor the 
atom concentration, and have therefore measured our 
rate constants by an independent method. 

The atoms were produced in a flow system by a radio- 
frequency discharge through pure chlorine gas. The 
reaction cell was of 2-9 em internel diameter and the walls 
were ‘poisoned’ with sulphuric acid’. 

Downstream from the point of injection of the chlorine 
atoms s multiperforated jet permitted the addition of 
nitrosyl chloride gas, which was used to estimate the 
absolute velue of the etom concentrations by means of 
the fast reaction: : 


Cl + NOCI — Cl, + NO 


Chlorine was obtained from Imperial Chemical Indus- 
tries, Ltd., and quoted as 99-99 per cent pure. The 
nitrosyl chloride was prepared by the reaction of nitric 
oxido with molecular chlorine and was purified by frac- 
tionel vaporization. Pressures were measured on a McLeod 
gauge filled with sulphuric acid, which was standardized 
against a conventional mercury McLeod gauge. 

For each experiment the absolute value of the chlorine 
atom concentration was determined at one position in the 
reaction tube by titration with nitrosyl chloride, and the 
relative concentrations of the atoms along the remainder 
of the tube were obtained by measurement of the inten- 
sity (I) of the red glow emitted from the recombining 
gas. 

The dependence of I on the chlorine atom concentration 
was determined’, and hence absolute values for its con- 
centration obtained at several positions along the tube. 

If the recombination mechanism is expressed'*: 


kos . 
Cl + Cl + Cl; —— Cl, + Cl, 


Ew 
Cl + wall ——- 4 Cl; 
then 
— [Cl] 
dt (1) 


From low-pressure experiments at low chlorine atom 
concentration & value for kw of 0-70 sec-! was obtained 
corresponding to & wall recombination efficiency (y) = 
9-5 x 10-5, which is in good agreement with previous 
work?. 

ko, was determined over a range of pressure and 
chlorine atom concentrations (Fig. 1); our results are 





= 2 kon [Cl]? [Cle] + kw [C1] 


2-1 


1:9 


n 
e 





kc, em? mole-? sec-! x 1071? 


13 ONO 
Ox 
enNx 
x 
x 
11 9 o 4 
BN, 
9 $e 
0-9 ox d 





[C1] mole cm? x 10° 


Fig. 1. Experimental values of XC; at the pressures (torr): ©, 2:03; 
O, 1-65; ©, 1:21; Q, 0°91; &, 0°66; Q, 058; @, 033; x, values 
obtained by Bader and Ogryzlo (divided by 2 for compariscn) 


approximately half those obtained by Bader and Oeryzlo, 
and ko, decreases with increase in chlorine atom concen- 
tration. Bader and Ogryzlo’s results, which are plotted 
for comparison on the same graph, show the same general 
trend. 

Such a decrease is not in accordance with equation (1), 
which must therefore represent an over-simplified pre- 
sentation of the reaction. 

A more detailed mechanism for the removal of the 
chlorine atoms is: 

kı 
Cl + Cl, 2 Cl; 
ka 


ka 
Cl, + CI — Cl, + Cla 


kw 
Cl + wall — 4 Cl, 
Hence: 
—d(O] _ 2 k, ka[C1]? [CL] 
dt ka + k[Cl] 
From equations (l) and (2) the measured, overall ter- 
molecular rate constant (koi) is given by: 
ko = ky ka 
Ch = ko, + ka [Ol] 





+ kof] (2) 











15 
b 
a 
x 
Y 
2 
E 
3 10 
1, 
8 
ME: 
0:5 
0 1 2 3 4 5 8 7 8 9 10 11 
[Cl] mole em? x 10° 
Fig.2. Dependence of the reciprocal of the termolecular rate ‘constant’ 
on the atomic chlorine concentration 
or 
l [Cl] ka 
ko, ky ky ke 


At very low concentrations where k_, >> k. [Cl], then 


kı k OE 
(kond [cll-o= ——. gis plotted against [Cl] in Fig. 2. 
SL 


kon 
The slope of the line gives T and from the intorcept we 
3 1 
Tun d 
obtain kk. 
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From Fig. 2: 
kı = 9-09 x 107 cm? mole-! sec-! 
and 
ky ka 
L = 2-04 x 1015 emë mole-? sec-1 
=] 
hence 
Es = 2-24 x 108 cm? mole-! 


If wo assume that the reaction of Cl and Cl, takes place 
with unit collisional efficiency, then we obtain an upper 
limit for k, of 1-7 x 10% em? mole-! sec-} and, by sub- 
stitution, k., < 7:6 x 105 sec-!. 

At low atom concentrations: 


[Oh] _ k, [Cle] 
(Cl) ^ ku 


and at a pressure of 2 torr: 
[Cl] > 1-2 x 10-5 [Ci] 

The value of the termolecular rate constant obtained 
for chlorine atom recombination at very low atom con- 
centrations (2-04 x 101° cm? mole-*? sec-*) is in fairly good 
agreement with the value of 4 x 10!* cm! mole-? sec-! 
obtained by extrapolating Bader and Ogryzlo's data from 
experiments carried out in pure chlorine, and is in good 
agreement with their data from indirect determinations 
in the presence of inert gases. 

A full account of this work is to be published in detail 
elsewhere. I thank Mr. H. Williams for helpful dis- 
cussion and criticism. 

* Linnett, J. W., and Booth, M. H., Nature, 199, 1181 (1963). 
* Bader, L. W., and Ogryzlo, E. A., Nature, 201, 491 (1964). 


* Elias, L., Ogryzlo, E. A., and Schiff, H. I., Canad. J. Chem., 37, 1680 (1959). 
x Teo J., Mills, J. S., and Wise, H., Project Squid T'ech. Rep., SRI, 14P 


^ Ogryzlo, E. A., Canad. J. Chem., 39, 2556 (1961). 
-* Hutton, E. (to be published), 


QUANTITATIVE DETERMINATION OF PROGESTERONE IN HUMAN 
PLASMA BY THIN-LAYER AND GAS-LIQUID 
RADIOCHROMATOGRAPHY 


By WILLIAM P. COLLINS and Dr. IAN F. SOMMERVILLE 


Endocrine Laboratory Unit, Chelsea Hospital for Women and Institute of Obstetrics 
and Gynecology, University of London 


FN 1954, progesterone was isolated from humaa peri- 

pheral venous blood and the concentration determined 
in samples collected during late pregnancy!. Later, 
although several methods were developed for the doterm- 
ination of the hormone in plasma samples of reasonable 
volume*-‘, it was apparent that a considerable increase in 
sensitivity would be required for the determination of 
plasma concentrations in early pregnancy and the men- 
strual cycle. For this purpose and to achieve a higher 
degree of specificity, the method developed in this depart- 
ment^* which involved alumina chromatography and the 
formation of the isonicotinie acid hydrazone, was modified 
by the introduction of preliminary purification on silica 
gel, followed by paper chromatography and the formation 
of the thiosemicarbazone. There was a ten-fold increase 
in sensitivity and, using an internal standard of pro- 
gesterone-4-4C, the method was suitable for the assay 
of 10-ml. samples collected during the luteal phase of the 
menstrual cycle’. Further information on the plasma 
concentration of the hormone during the cycle has ben 
obtained by a double isotope dilution technique* and the 
application of a fluorimetric method has been reported’. 
However, the former technique is time-consuming and 
expensive, while the latter is liable to interference by 
non-specific material. 


In general, physicochemical methods for the determ- 
ination of steroids in blood are inconveniently laborious— 
specificity being achieved by the use of several chromato- 
graphic steps and re-chromatography of a derivative. 
The time involved in the analysis may be from 3 to 14 days. 
The introduction of gas-liquid chromatography for steroid 
analysis offered the hope of a more rapid and, at the same 
time, highly sensitive and specific method. There were, 
however, two main problems—to effect adequate pre- 
liminary separation without resort to laborious techniques 
and to ensure that the method is quantitative. The present 
report describes the manner in which the former has been 
resolved by the use of two-dimensional thin-layer chro- 
matography; the latter by the simultancous determina- 
tion of an isotopically labelled internal standard in terms 
of integrated radioactivity. The new method has a high 
degree of specificity and the sensitivity is adequate 
for the determination of the hormone in 5-ml. samples 
of pregnancy plasma and 10-ml. samples collected during 
the menstrual cycle. The time involved is three hours 
plus the duration of the gas-liquid radiochromatography 
(40-80 min depending on choice of temperature and 
stationary phase). 

While this work was in progress there were preliminary 
reports on the application of gas-liquid chromato- 
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Fig. EY Two-dimensional thin-layer chromatogram showing 20a- 
hydroxy-pregn-4-en-3-one (left); A4-androstene-3,20-dione (right); 208- 
s EN hydroxy-pregn-4-en-3-one (above); progesterone (right) 


graphy to the determination of progesterone in extracts 
‘of human myometrium? and to the identification of the 
hormone in-human pregnancy plasma’. . . 

All solvents are purified by standard -techniques and 
redistilled prior to use. The stationary phase for thin- 
layer chromatography is ‘Kieselgel’ with calcium sulphate 
binder and fluorescent indicator from Camag, Ltd. 
(obtained from Griffin and George Ltd., London). Gas- 
liquid radiochromatography is performed on a Pye 
panchromatograph with a macro-argon ionization detec- 
tor; the radioactivity being measured. simultaneously by 
a gas proportional counter coupled to an Ekco ratemeter 
(type N701A) which incorporates an integration unit. 
The instrument was modified so that all the effluent 
gas from the column passes through the argon detector 
before combustion. The columns are 5’ in length, and for 
the routine method the stationary phase is 1 per cent 
cyclohexane-dimethanol ` succinate (CDMS) on ‘Gas 
Chrom. P.' 60-80 mesh (W. G. Pye and Co. Ltd., Cam- 
bridge) Progesterone-4-“C (21-7 moc./mM) was obtained 
from the Radiochemical Centre, Amersham, Bucks. 

Peripheral venous blood is withdrawn by @ non-greased 
syringe, transferred to a centrifuge tube containing 
heparin B.P. (10 units/ml. blood), centrifuged and the 
plasma removed. An internal standard of 0-25 ug pro- 
gesterone-4-MC is added to each sample. After the addition 
of an equal volume of N/3 sodium hydroxide, the mixture 
is shaken for 5 min; extracted with 2x 100 ml. ether; 
the extract washed with 20 ml. distilled water and 
evaporated to dryness in vacuo. The extract is then 
transferred with 3x5 ml. methanol/chloroform (1:1) 
to a small conical test tube and evaporated to dryness 
under nitrogen at 60°C (a small volume of the same 
mixture is added to wash the extract into the tip of the 
tube and after re-evaporation the tube may be stored 
in a desiccator). - 

Glass plates 20 cm x 20 cm are coated with ‘Kieselgel’ 
and stored in a desiccator prior to use. The extracts are 
applied to separate plates (using a glass capillary and 
3 x 0-05 ml. methanol: chloroform, 1:1) on & spot 
2, om in from either side of the right-hand ‘corner. 'The 
first system used is benzene/ethyl acetate (3:2), the 
solvent front being allowed to travel 15 cm. The plates 
are then removed, thoroughly dried, turned through 90°, 
and re-run in ether/dimethylformamide (99:1), the sol- 
vent front again advancing 15 cm. The plates are then 
removed and dried. . The compounds are located under 
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ultra-violet light (2537 A) and demarcated with a fine 
needle. As an additional safeguard, the position of the 
steroid may be located by extrapolation from two standards 
applied to the contralateral corners of the plate at the 
beginning of each chromatogram. The silica gel contain- 
ing the compound is loosened with a microspatula; 
aspirated on to a filter disk (1 cm diam., No. 3 grade); 
eluted with 3 x 0:5 ml. ethanol under positive pressure 
and the eluate evaporated under nitrogen at 60°C. 
(The elution apparatus was devised in the department 
by Dr. M. I. Stern) Fig. l is a photograph of the 
ultra-violet absorption of four authentic steroid standards, 
and Fig. 2 shows the result obtained in an extract of 
pregnancy plasma. In some instances, examination of the 
plate in ultra-violet light reveals other compounds which 
are under investigation. 

Where gas-liquid chromatography is not available, 
the progesterone in the eluate can be determined by 
formation of the thiosemicarbazone and the recovery 
of the internal standard obtained by liquid scintillation 
counting. ` 

For gas-liquid radiochromatography, the eluate is 
transferred with 3x20 ul. methanol/chloroform (1:1) 
to the centre of a rectangle of folded stainless-steel gauze 
(previously flamed and held in a clamp over & warm 
surface) which is dropped on to the top of a 1 per cent 
CDMS column after cessation of the gas-flow. All 
conditions are carefully standardized and the chromato- 
graphy carried out at 210°C. The retention time of 
progesterone at this temperature is 72 min and the rela- 
tive retention time of other steroids can be expressed in 
terms of cholestane or using progesterone itself as the 
marker. For routine work it is permissible to shorten the 


retention time of progesterone by using a higher tempera- 


ture. The amount of progesterone on the differential 
trace from the argon detector is calculated from the peak 
area, (rom?) and reference to a calibration curve. From 
this, the amount of internal standard recovered (calcu- 
lated from integrator units on the radiochromatography 
recorder) is subtracted and the results corrected for loss. 


‘Table 1 shows the relationship between pg progesterone, 


peak height, area and integrator units at one of the con- 
centrations used for the calibration. Peak height is not 
satisfactory. at relevant concentrations whereas satis- 
factory calibration curves are obtained from peak area 
and integrator units. The sensitivity of the argon detector 





> 


Fig. 2. ‘Tyyo-dimensional thin-layer chromatogram showing progesterone 
(centre of plate) from extract of 8 ml. pregnancy plasma (spot includes 
internalstandard) 
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is tested daily by caleulating the peak area (and recovery) 
of a sample of pure progesterone-4-14C. In this connexion, 
it was found that a small proportion (2-5 per cent) of the 
standard consists of an isotopically labelled component 
(possibly the 17a-epimer) which appears immediately 
before the main peak. 


Table 1. QUANTITATIVE GAS-LIQUID RADIOCHROMATOGRAPHY 


0:50 ug progesterone-4-4C 
` Integrated 
radioactivity . 
FSD* 1,000 p.p.s. 
1/8 recorder 


Argon 
(differential trace) 
210° C : 107* amp : 1,000 V : 5*/h 


sensitivity 
Peak height (mm) Peak area (mm?) Integrator units 
128 694 330 
110 710 320 
125 705 330 
141 709 335 
123 721 330 
: : - + 147 730 335 
-Mean + S.D. 129 + 13-8 711412:5 33045-5 
Coeff; of 
- variation (95) 10-3 18 1:7 
,. 0:10 ug progesterone-4-4C 
225° Ç : 10-° amp x3: . FSD* 
1,000 V : 10”/h 1,000 p.p.s. 
101 1,111 205 
101 1,313 210° 
ý 102:5 1,308 202 
do 99 1,138 218 
92:5 1,166 215 
e. "985 .. 1,231 208 
Mean + S.D. 99-13: 8:5 1,258 3-80-2 209 * 6-1 
_ Coeff. of . - 
' variation (%) ^ 36- 6:4 2-9 


* Full-scalé deflexion:: 


For the determination of-_progesterone.during the luteal 
-phase.of the menstrual cycle and pregnancy, adequate 
sensitivity is obtained on the. panchromatograph with a 
current, rangé of 10-? amp; the ratemeter at minimum 
sensitivity (full-scale deflexion 1,000 p.p.s. x 1/3 recorder 
Sensitivity) and a chart speed of 5”/b. This. permits 
determination of 0-01 pg. However, as shown in Table l, 
higher sensitivity can be obtained by decreasing the 
attenuation or amplifying the signal from the argon 
detector through a second integrator and by increasing 
the chart speed. 

Figs. 3 and 4 are photographs of differential traces at 
10-° amp. It will be seen that there is adequate separation 
of a variety of steroids which in the thin-layer system 
have Rr values close-to that of progesterone. Ad4-Andro- 
stenedione is not shown in Fig. 3, but it has a retention 
time between that of 58-pregnane-3,20-dione and A5- 
pregnen-3B-ol-20-one. At this sensitivity progesterone is 
the only steroid present in the eluate from plasma col- 


Detector response (at 10-° amp) 





120 100 80 60 40 20 0 
= min 
Fig. 3. Differential trace from macro-argon detector (1 per cent 
CDMS; 210° C, 10- amp; 1,000 V; chart speed 5*/h). Peaks 


represent from right to left: solvent; 58-androstane-3,20-dione; 658- 
pregnane-3,20-dione; ^ 4*-pregnen-3f-o1-20-0ne; progesterone, 208- 
hydroxy-pregn-4-en-3-one; 20d-hydroxy-pregn-4-en-3-one 
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Detector response (at 10-* amp) 





120 


100 80 60 40 20 0 
min 


Fig. 4. “Same conditions as Fig. 3: progesterone (endogenous plus 
internal standard) eluted from plate shown in Fig. 2 


lected during the luteal phase of the cycle or pregnancy. 
It will be noted that the minimum of-non-steroid material 
is applied to the column and this obviates contamination 
of the detector. ^ 
Table 2 shows examples of the application of the method - 

and ineludes replicate determinations and the recoveries 
of the internal standards. The latter are usually higher 
than 80 per cent, and the loss appears to be mainly.due 
to the technique of transferring the eluate to the metal 
gauze (since a similar loss occurs in a proportion of 
standards). der ; : 


Table 2. MALE PLASMA 


Subject Age Internalstandard Recovery Progesterone 
^ No. (yr) (ug) (%) (ug/100 ml.) 
1 98 — — : 0:20 
2 30 — — 0-27 
3 55 0-5 75-6 0-30 
3 55 0:5 815 0-29 
FEMALE PLASMA 
(a) Early pregnancy 
(replicates on pool) 
Recovery of Progesterone 
internal standard (%) vg/5 ml. aliquot 
84 0-22 
100 0-21 
20 0-22 
85 0-19 
(b) Menstrual cycle 
Day Recovery of 
Subject Age - of Duration internal Progesterone 
No. (yr) cycle (days) standard (%) (ug/100 ml.) 
1 28 4 39 24 0:52 
2 23 9 29 95 0-75 
3 24 10 30 76 0-97 
4 18 13 32 96 0-9 
5 17 17 29 12 39 
6 34 19 28 101 l4 
7 35 19 28 90 2:3 
8 38 21 27 99 0-6 
8 38 23 27 100 0-53 
4 18 24 30 100 1i 
8 24 26 30 94 11 
9 25 28 35 80 11 


Very occasionally (for example, three of the recoveries 
in Table 2), major loss has occurred due to a faulty seal 
between the base of the column and the molecular en- 
trainer. The analysis may be repeated or the result 
corrected in terms of the recovery of internal standard. 
The validity of the correction is indicated by the results 
of the replicate determinations on pooled pregnancy 
plasma. 

Finally, with regard to specificity, this is achieved by 
the two-dimensional thin-layer chromatography and by 
the 1 per cent ‘CDMS’ column. The simultaneous recording 
of radioactivity confirms the identity of the progesterone 
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peak at each analysis. If other A!-3-ketones are detected 
on the thin-layer plate, these can be eluted separately 
or as a group and then subjected to gas-liquid chromato- 
graphy. Further evidence on specificity has been 
obtained by the use of other stationary phases—1 per cent 
neopentyl glycol adipate (NPGA) and the silicone 
polymers, 3 per cent ORV and 3 per cent ‘SH-30’. In 
addition, the 1 : 1 dimethylhydrazone and the bisethylene 
ketal derivatives of endogenous progesterone ‘have been 
chromatographed on 1 per cent CDMS and 3 per cent 
‘OF-L. 


NATURE 


839 


1 Zander, J., Nature, 174, 406 (1954). 
2? Sommerville, X. F., J. Clin. Endocrinol. and Metab., 17, 817 (1957). 
? Short, R. V., J. Endocrin., 10, 415 (1958). 


* Sommerville, I. F., and Deshpande, G. N., J. Clin. Endocrinol. and Melab., 
18, 1223 (1958). 


5 Sommerville, I. F., Pickett, M. T., Collins, W. P., and Denyer, D. C., Acta 
Endocr. (Copenhagen), 48, 101 (1968). 


* Woolever, C. A., and Goldfien, A., Intern. J. App. Rad. and Isotopes, 14. 
163 (1963). 


7 Short, R. V., and Levett, I., J. Endocrin., 25, 239 (1962). 
* Kumer, D., Goodno, J. A., and Barnes, A. C., Nature, 195, 1204 (1962). 


? Futterweit, W., McNiven, N. L., and Dorfman, R. I., Biochim. Biophys: 
Acta, 71, 474 (1963). 


ENZYMATIC CONVERSION OF ALL-cis-POLYUNSATURATED FATTY 
ACIDS INTO PROSTAGLANDINS 


By D. A. VAN DORP, R. K. BEERTHUIS, D. H. NUGTEREN and H. VONKEMAN 


Unilever Research Laboratory, Vlaardingen, Holland 


Ik view of the results obtained by our group! and by 
S. Bergstrém et al.? the relationship between essential 
fatty acids and prostaglandin seems now established. In 
both laboratories arachidonic acid could be converted into 
prostaglandin E, (PG#,) in high yield. 

It has further been predicted! that ‘homo-y-linolenic 
acid’ (all-c2s-eicosa-8,11,14-trienoic acid) will act as 
precursor for PGE,, which has now been proved. More- 
Over, we were interested to find out whether the enzyme 
system could also convert other polyunsaturated acids of 
related structures. This appeared to be the case. 

All-cis-[1-4C]-cicosa-8,11,14-trienoic acid was obtained 
by carboxylation of the Grignard derivative of all cis-1- 
bromo-7,10,13-nonadecatriene with “CO,. The product 
was purified as methyl ester by column and thin-layer 
chromatography over silver nitrate?! and saponified; the 
specific activity of the acid was 32 x 10" d.p.m./mg, the 
purity 98 per cent as checked by gas-liquid chromato- 
graphy, and the trans content less than 1 per cent as 
determined by infra-red spectroscopy. 

The vesicular glands of sheep were collected immediately 
on slaughter and stored up to 2 months on dry ice. After 
thawing, the glands were stripped of connective tissue 
and cut finely. This material was homogenized with a 
turmix in an equal volume of ice-cold 0-15 M. phosphate 
buffer (pH 7-5). 

1 mg [1-14C]-eicosa-8,11,14-trienoic acid dissolved in 
0-1 ml. 96 per cent ethanol was added to a homogenate 
obtained from 25 g glands, and the mixture incubated 
aerobically at 37° for 30 min. The incubation was termin- 
ated by addition of 160 ml. 96 per cent ethanol containing 
2-4 ml. 1 N hydrochloric acid, and the prostaglandins 
were concentrated according to Samuelsson’. As control 
we used an equal amount of homogenate with the same 
radioactive substrate to which at the start 160 ml. of the 
acidified 96 per cent ethanol had been added. 

From both concentrates 0-1 part was subjected to thin- 
layer chromatography on ‘Silicagel @’, using solvent 
system ‘AI’ according to Greén and Samuelsson®, the 
reference being PGZ,. The area with Rr equal to PGH, 
was scraped off, and the rest of the spots stained with 
iodine. In this way it could be checked whether the 
removal of PGE from the plate was complete; degrada- 
tion of the PGE by iodine was avoided as much as possible, 
and other spots were made visible. The various spots were 
eluted from the ‘Silicagel’ with methanol, the methanol 
evaporated and the radioactivity measured in a Packard 
‘Tricarb’ liquid scintillation spectrometer. 

As seen in Fig. 1, the bulk of the radioactivity was 
present in the spot with the same mobility as the reference 
sample of PGE, (Ep 0-60), whereas the control did not 
show a peak of radioactivity in this region. In several 


incubation experiments we have observed the appear- 
ance of a peak X between the PG#s and the solvent front. 
The nature of peak X is not yet clear, but the fact that 
a similar peak did not appear in the controls indicates 
that it is also formed from the unsaturated fatty acid by 
an enzymatic reaction. Unconverted substrate remained 
for the greater part in the light petroleum used during 
the concentration procedure. 

Thin-layer chromatography was repeated with another 
0-1 part of the concentrate and the fraction with Ry 0-60 
isolated and re-chromatographed on a thin-layer of 
‘Silicagel G^ impregnated with 10 per cent silver nitrate 
using solvent system ‘AII’*. After development the 
zones were scraped off, eluted from the silica-gel*, and the 
radioactivity measured. It was found for the greater 
part at Rr 0-86, which was equal to that of PGH, (Rr 
PGE, 0-71) (Fig. 2). 
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Fig. 1. Distribution of radioactivity (thin-layer chromatography on 


‘Silicagel G’) of PGE concentrate obtained after incubation of [1-4C]- 
homo-y-linolenie acid with homogenate of vesicular glands of sheep 
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Fig. 2. Distribution of radioactivity (thin-layer chromatography on 
‘Silicagel G'/AgNO;) of the PGE spot isolated on ‘Silicagel G' (Fig. 1) 


Based on the radioactivity found in the PGE, thus 
formed, it is concluded that homo-y-linolenic acid was 
converted into PGE, to the extent of at least 18 per cent: 


CH,(CH,),(CH —CH— CH,;),(CH,),COOH 
HH 
CH,(CH,),CH—CH -cu 6 d —-- (CH,,COOH. 


m 4 
- 
H, 


Conversions of straight-chain fatty acids with 18 and 
19 carbon atoms containing 3 and 4 skipped double bonds * 
have also been investigated. A homogenate of the vesi- 
cular glands of sheep was made in the same way as 
described here and diluted with three times its volume 
of phosphate buffer. By centrifuging during 10 min at 
4,000g the connective tissue was removed from the homo- 
genate. The turbid and light-brown supernatant con- 
tained 5-10 mg protein and 2-5 ug PGE/[ml. and was 
suitable as such for examining the conversion of non- 
labelled fatty acids into prostaglandins. To this end, 
0-1 mg of a fatty acid in 2 ml. tris buffer (pH 9) was 
incubated with an amount of supernatant containing 
10 mg protein. The PGE content after the incubations 
could be determined directly in the crude ethereal extract 
of the acidified incubation mixture by addition of meth- 
anolic potassium hydroxide (final concentration 0:5 N) 
followed by measuring the increase of the extinction at 
280 my’. In this way we could demonstrate the con- 
version of all-cis-eicosa-8,11,14-trienoic acid (A®12:14 C...) 
(purity 92 per cent), all-cis-nonadeca-7,10,13-trienoic acid 
(A711013 Ci:,) (purity 98 per cent), all-cis-eicosa- 
5,8,11,14-tetraenoic acid (A581114 C,,-,) (purity > 98 per 
cent) and all-cis - nonadeca - 4,7,10,13 - tetraenoic acid 
(A*7:1513 C,:,) (purity 95 per cent) into prostaglandins 
and probably nor-prostaglandins. 


=O 


* Of these acids all-cis-nonadeca-4,7,10,18-tetraenoic acid and all-cis- 
octadeca-3,6,9,12-tetraenoic acid have not yet been described in the literature. 
Their preparation will be the subject of a publication by H. J. J. Pabon, 
D. van der Steen and D. A. van Dorp. 
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The corresponding fatty acids with eighteen earbon 
atoms, all-cis-octadeca-6,9,12-trienoic acid (purity > 99 
per cent) and all-cis-octadeca-3,6,9,12-tetraenoic acid 
(purity 92 per cent) appeared to be scarcely or not at all 
converted into prostaglandin-like substances. 

Additional proof for the conversion of A1710,15 Cio:4 
into ‘nor-prostaglandin Æ, was obtained as follows: 

Methyl nonadeca-4,7,10,13-tetraynoate was reduced 
with tritiated hydrogen gas* over Lindiar's catalyst. The 
crude methyl ester was purified by thin-layer chromato- 
graphy on ‘Silicagel G^ impregnated with silver nitrate 
and afterwards saponified. The specific activity of 
[SH]-A*.7.10.13 C,,., thus obtained was 2x10? d.p.m./mg. 
This acid (0-1 mg) was incubated with a homogenate of 
7-5 g vesicular glands of sheep in an equal volume of 
0-15 M phosphate buffer (pH 7-5) during 30 min at 37°, 
and the incubation mixture worked up in the usual way. 
The prostaglandins were isolated from the concentrate by 
thin-layer chromatography on ‘Silicagel @ (see afore- 
mentioned). 'To 0-3 part of this purified material non- 
radioactive PGE, (46 ug) and PG, (39 ug) were added. 
The mixture was afterwards subjected to thin-layer 
chromatography on ‘Silicagel G" impregnated with 10 per 
cent silver nitrate, and the various zones were scraped. 
from the plate and eluted. The radioactivity of each 
fraction was measured as well as the increase of ultra- 
violet absorption at 280 my. after treatment with alkali. 
Fig. 3 shows that the radioactive prostaglandin formed 
coincides with PGE, from which we conclude that the 






enzyme system had converted A471013 ©,,., into 
nor-PGE,. 
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Fig. 3. Distribution of radioactivity (——} (thin-layer chromatography 

on ‘Silicagel G'/AgNO;) and of PGE (~---) after incubation of 

(?H]- 47-1939 0,94 with a homogenate of vesicular glands of sheep and 
after addition of PGE, and PGE, 


In other experiments 30 mg A®14.4 Cas: and 30 mg 
A710,13 Ci, were each dissolved in 60 ml. 0-2 M tris 
buffer (pH 9) and incubated with 240 ml. (2-4 g protein) 
of the aforementioned 4,000g supernatant during 2 h at 
37°. The reaction mixtures were acidified and extracted 
with diethyl ether. Based on the molar extinction of 
26,800 for PGE 278 (ref. 7) the ethereal extract contained 
11-4 mg prostaglandin in the experiment with Cs:s and 
12-1 mg ‘nor-prostaglandin’ with C,,:;. The control 
(incubation without added substrate) contained only 1-0 
mg PGE. These experiments indicate that by incubation 
with a suitable fatty acid the amounts of prostaglandin 
present in the homogenate can be increased at least by a 
factor 10. 

Part of the PGE, and the nor-PGE,, obtained in 
the experiment described here, was purified by thin- 
layer chromatography on ‘Silicagel G^ and ‘Silicagel G^ 
impregnated with silver nitrate successively. The pure 
PGE, thus obtained was tested on guinea, pig ileum 
against a pure preparation of PGE, prepared from 
vesicular glands of sheep. Its activity was about half that 
of PGE.. The purified nor-PGE,, containing maximum 


* The reduction was carried out by Mr. J. Parmentier, Central Labora- 
tories T.N.O., Delft, Holland. 
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5 per cent PGE,, had scarcely any activity at all when 
compared with the same standard. It is interesting to 
note that all-cis-nonadeca-7,10,13-trienoic acid scarcely 
showed any essential fatty acid activity’. Nor-PGH, 
obtained from an incubation experiment with A47,10,13 
C,,:, was purified by the same techniques. After puri- 
fication the sample still contained about 25 per cent PGE, 
derived from the original homogenate. Owing to this 
relatively high amount of natural PGE, we cannot yet 
give values for the biological activity of nor-PGE,. 

So far as the properties of the enzyme system are con- 
cerned, our first impressions can be summarized as follows: 
By centrifuging the 4,000g supernatant during 1 h at 
100,000g 20 per cent of the protein was precipitated. 
This protein was able to convert the polyunsaturated fatty 
acids into prostaglandins while only little activity was 
shown by the remaining clear supernatant. It should be 
noted that a supernatant obtained by centrifuging a 
homogenate in 0-25 M. sucrose at 20,000g during 1 h was 
found to be fully active!. 
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When the incubations are carried out anaerobically. 
only small amounts of prostaglandins are formed, so 
oxygen is essential. Usually the incubations were carrie 
out at pH 9, where the yield of PGE is at its maximum. 

These investigations have once more shown the relation 
between essential fatty acids and prostaglandins. 

We thank Prof. S. Bergström, of the Karolinska 
Institutet, Stockholm, for a sample of prostaglandin P, 
and E,, and Dr. J. de Boer, of our laboratory. for testing 
the various samples for biological activity. 
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CYTOTOXIC ACTION OF NORMAL 


LYMPHOID CELLS ON CELLS IN TISSUE CULTURE 
By Dr. GORAN HOLM*, Dr. PETER PERLMANN* and Dr. BENGT WERNER} 


Wenner-Gren Institute for Experimental Biology, University of Stockholm, and Departments of Medicine 
and Surgery, Seraphimer Hospital, Stockholm 


HERE is some evidence that immunological cell 

injury can be mediated by lymphoid cells, most 
probably lymphocytes. When antigen-carrying ‘target’ 
cells, usually grown in monolayer culture, are exposed to 
lymphoid cells from spleen, lymph nodes, thoracic duct 
or peripheral blood of sensitized animals, an appreciable 
proportion of the target cells will be lysed within 24-36 h. 
This cell injury is immunologically specific and no 
complement needs to be added. Lymphocyte-induced 
cell damage has been found in autoimmune!-*, isoimmune 
and heteroimmune systems5-?. It occurs under condi- 
tions where sera from the sensitized animals were 
found to have no effect!:?-4.5.8, Homologous lymphoid 
cells from non-sensitized animals seem to be in- 
active. However, a certain potentiating effect of serum 
from sensitized animals has been observed in some 
cases} 5:10, 

The mechanism of this lymphocyte activity is 
unknown. One of the main features observed in this 
reaction is the early aggregation of the lymphocytes 
round the target cells. This can be seen already 1-3 h 
after the beginning of the incubation, before any noticeable 
cell damage appears under the microscope. This step, 
which obviously is immunologically specific, seems to be 
important for establishing & necessary close contact 
between lymphocytes and target cells. The second step, 
the tissue cell damage, may then represent either a 
specific or a non-specific activity of the lymphocytes 
(cf. ref. 10). 

In order to examine the significance of lymphocyte- 
target cell aggregation for the initiation of cell damage, it 
seemed desirable to induce this phenomenon with 
lymphoid cells from non-sensitized animals. Phyto- 
hemagglutinin (PHA), a crude extract from the bean 
Phaseolus vulgaris“, was found suitable for this purpose. 
PHA is known. to agglutinate red as well as white blood 
cells from many animal species. The addition of PHA 
to suspensions of lymphocytes stimulates cellular 
differentiation and proliferation?. The induction by 

* Present address: 
Stockholm Va, Sweden. 

+ Present address: Seraflmerlasarettet, Stockholm K, Sweden. 


The Wenner-Gren Institute, Norrtullsgatan 16, 


PHA of lymphocyte-target cell aggregation and an 
aggregation-dependent target cell injury will be described 
in this article. 

Primary cultures were set up from fetal human 
kidneys (legal abortions) or from kidneys of new-born 
Sprague-Dawley rats after trypsinization (0-30 per cent 
trypsin in phosphate buffer, pH 7-6) of the minced tissue. 
The cells were grown in milk-dilution bottles, containing 
Eagle’s medium™ supplemented with 15 per cent heat- 
inactivated (30 min 56° C) ealf serum and 100 rv. of 
penicillin and 100 ug of streptomycin per ml. After 1-2 
days, 2 uc. of thymidine labelled with carbon-14 (spec. 
activity 30-4 mc./mM, Radiochemical Centre, Amersham, 
England) was added and the incubation was continued 
for an additional 2-4 days. The cultures were finally 
washed twice with medium and the cells were after- 
wards removed from the bottles by treatment with 
trypsin. The cells were washed three times with cold 
medium. The number of living cells was determined by 
counting in a Biirker chamber, after staining with trypan 
blue. Monolayer cultures of HeLa cells were prepared in 
the same way. 

Lymphoid cells were isolated from heparinized 
peripheral blood, taken from a cubital vein of normal 
persons or by heart puncture from normal Sprague- 
Dawley rats (randomly bred). Human lymphocytes were 
also isolated from lymph obtained from uremic patients 
by drainage of the thoracic duct. An equal volume of 
6 per cent dextran (Macrodex, Pharmacia, Sweden) was 
added to the blood and the red cells were allowed to 
sediment for 30-60 min at room temperaturo. After 
centrifugation at 400 r.p.m. for 5 min, the supernatant, 
containing white cells, was pipetted off and centrifuged at 
1,500 r.p.m. for 5 min. Contaminating red cells were 
lysed by treatment of the sediment with 0:35 per cent 
sodium chloride for 1 min!*. The white cells were 
suspended in Eagle's medium containing 5 per cent calf 
serum, and were allowed to stand for 1-2 h at room 
temperature, during which time most of the remaining 
granulocytes were adsorbed to the glass. Before use, the 
cell suspension consisting mainly of monocytes and 
lymphocytes was washed twice with medium. 
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Table 1. 


Ratiolymphoid 
cells: target cells 
(living cells) 


Target cells Lymphoid * cells 
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CYTOTOXIC EFFEOT OF NORMAL LYMPHOID CELLS ON MQ-THYMIDINE-LABELLED TARGET CELLS AFTER 18 H INCUBATION IN THE PRESENCE OF PHA 


Total radio-act. 
in DNA (ec.p.m.) 
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PHA added 
Per cent released 
to Sup. II 


NoP 
Tota] radio-act. 
in DNA (c.p.m.) 


HA 
Per cent released 
to Sup. II 





Fetal human 10:1 
kidney » 


Human 
Human 


ss = 


1,026 
1,253 
657 


1,182 
929 





Foetal human 


Human 
kidney — 





HeLa Human 








Rat kidney Rat 
monolayer on Rat 
coverslips — 




















* All 6 samples of lymphoid cells in this column were obtained from different donors. 


Varying numbers (1-10 x 105) of these white cells 
were mixed with labelled target cells (105) in roller tubes, 
suspended in Eagle's medium (5 per cent calf serum). 
The final volume of the incubation mixture was 1:5 ml. $ 
0-1 ml. of PHA-extract was added to some of the tubes. 
(Ihe PHA-extract was prepared by extracting 40 g of 
erushed Phaseolus vulgaris beans with 200 ml. of 0-15 M. 
phosphate buffer (pH 7.2) at 4? C for 24 h. The 
suspension was centrifuged at 4,500 r.p.m. for 30 min and 
the supernatant dialysed in the cold for 94 h against 
several changes of phosphate buffer. The tubes were 
fitted loosely with screw caps, placed at 45° angle, and 
incubated at 37? C for 18 h in an atmosphere of air 
containing 5 per cent carbon dioxide. 

After incubation, the tubes were centrifuged and the 
cell-free media were removed (supernatants I). In order 
to obtain a release of isotope from the damaged cells the 
sediments were treated with 0-25 per cent trypsin in phos- 
phate buffer (pH. 7-6) for 30 min at room temperature with 
occasional shaking!é. After cooling with ice, the tubes 
were finally centrifuged at 2,000 r.p.m. for 6 min and 
the supernatants were withdrawn (supernatants II). 

Deoxyribonucleic acid (DNA) was extracted from the 
supernatants and the cell sediments according to 
Sehmidt-Thannhauser-Schneider!9. After drying on 
plastic planchettes, isotope was determined at infinite thin- 
ness in @ thin-window gas-flow counter (efficiency 10 per 
cent). The radioactivity (c.p.m.) released into super- 
natant IT after trypsin treatment was expressed as per 
cent of the total radioactivity recovered in trypsin 
supernatant plus cells, and used as a measure of cell 
damage?5, 

For morphological observations unlabelled target 
cells were incubated with lymphoid cells under the same 
conditions, but in Leighton-tubes containing coverslips. 
During incubation, the cells settled on the coverslips; 
these were then removed, washed once with phosphate 





Fig. i. Normal human lymphoid cells incubated with human fetal 


kidney cells for 18 h in the presence of PHA (x 250) 


buffer, fixed in methanol and stained with May-Grünwald 
and Giemsa. 

The typical appearance of a culture of human fetal 
kidney cells, incubated for 18 h with human lymphoid 
cells in the presence of PHA, is seen in Fig. 1. The 
aggregation of lymphocytes to each other and to target 
cells is striking. No such aggregation was observed in 
the absence of PHA (Fig. 2). Moreover, under the 
present conditions, PHA alone did not seem to affect the 
kidney cells. 








E teres 





Fig. 2. Control culture from the same experiment as in Fig. 1l. No 
PHA added ( x 250) 


Table 1 shows the cytotoxic effect of lymphoid cells 
from various sources, incubated with different target 
cells and PHA. As can be seen, regardless of the cell 
combinations used, isotope release was always higher in 
the presence of PHA than in its absence. However, the 
magnitude of this effect depended on the ratio of the 
lymphoid cells to the target cells. As a general rule, only 
a slight cytotoxicity was obtained with a ratio of 10 : 1, 
whereas & ratio of 100:1 gave a pronounced cytotoxic 
effect. A low ratio of lymphocytes to target cells may 
be an explanation of the weak cytotoxic effect seen in 
experiment 4, where the lymphoid cells were added to an 
unknown number of rat kidney cells, growing in mono- 
layer culture. It will be noted that an increase of this 
ratio did not give rise to elevated cell damage in the 
controls, where PHA was absent. Under the experi- 
mental conditions used here, PHA alone caused no, or 
only negligible, damage of the target cells. (The contents 
of isotope in the incubation media (supernatants I) were 
variable, apparently depending on the health of the cells 
during cultivation’. However, since the release of 
isotope to supernatant I was not significantly elevated 
in the presence of PHA, it will not be discussed in this 
article.) 

From these experiments it can be concluded that 
PHA. induced a cytotoxic activity of the lymphoid cells. 
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In order to investigate whether or not these effects were 
due to the release of cytotoxic agents from the lymphoid 
cells, experiments were performed with lymphoid cells in 
‘Millipore’ chambers. Normal human lymphoid cells 
(3 x 10°) in 0-3 ml. of medium were placed in ‘Millipore’ 
chambers (diam. 14 mm, pore size 0:45u), which were 
then incubated in Petri dishes with 1:5 x 105 of human 
kidney cells in 5 ml. medium. The concentration of 
PHA was the same as in the experiments already described 
here. In some controls, PHA was omitted; in others 
the kidney cells were exposed to free lymphoid cells under 
similar conditions. Table 2 shows the results of a typical 
experiment. As can be seen, this arrangement prevented 
cell damage completely. 


Table 2. EFFECT OF ‘MILLIPORE’ CHAMBERS (MC) ON THE PHA-INDUOED 
CYTOTOXICITY OF HUMAN EXXEROID CELLS ON HUMAN FETAL KIDNEY 
EL 


The lymphoid cell/target cell ratios (living cells) were 10:1. Time of 
Ineubation 18 h 
E Totalradio- Per cent 
Lymphoid cells MC PHA activity in released 
DNA (c.p.m.) to Sup. IT 
+ + + 453 T8 
+ = + 743 145 
t - - 957 6-2 
= + 1,244 7-9 
- = 928 6-2 


In a second series of experiments, 100 x 10° human 
thoracic duct lymphocytes were grown in 10 ml. of 
medium for 24 h in the presence or absence of PHA. The 
media were then centrifuged and 1-5 ml. was added to 
105 human feetal kidney cells. No cell damage was 
observed after 18 h incubation (Table 3). Controls with 
living lymphocytes from the same donor gave positive 
results. 


Table 3. EFFECT OF SUPERNATANTS FROM PHA-TREATED OR UNTREATED 
NORMAL HUMAN LYMPHOID CELLS ON HUMAN FETAL KIDNEY CELLS 


Time of incubation 18 h 


: Total Per cent 
Lymphoid Medium radioactivity released 
cells supplemented with in DN. to 

(c.p.m.) Sup. II 
= Sup. from PHA-treated cells 336 22-3 
= Sup. from untreated cells 289 20-6 
+* PHA 181 38:6 
+* — 358 212 
- PHA 329 22-8 
- — 300 25:8 


Pur In these controls the lymphoid cell/target cell ratios (living cells) were 
These negative results are similar to those reported by 
other authors who used ‘Millipore’ chambers or various 
lymphocyte extracts in jiso- and  hetero-immune 
systems’, However, it is realized that cytotoxic 
agents, released from the lymphoid cells under these 
conditions, may become considerably diluted in the 
incubation medium. In contrast, when lymphoid cells 
are aggregated to target cells, cell damage may be 
produced, because of high local concentration of such 
agents in the contact areas between the cells". 

Although the results presented here underline the 
importance of close contact between lymphoid cells and 
target cells in order to produce damage of the latter, they 
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do not disclose how this injury is brought about. Tho 
simplest explanation would be to ascribe an entirely 
passive role to the lymphoid cells. Hence, one could 
envisage the target cells being damaged by the blocking 
of their surfaces by the lymphoid cells, thus depriving 
them of nutrients or inducing various metabolic distur- 
bances. Although unlikely (cf. ref. 8), an explanation of 
this sort cannot yet be ruled out: 

Alternatively, one could expect the lymphoid cells to 
play an active part in producing cell damage. Tho 
observation made in an isoimmune system, that hydro- 
cortisone inhibits the cytotoxicity of immuno 
lymphocytes but not their aggregation to target cells, 
would perhaps speak in favour of this assumption’. If 
this were the case, one may ask whether or not cytotoxic 
activity of the lymphoid cells was induced solely by their 
contact with the target cells, the contact boing mediated 
by PHA in some unknown manner. However, when 
lymphoid cells from normal mice were non-specifically 
aggregated to mouse fibroblasts in monolayer by means 
of polylysine treatment, no obvious cell damage of tho 
target cells was observed under the microscope. If 
these findings can be confirmed and extended to other 
experimental systems, they would suggest that the 
injury of the target cells, in our experiments, could bo an 
expression of a more general stimulation of the lymphoid 
cells by PHA, related to its mitogenic activity!?. 

Obviously, it cannot be decided at presont whether or 
not the target-cell injury observed in these oxporimonts 
reflects the induction in the lymphoid cells of an immune 
response?6?i, possibly potentiated by PHA”. However, 
since target cells and lymphoid cells in our experiments 
were obtained from histoincompatible animals or 
human beings, experiments with inbred, histocompatible 
animals should throw somo light on this point. 
Such experiments are in progress. 

This work was supported by a grant from the Swedish 
Life Insurance Companies’ Fund for Medical Research. 
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METABOLISM OF THYMINE IN RAT 


‘By T. H. BATES, CHRISTINE |. SMITH and Dr. HYLTON SMITH 


U.K. Atomic Energy Authority, Chapelcross Works, Annan, Dumfriesshire, Scotland 


N an examination of the effects of X- and y-irradiation 
on human beings, it was observed that increased urinary 
excretion of B-amino-isobutyric acid (BAIBA) occurred in 
some, but not all, patients!. Metabolism of the BAIBA 
precursor, thymine, is still obscure, but degradation occurs 


predominantly in the liver. Since human beings possess 
only a limited ability to destroy BAIBA, Armstrong 
et al? suggest that the excessive excretion of BAIBA 
in normal people, where there is no evidence of marked 
tissue destruction, could reflect impairment of liver func- 
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tion. Thus the possibility exists that changes in liver 
function may have modified the excretion pattern in the 
patients examined by us. In order to evaluate this point, 
radioactive thymine was administered to irradiated 
rats and the excretion of radioactive metabolites was 
determined. 

In an initial experiment, 14 Sprague-Dawley female 
rats were exposed to varying amounts of X-irradiation 
(0-803 r., 250 kV, 15 m.amp, 1 mm copper/] mm alumin- 
ium filter) to total body. Urine was collected for 2 days 
before and 5 days after irradiation, and each sample was 
analysed for BAIBA by the method of Smith and 
Dymond’. The results in Table 1 show that the mean 
daily output of BAIBA did not differ between the pre- 
and post-irradiation periods—furthermore, no correlation 
existed between BAIBA excretion and irradiation dose. 


Table 1. EFFECT OF X-IRRADIATION ON EXORETION OF BAIBA IN THE RAT 
Daily output of Daily output of 


Rat Dose of X-radiation BAIBA in uM BAIBA in uM 
(r.) (pre-irradiation) (post-irradiation) 
1 0 1:53 — 
2 0 1:34 = 
3 62 2:81 1:50 
4 62 2:05 1:60 
5 123 1:89 1:45 
6 133 2-64 2:57 
7 246 2-38 1:84 
8 246 2:04 2:20 
9 511 0:53 0°89 
10 511 1:75 1:57 
11 803 0:61 1:15 
12 803 1:07 0-79 
13 0 0-92 — 
14 0 1:01 — 


In man, thymine is first reduced to dihydrothymine. 
This is hydrolysed in two steps to B-ureido-isobutyrie 
acid and finally BAIBA‘. Pyrimidine ring cleavage occurs 
on the formation of B-ureido-isobutyrio acid. BAIBA is 
then probably transaminated to form methyl malonic acid 
semi-aldehyde which is degraded via pyruvate and the 
tricarboxylic acid cycle. The pathway is similar in rat 
although there appears to be a reduced ability to convert 
thymine to dihydrothymines. 

By using two differently carbon-14 labelled forms of 
thymine, it is possible to compare rates related to the 
formation and to the destruction of BAIBA. Thymine- 
2-MO is metabolized with the liberation of “CO, at the 
pyrimidine ring cleavage, whereas thymine-5-“C does 
not produce 4CO, until decarboxylation of its metabolites 
in the tricarboxylic acid cycle. Thymine-2-“C, obtained 
from the Radiochemical Centre, Amersham, was admini- 
stered intraperitoneally to two groups of rats. One group 
served as the control. The other group was irradiated, 
several hours prior to injection of the thymine, with 2,000 
rads to upper abdomen only. Each animal was given 
l pe. in 13 ug thymine and then placed in a metabolic 
unit which was continuously purged with air free of 
carbon dioxide and the latter in expired gases was col- 
lected by absorption in primene solution. “CO, was 
determined by mixing an aliquot of this solution with 
NE213 liquid scintillator and assaying in an Ekco N 6644 
counter. The excretion of CO, was found to be similar in 
irradiated and non-irradiated groups, 90 per cent of the 
injected radiocarbon being recovered in the expired air 
within 4 h after injection. Thus the degradation of 
thymine to the point of ring cleavage was not affected by 
liver damage as a result of irradiation. Thymine-5-"C 
was synthesized by the method of Henderson, Fink and 
Fink* with certain modifications. Using sodium pro- 
pionate as starting material, these authors produced 
thymine labelled in the methyl group. In our synthesis, 
sodium propionate-2-14C was converted to ethyl propionate. 


Table 2 DISTRIBUTION OF CARBON-14 aT 5 DAYS AFTER THYMINE-5-*C 


ADMINISTRATION 
Carbon-14 injected (per cent) 
Treatment Combined 
urines Liver Intestine 
Control 144 2:4 3-8 
Total-body irradiation (350 rads) 18-7 1:3 T7 
Upper abdomen (1,500 rads) 84-9 2-9 28 
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This was condensed with diethyl oxalate in the presence 
of sodium ethoxide to form the sodium salt of diethyl 
methyl oxosuccinate. Reduction of this by catalytic 
hydrogenation gave the ethyl ester of 8-methylmalic acid 
which was saponified and finally condensed with urea in 
concentrated sulphuric acid to yield thymine. The pro- 
duct was salted out into methyl alcohol from the neutral- 
ized reaction mixture. The specific activity was 0:875 
uc./mg and 0-07 uc. in 80 ug was administered to each 
animal of three groups. The first group acted as control, 


Percentage of injected carbon-14 expired 





2 4 6 8 


Time post-injection (h) 
Fig. 1. Expiration rate of "CO, reswting from the catabolism of thymine- 


A, control; B, total-body irradiated (350 rads); C, upper abdomen 
irradiated (1,500 rads) 
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Fig. 2. Effect ofirradiation on the fal ila of carbon-14 compounds 
n rat urine 
The positions of the migration bands of five substances are indicated. 
Solvent mixture, butanol : formic acid : water = 77:10:18 
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and the other groups were irradiated, 24 h prior to injec- 
tion, with either 350 rads to total body or 1,500 rads to 
upper abdomen only. The 24-h delay allowed the develop- 
ment of biochemical injury before the introduction of 
thymine-!!C into metabolic pools. In addition to expired 
air, all urine was collected for five days after the thymine 
injection. After this period, the animals were killed. and 
tissues analysed for carbon-14 content by combustion 
using an oxidation train incorporating a silver/vanadium 
oxide catalyst ; the carbon dioxide was absorbed in primene 
solution. The results are shown in Table 2 and Fig. 1. 
Within the first 8 h 45 per cent of the carbon-14 had 
been released as “CO, in expired air and during the next 
four days 18 per cent was excreted by this route. The 
amount of “CO, was similar in control and irradiated 
groups although the rate of release may have been higher 
in the irradiated groups. In the five post-injection days 
more than twice as much carbon-14 activity was found 
in the urine of the liver-irradiated group than in the 
controls. Chromatographic analysis (ascending, butanol/ 
formic acid/H,O, 77:10:13) followed by radio-assay 
of the separated bands revealed a significant difference 
in the distribution of activity on the papers. Identifica- 
tion of the areas of activity is tentatively ascribed as 
shown in Fig. 2. Analysis of control urine showed that 
the carbon-14 was associated with urea and metabolites 
of the Krebs cycle, whereas the activity in the liver- 
irradiated group was associated predominantly with a 
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fast-moving, ultra-violet absorbing band, bolieved to be 
pyruvate. No accumulation of BAIBA occurred after 
irradiation and there appeared to be a decrease in the 
amount of radioactive urea formed. This was contirmed 
by comparing activities of urines before and after incuba- 
tion with urease. The concomitant accumulation of 
pyruvate after irradiation is in agreement with the work 
of Rust’, who associated the increase in pyruvate with 
increased glycogenesis after irradiation. 

It is suggested in conclusion that irradiation involving 
moderate liver damage does not alter the rato of cuta- 
bolism of thymine to BAIBA, but thereafter, accumulation 
of the metabolites of BAIBA occurs with the forination of 
carbohydrates as pyruvate builds wp. These carbon-14 
carbohydrate compounds are gradually metabolized 
during 4-5 days after the injection with the liberation of 
carbon-14 compounds predominantly in the urine. 

We wish to thank Mr. G. S. Weir for carrying out the 
synthesis of thymine-5-C. 
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GALACTOSE-I-PHOSPHATE URIDYL TRANSFERASE ACTIVITY IN 
GALACTOS/EMIA 


By WON GIN NG*, Ds. WILLIAM R. BERGREN and GEORGE N. DONNELL 


Departments of Biochemistry and of Pediatrics, School of Medicine, University of Southern California: 
Biochemistry and Metabolic Research Divisions, Children's Hospital, Los Angeles 


E pe presence of some degree of galactose-1-phosphate 
uridyl transferase activity in galactosemia has been 
suggested by a number of investigators. The work 
recorded here, based on an examination of intermediates 
of galactose oxidation, provides further evidence for the 
incompleteness of the enzymatic block. 

Using a manometric procedure, Schwarz et al. found no 
demonstrable erythrocyte transferase activity in 10 of 23 
galactosemic children, but in the remainder an activity 
averaging 7 per cent of normal value was found’. Hsia 
et al., on the basis of direct measurement of enzyme 
activity, also concluded that a low degree of activity was 
present in some patients’. Segal et al. have examined in 
vivo utilization of injected carbon-labelled galactose?. 
Recovery of carbon label in exhaled carbon dioxide was 
comparable to normal controls in two of eight galactos- 
æmic individuals. In a separate in vitro investigation by 
Weinberg‘, whole blood and leucocytes from one of these 
individuals was able to convert galactose-1-!*C to labelled 
carbon dioxide at a substantially greater rate (12—15-fold) 
than observed with other galactosemics in his group. 
However, the amount of galactose oxidized was only 5-8 
per cent of normal. Erythrocyte transferase activity 
could not be demonstrated in any of the galactosemic 
subjects, and Weinberg suggested that an alternate 


pathway might be operative in the unusual case, perhaps * 


the uridine diphosphogalactose pyrophosphorylase system 
described by Isselbachers. 

In addition to the patients previously reported, 
Isselbacher has found substantial in vitro production of 
carbon dioxide from labelled galactose by erythrocytes 
from two galactosemic individuals of 20 and 11 years of 
age, respectively’. 

* Predoctoral Fellow: U.S. Public Health Service. 


We have applied a modification of Weinberg's în vitro 
procedure to our own galactosemia patients, including 
affected sibling pairs in five families. The results are 
shown in Table 1. The expected difference in carbon 
dioxide produetion between whole blood from gulactos- 
æmics and from normals was found, but three points are 
of particular interest. First, there was Variation among 
galactossmies in the capability of their blood cells to 
produce carbon dioxide from galactose. Secondly, three 
individuals differed markedly from the remaining ten. 
Thirdly, correspondence of values in sibling pairs sug- 
gested & familial influence. 


Table 1. In vitro OXIDATION OF GALACTOSE-1-C BY WHOL! BLOCD*® 


Normal uCO,,c.p.m. Galactosemic Age NCO. e; p.i. 
A 41,031 1 13 yr 1.229 
B 39,500 
C 44,858 2a 3 1,724 
D 34,113 2b 1 1.306 

3 12 238 
4 5 175 
5a 2 48 
5b 6 months u 
6a 2 yr 40 
6b 4 41 
7a 2 21 
7b 6 20 
8a 12 25 
8b 11 20 


* 9. uc. of Gal-1-*C (sp. act. 1 me./mM) was incubated with 2 nil. whole 
blood for 90 min. CO, liberated on acid addition was collected in hy amine 
and counted in a liquid scintillation system. 

Sibling pairs are indicated as 2a and 2b, 5a and 5b, etc. 

Subjects 1 and 3 are Negroes: allothers are Caucasian. 


The contribution of leucocytes to the whole blood 
results was examined in separate experiments on three 
of the galactosemic subjects (1, 8a and 80 in Table 1) and 
on one of the normal controls. Erythrocytes were 
sedimented by fibrinogen, and the leucocyte suspensions 
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Fig.1. Column chromatography of galactose intermediates. A, pattern 

for blood from normal person; B, from the usual galactosemic patient; 

C, from one of the unusual galactosemic individuals. The peaks repre- 

sent components as follows: 1, lactic acid; 2, galactose-1-phosphate; 

3, UDPHexose; 4, triose phosphate (and other compounds as yet uniden- 
tified); 5, diphosphoglyceric acid 


obtained were incubated in the same manner as whole 
blood, utilizing the same labelled galactose pool. The 
relationships among the results were similar to the findings 
on whole blood. The amounts of labelled carbon dioxide 
produced by leucocytes from individuals 8a and 8b were 
almost negligible. In the case of individual No. 1, one of 
the unusual cases, the counts were substantially higher, 
but 20-fold less than produced by leucocytes from a 
normal control. 

To examine for individual differences in more detail, 
labelled, intermediates in the residue after incubation of 
whole blood with galactose-1-“C were separated by 
gradient elution of ‘Dowex-1-formate’ columns’. ical 
results are shown in Fig. 1. After incubation of blood 
from normal individuals, the principal labelled peaks, in 
order of emergence from the column, correspond to lactic 
acid, galactose-1-phosphate, uridine diphosphohexose 
(UDPHexose), triose-3-phosphate (and othor compounds 
unidentified as yet) and finally diphosphoglyceric acid 
(DPGA). In the galactosemia patients, the anticipated 
large amount of galactose-l-phosphate was found. -~ 
Unexpectedly, a peak in the UDPHexose region also was 
obtained consistently. In the usual type of galactosemic 
subject (less than 200 c.p.m. of labelled carbon dioxide), 
the amount of UDPHexose was very small. However, in 
the three unusual galactosemics examined (1,306-1,829 
¢.p.m.), the UDPHexose peaks were markedly larger, and 
an additional small peak in the diphosphoglyceric acid 
area was present. 
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To determine the identity of the compounds in the 
UDPHexose region, appropriate eluates were concentrated 
by lyophilization. After adsorption on charcoal, labelled 
compounds were eluted with 50 per cent ethanol containing 
0-1 per cent ammonia. This procedure was carried out 
separately for normal controls and for the three unusual 
galactosemics. It was necessary to pool column eluates 
from several experiments for the usual galactosemics. In 
all instances, on paper chromatography with ammonium 
acetate-ethanol at pH 7-5 (ref. 8), the radioactive material 
migrated to the same region as did known UDPGlucose-or 
UDPGalactose. After acid hydrolysis and chromatography 
with pyridine-butanol-water?, both labelled galactose and 
labelled glucose were identified. AII galactoseemia bloods 
showed a ratio of glucose to galactose of 2 to 1: in contrast, 
the ratio for normal bloods was 1 to 3. These results 
reflect the relative differences in transferase and epimerase 
activity in the two groups under the non-equilibrium 
condition of the experiments. The presence of carbon label 
in the glucose, and also in the DPGA region of the column 
effluents, confirms thoir origin to be from galactose. 

Erythrocyte galactose-l-phosphate uridyl transferase 
activity could not be detected by a UDPGlucose 
consumption assay!" in any of the galactoseemic subjects 
investigated. The presence of carbon label in UDPHexose 
suggested either that the transferase assay used is not 
sufficiently sensitive to detect very low levels of transferase 
activity or that the UDPHexose was formed by some 
other route. 

Isselbacher has described an alternate pathway for 
galactose utilization in liver by way of UDPGalactose 
pyrophosphorylase, an enzyme capable of converting 
galactose-1-phosphate to UDPGalactose in the presence of 
uridine triphosphate (UTP), Although Isselbacher has 
stated that this enzyme does not occur in erythrocytes”, 
it was desirable to re-examine the possibility in the 
present connexion. Hemolysates of erythrocytes from 
normal individuals, galactosemia, heterozygotes, and 
galactosemics (including two of the three individuals with 
relatively high production of carbon dioxide) were 
incubated with galactose-1-4C-1-phosphate, both in the 
presence and absence of UTP", Labelled UDPHexose 
formed was measured and the results aro shown in the first 
column of Table 2. No incorporation of label into 
UDPGalactose could be detected with hemolysates from 
galactosæmic individuals. Incorporation was found with 
normal hemolysates and to some extent with those from 
galactosemia heterozygotes. By themselves, these results 
might indicate that UDPGal pyrophosphorylase activity is 
present in normal hemolysates and in those from galacto- 
semia heterozygotes but not at all in those from 
galactosemia homozygotes. If this were to be true, it 


Table 2. PYROPHOSPHORYLASE ASSAY * 


moles labelled UDPHexose 
formed per hour per ml. packed 


cells j- 
Hemolysate Without G-1-P added 
G-1-P (2 10-5 M) 
Normals 
B 0-17 0-61 
E 0-30 0-63 
F 0:35 0-60 
G 0-25 0-05 
H 0:27 071 
Heterozygotes 
2-father "08 0-25 
6-mother 0-09 0-21 
7-mother 0:16 0:35 
10-father 0-19 0:44 
10-mother 0:10 0:31 
Homozygotes 
2a 0 0 
26 0 0 
Ta 0 0 
9 0 0 
10 0 0 


* Incubation mixture contained 0-2 moles Gal-1-“C-1-P (15,000 c.p.m. in 
liquid scintillation system), 0-4 umoles UTP, 5 umols MgCl; 0:4 m.moles 
glycine buffer (pH. 8-1), Glu-1-P at final concentration as indiented, and 
0:3 ml. of freshly prepared 50 per cent hemolysate with total volume of 1 ml. 
Incubation perlod was 30 min at 37°. Isolation of UDPHexose by charcoal 
adsorption was in accord with a previous paper (ref. 16). 

t Net increase over control without UTP. 
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would be necessary to postulate an additional enzymatic 
defect in galactosemia. 

A. more likely explanation ean bo based on the conditions 
of the assay. Isselbacher has pointed out that apparent 
UDPGalaetose pyrophosphorylase activity can result from 
a sequence of reactions involving glucose-l-phosphate, 
UDPGlueose pyrophosphorylase and transferase. 


UDPG 
Pyrophosphorylase 
G-1-P + UTP ———— —— UDPG + PP 


Transferase 


UDPG + Gal*-1-P —————- UDPGal* + G-1-P 


The labelled UDPGal * produced would be indistinguishable 
from that arising from the reaction: 


UDPGal 
Pyrophosphorylase 
Gal*-1-P + UTP ——————_— UDPGal* + PP 


Since UDPGlucose pyrophosphorylase activity was 
found to be present in the hemolysates used in this 
investigation’, controls containing added  glucose-l- 
phosphate were included (second column of Table 2). 
The addition of glucose-1-phosphate had no influence on 
the assay with galactosemia hemolysates, but it led to & 
marked net increase of incorporation (that is, in the 
presence of UTP) of galactose-1-C label into UDPHexose 
both with normal and with galactosemia heterozygote 
hemolysates at a glucose-l-phosphate concentration of 
2 x 10-5 M. These results suggest that the incorporation 
found reflects the presence of galactose-l-phosphate 
uridyl transferase and that it does not represent a separate 
UDPGalactose pyrophosphorylase activity in erythro- 
cytes. The difference in values between the normal and 
the galactosemia heterozygote groups further suggests 
that this is the case. An estimated native glucose-1-phos- 
phate level of 5 x 10+ M in erythrocytes? could account 
for the incorporation recorded in column 1 of Table 2. 

The present results are concordant with Isselbacher’s 
earlier statement concerning the lack of UDPGalactose 
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pyrophosphorylase activity in erythrocytes. The forma- 
tion of labelled UDPHexose on incubation of galacto- 
sæmia erythrocytes with galactose-1-14C must rest on some 
other basis. It appears that the enzymatic block in 
galactosemia is incomplete. Any other explanation for 
the presence of carbon label in UDPHexose (and DPGA) 
under the experimental conditions seems remote. On the 
basis of the data, it cannot be decided if galactose-1- 
phosphate uridyl transferase activity is greatly reduced or 
if a modification in the enzyme is involved. 

Recently, Segal ef al. have discussed the possibility 
that during childhood some galactosemia patients acquire 
an ability to metabolize galactose’. The present 
findings suggest, however, that galactose-1-phosphato 
uridyl transferase activity may be present in small, but 
varying, amount in all galactossemies, possibly from birth. 
The ability of erythrocytes of some galactoswmics to 
produce carbon dioxide from galactose appears to be an 
inherited rather than acquired charactor. 

This work was supported by grant A-4135 from the U.S. 
Public Health Service. 
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REDUCTION IN RATE OF GROWTH OF HAIR IN MICE AS AN INDICATOR 
OF EXPOSURE TO CHRONIC LOW DOSAGE IONIZING RADIATION 


By D. C. CHOW, Pror. S. ROTHMAN, Dr. A. L. LORINCZ, Dr. F. MALKINSON 
and A. SANDBURG 


Argonne Cancer Research Hospital*, Department of Medicine (Section of Dermatology), 
University of Chicago, and U.S. Air Force Radiation Laboratory, Chicago 


po ae biological criteria for assessing damage 
caused by chronic exposure to ionizing radiation in- 
clude evaluation of one or more of the following: life- 
span shortening, mortality rate, cataract formation, 
hematological changes, incidence of tumours, and changes 
in certain enzyme activities'!+. Many of these changes 
develop slowly over long periods of time and require 
prolonged study of large numbers of animals. In this 
study observations are reported which indicate that, in 
mice, the rate of regrowth of hair after plucking is a 
sensitive, rapid and simple, dose-dependent biological 
index to damage caused by chronic, low dosage ionizing 
radiation. 

CF No. 1 female mice which were 7-8 weeks old at the 
onset of irradiation were used in all experiments. Every 
time animals were taken out of the irradiation facilities 
for examination of hair growth, a suitable number of 
non-irradiated animals were removed from the next 
room to serve as controls. 

Details of the chronic fast neutron and y-radiation 
facilities, and the dosimetry for the various exposure 
positions within each facility, have been described pre- 


* Operated by the University of Chicago for the U.S. Atomic Energy 
Commission. 


viously**. In brief, the y-exposures were given by means 
of a 10-e. cobalt-60 point source, and the fast neutron 
exposures were administered by using a 100-c. plutonium- 
beryllium line source. In the work deseribed here, tho 
animals in groups of 12 were exposed for 10 h each day 
(9 p.m. to 7 a.m.) in metal or plastic cages placed radially 
around the sources. The radiation exposure was initi- 
ated by elevating the source from its storage pit into 
the centre of the cage-array, and the duration of each 
exposure was controlled by appropriate timing mechan- 
isms which, in turn, controlled the source-hoisting motors. 
The animals remained in the exposure facility during 
the 14-h period when the sources were shielded, since 
Health Physics surveys indicated that radiation exposure 
was negligible under these conditions. Food (Rockland 
Laboratory Diet’) and water were available at all times. 
The radiation-dose at each of the exposure positions 
in the y facility was determined with Victoreen ion- 
ization chambers, which were calibrated against a radium 
standard and against a National Bureau of Standards 
calibrated chamber. Various chemical dosimeters wero 
also used to verify the radiation dosimetry within this 
facility. The fast neutron dosimetry is based primarily 
on the specifications provided by the manufacturer, 
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although additional measurements have been carried 
out with chemical dosimeters, with foils, and with a Hurst 
‘proportional counter. The y-contamination within the 
fast neutron facility was estimated by using a neutron- 
insensitive chemical system, and proved to be negligible 
for this study. 

In all animals, a 2 cm x 1:5 cm area on the mid- 
dorsal region was epilated by hand-plucking to induce 
anagen, that is, the growing phase of the hair cycle. The 
animals were then observed daily until a uniform sheen 
of new hairs appeared on the skin surface, which ordinarily 
occurred after 8-10 days. A small area of uniform new 
hair growth on each animal was outlined with a coloured 
marker, and 6 days later the hair was again plucked by 
hand from within the demarcated area. 300-400 of the 
plucked hairs were then placed in a Petri dish and floated 
on a small amount of water. Under a dissecting micro- 
scope, the four hair types of the mouse as indicated in 
Fig. 1 could easily be identified’. Intact, awl hairs were 
isolated and picked up with ophthalmological forceps and 
arranged parallel to one another on a standard 3-25 x 4 in. 
lantern-slide glass plate. A 4 om x 1 em strip of trans- 
lucent graph paper (Keuffel and Esser No. 359T-14LG) was 
also placed on the glass plate which was then covered 
with another plate of the same size. After taping the two 
plates tightly together, the resulting ‘slide’ was projected 
on to & screen giving an approximately 19-fold image 
enlargement. 





YS 
MONOTRICH AWL AUCHENE ZIGZAG 
Fig. 1. Dry’s four types of hairin mice 


In the magnified images, hairs damaged slightly in 
plucking could easily be recognized. About 10 per cent 
of the mounted hairs were so damaged and excluded 
from measurement. For each animal, the longths of 
35 straight hairs with intact anagen bulbs were measured 
with a Swiss map plan measure (Charles Bruning Company 
Inc., Mount Prospect, Illinois, Catalogue No. 2375). 
Actual hair lengths were calculated by correcting their 
measured magnified lengths according to the magnification 
factor of the projected unit scale. 

The animals irradiated with the cobalt-60 source 
received 31-3 r. daily doses of y-radiation for varying 
periods of time. At the time of the first epilation, that 
is, 24 h. after termination of irradiation, different groups 
of animals had accumulated total doses of 783-3,881 r. 
at the rate of 31-3 rads/day. 
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Table l shows that significant impairment of hair 
growth after induction of anagen is first observed after 
& total dosage of 1,064 r. has been accumulated, and 


pem in dose-dependent fashion at higher total dosage 
evels. 


Table 1. RETARDATION OF HAIR GROWTH IN ANIMALS GIVEN 10-4 DALY 
DOSES OF 31-3 R. y-RADIATION IN THE 10-c. COBALT-60 IRRADIATION FACILITY 


No. of Total dose of Mean length of 

Group animals radiation hair for group Percentage 

No. examined received (r.) (mm) retardation 
GN-C 48 Nil 7:113 + 0-086 = 
G-I 8 783 (in 25 days) 7:038 + 0-077 — 
G-II 7 1,064 (in 84 days) 6:531 + 0-061 81 
GI ya 1,314 (in 42 dari) 6-045 + 0-026 149 
G-IV 4* 2,254 (in 72 days 6:713 + 0-054 19-6 
G-v a 3,881 (in 124 days) 5:230 + 0:030 20:4 


* Three of 7 animals irradiated in Group G-IV and 7 of 14 in G-V died 
before completion of the experiment. 


The animals irradiated with the 100-c. plutonium- 
beryllium source received varying doses (35-595 rads) 
of fast neutron radiation at the rate of 3-18 rads/day. 
Table 2 shows that, in these animals, the rate of hair 
growth is clearly retarded by fast neutrons at a total dose 
of 80 rads. From there on, the hair growth rates are 
progressively impaired as total dose increases. 

Table 2. RETARDATION OF HAIR GROWTH IN ANIMALS GIVEN 10-H DAILY 


DOSES OF 3-18 RADS FAST NEUTRON RADIATION IN THE 100-0, PLUTONIUM- 
BERYLLIUM IRRADIATION FACILITY 


No. of Total dose of Mean length of 

Group animals radiation hair for group Percentage 

No. examined received (rads) (mm) Tetardation 
GN-C 48 Nil 7:113 + 0-036 — 
N-I 9 35 (in 11 dayo 7:081 + 0-051 ET 
N-II 8 80 qa 25 days. 6-650 + 0-042 6:4 
N-II 8 117 (in 37 days) 6:529 + 0-001 8-2 
N-IV 7 229 fin 72 days) 6-228 + 0-081 12-4 
N-V 7 394 (in 124 gaye 5-926 + 0-028 166 
N-VI 6 595 (in 187 days, 5:574 + 0-084 2165 


Variations in length of hair in individual animals were 
always less than 1-5 per cent of the mean length and 
variations of the mean hair lengths between different 
animals in any one group were always under 1 per cent. 

In the lower dosage ranges, where the general condition 
of the animals remained good, the relative biological 
effectiveness of chronic fast neutron radiation in retarding 
mouse hair growth was about 9 times that of Y-radiation. 
At the higher dose-levels this relative biological effective- 
ness was observed to drop sharply to about 4. The gener- 
ally impaired nutritional state of these animals, together 
with smaller increments of hair growth retardation at 
these higher dosages, may account for this difference. 

The quite substantial retardation of hair growth, at a 
dose-level as low as 80 rads of fast neutron radiation 
given in 25 days, is noteworthy in view of the absence of 
other gross signs of radiation damage in these animals. 
It is also of interest that microscopic examination of 
hairs at all dosage-levels studied failed to show dysplastic 
changes?:?, i 

This work indicates that measurement of hair growth 
rates serves as an early, sensitive and simple, dose- 
dependent index to chronic low dosage radiation. Further 
studies of the duration and degree of reversibility of 


: these hair growth effects might be of interest. In addition, 


manifestation of these effects can be recognized early, 
and large numbers of animals are not required for statis- 
tically valid data. 

This work was supported (in part) by USPHS general 
research support grant 1—S01—FR-05067-01. 
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EMPEROR PENGUINS AT CAPE CROZIER 
By Dr. BERNARD STONEHOUSE 


Department of Zoology, University of Canterbury, Christchurch, 
New Zealand 


HIS article discusses recent changes in the colony of 

emperor penguins (Aptenodytes forsteri Gray) at 
Cape Crozier, Ross Island (77° 25’ S., 167° 50’ W.), in the 
Ross Dependency, Antarctica. The colony was discovered 
by Lieut. Skelton, of Scott’s party, in 1902. Its position 
on sea ice at the foot of the Ross Barrier was recorded 
first by Scott! and later in more detail by Wilson?. The 
subsequent history of the colony has been summarized 
by Caughley? and Budd‘, who have also discussed reasons 
for changes in its status and success. My own censuses of 
the colony in 1961—63 suggest that the changes are more 
marked than earlier evidence indicated, and are closely 
linked with movements of the main Barrier cliff at Cape 
Crozier. These investigations are part of a long-term 
conservation programme sponsored by the University of 
Canterbury. 


Table 1. EMPEROR PENGUIN ADULTE gap CHICKS AT CAPE CROZIER, 
1902-6 
Numbers of dead chicks are Shown in brackets 
Date Chicks Adults Ref. 
18.10.02 30 (80) 400 1 (490) 
8.11.02 0 m 1 (490) 
12. 9.03 150 (18) 1,000 1 (491) 
2.11.03 30 (63) 400 2 (10) 
20. 7.11 25-50 100 10 (39) 
93. 9.57 100-270 700-800 3 feo) 
26.11.58 523 (58) 618 3 (255) 
25.10.61 1,325 (101) Over 2,000 Stonehouse (in the press) 
4.12.62 1,250 (30) 1,000-1,200 » » 
20.11.63 806 (12) 1,050-1,300 » ” 


Table 1 summarizes counts of chicks and adults on the 
colony since 1902. Even in its present state of prosperity 
the colony is small compared with some of the more 
northerly ones’: during the first decade of the century 
it may have been close to extinction. Comparisons of 
counts from different years may be made only with 
caution. Adult numbers vary with time of year, being 
high during courtship (late May and June at Cape Crozier), 
low in incubation (July to September) when only males 
are present, higher again when the females return in 
August and September, and variable in spring and early 
summer when chicks are being fed, young non-breeding 
adults are present, and casual visits are paid by parents 
which lost egg or chick earlier in the season. The adults, 
which are highly social, enter and leave the colony in 
groups, assemble in parties away from the colony (where 
they may easily be missed in a rapid count) and tend to 
travel only on fine days. Some further difficulties en- 
countered in censusing adult emperor penguins are 
described by Budd‘. Chick counts are more reliable, 
especially toward the ond of the breeding season (October 
to December) when counting is easy and mortality low. 
Their value as indicators of population size increases 
when figures for two or three consecutive seasons are 
known, as winter mortality of eggs and chicks can be high 
in certain seasons: thus at Cape Crozier in 1903, September 
and October blizzards killed more than two-thirds of 
the chick population?. A reasonably stable population 
should, during a number of years, provide a consistent 
upper level of chick numbers late in the season, represent- 
ing a minimal value for the number of breeding birds in 
the colony. Ideally, both chicks and adults must be 
counted as accurately as possible over a number of years 
before the true status of a colony can be determined. 

Cape Crozier can now be reached in 30 min by helicopter 
from New Zealand and American bases in McMurdo 
Sound, and the Canterbury unit visits each spring for 
counting. In fine weather (a prerequisite of a flying visit) 


the assembly of chicks is herded gently into a slowly’ 
moving column and counted by at least two observers; a 
confirmatory count is taken as the chicks return to thoir 
original site. The mean value is likely to be accurate 
within 2-3 per cent. Dead chicks and abandoned eggs 
are also counted, but others may remain undetected 
under snow drifts below the ico cliffs. Adults are counted 
on the ground and from the air, but their dispersal ovor 
several square miles of sea ice may lead to counting errors 
of up to 20 per cent. Interesting comparisons with earlier 
accounts of the colony are already emerging from these 
brief annual visits. 

When first described in 1902, the colony was very small 
and situated on sea ice under the high, seaward-facing 
cliff of the Ross Barrier. A shallow bay-in the cliff offered 
some protection from southerly and south-easterly winds, 
but the colony site was open to the north and vulnerable 
to the disrupting influence of swells with a northerly com- 
ponent. The 1902 position appears in Skelton’s photo- 
graph’, and details of the junction between ice cliff and 
Ross Island appear in Debenham’s report (ref. 7, map IT 
inset), from which Fig. 1 of this article is taken. New sea 
ice fills the foreground of Skelton’s photograph. The small 
number of chicks and disproportionately large number of 
adults present on the colony in both 1902 and 1903 were 
noted by Wilson?; his interpretation, that only one in ten 
of the breeding birds laid each year, has not received 
support from observations in other colonies??. The 
position of the breeding group at the edge of older sea ice 
suggests that a break-out in winter had already removed 
some of the breeding birds and chicks, and many of the 
bystanders were therefore likely to be bereaved adults 
whose eggs or chicks had drifted away and perished. 
Budd's* estimate of an original breeding population of 
500—1,000 pairs covers our scant knowledge of the move- 
ments of adults in these circumstances. Assuming that 
each chick in September'1903 was accompanied by a 
single parent, and that the remaining adults represented 
three-quarters of the bereaved parents, a breeding colony 
of some 700 may be postulated for that year. The 1902 
population is unlikely to have differed by more than 5-10 
per cent, so that catastrophes involving between 75 and 
95 per cent of the annual crop of eggs and chicks must 
have occurred between June and October of both years. 

There is more diroct evidence for a similar catastrophe 
in 1911. During the intervening years the ice cliff 
advanced more than a quarter of a mile at Cape Crozier 
(Fig. 1), eliminating the shallow bay and leaving tho 
colony more than ever exposed to the sea and to the 
disrupting effect of swells. From his July visit. Wilson*® 
concluded that the ice supporting the colony had already 
broken and re-formed, probably with the loss of part of 
the annual crop of eggs. The three eggs collected during 
his visit yielded embryos which were estimated by 
Glenister" to have been laid about the beginning of July, 
close to the peak period of laying postulated by Stone- 
house? for this colony. 

Thus the early position of the colony under the faco of 
the Ross Barrier appears to have been precarious in tho 
extreme. It is doubtful if the colony could for long have 
maintained its numbers in these circumstances, and the 
population may well have declined between 1902 and 
1911. Its position before 1902 cannot be determined with 
any certainty, although the disparity between numbers of 
chicks and adults in that year suggests that brooding 
success had been higher in the immediate past. Wilson* 
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compared the ice cliff with that shown in Bernacchi (ref. 12, 
plate 17), taken in 1899, and directed attention to rom- 
nants of shelf ice under the cliffs at Cape Crozier; the two 
pieces of evidence indicated to him that the barrier had 
recently retreated and the small bay of 1902-03 was 
newly formed. Bernacchi’s map!?, based on Admiralty 
charts, certainly shows the end of the Barrior in a position 
well to the north of the cliffs at Cape Crozier, but tho 
scale is small and its accuracy cannot be assumed. Col- 
beck’s chart from the same expedition?? shows the Barrier 
starting well to the south of ‘Cape Crozicr’, although tho 
outline of the land cannot be reconciled with modern maps. 
The colony was visited by Balham in 1957 and Caughley 
in 1958. Both observers found it more favourably situ- 
ated, in a deep enclave of sea ice behind the main cliff 
of the Ross Ice Shelf*. Many more chicks wore present 
than on any of the earlier visits. Caughley estimated that 
the shelf had advanced two miles since 1911. The western 
end of the Barrier, which in 1903 lay to the south of tho 
Knoll (a prominent point overlooking the colony site) 
and in 1911 pressed hard against the steep cliffs of Capo 
Crozier, had by 1958 passed north of the knoll and 
developed a prominent east—west split, partly separating a 
large frontal block from the main body of shelf ice. Tho 
advanco has continued to the present day, and a second 
split or onclave has developed. Fig. 2, based on a recent 
map (N.Z.M.S. 175/16, 1962), shows the position of 
enclaves and colony in 1960 and 1961. The 1962 and 1963 
positions of the colony were similar, and correspond with 
the position shown by Caughley for 1958. The more 
southerly of the two enclaves, which was not present in 
1958 (Caughley, personal communication), may have 
widened slightly since 1961. The Barrier face now lies 
some 2-75 miles north of the Knoll, marking a total 
advance of nearly four miles from the 1902 position. 
Since 1958 (and possibly some years before) the colony 
has formed each year under the north-facing cliff of the 
wider enclave, where it finds shelter from prevailing 
southerly and south-easterly winds. An interesting feature 
is its annual movement away from the sea during the 
incubation or guard stages, as shown by a succession of 
guano-stained patches on the smooth sea ice. In 1958 
Caughley noted that the nucleus of the colony had moved 
in stages some 1,500 yards westward from its original sito 
by late November, and a similar succession of sites was 
apparent in cach of my visits in 1960-63. Thus the birds 
retreat toward the apex of the triangular enclave, possibly 
on to firmer ice which is less likely to disperse before 
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December or January. Similar movements of a breeding 
colony have been described by Prévost at Pointe 
Geologie. 

In comparison with its situation earlier in the century, 
the colony now enjoys better protection from blizzards 
and a much longer period of stability late in the breeding 
season, as the sea ice is unlikely to disperse from the 
enclaves before mid-December. It is also completely 
protected from northerly swolls early in the breeding 
season, thus avoiding the possibility of heavy losses 
through dispersion in June and July. Although sea ice 
north of the Barrier can probably be dispersed by wind 
and swell at any time of tho year, ice within the enclaves 
is unlikely to suffer more than slight compression and 
tension from movement of the shelf blocks on either side. 
Its surface in early summer is usually buckled, but 
oxtremely solid and stable. Snow drifts build up in the lec 
of the cliffs, but the main spread of sea ice in the enclaves 
remains remarkably snow-free. 

Observations at other colonies have shown that, at least 
toward the northern edge of their range, chicks are able to 
complete their moult before the group disperses*9, and 
both Caughley and Budd have questioned Wilson's? 
suggestion that chicks from Cape Crozier complete their 
moult after tho dispersal of the sea ice in summer. How- 
ever, it is clear that ovents in the breeding cycle at Capo 
Crozier occur about a month later than at the moro 
northerly colonies; thus chicks at Pointe Geologie begin 
their moult early in November, while those at Capo 
Crozier show the first indications in late November or 
early December (Caughley in ref. 5 and personal obsorva- 
tion). In 1962 at Cape Crozier only about 5-10 por cent 
of the chicks had lost down from their flippor tips by 
December 4; more than 50 per cent (including many only 
half to two-thirds grown) would not have completed their 
moult before late January or early February. In 1958 
open water extended far down the enclave by mid-Decem- 
ber, and it seems unlikely that firm ice would normally 
remain in situ after mid-January at the latest. Emperor 
penguin chicks, like those of king penguins, may be 
able to complete their moult long after their parents have 
left them, and large, well-fed chicks would not necessarily 
be at a disadvantage if their colony drifted out to sea in 
December or January. I see no reason, therefore, for 
discounting Wilson’s suggestion on present evidence. 

The census figures for 1961-63 indicate-that the Capo 
Crozier colony is now enjoying a higher breeding success 
than at any time in its recorded history, and that the 
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Human Biology 


AN INTRODUCTION TO 
HUMAN EVOLUTION, 
VARIATION, AND GROWTH 


G. A. Harrison, F. S. Weiner, 
F. M. Tanner, and N. A. Barnicot 


With a Foreword by P. B. Medawar 


In five sections, this book attempts to 
synthesize, at an introductory level, present 
knowledge ofthe biological organization of 
past and present human populations. It is 
intended primarily for university under- 
graduates reading human biology, 
anthropology, or medicine, but should also 
be of value to all who are interested in the 
general biology of man. Ilustrated 42s net 


Desert Animals 


PHYSIOLOGICAL PROBLEMS OF 
HEAT AND WATER 


Knut Schmidt-Nielsen 


*. .. for both the general reader and the 
specialist . . . a charmingly written book 
since, apart from the clear general theme, 
there are a number of pleasant asides and 
historical notes which carry the reader along. 
... Another interesting feature of the work is 
the short summary at the end of each chapter. 
Everyone interested in the tropics should 
study this book? TROPICAL SCIENCE 
Illustrated 45s net 


Atmospheric Radiation 
VOLUME I: THEORETICAL BASIS 
R. M. Goody 


The first of two volumes concerned with the 
interaction of solar electromagnetic energy 
with a planetary atmosphere, the subsequent 
redistribution of this energy, and its ultimate 
return to space in the form of low-tempera- 
ture terrestrial radiation. These processes are 
fundamental to a proper understanding of the 
thermal and dynamical structure of a 
planetary atmosphere.  Jllustrated 75s net 


(Oxford Monographs on Meteorology) 
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The Friction and 


Lubrication of Solids 
PART II 


F. P. Bowden and D. Tabor 


<, . . their account retains the stimulating 
freshness of a story at first hand. Their style 
maintains the same insistence upon 
simplicity and lucidity which made Part I a 
delight to read. . . . This book is educational 
inthe broadest sense; not just a textbook for 
undergraduates, but the means through 
which we engineers are stimulated to solve 
our own problems. ENGINEERING 
Illustrated 84s net 


Numerical Problems 
in Advanced Physical 
Chemistry 


F. H. Wolfenden, R. E. Richards 
and E. E. Richards 


This is an attempt to bridge the gap at 
undergraduate level between the funda- 
mental principles of physical chemistry and 
some of the actual experiments which are 
relevant to them. The problems remaining 
from the first edition have been entirely 
reworked and in some cases revised, and 
fifty-one new problems that include many 
modern topics have been added. 

Second edition 30s net 


Theories of 
Nuclear Fission 


L. Wilets 


The fundamental models of the fission 
process are presented, analysed and criti- 
cized. It is the book's aim to present theories 
as ‘crisply’ as feasible. The author not only 
surveys past contributions to the field, but 
also includes original material and outlines 
future avenues of research. 

Limp covers 18s net 


(Oxford Library of the Physical Sciences) 
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To help your investigations of lipophilic and hydrophilic substances, Whatman have developed special grades of high - 
purity cellulose powder and silica gel for thin layer chromatography. In this technique—for which they pioneered 
binder-free materials—as in all other areas of chromatography Whatman Chromedia are an invaluable analytical tool. 
Please write for details of the comprehensive range, including Whatman paper Chromedia and column Chromedia. 





WHATMAN 
thin layer 


CHROMEDIA 


Sole Distributors H. Reeve Angel & Co Ltd 
Gt. Britain. 9 Bridewell Place London EC4 
U.S.A.. 9 Bridewell Place Clifton New Jersey 
MANUFACTURERS W. & R. BALSTON LTD 
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a major development in 
technical literature searching ... 


current 
NMR-literature—IR 
services 


Designed to meet the ever-increasing flow of papers in the fields of NMR and Infra 
Red Spectroscopy, these two new services are now announced. 

The Services consist of numbered Literature Lists which are searched by means of coded 
peep-hole cards. Issues appear four times a year, ensuring the maintenance of up-to-date, 
speedy and convenient reference to the world's literature. 


For further details apply to : 


VERLAG CHEMIE GMBH 
Postfach 129/149 
694 Weinheim/Bergstr., Germany. 


BUTTERWORTHS 


88 Kingsway, or 
London, W.C.2. 








"ESCORUBBER" 


RUBBER & SILICONE RUBBER 
BUNGS 


--—- AER — —— 


Meteorological and Scientific 
Instruments 


O5 


Many sizes and qualities for Tissue Culture, Blood Trans- 
fusion and high standard laboratory work. 


ESCO (RUBBER) LTD. 


Seal Works, Seal Street, London, E.8 
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Scientific books & periodicals 


Entire libraries, and smaller collections ; 
sets and runs, foreign and domestic. 


WALTER J. JOHNSON, !NC. 


111 Fifth Avenue, New York, 3, N.Y., U.S.A. 
Cable Address: BOOKJOHNS, NEW YORK 


Catalogues are available on request (N.A.1) 


British Office: ACADEMIC BOOKS, LTD. 
Berkeley Square House, Berkeley Square, London, W,1 
HYDE PARK 6436 





Heath, Hicks & Perken (Thermometers) 
Limited 


New Eltham, London, S.E.9 


Phone: ELTHAM 3836 Grams: “OPTIMUS” Souphone, London 
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In a new two-volume standard edition 
a Czech group of authors deals with all 


VITAMINE 


ihre Chemie und Biochemie 





Edited by Dr.-Ing. Ph.M. JIRI FRAGNER, Prague. Translated from the Czech by H. Liebster 
and E. Hachová of Prague, with a Preface by Prof. Dr. Dr. h.c. K. Téufel, Potsdam-Rehbriicke. 


Vol. 1: About 930 pages, 48 illustrations, 117 tables, 16-7 x 24 cm., 1964, cloth-binding. Price 
about DM 82. 


Vol. 2: About 770 pages, 33 illustrations, 83 tables, 39 diagrams, 1 folding dia. on one chart, 
16-7 x 24 em., cloth-binding. Price about DM 66. This volume will probably appear in 
spring 1965. 


The books deal in full detail with all vitamins and factors of vitamin character. The first volume 
of this standard work includes a general and a special section, while the second volume is devoted 
exclusively to the treatment of the individual vitamins. The ten chapters of the general section 
examine numerous problems from the point of view of chemists and biologists, physicians, economists 
and dieticians, while the special section contains a full treatise of the vitamins in alphabetical 
sequence, based on the modern international nomenclature recommended by I.U.P.A.C. The book 
is distinguished for concise and clear presentation of all the subject-matter treated. 


Available from your bookseller 


VEB GUSTAV FISCHER VERLAG JENA 


German Democratic Republic 




























Automation 
and the Future of Man 


S. DEMCZYNSKI 


The physical dependence of man on his tools and 
the extent to which they condition his mental 
outlook, individually and collectively, is already 
very great and is certain to increase sharply with 
the further development of automation and 
automatic data processing. To examine critically 
this manifold interaction between man and 
machine is the main purpose of this book. — 32s. 


THE WORLD'S 
GREATEST 
BOOKSHOP 


Foyles famous bookshop has an unsurpassed 
selection of books on every branch of Science 
and we have big departments, too, for Sheet 
Musle, | Records and Forelgn Language Books. 















Oceanography 
and Marine Biology 


Edited by HAROLD BARNES 


Volume II follows on closely similar lines to 
the much appreciated Volume I. There are 
sixteen articles all written by well-recognized 
experts who have summarized recent advances 
in their own field.. These articles are divided 
between physical and chemical oceanography 
and marine biology, each one covering the 
literature and having an extensive bibliography. 


75s. 
ALLEN & UNWIN 


Join the , Scientific Book Club! Members buy 
books published at 12/6, 18/-, 21/- for only 4/6. 
Details on request. 


Dependable postal service. We despatch 
to all parts of the world. 


Ee FOR. BOOKS * 4 


119-125 CHARING CROSS ROAD 
LONDON W.C.2 


Gerrard 5660 (20 lines) € Open 9-6 (Thur. 9-7) 
OPEN ALL DAY SATURDAY 
.2 mins. from Tottenham Court Road Stn. 
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CONSULTANTS BUREAU 


announces that in addition to the new cover-to-cover translations 


from Russian of: 


KHIMICHESKOE MASHINOSTROENIE 
(Soviet Journal of Chemical Engineering) 
Annual subscription (6 issues): $95.00 


OSNOVANIYA FUNDAMENTY 1 MEKHANIKA GRUNTOV 
(Soil Mechanics and Foundation Engineering) 
Annual subscription (6 issues): $75.00 


MIKROBIOLOGIYA (Microbiology) 
Annual subscription (6 issues): $95.00 


the following new Soviet journals will also be published 
in cover-to-cover translation: 


ELEKTROKHIMIYA (Soviet Electrochemistry) 
Annual subscription (12 issues): $125.00 


ZASHCHITA METALLOV (Protection of Metals) 
Annual subscription (6 issues): $80.00 


DEFEKTOSKOPIYA (Defectoscopy) 
Annual subscription (6 issues): $80.00 


AVTOMETRIYA (Autometry) 
Annual subscription (6 issues): $80.00 





CONSULTANTS BUREAU will also publish in cover-to-cover translation the new 
ZHURNAL ORGANICHESKOI KHIMII (Soviet Journal of Organic Chemistry), 
a new periodical resulting from the division by the Soviet editors of the ZHURNAL 
OBSHCHEI KHIMII (Journal of General Chemistry) into two distinct monthly 
publications. 


Prospectuses and sample tables of contents for 
all journals are available upon request. 





e CONSULTANTS BUREAU 227 W. 17th St, New York, N.Y. 1001 
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With Air Conditioning Cabinets of the type 
illustrated, rooms up to 3,000 cubic feet capa- 
city can be conditioned and with agreed 
installation layouts can be maintained to within 
+0.5° F. and +0.75% R.H. settings overall. 
The unit is provided with an air outlet raised 
above bench level and a range of larger units is 
also available to special design for unusual 
applications. 

The specification of the standard unit includes a 
replaceable glass-woven filter for air entering 
the cabinet; centrifugal fan with belt-driven 
fan motor and starter; cooling coil of up to 
55,000 B.T.U.'s extraction per hour for reduc- 
tion of either temperature or humidity; air 
heater with built-in high limit thermostat; 
room thermostat with relays to operate electric 
heater when the temperature is low, or cooling 
coil when the temperature is high; humidistat 
to control relative humidity through evaporative 
humidifier. 

Our specialist Engineers will be pleased to 
examine and recommend condition equipment 
for your schemes to ensure maintaining 
stringent conditions at economic cost. 


Therma control I 


INST. C0,LTD. 





automatically first for 
design - engineering - installation 


i E 5 A 
THERMOCONTROL INSTALLATIONS CO., LTD., 2-10 Valentine Place, Blackfriars Road, London, S.E.1. Tel.: WATerloo 7356/7/8/9. 
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NEUTRON GENERATORS 





FOR EDUCATION RESEARCH AND 
ACTIVATION ANALYSIS 


Pulsed 10°neutrons per second generator is easily 
transportable, requires no special shielding, may be 
operated in a laboratory or lecture theatre, is ideal for 
demonstrating most neutron reactions and the prin- 
ciples of activation analysis. 

Elliott L type generator for continuous output of 10"° 
neutrons per second, fitted with long life sealed off 
source tube. No vacuum pumps or target replacements; 
constant output of neutrons; small, compact tube 
minimises shielding costs. Complete equipment with 
pneumatic sample transfer system available for activa- 
tion analysis. For full details write or telephone: 
ELLIOTT ELECTRONIC TUBES LIMITED 
ELSTREE WAY - BOREHAMWOOD - HERTS 
TELEPHONE: ELSTREE 2040 (EXTENSION 459) 


EY A Member of the Elliott-Automation Group 
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breeding stock has also increased considerably in the past 
few years. . At least 1,450-1,500 pairs bred on the colony 
in 1961 and 1962, and a similar number may have laid in 
. 1963, suffering higher mortality of eggs or chicks. The 










ing panic in incubating or brooding birds; 
ions are. therefore being made against 
before the end of October, and flying regula- 
ver the remainder of the. season are being 
submission to New Zealand and American 

Plans for future investigations include a 
of chick banding, and reconnaisance flights 
d ihe year to investigate the dispersal and breeding 
"suecess of the colony. 

-I thank Prof. G. A. Knox (Department of Zoology, 
University of Canterbury) for his advice, T. Jacobs, O. 
Sutherland and I. Spellerberg, who helped with observa- 
tions, and the Research Committee of the New Zealand 
University Grants Committee for financial support. Field 
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SIMILAR EFFECTS ON TOMATO PLANTS OF Azotobacter INOCULATION - 
| AND APPLICATION OF GIBBERELLINS | 


By Dr. R. M. JACKSON, MARGARET E. BROWN and SUSAN K. BURLINGHAM 


Rothamsted Experimental Station, Harpenden, Hertfordshire 


CS of seeds or seedlings of several kinds of 

crop plant with Azotobacter cultures ean increase 
yields signifieantly!-?. Earlier flowering of wheat fol- 
lowing Azotobacter treatment has also been observed by 
us and other workers*. Experiments with tomato 
(Lycopersicum esculentum) have now shown that, although 
the final yield of fruit may not be affected, Azotobacter 
treatment advances early growth and flowering. 

Shaken liquid cultures of Azotobacter chroococcum were 
grown for 14 days in a nitrogen-deficient medium with 
sucrose as the carbon source (no sucrose remained at the 
end of the incubation period). Tomatoes, variety "Money 
Maker’, were treated either by allowing the seed to imbibe 
in the undiluted culture for 1 h before sowing in unsteri- 
lized potting compost, or by dipping the roots of seedlings 
into the culture before transplanting. Control seeds or 
seedlings were treated with nitrogen-deficient medium 
without added sucrose. 

During growth, the plants were given nutrient solution 
at fortnightly intervals. They were graded for leaf 
number and length, height to growing point and first 
flowering. truss, and for flower and fruit development, 
fruit ripening and yield. Developmental curves were 
constructed for each flowering truss by assigning a 
value to each stage of flowering and plotting the total 
score against time. Fig. 1 shows flowering curves of 
inoculated and control plants. 

Seed. or root inoculation significantly accelerated 
internodal stem elongation and leaf development during 

^ the first weeks of growth (Table 1), but as the first 
truss developed these effects became less. Treated and 
control plants produced the same number of leaves before 
the first flower buds appeared. Flower and fruit 
formation on the first truss were advanced by a week or 
more (Fig. 1), but the fruits neither ripened faster nor 
-did their final yields differ from those of untreated 
plants. The second and third trusses developed sooner 
on treated than on untreated plants but by only 2-4 days. 
Four additional weekly applications of Azotobacter culture 
|" to plants grown from treated seed had no further effect. 


These developmental effects closely resemble those 
resulting from application of gibberellins to tomate plants. 
Rappaport* found that single applications of 25-50 ug 
of a mixture of gibberellins 1 and 3 to the first expanding 
leaves increased internode length during early growth. 
Repeated treatments with small doses produced no further 
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Table 1. PERCENTAGE INCREASE IN INTERNODAL LENGTH AND LEAF SIZE 
OF TOMATOES INOCULATRD WITH Azotobacter: {Az} OR TREATED WITH 
GIBBERELLIC ACID (GÀ,) —— 


Leaf Root treatment Seed treatment 
number z Aa Az tAs 
Internodal 2 — — — — 
length 4 — — 38-7 * 25.2* 
6 20-8* 29.2* 13-5 11:3 
B B6 10-4 — — 
9 — — E 89 
19 44 61 — — 
Leaf size 2 157* 22:5* &1* 173* 
4 — — 20-0* 9-6 
6 2-6 24-6* 62 
8 6-2 11-24 — — 
9 — — 119 73 
10 26 67 — — 


* Denotes significance at 5 per cent level, 


effects, but with more than 25 ug per plant leaves often 
became abnormal. Flowering was hastened by 3-6 days 
without affecting the number of nodes; fruit set was rapid 
but ripening was poor. 

Because of these similarities we compared Azotobacter 
inoculation and treatment with gibberellic acid. Gibber- 
ellic acid was applied to the seeds or roots of 5-0, 0-05 or 
0-005 ug per plant. Table 1 shows that the early growth 
effects on tomatoes from 5 ug gibberellic acid and from 
Azotobacter inoculation were similar, except that 5 pg 
gibberellic acid produced leaf abnormalities and Azotobacter 
treatment did not. Smaller amounts of gibberellic acid 
had no significant effect. Most data on the effects of 
gibberellic acid come from treatments applied to growing 
plants. A report of seed treatment’ suggested that 
concentrations below 5-0 per cent do not. affect tomato 
growth; 5 ug per seed, which produced significant effects 
in our experiments, was equivalent to a 0-3 per cent 
concentration of gibberellic acid. The small effects 
produced. by 0-05 ug gibberellic acid were not statistically 
significant. 

Gibberellic acid and indolyl.3-acetie acid have been 
detected in Azotobacter cultures*:*. Cultures of the 
Azotobacter strain used in our experiments were assayed for 
both these growth regulators. Indolyl-3-aeetio acid was 
found in amounts that increased from 0-05 ug/ml. in a 
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2-day-old culture to 1 ug/ml. in a 30-day-old culture. The 
method of extraction and chromatography deseribed by 
Katznelson et al.” also detected gibberellins in small 
quantities, which increased with increasing culture age. 
Chromatograms were cut into sections and eluates from 
these tested for gibberellin-like substances on dwarf pea 
plants". Internodal extension was significantly acceler- 
ated by eluates from sections of the chromatogram 
corresponding to the marker gibberellic acid, also by 
eluates from an unknown substance at Rp 0-85-0-9 
in isopropanol/ammonia/water (10:1:1). The latter 
substance gave a pale green fluorescence after spraying 
with 3 per cent methanolic sulphuric acid!*; the gibberellic - 
acid spot from the Azotobacter cultures did not fluoresce 
because this method will not detect less than 5 yg. 

Three mechanisms have been proposed to explain the 
effects of Azotobacter on plant growth: (1) nitrogen 
fixation; (2) antagonism towards pathogenic or toxin- 
producing soil organisms; (3) the production of growth 
regulators in the rhizosphere. Our results provide some 
evidence for the third mechanism, although it has yet to be 
determined whether the effects described are caused by 
the gibberellin-like substances formed by Azotobacter in 
the culture fluid, or in the rhizosphere, or by other 
micro-organisms that produce growth-promoting sub- 
stances and are stimulated to grow by Azotobacter. There 
is no evidence that indolyl-3-acetic acid causes the growth 
effects we describe. 
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SELECTION FOR HOST PREFERENCE IN Anopheles gambiae 
By M. T. GILLIES* 


East African Institute of Malaria and Vector-borne Diseases, Amani, Tanganyika 


"N^ certain parts of Africa, notably Swaziland and 
Southern. Rhodesia, the application of residual 
insecticides to houses has led to an apparent change in 
behaviour of the main vector of malaria, Anopheles 
gambiae Giles, from resting indoors and biting man to 
resting outdoors and feeding on cattle or other animals. 
Two explanations have been advanced for this situation: 
(a) that two sibling species of the A. gambiae complex may 
originally have been present in the area, one of which was 
eliminated owing to its domestic habits and consequent 
greater. opportunity of coming into contact with 
chemically treated surfaces; (b) that there has been a 
change in behaviour within a single species due to 
selection. by the insecticide’. Active research into the 
validity of the first possibility is going on at present, the 
available evidence suggesting that in this area, at least, 
there has been a replacement of one form of the A. 
gambiae complex by another! However, the possibility 
of the oceurrence of true behavioural changes within a 
single form of the species cannot be ignored, and with 
this object in mind an attempt was made to alter the 
feeding preferences of the species by artificial selection in 
the laboratory. 


* Present address: e/o British Museum (Natural History), Cromwell Road, 
London, 8.W.7. 


It should be stressed that the preference shown by a 
particular species of mosquito for one mammalian host or 
another is likely to be strongly influenced by environ- 
mental conditions. In experimental work, particularly, 
it is obvious that the manner in which the hosts are 
presented can profoundly influence the feeding responses 
of hungry mosquitoes. Because of this, only comparative 
data can be obtained and no special significance should be 
attached to the actual proportion feeding on one host or 
the other in a particular set of experiments. Furthermore, 
to obtain reliable information it is necessary to compare 
the behaviour of two strains of mosquito simultaneously. 
This avoids the effect of temporary or secular changes in 
the relative attractiveness of the two hosts as well as of 
other uncontrollable elements in the experimental set-up. 

Selection experiments were carried out at Muheza in 
the coastal lowlands of northern Tanganyika in 1962-63, 
starting with eggs from a pool of wild-caught females. 
A. gambiae is known to be highly anthropophilic in this 
area, cattle and other domestic animals being largely 
absent**. No treatment of houses with residual insecti- 
cides had been carried out at any period. Previous 
observations had shown that form A of Anopheles 
gambiae (= Group A of Davidson and Jackson‘, Species 
A of Paterson*) was present in the district. As described 
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Fig. 1. Diagram of experimental hut used for selection experiments with Anopheles 
gambiae 


here, it was confirmed at the end of the experiments 
that only one form of the complex was involved. 

The technique adopted was based on the experiments 
of Hadjinicolaou*, working in Southern Rhodesia, who 
had found that when 4. gambiae females from different 
sources were released at night inside a large mosquito net 
containing a human volunteer and a calf, consistent 
differences in the feeding behaviour of the two strains 
could be detected. In the work recorded here the method 
was modified by using a specially built experimental hut 
of mud and thatch, containing two separate, partly 
eommunicating rooms in which the baits slept. The 
lay-out of the hut is shown in Figs. 1 and 2. The outside 
walls were 6 ft. 6 in. high, ventilation being provided by 
open eaves 4 in. high all the way round, which were 
sereened off with netting to prevent the escape of 
mosquitoes. The dividing walls of the releasing room 
were of mud up to a level of 4 ft., the space above that 
being closed with netting except for a gap of 4 in. at the 
top which was left open to provide the mosquitoes with 
free access to both the other rooms. The whole hut was 
fitted with a cotton ceiling to prevent them flying up into 
the thatch. One room contained a bed on which an adult 
man slept, while the other was provided with a bedding 
of dry grass for the calf. 

The two strains of mosquitoes used in each test were 
marked with coloured dusts before release so as to make 
possible their subsequent identification. They were intro- 
duced into à cage with a sliding lid and placed in the re- 
leasing room during the course of the afternoon. They were 
released at about 9 p.m. local time after both baits had 
settled down for the night. The sleeper wore shorts and 
a shirt and was allowed to cover himself with a thin cotton 
sheet, previous experience having shown that this covering 
did not prevent hungry mosquitoes from feeding. The 
inseets were caught by hand in the morning after the 
baits had left, and the numbers of gorged specimens 
collected in each room recorded. The validity of the 
method, as à means of assessing host preference, depended 
on the assumption that the mosquitoes had actually fed 
on the occupant of the room in which they were caught 
and not simply flown across from the other room. 
Preeipitin tests, done on stomach smears of females that 
were not used for breeding purposes, showed that 6-8 per 
cent of 369 mosquitoes from the calf-room had fed on man, 
while 2-3 per cent of 709 from the man-room were positive 
for ox blood. ing that both lines showed the same 
degree of mobility, it follows that the true total of females 
feeding on man was something like 4-5 per cent higher 
than the figures given in Tables 1 and 2 suggest. Mixed 
feeds amounted to less than 0-5 per cent of the total 
tested. Thus relatively little movement was occurring, 
and it may be concluded that the room catch gave an 
accurate picture of the feeding preference of the 
mosquitoes under test. 

Only those caught in the man-room or calf-room and 
with fresh blood in their stomachs were retained for egg- 
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laying. An outdoor insectary was built 
adjacent to the hut. This was divided into 
two separate sections, one for each selec- 
tion line, each completely screened and 
entered by a separate door from the 
exterior. At the beginning of the experi- 
ments eggs from females caught in houses 
from the surrounding district were ob- 
tained, and the females that emerged 
from them were released in the experi- 
mental hut. This represented the paren- 
tal generation. On recapture they were 
divided into parental-man and parental- 
calf strains, according to the room in 
which they had been caught, and returned 
to the insectary for egg-laying. The 
eggs they laid represented the P, genera- 
tion of the two lines, the adult females 
of which were then released and treated in the same 
way. In each generation the mosquitoes were tested 
as soon after emergence as possible, usually when 
1-3 days old, although older females were occasion- 
ally used. During this period they received sugar-water 
only. 

Two series of experiments were conducted, 6-7 
generations being reared and tested in the first and 4 in 
the second. Each series ran for a period of 5-6 months, 
since, although each generation only took 2-3 weeks to 
come through, difficulties were encountered in rearing the 
larve in adequate numbers, so that it was necessary to 
get repeated egg-batches from the same females after 
testing. The calf strain was rather more refractory in 
this respect, and in both series the man strain tended to 
get a generation ahead of it. Consequently it was not 
always possible to compare the behaviour of the same 
generation in the two strains. 

The results of the experiments are shown in Tables | 
and 2. In order to simplify the tables only the percentage 
of those caught in the calf-room is shown separately. 
4:1 per cent of the overall total of fed females were 
collected in the releasing room. Routine ipitin tests 
were made on all of these throughout the Fret series, and 
those positive for ox blood (about one-third of the 
releasing-room catch) have been added to the appropriate 
calf-room catches shown in Table 1. It will be seen from 
the results that by the F, a well-marked difference 
between the two lines had developed in the proportion 
caught in the calf-room. This was maintained during 
tests on the F;. At this stage selection of the calf line 
was relaxed for a generation so as to use all the females 
for building up the numbers to an adequate level. When 
selection was resumed with the F, it was found that 
the difference in behaviour had virtually disappeared. 
However, in the F, a clear-cut difference had again 
developed between the two lines. It will also be seen 
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that. there were significant differences in behaviour 
between the F, and F, of the man strain when tested 
against. the parental stock. In a second series the 
difference in behaviour only became apparent in the fourth 
generation, on which only 5 replicate tests could be made 
before the experiment had to be terminated. However, 
it may be noted that in all 5 releases the calf strain 
showed a relatively higher proportion feeding on the calf 
than did the man strain. Thus, taking both series 
together, it is clear that within a very few generations it 
was possible to select out strains that differed significantly 
in the preference shown for feeding on man rather than on 
` At the end of a series of experiments both lines were 
ith each other and the hybrid males that resulted 
. were found to be fully fertile. Thus it appeared that 
- both selection lines belonged to the same mating group. 
_ Further tests showed that the man line was fully inter- 
fertile with the ‘Kisumu’ laboratory strain, and without 
grossly distorted sex-ratios in the hybrids, and so belonged 
to Group A of the A. gambiae complex. 

A number of points should be raised in connexion with 
these results. First, the fact that tho feeding preferences 
of both lines often varied in the same direction from one 
test to the next, or from one generation to the next, 
provided ample evidence of the sometimes overriding 
importance of external faetors, of which temperature and 
wind direction were probably the most important. 
Secondly, since the heritable component of host selection 
















T Estimated for the differences in behaviour between the two lines for each generation. tested, 


might be relatively slight compared with environmental 
effects under experimental conditions, it follows that 
negative results in a particular series of experiments 
would be of little significance. Thirdly, a difference in 
behaviour between the two lines was elicited ‘after 
surprisingly few generations, despite the fact that selection 
could only be applied to the females. It is concluded 
that the experiments described give support to the view 
that natural populations of the form of Anopheles gambiae 
studied show some degree of polymorphism for host 
preference, thus providing. a basis on which natural or 
artificial selection for behavioural changes can operate. 

I thank the Malaria Eradication Division of the World 
Health Organization for a grant towards the cost of 
constructing the experimental hut and insectary used in 
this work. I also thank Dr. B. Weitz of the Lister 
Institute of Preventive Medicine, Elstree, Herts., for 
carrying out à large number of precipitin tests on stomach. 
smears of mosquitoes used in the experiments, and also 
Dr. P. F. Mattingly for reading the manuscript. Mr. 8. A. 
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PHYSICS 


eory of Striations in Gas Discharges 


ca satisfactory theory for the well-known 
striations in gas discharges has proved 
is communication delineates the basic 
theory for the stationary striation with a 
t to be offered later encompassing the moving 
as well. The central mechanism has been 
rovided in relation to the manifestation of Liesegang 
rings*, which represents the underlying regularity produc- 
ing repetitions of nodes and antinodes proposed earlier 
by Morgan’. While the two physical phenomena entail 
entirely different processes, it happens that the analytical 
formalisms are very much alike. Indeed, the non- 
striation has no equivalent in the formation of 
periodie preoipitates, involving as it does much more 
complex processes. 

A signal outcome of the present theory is the explana- 
tion of Goldstein’s law* relating the spacings of the 
stationary striations | with the ambient pressure p: 

Lap (1) 
where mis very nearly 1/2. In an analogous development 
of the governing Poisson equation as for the Liesegang 
phenomenon’, it can be shown that the spatially periodic 
behaviour of the potential as well as the electron distri- 

bution entail the vital Debye-length AX» so that the 
spacing between striations obeys: 
` kT 

lo hn, Xp = nni (2) 
where all quantities have their usual meaning. Hence, 
it is more sensible to associate the distance between 
striations with the carrier density n, that is, 1 œ n+”. The 
temperature dependency is somewhat involved for partial 
ionization but can be described in terms of the Saha 
equation; for complete ionization a T!/* dependence arises. 
The connexion between | and the pressure itself is not 
as direct since it very much depends on the nature of the 
gas and its degree of ionization. For simple gases like 

hydrogen, it may be seen that: 

P (nac 2n)kT (3) 

where n, denotes the number of neutral atoms per unit 
volume and n=ni=ne, ni and ne being the related 
concentration of the ions and electrons, respectively. In 
the limit of a strongly ionized system, na—0 and P is 
just proportional to n, whereby it follows that m~ 1/2, 
but not. precisely so for departures from complete 
ionization. 
"Since striations have been customarily observed in 
weakly ionized gases, it may be well to assess the question 
of ineomplete ionization more fully. For simple systems 
such as: 






















A-At+e (4) 
let N be the total neutral particle density which admits: 
P : 
n= Ta T N (8) 
From equation (2), it follows that: 
x: kT 
57 P/, Ne 
Ant! pil — 7p ) 
= a (kT)? P, E - . 
U Mae. P G-—RE)'nm-mr ©) 


Since 1 > P,/P > 1/2 over the entire range of ionization: 
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which accounts for slight departures of m from 1/2 even 
for weakly ionized gases; the formula has no meaning for 
P= Pe 

Clearly, it is far simpler to relate the spacings of the 
striations directly with the electron density, and in this 
regard the spacings can be either too large or too small 
for visual observation. In discharges having an ambient 
temperature somewhat below  1,000* K, an electron 
density of n=10*/ce.c. would have striations spaced s 
fraction of 1 mm apart. At m=10*%/e.c., the ex d 
separation would be about 10-7 em. In any 
intermediate ranges of electron density are essential for 
ready detection of the striation phenomenon. 

It has been tacitly supposed that the periodic luminous 
appearance of the discharge somehow reflects the al 
fluctuations of the electron density. Without nec 
entering into the details of the recombination 
ultimately leading up to the emission of radit 
some stage associated with the release of pho 


















dri dn "o 

au” el. = — kratte (8j 

Hence, since the photon production relates toan intensity’ 
dn: M 

lx E in 


a periodic variation in I will result so long as te itself is 
periodic. 

Perhaps it should be mentioned that the reaction rate 
equation (8) may not merely be representative of volume 
recombination but also of the radiative step in the three- 
body mechanism recently discussed by D'Augelo*. The 
latter appears more favourable than the dissocintive 
recombination process formerly viewed as dominating 
over direct volume recombination. S 

A further interesting aspect is next noted rop: 
the distinctness of the striations in terms of the 
density. The presence of a large number of electrons 
tends to enhance light output while simultaneously 
providing a greater variation of intensity across the 
width of a striation. But as already mentioned, high 
concentrations of carriers produce a bunching or crowding 
of the striations. Thus the periodic glow of a discharge 
is optimizable. 

As for the Liesegang phenomenon’, non-linear effects 
may arise in which strict periodicity of the striations 
fails to occur. Our present description applies in the 
linear limit. The non-linearity will be covered in a more 
comprehensive development incorporating tbe non- 
stationary behaviour*. 











Loris Gop 
Research Institute for Advanced Studies 
(Martin Co.), 
Baltimore, Maryland. 


t Sodomsky, K. F., J. App. Phys., 34, 1860 (1963). 

2 Aranow, R., and Gold, L. (to be published). 

5 Gold, L., Nature, 202, 889 (1964). 

i Morgan, G. D., Nature, 172, 542 (1953). 7 

5 Francis, G., Handbuch Phys., 22, 137 (Springer-Verlag, 1956). — 
* D'Angelo, N., Phys. Res., 121, 505 (1961). TIR 









856 


A Hydrogen Singing-flame lonization 
Detector 

Tue sensitivity of an ordinary hydrogen flame ionization 
deteetor to hydrocarbons has been found to be two to 
three times higher when the detector flame ‘whistles’ or 
'sings'. Further investigation of this phenomenon has 
disclosed the probable reasons for the enhanced sensitivity 
and has uncovered other useful characteristics of the 
singing-flame detector. ‘Singing’ hydrogen diffusion flames 
were first noted more than 160 years ago}, shortly after 
the discovery of hydrogen. A number of investigators? 
have since investigated the characteristics of such flames; 
however, no practical application of this unusual phen- 
omenon appears to have been made. 

A drawing of a hydrogen flame ionization detector of 
the type used in the present investigation is given in 
ref. 4. However, the rod electrode was replaced by a 
cylindrical platinum gauze electrode surrounding the 
burner tip in order to improve the ion-collection effieiency. 
Sample gases containing known concentrations of propane 
in nitrogen were used for calibration. With the optimum 
hydrogen and air flow rates, the ionization detector in both 
the singing and quiescent stages gave a linear response up 
to at least 15,000 p.p.m. propane in nitrogen. However, the 
ion current from the singing flame was 2:7 times higher 
than with the normal detector flame over the entire range 
of propane concentrations. 

Of primary interest is the reason for the greatly en- 
. hànced sensitivity of the detector when resonating. Time 
exposure photographs of our detector flame showed it to 
be spherical when quiescent and elongated when singing. 
In 1866, Tópler*, using stroboscopic methods, found that 
the singing hydrogen diffusion flame was, in fact, an 
oscillating flame. Drawings of his observations are given 
by Gaydon and Wolfhard*. In brief, Tépler’s work showed 
that each oscillation was caused by a small flame at the 
burner orifice growing into a tongue of flame which 
separates from the burner tip and burns out; a small 
flame remains in the burner orifice for the next eycle. 
The output from our singing-flame detector was shown 
on a cathode ray oscilloscope to have a periodie wave- 
form with a frequency of about 1,600 c/s, the same as 
that of the emitted note. Higher ion production in the 
singing flame, therefore, probably results because the 
flame surface area is larger and because the vibrating 
flame. is ejected clear of the burner tip, thereby preventing 
quenching of the flame at the burner rim as occurs with 
the normal diffusion flame. 

Besides the increasing sensitivity of the singing-flame 
detector, which would be particularly useful for trace 
hydrocarbon analysis, the wave-form output of the 
detector also makes it amenable to a.c. amplification with 
its. inherent advantages (stability, cost, compactness, etc.) 
over d.c. amplification. The rectified output of the singing- 
flame detector is exceptionally steady in contrast to the 
erratic response of a turbulent or premixed flame’. 


L. B. Grazr * 


"Shell Research, Ltd., 
"Thornton Research Centre, 
j P.O. Box 1, 
Chester. 


* Present address: Shell Oil Co., Wood River, U.S.A. 
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Energy Gap of $ Silver Selenide 


AN interesting variation of apparent measured intrinsic 
band gaps of 8 (low temperature) silver selenide prepared 
by different methods has been noted. Melt-grown silver 
selenide has been determined to have a band gap of 
0:04-0-1 eV at about 300° K^:, When prepared as a 
powder at temperatures under 100? C? silver selenide has 
a gap of 0-07-0-1 eV. This same silver selenide when 
sintered at 200° C (above the B-a phase transition) for 
15 min and then remeasured in the same temperature 
range exhibits a different band gap, 0-2 eV. 
Another method developed by us in which basie 
solutions of silver and selenium are reduced by hydrogen 
at pressures in excess of 2,000 Ib./in.? at temperatures of 
approximately 200° C yields silver selenide having an 
apparent band gap of 0:2 eV that remains constant on 
sintering at 200° C. 
Measurements on silver selenide prepared by the two 
methods were carried out in the same manner. Powder 
samples were compacted into pellet form (1-27 cm diameter 
with thickness up to 0-4 em) using pressures of 70,000 Ib./ 
in.* and the electrical resistivities and Hall effects were 
measured using the Van der Pauw technique‘ in the 
range of temperature from 1,000/T = 4 to about 24/K. 
Our results tend to confirm the statements of Simon 
et al.” (who investigated melt-grown silver selenide) that. 
the use of Hall or electrical resistivity measurements as 
a function of temperature in the range of temperatures 
from 1,000/T of 4 to 2-6/°K tend to give slopes from 
plots of In RT: versus 1,000/T or In p versus 1,000/7 
which, assuming no degeneracy and intrinsic conditions, 
are not readily interpretable in terms of simple intrinsic 
energy gaps. 
While Simon et al? have mentioned the diffieulty in 
associating a definite meaning to ‘energy gap’ determ- 
inations, they have not mentioned a factor which may 
influence the interpretation of the slopes determined as 
above, namely, the effect of dissolved silver. that is, the 
electrical state of small amounts of silver in the B sliver 
selenide lattice. It is conceivable that the changes in the 
silver concentration change the Fermi level and that the 
actual band gap remains constant. Our results above 
may suggest that the state of silver in the silver selenide 
could change on undergoing a phase transition, and, as 
inferred in previous publieations*:5, the role of silver either 
in undergoing a phase transition or the change in solubility 
with deereasing temperature may give rise to precipitation 
of silver (especially on cooling) or to silver in interstitial 
sites. It is suggested that the effect of excess silver and 
its role in the lattice could account for the different 
‘activation energies’ observed, especially as varying 
degrees of order or disorder in the lattice are possible. 
A. S. EPSTEIN 
S. M. Kurmay 
R. I. SrEARNS 
Monsanto Co., 
St. Louis, Missouri. 
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RADIOCHEMISTRY 


Thermal Annealing of Tellurium resulting 
from isomeric Transition in Solid Sodium 
Tellurate i 
Lirrie attention has hitherto been directed to the 
chemical effects of radioactive decay in ionic crystals. 
Two papers are devoted to 8-decay. Baro and Aten? have 
examined the distribution of arsenic-77, formed by 
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B-deeay of germanium-77 in GeO, between tri- and 
‘penta-valent states, and Andersen and Knutsen? the 
distribution of antimony-125, formed by §-deeay of 
tin-125 in K,SnCl,. In both papers a small annealing 
effect has been reported. The yield of arsenic and 
antimony in the pentavalent state increased on heating. 
Campbell? has found that on heating sodium bromate 
erystals containing bromine-80m the distribution of 
< bromine-80 resulting. from isomeric transition is not 







"TeO, crystals were prepared using tellurium 
dio diated for 6 months with a neutron flux of 
“108 n em- sec and then cooled for another 6 months. 
Almost all the activity was that from the tellurium-127m 
(103. days) tellurium-127 (9-3h) pair. The active 
tellurium. dioxide was dissolved in 30 per cent sodium 
“hydroxide, and the sodium tellurite oxidized with 15 
per cent hydrogen peroxide. The fresh crystals of sodium 
tellurate, which had been precipitated while heating 
the solution, were washed with cold water and ethanol, 
then dried in: vacuo and kept for two days at liquid air 
temperature. After two days they were subjected to 
thermal annealing. treatment, followed by dissolving 
“in cold 4 N hydrochloric acid and separation of the Te(IV) 
and Te(VI). This separation was done by extraction 
with 20 per cent tributylphosphate in kerosene from 
4 N hydrochloric acid solution. The yield of "Te(IV) was 
determined by a well-known method, whieh consists of 
eomparing the organie phase activity measured immedi- 
ately. after the extraction with that of an aliquot of 
the parent solution taken before extraction. 
=. In Fig. l the retention (that is, the yield of **"Te(VI)) 
is plotted against the time of heating at 20° + 0-1? C, 
60° + 0? C, 120° + 1°C and 190° + 2? C. It can easily 
. be seen that the retention increases quite markedly at 
the higher temperatures, the plateau being reached 
within 10-15 min. Even at 20? C the annealing effect 
can be observed; however, the AR value in this case is 
comparatively low (about 7 per cent) and the plateau 
is reached more slowly (within 1 h). 
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Investigations of the chemical effects following isomeric 
transition in solids seem to be of interest. since in this 
case there are no radiation-induced defects in the crystals. 
Moreover, applying external irradiation with ionizing 
radiation, electrons, ete., the defects can be introduced 
in a well-controlled way. Experiments along these 
lines are being continued. 

D. DaNcEWICZ 
A. HALPERN 

Department of Radiochemistry, 

Institute of Nuclear Research, 

eono oo Warsaw 9. 

id Aten, juni, A. H. W., Chemical Effects of Nuclear Trans- 
‘Vienna, 1961). 
sen, A. B., J. Inorg. Nucl. Chem., 28, 191 (1901). 
Shim. Phys., 58, 665 (1959). 
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METALLURGY 


Low-temperature Alloy Synthesis 


t 

Tue low temperature reduction of metal ions to 
finely divided free metal by sodium borohydride red: 
has been reported recently?. In addition, the preparatic 
of a number of inter-metallie compounds froma mixed salt 
solutions using boiling hydrazine and hypophospherous 
acid solutions as reducing agents has been accomplished? 
It was of interest to examine the sodium borohy 
reduction of solutions of two metal ions aa a 
method of low-temperature synthesis of finely divided 
solid solution alloys. Such materials would be of par- 
ticular interest in catalyst investigations, where high- 
surface area alloys are often difficult to obtain. Work on 
such reactions have, therefore, been carried out, using 
metals where alloy formation might reasonably be expected 
with suitable preparative conditions. Those chosen for 
initial investigation were combinations of platinum gold, 
platinum-iridium, and palladium-gold. All three metals 
form face-centred cubic lattices, have atomie radius ratios 
well within the Hume-Rothery limit, and formi solid 
solutions with each other over the entire composition 
range. 




















Table 1. CHEMICAL AND X-RAY Data FOR ALLOY FORMATION 





Compositions Comat 
(Atom %) Unit cube dimensions gorrespond 

Starting Reduced À)* expeth 
solutions powder Experimental Literature Tathice: 
Pt-40 Au Pt-39.9 Au — 3-97 3:982 (ref. a Pogo Au 
Pt-60 Au Pt-63-0 Au 4016 4-017 (tef. 3 Pie Au 
Pi-80 Au Pt-77-2 Au — 4036 4038 (ref. 3). Pt-75 Au 
Pt-40 Ir Pi-19-0 Ir 83-906 3900(ref. 4) Prial 

ir Pt-36-1 ir 3:896 39385 (ref 4) PeO 
Pt-80 Ir Pt-61-0 Ir 3-901, 2-848 2:885 (ref. 4) — Pt-82 ie, Piro Tr 
Pd-50 Au Pd-47-8Àu 4013 3071 Gei Do Pano Ae 


* Those values given in kz units have been changed to A be the conversion 
factor 1-002. 


The procedure followed for all syntheses consisted of 
adding 2-0 ml. of a mixed salt solution to 20-Oam!. o? DESM 
sodium borohydride solution at-50° C. The total salt con- 
centration was held at 0-5 M, with the individual salt 
concentrations adjusted to the ratios shown in columen 1, 
Table 1. The chloride salts were analytical reagent grade 
and the sodium borohydride was of 98+ per cent purity. 
All solutions were made with demineralized water, 
Additions were made in a steady stream from a pipette, 
while stirring the borohydride solution. Ín every instance 
a vigorous reaction occurred and a black p 
formed immediately. The powders thus obtained * 
separated by centrifugation and washed thoroughly in 
3-7 M sulphuric acid and water. 

It was found that these systems indeed formed. alloys 
by the foregoing procedure. Determination of their umt 
cube-lengths by X-ray diffraction and of their composi- 
tions by chemical analysis confirmed, in the case of 
platinum-gold, near stoichiometric alloy formation. As 
shown in Table 1, the compositions of these powders were 
within +5 per cent of the starting solutions. Further- 
more, the lattice spacings agreed, within their experimental 
error of +0-2 per cent, with the chemical compositions. 
Thus complete alloy formation is indicated. As an 
example, the nominally 60 atom per cent gold alloy 
analysed chemically as 63 atom per cent gold. Ow 
lattice spacing of 4-016 À is in excellent agreement with 
the literature value for 63 atom per cent gold of 4017 A 
(ref. 3), and corresponds to a composition of 62 atom per 
cent gold, well within the experimental error. The other 
two powders also exhibited stoichiometric reduction with 
the expected precision, although the nominally 40 atom 
per cent gold sample apparently contains somo free gold 
in addition to the alloy phase. As confirmation of ihe 
foregoing results with platinum-gold, physieal m fo 
these two metals were examined by X-ray diffra E 
gave two sets of peaks corresponding to 
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a spacing of platinum and the 4:078 A spacing of 
gold. : 

The platinum-iridium and palladium-gold powders, in 
contrast to platinum-gold, showed alloys the compositions 
of which did not agree with their original salt solutions. 
The nominally palladium-50 atom per cent gold, although 
analysing as 47-8 atom per eent gold, gave a lattice 
constant corresponding to 70-5 atom per cent gold. Thus 
unalloyed palladium was also present in the powder. The 
platinum-iridium systems uniformly showed lower than 
stoichiometric reduction of iridium and alloys of still 
lower iridium content. The nominally 80 atom per cent 
iridium sample in addition showed two sets of X-ray 
patterns, formed by a platinum-rich alloy and an iridium- 
rich alloy. 

The varying results obtained with the three systems 
studied can be qualitatively understood in terms of two 
characteristics of the reduction reaction. First, the metal 
salts vary widely in their reactivity with sodium boro- 
hydride, We have observed the reduction rates of the 
single metals to be in the order P6 Au» Pd» Ir. Thus 
the near stoichiometrie reduction and alloy formation of 
platinum-gold is due to the nearly equal reduction rates of 
these two metals. On the other hand, iridium, reduced 
much more slowly than platinum, is less likely to enter the 
lattice during erystal growth than is platinum. Hence a 
platinum-rich alloy is the result. Unalloyed iridium 
continues to be formed following completion of platinum 
reduction, but only until the borohydride is spent. This 
brings up the second pertinent property, the eatalysis of 
borohydride hydrolysis by certain metals, Brown and 
Brown: reported a catalytic order of Pt»1r» Pd. We 
have confirmed this and also found that gold is still less 
active than these three. Since platinum is an excellent 
catalyst for the hydrolysis, the borohydride, even though 
initially present in large excess, is exhausted before all the 
slowly reactive iridium ions are reduced. In the case of 
palladium-gold, neither metal is an active hydrolysis 
catalyst and complete reduction of both metal ions is 
achieved. However, owing to the more rapid reduction of 
gold, the alloy formed is rich in this component and free 
palladium is, therefore, also present. 

Surface area measurements by nitrogen adsorption 
gives areas of approximately 5 m*/g. Using this number, 
an average particle size of about 600 A is calculated. 
Attempts to fix this number by X-ray line broadening 
yield 50 À as the average particle size. However, this 
latter method is uncertain since the line broadening may be 
due to some inhomogeneity in the alloy. Chemical and 
spectroscopic analysis of these samples revealed no 
significant impurities other than several tenths of one 
per cent oxygen as surface oxide. Boron, which might 
be expected to form metal borides or be present as an 
adsorbed impurity, was found in less than 10 p.p.m. 
concentration. 

"Tests of the generality of this technique are in progress. 
Preliminary results indicate that platinum forms alloys 
with non-noble transition metals such as cobalt and 
nickel, and also with copper. Other combinations of 
noble and non-noble metals are also being investigated. 

This- research is part of the Energy Conversion Project 
sponsored by the Advanced Research Projects Agency, 
Department of Defense. The work was carried out under 
contract DA-36-039 SC-89156 through the U.S. Army 
Electronics Research and Development Labora- 
tories. 

EvcENE L. Hour 
Esso Research and Engineering Co., 
Linden, New Jersey. 
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CHEMISTRY 


Theory of the pH-stat Titration of a 
Polyfunctional Reactant by a Competitive 
‘Ligandee’ 

Iw their recent extensive investigation of the reversible 
reaction of deoxyribonucleic acid (DNA) and bivalent 
mercuric compounds!, Yamane and Davidson? introduced 
a useful new kind of pH-stat titration which they applied 
both to their investigation of the DNA-Hgll interactions 
and to the examination of DNA-Ag* interactions’. 

Their results with HgH taken together with earlier 
investigations'* have since been used as the basis of a 
mechanism for the reaction of this ion with double- 
stranded polynueleotides*:*. 

Although the purpose of their pH-stat investigations 
was different, it is intuitively clear that this kind of 
pH.stat titration can, in many cases, provide desirable 
quantitative information with relatively simple means, 
so I have thought it worth while to derive the theory of 
the titration. 

Experimentally, one adds a small amount, AM, moles, 
of the metal salt to an unbuffered solution of the poly- 
functional reactant (or polyvalent ampholyte) at a 
predetermined pH. If the salt or its ions release protons 
into the solution, it can be back-titrated with hydroxyl 
ion to restore the original pH— thereby determining (by 
equivalence) a quantity AH, The ratio of these two 
quantities (constant temperature and pressure being 
understood) is, in the limit, equal to (0H,/0M,)g. where 
the symbols are: H,, concentration of hydrogen ion 
released; Mi, total added metal concentration; H, hydro- 
gen ion concentration of the solution (maintained eonstant 
as described). 

More generally, M, need not be a metal ion but can be 
any kind of chemical species which is bound by a maero- 
molecule. A good deal of verbiage can be saved by 
referring to the entity which is bound as the 'ligandee'. 

If the ligandees do not interact, that is, if each ligandee 
is bound independently of the others, one can show that: 


m goH "EK [Di] 
mo | Rr Kay 
0M/H m HK {Di 

i+ 2 (nece KM, 
which is implicitly a function of: 
KiM,(D 
My = My SEDED 


The symbols not yet defined are: M,, the free concen- 
tration of that ligandee which is added; a, the stoichio- 
metric coefficient corresponding to the equilibrium: 


Di - MDM + att; Ki (3) 


in which D; is a binding site (ligand) of type i, M is the 
ligandee and K; may be called the ‘stoichiometric’ in- 
trinsic constant. It differs from the conventional intrinsic 
constant’ in that its pH dependence (so far as stoichio- 
metry is concerned) is explicitly stated. The remaining 
symbols are: D, the concentration of sites of type t; 
m, the total number of kinds of sites. 

If the approximation of independent sites can be sus- 
tained, equations (1) and (2) are undoubtedly applicable 
to the binding of Agt by DNA (ref. 3). The expressions 
for the binding of Hgl! by DNA (or polynucleotides) are 
somewhat more complicated because both CL- (if HgCl, 
is used) and OH- 'bind' Hg** as well as DNA. 

From the form of (1) and (2), it is obvious that in 
favourable cases (that is, when a; #0) the pH-stat 
titration itself may be used to determine the K;. I$ is 
also obvious on physical grounds that the ‘skyline’ type 
of curve which results experimentally? when (0H,/0M)j is 
plotted versus r (where r is defined as moles Hg!l or Agt 


a) 





(2) 





(now repo: 


o lamp 
- Germany). which emits mainly in the 254 my line or with 
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_added per mole nucleotide; not to be confused with the 
_ subseript r on Hr which stands for ‘released’) is implicit 
“in the set (1) and (2). Thus, a; determines the maximum 
possible height of the ‘buildings’ as well as its presence 
(a; Æ 0) or absence (a: = 0); D; determines their width 
and the K; determine both the squareness (K; large) and 
whether the ‘buildings’ merge into one another (two or 
more K, of similar value) or are distinct (K; or greatly 
_ dissimilar value). ‘The set (1) and (2) is quite capable of 
reproducing the step-function used previously in dis- 
cussing the mechanism of the Hg—DNA reaction**. 
Especially when the binding is very strong, as in the 
case of Hgll and DNA, there is a definite heuristic ad- 
vantage in plotting the results as (OH,/0M;)g versus r 
ther than versus M,). Such a plot facilitates the 
ination of a mechanism, as evidenced in detail by 
ecent use in the mechanism proposed for the reaction 
of Hgll and double-stranded polynucleotides. These 
. remarks apply equally well to the case of Ag+ and DNA. 
. ‘The theory is by no means restricted to DNA or to 
macromolecules, but applies quite generally to those 
` numerous situations in solution chemistry in which an 
added reagent (the ligandee, M, or a molecular form 
containing it) competes for a site on a polyfunctional 
reactant normally occupied by another ligandee (in the 
particular case of DNA, protons). The advantages of 
carrying out the experiment at constant pH are, no 
doubt, readily apparent to those engaged in the investi- 
gation of the interaction of ligandees and biological 
macromolecules, polyelectrolytes, and the like. 
This work was supported by a research career develop- 
ment award, U.S. Public Health Service grant 5-K3- 
GM-17, 953-2. 
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Electron Spin Resonance Investigations of 
Ultra-violet and X-irradiated Bovine Serum 
Albumin 


We have already reported! that the radicals of meth- 
^ jonine produced by X-rays at room temperature may be 
- quenched by ultra-violet light. Corresponding investi- 
gations with bovine serum albumin show a quite different 
behaviour, and initial results with this substance are 
Polyerystalline native bovine serum albumin (Behring 
Werke, Marburg, Germany) with a bulk volume of 540 cm*/ 
100 g was sealed under vacuum (< 10-? torr) and irradiated 
at room temperature. The electron spin resonance 
measurements were carried out under the same conditions. 
The irradiation with X-rays was carried out with a 
180-kV source (half-value layer : 0-90 mm copper, dose- 
rate : 450 r./min, dose : 100 kr.). The irradiations with 
ultra-violet were performed with a mereury low-pressure 
(NN 15/44, Quarzlampengesellschaft, Hanau 


/. amereury high-pressure lamp (Q 700, from the same firm). 
‘The ultra-violet light from the latter was filtered with 
| o8 2-mm filter-glass of the type WG 5 (Schott and Gen., 


| Maing, Germany) to give only ultra-violet of longer 


wave-lengths (12 300 my). ‘The intensity of the low- 
pressure lamp and of the high-pressure lamp at the sample 
tube amounted to 9 x 10° ergs em-? sec! and 1-1 x 10t 
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etra of irradiated Bovine serum 
e first derivatives of the actuni 

kr; ~~~, 100 kr+5 h ultraviolet 
(A= 254 my) 


Fig. 1. Electron spin resonance & 
albumin. The spectra represent 
absorption curves. —, 100 


ergs cm-? sec-! respectively. The electron spin resonance 
spectra were recorded with a Varian spectrometer which 
operates in the X-band. To avoid saturation effects in the 
irradiated sample the microwave energy of the klystron 
was sufficiently attenuated (20 db). All the other tech- 
nical details are described in the aforementioned publics- 
tioni. 

After irradiation of the bovine serum albumin, an 
electron spin resonance signal was obtained (Fig. 1, solid 
line) which is composed of a sulphur pattern and an. us- 
resolved doublet, described already by other authors™“. 
The radical concentration of the X.-irradiated bovine 
serum albumin was 3°6 x 10! spins/g. Por tecimical 
reasons, the X-irradiated samples could not be measured 
immediately after irradiation ; they were stored for several 
hours at —17? C. On exposing the X-irradisted bovine 
serum albumin to ultra-violet from tho mercury low-pres- 
sure lamp, the radical concentration, increased monodi- 
ately. By this process the X-ray induced signal was 
altered. With increasing irradiation time the spectrum 
became more and more 'cysteine-like' (Fig. 1, dotted line). 
On exposing bovine serum albumin only to 254 my-light, 
practically the same electron spin resonance pattern was 
observed. The results of these investigations do not give 
any information about the behaviour of the X-ray induced 
radicals under the influence of the 254 my-light. Thero- 
fore further experiments were carried out with ultra- 
violet of longer wave-lengths (A> 300 mg), which alone 
do not lead to any radical state detectable with our 
spectrometer. By the same irradiation a signal could 
only be detected in the presence of oxygen. 

The irradiation with ultra-violet of longer wave-lengths 
does not alter the radical concentration of the X-irradiated 
bovine serum albumin (Fig. 2, upper curve, open circles 
and open triangles ; the two different signs stand for 
two sets of investigations under the same conditions). 
The slight decrease of the concentration with increasing 
irradiation time coincided with the radical decay of a 
control, which was only irradiated with X-rays (Fig. 2, 
open squares). 

In the X-irradiated control, the maximal amplitude of 
the doublet showed the same decrease as the radical con- 
centration (Fig. 2, upper curve, full squares) Om. the 
other hand, the signal-amplitude of the X-ray and uites. 
violet irradiated bovine serum albumin led to a stronger 
decrease (Fig. 2, lower curve, full circles and f dengesi 
At the same time, the spectrum in the region of 
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Fig.2. Change in the relative radical concentration (open circles and 
triangles) and in the relative maximal signal-amplitude (full circles and 
triangles) in X-irradiated bovine serum altumin after exposure to ultra- 
violet of longer wave-lengths (2> 300 my). The open squares and the 
full squares represent the time dependence of the radieal concentration 
and the signal-amplitude respectively ofa conto which was not exposed 

: ; o ultra-viole 





Fig. 3. Electron spin resonance spectra of irradiated bovine serum 
albumin. The spectra represent. the first derivatives of the actual 
100 kr.: , 100 kr. -8 h ultra-violet 

(A> 300 mg) 


absorption curves. $ 


magnetic field strength increased 
solid line with the dotted one). This effect is not very 
large, but we believe that the site of the radical which 
gives rise to the doublet is shifted by the additional energy 
from the ultra-violet light. The irradiation with ultra- 
violet of 254 my and of longer wave-lengths formed also 
sulphuretted hydrogen. 
. This communication is dedicated to Prof. Brinkman 
(Groningen) on the occasion of his seventieth birthday. 
R. Kocan 
H. Mone 
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= Thermal Decomposition of Barium Azide 

_. Tug rate of decomposition of solids is a function of the 
rates of: (1) nuclear formation; (2) propagation of the 
reaction outwards from the nuclei. Both these com- 
“ponents might be expected to be influenced by external 
stimuli. The formation of nuclei by bombardment of the 
solid with «- or B-particles, or by irradiation with ultra- 
violet light, X-rays and y-rays should be possible in 
favourable cireumstances, and by the same agencies the 
rate of propagation of the reaction might be accelerated. 
For example, the effects of pre-irradiation by high-energy 
Yrays (^1 MeV) on the subsequent thermal decom- 
position of the permanganates of sodium, potassium, 
rubidium, cæsium and silver are to shorten the induction 
period and accelerate the reaction. It was of ‘interest, 
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therefore, to examine the effect of pre-irradiation by 
y-Tays on the isothermal decomposition of barium azide. 
There have been several previous investigations of the 
effects of radiation on barium azide. Pre-irradiation with 
«-particles’, X.rays?, and ultra-violet light* accelerates 
the rate of subsequent thermal decomposition, but to our 
knowledge no study has been made of the effect of Y-rays. 

Fig. 1 illustrates the pressure-time plot for the decom- 
position of dehydrated barium azide erystals pre-irra- 
diated with ~1 MeV Y-r&ys. The decomposition of the 
unirradiated salt is also shown. It is noted that the 
induction period is practically eliminated and the 
acceleration of the decomposition is increased. The salt 
after irradiation was buff colour. 
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Fig. 1. Effect of pre-irradiation on thermal decomposition of barium 
azide. y-ray dose, 20 Mrads; temperature of decomposition, 125° €. 


Curve 4, unirradiated; curve B, irradiated 


The pressure, p, after a timo, t, for the decomposition 
of unirradiated dehydrated barium azide crystals has 
been given by Wischin* as: 

p=Cr a) 
where the value of x varied between 6 and 8. Thomas 
and Tompkins* introduced. a correction, y. for the slow 
growth of nuclei when the pressure of nitrogen, expressed 
as a function of time of heating, t, is given by: 


p const. (£—3) (32) 
An analysis of random nucleation at potential nucleus 


sites, followed by three-dimensional growth, leads to the 
Avrami-Erofeyev? equation : 
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where k, is a constant, and «=p/p,;, where p; is the final 
pressure. 

We have applied the Avrami—Erofeyev equation to our 
pressure-time plots for the decomposition of unirradiated 
barium azide and find that with n= 4 the equation 
describes the acceleratory period excellontly in the range 
110°-140° C. The decay stage of the reaction is best 
described by the contracting sphere formula’: 


(1 — a)! = kat + const. 


A typical analysis is shown iu Fig. 2. 

The activation energies calculated from the variation 
of the constants k, and ką with temperature are 26-8 and 
24-3 kcal mole-! respectively. The plots of log kı,» versus 
1/T? K are shown in Fig. 3. 


(4) 
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2-50 2:55 
1/T,0K) x 10° 
Fig. 3. Line A, log kı versus 1/T(K); line B, log Eg versus 1/TCEK) 
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BIOCHEMISTRY 


Extracts of Mould-infected Groundnut Samples 
in Tissue Culture 


Durma recent years the toxicity of groundnut ingred- 
ients in feed rations has presented a general problem. 
It was soon discovered that the toxic effect is due to 
aflatoxins, produced by certain strains of Aspergillus 
flavus growing on groundnuts'. Up to now, however, 
research workers have failed to establish a practicable 
method for the elimination of the toxicity of infected 
groundnut batches. Therefore, methods enabling the 
demonstration of aflatoxin are of great importance partly 
for the identification of infected batches and partly for the 
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determination of the non-toxic ratio of groundnut in- 
gredient in the feed. 

In the Tropical Products Institute, London, and in four 
other institutions in Great Britain, biological and chemical 
methods have been evolved for the assay of toxicity of 
groundnut samples?. Biologically, the samples are tested 
by feeding the toxic extracts to day-old ducklings. The 
degree of toxicity is estimated on the basis of mortality 
rate or liver lesions resulting from the toxic effect. The 
chemical test is based on the ultra-violet fluorescence of 
aflatoxins. The intensity of fluorescence is detormined 
on aflatoxins separated by paper chromatography. 

Platt et al.? injected extracts of groundnut samples 
into embryonated hen’s eggs and found that the presence 
of toxin was indicated by the death of the embryo. 

Here the demonstration of aflatoxins was attempted 
with the tissue culture inoculation technique. 

Toxic extracts were obtained by the method of Sargeant 
et al^. From the groundnut samples aflatoxins were 
extracted with methanol and purified by partition first 
between chloroform and water and next between methanol 
and petrol ether. 

The purified extract was chromatographed with the 
ascending technique, using Whatman No. 1 paper and 
n-buteanol/acetic acid/water solvent (4:1:5 by vol.) 

The methanol fraction was inoculated to calf kidney 
monolayer cultures in amounts 0-5 ml. per tube. The 
results were read after 48 h of incubation. Toxicity was 
evaluated by the degree of cell destruction caused in the 
tissue cultures. As a control, extracts prepared in the fore- 
going way from non-infected groundnuts were used. 

The extracts of groundnut samples infected with 
Aspergillus flavus proved remarkably cytotoxic to calf 
kidnoy tissue cultures. In the affected cells both cytoplasm 
and nucleus were destroyed. 

If 1 ml. of the extract was equivalent to 10 g of ground- 
nut cake, toxin concentrations of 0:1-0-5 p.p.m. caused 
cell destruction up to a dilution of 10-4, and those 
higher than 0-5 p.p.m. up to a dilution of 10-5. In the 
samples aflatoxin concentration was determined by the 
fluorescence test. The non-infected extracts used as 
control had no toxic effect on calf kidney tissue culture. 

The petrol ether fraction was also examined in tissue 
culture. It was found that, in comparison with the 
methanol fraction containing aflatoxins, the cytotoxicity 
of the petrol ether fraction was about 0-1 of the former. 
It was demonstrated that the petrol ether fraction con- 
tained no aflatoxins and its toxicity was due to certain 
lipid-like components of the metabolic products of fungi. 

From the methanol fraction, aflatoxins were separated 
by paper chromatography. The fluorescent spot was 
eluted with chloroform and assayed for toxicity in tissue 
culture. Chromatographic spots having Rr values higher 
(> 0-8) or lower (< 0:8) than aflatoxins were examined 
in a similar way. Substances with Rr values lower than 
that of aflatoxins proved non-toxic, whereas those with 
higher Rr values exhibited similar toxicity. Since the 
extracts of non-toxic groundnut samples have no toxic 
effect on calf kidney tissue, it is obvious that the toxic 
substances present in chromatographic spots other than 
aflatoxin are also metabolic products of fungi. Information 
on the biological role of these substances has as yet been 
inadequate, but it seems likely that it may also have 
lethal effect on the chick embryo. 

Our results are indicative that besides aflatoxins other 
substances have a role in the cytotoxic effect of mould- 
infected groundnut samples. Nevertheless, as the extracts 
obtained from non-infected samples caused no cell de- 
struction in calf kidney monolayer cultures, the tissue- 
culture test appears to give reliable information on the 
mould contamination and aflatoxin content of groundnut 
batches. Further examinations are in progress concerning 
the determination of the toxic titre of aflatoxin concen- 
trations and the nature of the other cytotoxic agents 
present in infected groundnut samples. Further to this, 
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comparative studies are being conducted on the toxin 
production of Aspergillus flavus and other moulds. 
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of the Hungarian Academy of Sciences, 
Budapest. 
1 Sargeant, K., Sheridan, Ann, O'Kelly, J. ., and Carnaghan, R. B. A., Nature, 


192, 1096 (1961). 


* Toxicity Associated with Certain Batches of Groundnuts. Rep. Interdepart- 
mental Working Party on Groundnut Toxicity Research (1962). 


> Platt, B. S., Stewart, R. J. C., and Gupta, R., Proc. Nutr. Soc., 30, 21 (1962). 


* Sargeant, K., O'Kelly, J., Carnaghan, R. B. A., and Alleroft, R., Vet. Rec., 
78, 1219 (1961). 


Determination of the Aflatoxins 


WE report a new chemical method for determining the 
aflatoxins and, in particular, aflatoxin B,. Previous 
methods have depended on the measurement of fluores- 
cence? and are subject to certain errors, for example, 
quenching by impurities. Moreover, it is known that the 
fluorescence of solutions of aflatoxin B, in methanol 
varies with time’. 

All four aflatoxins have an ultra-violet absorption peak 
of high molar extinction at 363 muy. (ref. 4). The measure- 
ment of the optical density of this peak was chosen as tho 
basis of an alternative assay procedure. This method is 
less sensitive than that depending on dilution to extinc- 
tion of fluorescence, but it provides a more reliable means 
of assaying meals containing 1 p-p.m. or more of aflatoxin. 

A brief outline of the procedure follows. 

Groundnut meal (40 g) was extracted for 6 h with light 
petroleum (40°-60° C) in a Soxhlet extractor, dried and re- 
extracted for 6 h with methanol. The methanol solution 
was diluted with half its volume of distilled water, and 
continuously extracted with chloroform for 6 h. The 
residue from evaporation of the chloroform was made up 
to 10 ml. in chloroform, and 0-2 ml. portions of this solution 
were applied in a line across the bottom of a *Kieselgel G^ 
chromatoplate (thickness 750u). This was developed in 
diethyl ether, dried and developed twice more in chloro- 
. form (2 per cent methanol) The chromatoplate was 
viewed -under ultra-violet light (principal wave-length 
365 mp) and rejected if the bright blue fluorescent band 
of B, was not reasonably straight, clear of other fluores- 
cent bands and running ahead of brown material near the 
origin. 

The B, fluorescent band was then scraped from the 
chromatoplate treated for 5 min with cold methanol, 
the solution filtered and the silica washed with methanol. 
The methanol filtrate was made up to 5 ml. and the 
amount of B, calculated from the optical density of the 
solution at 363 my (e 363 mu = 22,000). 

In practice the ultra-violet spectrum was measured 
from 210 to 400 mp on a recording spectrophotometer. 
A criterion of purity was obtained from the resemblance 
of the spectrum to that of pure B,. 

A number of extractions were made of a homogenized 
batch of groundnut meal which is being used as a standard 
for chemical and biological work. Several determinations 
were carried out on each extract, and the aflatoxin B, 
content of the meal was found to be 10-2 + 0-19 p.p.m. 
(95 per cent confidence limits). Aflatoxin B, was detected 
as a second blue fluorescent band running behind B,*5. 
The amount present was determined by pooling the extract 
of this band obtained from several plates and was osti- 
mated as 0-2 p.p.m. in the original meal. The completeness 
of the removal of aflatoxin by 6 h Soxhlet extraction was 
checked by extraction of the meal for a further 6 h with 
methanol; this yielded no more B, or B,. The possibility 
of loss of B, in the stages after the methanol extraction 
was checked by the addition of known quantities of pure 
B, to methanol extracts of the standard toxic meal and 
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of a non-toxic meal and assay of the resultant products. 
There was good agreement between the found and calcu- 
lated values for these samples. 

The foregoing method has also been used for the 
determination of aflatoxins B, and G; in crude crystalline 
aflatoxin isolated from both synthetic media and sterilized 
groundnuts inoculated with Aspergillus flavus. 

We thank Mr. A. B. Wood for the measurement of the 
ultra-violet spectra. 


J. NABNEY 
BRENDA F. Nessirr 
Tropical Products Instituto, 
London. 
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An lon-exchange Method for the Estimation 
of Strontium-90 in Milk 


Tur classical method of Bryant et al. for tho estimation 
of strontium-90 in milk is both tedious and hazardous. 
Davis’, Farabee? and other workers''5 have all reported 
separations of strontium from calcium using ion-exchange 
methods, and such techniques would appear to offer 
promise for the estimation of strontium-90 in milk. 

the investigation recorded here, ion-exchange 
columns 22 cm long and 1 cm in diameter of tho sodium 
form of ‘Zeo-karb 225’ (52-100 mesh) wore set up and the 
resin conditioned by the passage of three bed volumes of a 
2 per cent solution of the disodium salt of EDTA at pH 5. 
The flow rate through the column was limited throughout 
the investigation to three bed volumes per hour. 

Samples of milk ash (10 g) were dissolved in 10 M nitric 
acid, inert strontium carrier (50 mg) added and the 
mixture heated until evolution of brown fumes ceased. 
5 M sodium hydroxide was added until alkaline, the paste 
dissolved in 10 per cent EDTA solution (100 ml. disodium 
salt) and the pH adjusted to 5-00 with 5N hydrochloric 
acid. 

The solution of ash was passed down the column, which 
was washed with a 2 per cent solution of EDTA (disodium 
salt, 200 ml.) at pH 5-25 and, finally, with distilled water 
(200 ml.). The strontium was eluted from the column 
with 5 N hydrochloric acid (70 ml.), followed by distilled 
water (100 ml.). The total eluate volume was reduced to 
less than 100 ml. by evaporation and the pH adjusted to 5 
by the dropwise addition of 5 M sodium hydroxide. 
After heating to 80° C, ‘880’ ammonium hydroxide (3 ml.) 
was added, followed by an excess of ammonium carbonate 
solution. After cooling to room temperature the suspen- 
sion was centrifuged, the supernate discarded and the 
precipitate washed several times with distilled water. The 
precipitate was dissolved in the minimum volume of 6 M 
nitric acid and inert yttrium carrier (10 mg) added. The 
solution was left to stand for 14 days’ to allow the yttrium- 
90 daughter to grow in. 

The solution was made alkaline with carbonate free 
ammonium hydroxide, the time noted and the precipitate 
coagulated by heating on a water bath. The suspension 
was centrifuged, both precipitate and supernate being 
retained. The precipitate was dissolved in the minimum 
volume of 6 M nitric acid, diluted to 10-15 ml. and the 
yttrium reprecipitated with ammonium hydroxide. After 
centrifuging (the supernatant liquid being added to that 
obtained earlier), the precipitate was again dissolved in 
the minimum volume of 6 M nitric acid. The solution was 
heated to 80° C and the yttrium precipitated by the addi- 
tion of an 8 per cent aqueous solution of oxalic acid 
(20 ml). The precipitate was rendered granular by 
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heating on a water bath for 10-15 min, and after cooling 
to room temperature was filtered off through a 1-5 cm 
No. 42 Whatman filter paper mounted in a ‘Perspex’ filter. 
The precipitate was washed several times with distilled 
water, then with three portions of methanol (each 10 ml.) 
and sucked dry. The filter paper with the precipitate was 
secured to an aluminium counting tray with a little Gelva 
adhesive and the yttrium-90 decay followed for at least 
60 h to establish radiochemical purity using a Philips’s 
low-level counting assembly’. Strontium recovery was 
assessed gravimetrically by precipitation as carbonate 
from the combined supernates remaining after the precipi- 
tation of yttrium as hydroxide. The calcium content of 
the milk powder was determined by precipitation as. 
oxalate. The amounts of strontium-90 in seven milk 
samples (chosen, for their differing degrees of contamina- 
tion) were determined in duplicate and the results correc- 
ted for decay from the time of sampling. The results were 
expressed as ‘strontium units’, that is, as picocuries of 
*Sr/g calcium. Yttrium recovery was assessed by detach- 
ing the filter paper and precipitate from the counting tray 
with a few drops of methanol, heating in a porcelain 
crucible at 850° C for 2 h and weighing as yttrium oxide. 

The results are given in Table 1, and in.Table 2 are com- 
pared with those obtained from other samples of the same 
milk powders in which strontium-90 had been determined 
using the nitric acid method. 
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Table 1 


Sample Sr . Y % Strontium 
No. Tecovery recovery . Ca units 
1a 90-79 87-10 15-28 6-8 
b 90°44 87-90 = . 67 
24 91-05 82:95 15-16 13-5 
b 88-69 80-29 13-3 
30 89:04 89:87 15:34 148 
0 80:13 86-29 147 
4a 90-01 91:12 15-76 16-2 
91-96 90-32 16:5 
5a 90-10 88-70 15:89 19-8 
89-71 86:29 19:2 
6a 90-79 88-70 15-92 24:8 
b 89-97 89-51 = 24-5 
7a 89-51 91-94 15-81 33-0 
b 90779 - 92-74 PaE Ta 34:3 
Table 2 
Sample Strontium recovery Strontium units in sample 
No This method HNO; method This method HNO, method 
la 90:79 88-0 6:8 6:9 
b 90-44 89-62 6-7 T2 
2a 91°65 77-04 13:5 13-0 
b 88:69 75:87 18:3 13:4 
3a 89-04 88:58 1£8 145 
b 86-13 89-63 14:7 14:5 
4a 90-91 80-19 16-2 161 
b 91:96 42-07 16:5 10:2 
5a 90:10 88-93 19:8 19:5 
b 89:71 78-90 19-2 19:8 
6a 90:79 78:09 24:8 24:3 
b 89:07 81:35 24:5 25-1 
7a 89-51 87-06 33-9 346 | 
b 90-79 87:65 34:3 348 


It can be seen that the method is accurate, more rapid 
and less hazardous than that of Bryant and is easily 
adapted to analyse many samples concurrently. 

Our thanks are due to Dr. R. F. Phillips, head of the 
Department of Applied Chemistry, Loughborough College 
of Technology, and to Stewarts and Lloyds, Ltd., for 
a scholarship for one of us (D. 8.). 


W. E. BLAKE 
G. OLDHAM 
D. SUMPTER 
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Leicestershire. 
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Effect of N-Ethylmaleimide on the Starch- 
liquefying Enzyme from Soy-flour 


INFORMATION regarding soy-bean enzymes catalysing 
the breakdown of starch is contradictory or at best 
conjectural. The biological function of amylases in 
soy-beans is obscure as the beans contain very littlo 


-starch. The consensus of opinion seems to be that 


soy-bean seeds are a good source of B-amylase. While 
some workers! feel that soy-beans contain no or only 
traces of «-amylase, Teller’s investigations’ and evidence 
from the effects of soy-flour on starch-viscosity measure- 
ments*-! point to the presence of a starch-liquefying 
enzyme in non-germinated soy-beans.  Recently*, the 
presence of a starch-liquefying and of a starch-sacchari- 
fying enzyme in soy-flour was demonstrated by differen- 
tial thermal inactivation. This communication deals with 
the effect of the SH-blocking reagent N-ethylmaleimido 
(NEMI) on the starch-hydrolysing enzymes of soy-flour. 
It is known? that none of the «-amylase so far investigated 
contains free sulphydryl groups essential for enzymatic 
activity. §-Amylase purified and crystallized from soy- 
beans has been reported!’ to contain —SH groups essential 
for enzymatic activity. 

Starch hydrolysis by 0-2 per cent calcium chloride 
extracts of soy-flour® (centrifugates of IO per cent sus- 
pensions shaken for 1 h) was followed by determining 
both reducing. sugars (by the ferricyanide method) and 
starch liquefaction™. Soy-flour extracts were kept for 
1-4 h with various concentrations of NEMI and their 
saccharifying and liquefying actions determined. Reduc- 
tion in formation of reducing sugars depended on the 
concentration of NEMI in the mixture with soy-flour 
extract and on the length of incubation. Enzyme inac- 
tivation was consistent but small, and even incubation of 
equal volumes of a 10 per cent soy-flour extract and a 
saturated solution of NEMI resulted in a decrease of only 
about 25 per cent in the level of reducing sugars formed. 
The effects of different concentrations of NEMI and 
variations in incubation time with the —SH blocking 
reagent on starch liquefaction by soy- -flour extracts are 
shown in Fig. 1. 

Incubation of ten «-amylase preparations", at levels. 
comparable in their liquefying action to soy-flour extracts, 
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Fig. 1. Liquefaction of pre-gelatinized waxy maize starch by soy-flour 
extracts incubated with various concentrations of NEMI for 1-4 h 
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with.0-8 per cent solutions of NEMI for 1 h had no effect 
on the starch liquefying action of «-amylase from wheat 
or barley malt, fungi, bacteria, or pancreas. The results 
obtained confirm the absence of froe —SH groups essential 
for enzymatic activity in cereals, micro-organisms, or 
pancreas. With regard to the starch-liquefying enzyme in 
soy-beans two possibilities seem to exist: (a) the starch- 
liquefying enzyme has freo —SH groups in the active 
centre; (b) starch liquefaction by soy-flour extracts is the 
result of an enzyme other than the -amylase type. 
Y. POMERANZ - 
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Absorption Spectrum ‘of the Crystal of 
D-Amino-acid Oxidase Michaelis Complex 


UNDER anaerobic eonditions, we erystallized an inter- 
mediate complex of enzymatic reaction of D-amino-acid 
oxidase anda substrate, D-alanine’*. Electron. spin 
resonance examination demonstrated that free radicals 
are concentrated in the crystal’. The crystal was purple 
under anaerobic conditions, but on aeration it changes to 
yellow, accompanied by its conversion to equimoles of 
the oxidized holo-enzyme and the reaction product 
‘pyruvate. From these results, we considered that this 
crystal is an intermediate complex which wes composed 
of equimolar amounts of the semiquinoid form of the 
holo-enzyme and the partially- modified substrate; thus 
we designated this intermediate as Michaelis complex. 

This communication briefly reports the absorption 
spectrum of this crystal. 

The crystal of n-amino-ecid oxidase Michaelis complex 
was prepared as follows. The oxidese was purified as tho 
enzyme-benzoate complex‘. Benzoate was driven off 
from the complex by' adding an excess of p-elenine. 
The enzyme was then precipitated by ammonium sul- 
phate at pH 6-1. The precipitate was dissolved in the 
minimum volume of pyrophosphate buffer (M/60, pH. 
8-3). Its final pH became 7-2 and saturation of ammonium 
sulphate, 0-06.  . j 

Then, considering the previous results? on the molar 
ratio of pyruvate to the enzyme in the mother liquid which 
produced large numbors of crystals, pyruvate was added 
to the purple-coloured solution so that the molar ratio of 
pyruvate to the enzyme was 200 :1. The solution was kept 
at 5° C-for more than a weok under anaerobic conditions. 
The purple-coloured crystals (about 1502 x 20u) were 
gradually formed as shown in Fig. 1. The shape of the 
crystals is hexagonal prism. They are far larger than the 
crystal in the previous reporti?. 

The crystals thus obtained: were placed on a deck glass 
and sealed with petrolatum and a cover-glass?. Under 
these conditions, the crystal was stable at least for one 
day at room temperature. The absorption spectrum at 
visual wave-lengths of the crystal was measured by using 
an Olympus microspectrophotometer at 20° C. The 
diameter of the pinhole was 14y. The measured absorp- 
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Fig.1. Crystalsofthe Michaelis complex of D-amino-acid oxidase (x 200) 


tion spectrum of the: crystal is shown in- curve 1 in 
Fig. 2. The absorption spectrum of the purple-coloured 
mother liquid was obtained under anaerobie condition 
using Beckmann DU spectrophotometer, as shown in 
curve II in Fig. 2. The absorption spectrum of the erystal 
is similar to that of the mother liquid, and their peaks 
are equally located at 492 mu. 

They are quite different from both the absorption 
spectrum of the holo-enzyme crystal (curve IIT) and that 
of the holo-enzyme solution (curve IV)5. 

Concerning the absorption spectrum of the semiquinoid 
form of flavin enzyme, Beinerb*" has already reported 
the transient appearance of a broad absorption band 
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Fig.2. Absorption spectrum of the Michaelis complex of D-amino-acid 
oxidase. Curve I, the crystal of the Michaelis eomplex; curve II, the 
mother liquid of the Michaelis complex crystal (the enzyme concen- 
tration, 1:64 x 10-* M); curve III, the crystal of the holo-enzyme; 
curve IV, the holo-enzyme solution (1-64 x 103 M in pyrophosphate 
buffer, pH. 8:3). The left scale of the ordinate is for curves I an ITI, 
. and the right for curves II and IV 
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with its maximum at 565 mu accompanying the free 
radical formation for a number of flavin enzymes. Ehren- 
berg and Ludwig? reported the shift of the maximum peak 
of the old yellow enzyme about 10 my toward longer wave- 
lengths (465-475 my) accompanying free radical forma- 
tion. 

The difference between the result reported here and 
those reported by other workers may be attributed to 
the difference between the enzyme samples or some other 
reason. 

Kunio YAGI 
TAKAYUKI OZAWA 
Institute of Biochemistry, 
Faculty of Medicine, 
University of Nagoya, 
Nagoya, Japan. 
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Metabolism of 2,4-Dichlorophenoxyacetic Acid 
(‘2,4-D’) by Aspergillus niger van Tiegh 

EARLIER papers dealing with the microbial degradation 
of 2,4-dichlorophenoxyacetic acid (2,4-D) have indicated 
that fission may be tho ultimate fate of the aromatic ring. 
Thus Rogoff and Reid! dotected an almost quantitative 
production of chloride ion by an organism belonging to the 
genus Corynebacterium, isolated from soil, while Fernley 
and Evans? obtained «-chloromuconic acid as a metabolite 
using a soil Pseudomonas sp., although under certain 
conditions the latter workers found 2,4-dichlorophenol to 
be the main product. 

By contrast, previous investigations of the metabolism 
of aryloxyacetic acids by fungi*-* have shown that the 
most notable feature was the predominance of apparently 
non-specific nuclear hydroxylation, without ring fission. 
The metabolism of 2,4-dichlorophenoxyacetie acid, using 
a replacement culture technique with Aspergillus niger, 
has proved different, however, in that not all vacant ring 
sites are hydroxylated. The major metabolite has been 
identified as 2,4-dichloro-5-hydroxyphenoxyacetic acid, 
but two very minor metabolites have been shown to be 
non-identical with the corresponding 3- or 6-hydroxy acids, 
the production of which might have been expected in the 
light of earlier work‘. These compounds have been 
separated with some difficulty by partition chromato- 
graphy using silica gel as the supporting medium for the 
stationary aqueous phase which was buffered to pH 10, 
the mobile phase being 50 per cent saturated aqueous 
chloroform/n-butanol (60 : 40). 

One compound has now been identified by comparison 
of infra-red absorption spectra and mixed m.p. as the 
hitherto unknown 2,5-dichloro-4-hydroxyphenoxyacetic 
acid, an authentic specimen of which was prepared from 
2,5-dichlorohydroquirone. The formation of this hydroxy 
acid from 2,4-D is novel in that it involves not only 
hydroxyl-chlorine replacement (as was found with 2- 
chlorophenoxyacetic acid‘) but also a chlorine shift. This 
is reminiscent of the formation of homogentisic acid from 
tyrosine by A. niger and various Penicillium sp.*, though 
in that case it is likely that the side-chain migrates. 

2,5-Dichloro-4-hydroxyphenoxyacetic acid is also the 
sole acidic metabolite produced by A. niger from 2,5- 
dichlorophenoxyacetic acid, but careful scrutiny of the 
2,4-dichlorophenol used to prepare the 2,4-D for use in 
metabolism investigations has not revealed any 2,5- 
dichloropheno] impurity. Moreover, 2,4-D recovered 
from the silica-gel column separation, when. re-used in the 
replacement culture technique, resulted in further produc- 
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tion of 2,5-dichloro-4-hydroxyphenoxyacetic acid. Final 
proof of the genesis of 2,5-dichloro-4-hydroxyphenoxy- 
acetic acid was provided by the use of 2,4-D labelled with 
carbon-14 in the carboxyl group. Metabolism of this acid 
by A. niger gave a radioactivo chromatogrephie spot 
with the same Ep value. 

Thus the bona fide production of 2,5-dichloro-4-hydroxy- 
phenoxyacetie acid from 2,4-D seems certain and the 
question remains whether its formation is in any way 
involved in the mechanism of formation of the major 
metabolito. This appears to be unlikely in view of the 
fact that no corresponding 4-hydroxy compound is formed 
in the metabolism of 4-chloro-2-methylphenoxyacctic 
acid (MCPA?) by A. niger, where the previously unknown 
4-chloro-5-hydroxy-2-methylphenoxyacetie acid has been 
identified as the major metabolite. 

J. K. FAULKNER 
D. Woopcock 
Research Station, University of Bristol, 
Long Ashton, Bristol. 
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? Fernley, H. N., and Evans, W. C., Biochem. J., 78, 22P (1959). 
* Byrde, R. J. W., and Woodcock, D., Biochem. J., 85, 682 (1957). 
1 Faulkner, J. K., and Woodcock, D., J. Chem. Soc., 5397 (1961). 
5 Clifford, D. R., and Woodcock, D., Nature, 208, 763 (1964). 
* Utkin, L. M., Biokhimiya, 15, 330 (1950). 


Utilization of Labelled ‘Myleran’ for the 
Determination of the Size of DNA Molecules in 
Cells 


Tus mutagenic action of the electrophilic alkylating 
agents has been attributed to many different causes. For 
Alexander and Stacey!, the alkylation of the DNA 
phosphates could be sufficient to induce mutations; but 
these could also be the consequence of the hydrolysis of 
the very unstable triester phosphate formed, with rupture 
of the macromolecule followed by large deletions. Lawley 
and Brookes? have postulated that the 7-alkylation of 
guanine makes this base couple with thymine instead of 
cytosine and so is responsible for transitions. But the 
alkylation of the guanine and adenine residues can also 
be followed by the loss of the alkylated base’: this 
depurination might act in two ways: the hole left gives 
the opportunity for transitions, transversions or nucleotide 
deletions when the DNA replicates, or the DNA mugar- 
phosphate ‘backbone’ can break with loss of a part of the 
chain. All these chemical mechanisms damage only one 
helix of the DNA molecule exposed to tho mono- or 
bi-functional alkylating drug and the mutation ought to 
appear only in one half of the genomes of tho following 
generations. 

Bridge formation between the two helices by a bifunc- 
tional alkylating agent would prevent the DNA replication 
and lead to the deletion of the cross-linked macromolecule 
which will have no descent in any genome of the folowing 
generations‘. Besides this qualitative difference, mutation, 
following bridge formation must be quantitatively the 
most important for bifunctional alkylating agents because 
the target for the drug is then the whole DNA molecule 
carrying the competent gene instead of a few scnsitive 
triplets inside this gene. 

In a previous publication‘, we tried to evaluate tho size 
of a DNA molecule carrying a known genetic locus by the 
use of a bifunctional alkylating reagent labelled in its 
alkyl moiety. Cells of Chlamydomonas eugametos Mocvus, 
sex minus, haploid and spontaneously resistant to strepto- 
mycin, were treated with "Myleran' (1,4-dimethanesul- 
phonyloxybutane) labelled with tritium in the butanediol! 
moiety and a correlation was found between tho frequency 
of cells becoming sensitive to streptomycin and the 
radioactivity of the isolated DNA. Starting from the 
hypothesis mentioned earlier that, when the mutation 
reaches all the cells issued from the treated one. the 
chemicel damage must be a cross-linking between the 
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complementary helices of the DNA. molecule, and, taking 
into account the fraction of alkyl groups attached on the 
DNA which is utilized for cross-linkings, it must be 
possible to caleulate the size of the DNA molecule carrying 
the competent locus. In the case of Chlamydomonas 
eugametos and the resistance to streptomycin, we tenta- 
tively evaluated for the DNA molecule specifically 
concerned a size of about 3,000,000 a.m.u.; this figure was 
only provisional in view of the several rather arbitrary 
corrections introduced in the arithmetics and thet must 
be checked. 

The reliability of the labelled ‘Myleran’ method for tho 
estimation of the weight of an in situ DNA moloeule 
biologically characterized depends on two things: (a) the 
stability of the alkyl groups bound to the DNA; (b) the 
knowledge of the percentage of bound alkyl groups 
forming bridges between the complementary strands of 
the macromolecule. The examination of these two 
problems was the purpose of the work reported hereafter. 

Calf thymus DNA and ‘Myleran’ labelled with tritium 
in positions 2 and 3 of the butanediol moiety (20 me./ 
m.mole) were used throughout these experiments which 
were carried out at 22°C. They were dissolved separately 
before being put together; the final concentration of 
"Myleran' was always 0-1 mg/ml. The radioactivity 
determinations were performed by liquid scintillation 
counting after suitable preperation of the sample. 

(A) In a first set of experiments, the DNA was left for 
3 h in contact with the T-‘Myleran’ before precipitation 
(addition of solid sodium chloride to bring the concen- 
tration to 1 M, then of an equal volume of 95 per cent 
ethanol). The fibres were washed three times. with 
absolute ethanol and afterwards with anhydrous acetone 
until this solvent did not extract any more radioactivity. 
At this stage the alkylated DNA radioactivity was 
9,100 d.p.m. mg. 

This alkylated DNA was rodissolved in water and 
DNA. reprecipitated from aliquots at various time inter- 
vals. Fig. 1 shows that there was a sudden drop of the 
DNA radioactivity followed by a plateau. 
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To understand the meaning of the initial drop, the 
supernatant was percolated through an ‘Amberlite 
IR-120(Hy column: 80 per cent of the activity came with 
the effluent and the water washings, while 20 per cent 
were retained and could be eluted with N ammonium 
hydroxide. The 20 per cent are thus alkylated bases. 
The 80 per cent (2,800 d.p.m. mg DNA) are due either to 
the hydrolysis of alkyl phosphates®, or to a contamination 
by unreacted "Myleren'. It is noteworthy that, when the 
DNA is precipitated from the solution immediately after 
it has been put in contact with the T'-"Myleran', the activ- 
ity bound to the DNA. is precisely 2,800 d.p.m. mg. 

Of the total of 9,100 d.p.m., we see that only 700 d.p.m. 
wes lost as hydrolysed alkylated bases. Of course, there 
could also be some depurination during the 3 h contact 
between DNA and 7'-‘Myleran’: but the large radioactivity 
of the unreacted ‘Myleran’ prevents the detection of 
alkylated bases in the supernatant after precipitation of 
the DNA. 
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Most important from our point of view is the fact that, 
after the initial drop, the specifie activity of the alkyleted 
DNA is completely stable, around 5,000 d/min mg in our 
experiment. At this stage, the DNA can be dissolved 
and precipitated many times in succession without change 
of the specific activity: this proves that the precipitation 
procedure does not differentiate between alkylated and 
non-alkylated DNA. 

This alkylated DNA of steble specific activity was 
hydrolysed for 30 min in 98 per cent formic acid at 
175° C* and the hydrolysate evaporated to dryness under 
vacuum. Tho residue was dissolved in N hydrochloric 
acid and filtered. After substitution of water for N 
hydrochloric acid, the solution was passed through a 
column of ‘Amberlite JR-120(H)’ and the ion-exchanger 
washed with water; the effluent contained 880 d.p.m. 
(per mg hydrolysed DNA) which was not bound to 
compounds absorbing at 260 mu. The column was after- 
wards eluted with N ammonium hydroxide which carried 
away the weak bases and 3,500 d.p.m. per mg DNA. 
This shows that most of the radioactivity firmly bound 
to the DNA is in elkyl groups attached on the bases of 
the macromolecule. The base fraction was submitted to 
a two-dimensional paper chromatogrephy (methanol/ 
ethanol/cone. hydrochloric acid/water (50: 25: 6:19, by 
vol.) and n-butanol/conec. ammonium hydroxide/water 
(86: 1: 18, by vol): the ultra-violet showed the fluores- 
cent spots of the four bases plus two faint extra ones at 
the sites given by Brookes end Lawley’ for the 7-alkyl 
derivative of guanine (Zp-0-48 and 0-15) and the 
corresponding di-guanyl compound (Ry=0-26 and 0-00). 
Radioactivity was found only at the sites of these two 
latter spots: respectively 2,950 and 250 d.p.m. (per mg 
hydrolysed DNA). The conclusion is that the stable 
radioactivity fixed on DNA after reaction with the 
T-'Myleran' is mostly in alkylated guanines with about 
8 per cent forming bridges between two neighbouring 
guanine residues. 

(B) In a second set of experiments, the DNA was left 
continuously in the presence of the 7'-*Myleran' in a 0-1 M 
phosphate buffer solution of pH 6:6. The DNA was 
precipitated from aliquots at various time-intervals and 
the fibres carefully washed with anhydrous acetone before 
the radioactivity determination. The solid line of Fig. 2 
shows a continuous but non-linear increase of the radio- 
activity bound to the DNA. (The radioactivity found at 
time 0 was takeri as a contamination by unreacted 
‘Myleran’ and all the results were corrected accordingly.) 
In the reaction kinetics, the DNA can be considered in 
excess since, at the highest point of the curve, there is only 
one alkyl group per 3,000 nucleotides. On the other hand, 
the half-life of the ‘Myleran’, at the same temperature and 
in the same buffer, was shown to be 132 h, which means 
that the k, constant of the hydrolysis of the di-ester to 
the mono-ester has a value of 875 x 10-5 min-!, Taking 
into account only the hydrolysis of the ‘Myleran’ (and 
assuming no participation of the mono-ester), the radio- 
activity (d.p.m.) bound per mg DNA ought to be: 


where k,= 19-2 min-! is read from the initial slope of the 
solid curve drawn on Fig. 2. The theoretical curve of the 
‘Œ’ values is depicted by a dashed line on the same graph: 
it is above the experimental one. The difference might 
be due, at least in part, to the existence of Jabile pools of 
tritium bound to the DNA. 

The foregoing results indicate that, after treatment of 
the DNA with tritiated myleran, several pools of bound 
tritium are formed: a very labile, which might be alkyl 
phosphates but the existence of which has not been 
proved unambiguously (it could be & contamination by 
unreacted ‘Myleran’); a medium labile one of alkyl bases; 
and, quantitatively most important of all, a stable pool 
also of alkyl bases. The stably bound tritium can be used 
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as an index of the magnitude of the alkylation undergone 
by the DNA. 

The analysis of the stably bound radioactivity has 
shown that it is mostly in alkyl groups attached to guanine 
residues with about 8 per cent linking together two 
guanines. We have no proof that these two guanines 
belong, in every instance, to the DNA. complementary 
strands. Further work must be done to have the exact 
ratio between the stably bound alkyl groups and the 
bridges between the DNA helices. Even without this 
knowledge, relative molecular weights of in situ DNA 
molecules could be estimated by the ‘Myleran’ method; 
the ratio is, however, expected to be influenced by the 
base composition of the DNA’s. 

This technique of in situ evaluation of the weight of a 
DNA molecule functionally characterized by the use of 
a bifunctional alkylating agent has also some bearing on 
the elaboration of a reasonable model for non-bacterial 
cell chromosomes. The underlying hypothesis can be 
borne out only if the chromosomes of such cells are 
composed of independent DNA molecules glued together 
by more fragile linkers. On the other hand, the method 
actually provides a means to detect genetic loci carried by 
the same DNA molecule and to inquire whether each 
DNA molecule is an integrated operational unit*. 

This investigation was supported by the contract 
Euratom—Université de Liège 022-62-10-B10B and also 
by grants from the Fonds de la Recherche Scientifique 
Fondamentale Collective. 
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Accumulation of Acetoin by Myo-inositol- 
deficient Yeast 


Mo-rxosrron deficient cultures of Saccharomyces carls- 
bergensis strain 4228 (A.'T.C.C. 9080) have been reported 
to grow both at a diminished rate and in abnormal cellular 
ageregates!*. A comparison of the composition of deficient 
and normal cells revealed that myo-inositol deficiency led 
to an accumulation of glucans in cell walls’. This com- 
munication, discusses another biochemical abnormality in 
myo-inositol deficiency resulting in the accumulation of 
enhanced amount of acetoin in S. carlsbergensis culture 
medium deficient in myo-inositol. 

Aliquots (1 ml.) of a suspension of washed S. carls- 
bergensis cells (Klett Summerson reading of approximately 
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100, versus water blank, using No. 66 filter) were used to 
inoculate litre Erlenmeyer flasks containing 400 ml. of the 
myo-inositol assay medium of McKibbin? modified by 
deletion of casein hydrolysate and choline. Control flasks 
contained the foregoing medium supplemented with 5 mg 
of myo-inositol. The flasks were incubated at 28° C with 
shaking (New Brunswick gyrotory shaker, 143 oscillation 
min) and samples of growth medium were removed 
periodically. When supernatant fluids obtained from 
centrifuged resting phase cultures were analysed for 
glucose. the myo-inositol-deficient media appeared to 
contain copper reducing matorial (by Clinitest, Ames Co., 
Inc., Elkhart, Ind.) which was not glucose, since it did 
not react with glucose oxidase test paper (Testape, Eli 
Lilly and Co., Indianapolis, Ind.). Afterwards, broth 
obtained from the deficient cultures was distilled in vacuo 
at 40° C and the distillate was shown to reduce alkaline 
copper solutions and to have an ultra-violet absorption 
maximum at 275 my. On addition of semicarbazidc 
hydrochloride and sodium acetate the absorption max- 
imum at 275 my. disappeared and a crystalline precipitate 
with a melting point at 195° C was formed. This cor- 
responds to the reported value of 193°-194° C for acctoin 
semiearbazonet. Elementary analyses were similar to 
those calculated for acetoin semicarbazone. 


C H N 
Found 40:3 8-0 29:3 
Calculated 41:3 7-6 29:0 


Another derivative, the phenylosazone, melted at 234° C, 
in agreement with that reported for the biacetyl phenyl- 
osazone derived from acetoin*. 

Acetoin determinations, using the procedure of Wester- 
feld», provided data (Fig. 1) which showed that deficient 
cells accumulated approximately 5-8 times more acctoin 
than normal cells. The reletivezy high level of acetoin 
appeared sufficient to account for the previously observed 
copper reduction. 

Acetoin accumulates in the broth during the period of 
most rapid growth of the deficient cells, and ceases when 
glucose is no longer present. This is consistent with mech- 
anisms established for acetoin formation, in which the 
glucose metabolite, pyruvate, is & critical intermediate. 
Further preliminary results indicate that other materials 
with reducing properties also accumulate in inositol- 
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Fig. 1. Utilization of glucose and production of acetoin by S. carls- 


bergensis grown in the presence (@) and absence (A) of myoinositol. 
Glucose (-—-) was determined using glucostat reagent (ref. 9), and 
acetoin (——) was assayed colorime rically as described in the text 
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deficient supernatant broths. Analyses for acetaldehyde 
by the method of Desnuelle and Naudet? and by that of 
Barker and Summerson® modified by eliminating prior 
heat treatment indicate that this acetoin preeursor may 
also accumulate in myo-inositol-deficient media. Paper 
chromatography of such media also demonstrated the 
presence of additional non-volatile compounds capable of 
reducing silver nitrate. The nature of these compounds, 
their interrelationships, and a connexion with the funda. 
mental lesion or lesions of myo-inositol deficiency are 
undergoing further investigation in this laboratory. It is 
not clear whether the accumulation of the compounds 
described. herein is a direct or indirect consequence of 
myo-inositol deficiency. It is believod that clarification 
of the nature of these reactions will lead to an under- 
standing of the metabolic role of this vitamin. 

The work was supported by research grants from the 
U.S. National Science Foundation (GB 2318) and from 
the Washington Heart Association. The elementary 
analyses of acetoin semicarbazone were performed by 
Chemoo Inc., Washington, D.C. 
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Thermal Changes in the Nautilus Shell 


In the shells of recerit molluses, the nacreous conchiolin 
appears in the electron microscope in the form of lace-like 
reticulated sheets or perforated Jeaflets!?. Three patterns 
of structure (nautiloid, gastropod and pelecypod), differing 
by the size and the shape of the trabecule and by the 
disposition of the fenestration, have been provisionally 
recognized in these sheets. 

Remnants of conchiolin have also been identified with 
the electron microscope in the shells of about 100 species 
of Paleozoic, Mesozoic and Cenozoic molluses (refs. 3 
and 4, and unpublished observations), some of them 
having retained the characteristic proteins of the nacreous 
conchiolin’. Well-preserved sheets of nacreous conchiolin 
were detected, for example, in cephalopodan shells buried 
in the Buckhorn asphalitic sandstones of Oklahoma’. In 
shells from other horizons, these remains were mostly 
modified in their structure. Examination of more than 
three thousand ‘micrographs revealed that, in many fossil 
tests, the alterations in the conchiolin pattern consisted 
of flattening, thinning, shrinkage and coalescence of the 
trabecule, and conversely bloatings into vesicles of the 
protuberances protruding on these trabecule. In a more 
advanced stage of degradation, fragmentation of the 
trabecule resulted in formation of lenticular or rounded 
pebble-shaped segments or corpuscles of various sizes, 
generally clustered on the supporting film, and sometimes 
(as in an Oligocene Aturia*) appearing as riddled by tiny 
sieve-pits. 

When the characteristic conchiolin pattern is not 
found in a sample, the nature of these structures 
is uncertain and confusion is possible with foreign con- 
taminating matter (for example, fragments of bacteria, 
algae, fungi or sponges). However, several criteria, among 
which positive biuret tests, detection of transitional 
aspects between trabecule and pebbles in limited areas 
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of well-preserved reticulated sheets, suggest that these 
structures are actually altered conchiolin. 

Additional evidence for identification of these structures 
to conchiolin is furnished by the following observations. 
In order to appreciate the part played by temperature, 
one of the chief factors involved in diagenesis, in develop- 
ment of these structural alterations of conchiolin, frag- 
ments of mother-of-pearl from Nautilus macromphalus 
Sowerby and Nautilus pompilius Lamarck were exposed 
for 5 hin a dry oven to temperatures ranging from 
150°-700° C. Other nacreous fragments were kept in the 
oven at 150° C for 11, 13 and 19 days. The results are 
summarized here. 

Effects of temperature on preservation of organic con- 
stituents in shells (amino-acids) have already been 
examined in accelerated ageing tests by Abelson’. : 

Mineral components. Mother-of-pearl is a hard sub- 
stance, which breaks without cleavage, except on the 
outer margin of the fragments. Unpolished fragments 
are faintly iridescent, with pale pink-greenish hues. The 
effects of dry heat on that material consist of progressive 
increase in brittleness and easier cleavage into many thin 
flakes (200° C and above). At 500° C and above, the 
nacreous matter is transformed into a snow-white powdery 
substance. 

A slight burnishing of the iridescence appears at 150° C 
and develops with elevation of temperature. Between 
200° C and 300° C the cleaved flakes exhibit intense 
metallic colours and resemble closely the strongly varie- 
gated nacreous remnants of many Cretaceous cephalo- 
podan tests (for example, Senonian Eutrephoceras, or tests 
from Ripley and Coon Creek Formations). Protracted 
exposure to 150° C produced the same changes. Irid- 
escence disappears above 400° C. : 

X-ray powder diffraction analysis revealed the pre- 
servation of the original aragonite in the 150°-300° C 
samples, transformation into calcite in the 400° C and 
500° C samples and into calcium hydroxide in the 600° C 
and 700° C samples, with traces of caleite. 

Organic components. The organic structures were 
examined on samples decalcified with a chelating agent 
(EDTAA disodium salt: ‘Titriplex III’ Merck). ‘The 
samples heated in the range 150?—500? C dissolved rapidly, 
with intense emission of bubbles. At 2009 C and above, a 
strong smell of petrol was noticeable, as in all the fossil 
samples treated in the same way. In the samples com- 
posed of calcium hydroxide heated to 600° C and 700° C, 
the chelating decalcifier produced a considerable efferves- 
cence for a short time. The mineral substance remained 
then inert as a white mud. Only a small portion of this 
mud could be dissolved in a 25 per cent solution of 
hydrochloric acid. It recrystallized soon afterwards. 

The conchiolin residues appeared as transparent shreds 
(in the 150° C samples heated for 5h: as in the untreated 
material), as mahogany-brown (in the 200°-300° C 
samples) and brown-black particles (400? C and above 
samples). The two last-mentioned aspects are constant 
findings in the fossil shell material. 

In all the samples, including those heated to 700° C, 
the biuret test showed under the conventional micro. 
scope pink and violet flakes corresponding to shreds of 
nacreous conchiolin. 

Electron microscopy. The residues of decalcification 
were mounted on usual supporting films of *Formvar', 
shadow-cast with palladium and examined with an 
R.C.A. electron microscope. The results are based on 
more than 400 micrographic records. Exposure to 150° C 
(for 5 h, 11, 13 and 19 days), to 200° C and to 225? C for 
5h altered only slightly the appearance of the reticulated 
sheets of nacreous conchiolin, consisting of sturdy trabe- 
cule with scattered protuberances, separated by an 
irregularly broad fenestration, characters of the nautiloid 
pattern (Fig. 1). In the 225° C sample, pebble-shaped 
swellings developed on the trabecule were the first signs 
of disintegration. 
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Fig. 1. Mother-of-pear! from the shell 


Nautilus pompilius Lamarck. 
wall, heated before decalcification to 150° C for 5 h. Fragments of a 
reticulated sheet of conchiolin are shown (nautiloid pattern) ( x c. 14,000) 


Fig. 2. Eoasianites hyattianus Girty) (Ammonoidea), Pennsylvanian, 
Buckhorn Asphalt, Sulphur, Oklahoma. Decaleified mother-of-pearl 
from an altered portion of the shell wall. Conchiolin remnhnts composed 
mostly of clustered, rounded bodies of various sizes (x c. 14,000) 


Fig. 3. Nautilus pompilius Lamarck. Mother-of-pear] from the shell 
wall, heated before demineralization to 600? C for 5 h. Remains of 
reticulated sheets of conehlolin consist of ronaded bodies of various sizes 
^ (x c. 14, 7 : 
In the three figures, the shadows, directed upwards, behind the 
rounded bodies, appear as white triangles 


Higher temperatures induced progressively disappear- 
ance of the nautiloid pattern by dislocation of the trabe- 
cule into rounded pebble-shaped fragments clustered at 
random by desiccation on the supporting films. These 
alterations, which precede transformation into calcite of 
the aragonite embedding the sheets, resemble-those con- 
sistently recorded in the fossil samples of Paleozoic and 
Mesozoic molluse shells (Figs. 2 and 3). They reflect 
probably morphological effects of degradation in some of 
the constituent proteins of the shell. 

I thank Prof. William M. Furnish and Prof. B. F. 
Glenister, who supplied a fragment from Eoasianites, Mr. 
G. Casier, who performed the heatings of the material, and 
Mr. J. Grandjean, who recorded and analysed the X-ray 
diffraction patterns. 

Cu. GREGOIRE 
Department of Biochemistry, : 
University of Liége, and 
Centre National de Recherches Métallurgiques, 
Val Benoit. 


1 Grégoire, Ch., Duchâteau, Gh., and Florkin, M., Arch. intern. Physiol., 58, 
117 (1950); Ann. Inst. Océanogr., 31, 1 (1955). 

Grégoire, Ch., J. Biophys. Biochem. Cytol., 3, 797 (1957); Arch. intern. 
Physiol. Bioch.; 66, 667 (1958); Bull. Inst. roy. Sci. natur. Belg., 36, 1 
(1960); 88, 1 (1962). 

‘Grégoire, Ch., Arch. intern. Physiol. Biochem., 60, 674 (1058); Bull. Inst. 
royal Se. natur. Belg., 85, 1 (1959); Nature, 184, 1157 (1959). 

* Grégoire, Ch., Bull. Acad. roy. Belgique (Classe des Sciences) (in the press). 

5 Florkin, M., Grégoire, Ch., Bricteux-Grégoire, S., and Schoffeniels, E., 
C.R. Acad. Sci., Paris, 252, 440 (1961). 

* Abelson, Ph. H., Sci. Amer., 195, 83 (1956); also in Treatise on Marine 
Ecology and Paleoecology, edit. by Ladd, H. S., 2, 87 (New York, 1957); 
Ann. N.Y. Acad. Sci., 69, 276 (1957). 


NATURE 


869 


Biosynthesis of Ethylene 


Ir is the purpose of the present communication to 
describe some further results with carbon-14 precursors 
of ethylene, and to reconcile the pattern which emerges 
in these investigations using .McIntosh apple tissue 
sections with that of the fungal system, Penicillium 
digitatum. The procedures have been described pre- 
viously*3, and their reliability for measuring !!C-ethylene 
and carbon dioxide commented on*; they were altered 
only in the use of a Cary-Tolbert ionization chamber in 
place of a Bernstein-Ballentino tube for measuring 
radiation. In the course of these experiments it was 
noted that alcohol vapour interferes with the assay for 
ethylene by dissolving in mercuric perchlorate absorbent 
where a slow acid-catalysed dehydration occurs. For 
example, when 10 ul. liquid ethanol was added to 
20 ml. of mercuric perchlorate reagent, ethylene appeared 
at a linear rato for at least 6 h, by which time 0-02 per 
cent of the alcohol had been converted to olefine. Pre- 
viously, Young et al.*. reported that ethanol was not 
measured by the mercuric perchlorate manometric pro- 
cedure, but they apparently, took no account of the 
duration of contact between alcohol and perchlorate, and 
it should be noted that gas chromatography detects much 
smaller quantities of vapour than does manometry. In 
the work recorded here it was determined that a discern- 
ible error could occur only if at the end of a collection 
period in excess of 1 uc. of “C-ethanol had been formed 
in the tissue. In experiments with fumarate and acetate 
this would require that labelled ethanol form at approx- 
imately the same rate as #CO,, and with other compounds 
ethanol production would greatly have to exceed CO, 
evolution. Clearly, under the conditions of the assay, 
the results are not influenced by this factor except when 
14C_ethanol itself was administered to the tissue (Table 1), 
in which case the apparent transfer of label to ethylene 
must be dismissed as an artefact. e 
Table 1. CONVERSION OF CARBON-14 SUBSTRATES TO ETHYLENE AND 

CARBON DIOXIDE IN APPLE TISSUE 
Specific activity (d.p-m.[ug c)" 


` ~ Qarbondioxidet - hylene 
Compound 16 label 0-80’ . 80-200" 0-80’ 80-200” 
Glucose - U 7 114 . 67 143 
Glycerol 13 416 752 21 211 
Propionate 2 221 475 130 119 
Pyruvate 2 508 536 ` 20 — 
Pyruvate 3 45 94 26 — 
Acetate 1 22,000 34,150 89 92 
Acetate 2 1,730 7,240 100 418 
Glycine 2 163 502 2 11 
Malonate 1,3 440 452 0 0 
Malonate 2 26 50 0 4 
Ethanol 1 80 89 776 215 
Fumarate 1,4 9,550 ` 7,190 218 365 
Fumarate 2,3 1,800 2,610 257 584 
Carbon dioxideł — — — 79 106 


* Per 100 uc. administered C of 8.4.—2 mc./mM. 
i mimes are intervals after the tissue'was soaked for 60 min in the isotopic 
solution. 


1:00, was present only during the 0-80’ collection period. 

Previously, the conversion of the individual carbons of 
glucose to ethylene was evaluated in both P. digitatum? 
and McIntosh apples? with closely similar results. The 
relative ease of conversion to ethylene of carbon(s) 
6:1:2:(8- 4 + 5) was 3-2:1-0:1-1: 2-5 in apples and 
2-4:1-3:1-0:1-9 in the fungus. To the extent that the 
hexose monophosphate pathway (HMP) functions in both 
tissues, triose will form preferentially from carbons 4-6 
of glucose, and if ethylene arises from triose the 6-C of 
glucose should yield labelled ethylene more readily than 
the 1-C. In both tissues a significant contribution of the 
HMP pathway has been reported?", and assuming 
ethylene to form from triose, the contribution to ethylene 
of the 6-C of glucose relative to the 1-C is quantitatively 
consistent with the. respiratory data for apples? and 
would be so for P. digitatum.if the 23 per cent estimate 
of the HMP pathway in that tissue’ is a slight under- 
estimate. Significantly, Katz and Wood* caution that 
the HMP calculation for P. digitatum may be in error 
since it fails to take into account carbon recycling and 
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incomplete oxidation. Because of the aforementioned con- 
siderations, the 2-C of glucose cannot be equated to the 
5-C as suggested by Wang et al.5, but rather the ratio of 
ease of conversion to ethylene of the 1-C relative to the 
6-C might be expected to be similar to that of the 2-C 
relative to the 5-C. If this were true, it can be calculated 
that the 3,4-C’s of glucose do not contribute to ethylene 
formation in either tissue. 

Carbon recycling by the HMP pathway would transfer 
label from the 2-C to the 1-C position of glucose-6-phos- 
phate, but this cannot quantitatively account for the 
participation of the 2-C in ethylene synthesis because even 
at equilibrium in a tissue respiring entirely by the HMP 
pathway, after application of the 2-4C-glucose the specific 
activity of the 1-C of glucose-6-phosphate would be only 
1/3 that of the 2-C (ref. 5). Similarly, although in P. 
digitatum a significant conversion of the carboxyl carbon 
of acetate to the amino-carbon of aspartate occurs‘, this 
mechanism is not sufficient to explain the nearly equal 
yields in ethylene from 1- and 2-4C-glucose. In apples, 
results with 2-14C-pyruvate, 1-MC-acetate, 1,4-40-fumar- 
ate and “CO, (Table, 1) emphasize that the 2-C of triose 
may be converted to ethylene by oxidative decarboxyla- 
tion of pyruvate and metabolism of the resultant acetate 
in the Krebs cycle. It should be noted that even with 
1-4C-acetate, at no time did the 400, content sur- 
rounding the tissue rise above a level that could account 
for more than 6 per cent of the activity in ethyleno, as 
judged by experiments with applied “CO, (Table 1). 
Likewise, with P. digitatum, Gibson and Crane* reported 
that in 3 h experiments a significant conversion of 2.40 
pyruvate to ethylene occurred. Since during the first 
80 min after isotope is administered to apples, carbons 1 
and 2 of pyruvate are equally effective in forming ethylene, 
as are carbons | and 2 of acetate and 1,4 versus 2,3 of 
fumarate, it is likely that the 2,3-C’s of triose are con- 
verted to ethylene as a unit, via acetate and Krebs cycle 
intermediates. This interpretation cannot be reconeiled 
with the suggestion of Wang et al.? that ethylene forms 
by a double decarboxylation of fumaric acid, for such a 
mechanism demands that the yield from the carboxyl 
carbon(s) of fumarate and acetate be low, initially, perhaps 
increasing with time. There is no discrepancy between the 
behaviour of McIntosh apples and the P. digitatum 
culture used by Wang et al., for as the duration of the 
experiments with apples is extended to 200 min (Table 1) 
the data resemble more and more the six-day cumulative 
results with the mould*; namely, carbon positions meta- 
bolically related to the methylene carbons of fumarate 
are preferentially used for ethylene synthesis. This 
phenomenon previously was noted! when 1-4C-acetate 
and vu-“C-sucrose were found to be almost equally 
effective in forming labelled ethylene during 22 h after 
injection into the ovary of a whole &pple, whereas in the 
next 36 h the specific activity of ethylene declined sig- 
nificantly in the acetate experiment, and increased 
markedly with sucrose. A major result of prolonging the 
duration of investigations of this type is to invite com- 
plication by isotope redistribution, and the different 
patterns obtained in short- and long-term experiments 
with organic acids or related compounds may be due to 
the fact that a carboxyl label is readily lost as carbon 
dioxide, whereas the 2-C of acetate and 2,3-C of fumarate 
tend to be recycled through the Krebs cycle and retained. 
For example, in experiments with apple tissue slices, 
about 45 per cent of the label applied as 1-C-acetate, 
but only 9 per cent of the activity fed as 2-O-acetate, 
appeared in carbon dioxide within 200 min. In the case 
of fumarate, 16 and 4 per cent of the administered activity 
was recovered as **CO,, respectively, from the 1,4- versus 
2,3-C isotopes in the same period of time. When it is 
‘considered that only about 55 per cent of the 4C-acetate 
and 30 per cent of the labelled fumarate entered the 
slices, the results indicate that depletion of the carboxyl] 
carbon within the tissue limited its conversion to ethylene 
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in experiments lasting several hours. Although figures are 
not available for P. digitatum under conditions exactly 
resembling those in which ethylene was assayed, it has 
been reported that the cells of P. digitatum retain the 
2-C of acetate to about twice the extent of the 1-C (ref. 6). 
With apples, the maximum specific activity thus far 
reported for ethylene amounts to only 0-3 per cent oí 
that in the applied isotope (2,3-4C fumarate), and for 
P. digitatum the highest average value is only 0-1 per cent 
(3,4-4C glutamate). In apples it is certain that the low 
activity in ethylene cannot be explained by isotope 
dilution of the applied substance by a tissue pool because 
the carbon dioxide. produced during 200 min with 1C- 
acetate has a specific activity of between 13-20 per cent 
of that theoretically possible, and with 1,4-4C-fumarate 
the value was 4-5 per cent. In fact, with all isotopos 
except glucose, the carbon dioxide acquired a significantly 
higher specific ‘activity than ethylene, which suggests 
that although ethylene formation is related to the meta- 
bolism of Krebs-cycle acids as suggested by Wang et al.®, 
still it is presumptuous to conclude that the relationship 
is very direct. . 

This work was supported by a grant'from the National 
Institutes of Health (EF—002]4). a 
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Department of Physiology, 
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and Howard Hughes Medical Institute, 
Miami, Florida. Us 
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Antioxidants isolated from Fermented 
Soybeans (Tempeh) 


Iw an examination of the nutritional value of tempeh, 
which is prepared by the action of Rhizopus oryzae on 
boiled soybeans, rats fed tempeh showed better growth 
and greater resistance of red blood cells to in vitro dialurie 
acid-induced hemolysis than rats fed plain boiled soy- 
beans'. Hemolysis of red blood cells induced by dialuric 
&cid or by appropriate low concentration of hydrogen 
peroxide indicates in general a deficiency of vitamin E as 
a biologically highly effective antioxidant??. The com- 
parative findings between boiled and boiled-fermented 
(tempeh) soybeans seems to support the preliminary con- 
clusion that antioxidants were either formed de novo or 
liberated during fermentation through fungal activity 
from complex, originally inactive compounds, present in 
unfermented soybeans. 

Paper chromatographic analysis by the procedure of 
Russell Eggitt and Ward‘ of alcohol and ether extracts 
of dried powdered tempeh indicated the presence of a 
substance at Ry 0-92 giving a positive ferric chloride 
reaction and Emmerie~Engoel test. The spot did not 
correspond to «a-tocopherol, or to F 84, isolated from 
yeast’ and identified as 2-(6-hydroxy-2-methoxy-3,4- 
methylene-dioxyphenyl)-benzofuran’. . An eluate of tho 
section of the paper corresponding to Rp 0-92 prevented 
the hemolysis of red blood cells of vitamin E-deficient 
rats with dialuric acid’. 

The in vitro test of hemolysis-preventing activities of 
samples was carried out according to the procedure of 
Rose and Gyórgy? as adapted by Forbes and Gyorgy’. 
The activity was expressed as the number of ‘hemolysis 
prevention’ units per mg; a unit was defined as weight 
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Table 1. PROPERTIES OF THE ANTIOXIDANTS FROM TEMPEH, F84 AND a-TOCOPHEROL 
Colour reaction RF on paper chromatogram 
Amax Hemolysis 
in BuOH (1)* preventing 
Substance Emmerie— m.p. ultra-violet 25% EtOH (1) activity 
Fluorescence FeCl, Engel spectrum EtOH Borate (1) (ratio) 
reaction (°C) (my) (ascending) (ascending) 
Factor 2 - + + 320 260 0-25 0-72 1 
(decomp.) 327 
Genistein - + - 298 262 0 0-86 0-05 
(decomp. ) (tailing) 
Daidzein + - - 323 249 0 0-87 0:01 
(decomp; ) 300 (tailing) 
F 84 + + + 118 300 0 0:05 2 
a-Tocopherol —- - 292 0 0-99 1 
* Coulson, C. B., and Evans, W. C., J. Chromatog., 1, 374 (1958). 
Table 2. PROPERTIES OF FACTOR 2 AND 0,7,4'- TRIHYDROXYISOFLAVONE 
Rr value Colour reaction ! 
o Àmax in Hmax ln 
m.p. BuOH (1) Bz (125) ultra-violet infra-red 
25% EtOH (1) AcOH (72) | Fluorescence FeCl; Emmerie-| spectrum spectrum 
(°C) EtOH Borate (1) H40 (3) Engel (ma) (em-!) 
Factor 2 320 0-25 0-70 0-22 = + + 260 3,250 
(decomp.) 327 1,630 
1,5801 
1,520, 
1,250 
6,7,4'"- 320 0-25 0-70 0-22 - + + 260 3,260 (OH)* 
Trihydroxy- (decomp.) 327 1,035 (pyrone C=O) 
isoflavone 1,580 le (aromatic 
1,524 C) 
1.253 aroni o= 0) 
































* McMurry, T. B. H., and Theng, C. Y., J. Chem. Soc., 1491 (1960). 


of substance preventing hemolysis as well as 0-2 pg of 
a-tocopherol. 

An extract of control soybeans had very low activity. 
The activity approached that of tempeh after hydrolysis 
with hydrochloric acid. 

After many attempts tó isolate the active antioxidant 
from tempeh, three kinds of anti-hemolytic substances 
were isolated in crystalline forms. For their isolation the 
following procedure was used’: (1) Powdered tempeh 
was extracted with 95 per cent ethanol and the alcohol 
extract was concentrated to syrupy consistence. (2) The 
syrupy residue was extracted with 50 per cent ethanol 
and the solvent was evaporated off. (3) The condensed 
oily material was extracted with ether and the ether of 
the extract was evaporated. (4) The residue was treated 
with 25 per cent ethanol. Crystals of m.p. 323° and 298° 
were obtained from 25 per cent alcohol-insoluble fraction. 
(5) The 25 per cent’ alcohol soluble part was fractionated 
by polyamide column chromatography as shown in Fig. 1. 
Peak 5 was shown by paper chromatography to contain 
daidzein and an unknown substance, called ‘Factor 2’. 
(6) Factor 2 was separated from daidzein in a large-scalo 
paper chromatographical experiment using butanol/ 
ethanol/borate (l:1:1), and extracted from the paper 
with alkaline water, acidified, and transferred to ether. 
From the ether fraction the active substance was crys- 
tallized. (7) The crystals of m.p. 320° (decomp.) were 
obtained by recrystallization from dioxane. The yield 
was only 20 mg in a pure form out of 5 kg dried tempeh. 

Crystals of m.p. 323° and 298° were respectively 
identified as daidzein (7,4’-dihydroxyisoflavone) and 
genistein (5,7,4'-trihydroxyisoflavone) by identity of 
melting points, elementary analysis, ultra-violet spectra, 
Rp value, colour reactions, and hemolysis in vitro test 
with those of known specimens. Hemolysis preventing 
activity of Factor 2 was much higher than that of daidzein 
and genistein. The activities of these substances are shown 
in Table 1 together with other properties. 

From infra-red and. ultra-violet spectra, colour reaction 
(ferric chloride and Emmerie-Engel), and melting point, 


Factor 2 was presumed to be the same substance as 
6,7,4’-trihydroxyisofiavone, prepared originally from afro- 
mosin, which is present in Afromosia elata®°. This 
working hypothesis was conclusively proved to be correct 
by direct comparison of pure 6,7,4’-trihydroxyisoflavone 
with pure Factor 2 (Table 2 and Fig. 2). (We thank Dr. 
T. B. H. MeMurry for the specimen of 6,7,4’-trihydroxy- 
isoflavone and Dr. K. Fukui, Dr. S. Shibata and Dr. N 
Inoue for their advice.) 

Daidzein and genistein are the aglucones of the known 
glucosides, daidzin and genistin. Enzymatic hydrolysis 
of the glucosides through the action of Rhizopus oryzae 
has been proved by the use of aqueous extract of the 
fungus on boiled extracts of unfermented soybeans (un- 
published observations) The presence of 6,7,4’-tri- 
hydroxyisoflavone in natural products has not yet been 
demonstrated. Our investigations have to be extended 
to the demonstration of 60,7,4'-trihydroxyisoflavone in 
unfermented soybeans. In the absence of this information, 
the possibility of the de novo synthesis of 6,7,4’-trihydroxy- 
isoflavone through fungal action cannot be excluded. 


* 100 






m 


Conen of MeOH /^ j 90 


—— 





" l---- 
7 


Optical density at 260 my ( x 1/100) 
Concentration uf MeQIL 





0 20 30 40 50 60 70 
Fraction No. (each fraction = 10 ml.) 


80 90 100 


Fig. 1. Polyamide column chromatography of tempeh extract (gradient 
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Fig.2. Ultra-violet spectra of Factor 2 and 6,7,4’-trihydroxyisoflavone 
(10 ug/ml. in 99 per cent ethanol) 


However, the high antioxidant activity of hydrochloric 
acid-hydrolysed extracts prepared from unfermented soy- 
beans being of the same order as that of extracts obtained 
from fermented soybeans favours the conclusion that the 
highly active 6,7,4'-trihydroxyisoflavone is a normal 
constituent of soybeans. 

The antioxidants liberated in tempeh act probably 
through their protection and preservation of the bio- 
logically eminently effective vitamin E in soybeans and 
not by direct biological action. When larger amounts of 
6,7,4’-trihydroxyisoflavone become available, its anti- 
oxidant effect in vitamin E-deficient animals should be 
investigated. 

This work was supported in part by a grant of the 
Committee on Protein Malnutrition of the National 
Research Council, Washington, D.C., and in part by a 
grant from the U.S. Public Health Service grant 2G—627, 
Training Program in Experimental Nutrition, with Dr. 
Hideo Ikehata as a trainee on this programme. Both 
grants were given to Prof. Paul Gyórgy as principal 
investigator. 
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Lability of the Action Potential and the 
Recovery Cycle from Isolated Motor Axons 
of the Crab, Carcinus 


THE action potential evoked from an artificially pro- 
duced excitable node of isolated crab axon membrane? 
shows similar changes to those described for the isolated 
toad node’, when currents are applied during the action 
potential itself. The rising phase of the action potential 
can be modified only by very considerable anodal currents 
(some 40 times rheobase), but the repolarization phase 
shows changes when weak currents of either polarity are 
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Fig. 1. Tracings from original records illustrating the modification of 


the form of the action potential when anodal current (dashed line), and 

cathodal eurrent (solid line) are applied during the repolarization phase. 

The normal course of repolarization is shown by the fine solid line. 

Action potentials are evoked from an artificial node of excitable mem- 
brane, crab motor axon, 17° C 


applied (Fig. 1) Repolarization is delayed by cathodal 
current and is hastened by anodal current, when these 
are applied during tho falling phase of the action potential. 
The divergence of the voltage profile of repolarization, 
produced by a constant current pulse of either polarity, is 
greater the later it is applied, as would be expected from 
the form of the change in membrane resistance that 
accompanies the voltage change of the action potential. 
The changes in the rate of repolarization are proportional 
to the strength of the applied current and its duration, so 
that complete repolarization can be achieved with strong 
anodal current, that is, the later phase of the action 
potential can be abolished. 

The form of the recovery of the spike generating 
mechanisms following an action potential is also modified 
by currents applied during the repolarization phase, as is 
shown by the recovery of spike amplitude, threshold 
current and potential threshold. An action potential 
shortened by anodal current is followed by a more rapid 
recovery, while one prolonged by cathodal current is 


40 mV 
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Fig. 2. Two superimposed records comparing the effects on recovery 

following an action potential, when that action potential has been 

shortened by anodal current or lengthened by cathodal current. The 

recovery is more rapld following treatment with anodal current, as is 

seen from the weaker threshold current, the greater spike amplitude, and 

the lower threshold potential. E node of a crab motor axon. 
17? 
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Fig. 3. The normal recovery cycle ((}) is shorter in duration following 
treatment of the action potential with anodal current during repolariza- 


tion (A), while prolongation follows treatment with cathodal current 
(O). Isolated crab motor axon, 17° C 


followed by a slower recovery (Figs. 2 and 3), during which 
the spike amplitude, the critical level of depolarization 
for the spike, and the current threshold show parallel 
changes. 

These findings are of obvious importance when the 
form of the response of these axons to maintained 
depolarization is considered. It has long been known 
that the form and duration of the recovery cycle cannot 
alone account for the nature of the response to maintained 
eathodal current in crab axons’, if the recovery cycle 
remains unchanged throughout the response.  Fuortes 
and Mantegazzini* on the eccentric cells of Limulus eye, 
and personal observations on crab axons, have shown that 
it is necessary to consider that sustained depolarization 
has an additional depressant effect on excitability, since 
higher discharge frequencies are obtained by stimulation 
with trains of short current pulses than are elicited by a 
maintained current of the same current strength, beyond 
a certain frequency. This depressant action of sustained 
depolarization can be equated with the prolongation of 
the recovery cycle which is found when cathodal currents 
are applied during the action potential. 

The underlying changes associated with the modification 
of the action potential by anodal currents has been con- 
sidered by Huxley*. He has shown that the Hodgkin- 
Huxley equations account for this behaviour since the 
sodium conductance is reversible during the action 
potential. The modification of the action potential in 
crab axons by applied currents can be interpreted similarly ; 
a reversibility of inactivation and/or the potassium con- 
ductance can also -be inferred from the changes in the 
recovery cycle. 


R. A. CHAPMAN * 
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St. Andrews, Scotland. 
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Biliary Excretion of Ceruloplasmin Copper 


THE importance of the mechanism by which normal 
subjects maintain zero balance of copper is seen in 
patients with Wilson’s disease who, lacking it, accumulate 
copper to the point of toxicity. In these patients, the 
association of chronic copper toxicity and life-long 
deficiency of ceruloplasmin has aroused considerable 
speculation about a possible role of this copper-protein 
in the control of either absorption or excretion of copper. 
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Since earlier studies failed to indicate an effect of cir- 
culating ceruloplasmin on the absorption of copper’, 
our attention has recently been directed on tho alternative 
possibility that ceruloplasmin is involvod in the excretory 
pathway of copper. Bile is a major route for the excretion 
of heavy metals; the question arose therefore whether 
ceruloplasmin copper passes directly into bile, as suggested 
by Jeunet, Richterich and Aebi®. This was answered by 
intravenously injecting ceruloplasmin labelled with 
copper-64 into rabbits, and correlating the disappearance 
of radioactivity from the blood with the appearance of 
radioactivity in the bile. 

Ceruloplasmin labelled in vivo was isolated from the 
serum of rabbits which had received coppcr-64 acctate 
intravenously on the preceding day. The copper-protein 
was freed of non-ceruloplasmin copper with sodium 
diethyldithiocarbamate* and purified by chromatography 
of DEAE cellulose’. For each experiment, 14-60 ug of 
ceruloplasmin—copper-64 was injected intravenously into 
an adult female rabbit. The biological half-life of cærulo- 
plasmin was measured in 3 rabbits by periodically 
determining the radioactivity of serum. Six other rabbits 
received similar doses of labelled ceruloplasmin. The bile 
ducts of two of these (rabbits Nos. 1 and 2) were imme- 
diately cannulated with No. 90 polyethylene cathcters. 
and. complete collections of bile were obtained for 6 and 
18 h, respectively, at which time the animals wore killed 
and the radioactivity in the liver determined. The 
same procedure was followed in another rabbit (No. 4) 
except for delaying cannulation of the bile duct for 20 h 
following injection of labelled ceruloplasmin and collecting 
bile for a total of 34 h. In a fourth rabbit radioactivity 
of the liver alone was determined 19 h after injection. 
Complete collections of urine and feces were obtained in 
the remaining two intact rabbits for 67 h after injection 
of labelled ceruloplasmin, after which they were killed. 

Half-life of ceruloplasmin in the rabbit. The half-life 
was found to be 44, 58 and 67 h in the 3 rabbits examined, 
for a mean value of 56h. This last figure was used as the 
basis for- calculating in subsequent experiments the 
amount of ceruloplasmin cleared from the circulation 
during any time. 

Excretion of ceruloplasmin copper. Following intra- 
venous administration of labelled ceruloplasmin. less than 
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5 per cent of the fraction cleared from the circulation 
during the collection period was recovered in the bile 
whether cannulation was performed immediately following 
injection or delayed for 24 h (Fig. 1). When feces and 
urine of 2 rabbits were collected for 67 h following 
administration of labelled cæruloplasmin less than 5 per 
cent of the radioactivity cleared from the cireulation 
appeared in the combined collection from each animal. 

Recovery of ceruloplasmin copper in liver. 17-70 per 
cent of the radioactivity cleared from the circulation 
during the interval between injection and killing was 
recovered in the liver (Fig. 2). 
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Fig. 2. Recovery of copper-64 in liver following intravenous injection of 
labelled ceruloplasmin 


Because circulating ceruloplasmin does not renew or 
exchange its copper in vivo', the decline in radioactivity 
from the circulation following injection of copper-64- 
labelled czruloplasmin is probably due to removal of 
molecules through metabolic degradation. Although a 
substantial fraction of the radioactivity cleared from the 
circulation was recovered in the livers of killed animals, 
only negligible activity was found in bile, feces or urine. 
Thus, the copper of catabolized ceruloplasmin is not 
directly or preferentially excreted by hepatic, pancreatic, 
intestinal or renal routes in the rabbit. 
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Auditory Habituation in Cats as a Function of 
Stimulus Intensity 


HABITUATION of the electrophysiological response in the 
cochlear nucleus (CN) to repetitive auditory stimuli has 
been reported by a number of workers!-*. Similar 
decrements were not obtained in a more recent study?. 
Marsh et al.5, while reporting a decrement in the ON 
response, have shown inereased responses to repetitive 
stimulation in the inferior colliculus (IC) and the medial 
geniculate (MG). 

This investigation was designed to examine the effects 
of repetitive stimulation on the CN, IC and MG, and to 
determine whether any habituation obtained was a 
systematic function of stimulus intensity. 

Using methods previously outlined?, chronic implanta- 
tions with stainless-steel bipolar electrodes were made in 
the CN, IC and MG of 25 cats. After allowing 3-4 weeks 
for recovery, the animals were stimulated in a sound- 
attenuated test box, which allowed behaviour to be 
monitored through one-way glass. The evoked auditory 
responses were recorded by an Offner EEG machine. Each 
trial consisted of presenting a 1,000 c/s tone of 20 msec 
duration every 2 sec for 95 min. Each animal was tosted 
twice with four levels of intensity (55, 65, 75 and 85 
decibels (db) as measured by a Dawe Sound Level Meter. 
Background sound pressure-level within the test box was 
approximately 45 db with respect to 0-0002 dynes/em?). 
To reduce any possible long-term effects, stimulus intensity 
was randomized over trials and tho interval between 
consecutive trials was at least one week. 

Recordings were taken every alternate 5 min and tho 
overall amplitude of each evoked potential was measured 
and a mean score calculated for every 5-min period. 
These means were then expressed as a percentage decre- 
ment of a control value which was the mean of the initial 
four responses of a given trial. 

Fig. 1 shows the mean plot for each placement as a 
function of intensity-level. Over all intensity-levels, it 
can be seen that the CN habituates less than the IC, 
which in turn habituates less than the MG. When the 
results for each centre are examined as a function of 
intensity-level, habituation in the CN and the IC is an 
inverse function of stimulus intensity. In the MG, the 
trend of the lower centres is reversed, and the greatest 
habituation occurs to the most intense stimulus. 

Several conclusions can be drawn from these observa- 
tions. (1) The nearer a placement is to the cortex, then 
the greater the degree of habituation. (2) Very little 
habituation occurs in the cochlear nucleus, and any 
marginal decrements obtained are restricted to tones of 
low intensity. (3) By using this method of repeated 
sampling over time, it can be seen that most of the 
habituation effect occurs in the first 40 min. In fact the 
reason for using a control period of the four initial re- 
sponses was based on some preliminary experiments in 
which significant decrements were shown in the first 
minute of a trial. 

It could be argued that our results are a function of 
the duration of our recording session. That is, the 
dramatic decrements obtained by other workers could 
be a function of longer periods of stimulation. However, 
experiments’ in progress indicate that if the duration of 
a test session is extended to 8 h or 14,400 consecutive 
stimuli, then there is little increase in the level of habitua- 
tion for a given stimulus intensity. Perhaps this apparent 
conflict with other results can be explained by obsorva- 
tions made by Garcia-Austt et al.8, who have pointed out 
that unless continuous averaging over time is used in the 
examination of habituation, then it is possible that “if 

- . responses in the peak of a waning are compared with 
tbe superposed or averaged responses of the waxing peak 
of the subsequent cycle, the response amplitude may be 
the same or even higher". We have observed waxing and 
waning of response amplitude over time, and if only small 
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Fig. 1. Degree of auditory habituation, observed in the medial geniculate (MG), inferior 
colliculus (IC), and cochlear nucleus (CN) during 95 min of repetitive auditory stimulation at 
different sound intensity-levels 
numbers of select responses are measured, then this could demonstrated by electron microscopy’. Davisë has 


lead either to dramatic decrements or to significant 
increases over control-levels. 
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Synaptic Transmission at Taste Buds 


PREVIOUS investigations have shown that a variety of 
sensory receptors can be stimulated by the application 
of acetylcholine’, this sensitivity being enhanced in 
mechanoreceptors by the addition of 10-5 g/ml. physostig- 
mine. Excitation by acetylcholine was blocked by tubo- 
curarine or hexamethonium (10-7-10-5 g/ml.)?, but the 
response of the receptor to normal mechanical stimuli was 
unaffected by the presence of these blocking agents’, 
and Gray and Diamond conclude, therefore, that acetyl- 
choline has no physiological function as an intermediary 
in the initiation of nerve impulses at sensory receptors’. 
Landgren. et al, applying drugs to the surface of the 
frog’s tongue, found, however, that high concentrations 
of anticholinesterases initially increased the spontaneous 
activity in the lingual nerve and afterwards blocked 
taste sensitivity. Tubocurarine also reduced the response 
of the taste buds to gustatory stimuli and these authors 
suggest that acetylcholine is concerned with the initiation 
of impulses at chemoreceptors. 

Taste buds differ from mechanoreceptors in that a 
synaptic discontinuity exists between the chemoreceptor 
and its afferent neurone, the synapse having now been 


presented a model for sense-organ excitation in which he 
suggests that, where such a synapse exists, stimulation 
produces a receptor potential which causes the liberation. 
of a transmitter. On its arrival at the post-synaptic side, 
this transmitter produces a generator potential which 
initiates the action potential in the neurone. The differing 
results obtained with mechano-? and chemo-receptors? 
might, therefore, be explained by the action of acetyl- 
choline as & transmitter in the latter, a hypothesis which 
is supported by recent histochemical localizations of 
cholinesterases in mammalian taste buds‘. 

In the present experiments, recordings were made from 
the lingual branch of the glossopharyngeal nerve of frogs 
(Rana temporaria), as described by Landgren et ai.*. but 
the drugs were perfused through the lingual artery. 
Gustatory stimuli were applied to the surface of the 
tongue. 

' Perfusion of the tongue preparation with 10-*-10-* M 
62C47 or with 10-—10-3 M iso-OMPA for 25 min did not 
reduce the sensitivity of the tongue to gustatory or tactile 
stimulation. Preparations perfused successively with 
62047 and iso-OMPA still responded normally. 62047 
and iso-DM PA are regarded as specific inhibitors for 
acetylcholinesterase and pseudocholinesterase respectively 
and the highest concentrations studied are 1,000 times 
those required for complete inhibition of these enzymes’. 

The general cholinesterase inhibitors physostigmine 
(10-7-10-* M) and neostigmine (10-*-10-*M) did not 
affect gustatory sensitivity when perfused for 15 min. 
However, the response to chemical stimulation was 
blocked by using either 1-25 x 10-* M physostigmine 
(15 min) or the general esterase inhibitor, diethyl p-nitro- 
phenyl phosphate (E600), at a concentration of 10-5 M 
(7 min). More dilute solutions of E600 did not have this 
effect. The blocking actions of both physostigmine and 
E600 were readily reversible. 

d-Tubocurarine (10-:-10-5 M), hexamethonium (2x 
10-* M) and decamethonium (10-? M), which are blocking 
agents for muscle endplates and autonomic ganglia, failed 
to reduce taste sensitivity on perfusion for 20 min. 

It is impossible to determine the concentration of the 
drugs at the synapse under these conditions, but the taste 
buds respond readily to other substances injected in a 
similar fashion’. The concentrations of esterase inhibitors 
at which a block of taste sensitivity was obtained were 
very high indeed and probably reflect the block produced 
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by high concentrations (2x 10-3 M) of physostigmine in 
non-myelinated nerve fibres?. 

It is, therefore, unlikely that cholinergic transmission 
operates at the synaptic connexion between the taste bud 
and its afferent neurone. Possibly, some other form of 
specific chemical transmitter is liberated, or alternatively 
transmission may be electrical, as in the synaptic con- 
nexion in the abdominal ganglion of crayfish between the 
lateral giant axon and the segmental motor fibre”. 
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PHARMACOLOGY 


. Effect of Excess of Antigen on the Active 
Anaphylactic Reaction in vitro 


THE similarities between the effects of tho classic 
anaphylactic reactions and the reactions induced by anti- 
gen-antibody complexes suggest that there may be a 
similarity in the mechanisms responsible for these re- 
actions. It is known that the ability of soluble complexes 
to produce anaphylactic reactions is governed by the 
quantitative relationship between antigen and antibody: 
the complexes prepared in slight-to-moderate excess anti- 
gen are most effective in producing anaphylactic reactions, 
whereas in greater than moderate antigen excess this 
effectiveness decreases with an. increase in the amount of 
antigen added-*. - Recently, it has been shown that the 
passive anaphylactic reaction is inhibited by very large 
excesses of antigen™5. In the present investigation on the 
release of histamine from actively sensitized peritoneal 
mast cells of the rat, it is shown that increasing excesses of 
antigen decrease the intensity of the anaphylactic reaction. 

The rats were actively sensitized to ovalbumin using 
h. pertussis as an adjuvant. After 20 days at least of 
sensitization, heparinized saline or Tyrode’s solution was 
injected intraperitoneally, the peritonoal. fluid collected 
after gentle massage, and used after adequate dilution 
(about 20 mast cells per mm?) in the experiments. In 
some cases, the peritoneal fluid was contrifugated and the 
sediment suspended again in Tyrode, or tho mast cells 
were isolated from the other cells by differential centrifuga- 
tion over a 30 per cent bovine serum albumin (BSA) 
solution. The antigen, ‘Sigma’ or laboratory ovalbumin 
crystallized three times, was added to the diluted mast 
cells suspensions after incubation for 15 min at 37° C. 
After & further 15-min ineubation with the antigen, the 
cells were centrifuged, the supernatant completely drained 
and the sediment re-susponded and heated at 100° C for 
3 min. The histamine released from the mast cells was 
biologically assayed both in the supernatant and in the 

‘sediment extract and expressed as a percentage of the 
total mast cell histamine content. The spontaneous 
histamine released was subtracted from the antigen one, 
each value being the mean of two tests. 

The results of some typical experiments (Fig. 1) show 
that there is an optimum in the concentration of antigen, 
an excess of it inhibiting the histamine release. Controls 
involving the addition of a non-specific protein to the 
antigen solution (Fig. 1, III) showed that the inhibitory 
action was not caused by an excess of protein, but specific- 
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Fig. 1. Effect of antigen concentration on histamine release frcm 

actively sensitized rat peritoneal mast cells. Means withindividual values 

are shown. Mast cells concentration — 19 cells/mm? in I, 33 cells/mm 
in IT, and 23 cells/mm? in III. BSA addition, 5 mg in III 


ally by an excessive amount of the homologous antigen. 
Experiments showing that oxcess of ovalbumin had no 
effect on the release of histamine by various concentrations 
of 48/80 also confirmed the specificity of action of ovalbu- 
min as an antigen. The inhibitory effect of excess of anti- 
gen was obtained in the same way with the isolated mast 
cells: in & typical experiment where concentration of the 
mast cells was 16 cells/mm? and purity in relation to other 
cells 90 per cent, 1 ug ovalbumin released 26 per cont 
histamine, 50 ug, 29 per cent and 2-5 mg, 4 per cent. 
It was verified that inereasing the concentration of the 
mast cells removed the inhibition caused by the antigen 
excess (Fig. 2). Analysis of variance gave highly signifi- 
cant values of F for the effect of antigen, the effect of mast 
cells concentration, and the effect of interaction between 
them, suggesting that the effect of excess antigen depends 
on a quantitative relationship between the antigen added 
and the mast cells concentration. 
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Fig. 2. Effect of antigen and mast cells concentration on histamine 

release from actively sensitized rat peritoneal mast cells. Means with 

individual values are shown. Mast cells concentration 8:5 cells/mm? 

(white) and 85 cells/mm! (stippled) in I, and 7-7 cells/mm? (white) and 
154 cells/mm! (stippled) in IT 
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We did not succeed in obtaining an inhibition of the 
anaphylactic reaction in guinea pig or rat lung actively 
sensitized, nor the Schultz-Dale reaction, by addition 
of much larger excesses of antigen (25-100 mg/ml. for 
100-200 mg tissue). 

It has been demonstrated that antigen-antibody 
complexes formed with antigen concentrations more than 
20-50 times that at equivalence are biologically inactive, 
while the most active ones are those formed in a zone 
where antigen is from 2 to 10 times in excess’-*. The 
ability of these complexes to release histamine from rat 
mast cells has been discussed by some authors*?. In our 
experiments, it is not justifiable to compare the antigen/ 
antibody ratios with those found in the soluble complexes, 
since the antibody was fixed to the tissue, and the antigen 
initially free in solution. Nevertheless, there is a strong 
suggestion that the anaphylactic reaction in the actively 
sensitized rat peritoneal mast cells would be initiated by 
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a mechanism similar to that of the formation of a biologi- 
cally active antigen-antibody complex. 
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Combination Chemotherapy with Actinomycin D 
and Ribonuclease : an Example of 
Complementary Inhibition 


Two mechanisms have been suggested by which com- 
binations of drugs may depress the intracellular avail- 
ability of a given metabolite to a level that becomes 
limiting for cell survival. Potter? has applied the term 
sequential inhibition to the action of two or more in- 
hibitors on different enzymes in & limited portion of & 
multi-enzyme sequence (equation 1), and Elion, Singer 
and Hitchings? have denoted as concurrent blockade 


I, I, 


(1) 
A — B— C 


the simultaneous retardation, by two or more agonts, of 
alternate biochemical routes to the same end-product 
(equation 2). 

f 


Y 
A——B 


D—— E 


An additional mechanism can be visualized whereby 
drugs capable of binding and inactivating macro-molecules 
(for example, nucleic acids and enzymes) within the cell 
are used in conjunction with other agents capable of 
altering biosynthetic pathways leading to the formation 
of an end-product that has been rendered partially or 
completely non-functional. This mechanism, termed 
complementary inhibition, will be illustrated in the 
present report by the action of combinations of actino- 
mycin D and bovine pancreatic ribonuclease on sarcoma 
180 ascites cells. The function of the ribonuclease is to 
hydrolyse enzymatically some of the existing ribonucleic 
acid (RNA) molecules within the cell, and that of the 
actinomycin D is to retard metabolic repair processes that 
involve the re-synthesis of the catabolized RNA. The 
relatively specific inhibition of deoxyribonucleic acid 
(DNA)-dependent RNA: synthesis by actinomycin D has 
been reported by several investigators and the mechanism 
involved has been reviewed recently**. Such metabolic 
insult results in an inhibition of neoplastic cell growth? ; 
however, survival of cells may ensue through conservation 
and utilization of pre-existing RNA molecules for meta- 
bolic function. The addition of ribonuclease, an enzyme 
reported to arrest temporarily the growth of several 
transplanted or spontaneous rodent neoplasms’, to the 
actinomycin D therapy depletes cellular RNA content 
further by depolymerizing some of the RNA formed prior 
to the actinomycin D blockade. 
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Table 1. EFFECT OF COMBINATIONS OF ACTINOMYCIN D AND RIBONUCLEASE 
ON THE SURVIVAL TIME OF MIOE BEARING SARCOMA-180 ASCITES CELLS 


Daily dosage * 
(mg/kg) Av. 4 Av. No. 
Actino- Ribo- wi.t survival 50-day 
mycin D nuclease (%) (days) survivors f 

0 0 +174 16-3 0/45 
0 20 18:8 143 0/10 
0 40 *102 12:4 0/10 
0 80 T10:3 144 0/15 
0 120 +78 10:4 0/10 
0 200 +66 15:3 1/20 
0-015 0 +3°8 23-2 1/15 
0-03 0 —-2:0 21:3 0/20 
0:045 0 —1r8 24:0 1/10 
0-06 0 —88 27-6 1/10 
0:10 0 — 27-6 15-0 0/5 
0-015 20 +17 19-2 0/15 
0:015 40 —2:0 33-0 5/15 
0-015 80 0-17 30-3 9/15 
0-015 120 +0°8 99-0 2/10 
0-015 900 ^ +17 38:2 5/10 
0-03 20 -31 26:7 2/15 
0-08 40 -41 96-1 2/15 
0-03 80 -6:8 35:0 9/20 
0-03 120 —6:6 30:3 6/15 
0-03 200 —9:4 45:5 6/10 
0-045 20 — 9-6 21-6 0/10 
0:045 40 —10:3 31:9 2/15 
0-045 80 -T6 27-6 3/15 
0-045 120 —-147 39:5 3/10 
0:045 200 -7:6 44-9 6/10 


* Administered intraperitoneally once daily for 6 consecutive days, 
beginning 24 h after implantation of tumour cells, with combined treatments 
given simultaneously. Mice were maintained throughout the experiments 
on drinking water containing 40 ug streptomycin/ml. 

t Average weight change from onset to termination of drug treatment. 

i Mice surviving over 50 days were calculated as 50-day survivors in 
determination of the average survival time. 


The effects of such combinations on neoplastic growth 
were measured in adult C3H mice that had received 
approximately 4 x 10° sarcoma-180 ascites tumour cells 
by intraperitoneal injection as previously described’. 
Therapy was initiated 24 h after implantation of the 
neoplastic cells and was continued for six consecutive 
days. Therapeutic efficacy was determined by the pro- 
longation of survival time afforded by drug treatments 
and by the number of mice surviving for at least 50 days. 
The percentage weight change from onset to termination 
of therapy was used as an indication of drug toxicity. 
The results in Table 1 indicate that commercial 3-times 
recrystallized bovine pancreatic ribonuclease, given intra- 
peritoneally, did not prolong the survival time of sarcoma- 
180 tumour-bearing mice in daily doses up to 200 mg/kg 
of body-weight. Actinomycin D prolonged life over a 
range of doses; however, only a few mice survived for 
50 days. Several combinations of the two agents resulted 
in pronounced synergistic inhibition of this neoplasm ; 
toxicity as manifest by weight loss was comparable with 
that caused by- actinomycin D alone. Combinations of 
actinomycin D with up to 200 mg of bovine serum albumin 
per kg, included as a control, yielded: results comparable 
with those achieved with actinomycin D. 

The results of experiments measuring the effects of 
drug therapy on the RNA content of sarcoma-180 cells 
are shown in Table 2. Since cells exposed to ribonuclease 
had a tendency to agglutinate, the average content of 


Table ?. EFFECT OF ACTINOMYCIN D AND RIBONUCLEASE ON THE NUCLEIC 
AOID CONTENT OF SARCOMA-180 ASCITES CELLS 


Relative content, RNA/DNA 


Treatment Exp. 1 Exp. 2 Exp. 3 Exp. 4 Exp. 5 
None 100 100 100 100 100 
Ribonuclease 89 76 88 86 80 
Actinomycin D 45 51 47 54 45 
Actinomycin D+ 

ribonuclease 38 39 40 44 39 


Drugs were administered intraperitoneally to tumour-bearing mice begin- 
ning 4 days after implantation of ascites cells; three doses were given 48, 24 
and 12 h, respectively, before analyses of nucleic acid content. Actinomycin 
D was used at 0-06 mg/kg/dose in all experiments, while ribonuclease was 
used at 240 mg/kg/dose in experiments 1, 2 and 3 and at 320 mg/kg/dose 
in experiments 4 and 5. Concentrations of DNA and RNA were determined 
by pentose analyses (ref. 10), using deoxyadenosine and adenosine as the 
standards, respectively. Untreated sarcoma-180 ascites cells contained 
31-2 mumoles of DNA deoxyribose/10* cells and 213-8 mymoles of RNA 
ribose/10* cells. 

Each value represents the average of results obtained from the separate 
analyses of ascites cells from 3-4 míice.- 
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RNA per cell could not be calculated for 
every sample; the results, therefore, are 
expressed as the relative concentration 
of RNA/DNA. In samples in which 
accurate cell counts could be achieved, 
the DNA. content of cells exposed to the 
various treatments were comparable with 
the control levels. In all the experiments, 
ribonuclease produced a slight depression 
of the RNA content, while actinomycin 
D caused a pronounced decrease in RNA. 
The combined treatment of ascites cells 
resulted in a depletion of the cellular 
RNA content that was greater than that 
caused by either drug alone. Although 
the decrease in RNA content induced 
by the drug combination was sub-addi- 
tive, it is evident that such a level of 
depletion may well be critical for cellular 
survival and that synergistic growth 
inhibition may be the result. In con- 
trast, bovine serum albumin (320 mg/kg/ 
dose) did not augment the decrease in 
RNA content produced by the actino- 
mycin D. 

Other examples of the complementary 
inhibition, involving DNA, appear to 
be provided by the finding that com- 
binations of uracil mustard (5-bis[2- 
chloroethyljamino-uracil) with certain 
antimetabolites yield enhanced inhibi- 
tion of the growth of several murine 
neoplastic cell lines? and by the report that synergistic 
inhibition of the growth of sarcoma-180 was achieved by 
combinations of mitomycin C with either 5-fluorouracil or 
6-thioguanine*®. Thus, theoretically, the use of complement- 
ary inhibition in the rational selection of combinations 
of drugs as potential synergistic inhibitors of neoplastic 
growth would appear to warrant further investigation. 

This work was supported by a grant (CA—02817) from 
the National Cancer Institute, U.S. Public Health Service. 
Actinomycin D was kindly supplied by Dr. C. A. Stonc, 
Merck Sharp and Dohme, West Point, Penn. 
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Interrelationships between Amphetamine 
and Harmala Alkaloids 


Ir has been shown! that iproniazid increased the 
hypertensive effects of indirect sympathomimetic 
amines, without altering significantly those of the directly 
acting catecholamines. We suggested later? that mono- 
aminoxidase inhibitors could facilitate the release of 
catecholamines induced by indirectly acting sympatho- 
mimetic amines. In this communication it is reported 
that two Harmala alkaloids, harmaline and harmine, 
which are both monoaminoxidase inhibitors with a rapid 
and brief action, can release catecholamines under certain 
conditions. 
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Fig. 1. Hypertensive effect of harmaline after various doses of amphetamine 


Our experiments were performed on pithed rats pre- 
pared according to the method of Shipley and Tilden’. 
The blood pressure was recorded from a carotid artery 
using Condon’s mercury manometer. 

Injections of 0-5-2 mg/kg of harmine or harmaline 
potentiated very strongly the pressor responses to small 
doses of amphetamine but decreased the responses to 
large doses. A similar potentiation by harmaline was 
observed on pressor responses to phenylethylamine, 
tyramine, ephedrine, bretylium and guenethidine. 

When harmaline and harmine were injected after 
the rats had been given a very small dose of amphetamine, 
they produced a marked increase in blood pressure, 
instead of the usual small one (8-10 mm mercury). 
Fig. 1 shows the relationships between the hypertensive 
effect of harmaline and the dose of amphetamine pre- 
viously injectcd. The duration of this hypertensive effect 
of harmine and harmaline increased with the doses of 
amphetamine given. After producing a response by 
injection of a Harmala alkaloid, a second response could 


-be produced by another injection of the alkaloid, but the 


second hypertensive response was smaller when higher 
doses of harmine or harmaline were used. 

The increased hypertensive response to Harmala 
alkaloids could also be elicited by previous injections of 
bretylium (5 mg/kg), or guanethidine (5 mg/kg), or pheni- 
prazine (2 mg/kg), but tyramine and phenylethylamine 
had no action. 

The rise in blood pressure induced by either Harmala 
alkaloid after amphetamine was not changed by bilateral 
adrenalectomy; but it was abolished by treatment with 
phenoxybenzamine, and it could not be elicited in the 
rat pretreated 24 h previously with reserpine (10 mg/kg) 
in order to deplete the noradrenaline stores. From these 
observations it could be concluded that Harmala alkaloids 
release noradrenaline from peripheral stores after previous 
injection of amphetamine. 

This noradrenaline-releasing effect of Harmala alkaloids 
does not seem to be related to their property of inhibiting 
monoaminoxidase for the following reasons: (a) Previous 
injections of harmaline and harmine (2 mg/kg) increased 
the pressor responses to amphetamine, but did not change 
the hypertension induced by Harmala alkaloids after 


No. 4947 August 22, 1964 


amphetamine. Similar observations were made on the 
rat in which monoaminoxidase had been inhibited by 
previous administration of pheniprazine (5 mg/kg) or 
iproniazid (50 mg/kg, given 24 h previously). (b) Amphet- 
amine did not increase but decreased the hypertensive 
effect of another monoaminoxidase inhibitor, pheniprazine. 
In summary, harmine and harmaline can produce a 
release of catecholamines in rats previously given amphet- 
amine; but this property seems to be unrelated to their 
action in inhibiting monoaminoxidase. We suggest that 
amphetamine not only induces release of catecholamines 
but also, even at very small doses, it changes the form 
of storage of catecholamines, making them available 
for release by Harmala alkaloids. We have previously 
shown that amphetamine has a similar action in making 
catecholamines more readily releasable by reserpine’. 
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` HISTOCHEMISTRY 


Localization of Invertase Activity in Small 
Intestinal Cells 


As has been shown, the hydrolysis of disaccharides 
is accomplished by enzymes associated with certain 
structures of the intestinal epithelium cells. A more 
exact localization of the action of disaccharidases in the 
intestinal epithelium cells loads to some controversy 
between different authors. 

Based on the investigation of hydrolysis of disaccharides 
it was suggested that the hydrolysis occurs inside the cells 
or in defined cytoplasmatic structures, which sediment 
together with the microsome fraction? or are located on 
“the inner aspect of the inner limiting membrane of 
mierovilli"?:1, 

According to another point of view, the final stages of 
hydrolysis develop on the external surface of the cell 
membrane by means of membrane or contact digestion®*. 

The concentration criterion which was successfully used 
by Rothstein’ for the determination of invertase localiza- 
tion in yeast cells is a reliable argument for deciding 
which hypothesis is correct. 

Indeed, if the hydrolysis occurs inside the cells, the 
accumulation of monosaccharides in tissue should be 
independent of its concentration in the medium during 
the course of incubation. If, on the other hand, the com- 
parative examination of reaction products in tissue and 
in the solution reveals: à higher concentration in the 
extracellular fluid, one would expect that the hydrolysis 


occurs extracellularly or at least on the surface of the’ 


mucosa. If we consider that the hydrolysis of disac- 


charides occurs on the mucosal’ surface, the uptake’ 


of monosaccharides should depend on the medium con- 
centration. - 

Tho complete reliability of this criterion is only possible 
in cases of a smooth. surface. In the case of the intestine, 
one has to keep in mind that the architecture of villi and 
microvilli hinders the diffusion of reaction products into 
the main volume of the incubation solution and contributes 
mainly to the passage of the substances into the cells. 

A. second restriction should be made: If the volume of 
the extracellular fluid largely exceeds the tissue volume 
the final concentration of hydrolysis products in the 
extracellular solution will depend not only on the local- 
ization of the hydrolytic enzymes but also on the dilution 
as well. 
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In the present investigation we repeated the data 
obtained by Miller and Crane. The extracellular and 
intracellular concentrations:of hexoses after incubation 
in sucrose were compared. We developed a technique which 
enabled us to determine the concentration of hexoses in 
the immediate neighbourhood of the membrane. 

Weighed pieces of everted intestine of white rats 
(Wistar strain), previously poisoned with sodium fluoride 
(0-02 per cent) to prevent active transport, were incubated 
in 2 per cent sucrose—Ringer’s solution (pH 7). In order 
to increase the hydrolysis, the incubation solution was 
shaken. The concentration of reducing sugars both in 
tissue homogenates and in the extracellular solution was 
determined by the method of Nelson. 

As we were technically unable to examine by this 
method reaction-rates for rather small extracellular fluid 
volumes (0-2-0-5 times the tissue volume), we changed 
this method as follows. An everted piece of intestine was 
dipped during 30 sec in a sucrose-Ringer solution (2 per 
cent) and the excess of fluid was discarded. The wet 
piece of intestine was laid on a plastic square with its wet 
mucosa, uppermost, and covered with another plastic 
sheet to prevent evaporation. After a known incubation 
time (2-20 min) the cover was taken off and the mucosa 
was gently dabbed with a weighed piece of filter paper 
or lens-paper. (The histological preparation shows that the 
villi structure was not injured in these experiments.) 
The tissue was immediately homogenized and the wet 
paper was reweighed. In both tissue and paper the 
reducing activity was determined by Nelson’s method. 

By this method we were able to examine tho incubation 
of small volumes of solution (up to 10 yl.) on 100-200 mg 
pieces of intestine and to compare the hexose concen- 
tration near the surface of the villi (mainly apical fluid) 
and in the upper part of the intervilli cavity with the 
hexose concentration in the tissue. 

In the first part of this work, the oxperimental con- 
ditions used by Miller and Crane*+ were reproduced. 
Pieces of intestine were incubated in a sucrose solution 
which exceeds several times its own volume. In this case 
the observations of Miller and Crane were confirmed. 
We observed that the concentration of the hexoses 
formed in the tissue does not depend on the volumo of 
the incubation medium. The concentration of hexoses in 
the surrounding medium is inversely proportional to its 
volume. 

In the second part of this work we tried to determino 
the monosaccharide concentration in the immediato 
proximity of the external side of the membrane. In the 
case of the intracellular hydrolysis the concentration of 
hexoses in the external solution ought to bo lower than 
the intracellular one (shaded area, Fig. 1). During a 
prolonged incubation time a relative increase in the 
hexose concentration in the surrounding medium was 
expected. This was shown by Miller and Crane?*. How- 
ever, as can be seen from Fig. l, the concentration of 
monosaccharides in the extracellular fluid near the surface 
of the villi is higher than in the intracellular wator. This 
fact can scarcely confirm the concept of intracellular 
hydrolysis of sucrose. 

The dynamics of concentration ratio, at various 
incubation periods, showing a gradient reverse from 
that described by Miller and Crane, strongly supports the 
extracellular membrane digestion of sucrose. Indeed, in 
the first incubation minutes, the extracellular hexose 
concentration exceeds four times the tissue concentration. 
This fact can scarcely be explained as a consequence of 
diffusion of hexoses from the cell to the extracollular 
fluid against a concentration gradient of this strength. 

The ratio decreases to a steady state of 2-25 for 
20 min and remains constant due to the enzymatic 
activity. 

We readily accept that this method cannot give a truo 
image of the hexose content in the liquid which is present 
in the brush border pores. Our results are only an approx- 
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Fig. 1. Concentration ratio of hexoses liberated during sucrose hydro- 
lysis in the incubation solution and in the intracellular fluid. Abscissa: 
time of incubation in minutes; ordinate: concentration ratio of hexoses 
in incubation solution versus intracellular liquid. I, Determination of 
hexoses in greater sucrose volumes according to the data of Miller and 
Crane; II, determination of hexoses in the immediate proximity of the 
cell surface. A, 4one typical for intracellular digestion. B, Zone 
typical for extracellular digestion 


imation to the characteristics of the true concentration 
gradient. It is logical to assume that the hexose con- 
centration on the external surface of the cell membranes 
should be higher than that we have observed in our 
experiments. 

The results-obtained by Miller and Crane rather reflect 
the dilution than the true distribution of substances on 
both sides of the cell membrane. 

This concentration difference (solution/tissue) is in- 
dependent of the length of the used intestine piece as we 
observed the same ratio for pieces of 1 em-as for pieces 
of 8 cm length (Fig. 2). 





Fig. 2. Relationship between the concentration ratio of hexcses 

liberated during sucrose hydrolysis and the length of the everted pieces 

of intestine. Abscissa: length of intestinal pieces (cm); ordinate: 

concentration ratio of hexoses in M solution versus intracellular 
qu 


If one considers the disaccharides absorption mech- 
anism to consist of at least three steps—the passive 
transport of disaccharides into the mucosal cells, its 
hydrolysis inside the cell and the active transport of 
monosaccharides through the cell into the portal blood— 
it can be postulated that, after inhibition of the active 
transport and preventing the destruction of reaction com- 
pounds 4n situ: (1) the accumulation of monosaccharides 
in the tissue is independent of the concentration in the 
medium; (2) the monosaccharides ought to appear first 
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inside the cell and after a while, by diffusion, an equi- 
librium must be reached between hexose concentration 
on both sides of the membrane; (3) the accumulation of 
monosaccharides in the tissue depends on the amount of 
tissue used. 

If one considers, on the other hand, the disaccharides 
absorption mechanism to consist of at least two steps— 
the membrane-bound surface hydrolysis followed by an 
active transport of monosaccharides—facts contrary to 
tho first postulation ought to be expected. 

In this series of experiments it can be observed 
that: (1) The hexoses appear first in the surrounding 
medium bofore they enter by diffusion in the tissue 
(Fig. 1). (2) A concentration gradient in hexose concen- 
tration between tho bulk of the phase and the apical 
part of the mucosa was observed in the solution. (3) The 
accumulation of monosaccharides is independent of the 
length of the piece of intestine used (Fig. 2). 

Using the reliable concentration criterion, we may 
assume that the true locus of sucrose digestion is on the 
external part of the limiting membrane of the intestinal 
epithelium, as has been shown by Ugolev et al.*. 

This work was carried out in Koltouchi-Pavlovo and 
supported by a grant from the Foundation for Belgian- 
Soviet cultural agreemont. 
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H/EMATOLOGY 


Interaction of Mercuric lon with 
Hamoglobin 


THE reactivity of the sulphydryl groups of human 
hemoglobin has been examined in many laboratories. 
Recently, Cecil and Snow! have reported spectral changes 
in 6 M. urea at pH 9 when 8 equivalents of HgCl, are added 
to oxyhemoglobin (HbO;) and metHb at 37? C. In the 
course of investigations in this Laboratory on the effect 
of HgCl,, it was observed that the addition of more than 
10 equivalents of mercury per hemoglobin produces 
marked changes in the absorption spectra and the rotatory 
dispersion curves of both HbO, and metHb. The final 
product, in both instances, is similar to acid-denatured 
protein. Hardman and Gurd? have made essentially the 
same observations when copper or zinc reacts with 
metmyoglobin. i 

HbA was prepared from cells washed with 0-9 per cent 
sodium chloride and lysed in water. The solution was 
deionized by dialysis and electrodialysis. Methemoglobin 
was prepared by the method of Mirsky and Anson? with 
some modifications. Only 1-5 equivalents of K,Fe(CN), 
were used ; the solution of metHb was deionized by dialysis 
against 0-05 M. phosphate buffer pH 6-8 until the yellow 
colour was no longer visible, then dialysed against water, 
and finally electrodialysed. Absorption spectra were 
obtained at room temperature in a Cary, model 14, 
spectrophotometer. Rotatory dispersion curves were 
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obtained using Bendix-Eriesson and Rudolph recording 

spectropolarimeters at room temperature (24°-25° C). 
The absorption spectra obtained when HbO, was the 

starting material are given in Figs. 1 and 2. The addition 
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Fig. 1. Absorption spectra of HbO;. Curve 1, pH 6:8; Curve 2, 
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Fig. 2. Absorption spectra of HbO: plus HgCl, and hemin. Curve 1, 
HbO.+ HgC); 40/1 after 30 min; curve 2, after 1h, 8h, and 9h; curve 3, 
hemin pH 5:8 


NATURE 


88! 


of dilute acid to adjust the pH to 3 produced a marked. 
decrease in intensity in the Soret region coupled with a 
shift to shorter wave-lengths (Fig. 1). The final absorp- 
tion spectrum, obtained in about 2 h, had a single broad 
maximum between 370 and 390 mu. This curve is virtually 
indistinguishable from that of hemin (Fig. 2). When 
HgCl, was added to a solution of HbO, and the pH 
maintained between 5:5 and 5:8 during the addition of the 
mercury solution, the absorption spectra were similar to 
those seen in the early stages of acid denaturation. By 
maintaining the pH. in a range where pH alone did not 
affect the absorption spectra it was therefore possible 
to separate the effects due to Hg (II) from those due to 
pH. Tho addition of HgCl, in ratios of 10-100/1 (HgCl;/ 
protein) gave similar results. With some variations, such 
as the degree of change observed at comparable ratios of 
Hg/protein, metHb gave the same general results. Sperm 
whale myoglobin gave the same spectral changes when 
HegCl, was added. 

The rotatory dispersion data indicated that the specific 
rotations of acid-denatured HbO,, acid-denatured metHb, 
HbO, plus 50 equivalents of HgCl,, and metHb plus 50 
equivalents of HgCl, were all more negative than HbO, 
and metHb above 270 my and less negative below this 
wave-length. The values of the specific rotation at 233 
mu, which were obtained using the Bendix-Eriesson, are 
listed in Table 1. It can be seen that the addition of 
HgCl, as well as acid denaturation result in less negative 
values for the calculated parameter. In addition to these 
characteristics in the ultra-violet region, the Cotton 
effect in the Soret region is absent in acid-denatured pro- 
tein and in protein plus HgCl,. 


Table 1 
Tonic Hg/ 
Protein pH strength protein ba" ( 9)og3ma 
HbO, 58 10+ — — 550 — 9,200 
E 0-002 — —75 — 3,740 
3 0-002 — —125 
356 0-004 d — 550 — 7,020 
58 10-4 40/1 —417 — 4,700 
90/1 — 210 
MetHb 5-9 m —517 
5.9 — — 470 
3 0-002 — — 25 
8 0:2 — —156 
5:9 2x10- 50/1 —127 
MetMb 5:6 0-002 = — 550 
56 0-002 20/1 — 350 


* Calculated using 4,—212 my. 


From the data between 240 and 300 mp Moffitt-Y ang 
plots were drawn. The values of b, calculated from the 
slopes of these curves are listed in Table 1. It can be seon 
that both acid denaturation and the addition of HgCl, 
result in less negative values of by. Values calculated for 
human ferrihemoglobin are similar to those reported by 
Beychok et al.* for horse ferrihemoglobin. In addition, 
the effect of ionic strength is similar to that found by 
them. However, the ionic strength effect is not of suffici- 
ent magnitude to make any significant contribution to the 
changes seen in the presence of HgCl, under the conditions 
of these experiments and at the concentrations used 
(10-4 M). Similar observations have been made with 
sperm whale myoglobin (Table 1). 

As evidenced from the absorption spectra both in the 
Soret region and at 630 my, metHb formed on the addition 
of HgCl, If the pH of acid-denatured hemoglobin was 
raised from 3 to 5-8, both the absorption spectra as well 
as the rotatory dispersion indicated that there had been a 
'renaturation'5 of the protein. 

From the changes in the absorption spectra, as well as 
the optical rotatory properties, it appears that Hg (IT) 
produces effects that are qualitatively similar to those due 
to acid denaturation. This, coupled with the fact that the 
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environment of the hem group has been affected, sug- 
gests that histidine residues are involved*?. Experiments 
in progress using nitrophenylacetate, the hydrolysis of 
which is catalysed by imidazole?^?, indicate that imidazole 
residues are made unavailable when HgCl, is added to 
metHb. The rate of hydrolysis of the ester by metHb 
is 1-5-2 times more rapid in the absence of HgCl, than in 
the presence of it (HgCl,/protein = 6/1). As a result, 
at the present time, it.seems that HgCl, is capable of 
reacting not only with the sulphydryl groups but also the 
imidazole residues of hemoglobin. 
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PATHOLOGY 


Effect of RNA on Vascular Permeability in 
the Rat 


PREVIOUS workers have shown that certain nucleosides 
and nucleotides can increase vascular permeability and 
cause leucocyte emigrabion' and thereby directed 
attention to their potential role as mediators of inflamma- 
tion. 

An extract has recently been prepared from lymph node 
cells (LNPF) which causes an intenso increase in vascular 
permeability and immediate and prolonged emigration of 
leucocytes and the deposition of a material rosembling 
connective tissue fibrinoid*. Immediately following the 
injection of LNPF the inoculum reacts positively for 
RNA with the Unna-Pappenheim stain. After 20 min, 

‘however, the positive RNA reaction can no longer be 
obtained. 

Because of these findings it was decided to investigate 
the ability of RNA and also DNA to reproduce the effects 
of lymph node extracts. Highly polymerized DNA from 
calf thymus (B.D.H.) failed to increase vascular permea- 
bility in the rat in doses of 15 ug to 5 mg/ml. On the other 
hand, a purified preparation of highly polymerized yeast 
RNA (B.D.H.)* was active in increasing vascular permea- 
bility over the range of 15 ug-1 mg/ml. This preparation 
of RNA also induced extensive emigration of loucocytes 
within 15 min of injection, 100 ug leading to the accumula- 
tion of about 50 leucocytes per high power fiold. By 24h 
after an injection of 100 ug of RNA, large numbers of 
mononuclear leucocytes were infiltrating the inoculation 
site. Unlike LNPF, however, injections of RNA did not 
lead to the accumulation of an eosinophilic coagulum at 
the site of injection. The effect of RNA on vascular 
permeability could not be destroyed by prior incubation 
with 1-5 mg/ml. ribonuclease (Sigma 50 units/mg) at 
37? C for 1 h. 

Unlike nucleosides, the effects of which appear to be 
due to release of histamine?**, the increase in vascular 
permeability induced by RNA could not be abolishod by 
systemic dosage with the antihistamine drug mepyramine 
maleate (“Anthisan’ 1-2-5 mg/kg) or the 5-hydroxytrypt- 
amine antagonist ‘BOL 148’. However, incubation of 
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RNA with guinea pig plasma led to a striking suppression 
of its effect on vascular permeability as did local adminis- 
tration of sodium salicylate 2-5 mg/ml.". In its response 
to these antagonists RNA bore a close resemblance to 
LNPF*. 

Other forms of RNA were found at first not to share 
the activity of the highly polymerized preparation, thus 
freshly made solutions of soluble yeast RNA sodium salt 
(B.D.H.) and soluble yeast RNA Type III (Sigma Co.) both 
failed to increase vascular permeability significantly when 
tested in rats’ skin. On the other hand, when these same 
solutions were allowed to stand at room temperature, 
Seitz filtered and tested in rat skin, there was a progress- 
ive incroase in activity, until after 24 h their effects were 
as great as that of the highly polymerized preparation. 
The effect of the aged solutions could not be attributed 
to the appearance of histamine-releasing nucleosides* 
since dye leakage was not diminished by administration of 
mepyramine maleate (2-5 mg/kg). The true explanation 
of this phenomenon is not yet apparent. 

Nevertheless the results so far are consistent with the 
view that RNA or a derivative, for example, an oligo- 
nucleoside, might be responsible for some of the phlogistic 
effects of extracts of lymph nodes and perhaps other 
tissues. 

We thank Prof. H. O. Schild and Dr. R. Mathias for 
their advice. This work was supported by grants from 
the Nuffield Foundation and the Medical Research 
Council. 
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Early Regressive Changes during the 
Tuberculin Skin Reaction 


For an understanding of the pathogenesis of patho- 
logieal processes, the initial stages of their development 
are usually most important. At first only the direct 
sequela of the causal agent play & part, and the position 
is not very complicated by regulatory and reparative 
processes aiming at the renewal of the normal state. The 
morphology of early stages of the hypersensitivity reaction 
of the delayed type has been examined by several 
authors!-‘, who directed attention mainly to the composi- 
tion of the cell infiltrate. Because inflammatory infiltra- 
tion is a result of tissue damage, I was interested rather in 
changes in tissues where the immunological roaction 
takes place. 

I used white guinea pigs weighing 250-350 g, sensitized 
by injection of 0-1 ml. emulsion into both hind limbs of the 
following composition: 6 ml. paraffin oil, 2 ml. lanolin, 3 
ml. physiological saline containing per 1 ml. 3 mg BCG 
vaccine killed by heat (1 h at 70° C). The skin tests were 
carried out 21-28 days after sensitization with 10, 1 and 
0-1 ug PPD (Statens Seruminstitut, Copenhagen, Den- 
mark) in 0-1 ml. physiological saline into the skin of the 
hip. The groups formed by five sensitized and one control 
guinea pig were killed 1/2, 1, 2, 3, 6, 12 and 24 h following 
the skin test. The sites of the skin test were examined in 
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histological preparations stained with hematoxylin- 
erythrosin. 

The inflammatory infiltrate was practically of equal 
composition to that described by Gell and Waksman!?. 
The first changes, that is, leukostasis and leukodiapedesis, 
were found after 1 h around the subcutaneous venules. 
Gradually the infiltration of the subcutaneous tissue 
became diffuse and spread through the dermis under- 
neath the epidermis. The composition of the infiltrate 
changed, depending on the dosage. When large doses 
were used neutrophils predominated; when small doses 
were applied an almost pure mononuclear infiltrate was 
formed around the subcutaneous venules. The changes 
in the subcutaneous fat were striking. Already after 2 h 
and sporadically even after 1 h I found lipophagic foci 
made up of macrophages surrounding, in a wreath-like 
fashion, the fat vacuole of the dead cell—partly of foreign 
body giant-cells, containing sometimes in their plasma 
optically vacant spaces after extraction of fat. In some 
larger lipophagic foci microabscesses were found, that is, 
an accumulation of neutrophils in a space corresponding 
to the size of the fat'cell. The lipophagic foci appeared 
most frequently after medium or low doses of PPD or at 
the margin of the reaction to a larger dose. In the reaction 
with 10 ug PPD I found, after 2 h, sevoral small foci 
of necrotic subcutaneous adipose tissue—an anuclear 
mass staining pale pink with erythrosin, with a sharp 
borderline at the adipose tissue which was only slightly 
infiltrated with polymorphs. Mononuclears were not 
represented. In subsequent specimens I did not find 
any necrosis foci; they were probably covered with a dense 
inflammatory cellulization. In non-sensitized controls 
there were neither necroses nor lipophagia. 

The immunological reaction between sensitized cells 
and antigen takes place at the site where they meet. In 
the skin test these cells meet the antigen in the immediate 
vicinity of fine subcutaneous venules?, which usually aro 
next to the layer of subcutancous adipose tissue. One of 
the consequences-is damage of subcutaneous tissues which 
may manifest itself after larger doses of antigen by 
necrosis and after lower doses by a lipophagic reaction 
around individual dead or damaged cells. The observed 
regressive changes can be interpreted in two ways: (1) 
adipose tissue binds the antigen and the sensitized cells 
therefore attack it and break it down; (2) the sub- 
cutaneous adipose tissue is the only medium where the 
reaction takes place and it is damaged by the reaction 
products. 

A hypothesis similar to the foregoing interpretation 
was elaborated by Waksman for the pathogenesis of 
experimental allergic encephalomyelitis. He assumes 
that sensitized monocytes (and histiocytes) attack and 
finally break down structures containing antigen’. It can 
be assumed that fat cells bind antigen; it cannot be 
concluded, however, from the fact that macrophages 
remove adipose tissue that they also attack and damage 
fat cells. The first: hypothesis does not explain the 
observed early necroses, in the vicinity of which I did 
not find a striking accumulation of mono- or histio-cytes. 
but only a few polymorphs. 

The second hypothesis has some points in common with 
the explanation of Goldberg et al.7. We assume that 
immunologically competent cells, after leaving the blood 
vessel, meet the antigen and liberate some biologically 
active substances which act as a mediator of the delayed 
hypersensitivity roaction. The mediator acts on the cells 
of the surrounding tissue and at higher concentrations it 
damages and kills them. The dead cells liberate further 
active principles, causing a reactive inflammation. In 
my own opinion, its character will not depend any 
more on the type of reaction which produced it but rather 
on its intensity rate, course and duration. Changes in 
adipose tissue are most striking because the reaction 
takes place in the immediate vicinity of fat cells and 
because adipose tissue is metabolically more active than 
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fibrous tissue of the dermis. I believe that this hypo- 
thesis, though not yet confirmed, so far best agrees with 
the observed facts. 
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Nucleolus-like Inclusions in the Cytoplasm 
of HeLa Cells treated with Puromycin 


CvroPLASMIO inclusions containing RNA havo been 
noted in HeLa cells treated with puromycin}, an anti- 
metabolite which is a selective inhibitor of protein syn- 
thesis*?. It is now clear that these inclusions appear in 
a large proportion of treated cells when high concen- 
trations of puromycin are used, and that these structures 
bear a resemblance to nucleoli as regards morphological 
appearances and their dependence on continued synthesis 
of cellular RNA. 

Inclusions were produced in HeLa cells grown in 
monolayer culture under conditions described by Wildy 
et al.4. Unless otherwise stated in the protocol, 100 ug 
of puromycin dihydrochloride (Nutritional Biochemical 
Corp., Cleveland, Ohio) was present in each 1 ml. of the 
culture medium and the duration of action was 24 h. 
The inclusions were observed under phase contrast optics 
in unfixed cells, but were best visualized by any standard 
staining procedure for RNA. In the experiments described 
here the coverslips were fixed in 5 per cent trichloroacetic 
acid for 10 min, and stained for 15 min in 0-1 per cont 
aqueous toluidine blue at pH. 5-5. The cells did not stain 
by this method after pretreatment with ribonuclease. 

The production of inclusions by puromycin was con- 
centration dependent (Fig. 1). Prolonged treatment with 
puromycin. at concentrations lower than 5 ug/ml. did not 
result in the appearance of inclusions, although protein 
synthesis is known to be approximately 80 per cent 
inhibited within 45 min of the addition of puromyoin*:*. 
The inclusions were formed at concentrations of puro- 
mycin higher than 5 yg/ml., and their numbers increased 
with concentration of puromycin until a maximal effect 
was reached at 50 pg/ml. of puromycin. This concen- 
tration has been shown to produce maximal inhibition of 
protein synthesis in HeLa cells**. This suggests that tho 
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Fig.1. Effect of concentration of puromycin on the frequency of cells 

with cytoplasmic inclusions. Duration of treatment was4h. The points 

shown are arithmetical means of values obtained in four separate 
experiments 





884 NATURE August 22, 1964 vou. 203 
appearance of cytoplasmic inclusions Nueleoli Inclusions 
resulted from the interruption of protein 400 40 
synthesis. 





The inclusions were first detected after 
treatment for 2 h with puromycin (Fig. 2). 
Their numbers increased gradually for 
10 h, and at that time more than 30 per 
cent of the cells contained at least one 
inclusion. Thereafter, the proportion of 
cells with inclusions decreased slightly, 
and cells were being lost from the culture 
monolayer. Virtually all cells detached 
from glass after 48 h of treatment with 
puromycin. 
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The inclusions produced by puromycin 0--24hrs. — 
are shown in Fig. 3. There was some " = 
En : 24-48 hrs. 

variation in the appearance of cytoplasmic 
bodies produced by puromycin but a 
number of them were similar to the 
nucleoli in their size, in their ovoid or Fig. 4. 


irregular shape, and in the intensity of 
staining with basophilic dyes. The inclu- 
sions were surrounded by an unstained 
area. In these respects they resembled 
cytoplasmic structures described by other 
workers as nucleoli extruded from the 
nucleus?-!^, 

While this view of the origin of the inclusions cannot 
be accepted or denied on the basis of morphological 
appearances alone, experiments with inhibitors of nucleic 
acid synthesis show another point of similarity between 
the inclusions and nucleoli. Treatment of HeLa cells with 
a low dose (0-03 ug/ml.) of actinomycin D is known to 
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Fig.2. Effect of duration of treatment on the production of cytoplasmic 
inclusions by 100 zg/ml. of puromycin. The values of two separate 
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experiments are shown. O, First experiment; 6, second experiment 
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Fig.3. Hela cells stained by toluidine blue after 24 h of treatment with 

100 ug[ml. of puromycin. Note the presence of multiple cytoplasmic 
inclusions ( x 1,150) 
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Effect of pretreatment with actinomycin D (A) and mitomycin C (M) on the 
numbers of nucleoli and the production of cytoplasmic inclusions by puromycin (P). All 
cultures were stained after 48 h of treatment indicated below the histogram, and nucleoli 
and inclusions were enumerated at this time. 
each culture, and duplicate cultures were used in each experiment. 
arithmetical means from four separate experiments. 
was 100 ug/ml., actinomycin 0-03 ngm., mitomycin 1 ug/ml. Comparison of the two 
histograms shows a similarity of nucle 
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The concentration of puromycin 


oli and inclusions in their response to inhibitors of 
nucleic acid metabolism 


interrupt synthesis of ribosomal RNA (ref. 11) and to 
result in the disappearance of nucleoli after treatment 
for 24-28 h (ref. 12). Nucleoli gradually reappear, how- 
ever, if actinomycin is omitted from the medium". Fig. 4 
shows that puromycin treatment did not result in the 
appearance of cytoplasmic inclusions if the cells were 
pretreated with and maintained on actinomycin D 
(Merck, Sharp and Dohme, Rahway, New Jersey). The 
inclusions did appear if actinomycin was withdrawn, or 
if mitomycin O (Calbiochem., Los Angeles, California) 
was used in place of actinomycin. Mitomycin is an 
inhibitor of DNA metabolism, with little direct effect on 
RNA synthesis?, and Fig. 4 indicates that its presence in 
the medium does not lead to a gross reduction in nucleolar 
number. This parallelism in the behaviour of nucleoli and 
inclusions in response to inhibitors of nucleic acid meta- 
bolism emphasizes their similarity. 
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grant CA-05402-04. 
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IMMUNOLOGY 


Contact Reactivity to Azo Dye Carcinogens 


Or» eż al.|, in a recent publication, have shown that 
while three carcinogenic polycyclic hydrocarbons (3- 
methylcholanthrene, 3,4-benzpyrene and 3,10-dimethyl- 
1,2-benzanthracene) were capable of eliciting contact 
hypersensitivity in guinea pigs, the non-carcinogenic 
anthracene and phenanthrene were devoid of a similar 
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capacity. They proposed that there might be a correlation 
between the capacity of a substance to elicit contact 
sensitivity and its carcinogenic activity as both seem to 
depend on interaction with proteins of the host. Further, 
they have suggested that in guinea pigs, resistant to 
chemical carcinogenesis and highly susceptible to delayed 
hypersensitivity, the response takes the form of contact 
sensitivity; in the rat and the mouse prone to chemical 
carcinogenesis, but with little or no ability to acquire 
contact sensitivity, the end result is tumour formation. 

If this view is correct, carcinogens other than the 
polycyclic hydrocarbons should be capable of oliciting 
delayed hypersensitivity in guinea pigs, while their 
non-earcinogenie analogues should be devoid of activity. 
Indeed a few azo dyes, some of which are powerful 
carcinogens in rats?, have been shown to be allergenic in 
man? and in guinea pigs*. 

In the experiments reported here 6 carcinogenic and 
7 non-carcinogenic azo dyes were tested in guinea pigs. 
Those which are carcinogenic in the rat did induce a high 
degree of cutaneous reactivity while 6 of the 7 non- 
carcinogens were devoid of sensitizing capacity. The 
exception was 2-methyl-4-dimethylaminoazobenzene, the 
only compound bound to rat liver proteins without being 
a carcinogen®. 

The azo dyes used in these experiments were: azo- 
benzene, p-aminoazobenzene, 4-dimethylaminoazobenzene 
(DAB), and DAB substituted at different positions with a 
methyl, or fluoro or hydroxyl, or trifluoromethyl] or with 
an amino group.  Ázobenzene was purchased from 
Matheson Coleman and Bell, p-aminoazobenzene from 
Eastman Chemicals: both compounds were of the highest 
grade purity. All the other highly purified dyes were & 
gift of Dr. J. A. Miller. 

The animals used were adult albino guinea pigs of both 
sexes. They were sensitized once with a total of 0-4 mg 
of azo dye (0-1 ml. in each foot pad) dissolved in complete 
Freund’s adjuvant and emulsified with saline. Skin 
testing was performed 3 weeks after sensitization. It 
consisted of applying to the shaved dorsal skin one drop 
of the azo dye used for sensitization, at a concentration 
of 1, 0-1, 0-01 and 0-001 per cent. Cross-reactivity to 
other azo dyes was tested at the same time; the test 
dose used was 1 per cent. Each test compound was 
dissolved in a mixture of 4 parts acetone and 1 part olive 
oil. Animals injected with adjuvant alone served as 
control. The reactions were recorded 24-36 h after 
testing and were graded from 0 to +++ + as to their 
severity. 

Six of the 7 carcinogens used evoked strong reactions 
(2 to 4+) in all guinea pigs sensitized. All 28 animals 
injected gave a reaction to a test dose of 1 per cent; 
24, 17 and 5 of the 28 animals reacted when tested with 
the sensitizer in a concentration of 0-1, 0-01 and 0-001 per 
cent respectively. The 7th carcinogenic dye (MAB) 
sensitized only 2 of 5 animals injected, and reactions 
were obtained to test doses not lower than 0-1 per cent. 
The cross-reactions were as strong as the homologous 
reaction. and seemed to depend on the sensitivity of the 
animal rather than on the compound used for testing. 

The results obtained on the allergenicity of azo dyes 
are compared with Miller’s results? on the carcinogenicity 
of the same compounds in Table 1. As can be seen, there 
is a good correlation between sensitizing capacity in the 
guinea pig (column 4) and binding to rat liver proteins 
(column 3). This correlation holds for carcinogenicity 
except for 2 methyl DAB: this is the only non-carcino- 
genic azo dye which was found to be bound to rat liver 
proteins?. 

Although it is generally accepted that low molecular 
weight compounds have to combine with proteins in 
order to induce sensitization, it is not clear whether 
elicitation of & contact reaction in & sensitized animal can 
be brought about by the chemical alone, or only by the 
complete antigen. Eisen et al", working with dinitro- 
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Table 1. SENSITIZING CAPACITY AND CARCINOGENICITY OF AZO DYEs 
Carcino- Bindingt Capacity 
Azo genic t to rat Capacityt to licit 
dye* index liver to shin 
(rat) proteins sensitize Lenefons§ 
DAB 6 + 100 (4) 106 (9) 
3’CH,;DAB 10-12 + 100 (5) 73 0) 
9'F DAB 10-12 + 100 (5) 66 (15) 
4’CH, DAB <1 + 100 (5) 7315) 
4'F DAB 10-12 + 100 (5) 5D (13) 
MAB 6 + 40 (5) 33 (15) 
2 CH;DAB 0 + 100 (4) 60 '5) 
4’NH.DAB 0 0 0 (5) 75 8) 
S'CF4DAB 0 0 0 (5) 29 120) 
2 OH DAB 0 0 0 (5) 10 (20) 
2'0H DAB 0 0 0 (5) 10 :20) 
p-Aminoazo- 
benzene 0 0 0 (5) 51207 
Azobenzene 0 0 012) Url) 
* For formule see text. 
T See ref. 2. 


f The numbers refer to the percentage of animals sensitized; these in 
brackets indicate the numbers of animals in each experiment. 

§ Cross-reactions: the numbers refer tothe percentage of animals reacting; 
those in brackets Indicate the number of sensitized animals skin tested. 


fluorobenzene (DNFB) and its analogues, distinguished 
between two classes of compounds: those which could, 
and those which could not, elicit a reaction in animals 
sensitized to DNFB. They were able to show that the 
‘elicitors’ could combine with bovine y-globulin in vitro, 
and with guinea pig skin proteins in vivo; the non-elicitors 
did not interact with protein either in vitro or in vivo. On 
the basis of these results they suggested that for a 
compound to elicit a reaction in @ sensitized animal it 
must first combine with protein to do so. The azo dyes 
which were shown. to be devoid of sensitizing capacity m 
the present series of experiments were shown not to 
combine with rat liver proteins 4n vivo? nor to interact 
with bovine serum albumin (BSA) in vitro’. Nevertheless, 
two of these dyes (4NH,DAB and 3'CF,DAB) were 
capable of eliciting reactions in guinea pigs rendercd 
sensitive to any of the seven sensitizers used (Table 1, 
column 5). This latter finding could be interpreted either 
by postulating that the two compounds, although they 
do not interact with rat liver proteins in vivo, nor with 
BSA in vitro, nevertheless combine with guinea pig skin 
proteins, or that some free azo dyes can elicit an allergic 
reaction. Assuming that 4/NH,DAB and 3’CF,DAB can 
combine with guinea pig skin proteins one would still 
have to explain their inability to sensitize. 

The results reported here are in agreement with those 
of Old et al.t: there is a parallelism both in the caso of 
the azo dyes and the polycyclic hydrocarbons between 
sensitizing capacity in guinea pigs, and carcinogenicity in 
rodents. Experiments are being carried out to find out 
whether suppression of immunological reactivity in tho 
guinea pig or intensive immunization in the rat might 
not modify the patterns of response. 
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immunological Distinction of AKR 
Thymocytes 


In a previous communication we reported discovery of 
a strong antigen associated with the thymic lymphocytes 
of AKR mice. Old, Boyse and Stockert have reported 
absorption of specific iso-antisera by thymus of A and 
C58 mice, and cytolysis of some leukemias of A and 
C57BL/6 mice by the same iso-antisera. These results 
indicated presence of a common antigen (the TL antigen) 
in the tissues mentioned?. This antigen, and the antigens 
common to the Friend, Moloney and Rauscher viruses 
(the FMR antigens), are not related to the AKR thymic 
antigen®,3, 

In the present communication, a clear-cut serological 
differentiation between AKR lymphocytes of thymic and 
non-thymic origin is reported: thymic and splenic lympho- 
cytes represent two antigenically different types of lympho- 
cytes. The AKE thymic antigen is present to a high 
degree in brain and in some leukemias of AKR mice, and 
to a lesser extent in other AKR tissues. The distribution 
of this antigen in thymocytes of other strains has been 
investigated. A preliminary report has been made‘. 

Iso-antisera to tissues of AKR mico were prepared in 
C3HeB/Fe mice, that possess the same H-2 allele (H-2k 
or H-2k’) but presumably differ in other histocompatibility 
factors®; and in C57BL/6 mice, that possess the different 
H-2 allele H-2b (ref. 6). The AKR tissues used were red 
blood cells, thymocytes, lymph nodes, spleen, marrow, 
liver; leukemias £4946, BW5147, S775, and sarcoma 
£283. The resulting iso-antisera were titred by immune 
cytolysis.” against the following AKR tissues: lympho- 
cytes of thymic, lymph node, splenic and intraperitoneal 
origin, and marrow cells; leukemias £4946, BW5147, 
S775; and against five different spontaneous leukemias 
RAI to RA5, which were transplanted intraperitoneally 
and tested within the first five transplant gonerations. 

Absorptions of iso-antisera were carried out by a 
quantitative adaptation of the method of Móller*. Either 
a known number of viable cells, or a packed residue 
derived from a homogenate of a known wet weight of 
tissue, were used for absorption. The supernatant was 
titred by immune cytolysis against the same tissue as was 
used for preparation of the iso-antisora. 

"Ihe cytolysis data are presented in abbreviated form 
(Table 1). All C3HeB/Fe iso-antisera cytolysed AKR 
thymocytes, while none cytolysed other types of normal 
lymphocytes (Table 14). This represents clear-cut 
evidence of the antigenic distinction between AKR 
thymocytes and other normal AKR lymphocytes. Five 
out of eight AKR leukemias tested (such as RA3) were 
highly sensitive to C3HeB/Fe iso-antisera, while three 
(such as 14946 and RA1) were not. This indicates that 
the five leukemias sensitive to these iso-antisera are anti- 
genically related to thymocytes (Table 1A). 

Tn contrast, C57BL/6 iso-antisera showed a variety of 
reactions (Table 1B): C57BL/6 iso-antiserum against 
spleen gave strong cytolysis of spleen cells but very weak 


Table 1. Cyrolysts or NORMAL AND LEUKÆMIC AKR CELLS BY 


C8HeB|Fe AND C57BL/6 IS0-ANTISERA 


Potency * for cytolysis of 
Normal AER cells AKR leukemias 
Thymus Spleen Marrow 6 RAL 
(A) Iso-antisera prepared in 
C83HeB/Fe mice.against AKR 


RA3 


Thymus 450 «2 2 (39% a.c.)t <2 96 
Spleen 524 <2 <2 (10% a.c. <2 97 
4946 340 <2 2 (46% a.c. <2 65 
(B) Iso-antisera prepared in 
C57BL/6 mice against AKR 
Thymus 450 82 <2 24 18 18-1 
Spleen 1:6 710 (21% re 218 19-4 74 
14910 4 ud — (21958. 78 54 — 142 


* Potency is expressed as 100/cytolytic titre, where the cytolytic titre is 
the a concentration of iso-antiserum (per cent) that gives 50 per cent 
cytolysis 

T The highest cytolysis obtained was 39 per cent above the control level. 
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cytolysis of thymocytes. The iso-antiserum against 
thymocytes gave strong cytolysis both of thymocytes 
and of spleen cells. The relative potencies of iso-antisera 
involved in these reactions give evidence of wide quantita- 
tive differences in the surface antigens of thymocytes 
and of other normal lymphocytes. Marrow cells were 
resistant to all iso-antisera that were tested. Cytolysis 
of AKR leukemias by the same iso-antisera showed that 
certain leukemias reacted similarly to one or other of the 
normal cell types. For example, 14946 leukemia reacted 
similarly to splenic lymphocytes (Table 1B). 

Absorption experiments further substantiated the 
results of the cytolysis data. Absorption of a C3HeB/Fe 
iso-antiserum prepared against AKR thymocytes, by 
normal lymphocytes other than thymocytes, was low or 
negligible, except for adult splenic lymphocytes, which 
absorbed. 5 per cent of the iso-antibody absorbed by the 
same number of AKR thymocytes. The AKR leukemias 
which behaved similarly to splenic lymphocytes in cyto- 
lysis experiments absorbed between 4 and 14 per cent, 
while leukemias which behaved similarly to thymocytes 
(Table 1) absorbed 39-95 per cent of the iso-antibody, 
calculated on the same basis. These results suggest that 
spontaneous AKR leukemias fall into two types, those 
with and those without a high content of the AKR 
thymic antigen. 

Residues of homogenates of various normal AKR 
tissues were tested for absorption of the C3HeB/Fe 
iso-antiserum against AKR thymocytes. Brain absorbed 
as much iso-antiserum as thymus, while appendix and lung 
absorbed approximately one-fortieth as much. Absorp- 
tion by liver, skeletal muscle, kidney and testis was less 
than 1 per cent of that of AKR thymic residue derived 
from the same wet weight of tissue. These data do not 
indicate whether the AKR antigen is present on cells of 
spleen, appendix and lung, or whether presence of the 
antigen is due to migration of thymocytes to these tissues. 
However, the content of the antigen was far too high in 
brain to be ascribed to the presence of thymocytes. 

Thymocytes of RF mice and of neonatal AKR mice 
were cytolysed by the C3HeB/Fe antiserum to AKR 
thymocytes at the same potencies as the homologous 
AKR colls, and the amount of iso-antibody absorbed by 
these cell types was only slightly lower. In contrast, 
thymocytes from C3HeB/Fe, C3H/DiSn, C3H/St, A, 
A/He, BALB/c, C57BL/6, C571BL/10, C57L, C58, DBA/I, 
DBA/2, SWR and 129 mice were not cytolysed, and did 
not absorb detectable amounts of iso-antibody. Com- 
parison of these data with Table 10 of ref. 5 indicates that 
the AKR thymic antigen is not associated with any of 
the six known mouse histocompatibility factors H-1 to 
H-6. 

An AKR iso-antiserum to C3HeB/Fe thymocytes 
cytolysed thymocytes from all the mouse strains mentioned 
here, except strains AKR and RF. These data exclude 
an association between the C3HeB/Fe thymic antigen 
and any of the six known mouse histocompatibility factors 
H-1 to H-6 (ref. b). Quantitative absorption experiments 
showed that the tissue distribution of the C3HeB/Fe 
thymic antigen was similar to that of the AKR thymic 
antigen. ; 

It is unlikely that either the present AKR or C3HeB| Fe 
thymic antigens are related to the X antigens of Gorer 
et al., since EL leukemias bearing the X antigens could 
not be cytolysed by iso-antibody?. Not only the AKR 
thymic antigen, but also the C3HeB/Fe thymic antigen, 
appears to be distinct from the LT antigen: C57BL/6 
thymus, which possesses the C3HeB| Fe antigen, failed to 
absorb iso-antibody directed against the LT antigen’. 
In line with the suggestion of Amos’ that apparently new 
serologically determined antigens be first designated by 
Greek letters, the names 0-AKR and 0-C3HeB/Fe are 
proposed for the two thymic antigens described in this 
investigation. The present results will be published 
elsewhere in detail. 


No. 4947 August 22, 1964 


This work was supported by grant CA 04469-06 AI from 
the National Cancer Institute, U.S. Public Health Service. 
ARNOLD E. REW 
Joan M. V. ALLEN 
Biochemistry Section, Department of Surgery, 
Tufts University School of Medicine, 
Boston City Hospital, Boston, Mass. 
! Reif, A. E., and Allen, J. M. V., Nature, 200, 1332 (1963). 
1 ord Boyse, E. A., and Stockert, E., J. Nat. Cancer Inst., 31, 977 


* 01d, L. J., Boyse, E. À., and Stockert, E., Nature, 201, 777 (1964). 

“Reif, A. E., and Allen, J. M. V., Proc. Amer. Assoc. Cancer Res., 5, 52 (1964). 
* Amos, D. B., Zumpft, M., and Armstrong, P., Transpl., 1, 270 (1903). 
"Reif, A. E., J. Immunol., 91, 557 (1903). 

‘Reif, A. E., J. Immunol., 89, 849 (1962). 

* Moller, G., J. Immunol., 86, 56 (1901). . 


* Gorer, P. A., Tuffrey, M. A., and Batchelor, J. R., Ann. N.Y. Acad. Sci., 
101, 5 (1962), 


RADIOBIOLOGY 


Shortening of the Span of Life of Rats by 
‘Myleran’ 


THERE are few reports on late somatic effects of radio- 
mimetic chemicals, especially those dealing with span of 
life. In mice and rats the first observations on the 
effects of single and repeated doses of nitrogen mustards 
and myleran on span of life are rather conflicting and the 
dose-response relationship has not been established!-5. 
Following the administration of single doses of a radio- 
mimetie agent the span of life shortening is less effective 
because the sub-lethal dose range of many of them is 
narrow. By repeated doses properly spaced to avoid the 
early mortality, a larger total dose may be administered 
and in this way a significant reduction of span of life 
obtained?; however, as more variables are introduced 
inherent to dose fractionation, the interpretation of the 
dose-response relationship may be complicated. On the 
other hand, the early mortality in rats associated with 
bone marrow aplasia induced by single doses of myleran 
can be successfully reduced by isologous and homologous 
bone marrow transfusions, and in those rats which survive 
30 days the observation of long-term effects can be 
extended to single doses of myleran two or three times 
greater than the LDso/30 (refs. 6, 7). 

This communication reports the relationship between 
the reduction of span of life in rats and the dose of 
myleran. White male L-strain rats bred here by random 
mating were used; at the start of the experiment they 
were 3-4 months old, weighing 140-150 g. A group of 
rats survived the first 30 days to mid-lethal doses of 
myleran (12-1, 13-8 and 15-5 mg/kg). Another group is 
composed of 30-day survivors treated with bone marrow 
transfusions (32-128 x 105 nucleated cells on the lst, 3rd 
or 5th day) following administration of increasing doses 
of myleran (from 15-5 to 48-3 mg/kg). A previous report 
from this laboratory described experimental methods and 
results on the 30-day survival’. The mean span of life 
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Dose of myleran (mg/kg) 
Fig. 1. Therelationship between the shortening of span of life of L-strain 


rats and the dose of myleran. x, rats receiving only myleran; O, rats 

treated with bone marrow transfusions after myleran administration; 

@, rats treated with bone marrow transfusions, data corrected for the 
mortality occurring during the 2nd and 3rd month 


and other criteria of longevity were established from the 
day of administration of myleran. Simultaneously until 
natural death a group of normal rats which served as 
controls has been recorded. Routine autopsies were 
performed on all animals. 

The results are summarized in Table 1. The mean, 
median and maximal spans of life at various dose-lovels 
indicate that the long-term survival of rats is inverscly 
related to the dose of myleran. 

In the group of rats not treated with bone marrow 
transfusions, however, observed values for the mean span 
of life are not significantly different from control values. 
To demonstrate that the observed differences are statis- 
tically significant a greater number of animals had to be 
used and this fact emphasizes why definitive data at 
sub-lethal and mid-lethal dose ranges are difficult to 
obtain‘. 

In the group of rats treated with bono marrow trans- 
fusions following myleran doses of 15-5 and 17:2 mg/kg 
the rats presented on the whole a more important reduc- 
tion of span of life not in relation to dose of myleran used. 
Among them about 25 per cent died during the second 
and third month with symptoms indicating a secondary 
rejection of the bone marrow graft. This particular 
incidence of mortality does not occur among the rats which 
received nearest myleran doses without bone marrow 
treatment or in bone marrow treated rats following 
administration of higher myleran doses which depress 
more profoundly the immunological defence reactions of 
the host. By excepting the latter two dose-levels, the 
lowest myleran dose that resulted in a statistically sig- 
nificant decrease in span of life was 20-7 mg/kg, at tho 
0-01 confidence-level. 

In Fig. 1, the shortening of life in rats expressed as a 
percentage of the normal span of life has been plotted 
against the doses of myleran on the ordinary scales. If 


Table 1. LONGEVITY DATA OF L-STRAIN RATS SURVIVING 30 DAYS FOLLOWING ADMINISTRATION OF SINGLE DOSES OF MYLERAN WITH OR WITHOUT BONE 
MARROW TRANSFUSIONS 





` 

















Experimental Dose of myleran No. of Mean span of life Reduction of mean | Median span of | Maximum span of , 
conditions rats + E.S. (days) span of life (%) life (days) life (days) ! 
ck ated rm Ni Ma VIE NA tani 

Controls — 24 551 + 41 — 558 998 
Myleran 12:1 21 401134 163 482 174 " 

13:8 12 482 + 05 12-5 499 789 

15:5 18 436 + 64 20-9 449 719 

Myleran and 15°65 106 324122 ona 41:2 (07e 387 852 
bone marrow 17:2 75 303 + 25 (401)* 45-0 (27-2)* 298 778 1 
20:7 99 410421 25-6 442 880 g 

27.6 119 330 16 39-0 333 700 
34:5 80 340 120 38:3 333 766 ' 

41:4 29 246433 55:4 250 581 

48-3 2 99 82:0 99 














* Corrected for the mortality occurring during the 2nd and 3rd month. 
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we assume that transplantation of bone marrow in rats 
is ineffective to reduce shortening of span of life, as it 
has been found in irradiated animals*, the shortening of 
span of life by myleran is a non-linear function of the 
dose with an important reduction of span of life with the 
increasing dose. It is interesting that a similar dose- 
response relationship was found in animals exposed to 
single doses of whole body irradiation?. 

When compared in terms of the LD,,,s doses, the ion- 
izing radiation appears a more potent agent for reducing 
the span of life than myleran. However, the comparison 
on this basis may be misleading because tho sensitivity 
of rat bone marrow tissue to myleran may be more 
important than to ionizing radiation and also relatively to 
the sensitivity of other tissues which could be involved 
in the shortening of span of life. For example, the 
sensitivity of bone marrow tissue to myleran, as reflected 
by the LD50/30 doses, is more important in rats than in 
mice (respectively 14 and 56-7 mg/kg)*. If there aro no 
species differences for the shortening of span of lifo by 
myleran, it can be predicted that single sub-lethal doses 
above 20:7 mg/kg of myleran would significantly reduce 
the span of life in mice. 

In addition, routine autopsies of rats showed tho 
presence of lens cataracts and testis atrophies with 
incidence rate and degreo in proportion to myleran dose. 
The incidence of macroscopic neoplasms was not above the 
normal level observed in the strain of rats used. Terminal 
causes of death apparently did not differ from those 
found in normal controls dying spontaneously; but it is 
not impossible that systematic histological investigations 
now in progress would disclose other particular findings, 
especially in rats which received higher doses of myleran. 

It may be concluded that single doses of radiomimetic 
chemicals share with ionizing radiations the property to 
reduce the span of life in mammals. It is hoped that 
further investigations in this field may shed more light on 
the mechanism of shortening of life by the agents 
described here and on factors which could modify their 
delayed somatic effects. 

This work was supported by grants from the Home 
Office (Ministére de l'Intérieur) of Belgium. The myleran 
(1:4 dimethanesulphonyloxybutane—trade name ‘My- 
leran’) used in this work was kindly supplied by Burroughs 
Wellcome and Co. Laboratories, London. 
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Distribution and Fate of Soluble Proteins 
labelled with lodine-I3I from Rat and 
Rabbit Livers 


SOLUBLE proteins of rat and rabbit liver have been 
labelled! with iodine-131 using the chloramine T radio- 
iodination procedure??. In this communication the 
distribution and fate of liver !?!T-proteins in relation to 
the chloramine Z and iodine monochloride* (ICI) pro- 
cedures are described. 
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Soluble proteins were extraoted from rat and rabbit 
liver, were dialysed and labelled with carrier-free iodine-131 
(1BS.3', Radiochemical Centre, Amersham) as previously 
described?.  !*![.tungstophosphorie acid (TPA, final 
concentration: 1-7 per cent in 0:68 N hydrochloric acid) 
soluble radioactivity as percentage of the original radio- 
activity was measured with carriers sodium iodide and 
bovine serum proteins. 

The distribution of homologous liver !*I-proteins was 
investigated in male Wistar rats of about 250 g weight 
having fasted for 26 h. The sample (100—120 uc.) was 
injected via the femoral vein into the ether-anesthetized 
animal and its total body radioactivity was immediately 
counted. After a 15-min interval blood was withdrawn 
from the abdominal aorta and perfusion with 1 1. heparin- 
ized saline was started via the portal vein. Afterwards 
several organs were removed, enclosed in thin polythene 
bags and separately set, in their proper position, inside the 
thoracic and abdominal cavity of a non-radioactive rat 
carcass. In identical geometry, the rat was counted in 
order to assess the percentage of dose retained by the 
organs. The radioactive rat carcass and an aliquot of 
blood were also measured. 

Results are shown in Table 1. A somewhat lower yield 
of protein-bound radioactivity was observed using higher 
amounts of iodine-131 (4 mo.). Raising the amount of 
chloramine T' (5-20 mg) determined, after addition of the 
reducing agent, the appearance of an increasingly intense 
opalescence in the protein solution. Correspondingly an 
approximate proportionality between the percentage of 
dose retained by the liver and the amount of chloramine T 
used became evident, the higher uptake being due to some 
denatured proteins during the iodination. Heat-denatured® 
serum and liver !*!I-proteins gave 81 and 89 per cent 
retention, whereas normal serum !*!I-proteins gave about 
1:2 per cent?. 

When liver proteins were labelled with iodine-131 by 
using the iodine monochloride method? (the final reagent 


Table 1. RAT LIVER RETENTION OF RAT LIVER SOLUBLE !!!I-PROTEINS 
Percentage Percentage of dose after 15 min from 
Labelling total 1I- injection in: 
techniques recovery Blood Liver Carcass 
Chloramine T 
2 mg i 2&0 22:9: 1:3 515403 16/7308 
oramine 
(5 mg) 40-6 15:5x0-5 ess 147 10:2 
Chloramine 7 : 
(10 mg) 44:0 13-4424 doo 12x11 
+29- 
Chloramine T 2 
(20 mg) 43-2 68 + 02 (Se 1L140-7 
+45 
Chloramine 7 * : 
(20 mg) 48:2 9.3 68:5 116 
(33-090) 
Iodine monochloride 
(126 ug) 4:5 22:1 51:9 17-9 
(+0'8%) 
Iodine monochloride 
0 ug 6:8 21:9 16:7 


52-7 
(72:396) 

Each sample of liver proteins (20-4 mg) was labelled with 4 mc. iodine-131. 
Percentages of !*1T-TP A soluble radioactivity ranged between 3-5 and 6:7 per 
cent. Carrier liver proteins were added to prevent self-irradiation. About 
10 mg of liver **I-proteins (in 2-0 ml. pH 7-6 phosphate buffer) were admin- 
istered to the rats except one. Figures with -S.E. represent mean of 
3 animals, Figures between brackets represent percentages of higher liver 
retention. 

* This rat received 59 mg liver proteins. 

Percentage of dose in liver: P (2 mg :5 mg) «0:001; P (2 mg:10 mg) 
«0:001; P (2 mg : 20 mg) «0:001. 


Table 2. RABBIT LIVER SOLUBLE !'II-PROTEIN RECOVERIES USING THE 
IODINE MONOCHLORIDE AND CHLORAMINE T RADIOIODINATION PROCEDURES 


Opalescence Percentages 
Labelling of IMT-TPA 
techniques protein MT. soluble 
solutions recovery radioactivity 
Iodine monochloride 
ug - 121 6:3 
210 ug (a) - 18:3 49 
Chloramine 7 2 mg (b) - 49:8 5:8 
Chloramine 7' 5 mg (c) + 45-9 3-7 
Chloramine T 10 mg (d) ++ 48:5 35 


The reaction mixture was made up with proteins (30-9 mg) in 0-15 M 
phosphate buffer, pH 7-6, with 5 me, iodine-131 per each sample. Addition 
of carrier liver proteins prevented self-irradiation damage. Percentages of 
42]7-TPA soluble radioactivity were estimated on the eluates. 

a, b, c, and d refer to curves shown in Fig. 1. 
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Fig. 1. Behaviour of soluble proteins extracted from rabbit liver and 


labelled with iodine-131 by the (a) iodine monochloride (210 ug) and 

chloramine 7; (b) 2 mg; (c) 5 mg and (d) 10 mg, procedures and injected 

into rabbits. Labelling efficiencies of these samples are reported in 

Table 2. Vertical bars represent + S.E.M. of 2 observations; @, total 

body activity; O, plasma activity as per cent of value at injection time. 

Dotted curves represent the behaviour in (a) of 131]-sodium iodide, and in 
(b) of homologous normal serum ***I-proteins 


contained 0-42 mg of iodine as monochloride per ml.) 
52 per cent !*I-proteins were taken up by the liver, and this 
value is close to that obtained by using !?!I-proteins 
kept in contact with only 2 mg chloramine T. 

Published reports! indicate that the in vivo behaviour 
of serum !?!I-proteins labelled by the ICl method is 
almost identical with that of the corresponding biosyn- 
thetically labelled “C-proteins. 

Another test consisted of following (Fig. 1), in rabbits, 
the total body radioactivity and the intravascular (uo./ml. 
of plasma) radioactivity (all results being expressed as a 
percentage of the injected dose) of rabbit liver 131T-protein 
samples (Table 2). Male rabbits, weighing about 2-75 kg, 
were used throughout and were separately housed in 
metabolism cages. In order to increase the rate of iodide 
excretion the drinking water contained 0-00034 M sodium 
iodide and 0-08 M sodium chloride for 15 days before and 
up to the end of the experiment. The liver !*I-protein 
sample (about 500 uc. in 3-0 ml.) was injected into the 
marginal ear vein, and about 0-5 ml. of blood withdrawn 
9 min later from the opposite ear vein. The activity to be 
injected and the syringe washings were counted and the 
injected dose obtained by difference. Plasma volume per 
each rabbit was measured’? two weeks before by the 
injection of about 2 pe. rabbit I-albumin. Thus by 
knowing the plasma volume and the dose the 100 per cent 
value (plasma activity) at injection time could be calcu- 
lated. Total body and plasma radioactivities were 
measured as already described’. 
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Curves were very complex as liver proteins are a hetero- 
geneous mixture. Fig. 1 shows that !*I-proteins disap- 
peared very rapidly from the circulation and that the 
clearing was even faster if. during iodination, 5-10 mg 
chloramine T were used. The slower fall of total body 
radioactivity was due, at least in part, to the diffusion 
into the extravascular fluid of free radioactivity liberated 
for the intense protein breakdown. Total body and 
plasma radioactivities half-lives for **!I-sodium iodide 
(a) and serum J?I-proteins (b) were shorter end much 
longer respcctively. 

Vertical starch-gel electrophoresis was performed 
according to Smithies® with a discontinuous buffer systein’® 
and a contact autoradiogram was taken with X-ray filn 
on the bottom slice of the gel. It was noted that when 
chloramine T amounts were higher more **1I-proteins 
remained near to or at the origin. The sieving offect of 
the gel on a modified protein molecular size, as suggested 
by the appearance of opalescence, might explain the 
result. 

It is concluded that the reagents used in the radio- 
iodination procedure, if not used under carefully selected 
conditions, can adversely modify the biological properties 
of liver !?!T-proteins whereas little, if any, protein damage 
might derive from either substitution of iodine-131 or 
from self-irradiation!!. 
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Recovery from X-ray Injury and the Effect 
of Oxygen 


OBSERVATIONS were reported recently? on a significant 
reduction of the extrapolation number of the survival 
curves of mammalian cell cultures which were exposed 
in vitro to varying X-ray doses under anoxic, as contrasted 
to aerobic, conditions. In view of the relationship between 
the extrapolation number and the extent of recovery from 
radiation damage, noted in connexion with treatment by 
fractionated doses of X-rays®4, fractionated treatment of 
anoxic cells can be expected to lead to a decrease or lack 
of recovery. This communication records the results of 
some preliminary experiments designed to test this 
possibility. Since access to oxygen is to a great extent 
reduced in neoplastic cell populations in vivo’, the data 
should further clarify some of the factors which determine 
the result of tumour radiation therapy, as commonly 
practised according to various dose-fractionation sche- 
dules. 

In vitro cultures of the HLT sub-line of ELD, an 
Ehrlich ascites tumour, were used as the cellular 
material. In each test, a series of nine ‘Pyrex’ Petri 
dishes 6 cm in diameter, containing 4-6 ml. nutrient 
solution’, were implanted with different dilutions of a 
suspension of single cells. This was prepared by trypsin 
treatment of cultures growing in a non-confluent mono- 
layer. After 3 h incubation at 38° C in a moist atmosphere 
of carbon dioxide in air, the lids of the dishes were removed 
and the medium withdrawn to such an extent that a fluid 
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DOSE OF X-RAYS OR TO IRRADIATION WITH THE SAME DOSE DELIVERED IN TWO EQUAL FRACTIONS SEPARATED BY A TIME-INTERYAL OF 18 H 




































































Plating efficiency Irradiated cells Difference between 
of surviving fraction 
No. of Atmosphere unirradiated cells* X-ray Surviving fractiont after single and 
repeat during — dose Total Mean t S.E. fractionated 
tests exposure (r.) No. irradiation with 
Mean Range exposed Established from Estimated the same 
the tests§ statistically total dose** 
1 2 3 4 5 6 7 8 9 
1x 400 8x10? 0-516 + 0:015 0-525 + 0-042 
17 Oxygen 58 82-99 -l 0-479 + 0-021 
2x 200f 2x10? 0-995 + 0-026 
1x400 8x10? 1:391 + 0-011 1:382 + 0-044! 
18 Argon 45 25-69 0-011 + 0-010 
2x 200+ 8x 10? 1-402 + 0-014 
à 1x1,200 2x10* 0:111 x 0-016 0:138 + 0-014|I 
21 Argon 59 30-81 0:006 + 0-008 
2x6001 2x10* 0:105 + 0-018 


* Expressed as the percentage of a standard inoculum of 2 x 102 cells which grew into macroscopic colonies in 10 days. In each test values were 


established from triplicate observations. 
t Doses separated by a time-interval of 18 h. 


Expressed (in log units) as percentage of unirradiated controls in the same test. 


In each test values were calculated from 3 irradiated and 3 control rep 


T Calculated from equation: log Y —0-2695—0-00436 X, and the Y var 
indicates the surviving fraction and X the dose in r. 


licate dishes. 
ance derived from the regression data of survival published in ref. 2 where Y 


ll Calculated from equation: log Y —0-0043-0-00156 X, and the Y variance derived from the regression data of survival published in ref. 2 where Y 


and X are as indicated under f. 


** Mean + S.E. (in log units) calculated from differences determined separately in each of the tests. 


layer of only about 1 mm was left to cover the cells 
which were now firmly attached to the bottom of the 
vessels. Afterwards, six dishes were exposed to X-rays 
and the remaining three dishes used as unirradiated 
controls, subjected to the same procedures as the irra- 
diated ones. Half the cultures exposed to radiation 
received a dose of either 200 r. or 600 r., while the other 
half was treated with the corresponding double dose. 
After exposure, the dishes were refilled with fresh medium 
and reineubated for a period of 18 h. The cultures 
irradiated with 200 r. or 600 r. were then: exposed to a 
repeated treatment with the same X-ray dose which 
they had received, while the other cultures were subjeeted 
to sham-irradiation. Afterwards the dishes were incubated 
for 10 days with medium changes taking place at 3-4 days 
intervals. Clones, fixed and stained in situ, comprising 
more than fifty cells were then counted. The fraction of 
cells surviving irradiation with retained capacity for 
reproduction, as judged by their clone forming capacity, 


was used as the measure of the radiation effect, and was - 


calculated as the percentage of unirradiated controls of 
the same experiment. 

The dishes were exposed to X-rays at room temperature 
in an air-tight plastic chamber. For 20 min prior to, and 
during, irradiation, the chamber was gassed with humidi- 
fied oxygen or argon, both containing carbon dioxide to 
maintain a pH of 7-0-7-2 in the medium. The oxygen 
contamination of argon was less than 3 p.p.m. Radiation 
was generated at 190 kV and 15 m.amp. Details of the 
gassing system and the radiation procedure have been 
described previously?. 

The mean surviving fraction of cultures exposed in 
argon or oxygen to either a single dose of X-rays, or to 
irradiation with the same dose split into two equal parts, 
is presented together with standard errors in col. 7, 
Table 1. It can be seen that the size of the mean sur- 
viving fraction after a single exposure to a certain doso 
agrees closely with the value (col. 8) caleulated from the 
regression data of the survival of ELT after irradiation 
under. comparable atmospheric conditions*. The differ- 
ence between the surviving fractions after the single and 
the fractionated irradiation with the same dose has been 
calculated in each of the tests separately. The mean of 
the differences and the corresponding standard errors are 
presented in col. 9. Fractionation led to minor and 
statistically insignificant differences only, when compared 
with the effect of single exposure in an anaerobic environ: 
ment. In the presence of oxygen there was a clear 
differential effect, however. Single exposure was about 


three times more efficient in damaging the reproductive 
integrity of cells than fractionated treatment. The 
difference was statistically significant (P < 0-001). 

The increased survival due to fractionated irradiation 
under aerobic conditions suggests that a certain repair 
of the radiation damage occurs during the time interval 
which elapses between the treatments. Evidence 
presented by Elkind e£ al. supports the view that such 
repair concerns the sub-lethal damage which is accumu- 
lated before a cell is lethally affected, and which has an 
expression in an extrapolation number of the survival 
curve larger than unity. The ratio of survival, following 
two exposures, compared with a single equivalent dose, was 
found? to have a value which is close to that of the extra- 
polation number if the length of the fractionation interval 
exceeds 15 h. This observation is in agreement with the 
result reported here, since the extrapolation number of 
the survival curve of HLT after aerobic irradiation has 
previously been found? to be about 2, that is, close to the 
survival ratio of 3 as calculated from the present results. 

The lack of any difference in response due to' dose 
fractionation in an anaerobic environment can be taken 
to indicate an absence of repair processes as regards 
cellular reproduction. After anoxic irradiation?, the 
survival of ELT exhibited a nearly exponential dose-effect 
relationship with an extrapolation number close to unity. 
The present data support the postulate? that, under such 
conditions, the ratio of the surviving fractions, after a 
single, compared to fractionated. irradiation, will also 
nearly equal unity. Thus, the effect of anoxic treatment: 
by sparsely ionizing X-rays resembles closely the’ effect: 
of densely ionizing radiations, also characterized by an’ 
exponential survival pattern of cells without the involve- 
ment of any recovery phenomenon on dose fractionation’. : 
Our result agrees with observations concerning the effect 
of fractionated gamma irradiation on Trifolium repens in 
the presence or absence of oxygen’. It is, however, at 
variance with findings made with human kidney cells in: 
similar experiments". The disagreement may be explained 
by the oxygen contamination of the nitrogeri, used in the 
anaerobic assays, stated! to be about 0-1 per cent. Such 
an. oxygen coricentration has been shown to be sufficient 
to raise the radiosensitivity of bacterial cultures to half 
the maximal oxygen enhancement". s 

In summary, the results presented show a differential 
effect of fractionated irradiation with regard to the 
recovery phenomenon of the cells, depending on the 
presence or absence of oxygen during treatment. Con- 
Sidering the generally impaired oxygen supply of neo- 
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plasms as contrasted to their surroundings, it is thus 
conceivable that normal tissues, though enhanced in 
sensitivity, may nevertheless recover from radiation 
damage to a comparatively larger extent than neoplastic 
tissue in the course of fractionated X-ray therapy. Our 
result supports the view’? that, in contrast to the idea of 
a purely quantitative dose-modifying influence of oxygen, 
there is also a qualitative difference in the lethal cellular 
damage caused by irradiation with X-rays under acrobic 
as compared with anoxic conditions. 
This work was supported by grants from the Swedish 
Cancer Society, the National Cancer Institute, U.S. Public 
Health Service (grant C—0633-02), and the Swedish Atomic 
Research Council. 
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Effect of Alkylating Agents and Whole-body 
X-irradiation on Thymus 


Many investigations have indicated the disruption of 
the structure of DNA or nucleohistone by nitrogen 
mustards or ionizing irradiation’?. The labilization of 
nucleohistone from thymus after irradiation has been 
measured by Hagen? by increased extraction of DNA by 
phenol treatment. Cole and Ellis‘ have reported an 
increase in soluble polynucleotide in spleen after irradia- 
tion. In investigations on the effects of these agents on 
amino-acid incorporation in thymus nuclei and cyto- 
plasmic microsomal and 5-1P fractions®, the presence of 
acid insoluble DNA material in the various fractions 
became apparent. The finding is reported primarily 
because of its importance in interpreting results of changes 
in enzyme activities in cell fractions from radio-sensitive 
tissues after treatment. 

In investigations on effects of whole-body X-irradiation, 
10-12-week-old male rabbits were exposed to 650 r., 
260-kV radiation. ‘Mustargen’ (methyl-bis[8-chloro- 
ethyljamine hydrochloride), dissolved in 0-04 M. sodium 
phosphate buffer, pH 7-4, was injected through the ear 
vein (4 mg/kg body-wt.). Thymuses from 4-5 animals 
were pooled in each experimental group. Rabbit thymus 
nuclei and cytoplasmic fraction were made by slow 
stirring in 0-25 M sucrose-0-0033 M calcium chloride based 
on the procedure of Allfrey, Mirsky and Osawa?. Tho 
cytoplasmic fraction was centrifuged at 15,000g for 15 min. 
The microsomal fraction was prepared from the resulting 
supernatant by centrifugation for 1 h at 105,000g. The 
5-1P fraction was prepared from this supernatant by the 
commonly used procedure. 

The fractions were precipitated and washed with cold 
4 per cent perchloric acid, alcohol and ether to obtain 
protein-nucleic acid powders for analysis. DNA content 
was determined using Webb’s method’. The molecular 


NATURE 


891 


status of the DNA material in these fractions is not known 
at the present time and is under investigation. 

Results in Table 1 illustrate the presence of DNA in 
the microsomal fraction and 5-1P fraction at varying 
times after whole-body X-irradiation. DNA is present 
in both fractions 2 h post-irradiation. No DNA was 
found at 1 h, which would agree with the observation of 
Hagen? of a 1-h lag before a measurable change in phenol 
extraction of DNA from thymus. The amount of DNA 
in the fractions increases up to 6 h after irradiation. By 
18 h the DNA content is decreased, probably due to the 
action of DNase and the phagocytic activity, which aro 
known to be increased at this time after irradiation. 


Table 1. EFFECT OF X-IRRADIATION ON DNA CONTENT OF ISOLATED 
THYMUS CYTOPLASMIC FRAOTIONS . 
(Expressed as percentage dry weight of dry protein-nuclel acid residue) 


Hours after irradiation 
Fraction 0 2 3 4 6 18 
Microsomal 0-96 0-90 2:8 46 9-4 15 3-4 
5-1P 0-6 0-67 14 5:2 11 11 47 


Similar observations (Table 2) are noted after treatment 
of rabbits with the nitrogen mustard, ‘Mustargen’. Thus 
one early manifestation of the effect of both these agents on 
thymocytes is a labilization of the structure of the nuclei 
and the nucleohistone. 


Table 2. EFFECT OF MUSTARGEN ON DNA CONTENT OF ISOLATED THYMUS 
CYTOPLASMIO FRACTIONS 
(Expressed as percentage dry weight of dry protein-nucleic acid residue) 


Hours after injection 
6 8 


Fraction 0 4 18 
Microsomal 0-86 2:0 7-1 13:2 20-4 2-1 
51P 0-84 1-2 5-0 12-4 145 55 


These investigations do not permit the conclusion that 
the initial site of action of ionizing radiation or alkylating 
agents is directly on the structure of the nucleohistone. 
The observations reported here could be the result of 
disaggregation of chromatin because of loss of ions or 
proteins required for structure; this, in turn, could be 
caused by direct action of the agents or changes in nuclear 
membrane permeability®. It is also possible that the 
disruption of nucleohistone structure could be a primary 
effect. Peacocke and Preston? have measured tho release 
of histone from nucleohistone in solution by y-irradiation 
with no denaturation of the DNA. An initial change in 
the structure of the nucleohistone could mako the DNA 
susceptible to the action of DNase, and it is the products 
in various stages of degradation which appear in the 
isolated cell fractions. Brookes and Lawley havo studied 
the alkylation and subsequent change in structure of 
DNA. Biesele! has discussed the effects of alkylation 
and emphasized that alkylations of RNA and protein 
may also be significant. 

. Regardless of mechanism, the gross observation reported 

here of the presence of nuclear products in cytoplasmic 
fractions at early times after treatment with those agents 
indicates that disruption of damaged nuclei must bo 
considered in interpreting changes in enzyme activities 
in all cell fractions. It is also obvious that tho presenco 
of DNA breakdown products in the cell fractions must 
be considered in evaluating data on effects on various 
aspects of nucleic acid metabolism. 

My results also indicate that the DNA material is 
removed from the microsomal fraction by the deoxy- 
cholate treatment in preparation of the ribosomal fraction. 
Data on incorporation of amino-acid by intact nuclei and 
the microsomal, ribosomal fractions, to be published in 
detail elsewhere, indicate that, at early times after 
X-irradiation or ‘Mustargen’ treatment when in vitro 
amino-acid incorporation by nuclei is inhibited, incor- 
poration by the ribonucleoprotein particles in the ribo- 
somal fraction is not inhibited. 

This work was supported by grants from the U.S. 
Atomic Energy Commission, U.S. Public Health Servico, 
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BIOLOGY 


Responses of a New Hibernator (Citellus 
variegatus) to Controlled Environments 


THE phenomena of hibernation and xstivation have 
both been recorded in the genus Citellus, and although it 
is not known whether the two phenomena are physio- 
logically the samet, nevertheless hibernation seems to 
be an adaptation to an unfavourable cold seasonal 


environment, and :ssbivation an adaptation to an arid’ 


hot environment with seasonal drought. It is of interest, 
therefore, to find that the rock ground squirrel, Ostellus 
variegatus, the habitat of which is the arid south-west 
from Utah to southern Mexico?, is capable of hibernating 
but does not appear to estivate. Hibernation as used 
here refers to a mammal with a homothermie temperature 
of approximately 37° C, but which is able to lower this 
temperature to the environment and raise it again against 
the gradient. i 

In early June 1963, twelve animals of this species were 
trapped 10 miles west of Las Vegas, Nevada. They com- 
prised seven adults and five juveniles. All survived well 
in captivity, and gained weight rapidly, the adults becom- 
ing extremely obese. 

On August 5, one month after capture, groups of two 
animals were exposed to 3° C and 23° C environmental 
temperatures, with food (‘Purina Chow’) and water ad 
libitum, to determine whether spontaneous estivation 
occurred as in Citellus mohavensis*, On August 15 two 
more groups of two were exposed to the same environ- 
mental temperatures, but only food was supplied. In the 
groups with food and water ad libitum no evidence of 
Spontaneous estivation was observed, and at the time of 
writing (December 1963) no evidence of spontaneous 
hibernation has been observed either. The latter is in 
contrast to Citellus mohavensis which exstivates and 
hibernates spontaneously? and Oittellus lateralis which 
hibernates spontaneously*. The groups with food but no 
water lost weight gradually, but no drop in body tem- 
perature was observed in those in an environment of 3? C 
for 45 days when water was given, or the animals died. 
In those at 23° C there was no observed drop in body 
temperature for 50 days, but thereafter one animal did 
appear to become hypothermic on occasions for a few 
hours, body temperatures of 28° C and 31° C being 
recorded. During October food was denied to four more 
animals at an environment of 3° C, and in all cases they 
hibernated within 10 days. However, under these con- 
ditions the body temperature does not apparently fall to 
the environment like that of other hibernators?*5 but is 
maintained at a low of 8? C in a 3° C environment. It 
seems that C. variegatus has some form of ‘thermostat’ set 
considerably above 0? C, which is confirmed by the fact 
that &n animal in an environment of — 18? C continues 
to hibernate successfully, but the body temperature is 
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held at 8-10° C. The cesophageal temperature is slightly 
&bove the rectal. 

This species also has a remarkable tolerance to dehydra- 
tion. When free water is denied but food (‘Purina Chow’) 
permitted, the animals slowly lose weight, but some have 
survived more than 100 days at 23° C with no appreciable 
drop in body temperature. C. lateralis at the same season 
(that is, active one) will only survive some 20 days with 
no free water (Pengelley, unpublished results), but the 
percentage loss in weight before death is about 70 per 
cent in both species. There are, no doubt, differences in 
physiological adaptations to water deprivation in two 
such species (now being investigated), but there is an 
obvious behavioural difference. C. lateralis becomes highly 
active within 24 h of deprivation of water, whereas C. 
variegatus gives no response that can be observed and 
remains comparatively docile. Although the environ- 
montal conditions are probably not identieal*-", C. varie- 
gatus may prove to have the longest survival time of any 
mammal yet examined which is unable to maintain body 
weight without free water (Dipidomys merriami can‘); 
this is, of course, provided there is mo lowering of body 
temperature in response to water deprivation. 

The experimenta) results indicate that in C. variegatus 
the stimulus for ewtrance into hibernation is lack of avail- 
able food, that xstivation does not occur spontaneously 
or in response to lack of water, and that while the animal 
is able successfully to lower its body temperature and 
raise it against the gradient, it does not in fact permit it 
to fall below 8? C. Thus, its behaviour is quite different 
from other species within the genus. Furthermore, it is 
possible to reason that the evolutionary adaptations to 
this animal’s arid habitat are high tolerance to water 
deprivation during summer (the dry season throughout 
most of its range), and the ability to hibernate during 
winter in response to scarcity of food which it does not 
store, at least in captivity. 

This work was supported in part by grant G 19295 from 
the U.S. National Science Foundation and grant 50 from 
the Kaiser Foundation. I thank Dr. James Deacon, 
University of Nevada, Las Vegas, for assistance in 
obtaining the animals. 
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Liver Mitotic Rates and Weights in Young, 
Rapidly Growing Rats after Serum Injection 


THE systems which seemingly demonstrate control of 
cell division in rat liver commonly involve change in the 
composition of the blood. For example, Stich and Florian! 
found that single injections of normal serum administered 
to partially hepatectomized rats inhibited mitosis, while 
serum from rats which had been partially hepatectomized 
stimulated mitosis following a single injection. Récently, 
Moya? reported that single injections of both normal and 
post-hepatectomy serum prepared from arterial blood 
inhibited mitosis in regenerating livers. Moreover, 
Smythe and Moore? reported that weights of regenerating 
livers were decreased by repeated injections of normal 
plasma. These results, obtained in adult rats, raise the 
question of whether treatment with serum injections 
has the same effects on livers of young, rapidly growing 
rats. 
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tn performance, compactness and appearance these 
three large capacity refrigerator centrifuges set new 
standards. 


The “Mistral 6L" has exceptionally large capacity and 
is a "de luxe" model incorporating such refinements as 
electronic speed control and preselection, stainless steel 
working top lid, as well as extremely high performance 
over a wide range of heads. 


The "Mistral 4L" has rather less total capacity but is 
designed for the same applications, namely temperature 
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controlled centrifuging in all types of biological labora- 
tories, in blood processing laboratories, and in the 
pharmaceutical industry. A wide choice of heads and 
accessories accommodates large bottles and a range of 
all important tubes down to micro sizes. 


The "Mistral 2L" is designed for low temperature 
centrifuging where a maximum bottle size of 380 ml is 
adequate. It is extremely compact and space saving. 

A Superspeed Unit for the high speed centrifuging of 
smaller volumes is available for all three models. 


“MISTRAL 6L" | “MISTRAL 4L" |"MISTRAL 2L" 


1,250 ml. 1,000 ml. 380 ml. 
6 litres 4 litres 1,520 ml. 
6,000 r.p.m. 6,000 r.p.m. 4,800 r.p.m. 
2,500 r.p.m. 2,900 r.p.m. 2,200 r.p.m. 
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Table 1. EFFECT OF SINGLE AND REPEATED SERUM INJECTIONS ON LIVERS 


oF YOUNG RATS 
Treatment— Mitoticrate 


normal serum No. mean S.D. Liver weights 


Exp. Group (15ml. per100g rats (mitoses; Wetwt.(g) _ Rel. wt. 
body-wt.) 1,000 cells) mean + s. Mean 4 S.D. 

1 A Single injection 8 31161 — — 
B Untreated controls 8 3832+175 — — 

2 A Daily* for 2 weeks 10 28324 9940-40 5-97+0-11 
B Untreated controls 15 5443805 1014034 5910-11 
C Normal saline 10 49:345 1034048 5950-16 

Daily* for 2 weeks . 
* Except Sunday. 


Male Sherman rats, 4 weoks old, were caged individu- 
ally in an air-conditioned room (72? F), lighted artificially 
from 5 a.m. until 8 p.m. Ground ‘Wayne Lab Blox’ and 
water were available at all times. These young rats wero 
injected with serum from adult rats of the same strain, 
prepared from blood withdrawn by direct heart puncture 
under light ether anesthesia. Serum was separated by 
refrigeration for 1 h followed by centrifugation and was 
refrigerated until injected 3 h later. Treated rats received 
1-5 ml. of pooled serum per 100 g body-weight by intra- 
peritoneal injection. Rats of Exp. 1 (Table 1) received 
a single injection of serum and were killed 16 h later; rats 
of Exp. 2 were injected daily, except Sunday, at 5 p.m. 
(m.s.r.), for 2 weeks (13 injections). Fresh serum was 
prepared each day for rats of Exp. 2. Untreated rats, 
receiving no injections, served as controls for both 
experiments. A group of rats injected with saline served 
as additional controls in Exp. 2. 

Rats were killed by chloroform inhalation between 
8.30 and 11 a.m. (x.s.T.) following the last injections. 
Slices of liver from the median lobe were used for mitotic 
counts. In Exp. 1, the livers were fixed in Carnoy’s 
fluid, and 10-y paraffin sections stained with gallocyanin 
were used for counts. In Exp. 2, the livers were fixed in 
Bouin’s fluid and the method of Ross and Flaharty* was 
used to stain the slides. 

Counts of mitotic cells and the number of cells per field 
were made under oil immersion (x 1,250). AIl phases of 
mitosis were counted. Doubtful prophases and telophases 
were recorded; two doubtfuls were taken to equal one 
mitosis. Mitotic rates, expressed as the number of mitoses 
per 1,000 cells, were calculated from the number of mitoses 
in 100 fields and an estimate of the number of cells in 100 
fields. Approximately 9,000 cells were examined in each 
rat’s liver. 

As shown in Table 1, the mean mitotic rate of the rats 
which received a single injection of serum was the same 
as that of the controls. In Exp. 2, the mitotic rate of the 
serum-treated rats was less than the other two groups, 
but the difference was not statistically significant. It 
might be said that insufficient rats were used, and that, 
if more rats had been used, it would have been possible 
to demonstrate statistically significant differences. The 
number of rats needed to demonstrate the statistical 
significance of specified differences can be calculated by 
Sillitto’s method’ using the standard deviation of the 
untreated controls. To demonstrate differences (P = 
0-05) amounting to 10, 25 and 50 per cent of the control 
mean, 106, 30 and 8 animals per group, respectively, 
would be needed. ‘Thus, in the present experiment, 
sufficient rats were used to demonstrate a reduction of 
mitotic rate of about 50 per cent. Liver weights were also 
unaffected by repeated injections of serum from adult 
rats. The mean wet weights and relative weights of the 
livers of all three groups of Exp. 2 were nearly the same. 

Thus inhibition of mitotic activity in livers of young, 
rapidly growing rats was not evident after a single injec- 
tion of serum from adult rats or after prolonged treatment 
with serum. Similarly, Stich* found that injections of 
liver homogenate inhibited mitotic activity in regenerating 
livers but bad no effect on growing livers of baby rats. 
The lack of effect in livers of young rats of treatment 
which inhibits mitosis in regenerating liver would seem 
to be important in view of Bullough’s’ recently proposed 
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theory of mitotic control in adult mammalian tissue. 
Starting with the premise that any cell naturally prepares 
for mitosis unless diverted to differentiate, Bullough 
suggested that control of mitotic activity within a given 
tissue is accomplished by a tissue-specific mitotic inhibitor 
(chalone) which prevents further preparation for mitosis 
and promotes differentiation. It follows that this mechan- 
ism would not be operative in controlling mitotic activity 
in tissues of young, rapidly growing animals. Thus livers 
of young rats may fail to respond to treatments which 
inhibit mitosis in regenerating livers because differentia- 
tion cannot be promoted. 
B. JACKSON 
E. BOHNEL 
Department of Experimental Pathology. 
Experimental Therapeutics Research Section, 
American Cyanamid Co., 
Pearl River, New York. 


I Stich, oo F., and Florian, M. L., Canad. J. Biochem. Physiol., 36, 855 
* Moya, F. J., Ezp. Cell Res., 81, 457 (1963). 

? Smythe, R. L., and Moore, R. O., Surgery, 44, 501 (1958). 

* Ross, M. H., and Flaharty, J. M., Stain Technol., 85, 354 (1960). 
"B a P., Research, 1, Supp., 520 (1948). Unsymmetrical t-test, 


€ Stich, H. F., Ann. N.Y. Acad. Sci., 90, 608 (1960). 
? Bullough, W. S., Biol. Rev., 87, 307 (1902). 


Leptospira erinacei auriti in a Water Vole, 
Arvicola amphibius 


Durie the course of an investigation made by tbe 
Central Veterinary Laboratory into the incidence of 
leptospiral infection in small wild mammals a number of 
strains were recovered. Most of these apparently belong 
to the hebdomadis group, but one strain, W.V.14, from a 
water vole, was serologically in the autumnalis group. It 
was finally identified in Amsterdam as L. erinacei auriti 
as shown in Table 1. An apparent relationship to grippo- 
typhosa and butembo in cross-agglutination tests was not 
confirmed by absorption tests. 


Table 1. ABSORPTION TESTS WITH STRAIN AND ANTISERUM W.V.14 


Titres after absorption with strain, expressed as 
percentages of the reciprocal of the homologous 
itre 


Anti- Absorbed W.V. Akiyami Rach- Banki- Erin. Djasi- 

serum with strain 14 A mat nang auriti man 
W.V.14 Erin. auriti 

670 . 1 0 1 1 0 1 

Erin. auriti 

670 W.V.14 ES 1 0 o 1 V 
Akiyami A — W.V.14 O 100 1 100 1 0 
W.V.14 Akiyami A 33 0 10 1 >10 
Rachmat W.V.14 0 10 10 10 0 
W.V.14 Rachmat 10 0 D 0 >3 
Bankinang W.V.14 9 100 10 100 0 0 
W.V. 14- Bankinang 33 8 8 0 >10 38 
Djasiman W.V.14 o 0 0 0 0 33 
W.V.14 Djasiman 100 33 100 >33 100 0 


This vole was one of a number involved in a population 
study on Fray’s River near Uxbridge and was given to 
the Central Veterinary Laboratory by Mr. ©. H. B. 
Worrall of the Infestation Division of this Ministry. Fray’s 
River forms part of a complicated system of waterways 
joining the Thames to the Midlands. 


G. SLAVIN 
G. F. H. SALT 
Central Veterinary Laboratory, 
Ministry of Agriculture, 
Fisheries and Food, 
Now Haw, Weybridge, Surrey. 
J. W. WOLFF 


Leptospira Laboratory, 
Instituut voor Tropische Hygiene, 
Department of the Royal Tropical 

Institute, Amsterdam. 
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Occurrence of Asellus (Crustacea. Isopoda) 
in Esthwaite and Ullswater, English Lake 
District 

In a previous paper! Asellus aquaticus was recorded for 
Esthwaite from one station only, and it was also stated 
that Asellus was absent from Ullswater. Since then the 
situation has changed, as Asellus aquaticus is now estab- 
lished throughout Esthwaite and Asellus meridianus has 
been found at the south end of Ullswater. 

The implications of this are of sufficient interest to 
warrant full publication, but the following points may be 
made now. In the case of Esthwaite, it seems from old 
records that Asellus was definitely recorded from the 
boat house and reed bed area at the north end in 1950, 
although it is possible that it may have been seen as early 
as 1944. Despite my own collections in Esthwaite in 
1948 and 1951 and those of the Freshwater Biological 
Association supply department in intervening years, 
Asellus was not reported again until 1955—again around 
the boat house, one of the places where I collected in 
1948. This raises the point as to whether it is more 
prudent to record a species ‘as not found’ rather than 
‘absent’. One has on several occasions, after prolonged 
and vigorous collections in the Midlands and in the Lake 
District, found a single specimen of Asellus. How often 
on other occasions must the odd specimen have been 
overlooked despite every care ? x 

Esthwaite is 1:5 miles long and less than 0-5 miles 
across at its widest, and after 14 years Asellus can bo 
found around the whole lake and to a depth of 3-4 m. 
Whether this represents: & genuine ‘spread’ of Asellus from 
a single centre, or the build-up from a population so 
diffuse that the collecting methods used failed to detect 
it, is a matter for consideration. It would be extremely 
interesting to re-examine the other lakes in the district 
where I previously failed to find Asellus. So far as the 
Ullswater district is concerned the only other known 
occurrence of Asellus, after many years collecting, is in 
three garden pools above the lake. One of these pools 
contains A. aquaticus, the other two A. meridianus, and 
Asellus is known to have been introduced with weeds. 
The pools are a mile away in direct line from the Asellus 
localities in Uliswater, and apart from these the nearest 
known occurrence is in Windermere, ten miles away over 
Kirkstone Pass. 

I thank Mr. S. Nield and Mr. J. D. Allonby, of the 
supply department of the Freshwater Biological Associa- 
tion, for their help with the Esthwaite records and for 
the first record of Asellus in Ullswater. 

H. P. Moon 

Department of Zoology, 

University of Leicester, 

Leicester. 
1 Moon, H. P., J. Anim. Ecol., 26, 408 (1957). 


Antifungal Activity in Orange Tissue 
infected with Aspergillus niger 


ORANGE fruits that had been wounded and inoculated 
at fixed points with conidia of Aspergillus niger became 
infected with Penicillium digitatum, and it was observed 
that growth and sporulation of the latter were halted some 
distance from the regions of the fruit colonized by A. niger. 
Cylindrical portions of the pulp from regions supporting 
the A. niger growth placed on plates of potato-dextrose 
agar seeded with the spores of various fungi inhibited the 
growth of several, but no such inhibition was obtained 
with pulp from healthy fruits (Table 1). 

Furthermore, macerated orange pulp when inoculated 
with A. niger developed similar antifungal activity 
although potato-dextrose agar, which was supporting 
A. niger, did not. Therefore, in further investigations, 
peeled oranges were macerated in a Waring blender and 
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DIAMETER OF ZONE OF INHIBITION (MM) CAUSED BY HEALTHY 
OR A. niger-INFECTED FRUIT (5 MM? PORTIONS) 


Table 1. 


Test organism Healthy Infected 
Alternaria brassicicola 0 43 
Aspergillus niger 0 0 
Botrytis cinerea 0 0 
Cladosporium cucumerinum 0 26 
Glomerella cingulata 0 0 
Penicillium digitatum 0 31 


the homogenate was distributed in ll-cm diameter Petri 
dishes in layers approximately 0-7 em deep. After inoculat- 
ing the surface of the fruit pulp at several points with a 
suspension of A. niger conidia in water, the dishes were 
incubated at 25° C for four days, by which time the surface 
was covered with a thick mycelial mat on which conidial 
heads were just developing. This was lifted, the adhering 
pulp brushed from its underside into the residual liquid 
and the mat discarded. Sufficient alcohol was added to 
bring the final concentration in the treated pulp to 80 
per cent ethanol and the mixture was left at 4° C for 24 h 
to precipitate proteins. It was then filtered and the 
residue, which had no antifungal activity, was discarded. 
The alcohol was removed from the filtrate at 30° C under 
reduced pressure when lipid material separated. This was 
filtered off; it was non-fungitoxic and was discarded. 
The remaining clear aqueous solution was highly acidic, 
strongly antifungal to A. brassicicola, less so to B. cinerea 
and inactive against A. niger. - 

Laboratory investigations indicated that spores of 
A. brassicicola were acid-sensitive, and when samples of 
deproteinized aqueous extracts of both healthy and A. 
nager-inoculated pulp were passed through columns of 
ion-exchange resin (‘Amberlite IE-4B(OH)) to remove 
acidic constituents fungitoxicity was lost. The adsorbed 
acids were oluted from the columns with 6 N formic acid 
which was then removed under reduced pressure. Two- 
dimensional chromatography óf the eluted acids showed 
that citric acid was the predominant acid in both extracts. 
Titration against standard alkali indicated an equivalent 
of approximately 4,000 ug/ml. of citric acid in healthy 
pulp and 28,000 ug/ml. in infected pulp. The degree and 
range of antifungal activity exerted by citric acid solution 
at the above concentrations correlate closely with that 
of the supernatant from centrifuged healthy and A. niger- 
infected pulp .(Table 2). 

Table 2. DIAMETER OF ZONE OF INHIBITION (MM)* CAUSED BY 0-1 MI. OF 


JUICE OF HEALTHY OR INFECTED ORANGE AND OF TWO LEVELS OF CITRIC 
AOLD SOLUTION 


Citric Citric 
Test organism Healthy Infected acid acid * 
(28mg/ml.) (4mg/ml.) 
Alternaria brassicicola 0 41 45 15 
Aspergillus niger 0 0 0 0 
Botrytis cinerea 0 20T 20t 0 
Penicillium italicum 0 0 0 0 
Penicillium digitatum 0 27 26 0 


* Diameter of filter paper disk, 18 mm. f Retarded growth. 


Thus it would seem that much of the antifungal activity 
shown by A. niger-metabolized orange tissue towards 
certain fungi is due to citric acid production, though 
further experiments have indicated that other antifungal 
materials are present. The —OH resin-treated aqueous 
extract from infected pulp was of low activity, but an 
ethyl acetate extract was toxic to the spores of A. brassi- ' 
cicola at 250 ug/ml., though less active against Glomerella 
cingulata and Botrytis cinerea and inactive against A. 
niger. Similar extracts from haalthy pulp were inactive 
below 5,000 ug/ml. against all the test fungi. Furthermore, 
some other fungi, for example, Glomerella cingulata, when 
inoculated into orange pulp, produce ethyl acetate-soluble 
antifungal materials without the large production of citric 
acid characteristic of A. niger. 

The development of antifungal activity in plant tissues 
as 8 result of infection by pathogens has recently received 
considerable attention’. The resistance to further infec- 
tion by orange tissue already infected with A.-niger can 
therefore be considered in relation to the production of 
phytoalexins?, substances defined as “antibiotics which 
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aro produced as a result of tho interaction of two meta- 
bolic systems, host and parasite, and which inhibit the 
growth of micro-organisms pathogenic to plants"?. In 
this sense, citric acid, although present in healthy fruit 
at a non-toxic concentration, might be regarded as a 
phytoalexin since it reaches toxic levels through the 
activity of the invading pathogon. The ethyl acetate 
soluble antibiotic remaining after the removal of acids 
could likewise be considered as a phytoalexin. 
D. M. SPENCER 
G. A. CARTER 
Agricultural Research Council Plant 
Growth Substance and Systemic Fungicide Unit, 
Wye College, 
Near Ashford, Kent. 
1 Cruickshank, I. A. M., Ann. Rev. Phytopathol., 1, 351 (1903). 


? Müller, K. O., and Burger, H., Arb. Biol. Reichsanstalt Land-u Forstwirtsch, 


Berlin, 28, 189 (1940). 
*Milller, K. O., Phytopath. Z., 27, 237 (1956). 


Thermal and Translocated Induction of 
Endophytic Mycelium in two Powdery 
Mildews 


Enpoprytic mycelium of various biotypes of Erysiphe 
graminis was demonstrated by Salmon! in cereal leaves 
which had been mechanically damaged or heated to 50° C 
for short periods immediately prior to inoculation. 
Schnathorst* obtained endophytic mycelium of .E. 
cichoracearum in lettuco leaves by stripping one epidermis 
and inoculating the exposed mesophyll. Yarwood? found 
that heat both predisposed cucumber cotyledons to 
infection by Sphaerotheca fuligineat and mado them less 
responsive to subsoquont heat thorapy. Yarwood also 
demonstrated that heat troatment, abrasion or infection 
by Uroymces phaseoli rendered Phaseolus vulgaris suscept- 
ible to infection by S. fuliginea, by which it is not normally 
attacked, and Yarwood eż at. and Nienhaus and Yarwood’ 
showed that some effects of heating one leaf of an opposite 
pair could bo transmittod to the other, for example, 
increased susceptibility of bean and cowpea to a strain of 
tobacco mosaic virus. 

Continuing this type of work with S. fuliginea, it was 
observed that when one of a pair of cucumber cotyledons, 
about 14 days old, was heated in water at 45°, 50° or 55° C 
for periods of 1-120 sec, either 12 h before inoculation of 
tho upper surface of both cotyledons, or up to 7 days after 
inoculation, the mycelium became ondophytie in both 
cotyledons. Similar results were obtained in oxperiments 

` made with the first true leaves of sunflowor seodlings 
inoculated with E. cichoracearum. : 

Thermal induction of endophytic mycelium, first noted 
by Salmon!, was confirmed in barloy seedlings inoculated 
with the barley isolate of E. graminis, although here no 
translocated effect was observed. 

In all eases, an intercellular mycelium was formed, and 
typical haustoria were formed in the mosophyll and 
palisado colls, in tho parenchyma of the vascular bundles 
and in the opposito uninoculated epidermis. Conidio- 
phores and conidia were formed oxternally on this and on 
tho inoculated epidermis and also occasionally in tho 
intercellular spaces, variously oriontated to the leaf 
surface. 

In sunflowor and cucumbor the offoct in the hoated loaf 

- varied with tho duration and temperature of the troatmont 
and that in the opposite unheated leaf varicd similarly, 
though to a lesser oxtent. As the duration of tho heat 
treatment was extended a bimodal response becamo 
apparent in the curve relating offect to duration, and tho 
development of endophytic mycelium was further affected 
by the time of day at which the treatment was made, by 
the time of year and by tho age of the plant. Thus, in 
August, ll-day-old cucumbor seodlings showed the 
greatest effect whon one cotyledon was heated at 0700 h 
following inoculation at 1700 h tho previous day, whilo in 
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14-day-old plants this occurred following heating at 
1300 h, and the offect diminishod progressively for tho 
succeeding 5 months. 

Salmon! found that cross-infection with isolates of E. 
graminis from various cereals and grasses became possible 
after heat treatment of the hosts; similarly, in the work 
recorded here, cross-infections with E. cichoracearum and 
S. fuliginea were observed. While, however, both isolates 
produced an endophytic mycelium in sunflower, E. 
cichoracearum from sunflower failed to become endophytic 
in cucumber. As Yarwood5 demonstrated, S. fuliginea 
from cucumber infected leaves of Phaseolus vulgaris 
containing heat-killed mycelium of Uromyces phaseoli; 
further heat treatment of one of a pair of such leaves 
induced the myoolium of S. fuliginea to become endophy- 
tic, but in the rusted tissues only. This effect was again 
translocated to tho unheated leaf. 

When crude sap extracts were made from cucumber 
cotyledons at intervals after heat treatment, and applied 
to one cotyledon of other plants, which woro then inocu- 
lated with S. fuliginea, an endophytic mycelium was 
formed, both in the treated and the untreated cotyledons. 
It is suggested that an active principle predisposing tho 
cucumber cotyledons to this type of infection is 
formed as a result of tho heat treatment and trans- 
located; in bean two substances formed in response to 
heat and translocated have becn demonstrated and to 
some extent characterized by English ef al.*°. 

This work was supported by a grant (69820) from the 
U.S. National Science Foundation, and carried out in the 
laboratory of Dr. C. E. Yarwood, whose advice is gratefully 
acknowledged. 

W. R. Janvis* 

Department of Plant Pathology, 

University of California, 
Berkeley, 4. 

* Present address: Scottish Horticultural Research Institute, Invergowrie, 

Dundee. 
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MICROBIOLOGY 


Release of Cores from Bacterial Spores by 
Mechanical Breakage in Acidic Media 


THE dormant bacterial spore consists of a coro sur- 
rounded by a structure called the cortex which in turn is 
bounded by a structure called the coat. The core contains 
cytoplasm plus nuclear material and the cortex contains 
mucopeptido'. The coat is mainly protein*:? with a high 
cystine disulphide bond content’. We have been unable 
to liberate cores by enzymatic digestion of sporo coats 
using & variety of proteolytic enzymes including koratin- 
ase® before or after treatment of spores with reagents which 
rupture disulphide bonds*. We therefore investigated the 
possibility of releasing cores by mechanical breakage of 
spores. 

Bacterial spores can be broken by shaking spore sus- 
pensions with Ballotini beads in the Mickle tissue disin- 
tegrator; but no recognizable cores are released by this 
process. The mechanical resistance of vegetative cellis 
and protoplasts depends on the hydrogen ion concentra- 
tion? and we therefore examined the effect of pH on the 
mechanical breakage of spores. The extent of breakago 
was followed by phase contrast microscopy. When 
bacterial spores (19 strains of Bacillus and 1 Clostridium 
strain) were shaken in the Mickle apparatus with Ballotini 
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beads below pH. 4-2, the cores became soparated from the 
broken coats and existed as free phase bright bodies. 
Tho free cores of Bacillus subtilis spores were examined in 
detail. They were ovoidal, about 0-51. long, and resembled 
small spores except that they were not so phase bright. 
The chemical nature of the buffer present during core 


production did not affect the appearance of the cores. 


obtained, but the pH. value was important, and no free 
cores were seen when spore breakage was performed abovo 
pH 42. 

There was no change in the phase bright &ppearance 
and shape of cores made at pH 3 when the pH was raisod 
to 42-6.5. However, at about pH 7-0 cores became 
swollen and phase dark; above pH. 8-0 cores became still 
more swollen, pale and irregular in outline. These effects 
of pH. change were instantaneous.  Swollen coros at 
pH. 6:5-9-0 shrank and became phase bright again when 
the pH was changed to 3-0. Spores that had just become 
phase dark during germination yielded phaso bright cores 
when broken at pH 3-0 and these responded to pH in 
the same way as those prepared from dormant spores. 
Cores at pH 5-8 were not resistant to breakage even though 
they were in a shrunken and phase bright state. 

Bacterial spores contain dipicolinie acid (DPA)* and 
calcium”. DPA forms 5-15 per cent of the dry weight of 
the spore and calcium occurs in slightly greater than equi- 
molar amounts to the DPA!*. The effects of DPA and 
calcium (25 and 50 mM) on cores were therefore tested; 
neither had any effect on the appearance of phase-bright 
cores at pH 6-0 and mixtures also had no effect (Ca: DPA 
ratios of 0-5, 1-0 and 2-0). Calcium ions (25 mM) in tris 
buffer pH 9-0 prevented the formation of pale swollen 
cores, but this protective effect was annulled when DPA 
(50 mM or 25 mM) or ‘Versene’ (1 per cent w/v) was also 
present. Excess calcium (50 mM) over DPA (25 mM) 
prevented the formation of pale swollen cores. Cores 
remained shrunken and phase bright in pH 8-2 tris buffer 
when 25-100 mM calcium was present. The protective 
effect of calcium ions was also shown by other divalent 
cations (25 mM), that is, barium, strontium and mag- 
nesium, by the trivalent cation lanthanum (25 mM), and 
by spermine (1 per cent w/v). The following monovalent 
cations (25 mM) wore not protective: sodium, potassium, 
lithium, ammonium and cæsium. Inorganic or organic 
anions (Cl, NO,-, SO,?, citrate, acetate, phosphate, 
veronal) had no observable effect on cores. 

We suspected that the cores would be surrounded by 
some cortical mucopeptide, and we examined the effects 
on cores of agents known to complex with mucopeptide, 
that is, alcian blue (1 per cent w/v)" and auto-inhibitory 
concentrations of lysozyme (1-1-6 per cent w/v)2. Both 
reagents- prevented phase darkening of cores as the pH 
was raised above 7-0. Complexing of lysozyme with cores 
was confirmed visually by using fluorochrome-labelled 
lysozyme which specifically stains  muocopeptide!*. 
Similarly, alcian blue stained cores but not coats. These 
staining reactions suggested that the cores contained 
mucopeptide. This was confirmed by analysis of the 
mucopeptide constituent hexosamine in core + coat 
fractions of Bacillus subtilis and B. cereus sporesi. 
Depending on the species, 30-50 per cent of the spore 
hexosamine was rendered soluble during core formation 
at pH 3-3 and a further 20 per cent during phase darkening 
of cores at pH 6-6; the phase dark core + coat fraction at 
pH 6-6 retained 25-50 per cent of the spore hexosamine. 

Core + coat fractions of B. subtilis and B. cereus 
spores contained less than 5 per cent of the spore DPA, 
estimated colorimetrically’ and spectrophotometrically!*. 
Thus most of the spore DPA was lost during the prepara- 
tion of the coat + core fraction. This suggested that DPA 
may be located in the cortex of the spore. 

Bacillus subtilis cores formed in the pH range 3-3-4-1 
did not give rise to colonies when incubated on yeast 
glucose agar, nor did they grow when incubated in slide 
cultures and examined periodically under the microscope. 
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The effect of hydrogen ions on cores can bo explained i 
terms of their effect on the relative numbers of positiv 
and negative changes of the core macromolecules. I 
the pH region 2:0-4-2 the core is near its isoelectric poin 
and so can exist in a contracted state which probabl 
accounts for the mechanical resistance of the core bolo 
pH 42. Above pH 4-2 and up to about pH. 6:5 the cor 
is still in a contracted state but is more susceptible t 
mechanical damage. Above pH. 6-5 insufficient hydroge: 
ions are present to neutralize negative charges in the core 
so swelling occurs. Di- and tri-valent cations and spermin 
probably prevent swelling of cores by cross-linking pair 
of carboxyl groups. Monovalent cations are ineffoctiv 
because they cannot form cross-links. Lysozyme ani 
alcian blue may also prevent swelling of cores by a cross 
linking reaction that is specific for mucopeptide. 
We think it likely that the cores of dormant spores ar 
in & contracted state like cores below about pH 6:5 0 
like calcium-protected cores above pH 6-5. The possibilit: 
that the core of the spore is in a contracted state coul 
help to explain the phenomenon of spore heat-resistanc: 
as suggested by von Daryéni?’. How the core could get int 
such a state during sporulation is not known, but perhap 
it is by a mechanism similar to the contractile corto: 
suggested by Lewis, Snell and Burr!*. Warth e? al. 
suggested that the mucopeptide cortex could behave 
like a weak cation exchange resin and that the spore 
calcium could cause the cortex to contract during sporula 
tion. DPA is difficult to account for in this theory, because 
it chelates calcium and annuls the effect of calcium or 
cores. Thus DPA could annul any contracting effec 
of calcium during sporulation. However, the rigic 
Spore coat may also bo involved in maintaining contrac 
tion and the DPA may be located in a different region oj 
the spore from the calcium. Investigations such as those 
of Alderton e£ al.2°, who demonstrated cation exchange 
reactions with spores and related them to hoat resistance. 
seem very pertinent to the elucidation of the roles oj 
calcium and DPA in the structure and heat resistance o! 
spores. 
A. D. Hrrcenuiws 
G. W. GOULD 
Unilever Research Laboratory, 
Colworth House, 
Sharnbrook, Bedford. 
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Enumerating Viable Bacteria 


For many purposes the number of viable organisms 
has to be known. In antibiotic assays, for example, the 
size of the inoculum influences the result of the testi?. 
Optical densities of bacterial suspensions, not corrobor- 
ated by viable counts, are misleading, as dead cells are 
also registered. Viable numbers are usually estimated 
from poured plates?. 
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As plating has its limitations, an attempt was made to 
compare optical densities with viable counts, obtained 
by two other methods. The first method is based on the 
presence and absence of organisms in broth samples. 
The mean number of organisms in the broth tubes can 
be calculated from the Poisson series*. 155 test-tubes 
are needed, at the point of maximum accuracy, in order 
to obtain a standard error of sampling of 10 per cent. 
If the mean number of organisms per sample exceeds 
2, this method becomes inaccurate. The second method 
is based on filtration through membrane filters, which 
retain bacteria. The membrane filters, after filtration, 
are laid on top of a broth-soaked pad, incubated for 
24 h, and the colonies counted. This method, in contrast 
to the poured plate method, permits the enumeration of 
viable bacteria, even if only a few organisms are present 
in large volumes of fluid. Consequently, the same dilution 
can be used in both methods. For example, a mean of 
one organism per sample results in 36-79 per cent sterile 
tubes and in 63-21 per cent fertile tubes’. Filtering 
100 ml. of this same dilution through a membrane filter 
should yield 100 colonies. 

In experiments with 17—18-h-old cultures of Staphylo- 
coccus aureus, type 81, the mean bacterial numbers, 
obtained by both methods, differed, on the average, by 
9-22 per cent. These results are based on 1,124 tubes 
and 31 filtrations. 

The optical density of 17-18-h-old broth culture was 
determined at 640 millimicrons in a 1 em cuvette. The 
concentration of this bacterial suspension was assumed 
to be unity. Dilutions were prepared, and their optical 
densities found. Sterile broth served as blank. 

Optical densities were plotted versus relative bacterial 
concentrations. It was found that to points, ranging 
from about 0-3 to 0-7 optical density, a straight line 
could easily be fitted. It also turned out that readings 
obtained in this range are more accurate than readings 
obtained outside this range, because between 0-3 and 0-7 
a smaller change in bacterial concentration corresponds 
to one scale part on the percentage transmission scale. 

In this range a high and significant coefficient of cor- 
relation (0:9987) between relative bacterial concentrations 
and optical densities was found. The regression line 
was found to be: 

æ = 1:0136 y — 0-09216 (1) 
where z stands for relative bacterial concentration, and 
y for optical density. 

Simultaneous determinations of optical densities and 
viable counts, by both methods, rendered it possible to 
assign absolute viable numbers to relative bacterial 
concentrations. Substituting for x the absolute viable 
count per millilitre, the right side has to be multiplied 
by a factor, f, in order to maintain the validity of equation 


(1): 
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Viable number = (1:0136 y — 0-09216) f 
Viable number 

h = — 
PES I= Torey — 0-09216 e 

A mean value for f was determined by carrying out 
31 comparisons of optical densities and filtrations, and 
found to be: 9.05947 x 108. 

Solving the equation for y, optical densities are ob- 
tained, which correspond to viable numbers: 
_ Viable number + 0.09216 f 

y= 1-0136 f == 

or substituting for f its value: 





= Viable number 
9-18268 x 108 


For a viable number of 1 x 108/ml., for example, the 
optical density, calculated from equation (3), becomes 
0.19982, which is slightly outside the sensitive range. 
A 17-18-h-old broth culture was diluted to this optical 


+ 0-09092 (3) 
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density. From a 10-? dilution of this strength two samples 
of 100 ml. each were withdrawn and filtered. One sample 
yielded 92 colonies, the other 98, instead of the 100 
colonies expected. 
WALTER KOCH 
DEBORAH KAPLAN 


Department of Microbiology and Public Health, 
Chicago Medical School, Illinois. 


1 World Health Org., Technical Rep. Ser., No. 210 (1901). 

2 Seneca, H., and Peer, P., J. Amer. Geriatrics Soc., 11, 968 (1963). 

? Hinds, A. E., and Peterson, C. X., J. Bact., 86, 168 (19638). 

t Fisher, R. A., Statistical Methods for Research Workers, thirteenth ed., 61 
(Hafner Publishing Co., Inc., New York, 1958). 

5 Molina, E. C., Poisson’s Exponential Binomial Limit (D. Van Nostrand 
Co., Inc., Princeton, New Jersey, 1942). 


Transmission of Colicinogeny to Providence 
Strains 


Coxicinoceny has been transmitted to non-colicino- 
genic strains of Escherichia coli and Shigella’, Klebsiella, 
paracolons, Salmonella? and Serratia’. Hamon? tried 
unsuccessfully to pass this property to Proteus cultures. 
Providence strains (unpublished observations) are not 
bacteriocinogenic for genera of the family Enterobacteria- 
ceae and are not susceptible to the various colicines. 

The Providence strains used were N.C.T.C. Nos. 9204, 
9248, 9250, 9260, 9268, 9294, 9295, 9278, 9283 and 9293. 
Standard colicinogenic strains and appropriate colicine- 
indicator cultures were kindly supplied by Prof. P. 


-Frederieq and covered the range from A to K and V. 


Mutants resistant to 1 mg/ml. streptomycin of the 
Providence and colicine-indicator strains were selected 
and the transfer of colicinogeny from Fredericq’s strepto- 
mycin-sensitive strains to the resistant Providence cul-, 
tures was attempted according to the methods of 
Fredericq? and Ozeki et al.4. EH. col? strain CA.23 trans- 
mitted colicine factor D to Providence strains N.C.T.C. 
9260, 9278, 9283, 9295, 9298 and paracolon strain CA. 62 
transmitted colicine factor J to strain 9295. Strain 
CA. 62 produces colicines J and I, but colicine factor I 
was not detected in 213 colicinogenic colonies of strain 
N.C.T.C. 9295 tested. No other colicine factors were 
transmitted to any of the strains and thus exactly half 
the strains accepted colicinogeny. Direct cell contact 
appeared essential for transmission of colicinogeny since 
the use of cell-free culture filtrates of donors was unsuc- 
cessful. The fraction of cells of the acceptor population 
which acquired colicinogeny was never more than 10? 
and usually the selection process had to be repeated on 
the growth picked off to obtain well-separated colicino- 
genic colonies. Control experiments with only the 
acceptor Providence strains never produced inhibition of 
the indicators. Ozeki et al.‘ reported a fraction of 10 * 
for S. typhimurium cells accepting colicine factor K from 
E. colt K49. 

The colieinogenie Providence strains have the sano 
biochemical reactions and phage-susceptibility patterns® 
as corresponding non-colicinogenic cultures, and tho 
colicines produced by the Providence cultures appear 10 
be identical with those produced by the original strains. 
After storage for 9 months on agar slopes at room tem- 
perature the colicinogenic Providence cultures were 
streaked out for single colonies and tested for colicine 
production. All colonies were still colicinogenic. The 
colicinogenic property of the cultures is also not affected 
by exposure to acriflavine*. Attempts at intrastrain 
passage’ of colicine factors D and J have been unsuccossful 
so far. In Salmonella? only factors B, El and J ure 
capable of independent intrastrain transfer and these 
factors also promote the passage of other colicine factors 
present. In Serratia factor I behaves similarly?. None 
of these factors has yet been introduced into Providence 
strains and this may account for the failure of intrastrain 
transmission. 
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This work was aided by grants from the South African 
Council for Scientific and Industrial Research. 


J. N. Corrzes 
Department of Microbiology, 
University of Pretoria. 
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. A Factor required for Growth Initiation of 
Pasteurella tularensis 


PREVIOUS investigations^? established the essential 
requirements of Pasteurella tularensis (P. tularensis) for 
growth in both complex and chemically defined media. 
However, the media described sustained luxurious 
growth of P. tularensis when relatively large numbers of 
cells (about 10° to 5 x 10%/ml. medium) were used for 
inoculation. Attempts to reduce the size of the inoculum 
by supplementing the media with a variety of vitamins, 
tissue extracts and other preparations noted for their 
growth-promoting ability, were by and large unsuccessful. 
The nutritional fastidiousness of P. tularensis appeared 
particularly puzzling in view of the notoriously extreme 
infectivity of this micro-organism, which is reputed to be 
capable of multiplying in vivo out of a few cells?, Further- 
more, both highly virulent and completely avirulent 

Strains exhibited the same pattern of growth require- 
ments. 

A clue for at least a partial resolution of this paradox 
was provided by an observation incidental on another 
line of investigation concerned with the exceptional 
susceptibility of low tonicity exhibited by P. tularensis. 
It was noted that a brief exposure of P. tularensis cells to 
& hypotonic environment resulted in a disruption of their 
permeability barrier, as evidenced by the leakage of 
intracellular constituents and the concomitant drastic 
decline of viability*. The viability of the so injured cells 
was found to be largely restored in the presence of a 
concentrate prepared from the suspending medium con- 
taining the material which leaked out of the osmotically 
shocked cell suspension (‘leakage material’). Moreover, 
culture media fortified with the leakage material acquired 
the ability to support growth of the intact organism from 
apparently single-cell inocula, thus permitting the per- 
formance of viable counts which were otherwise not 
feasible with the strains tested by us. 

The substance responsible for the growth initiating 
effect was found to be elaborated by the proliferating 
P. tularensis colls and to diffuse out iu the course of growth 
into the surrounding medium. The active factor proved 
to be of low molecular weight, and owing to its relative 
stability and resistance to various chemical and physical 
treatments could be readily concentrated and extensively 
purified’. Work designed to procure sufficient quantities 
of the purified material for chemical analysis and bio- 
chemical studies is now in progress. 

J. MAGER 


Cellular Biochemistry Research Unit, 
Department of Biochemistry, 
Hebrew University— 
Hadassah Medical School and 
Schoo] of Dentistry, Jerusalem 
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CYTOLOGY 


A Yeast Mitogenic Factor Active on Human 
Peripheral Leucocytes in Culture ` 


Wz have observed that the addition of zymosan-treated 
sera, to short-term human peripheral leucocyte cultures 
leads to a slight but significant increase in mitotic fre- 
quency. Inactivation of serum complement by zymosan! 
as an important factor in the increase in mitotic frequency 
was ruled out, and it could be shown that an active mito- 
genic factor was extracted from zymosan during treatment 
of the sera. It was found that a more active mitogenic 
factor could be extracted directly from whole frozen yeast 
(Saccharomyces cerevisiae) and this extract was then used 
exclusively. The method of extraction consisted of 
overnight incubation at 37° of equal volumes of saline 
washed cells and 0:2 N potassium hydroxide, followed 
by centrifugation at 2,000 r.p.m. for 30 min. The resulting 
supernatant was neutralized with perchloric acid, and then 
passed through a ‘Sephadex’ DEAE column which had 
been washed with 0:2 M tris buffer at pH 7-1. Before use, 
the yeast extract (Y AF) was sterilized in boiling water 
for 30 min. Leucocyte suspensions were obtained by 
dextran sedimentation (2-5 ml. 6 per cent dextran per 
10 ml. heparinized blood at 87°). Colchicine (0-02 ug/ml. 
culture) was added 8-10 h before collecting and chromo- 
some preparations were made according to the method of 
Hungerford e£ al.?. 

The mitogenic factor in the crude 0-2 N potassium 
hydroxide extract is non-dialysable, acid labile (1 N 
hydrochloric acid for 20 h at room temperature), heat 
resistant, and is not retained by either an anion or a cation 
exchange column. The crude extract contains protein’, 
phosphorus‘, and hexose’ in approximately equimolecular 
amounts. It is resistant to digestion by ribonuclease, 
sensitive to digestion by alkaline phosphatase and lyso- 
zyme, and partially sensitive to trypsin. 

The frequency of mitoses observed in more than 40 
experiments varied from 0-4 to 3-0 per cent; the mitotic 
index always being significantly higher than that observed 
in control cultures, and lower than in cultures treated with 
phytohemagglutinin (PHA). The peak of mitotic 
activity occurred between the fifth and sixth day of 
culture, although it was possible to observe occasional 
metaphases in cultures incubated for 20 days. Titration 
experiments with the same preparation of yeast extract 
always showed a limited region of linear mitotic response to 
increasing Y A? concentration, followed at higher YAF 
levels by inhibition of mitoses and occasionally toxicity. 
It is possible that some of the responses of culturcs to 
higher Y AF levels might be due to impurities in the crude 
extract. This question can only be resolved when a 
purer preparation of the active factor is available. 

An additive mitcgenic effect was obtained when PHA 
and Y AF were added to the same culture. This suggested 
that Y AJ" was acting on a cell population different from 
that which was sensitive to PHA. To characterizo this 
difference further, a comparative examination of DNA 
replication was undertaken in YAF, PHA, and YAF 
plus PHA treated cultures. Tritiated thymidine (Schwarz 
1-5 c./mM, 0-2 uc./ml ) was added at the beginning of the 
cultures and left until collected, at which time slides were 
prepared for autoradiography (Kodak NTB 3 emulsion). 
After exposure for one week, the slides were developed, 
stained, and then scored for labelled and unlabelled 
metaphases. 


Table 1. PEROBNTAGH OF METAPHASES WITH VARYING GRAIN COUNTS IN 
DIFFERENT CULTURES 
No. of grains per metaphase Total 
Cultures 30- metaphases 
0 1-10 10-20 20-30 over counted 
PHA* 0 25 12 22 41 59 
YAFT 67 23 7 2 1 105 
YAF+PHA 6 15 25 21 38 33 


* PHA, phytohemagglutinin. t Y AF, yeast extract. 
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The results of this work, given in Table 1, show that all 
the metaphases in the PHA culture were labelled, while 
most of the metaphasesin the Y A F culture were unlabelled. 
In the YAF plus PHA culture nearly all the meta- 
phases were labelled (94 per cent). 

The 100 per cent labelling of metaphases in the PHA 
culture confirms a previous report? and indicates that 
PHA. sensitive cells are in the pre-DNA synthetic period 
(G1) prior to culture. The fact that most of the meta- 
phases wore unlabelled in the YAF culture suggests that 
most of the YAF sensitive cells are in a post-DNA 
synthetic period (@2) prior to culture. Since most of the 
metaphases in the YAF plus PHA culture were labelled 
and many heavily so, it would seem that inhibition of 
uptake and incorporation of thymidine by YAF is not 
responsiblefor the many unlabelled metaphasesin the YAF 
culture. 

Rather our results seem to indicate that the majority 
of the cells stimulated by YAF to divide have already 
undergone DNA replication before the initiation of the 
cultures, and that a small portion (lightly labelled) are 
apparently terminating DNA replication when the culture 
is started. Several authors have reported the existence 
of a small fraction of nucleated blood cells which undergo 
DNA replication while in cireulation*?. However, under 
physiological conditions, no mitotic figures are observed in 
peripheral blood smears. Although the frequency of the 
cells in active DNA synthesis varies considerably in the 
different reports (0-06—0-5 per cent), it is generally higher 
than the frequency of mitotic figures observed in cultures 
initiated without the addition of any agent. 

It appears, then, that the circulating leucocytes consist 
of at least three populations with respect to their ability 
to complete cell division in vitro: (1) a major population of 
cells that are in their G1 phase and are stimulated to divide 
by PHA; (2) a minor population of cells that are in G2 
and are stimulated to divide by YAF; and (3) a very 
small population of cells which are able to divide 
spontaneously. 

This work was supported in part by research grant 
G-14825 from the U.S. National Science Foundation. 
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Seattle, Washington. 
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SOIL SCIENCE 


Influence of Nitrogen on the Availability 
` of Fertilizer Phosphorus 


Tu beneficial effects of additions of nitrogen on the 
availability of fertilizer phosphorus have been investi- 
gated with various techniques, such as when nitrogen 
is mixed with the soil and phosphate added as placement, 
when both nitrogen and phosphate are added separately 
or when nitrogen and phosphate are added in intimate 
association. With tbe view of investigating the influence 
of nitrogen on the availability of fertilizer phosphorus, 
under conditions of both nutrient sources being mixed 
with the soil, work described here was carried out on two 
soils (important characteristics given in Table 1) using 
wheat as a test-crop through greenhouse pot-culture 
experiments, involving the use of radiotracer techniques. 
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Table 1. MAIN CHARACTERISTICS OF SOILS 
% Available % Cation 
F pH organic T40; free exchange 
No. Soil (1:25 (1b. [acre CaCO; capacity 
ratio) (Kjeldahl’s Olsen’s (Collins (m.equiv./ 
method)  method)* calcimeter) 100 g) 
I Alluvial soil 
I.A.R.I. 
o N. Delhi T8 0-07 37-0 0-69 10°21 
TI Alluvial soil 
Sabour 
(Bihar) 6:2 0-08 10-0 Traces 5.92 


* U.S. Dept. Agric. Circ. No. 939. 


Table 2. INFLUENCE OF UREA ON THE AVAILABILITY OF PHOSPHORUS 
FROM SUPERPHOSPHATE 


Soil I Soil IT 
Tota) Fert. Total Fert. 
Tregt- P 96 % P d P M 
ment (my | uptake mg utiliza- tagi uptake (mg/ utiliza- 
po pot) tion pot pot) tion 
Control 3-30 — — — 1:88 — = = 
P 56 4943 174 889 378 5665 215 10-87 
NP 5:21 48:02 2-74 13°82 3-91 62:27 2:35 11:89 
NatP 5:32 63-05 3-48 17:06 432 04608 2:40 1232 
S.E.M.* 0-30 2-22 0-24 119 0:23 1:87 2 — 
L.S.D.t at 
5% level 0:87 6.84 0:73 3°65 0-68 576 NB. N.S. 


P, 40 lb. P,O,/acre as super: N, and Ng, 40 and 80 Ib. N/acre as urea res- 
pectively. 

* S.E.M., standard error of mean. 

t L.S.D., least significant difference. 


Three levels of nitrogen (0, 40 and 80 Ib. N/acre) as 
urea, were combined with two levels of phosphate (0, 40 Ib. 
P,0,/acre) as superphosphate in a randomized design, 
and each treatment was replicated thrice. Superphos- 
phate was tagged with phosphorus-32. The nutrient 
sources were mixed with the soil in an electrically operated 
twin-shell dry blender. 

Dried composite samples consisting of three plants from 
cach replicate were wet-ashed and analysed for phos- 
phorus!. Radioactive phosphorus was determined by the 
method of Meckenzie and Dean’. 

In soil No. 1, the supplementary application of nitrogen 
as urea significantly increased the absorption of total 
phosphorus by wheat plants when compared with that 
due to phosphate application alone. Here the application 
of nitrogen significantly enhanced the amount of phos- 
phorus in plants derived from the fertilizer source. In 
this soil, percentage utilization of applied phosphorus has 
also been found stimulated due to the presence of nitrogen 
along with the source of phosphorus. Table 2 shows that 
higher doses of urea significantly increased percentage 
uptake of fertilizer phosphorus in both the soils under 
examination. 

Olson and Dreier? have shown the importance of associa- 
tion between nitrogen and phosphate sources in causing 
increased uptake of fertilizer phosphorus when applicd 
in intimate association. Rennie and Soper* also found 
increased utilization of fertilizer phosphorus only when 
nitrogen was intimately associated with phosphate 
fertilizer. 

It must be realized in the investigation recorded here 


^ that both nitrogen and phosphorus were homogeneously 


mixed with the soil and under these conditions the effect 
of nitrogen on the utilization and uptake of fertilizor 
phosphorus is revealed. In such cases, as here, tho 
association between nitrogen and phosphate had definitely 
been maintained though to a lesser degree as compared 
with that in & band. Probably this association between 
nitrogen and phosphorus may be partly responsible for 
inereasing the availability of fertilizer phosphorus to 
plants in such systems also. 

{thank Dr. N. P. Datta, head of the Division of Chemis- 
try, I.A.R.L, New Delhi, and Prof. J. Lag, director of 
the Institute of Soil Science, Norway, for their advice. 

Gautam Dev 
Institute of Soil Science, 
Agricultural College of Norway, 
Vollebekk. 
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MISCELLANEOUS 


Sintering-Cobalt - Chrome - Molybdenum Alloys 
for Osteosynthesis 


Or the materials which have been used for gurgical 
-prosthetics, the stellite alloys (based roughly on 65 cobalt, 
30 chromium, 5 molybdenum) have excellent strength and 
adequate corrosion resistance’. Unfortunately these alloys 
are available only in the form of castings which, in the 
absence of any special techniques, develop a very large 
grain-size in the material. Small surgical implants have 
cross-sectional areas comparable to this grain size which 
may result in their mechanical properties being dependent 
on the random crystal orientation of a single grain to an 
applied stress. The strength of the implant may also be 
limited by weakness of the grain boundaries in the 
material. Any small amounts of impurity will segregate 
to the grain boundaries of the casting; when the grain 
size is large, the grain boundary area becomes relatively 
small and so the impurities may reach a high concentra- 
tion. It is thought that both the foregoing factors are 
responsible for the wide variation and unpredictability of 
mechanical tests carried out here?-4, Therefore, a refined 
grain structure of these alloys should have beneficial 
effects by (a) giving a truly polycrystalline material, 
preferably of higher purity, and (b) spreading any im- 
purities more uniformly throughout the material by 
increasing the grain boundary area. 


Table 1 
Property Cast stellite Sintered alloy 
Density (glee; 8-298 8:83-8-4 
Ultimate tensile strength (tons/in.?) 46:8 55 
pay att re cena 10 2:5 
Fatigue t (tons/in.*) 19:5 40 
Young's modulus 16-1 x 10° 18x10? 


Powder metallurgical techniques appear to offer the 
best method of combining a fine grain size with high 
purity. In our work the following procedure was adopted. 
A master alloy consisting of 6:6:1 cobalt-chromium— 
molybdenum, respectively, was made up under a con- 
trolled atmosphere from the pure metal powders; pure 
cobalt powder was added to make up the correct pro- 
portions for the final alloy, and the mixture ground down 
to give a mean powder size of 5u. The resultant powder 
was then cold-pressed hydrostatically at 10 tons/in.? and 
sintered under vacuum for 10h. At no stage in the process 
was air allowed to come into contact with the powder, 
and the contamination of the unsintered compact was 
minimized by keeping it coated with Analar methyl 
alcohol. The tests which are proceeding on the sintered 
alloy. have shown considerably greater consistency of 
results and a definite improvement on the mechanical 
properties of the cast alloy. Results are given in Table 1, 
and comparative fatigue curves for the two materials 
shown in Fig. 1. Comparison of the different micro- 
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Fig. 1l. S-n curves for the cast (6, Lord, ref. 3; ©, Bassett, ref. 4) 


and sintered (O) alloys 
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Fig.2 Microstructure of cast stellite showing grain boundary inclusions 
and cored structure within grain. (xe. 28) - 





Fig. 3. Microstructure of alloy made up from powder; pressed at 
10 tons/in?*, sintered in vacuum for 10 h at 1,260? C, showing great 
refinement of the grain size and absence of coring (xc. 100) 


Structures (Figs. 2 and 3) shows the accumulation of 
impurities in the grain boundaries of the cast material 
and their more uniform distribution in the sintered alloy. 


J. M. ZAREK 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Wednesday, August 26- Wednesday, September 2 
BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE (at Southamp- 
ton)—126th Annual Meeting. 
Wednesday, August 26 
At 7.45 p.m.—Right Hon. Lord Brain, F.R.S.: “Science and Behaviour” 
(Presidential Address). 
Thursday, August 27 


At 10 a.m.—Sir Harry Melville, K.C.B., F.R.S.: “The Contribution of 
New Instruments to Progressin Chemistry” (Presidential Address, Section B), 


At 10 a.m.—Dr. C. E. Lucas, C.M.G.: “Aspects of Marine Fisheries 
Research” (Presidential Address, Section D). 


At 10 a.m.—Mr. G. B. Ryle, C.B.E.: “The Need for Forests in an Indus- 
trial Society” (Chairman's Address, Section K *). 


At 10 a.m.—Dr. F. Lincoln Ralphs: “Responsibility and Education" 
(Presidential Address, Section L). 


At 10 a.m.—Mr. Eric Rea: “The Age of Advice" (Presidential Address" 
Section M). ? 


At 10.15 a.m.—Mr. H. G. Conway: ‘‘Engineers at the Crossroads" (Presi- 
dential Address, Section G). 


At 10.15 a.m.—Prof. F. G. Young, F.R.S.: “The Biochemistry of the 
Endocrine System" (Presidential Address, Section I). 


At 11.30 a.m.—Prof. B. R. Williams: ‘Economics in Unwonted Places” 
(Presidential Address, Section F). 


At 2.30 p.m.—Prof. R. V. Jones: “Chance Favours the Trained Observer” 
(York Lecture). 
Friday, August 28 


At 10 a.m.—Mr. J. A. Ratcliffe, C.B.E., F.R.S.: “The Sun and the Iono- 
sphere” (Presidential Address, Section A). 


At 10 a.m.—Mr. A. A. L. Caesar: “Planning and the Geography of 
Great Britain” (Presidential Address, Section E). 


At 10 a.m.—Prof. C. G. C. Chesters: “Fungal Friends and Foes” (Presi- 
dential Address, Section K, K*). 


At 11.30 a.m.—Prof. H. J. Eysenck: “The Biological Basis of Criminal 
Behaviour” (Presidential Address, Section J). 


At 11.80 a.m.—Sir Graham Sutton, C.B.E., F.R.S.: "The Resurgence of 
Interest in the Observational Sciences” (Presidential Address, Section X). 


At 2.80 p.m.—Dr. N. Tinbergen, F.R.S.: “Why Do Animals Fight ?” 
(Young People’s Lecture). 


At 8 p.m.—Prof. W. J. G. Beynon: “The International Years of the Quict 
Sun” (Evening Discourse). 
Sunday, August 30 


At 10.30 a.m.—Official Service in St. Mary’s Church. Preacher: 
Very Reverend the Dean of York, Canon Alan Richardson, M.A., D.D. 


The 


Monday, August 31 


At 10 a.m.—Dr. W. Marshall: "The Exploration of Solids "Using Thermal 
Neutrons” (Kelvin Lecture). 


At 10 a.m.—Mr. W. H. Wilcockson: "Some Aspects of East African 
Vulcanology” (Presidential Address, Section C). 

At 10 a.m.—Dr. C. A. Ralegh Radford: “History and Archeology” 
(Presidential Address, Section H). 

At 11.80 a.m.—Prof. Lucy Mair: “How Small-scale Societies Change" 
(Presidential Address, Section N). 

At 2.30 p.m.—Dr. H. A. Thomas: 
Lecture). 


At 8 p.m.—Prof. A. S. Parkes: “Biological Aspects of the Population 
Explosion” (Evening Discourse). 


“Automation” (Young People’s 


Tuesday, September | 


At 2.80 p.m.—JDr. E. J. Ambrose: “Cells at Work” (Young People’s 
Lecture). 


Wednesday, September 2 


At 10 a.m.—Dr. G. R. Coope: “Insect Populations in the Ice Age" 
(Darwin Lecture). 
ene aaa V. B. Proudfoot: “Bringing Archeology to Life" (Lister 
eture). 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: 

PRINOIPAL (normally nationalof the United Kingdom or the Republic of 
Ireland, with an honours degree in science or engineering, a reco, ed pro- 
fessional qualification, and extensive experience in industry, teaching and 
administration) OF THE GOVERNMENT TECHNICAL COLLEGE, Enugu, Eastern 
Nigeria—The Council for Technical Education and Training for Overseas 
Countries, Eland House, Stag Place, London, S. W.1 (August 31). 

SOrENTIFIO OFFICER (graduate with a good honours degree in botany, 
biochemistry or chemistry, and preferably with research experience either 
in the physiology of higher plants or in plant metabolism)—The Director, 
‘Agricultural Research Council Unit of Plant Physiology, Imperial College 
of Science and Technology, London, S.W.7 (August 31). 

TECHNICIANS (2) to assist with a programme of research into the effects 
of pathogenic bacteria on insects (one technician will be mainly concerned 
with the bacterfological aspects of the programme, and the other with the 
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entomological aspecte) Foe T. L. Bywater, Department ot Agriculture. 
The University, Leeds, 2 (September 1). g g . 
SENIOR RESEAROH ASSISTANT (graduate in science or veterinary seience) 
to take part in research on respiratory disease in poultry IN THE DEPART- 
MENT OP VETERINARY PREVENTIVE MEDICINE at the Veterinary Fleld 
Station in Cheshire—The Registrar. The University, Liverpool, quoting 
Ref. CV/264 (September 5). . . i . 
RESEARCH ASSISTANT (either a physicist or an engineer with an interest 
in biology or a biologist with some knowledge of physics or enginecring) AT 
THE MARINE SOLENCE LABORATORIES, Menai Bridge, to work on the measure- 
ment of the forces of breaking waves on rocky shores—The Registrar, 
University College of North Wales, Bangor, North Wales (September 7). 
HEAD (gradua with suitable university library experience) 
OF THE PERIODICALS DEPARTMENT—The Goldsmiths’ Librarian, University 
of London Library, Senate House, Malet Street, London, W.C.1 (September 9). 
ASSISTANT LECTURER IN BIOCHEMISTRY in the Department of Physiology 
and Biochemistry, Queen’s College, Dundee—The Secretary, University of 


IN THE DIVISION O ( J 
Scientific and Industrial Research Organization, Adelaide, South Australia—- 
Chief Scientific Liaison Officer, Australian Scientific Liaison Office, Africa 
House, Kingsway, London, W.C.2, quoting Appointment No. 320/297 
(September ns : 

RESEARCH FFIOER (with a Ph.D. degree in physics or mathematics, or 
postgraduate research experience of equivalent standard and duration, sup- 
ported by satisfactory evidence of research ability, and preferably an interest 
in flying) IN THE DIVISION OF RADIOPHYSICS, Commonwealth Scientific and 
Industrial Research Organization, Sydney, N.S.W., Australia, for interesting 
work in the field of cloud physics—Chief Scientific ‘Liaison Officer, Australian 
Scientific Liaison Office, Africa House, Kingsway, London, W.C.2, quoting 
Appointment No. 780/364 (September 12). É . : g 

POST-DOCTORAL FELLOWS (with a Ph.D. in physics or electrical engineering 
or other appropriate fleld of ostgraduate research) IN PHYSICS and ELEC- 
TRICAL ENGINEERING in the Division of Applied Physics, Commonwealth 
Scientific and Industrial Research Organization, located in the grounds of 
Sydney University, Australia—Chief Scientific Liaison Officer, Australian 
Scientific Liaison Office, Africa House, Kingsway, London, W.C.2, quoting 
Appointment No. 750/315 (Septembor, 14). N 

RESEARCH ASSISTANT (with a Ph.D. or honours degree in zoology or 
equivalent qualifications) to Dr. N. W. Runham, to work on reproduction 
in slugs—Dr. Runham, Department of Zoology, University College of North 
Wales, Bangor, North Wales (September 14). , 

SENIOR PROFESSIONAL OFFICER (with at least a B.Sc. degree with appro- 
priate postgraduate experience, suitably qualified in one or more of the 
following fields: herpetology, ornithology or marine biology, and preferably 
some museum experience) AT THE PORT ELIZABETH MUsEUM-—The Chairman, 
Museum Board of Trustees, P.O. Box 1359, Port Elizabeth, South Africa 
(September 14). 

HEAD OF THE BACTERIOLOGY DEPARTMENT; 
TERIOLOGISI-—The Secretary, School of Agriculture, 
Edinburgh, 9 (September 15). 

RESEARCH ASSISTANT (graduate in zoology and preferably some research 
experience in insect physiology or a related field) IN INSECT PATHOLOGY, for 
work in connexion with a study of the bacterial pathogens of insects- The 
Registrar, The University, Leeds, 2 (September 15). i 

ASSISTANT LECTURERS (2) (candidates for the one ost should have special 
inferests in the evolutionary field studies, and for he other in physiology) 
IN ZOOLOGY—The Registrar, The University, Manchester 13 (September 18). 

CHAIR OF FUEL TECHNOLOGY AND CHEMICAL ENGINEERING— Ihe Registrar, 
The University, Sheffield (September 19). " A 

LECTURER (with qualifications in one of the appropriate basic Sciences) 
IN DENTAL MATERIALS in the School of Dental Surgery— The Registrar, 
University of Liverpool, Liverpool, quoting Ref. CV/265/N (September 19). 

FISHERIES RESEARCH BIOLOGISTS (2) (with at least an honours Bachelor's 
degree) with the Fisheries Research Board of Canada, one to be in charge of 
pelagic fish investigations (capelin, herring), and the other to assist in 
marine invertebrate investigations (squid, scallop, clam, oysters}— The 
Director, Fisheries Research Board of Canada, Biological Station, St. John’s, 
Newfoundland, Canada (September 25). 

‘LECTURER IN THE CHATTERTON ASTRONOMY DEPARTMENT OF THE SCHOOL 
or PHYSIcS—The Registrar, University of Sydney, Sydney, New South 
Wales, Australia (September 25). 

CHAIR OF APPLIED MATHEMATIOS—The Registrar, The University, Man- 
chester 13 (September 30). . : 

x UM OF GENETIOS— The Registrar, The University, Leeds, 2 (Septem- 

er 30). 

DIREOTOR OF THE ELEOTRONIO COMPUTING LABORATORY—The Registrar, 
The University, Leeds, 2 (September 30). a 

ENTOMOLOGIST (with a good honours degree in zoology, with special 
emphasis on entomology, and an interest in, and aptitude for, taxoncmic 
research) IN THE COMMONWEALTH INSTITUTE OF ENTOMOLOGY IDENTIFICA- 
TION SERVICE, which is accommodated at the British Museum (Natural 
History), to work on the Coleoptera—The Director, Commonwealth Institute 
of Entomology, 56 Queen's Gate, London, S.W.7 (September 30). N 

LEGTURER/SENIOR LECTURER IN Puysics in the School of Physical 
Sciences of the University of Adelaide at Bedford Park—The Secretary, 
‘Association of Commonwealth Universities (Branch Office), Marlborcugh 
House, Pall Mall, London, S.W.1; and the Secretary for Bedford Park, 
University of Adelaide, Adelaide, South Australia (Australia, September 30). 

PROFESSORIAL FELLOW, & SENIOR FELLOW, and a SENIOR RESEARCH 
FELLOW IN THE DEPARTMENT OF SOCIOLOGY, Research School of Social 
Sciences, Institute of Advanced Studies, Australian National University — 
The Secretary, Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S.W.1 (Australia and London, 
September 30). 

HAIR OF BIOLOGY at the University of Sydney, Australia—The Secretary, 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (Australia and London, October 15). 

CHAIR OF PHILOSOPHY at the University of Sydney, Australia—The 
Secretary, Association of Commonwealth Universities (Branch, Office). 
Marlborough House, Pall Mall, London, S.W.i (Australia and Londcn. 
October 15). 

ASSISTANT LECTURER or LECTURER IN EXPERIMENTAL Puysics—The 
Registrar, University of Sussex, Stanmer House, Stanmer, Brighton, Sussex. 
marking envelope ‘‘Application”’. : 

ProcREAUST (Basic Grade) at Black Notley Hospital, Braintree, for dutics 
under the direction of the Group Biochemist, to assist with the routine and 


and an ASSISTANT BAC- 
West Mains Road, 


902 


development work of the Group Laboratories—The Groirp Becrotary, St. 
Hed: Group Hospital Management Committee, 14 Pope's Lane, Colchester, 

CHAIR OF PLASMA PHYSICS—The Registrar, University of Sussex, Stanmer 
House, Stanmer, Brighton, Sussex, marking envelope "'Confidential".. 

GASSIOT RESEARCH FELLOWS (2), one for research in seismology and the 
Other for research in geomagnetism— The Secretary, Meteorological Office, 
London Road, Bracknell, Berkshire. 

HERBIODE BOTANIST (national of the United Kingdom or the Republic 
of Ireland with a degree in botany, preferably with postgraduate research 
experlonce) with the Bast African Common Services Organization, to under- 
take the botanical aspects of herbicidal and arboricidal work in East Africa 
with particular attention to weed pests in major East African crops—The 
Appointments Officer, Room 801, Department of Technical Co-operation, 
Eland House, Stag Place, London, quoting Ref. RC 213/214/05. 

INDUSTRIAL LIAISON OFFICER (man or woman with a good honours degree 
or equivalent in science or technology), to promote in local industry an 
appreciation and understanding of the value of technical, scientific and 
management development and to encourage the maximum use of the 
educational and advisory facilities of the College and of other local and 
national sclentific and technical organizations—The Principal, Worcester 
Technical College, Deansway, Worcester. 

MALACOLOGIST (national of the United Kingdom or the Republic of 
Ireland, with a first- or second-class honours degree in biology, and prefer- 
ably appropriate relevant postgraduate research or experience) with the 
Hast African Common Services Organization, to study the aspects of snail 
life history, behaviour and distribution which affect their control by mol- 
luscicides and to study the effects of different molluscicides on snails—The 
tga Officer, Room 301, Department of Technical Co-operation, 
Eland House, Stag Place, London, S.W.1, quoting Ref. RC 213/214/06. 

Post-DocToRAL RESEARCH FELLOW (physical chemist or solid-state 
physicist with an interest and some experience in catalysis in gas/solid 
reacting systems) IN THE DEPARTMENT OF CHEMICAL ENGINEERING—Dr. 

. Crooks, Department of Chemical Engineering, The University of 
Birmingham, Birmingham 15, marking application ‘‘Research Fellow”. 

PROFESSOR OF ANATOMY and HEAD OF THE DEPARTMENT—Tho Dean, 
Faculty of Medicine, University of Manitoba, Cor. Bennatyne and Emily 
Streets, Winnipeg, Manitoba, Canada. 

PROTEIN CHEMIST to work on antibodies and antibody-like substances; a 
PROTEIN CHEMIST (interested in pollen, mould and tissue antigens); a 
CHEMIST or BIOCHEMIST (B.Se., Ph.D. or experienced technician) to take 
charge of fluorescent microscopy, mainly in connexion with work on anti- 
bodies; and a PHYSIOAL CHEMIST to work mainly with microcell electro- 
phoresis apparatus, in the Immunochemistry Unit for Research in Cancer 
and Allergy (Department of Bacteriology}—The Registrar, The University 
of Liverpool, Liverpool, 2, quoting Ref. CV/262/N. 

RESEARCH STUDENT (with a good honours degree in physics) WITH THE 
SPECTROSCOPY GROUP IN THE DEPARTMENT OF PHYSICS, for work on radia- 
tion characteristics of plasmas and spectra of highly ionized atomic speeles— 
Dr. W. R. S. Garton, Physics Department, Imperial College of Science and 
Technology, London, S.W.7. 

_ SENIOR RESEARCH ASSOCIATE IN THE SCHOOL OF CHEMISTRY for research 
into reaction mechanisms in boron chemistry—The Registrar, The University, 
Newcastle upon Tyne. 

TEOHNICAL ASSISTANT (with an ordinary degreo, H.N.C. or equivalent 
qualification in chemistry) IN THE ROBERT ROBINSON LABORATORIES, 
DEPARTMENT OF ORGANIC CHEMISTRY, to join a group investigating fungal 
Poszarhests~ The Registrar, The University, Liverpoo), 3, quoting Ref. 
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British Drug Houses, Ltd, Caestum Salts. Pp. 32. (Poole: British 
Drug Houses, Ltd., 1964.) (147 

University of Glasgow Appointments Committee. Report for the year 
ended 31st December, 1963. Pp. 26. Report of the Sub-Committee on 
Linas to School-Teaching. Pp. 16. (Glasgow: The University, 

University of Oxford. Lord Nuffield’s Benefaction for the Advancement 
of Medicine—Report for 1962-3. (Supplement No. 10 to the University 


Gazette, June 1064.) Pp. 27. 1s. Annual Reports, 1962-1963. (Supple- 
ment No. 11 to the University Gazelte, June 1004.) Pp. 19. 1s. (Oxford: 
The University, 1964.) {147 

National Socicty for Clean Air. Clean Air Year Book 1964-1965. Pp. 116. 
(London: National Society for Clean Air, 19004.) 25. 0d. [147 


Government of Northern Ireland: Ministry of Agriculture. Leaflet No. 7: 
Results of Potato Variety Trials. Pp. 12. Leaflet No. 9; Growing Apples 
for Profit. Pp. 26. Leaflet No. 22: Leatherjackets. Pp. 4. Leaflet No. 37: 
Turkey Production. Pp. 16. Leaflet No. 40: Getting the Most from Grass. 
Pp. 28. Leafiet No. 49: The Cultivation of Gooseberries. Pp. 11. Leaflet 
No. 68: The Cultivation of Strawberries. Pp. 20. Leaflet No. 82: Clean 
Milk Production. Pp, 20. Leaflet No. 88: Management and Feeding of 
Poultry Breeding Stock. Pp. 8. Leaflet No. 86: Manuring of Farm Crops. 
TE 12. Leaflet No. 95: Oats, Barley, Wheat. Pp. 15. ‘Leaflet No. 100: 
The Cultivation of Carrots. Pp. 16. Leaflet No. 136: Facilities for Agricul- 
tural Education. Pp. 8. (Belfast: Ministry of Agriculture, 1964.) [147 

Agricultural Research Council. A Bibliography of Farm Buildings 
Research, Part7: Miscellaneous Items, 1st Supplement, 1958-1961. Pp. 36. 
(London: Agricultural Research Council, 1964.) 28. 6d. 147 


Building Research Station Digest (Second Series). No. 48: Multi-Storey 
Flats—Design, Building Methods and Costs. Pp. 5. (London: H.M. 
Stationery Office, 1064.) {147 


4d. 

Agricultural Research Council: Soil Survey Research Board, Sall Survey 
of Great Britain: Report No. 16, 1963, Pp. vi--89. (London: H.N. 
Stationery Office, 1964.) 53. net. 147 

Bulletin of the British Museum (Natural History). Geology. Vol. 9, 
No. 6: The Fauna of the Portrane Limestone, IT. By Dr. Anthony David 
Wright. Pp. 157-250 +11 plates. 50s. 3 
Ordovician and Adjacent Strata in the Southern Caradoc District of Shrop- 
shire, By Dr. William Thornton Dean. Pp._257-206+2 plates. 158. 
Zoology. Vol 11, No.8: The Genus Steatonyssu Kolenati (Acari: Mesostig- 
mata). By W. M. Tilland G. Owen Evans. Pp. 511-582. 26s. (London: 
British Museum (Natural History), 1964.) [147 

Department of Scientific and Industrial Research: Warren Spring 
Laboratory. The Production and Uses of Natural Graphite. By A. R. Tron. 
Pp. viii+83. (London: H.M. Stationery Office, 1964.) 5s. Gd. net. (147 
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Russian Technical Literature: Index to Issues 1 to 12 (inclusive). ( 
bulletin aiming to create interest in the use of Russian and other Baste: 
scientific and technical publications.) Pp. 58. (Paris: The Directora 
for Scientific Affairs of The Organization for Economic Cooperation a1 
Development, 1963.) [17 

Communauté Européenne de PÉnergie Atomique, Euratom. Septièn 
Rapport Généra) sur l'Activité de la Communauté, Mars 1963-Ièvri 
1964. Pp. 118. Documentation jointe au Septième Rapport Général sı 


l'Activité de la Communauté, Mars 1963-Février 1964, Pp. 213. (Bruxelle 
Euratom, 1964.) [2t 
National Academy of Sclences—Nattonal Research Council. Publicatic 


No. 1150: Survey of Chemical Notation Systems. (A Report of the Con 
mittee on Modern Methods of Handling Chemical Information, Nation 
Academy of Sciences—National Research Council.) Pp. xil+46 
(Washington, D.C.: National Academy of Sciences—Nationol Resear 
Counci, 1964.) 7 dollars. 

Mellon Institute. Fifty-First Annual Report of the Institute for tl 
Fiscal Year ended February 29, 1904. Pp. 39. (Pittsburgh, Pa.: Melk 
Institute, 1904.) [25 

World Health Organization. Technical Report Series, No. 278 : PAII( 
WHO Inter-Regional Conference on the Postgraduate Preparation : 
Health Workers for Health Education, Philadelphia, 8-27 July 1962- 
Report. Pp. 48. (Geneva: World Health Organization ; London: B.) 
Stationery Office, 1964.) 2 Sw. francs; 3s. 6d.; 0:60 dollars. [2€ 

Victor Van Straelen. Pp. 126 (29 illustrations). (Bruxelles: Rens 
Internationa] Marketing, 45 Avenue de l'Armée, 1064.) 2t 

Smithsonian Contributions tO Astrophysics. Vol. 4, No. 6: ‘The Mier 
scopic Eropertios of Meteorites. By Gustav Tschermak. ‘I'ransluted t 
John A. Wood and E. Mathilde Wood. Pp. ix+ 137-239 (25 plates 
(Washington, D.C.: Government Printing Office, 1964.) 1.25 dollars. [21 

Comptes Rendus des Travaux du Laboratoire Carlsberg. Vol. 34, No. 1 
Nucleotide Metabolism During Synchronized Cell Division in 'etrahyme: 
pyriformis. By Paul Plesner. .1—76. il Kr. Vol.34,No. 2: Genet 
Control of Division Rate and Morphogenesis in Ulva mutabilis Foyn. Y 
Arne Lóvlie. Pp. 77-168. 14 kr. Vol. 34, No. 8: Tho Manufacture t 
Small Standardized Glass Floats for Calibrating Density Gradients. 
Max Meller and P. Ottolenghi. Pp. 169-185. 8' kr. (Copenhague: Danit 
Science Press, Ltd., 1964.) 125 

Smithsonian Institution : United States National Museum. Museum : 


Natural History. Bulletin 244: Bagworm Moths of the Western lem 
sphere, (Lepidoptera: Psychidae). y Donald X. Davis. Pp. v+23 
(Washington, D.C.: Government Printing Office, 1964.) [21 


United States Department of the Interior : Geological Survey. Wate 
Supply Paper 1539-J : Geology and Ground-Water Resources of Yun 
County, Colorado. By William G. Weist, Jr. Pp. iv+56+plates 1- 
Water-Supply Paper 1584: Geology and Ground-Water Resources 
Uvalde County, Texas. By F. A. Welder aiid R. D. Reeves. Pp. v-t49 
plates 1-12. ' Water-Supply Paper 1620: Geology and Ground-Wat 
of the Umatilla River Basin, Oregon. By G. M. Hogenson. Pp. v+162 
plates 1 and 2. Water-Supply Paper 1693 : A Summary of the Occurren 
and Development of Ground Water in the Southern High Plains of Texa 
By J. G. Cronin. With a section on Artificial Recharge Studies by B. 1 
Myers. Pp. y+88+plates i-7. 'Water-Supply Paper 1779-Q : Groun 
Water in the Midvale and Council Areas, Upper Weiser River Basin, Idah 
By Eugene H. Walker and H. G. Sisco. Pp. iv+26. Water-Supply Pap 
1779—T : The Effect of Artesian-Pressure Decline on Confined Aquif 
Systems and Its Relation to Land Subsidence. By J. H. Green, Pp.iil+1 
(Washington, D.C.: Government Printing Office, 1964.) [21 

Norsk Polarinstitutt. Meddelelser Nr. 90: Glasiologiske Undorsekels 
i Norge 1968. Av Gunnar Østrem og Olav Liestøl. Pp. 60. 10 kr. Skrift 
Wr. 130; The Flora of Jan Mayen. Av Johannes Lid. Pp. 108+1 plat 
14 kr. (Oslo: Norsk Polarinstitutt, 1964. Distributed by Universitet 
forlaget.) {25 

Publications de l'Institut, National pour l'Étude Agronomique du Cong 
Rapport du Secteur du Rwanda-Burundi pour les Exercices 1960, 1961 
1962. Pp. 168. (Bruxelles: Institut National pour l'Étude Agronomia 


du Congo, 1963.) . 
Annuaire 1964 du Génie Atomique. Pp.124. (Paris: Association i 
Statistica) Bulletin, Vol : 


Ingénieurs en Génie Atomique, 1964.) 

Metropolitan Life Insurance Company. l 
(May 1964) : Marriages Increase in the United Statesand Canada. Morbidi 
and Mortality from Parkinson's Disease. Hospitalization and Surgic 
Care of Children : Length of Hospital Stay for Surgical Cases. Boati 
Has Become Safer. Pp. 12. (New York: Metropolitan Life Tusuran 
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Republique Francaise ; Commissariat à l'Énergie eee ee Tend 
conomiques. Rapport CEA-R2458: Recherche d'Une Politique : 
Gestion du Combustible d'Une Pile Piscine. Par la Section des Stud 
conomigues Generales, Departement des Programmes. (Partly translati 


into English.) Pp. 43. (Paris: Commissariat à l'Énergie domu 


Pilot Register of Zoology. Edited by W. L. Brown, Jr. Cards Nc 
1-19. (Ithaca, New York : Cornell University, 1964.) 2i 
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SCIENCE AND BEHAVIOUR 


HE scientific study of human behaviour has been a 

recurrent theme in presidential addresses to the 
British Association during the past decade. In 1954, 
Lord Adrian, clearly perturbed by the implications of 
modern science for man and society, made a strong plea 
for the furtherance of the human and social sciences. In 
1959, Sit James Gray reminded scientists that humanists 
have no monopoly of the maxim that the proper study of 
mankind is man. In 1961, Sir Wilfrid le Gros Clark, 
speaking on the theme of the humanity of man, was no 
less insistent on the need for fuller understanding of the 
springs of human action. While this concern may be 
ascribed in part to the growth and promise of what have 
come to be called the behavioural sciences, there is no 
doubt that it also reflects the reaction of many scientists 
to contemporary hazards, particularly the danger of all- 
out nuclear war. As Sir Wilfrid sombrely enquired: 
“Can the human species avoid at least partial extinction 
by the misapplication of its own ingenuity 1". 

In his address on Science and Behaviour (see p. 943 of 
this issue), Lord Brain to some extent follows in the foot- 
steps of his predecessors. Like Sir Wilfrid le Gros Clark, 
he lays stress on the comparative and physiological 
approach to the problems of behaviour. Like Lord 
Adrian, he shows himself well aware of the special problems 
created by man’s evolutionary development and the 
importance of taking into account the social context of 
his activities. But he is much less evidently concerned 
with the prospect of imminent annihilation. As he sees 
it, the dangers ahead of us stem from the "'frozen. emotional 
attitudes of the past” rather than the lurid perils ‘of the 
future. He advises us how to’ live with science rather 
than how not to die from it. 

In his attempt to present a biological view of behaviour 
—ineluding our own—Lord Brain draws together evidence 
from a variety of biological disciplines, including ethology, 
comparative neurology and experimental psychology. 
Fle: also touches on criminology and the social sciences. 
Although only too well aware that “to try to give such a 
satellite view is to court attack from those over whose 
territory one flies", Lord Brain’s astronautical essay is 
unlikely to provide a target for the specialist anti-missile 
missile. Indeed, ‘workers in the behavioural sciences 
everywhere will derive much encouragement from his 
thoughtful survey. 

Quite properly, Lord Brain takes his departure from the 
study of the lower organisms. As he rightly reminds us, 
animals with comparatively simple nervous systems may 
exhibit quite complex behaviour, but that in studying its 
properties it is much easier than in the case of man to 
isolate the factors involved. This leads him to consider 
the selective responses, often surprisingly elaborate, shown 
by insects and birds in their food-seeking and reproductive 
activities. Although he gives some consideration to the 
nervous mechanisms on which these patterns of behaviour 
depend, it is perhaps a pity that he does not discuss the 
ways in which more primitive nervous systems differ 
from those of the higher animals. For example, it now 
seems clear that the possibilities of integration are much 
more limited in the insect nervous system than in that of 
vertebrates owing to the inherent limitations of the insect 


neurone as an integrating unit. From this it follows that 
the nervous mechanisms which have been evolved to cope 
with essentially similar problems of adaptation may 
vary widely at different levels of the evolutionary 
hierarchy. : 

In turning to the behaviour of higher vertebrates, 
Lord Brain takes note of recent physiological work on the 
mechanisms of sensory discrimination in the receptor 
organs and the brain. This is already beginning to give 
us a fairly detailed picture of the ways in which sensory 
information vital to adaptive behaviour is taken in, 
coded and processed in the receptor systems. But he 
appreciates, too, that behaviour depends in large measure 
on endogenous factors, commonly referred to as instincts 
or drives. This leads him to consider the part played by 
certain phylogenetically primitive areas of the forebrain 
in the control of instinct and emotion. Here he touches 
on an important and rapidly advancing area of physio- 
logical knowledge, in which the classical techniques of 
neurophysiology have been fruitfully combined with the 
methods of experimental psychology. Indeed, the steady 
growth of interdisciplinary research in this field has already 
thrown much light on the brain envisaged as the instru- 
ment of behaviour. 

Ever since Darwin, it has been traditional to enquire in 
what respects man most closely resembles his animal 
relatives. Lord Brain turns the question around. In what 
respects, he asks, do human beings, as animals, differ ` 
from other animals ? The uniqueness of man, in Lord 
Brain’s view, lies in his outstanding learning capacity 
and, more significantly, in his possession of language. 
(Wisely, perhaps, he eschews the question of intelligence.) 
These evolutionary advances he relates to the outstanding 
development of the major regions of the human neocortex. 
Although the existence of a correlation between brain 
size and intellectual capacity has been accepted since the 
time of Gall, it must be admitted that its nature is still 
almost wholly obscure. We still do not know, for example, 
why the left temporal lobe of the human brain can sustain 
speech while that of the chimpanzee cannot. Here con- 
siderations of relative size alone are unlikely to be decisive. 
Nor do we yet know for certain whether human intelligence 
depends on circumscribed areas of the brain cortex or 
whether it is principally due to a mass-action factor, as 
Lashley and others have surmised. Until human cerebral 
organization is far better understood than it is at present. 
the biological uniqueness of man will remain an enigma. 

It is the evolution of language, Lord Brain believes. 
allied with the growth of self-consciousness, that provides 
the impetus to seek the explanation of our own behaviour. 
Can man explain himself ? Is there a science of human 
behaviour ? Experimental psychology, which has now 
been in existence for almost a century, claims to provide 
such a science. ‘Yet it has so far failed to produce a coher- 
ent body of explanation of the kind which might reason- 
ably be expected of a scientific discipline. Nevertheless. 
Lord Brain appreciates the contribution which experi- 
mental psychology has made to our understanding of 
limited segments of human activity, for example, the 
study of sensory-motor skill. Where psychology has so 
far failed has been in the development of truly quantita- 
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tive methods for the study of complex mental processes. 
The measurement of intelligence.is a case in point. As 
Lord Brain points out, it is far from clear what the con- 
ventional intelligence tests are measuring or what inter- 
pretation should be placed on the results. There is, he 
suggests, a great need for fruitful hypotheses to direct 
genuine experimental attack on the problem of mental 
ability. This need is perhaps even greater in the sphere of 
emotion and temperament. Nevertheless, Lord Brain does 
not contest the value of psychological enquiry, even where 
woefully inexact. He has even a good word for Freud. 

But experimental psychology can scarcely compass man 
in his relations with society. Here Lord Brain accepts 
the claim of the social sciences to study man scientifically, 
but is under no illusions as regards the difficulty of the 
task. This he illustrates vividly with regard to recent 
studies of crime and its causes, which might appear to be 
scientific in little more than name. Lord Brain suggests 
that in the social sciences gencrally we need not only 
more and better observations but more and better hypo- 
theses. One might suggest that we also need more and 
better men. But how are we to find them ? At the present 
time, the social sciences tend to attract arts men without 
basic scientific training or scientists who have failed to 
make their mark in a more conventional field of scientific 
enquiry. How are we to attract to the social sciences 
men of the calibre of Darwin, Rutherford or Freud ? 
Money, encouragement and facilities are not enough. 
A positive lead must be given to find, educate and hold 
the right kind of men. 

In conclusion, Lord Brain is led to express some general 
views of the proper use of our human resources in an age 
of rapidly expanding industrial technology. He urges 
that the speed of modern industrial development makes it 
essential that we should attempt to forecast the social 
changes which radical changes in technology will inevitably 
bring about: and this, in turn, will depend largely on our 
fostering, through education in the broadest sense, new 
attitudes to the rapidly changing social environment 
which science is creating. This problem is real and impor- 
tant. Actions may be changed more rapidly than atti- 
tudes, and every change in technology is liable to bring 
about some change in long-established concepts of status 
and responsibility. If individuals are unprepared for 
social change, serious loss in personal security and social 
stability may ensue. Education, even in the wide sense 
advocated by Lord Brain, is not enough. We need also 
much more serious study of human reaction to technologi- 
cal change and its impact on social structure. This, 
perhaps, is the most urgent challenge to the social sciences 
and the real lesson of Lord Brain’s address. 


“AND NEAR A THOUSAND TABLES 
PINED AND WANTED FOOD” 


Man Must Eat 
By Sir William Slater. Pp. ix+112. (Chicago and 
London: The University of Chicago Press, 1964.) 28s. 


AN Must Hat deals with the age-long problem of 
increasing the food supply to keep pace with the 
increasing population. It consists of four lectures delivered 
in the University of Chicago. These are augmented for 
publication with an introduction giving a general account 
of the main aspects of the problem. 
The subjects of the lectures are on the means of food 
production, food processing, the problem in the developing 
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countries, and the effect on mankind of the fall-out from 
nuclear tests. For those engaged in food research the 
most interesting aro probably those on food processing 
and the fall-out from nuclear tests. These are excellent 
reviews of recent advances in. knowledge in these sub- 
jects. 

The lecture on food production in the developing 
countries shows the difficulties and indeed the possible 
dangers of giving technical aid on food production. Some 
of the technicians sent out to the food-deficit countries 
Seem to think that all that is neoded to modernize their 
agricultureistogivetholocalinhabitantsthe Western 'know- 
how’. Few of them havé the ‘know-how’ needed for soil 
and climatic conditions and social and economic systems 
different from the Western temperate zone countries, and 
on tropical crops of which Western experts have little 
experience. Further, they are apt to forget that some of 
the countries, like India, for example, have colleges of 
agriculture and research institutes with well-informed 
senior officials, many of whom are trained in Western 
universities. They know as much about the principles of 
agriculture as foreign experts and, in addition, know 
the difficult and complex conditions to which modern 
methods must be applied. As Sir William Slater points 
out, the main difficulty is the lack of local industries to 
produce the fertilizers, equipment and other things needed 
for increasing production, and the foreign credits to import 
them. 

Looking to the future, Sir William estimates that by 
the end of the present century, that is, only thirty-six 
years ahead, the population of Britain will reach 70 
million—an appalling thought for the already crowded 
Islands. He also estimates that home food production 
can. be increased by only about 40 per cent. So, with her 
increasing population, Britain will continue to depend on 
importing about one-third of the food she consumes. The 
population of the United States will also increase so much 
that by the end of the century it will have no surplus to 
export. 

This raises the problem of where Britain can find her 
food imports. It will not be from the food deficit countries 
where, with all the technical and financial aid they receive, 
increased production can do little more than provide for 
tho increase in population. During 1962-63 it failed to do 
even that, with the result that the amount of food per head 
of the world population actually fell. Second only to war, 
the accelerating growth of population, with a possible food 
shortage, is the most serious threat to Western civiliza- 
tion. It warrants more attention from leading politicians 
than the attempt to put a man on the Moon, or even which 
political party is going to win the next election. 

It is not certain, however, that the threatened world 
food crisis will occur. The present rate of increase of 
population may begin to slow down as has already occurred 
in a few countries, notably Japan, where the number of 
births fell from 2,697,00 in 1949 to 1,607,000 in 1962. 
If the new oral contraceptive could be produced in suffi- 
cient quantities and brought within the purchasing power 
of the poorest, it may slow down the growth of population 
and the alarming estimated increase in population may 
never be reached. 

Sir William warns us that it will be difficult, if not impos- 
ible, to provide sufficient food for the rapidly growing 
population. That is cortainly true under present political 
and economic conditions. If, however, all Governments 
would co-operate in a world scheme for the production and 
distribution of goods to eliminate hunger from the world, 
then, with modern agricultural and engineering science, 
sufficient could be produced even though the population 
increased at its present rate for another hundred years. 

This book on food problems by an authority of inter- 
national repute deserves to be studied by scientists and 
also by Governments and their officials dealing with the 
national and international aspects of food production. 

Boyp-ORR 


/ 
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THE COMPUTOR IN SEARCH OF 
OPTICAL: NEURONES 


Optical Processing of Information 

Edited by Donald K. Pollock, Charles J. Koester and 
James T. Tippett. Pp. x + 286. (Baltimore: Spartan 
Books, Inc.; London: Cleaver-Hume Press, 1963.) 60s. 


OF CAL Processing of Information forms the proceed- 

ings of a conference of the ‘cross-fertilizing’ type, held 
in October 1962 under the sponsorship of the U.S. Office of 
Naval Research and the American Optical Company, at 
Washington. The purpose was to bring modern optical 
devices to the knowledge of computor experts, with a 
view to bigger, better and faster computors. Somewhat 
surprisingly, the first of the nineteen speakers, Prof. H. M. 
Teager of the Massachusetts Institute of Technology, 
poured cold water on these hopes by showing very 
convincingly that optical elements such as fibres, lasers, 
photoconductors, have, at most, a very slender chance of 
competing with already existing electrical components, 
such as tunnel diodes and thin films. This did not prevent 
the conference from going on cheerfully for another 
eighteen lectures. One cannot deny that these present a 
great deal of stimulating and even exciting material to the 
inventive mind; the sort of mind for which the difficulty 
of ever reaching the final objective is a challenge rather 
than a discouragement. 

The past ten years have produced two outstanding 
optical developments; fibre optics and lasers. Fibre 
burdles, one-half inch in diameter, can contain one million 
fibres, and can conduct a picture with about 50 lines/mm 
over several yards, if required, over a very tortuous path. 
In fact, the information capacity of such a bundle is 
better than one logon per fibre, because more than & 
dozen orthogoral modes can be propagated in each 
(O'Brien, Snitzer, Koester of the American Optical 
Compeny). An interesting, unorthodox applieation of 
fibres is deseribed by R. D. Hewkins in an enthusiastic 
article, perhaps a little too untainted by theory. Fibres 
are assembled into & brush with bristles of various lengths, 
and are made to vibrate by a complex sound. They reveal 
the spectrum of the sound by their amplitude pattern, a 
principle well known since the time of Frahm. What is 
novel is the idea of selecting speech sounds, even words, 
for recognition by putting a photographic plate in front 
of the fibres, exposed to the pattern which is to be recog- 
nized, which then serves as a selective mask. Somewhat 
more sophisticated pattern recognition principles are 
described in an article on the ‘Perceptron’ by Babcock, 
Friend and Heggs, but the results are somewhat dis- 
appointing in relation to the enormous gadgetry, and 
appear to be inferior to those obtained by W. K. Taylor 
(University College, London) by simpler means. André 
Maréchal (Paris) summarizes the interesting work of the 
French school on the improvement of images by optical 
filtering, that is to say, operating on the Fourier transform 
of the picture; and this is completed in an article by 
El-Sum, who has made important improvements in the 
double-diffraction method introduced by me fifteen years 
ago. 

The rest of the contributions are mostly devoted to the 
production of light by lasers, and methods for its modu- 
lation. At the time of the conference, the neodymium— 
barium glass laser was the great novelty, and the gallium 
arsenide laser was just making its first appearance. The 
weakness of the laser schemes is not only in their ineffi- 
ciency but also in the near-impossibility of devising really 
fast methods of modulation for what is essentially a 
high-Q device. 

This book will be useful to all those who would like to 
keep up with the development of optical art, and for 
anybody who wants a vivid picture of the way in which 
the old art of invention is carried on in the modern world. 

D. GABOR 
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EARTHQUAKES AND EARTH 
STRUCTURE 


Earthquakes and Earth Structure 
By John H. Hodgson. Pp. ix + 166. (Englewood Cliffs, 
N.J., and London: Prentice-Hall, 1964.) 24s. 


R. J. H. HODGSON, chief of the Division of 

Seismology, Dominion Observatory, Ottawa, is the 
famous son of a famous father—Ernest A. Hodgson. 
That he has written this modest book for the non-specialist 
should not only help to ensure that any non-specialist will 
henceforth be interested in seismology, but also that 
seismology will attract more scientists to its disciplines 
and more people in general to its support. 

After the introduction, Harthquakes and Earth Struc- 
ture is divided into four parts, the first two being approxi- 
mately of equal length, and the final two each about 
half the length of the first. The first section is descriptive 
of nine well-chosen shocks, together with a selection of 
isolated interesting occurrences due to earthquakes. 
The second section is concerned with the observation of 
carthquakes and earth structure (seismology), the third 
with statistics, geography and causes, and the final ono 
with seismic regionalization, earthquake enginecring and 
international co-operation. 

Of the carthquakes chosen for description, the earliest 
is the New Madrid series of 1811-12, and the most recent 
the swarm in Chile in 1960. This 1960 swarm in Chile 
began on May 21, the main shock coming about 11 
min after 3 o’clock in the afternoon of the second 
day. The motion of this earthquake was smooth and 
rolling with smaller oscillations imposed on it, the maxi- 
mum intensity being felt in the coastal areas from Puerto 
Saavedra to Isla Chiloé and along the Reloncavi fault in 
the Chilean Lakes region. There were thousands of 
landslides and seiches in the lakes with amplitudes up 
to 3 ft. and in the region silty clay flowed like water. 
On the Isla Mocha there was a land elevation of 7 ft., 
so that the foundations of the dock became clear of water. 
Near Veldivia there was a depression of the land so that 
salt water now floods land up-river from the city. The 
volcano Puyehue, dormant since 1905, erupted and sent a 
cloud of ash and steam 20,000 ft. into the air. 

The principal shock produced one of the most spoc- 
tacular tsunamis on record. Some minutes after the shock 
the sea receded from the coast, returning about 10 min 
later with great speed and with wave heights of as 
much as 20 ft. The periodic retreat and advance of the 
sea continued throughout the afternoon. In Puerto 
Saavedra, debris was later found nearly 2 miles inland. 
This tsunami crossed the Pacific Ocean, causing coastal 
damage and casualties. In Japan it arrived more than 
22 h after the time of the earthquake that caused it, 
attaining a height of some 12 ft., and doing much 
damage. 180 Japanese died as a result of this tsunami. 
Tremendous damage was done in Chile by the earthquako, 
by permanent ground displacements at the time, and by 
the tsunami. Many were killed and injured and the 
economy of the area suffered a blow from which it will 
take years to recover. Š 

Considerations such as these, Dr. Hodgson asserts in 
his book, make it imperative to do something about the 
matter. Two important ways, apart from pure seismo- 
logical research, are opening up in many countries 
throughout the world. The first is called ‘seismic region- 
alization’, and tho second ‘earthquake engineering’. 

‘Seismic regionalization’ is a term first introduced by 
the Russian seismologists. Seismic regionalization maps 
are usually contoured to show maximum earthquake 
intensity likely to be encountered at each point on the 
map. Such estimates are extrapolations based on all 
available evidence, present geo-tectonic as well as his- 
torical-seismic. Prof. V. V. Beloussov, with the assistar.ce 
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of the European Seismological Commission, has produced 
the first draft of a seismo-tectonie map of Europe, and 
other maps of a somewhat similar character have been 
produced for other countries and regions of the world. 
Dr. Hodgson gives maps for Canada and the United 
States in his book. 

For engineers dealing with earthquake-resistant design, 
a knowledge of the maximum earthquake intensity 
likely to be encountered in any locality is only a begin- 
ning. Strain seismographs can indicate present trends, 
strong motion seismographs can record accelerations and 
periods, and from shaking-table experiments much can 
be learned since the shaking may now be made to simu- 
late actual earth movement during the earthquake for 
which seismograms are available. In some areas of the 
world building codes are absolutely essential. Moreover, 
since the advent of atomic power stations into areas 
likely to be affected by earthquakes, the problem has 
become much more acute. In recent years in Britain a 
seismic engineering group has been formed. This would 
have delighted John Milne, the ‘founder’ of British 
seismology and, through the British Association for 
the Advancement of Science, the originator of the project 
of a world-wide network of unified seismograph stations; 
for Milne was a British professor of engineering in Japan, 
turned seismologist. Dr. Hodgson in his book deals 
with the North American attack on those problems. 

Dr. Hodgson’s book will prove a most valuable intro- 
duction to the observation of earthquakes for all who 
wish for a non-mathematical approach. It cannot fail 
to be interesting and informative, and the only drawback 
in Britain is the price; 24s. is rather expensive for a 
paper-back of 175 pages. E. Tirorsow 


A CHAPTER. OF CHEMISTRY 


Man-Made Transuranium Elements 

By Prof. Glenn T. Seaborg. (Foundations of Modern 
General Chemistry Series.) Pp. viii 4 120. (Englewood 
Cliffs, N.J.: Prentice-Hall, Inc., 1963.) 12s. paper; 32s. 
cloth. 


O part of chemistry, not even a paragraph, is ever 
complete; but this important chapter has now 
reached a stage where further developments can be 
expected to be more in the nature of refinements to the 
style, than exciting new changes or additions to the text. 
Most books are written for a readily identifiable reader- 
ship, first- and second-year university texts, authoritative 
monographs for research workers and a number of other 
clearly defined categories. It is pleasant to read a scien- 
tific work that avoids this classification. Man-Made 
Transuranium Elements was written as & consequence of 
the author’s interest in the Chemical Educational Material 
Study Group in California. One presumes that it is 
intended, in part, for the more gifted secondary or high- 
school student. Although it would be surprising if many 
such students, even in California, could really understand 
everything in the book, it is certainly true that they 
would both profit from and enjoy reading it. 

The author and the subject are so related that the book 
has a strongly autobiographical flavour. Never obtrusive, 
these touches heighten the reality of the historical sequen- 
ces in the book and convey much of the excitement that 
was felt during many of these remarkable discoveries. 

The story is unique; eleven man-made elements 
produced and identified in twenty-odd years, many of 
these in Prof. Seaborg’s laboratory. But the proliferation 
of the elements, though interesting, is not the most 
important scientific aspect of these achievements. Now 
that one begins to read this chapter in the context of the 
rest of the developments in chemistry, it is, perhaps, 
possible to begin to pick out the most significant features. 
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First, the key to the identification of the later members 
of the group, the demonstration that these’ elements 
constitute a new series in which the 5 f orbitals are being 
filled. Such a series had long been predicted, even in 
such details as its differences from the lanthanide ele- 
ments; but, as ever, the facts, while broadly confirming 
these predictions, threw up a host of new problems. 
Some of these, such as the unusual crystal structures 
and properties of the elemental forms of these metallic 
elements, are still unresolved. : 

The earlier investigations of the first five or six trans- 
uranic elements were a triumph for microchemical 
techniques. The tetrad, uranium, neptunium, plutonium 
and americium, with their several valencies has provided 
inorganic chemistry with a rich field of investigation for 
many years to come. The difficulty of the separation of 
these elements, especially those of the highest atomic 
number, has led directly to a much deeper knowledge of 
the processes of ion exchange and solvent extraction. 
Indeed, it is clear that, but for the close analogy between 
the ion-exchange behaviour of the actinide and lanth- 
anide elements, it is unlikely that the elements of greater 
atomic number than curium would have been character- 
ized so quickly. Present-day knowledge of their chemistry 
amounts to little more than their ion-exchange character- 
istics. 

Besides these important purely chemical results, the 
production and investigation of the transuranium ele- 
ments have yielded a rich reward of nuclear chemical 
information. A large part of our knowledge of fission 
derives from observations of isotopes of these elements. 

The accumulation of a substantial body of fairly 
reliable data on the nuclear characteristics of the numer- 
ous isotopes of these elements revealed a number of these 
systematic features of nuclear stability, and this provi- 
ded one of the lines of evidence on which our knowledge 
of nuclear forces has developed. 

Some years ago, the present director of the Atomic 
Energy Research Establishment, Dr. R. Spence, proposed 
to me a measure of the importance of developments in 
natural science which is easily applied and generally 
reliable. The really important developments are those 
that, withixi two or three years, demand inclusion in the 
undergraduate courses. By this yardstick, this chapter 
of chemistry does indeed include a number of develop- 
ments of fundamental importance. A. G. Mappocx 


INSTRUMENTATION FOR CHEMICAL 
ANALYSIS 


Analysis 'Instrumentation-1963 

Edited by Dr. L. Fowler, R. D. Eanes, and T. J. Kehoe. 
(Proceedings of the Ninth National Analysis Instrumen- 
tation Symposium held April 29-May 1, 1963, at Houston, 
Texas.) Pp. x + 261. (Pittsburgh, Pa.: Instrument 
Society of America, 1963. Distributed by Plenum Press, 
New York.) 12.50 dollars. 


A the bibliographic particulars indicate, this volume 
contains papers read at a symposium, and it follows 
the usual pattern, covering a very wide field. Unlike the 
Proceedings of earlier symposia of this series, the book is 
bound in hard covers. 

There are thirty individual papers grouped under six 
headings: 

“Keynote Session—Analysis Instrumentation Today” 
deals with the present status of analysis instrumentation 
from the point of view of the manufacturer, user and 
developer, and is discursive and non-detailed. Three pages 
devoted to humorous and apt cartoons enliven this 
section. 

“Dynamics of Analysis Instruments” is concerned with 
detailed design of instruments for the control of dynamic 
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industrial processes, for example, optimum settings for & 
cigarette machine and a conductivity bridge for tests on 
extraction apparatus and continuous flow empty and 
packed columns. 

“Problems of Analyzer Applications’ includes tho 
calibration of gas monitors and process gas chromato- 
graphs and the application of flame ionization chroma- 
tography to raw motor-car exhaust gases and to the 
analysis of paraffin waxes. Space research is catered for 
by a paper on the design of a lunar gas chromatograph. 

“Laboratory Instrumentation” has an interesting 
paper dealing with polymer molecular weight measure- 
ment by gel permeation chromatography: a potentio- 
metric method detects as little as 2-5 p.p.m. of chloride in 
various salts: peroxyacyl nitrates, ‘smog’ air pollutants, 
are determined by gas chromatography. Other papers 
are concerned with instrument demonstrations and 
processing analytical data. 

In the section dealing with ‘Electrochemical and 
Chemical Methods” we find described a sensitive instru- 
ment for continuous measurement of temperature changes 
on mixing two liquids, for example, dilute solutions of 
citric acid and sodium hydroxide. An all solid-state pH 
meter, a new method for instrumenting square wave 
polarography and an autoanalyser for the determination 
of chemical oxygen demand in water are also described. 
Two papers are concerned with the measurement of 
moisture, one based on the use of microwaves and one on 
a dielectric system. 

“Radiation Methods of Analysis” contains two papers 
concerned with the use of infra-red in the determination of 
gases and toxic vapours: infra-red absorption data for 
320 gases and vapours are tabulated. Lunar exploration 
receives attention in a paper describing neutron acti- 
vation methods for compositional studies and another 
paper relates to the use of charged particles for the 
bombardment. Two instruments are described, a gamma- 
ray density gauge and a spectrodiffractometer, the 
latter an instrument for chemical analysis by both X-ray 
diffraction and emission. 

With such a mass of information, detailed comment in a 
review is not possible. 

The book should be of interest to all concerned with 
instrumental methods. C. O. Harvey 


NORTH AMERICAN ECOLOGY 


The Ecology of North America 
By Victor E. Shelford. Pp. xxii+610. (Urbana: Uni- 
versity of Illinois Press, 1963.) 10.00 dollars. 


HIS large, well-illustrated book is the culmination 
of a lifetime of ecological research by Prof. Shelford, 
aided by numerous students, and is based on many field 
expeditions throughout North America. By combining 
the observations of early travellers with surveys of 
semi-natural areas, Prof. Shelford is able to attempt to 
describe the ecological situation in North America during 
the sixteenth century before the arrival of European 
settlers. He has succeeded remarkably well in this 
formidable task, but not everyone will agree with his 
description of primeval North America. It is strange, 
for example, that the effects of windblow receive scant 
attention, yet American ecologists at Yale and Harvard 
have emphasized that uprooting of forest trees by wind 
was of widespread occurrence, with tornadoes regularly 
cutting swathes through the forest sometimes over two 
kilometres wide. The effects of successive, ancient 
windthrows can be traced in the irregular forest floor 
of humps and pits and in the complex soil morphology 
that has resulted from repeated overturnings of the soil 
layers. 
Phe Ecology of North America contains nineteen chapters, 
the first of which deals with the definition of ecological 
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terms and concepts used in the book. Some of these, 
such as permeants and influents, are not generally used 
and are of doubtful value. Each of the remaining cighteen 
chapters is devoted to the description of a major eco- 
logical community, which range from the tundra biome 
of the north to the tropical rain forest of the south. The 
major communities are subdivided into regions and seral 
stages of development. A large list of literature cited 
is given but unfortunately many modern investigations, 
such as the description of the vegetation of Wisconsin 
by Curtis, are not included. Excellent locality and 
species indexes are provided but no general index, so 
that it is difficult to obtain readily a picture of the influence 
of fire or of Indians. 

In describing the ecological communities, Shelford 
expertly brings together a great amount of information 
on the characteristic species of plants and animals present 
and also on their numbers and interrelationships at 
different seasons of the year. This information is set 
against the background of topography, soil, climate and 
human influence. The careful integration of knowledge 
gained from different disciplines provides an excellent 
insight into the complexity of natural biological situ- 
ations and of the virtues of comprehensive investiga- 
tions. 

Undoubtedly the book will be invaluable to conserv- 
ationists and to anyone concerned with management of 
natural resources, for it provides a unique historical per- 
spective against which to view past and future develop- 
ments in North America. It also serves to direct attention 
to the inadequacy of our knowledge of the interrelations 
between plants and animals and of the quantitative aspects 
of community dynamics. These deficiencies need to be 
remedied if ecologists are to contribute significantly 
to schemes of land use and to understand the impact 
of modern technology on Nature and natural resources. 

J. D. Ovineron 


THE BIOSPHERE 


Animal Worlds 
By Marston Bates. Pp. 316+plates. 
Nelson and Sons, Ltd., 1963.) 84s. 


NIMAL WORLDS is an introduction to natural 

history by way of ecology. It makes no attempt 
at a systematic description of the animal kingdom but 
deals in turn with many different environments, their 
floras and faunas. Marston Bates has travelled widely 
and is well qualified to write on natural history from this 
angle; he writes skilfully and has produced a lively and 
interesting volume that will be appreciated both by the 
layman and the professional zoologist. In spite of the 
vast range of the subject, its salient points are covered 
and much illuminating detail is included within tho 
moderate space of more than three hundred pages. 

The ecological treatment gives scope for the consider- 
ation of many aspects of animal life, including not only 
the direct reaction of animals to the physical environ- 
ment, but also their physiology, behaviour, special adapt- 
ations, migrations, breeding habits, relationship to other 
species of animals and to plants, to mention only a few. 
The result is a real natural history of the biosphere 
in which the wood is not obscured by the trees and which 
gives a good insight into the complicated relations between 
animals and their physical and biological surroundings. 
As Bates remarks in the foreword, a survey such as 
this is necessarily selective from the great mass of material 
available, but his selections are judicious and very much 
to the point. . 

The final three chapters deal with the relationships 
between man and the other animals, with domestication, 
extermination, parasites, pests and pets. Much of the 
surface of the Earth is rapidly being changed by man’s 
activities; the changes eliminate some species of animals 
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but provide favourable conditions for others which are 
able to reach a biological equilibrium. The important 
exception, which has not yet become extinct nor reached 
a state of equilibrium with the environment, is man 
himself. If he does not apply his knowledge of biology 
to solving his own biological problems on a very large 
scale without loss of time, he may well come to realize 
the truth of the sun-dial motto, “It is later than you 
think”. l 

The style of this book, written and first published 
in the United States, naturally has an American flavour. 
The editing of this British edition is, however, irregular— 
the caption of the picture illustrating the capercaille 
gives the bird's name as ‘wood grouse’, and that of a 
skua has not been translated from the American ‘jaeger’. 
The name ‘cockroach’ appears in all its horrid nakedness 
alongside ‘roach’, emasculated in deference to American 
prudery. l 

The beautiful photographic illustrations, many of them 
in colour, add greatly to the attractiveness of the book. 
But the author has suffered, as have many others, from 
the photographs having been collected, as he acknow- 
ledges, by the editors, who presumably have supplied the 
captions which unfortunately contain some errors. 
The ‘living zooplankton’ is manifestly a preserved dead 
sample; the nesting ‘fulmars’ are herring gulls; the 
Brazilian ‘horned frogs’ are toads and are not as stated 
‘strictly aquatic’; the flamingos in Lake Nakuru are 
feeding on -surface plankton, not "reaching down into 
the mud”; the Amazonian tapir is not an “‘odd relative 
of the elephant"; the ‘topi’ in Nairobi Park are not 
topi (Damaliscus) but kongoni (Alcelaphus). . . and 
soon. Itis a pity that these blemishes have been allowed 
to disfigure an otherwise splendid and fascinating book. 

L. Harrison MATTHEWS © 


AT THE TURN OF A TAP 


Salt Water Purification 
By Prof. K. S. Spiegler. Pp. ix + 167. (New York and 
London: John Wiley and Sons, Inc., 1962.) 57s. 


rT HE inhabitants of the British Isles are apt to take 
for granted the supply of fresh water on tap and are 
prone to complain about the excessive rainfall. Water of 
drinking quality is generally available for all domestic 
purposes and, at slight extra charge, for car-washing and 
garden watering. Probably ten times as much water as 
is thus consumed is used in addition for irrigation and for 
industrial purposes to provide us with the needs of an 
industrial society. It is therefore not surprising that 
Manchester, with its high concentration of industry, is 
forced, despite its reputedly high rainfall, to seek 
additional supplies of water from Wales and the Lake 
District. The fact that the rich farm lands of Essex 
would benefit from the equivalent of another eight inches 
of rainfall is probably less well known. The general 
shortage of water in this area may indeed limit the growth 
of new towns thero. There is an evident need to conserve 
water by persuading industry of the necessity of 
recovering and re-using its process and rinse waters and 
by reducing to a minimum the pollution of the rivers 
and lakes from which supplies are drawn. 
If conservation of water is important in Britain, it is 
still more vital for the arid areas of the world, which are 


being opened up in the search for natural gas, oil, and ' 


minerals, and in response to the ever-growing pressure of 
world population. Some of these areas are not far 
removed from the sea, but, although the oceans represent 
a vast reservoir of water, it is too salt to drink since it 
contains about seven times as much salt as can generally 
be tolerated for this purpose. At the same time, the 
rainfall which supplies our fresh water has resulted 
almost entirely from the evaporation of water from the 
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sea and its subsequent condensation in the cooler-parts 
of the atmosphere to form ‘clouds. In seeking to 
supplement his supplies of fresh water in the arid regions, 
man has inevitably turned to local brackish waters or to 
sea-water as the source of supply. However, while the 
random supply of rain water at the whim of Nature costs 
us nothing, apart from impoundment and distribution, 
the separation of fresh water from salt water involves an 
irreducible minimum of energy, which is exceeded by a 
substantial margin in practice, thus making the process 
a doubtful economic proposition. Only where the need for 
fresh water is the overriding consideration, as in parts of 
the Persian Gulf area, Israel, or Libya, or where the 
problem of storage is the decisive factor, as in Guernsey, 
has much use been made of salt water sources. 

Prof. Spiegler’s book Salt Water Purification is concerned 
not only with the problems outlined here, and to an 
extent which reveals his concern for humanity, but also 
with the ingenuity that has been brought to bear on 
their solution. In this latter aspect he reveals the clarity 
of thought and exposition which characterizes him as a 
scientist. His aim of providing “an understanding of 
the essentials of salt water purification in simple terms for 
all these interested in the field” has surely been achieved. 
The scientist or engineer will certainly find in the book 
a useful overall survey of the problem, while the statesman 
or economist will find in it an adequate background to 
enable him to appreciate the fundamental principles 
involved and a guide to the jargon of the technologist. 
The text, diagrams, and tables are easy to follow and 
should not present any great difficulties to the layman. 

The first three chapters deal with the basic problems 
of salt water purification, including the underlying 
thermodynamic considerations. In the fourth chapter 
the problem of scale-formation, which occurs in most of 
the distillation methods and in electrodialysis, is 
discussed in detail. Of the four chapters which follow, 
one is devoted to each of the methods of distillation 
(including multiple effect, flash, vapour compression, and 
solar), electrodialysis, freezing, and ion-exchange. In 
each case the practical considerations, the advantages, 
and the disadvantages aro fully discussed. Miscellaneous 
methods, including solvent extraction, ultrafiltration, 
osmionis, and critical pressure distillation which, although 
feasible on & laboratory scale, have not for various 
reasons been felt of sufficient promise to justify large- 
scale tests, are briefly discussed in chapter nine. The 
final chapter of summary and conclusions underlines the 
problems of assessing the relative costs, not only of 
producing fresh water from salt as compared with the 
transportation of the former from the nearest available 
source, but also of the various processos of desalting. So 
much depends on the scale of operation and on purely 
local considerations such as the sources of energy 
available. An appendix gives a rather more detailed 
treatment of energy considerations and & table of unit 
conversions, and there is a useful bibliography. 

Frequent references are made in the book to the 
extensive contributions to this field of the Office of 
Saline Water, U.S. Department of- the Interior. Those 
who are surprised at the relatively few references to 
British work may be interested to read the report of a 
lecture given recently by Dr. Miller of the Water Research 
Association to the Royal Society of Arts (J. Roy. Soc. 
Arts, 112, 491; 1964) in conjunction with Prof. Spiegler’s 
book. 

I myself hope that many others will read this book 
with as much interest as I have done. Concern for our 
fellow men should prompt our interest in the problems of 
the arid regions, but the general problems of water 
conservation are coming even closer to our doorstep. 

The importance of this topic is further underlined by 
the report (The Times, June 25) of the United States and 
Soviet Governments' joint research project. 

J. E. SALMON 
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Selected Papers of Ernst Georg Pringsheim : 
Edited and with a preface by Prof. C. B. van Niel. Pp. ix 
+ 331. (Published for the Instituto of Microbiology. 
Distributed by Rutgers University Press, New Bruns- 
wick, New Jersey, 1963.) 6.50 dollars. 


Wie isnow ina transitional stage in which 

the ideas of the older microbiologists, based as they 
were on morphology and simple physiology, have given 
way to those of the biochemist, the geneticist, and the 
statistician. Pringsheim belongs to the old school, and to 
read these collected papers is like turning back from the 
pages of a modern biology to a treatise on old-fashioned 
natural history. Here are arguments and discussions 
based almost entirely on morphology, and there is a 
wonderful sense of simplicity about all the micro-organ- 
isms discussed in these papers. That they are borderline 
forms between the blue-green algae and the bacteria is 
not disputed, but there is a remarkable—some might think 
commendable—lack of evidence of the kind we now 
expect and demand of our taxonomists. 

This is a group of micro-organisms about which most 
of us know little or nothing, and they are described by a 
master of technique who has had the patience and perti- 
nacity to make of them a most detailed study; here he 
tells us in simple terms what he has learnt in this work of 
alifetime. They are probably not economically important 
organisms, they do not cause infections or poison food, 
but they are the happy hunting ground of an almost 
extinct kind of naturalist-microbiologist. This book is 
refreshing, for it shows how far we have come in the past 
few decades; it is stimulating, for it shows how right we 
are to question all the convictions of the classical taxo- 
nomists. 

These papers show what has been dono by good tech- 
nique and careful observation; they should serve as 
object lessons to microbiologists to renew acquaintance 
with tho light microscope and the simpler tools of their 
trade. With the advantage of hindsight we may be 
tempted to judge Pringsheim’s opinions as those of a 
dogmatic teacher upbraiding the enquiring and unbeliev- 
ing pupil. He is impatient with Buchanan and intolerant 
of opinions such as Pijper’s on the mechanism of bacterial 
motility, but tho simplicity of the arguments is like 
manna to the genetically and computer-sotted mind of 
the modern taxonomist. 8. T. Cowan 


The Formation of Wood in Forest Trees 

The Second Symposium held under the Auspices of the 
Maria Moors Cabot Foundation for Botanical Research, 
Harvard Forest, April 1963. Edited by Martin H. 
Zimmermann. Pp. xv + 562. (New York and London: 
Academic Press, 1964.) 114s. 6d. 


s HE Physiology of Forest Trees”? was the theme of 

the first Cabot Foundation symposium, and the 
second, held six years later in 1963, took as its topic 
“The Formation of Wood in Forest Trees”, thus con- 
tinuing the general subject of fundamental problems of 
tree growth. The papers and edited discussions are 
now available in this excellent publication. 

In recent years, much research has gone into the 
various processes which are associated with the formation 
of wood and many of the results and some of the theories 
of this rather complicated subject have been dealt with 
by the 28 contributors from North and South America, 
Europe and Australasia. The papers are grouped into four 
parts. Part 1 is concerned with the cambium and its 
derivatives. Too often the cambium is treated in rather 
general terms, but it is evident that we need to know 
more about its rate of division during the growing season 
to prove or disprove certain theories associated with it. 
Phloem, one of its derivatives, becomes in its secondary 
state bark, but the characteristics of a particular bark 
are determined not only by the structure and develop- 
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ment of the phloem but also by the structure of the 
periderm and by the timing, depth and frequency of its 
initiation in the bark. Advances in electron microscopy 
and photographic techniques have helped to provide 
new knowledge on the structure and formation of 
the cell wall; some excellent illustrations aro pro- 
vided in a comprehensive and detailed paper on this 
subject. 

The complicated chemistry of the three main constit- 
uents of cell walls—cellulose, hemicellulose and lignin— 
is dealt with in Part 2. This is followed by Part 3, which 
contains five papers associated with the translocation 
of photosynthetic products to the cambium. Much of the 
recent knowledge on this subject has been brought about. 
by newly developed carbon-14 techniques. One such 
series of experiments shows that there is a complex of 
processes involved in the translocation of organic material 
from the site of assimilation to the place of utilization, 
but that the physiological activity of the latter is prob- 
ably the main factor in controlling translocation. Tho 
final part embraces some of the internal and external 
factors controlling wood formation, and it is empha- 
sized more than once that more field experiments are 
required to elucidate the relationships which may 
exist between growth behaviour and environmental 
factors. 

These papers will be welcomed by the various special- 
ists in this complex subject, not only for their own worth 
and for points brought out in the associated discussions, 
but also for the lists of references. Editor and publisher 
have presented the material in a most commendable way. 

C. J. TAYLOR 


Green Medicine " 

The Search for Plants that Heal. By Margaret B. Kreig. 
Pp. 462 + 63 photographs. (Chicago and Now York: 
Rand McNally and Company, 1964.) 5.95 dollars. 


HE sub-title of this book, ‘“‘The Search for Plants that 

Heal", roughly indicates its content. It is written in 
a popular and somewhat dramatic style by a professional 
American woman journalist with a scientific background 
—and also three young sons! The object of the book is to 
direct attention to the enormous amount of energy and 
money that is being applied in the United States, especi- 
ally by the large drug firms, in attempting to produce 
new drugs from plants. Facts and figures quotod are 
likely to be an eye-opener for many readers, especially 
for those outside the United States. Somo of the 
plants producing such well-known drugs as quinine and 
digitalis are also discussed. 

There is much of interest in the book, such as tho 
chapter on Mexican wild yams as sources of diosgenin, the 
chaptor on Rauwolfia for resorpine and the remarks on the 
amazing narcotic plants of the Americas used for centu- 
ries by Amerindians. The writer gives reasons for the 
belief that in the next quarter of a century our knowledge 
of the drug plants of the world will increase greatly and 
that there will be much activity in their investigation. 

F. N. Howes 


Dissection of the Locust 
By Dr. Joan G. Thomas. Pp.72. (London: H. F. and G. 
Witherby Ltd., 1963.) 8s. 6d. 


NTIL about twenty years ago, the advanced school 
pupil and university undergraduate were almost 
always introduced to insect anatomy by dissecting the 
cockroach. This insect was readily available and so 
also were accounts of its anatomy and instructions for 
its dissection. However, improved standards of hygiene 
have made the cockroach more difficult to obtain, and 
the establishment of many laboratory cultures of the 
migratory locust in Britain has provided an alternative, 
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and in some ways superior, species with which to teach 
insect anatomy. Until now, two obstacles have impeded 
the widespread adoption of the locust for this purpose: 
there has been no dissection manual, and supplies of 
the adult insects have not been available on & com- 
mercial scale. Dr. Thomas's book has removed the first 
of these, and the removal of the second will no doubt soon 
follow. 

The book has been written for sixth forms in schools 
and for undergraduate students, and the author has 
struck a very suitable balance between the requirements 
of these two classes of reader. After introductory notes 
on the life history, and on rearing and preserving locusts, 
the book deals in successive sections with the external 
features and the dissection of all the principal systems. 
The text is written very clearly, with the practical in- 
structions for dissection usefully marked off from the 
rest of the text by being printed in italics; accounts of 
microscopical structures are printed in smaller type. 
An appendix gives brief notes on the making of permanent 
preparations and, suggests a number of simple investig- 
ations that can be made with living locusts. 

The book is amply illustrated with clear, fully labelled 
diagrams, enabling the descriptions and instructions for 
dissection to be easily followed. It is well bound in a 
large sensible format, and can be recommended un- 
reservedly to both students and teaching staff of the 
biological departments of schools and universities. 

D. R. RAGGE 


The Two-nucleon interaction 

By Michael J. Moravesik. (Oxford Library of the Physical 
Sciences.) Pp. viiit154. (Oxford: Clarendon Press, 
1963.) 18s. 


HE physics of the two-nucleon interaction has 

recently reached a breathing-space. Our empirical 
knowledge of the proton-proton interaction is now essenti- 
ally complete throughout the elastic scattering region; 
2 similar wealth of information on the neutron-proton 
interaction is much harder to win and will not all be 
available for several years. This review of the subject 
is therefore timely and welcome. 

The book is divided into two equal parts. The first 
deals with the experimental information and with the 
simple theoretical apparatus (S-matrix, potentia] models, 
phase shifts) needed to describe it phenomenologically. 
'The second half discusses the attempts that have been 
made to provide a fundamental theory of the nucleon- 
nucleon interaction (pion potentials, dispersion relations, 
exchange of pion resonances). 

Within the restricted format of an Oxford Library 
volume it would of course be impossible to develop, 
for example, the theory of dispersion relations from 
scratch; nor would it be desirable in a monograph such 
as this. Enough is said, however, to indicate what sort 
of theories there are, their premises and their mathem- 
atical expression, the type of results to be obtained, 
and the difficulties involved. Together with the full 
experimental survey, this gives a good clear picture of 
our present state of knowledge of the interaction which 
lies at the heart of so much modern physics. 

J. M. Soper 


Intra-ocular Lenses and Implants 
By Prof. Peter Choyce. Pp. x + 211. 
Lewis and Co., Ltd., 1964.) 90s. not. 


ab is a beautifully produced book, well illustrated 
and liberally provided with coloured illustrations of 
a high calibre. The illustrations have the great merit of 
showing at a glance what they are intended to convey, and 
are self-explanatory to such an extent as to render the 
captions almost redundant. Prof. Choyce, a master 
equally in explaining basic principles and detailed opera- 
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ational techniques, surveys the brief history of lens 
prostheses and puts his weight firmly behind Strampelli’s 
fixed-length acrylic anterior chamber implant. Various 
types of fixation are described and the special require- 
ments of aniridic eyes carefully set out. If one wonders 
to what extent Gullstrand’s schematic eye is truly repre- 
sentative of the optics of the non-existent average eye— 
witness only the dependence on age which is not negligible 
but which has heretofore been ignored in ‘schemes’— 
one may, none the less, provisionally follow Prof. Choyce 
in the acceptance of his theoretical basis. It may be argued 
that, if the eye were not normal before the insertion of the 
implant, it would scarcely be so afterwards. His Tables 
22 and 23 showing the residual spherical and cylindri- 
cal ‘errors assuage one’s fears and, at the same time, 
demonstrate the progressive improvements of the tech- 
nique. 

Implants can also be used in dealing with keratoplasty 
and for the restriction of vitreous prolapse into the 
anterior chamber, although the long-term effects following 
these, and other, operations remain to be established. 
Prof. Choyce believes that later editions of this monograph 
will be more helpful in throwing light on these questions. 
This leads to a feature of this book which he has done his 
best to prevent one from overlooking. In his commentary 
on Spinoza, Prof. Hampshire emphasizes the philoso- 
pher’s severely analytical style, as typified by the exclu- 
sion of all adornment and personal traits: the writer’s 
ego appears in his treatises no more than it does in 
Euclid’s theorems. The very reverse is true of the mono- 
graph under discussion. If the reader is reminded of ‘57 
Varieties’ when reading references to ‘““Choyce mark III, 
IV, V implants”, he may well be pardoned for questioning 
the objectivity of this highly personalized account. Prof. 
Choyce’s surgical skill may match that of his pen. He 
cannot quote his patients’ opinions: we have to wait for 
those of his peers. R. A. WHALE 


Radionuclide 

Von D. Kurt Schmeiser. Zweite, völlig neu Bearbeitete und 
Erweiterte Auflage von Radioaktive Isotope. Pp. xii + 
282. (Berlin: Springer-Verlag, 1963.) 59 D.M. 


HE book is primarily intended as a guide for biologists, 

doctors, chemists and other scientists who want to use 
radioactive nuclides for radiography or analysis. It is 
quite easy to understand, and the main emphasis is on 
practical applications. There are numerous literature 
references up to 1961 which permit a study in greater 
depth when this is desired. 

In seven main sections the book deals with the basic 
principles of atomic structure and the production of 
radionuclides, the interaction of radiation with matter, 
radioactive decay, radiation detectors, source applications 
of radionuclides and radiation protection. 

Three new items are added to the second edition: the 
determination of low-energy radiation (°H, C) with 
liquid scintillation counting, y-spectrometry and low- 
level counting. The chapter on liquid scintillation 
counting gives on eight pages a survey about the tech- 
niques involved, the properties of some scintillators and 
solvents in use and the advantages and disadvantages of 
the method. Compared with its importance nowadays, 
the y-spectrometry is discussed rather briefly (six pages). 
The chapter on low-level counting mainly centres on the 
techniques for reducing the background, including 
anti-coincidence shielding. 

In greater dotail are discussed the techniques of 
activation analysis (14 pages) and autoradiography (25 
pages). A number of useful examples are described of 
the application of the various techniques in the fields of 
chemistry, biology and technology. 

The book is well written and can be recommended as a 
useful tool to those familiar with the German language. 

E. GLUEOKAUF 


” 


No. 4948 August 29, 1964 


- 


NATURE 


911 


VARRO AND THE SMALL BEASTS: A BIMILLENNIUM FOR 
MICROBIOLOGISTS 


By Da. D. F. CHEESMAN 
Bedford College, University of London 


WO thousand years ago, probably in 36 B.c., the 

Roman polymath, Marcus Terentius Varro, published 
his treatise on agriculture and husbandry, known as the 
De re rustica. Varro’s birth in 116 B.c. at Réate (how 
Rieti) m the Sabine country is well attested!. In tbe first 
chapter of the book, the author remarks that he must 
make haste with the writing: “since my eightieth year 
warns me to get my luggage together for my departure 
from this life"?. Pliny the Elder records that the De re 
rustica was published in Varro's eighty-first year’. The 
bimillennium may thus be placed without great error in 
1965. 

The book is the only surviving intact work of the man 
whom Quintilian regarded as the most erudite of all 
Romans. It.is one of the very few technical hand-books 
which survive from classical times. Most significant of 
all, perhaps, is that the De re rustica contains the first 
mention in extant literature of invisible micro-organisms, 
with the statement that these may be agents of disease. 

The treatise is in the form of & conversation between 
Roman gentlemen versed in the different aspects of 
farming. The most expert of them all, one Gnaeus 
Tremelius Scrofa, discusses the choice of the site for a 
farmhouse: “Care must be taken in swampy localities . . . 
since in such places there grow certain minute animals 
(animalia quaedam minuta) which cannot be followed by 
the eye and which are carried with the air.into the body 
by way of the mouth and the nostrils, there giving rise to 
serious diseases"*. Scrofa later emphasizes that the 
house should be built in a high and well-ventilated place: 
“Being exposed to the Sun throughout the day, it is more 
healthy, since any small beasts (bestiolae) that sre bred 
nearby and carried in either are blown away or quickly 
die from desiccation"'s, 

Such doctrine, though novel, is quite reconcilable with 
the Hippocratic theory of disease. Varro himself success- 
fully applied Hippocratic principles during an epidemic 
when he was with Pompey's army in Corfu*. His account 
of diseases in farm animals does not depart from ortho- 
doxy?. It is thus of all the more interest to contrast the 
first passage cited with analogous passages by writers who 
came directly or indirectly under Varro’s influence. 

The architect Vitruvius, a younger contemporary, 
gives evidence that he read and admired Varro. He had 
probably at least considered Scrofa’s remarks when he 
made his recommendation concerning the choice of high 
sites for public buildings: “The neighbourhood of a marsh 
is thus avoided. When the morning winds reach the 
town with the rising Sun and, combining with the marsh 
clouds, spray the bodies of the inhabitants with the 
venomous exhalations of the swamp animals, the place 
will become pestilentia". 

.Two generations later, Columella, another admirer of 
Varro, gives advice on tbe location of the farmhouse: 
“Nor should a marsh be close to the buildings . . . for in 
the heat it gives off an unwholesome stench and breeds 
animals armed with stings which fly upon us in dense 
swarms. It also gives off plagues of swimming and creep- 
ing creatures, poisoned by the mud and the decaying 
sludge, from which strange diseases are often contracted, 
the causes of which not even the doctors can understand”’®. 


Finally, and in a similar context, Palladius, a fourth- 
century writer who owes much to Columella: “A. marsh, 
however, should by all means be avoided . . . because of 
the pestilence or the hostile animals which it generates''19, 

Vitruvius persists, as indeed men persisted for another 
nineteen centuries, in a miasmatic theory of the ague; 
but so much concession is made to the marsh beasts that 
the miasma is said to originate in their breath. Columella, 
in his vivid picture of swamp life, comes fortuitously closer 
than Varro to identifying. the vector of malaria; but his 
animals all remain visible. Palladius seems to find no 
causal relationship between the animals and the pestilence. 
It appears, at all events, that the invisible bestiolae were 
just too much to accept, however respected the mind 
which conceived them. 

We have too little of Varro’s writings to assess his 
competence as a natural philosopher. The De re rustica is 
full of common sense, all that might reasonably be 
expected of such a work. Superstition extends no 
farther than such deference to the established religion as 
would to-day be held respectable in a landowner. Here 
and there one encounters a passage startling in its insight. 
The following plea by Scrofa for the experimental method 
may well be without parallel in classical literature: '"The 
earliest farmers established most techniques by trial; 
their successors, in the greater part, imitated them. We 
must do both: imitate and try by experiment to do some 
things differently, following not chance but some kind of 
reason", 

It is not difficult to suppose that the man who wrote 
this could have made the extrapolation from the very 
small insects which lodge, all too sensibly, in the body's 
orifices, to yet smaller organisms which, unperceived 
by the senses, pass unhindered into the body. This great 
imaginative feat appears to have made no impression 
whatsoever on biological or medical thought. It was not 
until the seventeenth century that the learned Jesuit, 
Athanasius Kircher, in his essay on the plague, suggested 
that the pestiferous atoms of Democritus and the Epicur- 
eans, which had inspired Fracastoro to elaborate his 
theory of the contagium vivum", were, in fact, living 
animals, worms so small that “you would call them atoms, 
unless they were made perceptible by the most exquisito 
of microscopes”). 

Varro, who, as a believer in an “Efficient Cause’, was 
as monotheistic as any Jesuit, may himself have con- 
ceived tha bestiolae as a counter to the atomic theory of 
disease. We shall perhaps never know, however, whether 
the concept derived originally from a Greek source. 
Further uncertainty comes from the fact that Gn. Tre- 
melius Scrofa was not, as the learned editors of the Loeb 
edition of De re rustica assume, a fictitious character 
with a suitably funny name (scrofa = breeding sow), but 
a distinguished writer on agriculture to whom Pliny" and 
Columella?® acknowledge their debt. Varro, as a good 
encyclopedist, may be attributing to his dramatis personae 
the opinions held by their prototypes. 

Whatever the truth of these matters may be, Varro 
gives the earliest hint in surviving literature of a world of 
orgenisms too small for the eye to detect. It would be 
pleasant if, during the two-thousandth anniversary of 
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the book, a few microbiologists were to drink to his 
memory. 


18t. Jerome, Eusebian, Chronicle, ad ann. Abr. 1901. 
? Varro, De re rustica, 1, i, 1. 

? Pliny, Naturalis historia, 18, 23. 

4 Varro, De re rustica, 1, xii, 2. 

£ Varro, De re rustica, 1, xii, 3. 

* Varro, De re rustica, 1, iv, 5. 

a Varro, De re rustica, 2, i, 21. 


NATURE 


August 29, 1964 vo. 203 
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* Columella, De re rustica, 1, v, 6. 

1? Palladius, De agricultura, 1, vii. 

n Varro, De re rustica, 1, xviii, 8. 

12 Pellegrini, F., La dottrina Fracastoriana del coniugium vivum (Verona, 
1950) passim. 


13 Kircher, Athanasius, Scrutinium physico-medicum contagiosae luis, 140 


(Romo, 1656). 
H Cicero, Academica, 1, ii. 
35 Pliny, Naturalis historia, 17, 199. 
18 Columella, De re rustica, 1, i, 12. 


A SINGLE-GENE MUTATION OF Chlamydomonas reinhardii AFFECTING MOTILITY : 
A GENETIC AND ELECTRON MICROSCOPE STUDY 


By Sr JOHN RANDALL, F.R.S., Dr. J. R. WARR, J. M. HOPKINS and ANNE McVITTIE 


Department of Biophysics and Medical Research Council Biophysics Research Unit, 
University of London, King’s College, 26-29 Drury Lane, London, W.C.2 


T is clear that recent progress in microbiology, molecular 
biology and biochemical genetics has brought us to a 
new frontier in the understanding of the organism and its 
organization: and we may now hope that within a reason- 
able period of time some at least of the principles of 
morphogenesis and differentiation will be disclosed. The 
analysis of these principles has been pursued for many 
years, chiefly in higher organisms'?. Although recent 
investigations with micro-organisms now allow us to 
think of morphogenetic processes in terms of genes and 
macromolecules’, there are many daunting problems 
facing. those who would wish to apply these ideas to still 
more complex living systems. In higher plants and 
animals the distinction between somatic and reproductive 
tissue does, in fact, greatly hinder the direct experimental 
examination of the genetic control of differentiation in 
such organisms. Consequently, one valuable method of 
attack is to focus attention on some more limited objective, 
such as a distinctive and well-characterized organelle, 
the basic features of which seem to be of universal occur- 
rence; or alternatively on phage, for example phage 7'4, 
in the head assembly of which 7 genes are already known to 
be implicated*?». Many of the leading workers on the 
Protista®:* have emphasized and demonstrated that these 
organisms display important features of morphogenesis 
and differentiation. Externally in many genera there are 
cilia and flagella; and cortically their basal bodies, roots 
and other attachments. Some groups such as algae 
possess, in addition to flagella, another type of organelle 
of morphogenetic interest, namely, the chloroplast, 
which has also been the subject of genetic and fine- 
structure investigations’’’. 

We have chosen to examine the morphogenesis of cilia 
and flagella and their basal bodies, and this article presents 
an account of our first experiments. In due course it 
may be possible to express the morphogenesis of a flagellum 
in terms of its genetic determinants and to distinguish 
between processes of self-assembly?:!? sequential (genetic) 
control and subsequent regulation. Our first concern, 
however, has been to establish an appropriate experimental 
system and explore its potentialities. 

The main features of the fine structure of the mature 
cilium or flagellum are now well established", particularly 
in contrast to the comparatively meagre amount of 
information available on the development of these organ- 
elles. Recently, both Ehret and de Haller!? and our own 
Laboratory!’ have given descriptive accounts of the 
sequence of development of basal bodies in terms of fine 
structure for Paramecium and Stentor, respectively, and 
Schuster has examined the transformation of Amoeba 
grüberi from ameeboid to flagellate!*. For various reasons 
these organisms are unsuitable for our present investiga- 
tion. The alga Chlamydomonas reinhardii, a biflagellate 
member of the Chlorophyceae, has many of the attributes 
necessary for our purpose. The fine structure of the 


flagella of a related species, Chlamydomonas moewusii, has 
been examined by Gibbs, Lewin and Philpott!*. Although 
the electron micrographs reproduced by these authors 
are somewhat lacking in detail, there seems to be no 
reason to suppose that flagellum structure in Chlamydo- 
monas spp. differs markedly from that found in so many 
other organisms. Chlamydomonas reinhardii is also suit- 
able for genetic investigations: it is normally a haploid 
organism, has a short life-cycle and is very convenient for 
tetrad analysis'*. Non-chromosomal inheritance has been 
demonstrated in the species!. 

Mutants of Chlamydomonas spp. with impaired motility 
have been isolated previously, notably by Lewin’, 
although no structural abnormalities of the flagella were 
detected when these were examined in the electron micro- 
scope?. We shall now describe results obtained from the 
examination of a mutant of Chlamydomonas reinhardii 
induced in the presence of proflavine. 

(A) Genetics. Cultures of wild-type C. reinhardii were 
obtained from the Cambridge collection and originally 
from R. P. Levine’s laboratory. Experimental cultures 
were maintained at 25° C at an intensity of illumination 
of 500 ft.-candles provided by tubular fluorescent lamps. 
The culture medium was based on Medium I described 
by Sager and Granick!? in which ferrie chloride was 
replaced by 0-01 g/l. ferric citrate and 0-1 g/l. citric acid. 

Wild-type (mating type +) cells were grown for six 
days on solid medium containing 100 mg/l. proflavine 
hydrochloride. (Since no estimation of mutation rates 
in the absence and in the presence of proflavine has been 
made, the possibility of spontaneous mutation certainly 
can not be excluded.) Selection of non-motile, so-called 
paralysed, mutants from these cells was made in two 
stages: 

(1) Non-motile cells sink in liquid culture and this 
provides a simple basis for a mutant-enrichment tech- 
nique? Therefore about 109 cells were transferred from 
the proflavine-containing plates to 100 ml. liquid medium 
in & separating funnel and afterwards incubated for a 
further three days. The vast majority of cells in such a 
culture are motile and are found close to the surface. 
In order to obtain an enrichment in the proportion of non- 
motile types, 1 ml. of the above culture was taken from 
the bottom of the funnel and used for the second stage of 
selection. 

(2) This cell suspension was diluted and plated on semi- 
solid medium (containing 0°5 per cent ‘Oxoid No. 3’ 
agaf) at a density of about 60 cells/dish. On this medium, 
non-motile mutants form rather small dark-green colonies 
in contrast to the large, paler colonies of wild type. One 
small colony was found to consist of cells with non-motile 
flagella of approximately normal length. The flagella 
of a few cells showed slight, unco-ordinated twitching 
which in. no case resulted in any movement of the whole 
organism. Cells of this strain always sink to the bottom 
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in liquid cultures. The strain was re-isolated from a single 
colony end designated pro,. This mutant strain was 
erossed to wild type and dissection of resulting tetrads 
carried out according to the method of Ebersold and 
Levine?. It was confirmed that gentle shaking favow's 
mating of non-motile mutants!'*. The products of ten 
tetrads were eloned and classified for motility by two 
methods: by microscopic examination, and by their 
behaviour in liquid medium. In all cases, segregation for 
motility : non-motility was 2: 2, which is in accord with 
a single gene control of the trait, although a chromosomal 
loeation for the gene has not yet been established. 

(B) Electron microscopy. Examination of the fine 
structure of the flagella of the wild type of Chlamydomonas 
reinhardii and the mutant pro, was carried out in an RCA 
EMU 3G electron microscope using an accelerating voltage 
of 100 kV; the instrument was fitted with a 30u objective 
aperture. Organisms in their normal liquid medium 
were fixed by draining the specimens of excess liquid and 
then adding a buffered solution of 1 per cent osmium 
tetroxide (pH 7-5) at room temperature for times varying 
from 5 to 50 min. Dehydration was achieved by passing 
the cells through a graded series of acetone solutions and 
then finally embedding in ‘Araldite’ in the usual way. 
Thin sections of the embedded cells were applied to 
copper grids coated with a carbon film and then double- 
stained as follows with the grids in an inverted position. 
The preparations were exposed to a saturated solution of 
uranyl acetate in equal parts of ethyl alcohol and water 
for 1 h at 37° C in a sealed chamber. The grids and sections 
were subsequently well rinsed in several changes of dis- 
tilled water and the sections further stained by exposure 
to a solution of lead citrate for 35 min**. Preparations 
were then washed with a jet of 0-02 N sodium hydroxide 
and, afterwards, several times with distilled water. 

The main features of the fine structure of cilia and 
flagella are well known, and the review already cited™ 
diseusses these in detail. Each flagellum consists (within 
a bounding membrane) of nine pairs of peripheral and 
apparently tubular fibres and a central pair. To one 
member of each of the outer nine pairs of fibres may be 
attached two short projections or arms. These extend in 
a circumferential direction towards the next fibre. Gibbons 
ind Grimstone?* consider that these arms all point in the 
same direction. The matrix of the flagellum, and particu- 
larly that region lying between the central and outer 
fibres, contains moderately densely staining components 
which have been interpreted in terms of subsidiary longi- 
tudinal fibres** and as radial lamellw**. These finer 
details of flagellum structure, together with others recently 
observed in this leboratory, require further investigation 
and may be of importance in the wider concept of morpho- 
genesis. In the present article we shall be concerned only 
with the main peripheral and axial fibres. 

Fig. 1 shows a transverse section of a flagellum of 
Chlamydomonas reinhardii, wild type. in which the dis- 
positions of the nine outer peirs and the central pair of 
fibres are clearly visible. In view of the appearance of 
flagella of the mutent now to be described it should be 
emphasized that the normal ‘nine-plus-two’ structure has 
been observed in all of many independent preparations 
of the wild type. Fig. 2 illustrates the appearance of the 
mutant (pro,) flagellum in transverse section, and it is 
at once clear that the centra! pair of fibres is no longer 
present in its characteristic form, but has been replaced 
(in the seetion) by an irregular aree of material of moderate 
density. 

We have also examined the fine strueture of the flagella 
of clones grown frem the four members of a tetrad 
resulting from the eross between wild type and mutant. 
The structural abnormality observed in electron micro- 
graphs of flagella of the original mutant is also present 
in the clones grown from the two non-motile members 
of the tetrad. Conversely, clones grown from the two 
motile members have flagella of norme] structure. Thus 
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Fig. 1 





Figs. land 2, Electron micrographs of transverse sections of flagella of 


Chlamydomonas reinhardii ( x ,000) 
Fig. 1 shows the normal '9-42' fibre pattern observed in wild-type 
organisms; Fig. 2 illustrates the disorganized nature of the central pa 
of fibres in the mutant (as at C) 





I I 
the gross phenotypie change to non-motility is correlated 
in the segregants with a significant change in fine structur 


Discussion 


It would be inappropriate to enter into detailed discus 
sion of our results at this stage. Nevertheless a few com 
ments ean be usefully made. The association of 
motility end structural defect in a single gene trait is 
of direct and immediate interest. In the longer term 
sense it leads us to hope that other similar effects may be 
discovered which will lead to a better understanding of a 
specific morphogenetic process. 

Examination of electron micrographs of the flagello 
of the mutant suggests thet part, if not all, of the material 
of the axial fibres is still present and that it may sometimes 
appear in the form of smell fibrils. Thus if protein units 
or even fibrils have been synthesized—and this is the 
obvious inference—their subsequent orgenization into the 
characteristic twin axial fibres of the normal flagellum 
has failed to take place. It is not yet known if the chemi 
cal nature of the axiel material in the mutent is identical 
with that of the wild type. Clearly, the inability of the 
mutent. flagellum to organize its chemical components in 
characteristic form could erise from differences in primary, 
secondary or tertiary protein structure. Further specula 
tion along these lines is undesirable until it can be fortified 
by a more detailed knowledge of the chemical nature of 
the flagellum fibres. 

Other possible differences between the fine strneture of 
the flagella of wild type and those of the mutant are now 
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being investigated. There are indications that the 
radius of the cylinder on which lie the nine outer pairs of 
fibres is larger for the mutant than for the control, but 
more measurements are required to justify this observa- 
tion on statistical grounds. There appear also to be 
differences in the proportions of the complex basal body 
structure; these too require further examination. 


Summary 


(1) A mutant non-motile or ‘paralysed’ strain of 
Chlamydomonas reinhardii has been produced in the 
presence of proflavine and isolated. 
su a Electron microscope examination of the flagella 
of the mutant shows an abnormal structure, the most 
obvious feature of which is the apparent lack of a central 
pair of fibres in an organized form. 

(8) Tetrad analysis of crosses between mutant and wild 
type has demonstrated a 1:1 segregation on the basis 
of motility and also in terms of fine structure (as described 
in (2)) in the electron microscope. 

(4) Chlamydomonas reinhardii appears to be a suitable 
organism for the investigation of the morphogenesis of 

flagella. The mutant pro, of Chlamydomonas reinhardii is 
believed to be one of the first to be isolated with a clearly 
observable alteration in the fine’ structure of a well. 
eharactorized organelle, the flagellum. 

We thank P. J. Hastings of the Botany School, Univer- 
sity of Cambridge, for initiating us into various techniques 
of handling Chlamydomonas, particularly tetrad analysis. 








: | August 29, : 1964 Voi, 203 


* Analysis of Development, edit, by Willier, B. H., Weiss, P. A., and Ham- 
burger, V. (Saunders, Philadelphia, 1956). 
* Wardlaw, €. W., Morphogenesis in. Plants (Methuen, London, 1952). 


* Jacob, F., and Monod, J., Cytodifferentiation and Macromolecular Synthesis, 
edit. by Locke, M. (Academic Press, New York. 1968)" S 


d Kellenberger, E., in Weizman Institute, Symp. New Perspectives in Biology 
(Elsevier; in the press). Kellenberger, E., and Boy de la Tour, E., 
J. Ultrastr. Res. (in the press). ` 


* Lwoff, A., Problems of Morphogenesis in Ciliates (Wiley, New York, 1950). 
* Sonneborn, T. M., Proc. U.S. Nat. Acad. Sci., 51, 928 (1964), 

+’ Sager, R., and Palade, G. E., Ezp. Cell Res., 9, 584 (1954). 
* Sager, R., and Palade, G. E., J. Biophys. and Biochem. Cytol., 8, 463 (1957). 
* Caspar, D. L. D., and Klug, A., Cold Spring Harbor Symp., 27, 1 (1902). 


? Fraenkel-Conrat, H., and Williams, R. C., Proc. U.S. Nat. Acad. Sci., 41, 
690 (1955). 


?! Fawcett, D., in The Cell, 2, 217 (Academic Press, New York, 1961). 
?* Ehret, C. F., and de Haller, G., J. Ultrastr. Res., Supp. 6 (1963). 


?* Randall, J, T., and Hopkins, J. M., Proe. Linn. Soc. Lond. (1901-2), 174, 
31 (1903). 


H Schuster, F., J. Protozool,, 10, 297 (1968). 
i ri P., Lewin, R. A., and Philpott, D. E., Exp. Cell. Res, 15, 619 
58). 


5 Levine, R. P., and Ebersold, W. T., Cold Spring Harbor Symp., 28, 101 
(1960); Ann. Rev. Microbiol., 14, 197 (1958). 


X Sager, R., and Tsubo, Y., Z. Fererbungs, 92, 430 (1961). 

“Lewin, R. A., J. Gen. Mierobiol., 11, 358 (1954). 

* Sager, R., and Granick, S., J. Gen. Physiol., 37, 729 (1954). 

? Lewin, R, A., Canad. J. Microbiol., 6, 21 (1960), 

= Ebersold, W. T., and Levine, R. P., Z. Vererbungs, 90, 74 (1959), 

° Reynolds, E. $., J. Cell Biol., 17, 208 (1963). 

ae rim I. R., and Grimstone, A. V., J. Biophys. Biochem. Cytol., ?, 607 

^! Afzelius, B., J. Biophys. Biochem. Cytol., 5, 269 (1859). 

** Epstein, R. H., Bolle, A., Steinberg, C. M., Kellenberger, E. Boy de la 
Tour, B., Chavalley, R., Edgar, R. 8., Susman, M., Denhart, G, H., and 
Leilausis, A., Cold Spring Harbor Symp. Quant. Biol. (1964)(1n the press). 


ELECTROMAGNETIC WAVES FROM VERY DENSE STARS 
By Pror. F. HOYLE, F.R.S., Dr. J. V. NARLIKAR and Pror. J. A. WHEELER 


Department of Applied Mathematics and Theoretical Physics, 
University of Cambridge 


HE recent detection of X-rays from the region of the 
. Crab Nebula and from a discrete source in Scorpius 
by Giasconi et al. and by Bower etal 3- has much increased 
the interest in neutron stars (ef, Chiu! and Morton?) It 
has been eonsidered importaat for the maximum mass of 
s stable neutron st ^d that permitted for a white 
dwarf, about 1-3 Mo. al diseussion of the prob- 
lem by Oppenheimer and Volkoff’, treating neutrons as 
& simple Fermi gas, gave à maximum mass of only 
0-7 Mo. However, allowance for a hard core nucleon 
potential increases the maximum mass and it is likely 
that in tho stiffest possible situation with the pressure 
equal to the energy density the maximum mass for a 
neutron star does exceed that for a white dwarl", This 
has been considered essential in order that neutron stars 
be formed during tho course of stellar evolution. 
. We begin by pointing out that for actual stars pos- 
sessing rotation the usual treatment of the maximum 
mass has no general validity. When gravity is balanced 
by centrifugal foreo in directions perpendicular to the 
axis of rotation there is no limit to the mass which may 
be supported in a disk-like strueture. For a disk of 
radius a, thickness b, in which the material has angular 
momentum A per unit mass, we have the following 
relations: 
















hat = w? x 2nGe (1) 
P s 2xGbo.bo (2) 






whore P is the pressure. Equation (1) is necessary for the 
rotational support and equation (2) is necessary in order 
that the pressure shall balance gravity in the direction 
perpendicular to the disk. The mass M is given by: 


M = nahm (3) 


in which a has been eliminated with the aid of equation 
(1) and b with the aid of equation (2). Whatever the 
dependenee of the pressure on p. it is clear that M can 
be made as large as we please simply by increasing A. 
At constant p, b remains constant while a increases with 
h, so that b/a decreases with the increasing A and the 
disk-like property assumed here is enhanced as h— co. 

Our second point is that a neutron star is thought to 
be formed eatastrophically, probably through the free fall 
collapse of a supernova. This means that such a star 
does not arrive gently at its stable configuration. Large 
dynamieal velocities are developed and there must be 
oscillations about the stable configuration. For situations 
in which the dimensions of the equilibrium strueture are 
not much greater than the critical Schwarzschild radius, 
the dynamical speeds are not much less than speed of 





light. Since for neutron stars the dimensions of the 
equilibrium structure are taken as not more than 


3-10 times the Schwarzschild radius, the corresponding 
speeds are ~ c/3, and the associated dynamical energy is 
of order 10?" ergs gm. Not until after this energy of 
oscillation has been dissipated can the stable structure be 
arrived at. The question we wish to raise is: How is the 
dynamical energy of oscillation, totalling ~ 10%! ergs for 
a star of mass 5 Mo, dissipated? Our suggestion is 
through the emission of electromagnetic waves. 

For definiteness we shall consider a neutron star with 
a mean internal density of order 10!5 gm em- and with 
dimensions ~ 10° em. It seems unlikely that the mag- 
netic intensity at the surface can be much less than 
10 gauss. Even a star with such a small dipole field as 
the Sun, I gauss at a mean density of ~ 2 gm em, 
would develop a polar field of ~ 10!" gauss if it were 
catastrophically contracted to ~ 10% gm em. (The 
magnetic field would not be squeezed out of the star. 
Although neutrons dominate, electrons and protons are 
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CARBIDE 


Since cryogenic techniques are being widely employed in both 
pure and applied research, most laboratories now require 
supplies of liquid gases. To meet this need, Union Carbide 
has developed special liquid gas containers combining high 
thermal efficiency with portability. Specifically intended for 
laboratory use, the Union Carbide LD 10 and LD 25 liquefied 
gas containers are constructed entirely in welded aluminium 
which means that they are many times lighter than con- 
ventional copper dewars, and therefore easier to handle, 
particularly when full. 

Both units incorporate Union Carbide's ‘Superinsulation’ 
which results in holding times often more than twice as long 
as those of ordinary containers. The design is such that 
evaporation losses will not exceed 3% per day in the case of 
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oxygen and argon, and 47; per day in 
the case of nitrogen. This meansthat 
gas storagecosts amount toonly half 
of those incurred when standard 
storage equipment is used. Filling 
and pouring are safe, easy and 
efficient. With the LD 25 container, 
which weighs 16 Ib. empty and has 
a capacity of 25 litres, the entire 
contents can be poured in less than 
90 seconds. The performance of the 
LD 10, which weighs 10 Ib. empty 
and holds 10 litres, is comparable. 
Please write for further details. 
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also present, the sum of the top of their Fermi distribu- 
tions being equal to that of the neutrons. The electrons 
have high conductivity.) 

Dynamical oscillations of the main body of a neutron 
star evidently imply an oscillation of the associated mag- 
netic field. Tho oscillations will be of a hydromagnetic 
character so long as the hydromagnetic wave speed 
Hy 4np is appreciably less than c, as it is in the interior 
of the star. But p falls steeply at the surface, the scale 
height being only a few centimetres. Evidently, for 
e ~ 1 gm cm we have H/4/4nQ ~ c and the situation 
becomes electromagnetic rather than hydromagnetic, 
with the displacement current of crucial importance. 
Outside the immediate surface we expect electromagnetic 
waves to be generated, A/2x being of the order of the 
dimensions of the star. This follows becauso the frequency 
v is v/2xh, where v is the dynamical speed of oscillation, 
~ 101 cm sec", and E is a characteristic dimension. 
Hence, 2xv ~ 10* c/s, and 1/21 ~ 3 x 10*em. Thesimplest 
example is that in which an oscillating star with an initial 
non-uniformity of rotation produces oscillating variations 
in the winding of a toroidal magnetic field, requiring an 
oscillating component in the axial current, that is, a 
Hertzian oscillator. The emission of electromagnetic 
waves serves in this case to damp theinitial non-uniformity 
of rotation. On the other hand, an oscillating component 
in the toroidal current would seem to be necessary in order 
to damp out the radial oscillations of the star. 

The possible rate of emission of energy by electro- 
magnetic waves is very large. The Poynting vector 
cE x H/4r hasmagnitudecH?/47, whichgives ~3 x 10° ergs 
em-? sec! for H = 10!" gauss. The total surface area is 
~ 109 cm’, so that the total emission rate might be as 
high as 3 x 10'? ergs sec-!, although a lower value, say 
10% ergs sec-!, would be a more conservative estimate, 
since the oscillating component of the field is likely to be 
less than the total field. However, even 10*! ergs sec-! is 
sufficient to dissipate the available store of ~ 10% ergs 
in ~ 10 sec = 3 x 105 years. 

It is important that no propagation difficulty arises. 
Electromagnetic waves are damped out in a few wave- 
longths when the dielectric constant: 


Ne? 


my? 


l1- 





(4) 


becomes negative. Here N is the electron density and 
e,m are the electron charge and mass. Putting 2xv = 
104 c/s, ib is easily seen that (4) is zero for N ~ 3 x 10-? 
electrons cm-?. While this is only very small com- 
pared with the internal density of a neutron star, it is 
much greater than the likely exterior density at a few 
radii out from the surface, simply because the radius 
exceeds the scale height by a large factor ~ 109. The point 
is that the strong gravitational field of the star creates a 
near-vacuum immediately outside itself, and the electro- 
magnetic waves are free to travel out into space. More- 
over, any residual gas outside the star would simply be 
swept away by the pressure of the electromagnetic waves. 

How does the electromagnetic flux from an oscillating 
neutron star lead to observable effects? So long as 
the dielectric constant (4) is positive the waves pass 
essentially freely through space, but a critical condition 
arises if (4) becomes negative, that is, if N exceeds ~ 3 x 
10- electrons cm-*. The waves will be reflected from 
any cloud they encounter in which this condition 
is satisfied, and the cloud is then subjected to radia- 
tion pressure. The consequent compression increases 
N so that the pressure, once started, continues. Although 
radiation pressure is usually thought of as a weak effect— 
this is true for optical radiation—the electromagnetic flux 
from a neutron star can be so large that dramatic possi- 
bilities arise. 

Consider the case of the Crab Nebula. The total mass 
of the gaseous filaments is about 0-1 Mo, which is about 
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the mass of interstellar gas to be expected in a volume of 
l pe’, the volume of the Crab. ‘The filaments are in 
outward motion with speed ~ 1,000 km sec-!, so that the 
total outward momentum of the gas is ~ 2 x 10*° gm em 
Sec-., If this momentum has been derived from radiation, 
the energy of the radiation must have been 2 x 10% c. 
Taken over 1,000 years the necessary mean energy output 
is ~ 2 x 10% ergs sec-!, close to the value 10?! ergs sec-! 
estimated here. Hence it is possible that the observed 
outward momentum of the Crab has been derived from 
the electromagnetic flux. 

Using 10*! ergs sec-! for the total flux, the flux per unit 
area at ~10'7 cm from the emitting star is ~ 109 ergs 
cm- sec-. Reflected normally from a surface this flux 
exerts a pressure of ~ 10-* dyne cm-*. Since reflexion 
occurs in only a few wave-lengths, in ~ 10* cm, the 
reflecting zone can indeed be thought of as a very thin 
layer in which the internal pressure must build up to 
match that due to the reflexion, ~ 10-* dyne em-?. If 
the electron density is 3 x 10-? cm-?, a mean electron energy 
of 10-? erg ~ 10 BeV is necessary to supply this pressure. 
Although this estimate would not be correct if the elcc- 
tron density were to increase to much more than 3 x 10-7? 
em-? in a distance of ~ 105 cm, it is clear that any steep 
increase of density must imply violent non-uniformity in 
the thin-surface zone, and that particle acceleration could 
well take place in the ensuing fine scale motions. The 
critical behaviour of the refractive index would. therefore 
appear to provide a mechanism for the generation of tho 
high-energy electrons necessary to explain the synchrotron 
emission of the Crab. If the electrons were derived from 
the star itself it would be hard to understand why their 
energies were not immediately degraded through syn- 
chrotron emission in the very high magnetic fields close 
in by the star. 

Turn back to the formation by collapse of a neutron 
star: why should this phenomenon show up as & super- 
nova? Hoyle and Fowler? considered that, while the 
inner regions of a supernova collapse, the outer regions 
are thrown explosively off into space through a rapid 
release of nuclear energy, but these considerations apply 
only to supernove of Type II. For Type I supernovee 
there may well be no explosive emission of an outer shell. 
There is the possibility that the optical radiation of 
Type I supernove comes from circumstellar clouds, dis- 
tant perhaps as far as 101° cm, that are activated by the 
ensuing electromagnetic flux. 

We end by enquiring whether a similar process might 
occur on a still larger scale. Ginzburg? has considered the 
problem of the magnetic fields associated with massivo 
objects, 10°-10® Mo. The problem appears essentially 
different, however, so long as one is dealing with a singlo 
coherent object. The wave-length would in any case bo 
much larger, ~ 107? em, and there would be a propagation 
diffieulby similar to that aforementioned for ordinary 
stars. On the other hand, there is the possibility!? that 
rotation may cause a massive object to break up into a 
swarm of neutron stars and/or white dwarfs. In such a 
situation each neutron star would behave essentially 
independently of the others, and with ~ 107 such stars 
the intensity of the phenomenon would be multiplied by 
this factor. The total energy available for electromagnetic 
radiation would then be ~ 10% ergs. A process of high 
efficiency, converting this energy into cosmic-ray elec- 
trons, would be necessary if the strong radio sources 
were to be explicable in these terms. 

It is of considerable interest that the momentum 
associated with this total energy efflux is ~ 3 x 105° gm 
em sec-!, which is sufficient to endow 10%gm (5 x 10° M c) 
with a recoil speed of 300 km sec-. The possibility must 
therefore be considered that a marked disturbance in the 
whole of the interstellar gas within a galaxy could be 
produced. Indeed, the possibility must not be excluded 
that the interstellar gas might be entirely expelled from 
a galaxy, or—if the gas wore a sufficiently large fraction 
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of the total mass—that & whole galaxy might be dis- 
rupted and scattered. 
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Letters, 9, 439 (1962). 
? Giacconi, R., Gursky, H., Paolini, F. R., and Rossi, B. B., Phys. Rev. Letters, 
11, 530 (1963). 
? Bower, S., Byram, E. T., Chubb, T. A., and Friedman, H., Paper presented 
at the one hundred and fifteenth meeting of the American Astronomical 
Society, Washington, D.C. (1963). $ 


NATURE 


August 29, 1964 voi. 203 


‘Chiu, H. Y., Supernovae, Neutrinos, and Neutron Stars (preprint from 
Princeton Institute for Space Studies, New York, 1963.) 

5 Morton, D. C., Neutron Stars as X-ray Sources (preprint from Princeton 
University Observatory, 1964). 

* Oppenheimer, J. B., and Volkoff, G. M., Phys. Rev., 55, 374 (1939). 

7 Saakyan, G. B., Soviet A. J., 1, 60 (1963). 

® Hoyle, F., and Fowler, W. A., Astrophys., 182, 565 (1960). 

® Ginzburg, V. L., Doklady Acad. Sci., U.S.S.R., No. 1, 156 (1964). 

10 Hoyle, F., Fowler, W. A., Burbidge, G. R., and Burbidge, E. M., Astrophys. 
J., 139, 909 (1964). 


OBITUARIES 


Prof. James Franck, For.Mem.R.S. 


Pror. Jamms Franck died on May 21 at the age of 
eighty-one years. Born in Hamburg on August 26, 1882, 
Franck went to school there with indifferent success—as 
he was fond of relating—because he had trouble with 
classic languages. He began to study chemistry and 
geology in Heidelberg, but soon turned to physics and 
moved to Berlin where he graduated as Dr.Phil. in 1906, 
with a paper on ion mobility in gases. In 1907 he became 
research assistant to Prof. H. Rubens, in whose colloquia 
I first met him in 1908. I had the great good fortune to 
win his friendship and that of his family and to retain it 
for nearly sixty years. Only recently I was able to 
spend some weeks with Franck, visiting old friends 
together all over Europe, until a few days before his 
sudden death in Gottingen, on May 21. 

In the First World War Franck went out as a private, 
was wounded, decorated and returned as a lieutenant. He 
was then assigned to a group led by the chemist F. Haber, 
who later, in 1918, made him a division head at the 
Kaiser-Wilhelm Institute for Physical Chemistry in 
Berlin-Dahlem. 

How well I remember his famous lecture on May 22, 
1914, “On the Excitation of the Mercury Resonance Line 
2536 A by Electron Impact” in which he reported his 
joint work with Gustav Hertz, which gave strong support 
to Bohr’s new theory of the atom. Einstein said to me: 
“It’s so lovely, it makes you cry !" Many a discussion 
between Franck and Otto Stern about those experiments 
I have listened to during the War years, whenever 
Franck happened to be in Berlin. 

In 1920 Franck was called to a chair in Göttingen. 
Haber’s farewell speech—at a party which Otto Hahn and 
I arranged—ended with the words: “There are three 
stages in the life of a scientist: becoming, being and 
representing; may representing come easy to you”. I 
think Franck did not enter that last stage until a few 
months before his death, and it was not easy for him, 
despite the many honours that have come his way, among 
them the Nobel Prize in Physics in 1926 jointly with 
Hertz, the Max Planck Medal in 1953, the Rumford 
Medal in 1955, membership in many learned societies, 
and the election, in March 1964, as Foreign Member of 
the Royal Society. 

Göttingen saw Franck’s happiest and most fruitful 
period;* he remained attached to it, received its honorary 
citizenship in 1953, and it is an odd turn of fate that he 
died there. There he did all his work on the transfer of 
onergy in moleculer collisions, as in the processes called 
quenching and sensitized fluorescence. Franck discovered 
the method of determining th» heat of dissociation of 
diatomic molecules from band spectra by extrapolating 
the vibrational levels. His discussion of the coupling 
between electron transitions and vibrational motion led 
him to formulate the principle which was later put in 
wave-mechanical form by Condon and is known as the 
Franck-Condon principle. Thus the intensity distribution 
in band spectra and the existence of continuous molecular 
spectra came to be understood. The influence of those 
ideas has been far-reaching, particularly in photochemistry. 
His many pupils, still attached to Franck in affection and 


devotion, include such famous names as Blackett, Condon, 
Kopfermann, Kroebel, Maier-Leibnitz, Oppenheimer and 
Rabinowitch, to mention some of them. 

Those happy days ended when Hitler came to power. 
When the racial laws were announced, Franck published 
a courageous open letter in which he resigned his chair. 
In view of his distinguished war service he might have 
been allowed to stay, but he did not wish to serve under 
a Government which treated his fellow Jews as outcasts. 
After an interlude at Copenhagen, with Niels Bohr, he 
went to the United States, first to the Johns Hopkins 
University and then to the University of Chicago, as 
professor of chemistry. Here his efforts were devoted to 
the elucidation of the most important of all photochemical 
reactions, the photosynthesis performed by green plants. 
It is a borderline problem between physics, chemistry and 
biology, and one of appalling complexity. Franck’s last 
paper on that subject, in collaboration with J. L. Rosen- 
berg, went to press only a few weeks before he died. 

During the War he interrupted his own work for two 
years to direct the Chemistry Division of the Metallurgical 
Laboratory of the University of Chicago, a part of the 
Manhattan Project. He saw it as his duty to help develop 
& nuclear weapon as long as Hitler might be doing the 
same. But he felt strongly that the United States should 
not be first in using it, and other scientists felt similarly. 
Two months before Hiroshima, a joint letter which 
became known as the “Franck Report" was sent to the 
U.S. Secretary of War, Henry L. Stimson, presenting 
strong and wise arguments against the unannounced use 
of that dreadful new weapon and suggesting that its 
power be demonstrated by publicly exploding it over an 
uninhabited area. Perhaps the nuclear arms race could 
have been avoided if that letter had been heeded. 

Franck enjoyed talking about his problems, not so 
much to explain them to others as to clarify his own 
mind. Once a problem had aroused his interest he was 
completely captivated, indeed obsessed by it. Common 
sense and straight logic were his main tools, together 
with simple, mostly home-made apparatus. His research 
followed an almost straight line, from his early studies of 
ion mobilities to his last work on photosynthesis; it was 
always the energy exchange between atoms ,or molecules 
that fascinated him. 

Franck was equally interested in people. His kindness 
and generosity, not only to his friends and family but to 
everybody who needed help, were known to all who knew 
him. He was the most lovable of men because he loved 
people; kindness shone from his eyes. There must be 
many beside myself who now feel they have lost one of 
their best friends. 

I wish to thank O. R. Frisch and H. G. Kuhn for 
valuable help in writing this notice. Liss MEITNER 


Prof. Isadore Fankuchen 


Tux death of Prof. I. Fankuchen on June 27 at the 
age of fifty-nine leaves a great gap among erystallo- 
graphers in the United States and particularly, also, in 
Britain. He was a figure very well known and loved in 
both countries. 
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His life shows him as a man devoted to rescarch and 
teaching in his chosen field of crystallography. Educated 
at the Cooper Union, he passed on to Cornell University 
and thence to various other appointments in the United 
States. Ho camo to England to work with Sir Lawronce 
Bragg at Manchoster in 1934. He had already started his 
interest in crystallography, although fundamentally he 
was a physicist, and it was the physical interest rather 
than the chemical or biological that inspired his work. 
He found that in X-ray investigations he was able to 
apply the physics in more and more refined ways to 
problems of interest in industry and biology. 

From Manchester, he joined me in Cambridge at the 
very exciting time, in 1936, when the first protein crystals 
were being examined by X-rays. His point of entry was 
the examination of the sterols which, in the form of 
vitamin D and its analogues, has just come into biological 
and pharmacological interest. His earliest work was on 
the structure of the uranyl compounds and he might well 
have gone on with this, for he was able to detect by the 
somewhat primitive methods of the time the presence 
and structure of the uranyl complex, UO;, as an inde- 
pendent element:in the uranium salts. Here he co- 
operated with Dr. Dorothy Crowfoot and me in an 
extensive investigation reported in the chemistry of the 
steroids (Phil. Trans. Roy. Soc., A, 239, 135; 1940). 

However, very soon after he arrived at the Cambridge 
laboratory his interest was diverted to the first examina- 
tion of tobacco mosaic virus solutions, prepared by 
Bawden and Pirie. These turned out to be something 
quite difforent from anything that had been examined 
bofore; they are composed of long particles with a strong 
tendency to parallel packing which we now know is 
typical of the rod-shaped viruses. Before the develop- 
ment of tho electron microscope this all had to be worked 
out by X-ray and optical methods. 

Fankuchen threw himself into this examination. He 
excelled in the devising of apparatus specially tailored 
for the purpose. One problem was that of examining the 
liquid erystals a& very low angles, and for this mono- 
chromatic X-rays were essential. He devised an X-ray 
monochromator made of a pentaerythritol crystal sliced 
in such a way that it could give a very narrow beam of 
strictly monochromatic radiation of high intensity. With 
this he investigated the variation of the photographs for 
tobacco mosaic virus solutions where the mutual distance 
between the rod-like particles was a function of the ionic 
strength, the pH and the dilution of the solutions. This 
examination dealt, not so much with the virus itself, 
but with the long-range forces between virus-like par- 
ticles and, indeed, any kind of colloidal particles in 
solution. His work here was finally recorded some years 
later in the X-ray and crystallographic studies of 
plant virus preparations (J. Gen. Physiol., 25, 111; 
1941). : 
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In 1938, Fankuchen left Cambridge and came to 
Birkbeck College, London, where I had just become 
professor of physics, and ccntinucd his virus iuvestigaticns. 
The War intervened and he returned to the United States 
where he was later appointed professor of physics in the 
Polytechnic Institute of Brooklyn, a post which he held 
until his death. 

During the War he took an active part in the investiga- 
tions concerned with the use of snow and ice for military 
tactics, particularly in the project for airborne snow 
vehicles (weasels) and for the necessary studies to set 
up the Habakkuk ice ship which was conceived but never 
built on the full scale. 

It was at Brooklyn Polytechnic, an extremely 
democratic, lively organization, that "Fan" (as ho was 
known to all) found his true vocation as a teacher and 
director of recearch. The great growth of tho use of X-ray 
analytic methods in the United States, particularly in 
industry, is to a very large measure due to his inspiration. 
He was able to imbue generations of students with the 
same devotion to the subject ho himself had. This was 
not only in the Polytechnic itself, but also at Woods 
Hole in what he called his “Summer Clinics”, where every 
year he taught a set of volunteers from industry in a 
fortnight all they needed to know of X-ray method. 
Fankuchen thus played a large part in spreading the ideas 
of crystallography and the bencfits of crystallography to 
American industry, where it is more securely based than 
it is in Britain. 

He was also extremely active in promoting the organiz- 
ation of crystallography in the United States and inter- 
nationally, being one of the founders and, ultimately, the 
president of the American Crystallographic Association. 
'He became the chairman of the National Research Council 
Committee on X-ray Crystallography. 

Not only was he a devoted teacher, but he was a strongly 
critical supervisor; no shoddy work was to bo tolereted. 
He further demonstrated this in his work as an editor 
of the Acta Orystallographica, the international crystallo- 
graphic journal. Fankuchen helped greatly to strengthen 
and perpetuate the links between British and American 
crystallography. He was one of the effective founders 
of the International Union of Crystallograpby in 1945. 

He will be remembered not so much for his scientific 
achievements as for his personality and imspiration. 
His ebullient good humour, friendliness and helpfulness, 
and his zest for life, made him one of the best-loved 
figures in American science. 

Fankuchen died as he had lived. Stricken by cancer 
in 1962, he continued, in spite of two operations, all his 
lecturing work at Brooklyn and carried out his "Summer 
Clinic”. He gave the last three-hour lecture at this 
Clinic on June 24 and then collapsed. He was taken to 
hospital and died only three days later, a lifo well spent. 
He leaves behind a wife and son. J. D. BERNAL 


NEWS and VIEWS 


Physical Chemistry in the University of Oxford: 
Prof. R. E. Richards, F.R.S. 
Ox October 1, Dr. R. E. Richards will succeed Sir Cyril 
Hinshelwood as Dr. Lee’s professor of chemistry at 
Oxford (see p. 958 of this issue of Nature). Since 1947 
he has been a Fellow and Tutor of Lincoln College, 
in which capacity he followed tho late N. V. Sidgwick. 
Since 1948 he has worked, first as a University demon- 
strator and later as reader, in the Department over 
which, in its recently somewhat reorganized form, 
he will preside. Dr. Richards was educated at Colyton 
Grammar School, Devon. He was an Exhibitioner 
of St. John's and later Senior Demy of Magdalen 
College. In 1954 he was awarded the Corday-Morgan 


Medal of the Chemical Society and in 1955 he was & 
Research Fellow at Harvard. He was elected to tho Royal 
Society in 1959. His first research work was in the field 
of infra-red spectroscopy, but for the past fifteen years or 
so he has worked mainly on magnetic phenomena. It 
soon became evident that measurements of nuclear mag- 
netic resonance were capable of throwing a great deal of 
light on very varied chemical problems, and Dr. Richards 
has been one of the foremost leaders in its development 
and application, winning thereby world-wide recognition. 
Dr. Richards takes over the Department at a moment of 
considerable expansion of its already vigorous activity. 
and it is fortunate to be passing into the charge of ono 
with such eminent qualities. 
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The Torry Research Station: Dr. G. A. Reay, C.B.E. 


Dr. G. A. Reay, who retires from the directorship of the 
Torry Research Station, Aberdeen, in October, was born 
on May 31, 1901, in Aberdeen. From Robert Gordon’s 
College he went to the University of Aberdeen, obtaining 
his M.A. degree in 1921 and his B.Sc. in 1923, winning a 
senior Kilgour scholarship with which he commenced 
research in biochemistry. After a further year at Aberdeen 
he moved to Emmanuel College, Cambridge, and continued 
his research under the late Sir Frederick Gowland Hopkins. 
He was awarded a Carnegie research fellowship in 1926 
and in 1927 obtained his Ph.D. In September 1927 Reay 
joined the staff of the Department of Scientific and 
Industrial Research Food Investigation Organization, 
becoming one of a small team of enthusiasts who set out 
to investigate and improve the handling of fish at sea. 
The Torry Research Station was not yet in existence, but 
Reay and his colleagues successfully demonstrated the 
value of adequate washing and proper icing procedures, 
and also the benefits of freezing fish at sea. The Torry 
Research Station was opened in October 19298, Reay 
being one of its first scientists and concentrating on the 
mechanism of protein denaturation in frozen fish. He 
soon began stressing the greater importance of low storage 
temperatures than of rapid freezing, a view at variance 
with much contemporary thinking. On the retirement in 
1937 of the Station’s first Superintendent, Mr. A. L. 
Lumley, Reay was appointed officer-in-charge, becoming 
superintendent in 1947 and director in 1958. He was 
elected a Fellow of the Royal Society of Edinburgh in 
1955, and was awarded an O.B.E. in 1949 and a C.B.E. 
in 1958. Dr. Reay is an able musician and a keen angler. 


Dr. J. A. Lovern, O.B.E. 


Dr. J. A. Lovern, who has been appointed to succeed 
Dr. G. A. Reay as director of Torry Research Station as 
from November 2, was born in Liverpool in 1906. Dr. 
Lovern gained a first-class honours B.Sc. degree in chemis- 
try at the University of Liverpool in 1927 and a Ph.D. in 
1929 for investigations of the chemistry of fish oils under 
Prof. T. P. Hilditch. Thus began his professional acquaint- 
ance with fish, and also with Aberdeen, for he had to 
prepare his oil samples on board the research vessel of the 
old Fishery Board for Scotland. Joining the staff of the 
Torry in April 1930, when the Station was but six months 
old, Dr. Lovern gained international fame before the 
Second World War for his outstanding and varied chemical 
and biochemical investigations of fish oils. The University 
of Liverpool recognized this achievement by awarding 
hima D.Sc. in 1937. Two and a half war years in Washing- 
ton, D.C., with the British Food Mission allowed Dr. 
Lovern to become thoroughly acquainted with the United 
States and Canadian fish industries and related research. 
Returning to Torry in 1945, Dr. Lovern enhanced his 
academic reputation by his notable work on the more 
complex lipids and the lipoproteins of fish, being promoted 
senior principal scientific officer on special merit in 1947. 
At the same time he became responsible for the Station’s 
by-products research, especially on fish meal, and as a 
result he has become increasingly engaged in advisory 
work and sponsored research for the Association of Fish 
Meal Manufacturers and, since 1959, for the International 
Association of Fish Meal Manufacturers, of the Scientific 
Committee of which he has been chairman since its 
inception. Dr. Lovern was elected a Fellow of the Royal 
Society of Edinburgh in 1960 and received an O.B.E. 
in 1962. His hobbies include hill walking, natural history 
and alpine plant culture. 


Royal Greenwich Observatory: Ur. O. J. Eggen 


Dr. O. J. EaazEN, formerly of the Lick Observatory, 
California, has joined the staff of the Royal Greenwich 
Observatory at Herstmonceux (Sussex). An authority on 
_ photoelectric photometry, he has put forward views on 
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moving groups of stars considered most significant in 
relation to the history ofthe galaxy. He worked for five 
years ab Herstmonceux before returning to the United 
States, where for three years he has been a professor in 
the California Institute of Technology and bad use of the 
200-in. telescope on Mount Palomar. Dr. Eggen will work 
as a temporary senior principal scientific officer at the 
Royal Greenwich Observatory. 


Government Expenditure on Science 


IN reply to various questions in the House of Commons 
on July 2, total expenditure in the United Kingdom on 
all branches of oceanography and marine biology in 
1964-65 was estimated by Sir Edward Boyle at about 
£2-17 million; Government expenditure on medical 
research in 1963-64 at £18-5 million, of which £7 million 
was for the Medical Research Council. Expenditure by 
the Department of Scientific and Industrial Research on 
seven basic research projects in scientific documentation 
at universities and colleges was estimated at £100,000, 
excluding research at the National Physical Laboratory. 
The new grant arrangements with the Association of Special 
Libraries and Information Bureaux would allow for an 
expenditure of up to £20,000 a year for a research 
programme in this field. i 


Channel Tunnel 


In a statement in the House of Commons on July 1, the 
Minister of Transport, Mr. E. Marples, announced that 
the British and French Governments had decided that the 
further geological survey for the Channel tunnel should 
begin this summer. Arrangements were being made 
for the Channel Tunnel Study Group to conduct the 
survey on an agency basis under the general supervision 
of the British and French Governments, who were to 
appoint a Joint Commission of Surveillance for this 
purpose. Half the cost, which was expected to be about 
£1-25 million, would be met by the British Government 
and half by the French Railways which, at the instance 
of the French Government, were participating in the 
contractual arrangements. The survey arrangements 
were entirely without prejudice to decisions yet to be 
made by the Governments on the organization and 
financing of the project, but it was the present intention 
of both Governments that eventually the cost of the 
survey should be charged to whatever organization might 
be set up for the tunnel itself. Mr. Marples added, in 
reply to questions, that this was the first of many investi- 
gations which would have to be made before the tunnel 
was built. In the House of Lords, on the same day, Lord 
Chesham said that Col. D. McMullen, chief inspecting 
officer of railways in the Ministry of Transport, would 
be co-chairman of the Joint Commission of Surveillance, 
of which Dr. C. J. Stubblefield, director of the Geological 
Survey, would also be a member. He hoped that the 
survey would be completed within a year. 


Problems of Water Supply in Britain 


Iw reply to a question in the House of Lords on July 15, 
the Joint Parliamentary Secretary, Ministry of Housing 
and Local Government, Lord Hastings, said that large 
quantities of water were already being obtained by 
exploiting the natural storage capacity of underground 
aquifers, but in some areas their full capacity was un- 
known or not fully utilized. The Thames Conservancy 
was exploring the potentialities of the chalk in the Thames 
Basin, and since the publication of The South-East Study, 
1961-81, a preliminary investigation of the chalk in the 
Great Ouse Basin had been arranged. The Water 
Resources Board and the new river authorities would 
investigate the suitability of geological conditions in 
Britain for the large-scale use of artificial recharge to 
augment natural storage capacity, but he did not think 
that this could be a complete panacea for all water 
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supply problems. In a written answer in the House of 
Commons on July 16, the Secretary of State for Industry, 
Trade and Regional Development, Mr. E. Heath, stated 
that if the preliminary assessment now being made by the 
North-West Study Group of the suggested Morecambe 
Bay and Solway barrage schemes showed that the expendi- 
ture would be justified, the examination would include a 
full technical and economic investigation of these projects. 


Large-scale Distillation and De-salting Plants 


REPLYING to a question in the House of Lords on July 
15, the Joint Parliamentary Secretary of State for Educa- 
tion and Science, the Earl of Bessborough, said that the 
Atomic Energy Authority’s preliminary investigations of 
the use of nuclear reactors for providing heat for sea-water 
utilization plants indicated that, to be economic, the 
reactors would need to be very large, and this function 
would have to be combined with the production of elec- 
tricity. In addition to producing base load electricity, 
such a reactor station might provide a considerable 
quantity of fresh water as a by-product at a price within 
the range of interest for domestic and industrial users in 
certain areas. The necessary continuous demand for 
electricity on a large scale limited the number of areas 
in which such dual-purpose reactors could be economic. 
Further development in the technology of de-salting 
plants was required and the Authority was in close touch 
with the Department of Scicntific and Industrial Research. 
It was also represented on the panel of experts set up 
by the International Atomic Energy Agency to investigate 
the possibilities of these plants in developing areas. 
British industry was taking a leading part in the con- 
struction of large-scale distillation plant and provided. 
some 70 per cent of land-based plants in the world. 


Planning and Amenities 


TEE annual report of the Sheffield and Peak District 
Branch of the Council for the Preservation of Rural 
England directs attention to ways in which the importance 
of the preservation of amenities, in central planning, is 
being undermined (Pp. 26. Sheffield: Council for the 
Preservation of Rural England. Sheffield and Peak 
District Branch, 1964). Difficulties of esthetic control 
were aggravated by the Central Development Order of 
1950, and in the same year the Schuster Report tended. 
to lessen tho importance of esthetics in the training of 
qualified officers. Another serious blow followed in 1951, 
when the word ‘Planning’ was left out of the Ministry’s 
title and “The order and seemliness striven for so long 
began to disintegrate again”. Now, alarmed by the 
unexpected rise in population, the Minister has hinted 
that ‘Green Belts’ are not inviolate, and has thus loosened 
the restraints on ill-sited development of rural land in a 
way that may be bitterly regretted by coming generations. 
“Woe are thus losing at a greater pace than ever a country- 
side that has been called ‘the loveliest in the world’ ". 
Now, at last, influenced by experienced planners, we are 
beginning to recognize that regional planning is a neces- 
sity. “This has been not unfavourably received by urban 
authorities, so long as it is understood that their own 
town or city should be the central influence in the region.” 


British Mammals 


The Identification of British Mammals, by G. B. Corbet, 
published by the British Museum (Natural History), is an 
excellent guide to the classification and identification of 
the sixty-odd species of mammals found in the British 
Isles (Pp. iii+46. London: British Museum (Natural 
History), 1964. 4s.). It is intended mainly for the amateur 
naturalist, but will be equally useful to the professional 
zoologist. The prineiples of classification are first explained 
and then follows a list of the British mammal fauna, 
giving the synonymy and status of each species. The 
main part of the pamphlet consists of keys for identifying 
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the different species by external features—field identifica- 
tion is not included. There is an interesting list of possible 
additions to the fauna, a select bibliography, and a good 
index. 


The Geological Museum, London 


Tum fourth edition of A Short Guide to the Exhibits of 
the Geological Museum in South Kensington starts with 
a brief history of the Museum and then gives a summary 
of the general arrangement of the exhibits (Pp. 36. 
London: H.M.S.O., 1964. 2s. 6d.). The visitor is then 
taken on a short tour of the galleries and is thus able to 
obtain a broad idea of the scope and nature of the display 
collections. The well-known dioramas in the Museum are 
illustrated, and with these and other pictures even 4 
visitor not acquainted with geology should be able to 
view the exhibits intelligently. The text of this useful 
and handy pamphlet is clearly written, with few technical 
phrases. 


Nuclear Magnetic Resonance Current Literature Service 


A NEW literature searching service, dealing with papers 
on nuclear magnetic resonance, nuclear quadrupole 
resonance and electron paramagnetic resonance, is to be 
established by Butterworths, the publishers of Docu- 
mentation of Molecular Spectroscopy. This will take tho 
form of a numbered and coded literature list which is 
searched by means of a peep-hole index of coded punched 
cards. The coding has been devised to enable searches 
to be made from two main starting points: (1) from the 
general contents of the paper, the nature of the problem 
investigated, and details of the techniques and apparatus 
described; (2) from the chemical classification of the 
compounds examined. The literature lists will give tho 
title, author, journal or other source of publication, date 
and other relevant information, including, where neces- 
sary, & brief note on the content. It is hoped that, as 
they will be issued four times a year, they will offer: 
(a) an up-to-date and comprehensive source of rapid 
information which is easily retrievable by the use of the 
peep-hole index containing 105 cards per issue; (b) a 
current documentation of the entire field of magnetic 
resonance spectroscopy. At the end of the subscription 
period of two years the peep-hole index cards provided 
with each issue will be replaced by a consolidated peep- 
hole card index, thus makiag possible the searching of 
the literature in compaot two-year batches. An alpha- 
betical list of authors will also appear. A detailed 
Instruction Manual will be provided giving particulars of 
the coding. The service will cover the literature pub- 
lished since the beginning of 1963. It is also planned to 
produce, in due course, a collection of references covering 
the years 1946-62. A service similar to that described 
here, but covering infra-red, Raman and microwavo 
spectroscopy, has been in operation as part of Docu- 
mentation of Molecular Spectroscopy since the beginning 
of 1963. This is supplied to subscribers as part of their 
subscription but is also available separately. Full details 
of these services are available from Butterworths, 88 
Kingsway, London, W.C.2. 


University News : l London 


Dr. A. O. Burrs, University lecturer at the School of 
Veterinary Medicine, Cambridge, has been appointed to 
the chair of veterinary microbiology and parasitology at 
the Royal Veterinary College. Dr. J. Edelman, reader in 
enzymology at the Imperial College of Scienco and Tcch- 
nology, has been appointed to the chair of botany at 
Queen Elizabeth College. Dr. F. G. Foster, reader in 
statistical computing at the London School of Economics 
and Political Science, has been appointed to the chair of 
computational methods at that School. Dr. W. W. 
Schwabe, a member of the staff of the Agricultural 
Research Council Unit of Plant Morphogenesis and 
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Nutrition at Wye College, has been appointed to the chair 
of horticulture at that College from October 1, 1965. Prof. 
R. A. J. Coutrez, “Professeur extraordinaire" at the Free 
University of Brussels and astronomer at the Royal 
Observatory of Belgium, has been appointed Belgian 
Visiting Professor for the session 1964-65. 


Oxford 


THE annual report of the Curators of the Bodleian 
Library for the year ended July 31, 1963, refers to the 
completion of the structural work on Duke Humfrey’s 
Library early in 1963 (Supplement No. 9 to the University 
Gazette, May 1964. Pp. 43. Oxford: The University, 
1964. 2s.). Attention is directed to the progress of 
development and rearrangements which will greatly 
increase the efficient administration of the Library and 
provide space for 24 more readers, if alternative exhibition 
rooms are found in the Divinity School and the Pros- 
cholium is converted into a new entrance hall serving 
both the Divinity School and the Old Library. The 
annual grant from the University General Fund was 
£221,644, nearly £9,000 less than the previous year; but 
the 107,071 books and manuscripts fetched for readers 
and 28,653 for staff represents an increase of more than 
20,000. Accessions to the Department of Printed Books 
totalled 44,826 volumes and 121,276 parts, compared 
with 44,203 and 115,844, respectively, in the previous 
year. 


The Royal Society and Nuffield Foundation Common- 
wealth Bursaries Scheme 


Awanps under the Royal Society and Nuffield Founda- 
tion Commonwealth Bursaries Scheme have been made 
as follows: Dr. Margaret C. Anderson, Botany School, 
Cambridge, to enable her to work on light penetration at 
various levels in pine forest in the Section of Agricultural 
Physics, C.S.I.R.O. Division of Plant Industry, Canberra, 
for about five months from November 1964; Dr. R. L. W. 
Averill, senior research officer, New Zealand Medical 
Research Council’s Department of Endocrinology Re- 
search, to assist him to learn techniques of hypothalamic 
investigation at Oxford, for ten months during 1964-65; 
Dr. D. J. Eve, lecturer in chemistry, University College 
of Rhodesia and Nyasaland, to enable him to carry out 
research on the spectroscopic characterization of inorganic 
co-ordination compounds at Southampton, from Septem- 
ber 1964 until June 1965; Dr. K. M. King, associate 
professor, Soils Department, Ontario Agricultural College, 
to enable him to study in the field of micrometeorology 
and evaporation at the C.S.I.R.O. Division of Meteor- 
ological Physics, Melbourne, for five months from 
December. Dr. Alicja M. Kirkien-Konasiewicz, lecturer 
in chemical engineering, University of the West Indies 
(Trinidad), to enable her to learn techniques in high- 
resolution, mass spectrometry at University College, 
London, from January until April 1965; Dr. S. E. 
Livingstone, associate professor of inorganic chemistry, 
University of New South Wales, to assist him to work in 
the field of co-ordination chemistry at University College, 
London, for nine months from September; Dr. B. Morris, 
Professorial Fellow, Department of Experimental Path- 
ology, Australian National University, Canberra, to 
enable him to investigate at Oxford the role of the 
lymphatic system in the absorption of fat in fishes, for 
six months from September; Prof. K. C. Mukherji, pro- 
fessor of electrical engineering, Indian Institute of Tech- 
nology, Bombay, to enable him to carry out investigations 
on electrical machines at the University of London King's 
College, for a year from October; Prof. R. A. Reyment, 
professor of geology, University of Ibadan, to assist him 
to study the ostracods of the marine Tertiary of Aus- 
tralia, for three months in the autumn; Dr. G. G. E. 
Scudder, assistant professor of zoology, University of 
British Columbia, to enable him to acquire knowledge of 
type material of Rhyparochrominae and techniques for 
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insect blood analysis at the Imperial College of Science 
and Technology, London, for a year during 1964-65; Dr. 
R. L. Stanton, senior lecturer in geology, University of 
New England, to enable him to examine naturally 
deformed sulphide ores, at Imperial College of Science 
and Technology, London, and Durham, from September 
until November, in connexion with investigations on the 
significance of surface tensions in the final development 
of grain shapes in such ores. Dr. L. B. Thrower, senior 
lecturer in botany, and Mrs. S. L. Thrower, senior demon- 
strator in botany, both of the University of Melbourne, 
to assist them in their investigations on the effect of 
sporulation on the pattern of movement of nutrients 
in fungal hyphe at Birkbeck College, London, and to 
attend a course on radiobiology, and to enable her to 
investigate the physiology of lichen growth at Birkbeck 
College and the British Museum (Natural History) during 
1965. 


Announcements 


Pror. F. G. Youna, Sir William Dunn professor of 
biochemistry in the University of Cambridge, has been 
appointed the first Master of the newly formed post- 
graduate Darwin College at Cambridge. Prof. Young is 
president of Section I (Physiology and Biochemistry) at 
the Southampton meeting of the British Association for 
the Advancement of Science (see p. 952 of this issue of 
Nature). 


AN index to tho survey Manchester and its Region, 
prepared for the British Association meeting held in 
Manchester in 1962 (Nature, 195, 890; 1962) has now 
been compiled by the Manchester and District Division 
of the Association of Assistant Librarians under the 
editorship of Mr. M. J. Harkin. To the public spirit 
of him and his colleagues warm thanks are due from all 
who appreciate the merits of the admirable survey 
originally issued for the British Association by the Local 
Committee. 


THE fourth Louis Rapkine Memorial Lecture entitled 
“La Proliferation et Differenciation des Cellules Hemato- 
poietiques" will be delivered by Dr. Louis Siminovitch 
(Ontario Cancer Research Institute) at the Pasteur 
Institute, Paris, on October 7. 


A CONFERENCE on “Electron Emission”, arranged by 
the Electronics Group of the Institute of Physics and the 
Physical Society, will be held in the University of Keele 
during October 1-2. During the conference, the Guthrie 
Lecture for 1964 will be delivered by Prof. Martin Ryle. 
Further information can be obtained from the Adminis- 
tration Assistant, the Instituté of Physics and the Physical 
Society, 47 Belgrave Square, London, S.W.1. 


Tue National Conference of Food Hygiene, organized 
by the Institute of Nutrition, Budapest, will be held in 
Budapest during October 29-31. Topics under con- 
sideration will include: the effect of extraneous sub- 
stances in food on the human organism; the hygiene 
problems of pesticide residues; the hygiene problems of 
contaminants of technical origin (metals, plastics). Further 
information can be obtained from the Institute of Nutri- 
tion, Gyáli ut 3/a, Budapest IX. 


THE annual meeting of the American Documentation 
Institute on ‘Parameters of Information Science” will be 
held in Philadelphia during October 5-8. Subjects under 
consideration will include: symbolization and trans- 
formation of information; information-seeking behaviour; 
information in decision procedures; analysis, correlation 
and indexing; document media, storage and display; 
memory organization and search; information sciences; 
goals in education; the profession; information centres 
and networks. Further information can be obtained from 
A. W..Speakman, American Documentation Institute, 
2000 P Street, N.W., Washington, D.C. 20036. 
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AUTOMATION, LEISURE AND YOUTH 
SERVICES 


‘WO short debates in the House of Commons on June 

19 and June 22 complement earlier debates in the 
House of Lords on automation on: April 8 and on the 
problem of leisure on May 13 (see Nature, 202, 629; 1964; 
and 203, 1; 1964). In the first of these debates, a motion 
of Mr. C. Curran was agreed, calling on the Government 
to state its policy for improving still further the educa- 
tional facilities provided for less-gifted children who may 
otherwise be excluded from an automated labour market. 


This motion had been framed in view of the social con- . 


sequences that follow when automation increases pro- 
duction by using a smaller labour force and when people 
below a certain minimum standard of ability and education 
may consequently find it hard to obtain employment. 
As the motion indicates, Mr. Curran was concerned with 
the social consequences of automation and with the 
less-able children with whom the Newsom Report was 
specially concerned (see Nature, 201, 1; 1964). He 
thought it would be most unwise to limit their secondary 
education to technical instruction: lack of literacy and 
the ability to communicate was likely to be a much more 
serious handicap to them than any lack of acquired skill. 
This found strong support in the debate; for example, 
Colonel Sir Harwood Harrison paid a warm tribute to the 
work of the county civic colleges, and pointed out that 
all education should seek to help a boy or girl to live a 
fuller life and to be more self-reliant. Mr. R. E. Prentice 
stressed the need to develop within the framework of 
Government techniques of forecasting man-power which 
would enable us to discern where redundancies and 
shortages were likely to occur. Britain’s education and 
training policies should be geared to this kind of fore- 
casting. He anticipated in future a much larger demand 
for skill and education in the working population as a 
whole and thought that there was much potential talent 
at present unused. He urged the importance of expanding 
the youth service and asked whether the Government 
had accepted the interim target of an increase of 50,000 
day-release places a year for the next five years recom- 
mended by the Henniker Heaton Committee of the 
Ministry of Education. Mr. Dudley Smith, like Mr. 
Prentice, referred to the importance of leisure and sport, 
stressing the need to inculcate a better sense of civic 
purpose and responsibility in the community as a whole, 
while Sir Barnett Janner described the successful working 
of youth clubs in Leicester. 

The Joint Under-Secretary of State for Education and 
Science, Mr. C. Chataway, replying on the debate for the 
Government, while welcoming the motion, discounted 
the idea that automation was likely to lead to any serious 
shortage of work. After referring to the work of the 
Interdapartmental Committee dealing with the general 
theme of ‘the schools and society’, Mr. Chataway said 
that one of the tasks of the new Schools Council, to be 
set up as an independent representative body with Sir 
John Maud as chairman, would be to foster the circulation 
of ideas in the schools. Its first meeting would be in 
October and the main function of the body would be to 
keep under review curricula, teaching methods and 
examinations in Britain’s primary and secondary schools. 
He thought that the nzw Council was likely to stimulate 
much more research and development, and he pointed 
out that the context within which the recommendations 
of the Newsom Report must be pursued had been subtly 


altered by the Government’s acceptance of the main 
recommendations to raise the school-leaving age. He 
also stressed. the importance of the problem of relevance 
between school and work. Much more was now required 
to bridge the gap between school and work, and he thought 
a major co-operative effort involving the Governmont, 
trade unions, employers and many other bodies and 
organizations, besides the Schools Council, was needed if 
this problem was to be tackled seriously. We should 
know much more than we do about the qualities school 
leavers ought to possess if they were to move easily from 
school to work and from one form of employment to 
another in later life. 

In opening the debate on leisure and sport, Mr. J. P. W. 
Mallalieu pressed for better facilities for enjoying all 
forms of leisure. Besides greater support for the National 
Playing Fields Association, the Central Council for 
Physical Recreation and the Youth Hostels Association, 
as well as for music and drama, he pressed for more 
regional surveys of the needs and facilities for enjoying 
leisure, but centrally co-ordinated. . Mr. Chataway, who 
followed, said that the building programme for youth 
clubs was now running at £45 million a year, compared 
with less than £1 million before the Albemarle Committee 
Report, and by this spring about 700 projects had been 
finished. By midsummer 1963 Britain had nearly 1,000 
youth leaders against the target of 1,300 set by the 
Albemarle Committee for 1966 and a further 200 were in 
training at recognized centres. A major need was to 
widen the appeal of the Youth Service and to devise and 
extend new approaches to the less purposeful kind of 
youths. Since 1960-61, capital expenditure on facilities 
for sport and recreation had risen from £5-6 million to 
an estimated £22:5 million in 1964. 

In replying to a later debate, the Secretary of State 
for Science and Education, Mr. Q. Hogg, referred to the 
importance of seeing that, when Government expenditure 
on youth services was increased, it was done so intolli- 
gently and purposefully. Discussing Mr. Mallalieu’s sug- 
gestion for a senior Cabinet Minister responsible for 
leisure, Mr. Hogg thought that this was unlikely to 
provide & satisfactory solution to the problem. He had 
originally been attracted by the idea of a sports develop- 
ment council, but now was moving away from it—for 
administrative reasons. He thought that the presont 
arrangements, with a small central organization to 
co-ordinate the work of the voluntary bodies. the local 
education authorities and Government departments had 
won general confidence and were working well. Develop- 
ments had been rapid both on the arts side and in sports. 
Expenditure on the arts had risen from £3 million in 
1951 to £13-5 million, and developments in museums, 
entertainments, adult education and educational broad- 
casting had enlarged almost beyond recognition the 
spectrum of culture and recreation in leisure in Britain. 
On sport, he said that there was a more liberal policy of 
grants and capital expenditure to amateur sports clubs; 
these grants are now available to single-purpose, and not, 
as before, multi-purpose authorities. Grants to composite 
bodies, such as the Councils for Physical Recreation and 
National Playing Fields Association, were increasing and 
Britain had liberalized her loan policy to local authorities. 
It was also hoped to have a series of sports development 
councils on & local basis throughout Britain. 
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THE MELLON INSTITUTE, PITTSBURGH 


HE fifty-firsb annual report of the Mellon Institute, 

Pittsburgh, covering the year ended February 29, 
1964*, includes the usual list of publications and records 
expenditure on independent and sponsored research 
amounting to 6:4 million dollars. At the end of the year 
the Institute had a staff of 541, including 347 professional 
and technical workers. During the year arrangements 
were made for much closer working with the Carnegie 
Institute of Technology and the University of Pittsburgh: 
æ non-profit corporation was formed under their joint 
sponsorship, with the major objective of promoting closer 
contact and co-ordinated efforts among members of the 
staffs and local industry. 

In theoretical chemistry, the judicious application of 
the principles of molecular orbital theory and its simplifica- 
tion, ligand field theory, can yield a striking clarification 
of the various colours exhibited by transition metal ions 
with the architecture of the crystal lattices housing them. 
Work on the nature of a chemical binding in transition 
metal cyanides has been resumed and a general investiga- 
tion initiated of the relative placement of energy-levels in 
other families of transition metal elements. In continuum 
physics, mathematical methods were developed for finding 
the restrictions which the Second Law of Thermodynamics 
places on constitutive equations, and solutions have been 
obtained for some unsteady flow problems in the theory of 
a second-order fluid, a fluid the behaviour of which 
approximates that of general viscoelastic fluids in slow 
flows. The coefficient of thermal expansion was determined 
for several copper germanium alloys with hexagonal close- 
packed structure by investigating their lattice spacings as 
a function of temperature between 24° and 600° C. The 
influence of temperature, strain rate, and interstitial 
impurities on the plastic deformation of poly-crystalline 
niobium has been investigated, and results from a thermal 
activation analysis supported the view that the mechanism 
controlling the rate of flow of dislocations at low tempera- 
tures is that of overcoming the Peierls-Nabarro barrier by 
the nucleation of kinks on dislocations. Electron spin 
resonance investigations continue to provide very detailed 
information on the structure of free radicals. An investiga- 
tion of internal rotation in molecules by low-frequency 


* Mellon Institute. Fifty-first Annual Report of the Institute for the 
Fiscal Year ended February 29, 1964. Pp. 39. (Pittsburgh, Pa.: Mellon 
Institute, 1964.) 


infra-red spectroscopy has taken two new directions, one 
involving torsions of methyl groups attached to a phenyl 
ring, and the other, torsions round the central single bond 
in the butadiene glyoxal and acrolein systems. 

A new vacuum ultra-violet spectrophotometer with low 
dispersion is being used to obtain the absorption spectra 
of systems which have electronic transitions of interest 
beyond the range of most commercial instruments. 
Studies on the chemical bonding of tris-2,2-dipyridyl 
complexes with transition metal ions in unusual 
low oxidation states continued, while an investigation 
of the different intermediate products isolated during 
the chemical or electro-chemical reduction of solutions 
containing tungstates was started. In a direct investigation 
of hydrogen content of acidic catalysts, it was found the 
total hydrogen content could be accurately determined by 
exchange with deuterium. The isomerization of cyclo- 
propane to propylene has been examined over series of 
alumina and silica-alumina catalysts, and spectro- 
scopic investigations of the chemisorption of triphenyl- 
methane and of polynuclear aromatic hydrocarbons 
continued. 

Other work was concerned with the total synthesis of 
diterpenes and diterpene alkaloids, and the effect of ring 
size on the nuclear magnetic resonance shifts of the 
saturated cyclic hydrocarbons from cyclopropane to 
cycloheptodecane was investigated. A survey of the 
chemical and physical characteristics of the asphaltic 
fractions of some 40 crude oils and other bituminous 
materials was completed, while a broad research 
programme of the separation, concentration and 
identification of volatile components of potential food 
flavour import was continued. A soluble poly-cyclopenta- 
diene of relatively high molecular weight has been obtained 
using a new homogeneous catalyst system conveniently 
formed in situ, and the theoretical investigation of 
branched polymers in dilute solution was extended to 
include a statistical mechanical calculation of the second 
virial coefficient in the equation of state for ‘comb’ 
molecules. A detailed investigation was undertaken of tho 
crystallization, kinetics and morphology of poly (tetra- 
methyl-p-phenylene) siloxane. A rapid method of 
electrophoresis on cellulose acetate strips has been found 
for developing the electrophoretic components of brome- 
grass mosaic virus. 


MIRIDS AND OTHER INSECT PESTS OF COCOA 


N view of the common problems which prevail in the 
field of agricultural research in West Africa, the 
Governments of the then British and French Territories 
decided to institute a series of conferences on cocoa 
(Theobroma cacao L.), oil palms, rice, groundnuts and 
other crops to which the Belgian, Liberian, Portuguese 
and Spanish Governments would be invited. The first of 
these conferences was on cocoa and was held at the West 
African Cocoa Research Institute (now Cocoa Research 
Institute (Ghana, Academy of Sciences)) at Tafo in Ghana 
in December 1953 (ref. 1). Apart from a conference on 
Cacao Breeding’, held in Ghana in 1956, no further con- 
ferences on cocoa occurred in this series until August 
1963, when a conference on Cacao Mirid Control? was 
held in Ghana. At this conference information was 
released, on the existence within Ghana of populations of 
the mirid (= capsid) Distantiella theobroma (Dist.) (Hemi- 
ptera; Miridae) resistant to lindane (gamma-BHC) and 
to other cyclodiene insecticides. 
At the same conference, data suggesting the existence 
within Nigeria of a similarly resistant mirid, Sahlbergella 


singularis Hagl., were presented. D. theobroma and S. 
singularis being the most important insect pests of cocoa 
in West Africa, it was the feeling of the 1963 conference 
that the problems of resistance and control should be the 
subject of another meeting in March of the following year 
when the results of experimental work in the intervening 
season of high mirid populations would be available. The 
opportunity was also taken to include other insect pests 
of cocoa, and the conference was held during March 24-27, 
1964, at the West African Cocoa Research Institute 
(Nigeria) at Ibadan, Western Nigeria. In view of the 
prevalence of mirid attack on cocoa in many producer 
countries outside Africa and of other common entomo- 
logical problems, this conference was given en inter- 
national bias. 

The emphasis of the conference was naturally on mirid 
resistance and control, but Mr. P. F. Entwistle and Mr. 
A. Youdeowei presented a general, but preliminary, 
world review of cocoa mirids. Attack on cocoa by a mirid 
(Helopeltis antonii Sign.) was first noted in Ceylon in 
1863 (ref. 5), and since then at least 34 more species have 
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appeared on cocoa throughout the world. Tho only 
significant producing area which appears to have remained 
entirely free from attack is the Caribbean archipelago. 
New adaptations of mirids to cocoa have occurred in 
recent times; for example, during the past ten years, 
five species have appeared on cocoa in the Territory of 
Papua and New Guinea (1954-57), one species in Mada- 
gascar (1960), and two species in the State of Sabah 
(Malaysia) (1961-62). In addition, H. antonii appears to 
have been completely replaced on cocoa in Ceylon by 
Helopeltis ceylonensis De Silva, a species not described 
until 1957. S. singularis, which at one time appeared to 
be the dominant species in Ghana, has, since the wide- 
scale use of lindane, become much less common than D. 
theobroma^. This dynamic situation extends to behaviour 
within the crop; for exemple, D. theobroma, which now 
attacks both mature and seedling trees, was at one time 
restricted to seedlings. It is not easy to make a world 
assessment of the status of mirids as pests, but there is 
little doubt that attack is most severe in West Africa. 
In the New World, attack tends to be locally restricted, 
and this is also true of Papua and New Guinea and of 
Sabah, but not of Ceylon and Java, where attack is by 
Species of the genus Helopeltis (which have & very wide 
host-plant range). 

Mr. G. R. Conway reported that in Sabah a hitherto 
undescribed mirid species, Platyngomiriodes apiformis 
Ghauri, and Helopeltis clavifer Walk. (which first attacked 
cocoa in Papua and New Guinea in 1954), has recently 
begun to attack cocoa. P. apiformis initially confined its 
attacks to pods, but later began to damage stems severely 
and is considered & potentially more serious pest than 
H. clavifer. Mr. G. S. Dun submitted notes on a list of 
249 cocoa pests in the Territory of Papua and New 
Guinea, prepared by Dr. J. J. H. Szent-Ivany, among 
which were five species of mirids which did not begin to 
attack cocoa until 1954. 

Mr. M. Wessel presented a paper on the climate of the 
cocoa-growing areas of Western Nigeria, in comparison 
with some other producer countries in West Africa, which 
provided a necessary background to discussion of species 
distribution and the design of regionally adapted spray 
programmes. M. J. E. Decelle and Dr. G. Nonveiller 
reported there was no resistance in the Ivory Coast or 
Cameroun, though one population of D. theobroma in the 
Ivory Coast showed & bimodal distribution of kill when 
exposed to cyclodiene insecticides. Mr. J. N. Telford said 
D. theobroma was found to be resistant in a large area of 
Ghana comprising a portion of Ashanti and Eastern 
Region and also in a number of smaller isolated areas 
within these two Regions. The intensity of resistance 
had not been fully measured, though three areas tested 
contained 90-100 per cent resistant individuals. While 
no indication of resistance in S. singularis had been found 
in Ghana, Mr. Entwistle reported that & population of 
this species containing resistant individuals has been 
located in Western Nigeria. D. theobroma occurs sparingly 
within the area of resistance of S. singularis in Nigeria, 
but does not itself appear to be resistant. 

In the Ivory Coast, M. Decelle reported that nine phos- 
phoric esters were tested in the laboratory on cocoa mirids 
and the action of dichlorovos (DDVP) was noted to be 
particularly fast, though in comparison with ‘Sumithion’ 
it gave poor control in field trials at 0:3 per cent. Mr. G. 
Prins described the laboratory assessment of 16 organo- 
phosphates, five carbamates, one vegetable and one 
vegetable insecticide plus a synergist sprayed on to 
various parts of anesthetized fourth and fifth instar 
nymphs of D. theobroma in Ghana. He assessed his 
results by the 


oral L.D50 to rats 
LD50 to insects x 1,000 


which is an attempt to combine safety to humans with 
insecticidal activity, and is used primarily by the United 


‘Index of effectiveness’ (= 
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Nations World Health Organization. He found cleven 
compounds to have a higher index than lindane. Dr. 
B. M. Gerard suggested that ‘index of acceptability” would 
be a better name and thought it best to ignore the index 
altogether when the insecticide is ‘obviously safe’, and to 
consider only its efficiency and cost. On this basis, and 
from some additional data, Dr. Gerard considered only 
seven or eight of these candidate compounds worthy of 
field tests. J 

Dr. D. G. Peterson and Mr. E. F. Bond described the 
final phase of their field control experiments in Ghana 
with 'Sumithion' and carbaryl (‘Sevin 85-S") which, when 
applied by motor-powered knapsack machines adjusted 
to deliver 0-19 gal. per min, were equally effectivo, in 
contrast to laboratory findings which suggested that, 
when applied in acetone solution, carbaryl has eight times 
the efficiency of 'Sumithion'. In Nigeria, Mr. Entwistle, 
Mr. Youdeowei and Mr. W. Eguagie conducted trials with 
these two insecticides applied with pneumatic knapsack 
machines fitted with spray lances 5 ft. long, a type which 
many farmers already possess. These machines have a 
shorter distance of throw (about 5 ft. with the model 
used) and distribute the spray deposit less satisfactorily 
than motor-powered ones. Two oz. carbaryl or 1 oz. 
‘Sumithion’ in 5 gal. water per 100 trees gives approx- 
imately 86 per cent control. At the samo toxicant level, 
but at lower volumes, less control was achieved, and 
increasing the toxicant by 50 per cent, at the 5-gal. rate, 
did not appear to improve control. Hence volume, 
probably as coverage, seoms to be the limiting factor. 

Dr. G. E. Marshall commented on some of the probloms 
inherent in the conduct of mirid control trials. Among 
variables are the mechanically disturbing effect of counting 
on mirid populations, recorder and spray application 
efficiency and differences in coverage resulting from the 
use of different types of machine. He pointed to the 
necessity for developing both intra- and inter-nationally 
standardized experimental procedures which will allow a 
comparison of findings. There is a need for developing 
additional screening steps between purely laboratory 
assessment and full-scale field trials. 

Extension work in mirid control was described by Mr. 
J. O. Akinwolemiwa for Western Nigeria, where 600,000 
farmers have been trained in mirid control during 
1956-63, and by Dr. Nonveiller for Cameroun, where 
the 1964 anti-mirid campaign is designed to treat 350,000 
acres. 

Dr. J. Miyamoto reported that the poorer penetrability 
of ‘Sumioxon’ than methylparaoxon (the oxygen analogues 
of ‘Sumithion’ and methylparathion) into brain, together 
with the poorer formation of acid-precipitable phosphorus 
therein, were assumed to be the main factors in reducing 
the toxicity of ‘Sumithion’. M. Decelle reported that 
carbaryl and ‘Sumithion’ caused no alteration in cocoa 
flavour, but that ‘‘three or four tasters”, out of a total of 
“22—24”, showed slight allergic reactions after tasting tho 
‘Sumithion’-treated samples. 

Mr. Youdeowei reported on progress in tho development 
of artificial methods of rearing mirids (particularly S. 
singularis) in Nigeria, work which is of importenco not 
only for the investigation of the genetics of resistanco to 
insecticides, but which could also provide a supply of 
mirids for laboratory work at times of the yoar when 
they are scarce in the field. 

Experiments in Ghana, where most of the cocoa is 
grown. beneath the shade of forest trees, have shown that 
shade removal leads quickly to greatly increased yiolds®. 
Dr. Gerard presented a paper on the insect pests of 
unshaded cocoa in Ghana and advised that beforo wide- 
spread shade removal is recommended its side-effects 
should be investigated on large trial plots. 

Mr. W. R. Ingram described the development of in- 
jurious infestations of the aphis Toxoptera aurantit B. do 
Fon. on seedlings in nurseries in Uganda, which he thought 
might be partially attributed to the previous use of DDT 
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to control caterpillars. Menazon, a systemic insecticide, 
applied at 0-25 per cent, gave excellent control. 

Mr. C. O. R. Everard assessed the rodent problem on 
cocoa in West Africa. Most losses were of pods from the 
trees rather than during drying or in storage. Under con- 
ditions of good husbandry pod losses should not normally 
exceed 3 per cent. The use of the most efficient traps 
available would be unlikely to reduce losses appreciably, 
and probably the best means of protection lies in the use 
of relatively non-toxic repellents applied directly to the 

ods. 
i The working session on the final day of the conference 
concerned itself mainly with plans for the future, and it 
was agreed that entomologists at present concerned with 
experiments in mirid control in West Africa would com- 
municate further with the view of developing standardized 
systems for evaluating candidate insecticides in the field 
and, if possible, for sharing some of the labour involved 
in the conduct of tests designed to provide fermented and 
dried samples of beans for taint and toxic residue tests. 
An appeal was made to the manufacturers to develop 
methods which would allow the use of smaller samples 
in taint tests, and embody greater accuracy. Some prob- 
lems could not be dealt with on a joint basis, for example, 
testing candidate insecticides for their effects on popula- 
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tion-levels of other insect pests. Insects normally of only 
minor importance have been known to increase to pest 
status on cocoa following applications of insecticides’. 
While several of the species involved occur throughout 
West Africa, parasite and predator complexes of some of 
these have been shown to differ regionally. Population 
increases resulting from the removal of such biological 
restraints will vary with the effect of insecticides on the 
particular species complex concerned. 

Delegates to the conference visited the Institute’s 
experimental station at Gambari, twelve miles from 
Ibadan, where spraying machinery and methods in use 
in Nigeria were demonstrated and local entomological 
problems illustrated in the field. 

The Proceedings of this conference will shortly be avail- 
able from the Secretary, West African Cocoa Research 
Institute (Nigeria), P.M.B. 5244, Moor Plantation, Ibadan, 
Nigeria. P. F. ENTWISTLE 


1 Anon., Proc. W. Afr. Internat. Cacao Res. Conf., 1953 (1953). 
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* Cunningham, R. K., and Lamb, J., Nature, 182, 119 (1958). 
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SOIL—PLANT—ANIMAL COMPLEX 


A MEETING of the Nutrition Society was held in the 
University of Reading on July 17 under the chair- 
manship of Prof. R. G. Baskett (National Institute for 
Research in Dairying, Shinfield). This meeting took the 
form of a symposium entitled “The Effects of Soils, 
Fertilizers and Environment on the Yield and Nutrient 
Content of Plants". In his introductory remarks, the 
chairman mentioned that the subject of the symposium 
was something of a departure from the range of subjects 
normally discussed by the Nutrition Society, but it was 
clear from the reactions of members and guests throughout 
the meeting that they considered it entirely appropriate 
that nutritionists should concern themselves with problems 
of food production. 

The first paper of the day was one by Prof. J. N. Black 
(Edinburgh) on “The Ultimate Limits of Crop 
Production”. He began by reviewing the major factors 
limiting the yield of plants which have been emphasized 
in the past—soil fertility, including nutrient status, 
temperature, water supply, pests and disease and the 
genetic make-up of the plant. He continued by asking 
the question “If it were possible to remove all the factors 
acting to maintain yields at a low level, what would then 
determine yield and what might the yield then be?". 
The significance of this question lies in the fact that, if 
answered, it would provide a yardstick with which to 
measure the efficiency of an agricultural system and the 
rate of progress of improvements in technique. Recent 
work on the efficiency of the photosynthetic process was 
then discussed, culminating in the conclusion that, in the 
absence of other limiting factors, the productivity of crop 
plants is determined by the amount of solar radiation 
available. The complex interrelationship between solar 
energy, leaf area, index (the ratio of leaf area to ground 
area) and crop-growth rate and ultimate yield was 
emphasized, and the necessity for interpreting the results 
of field trials, involving fertilizer and other treatments, 
in the light of these relationships was stressed. 

In his paper on irrigation as a factor in increasing food 
production, Dr. H. Olivier (Sir Alexander Gibb and 
Partners) surveyed the history of irrigation practices 
from pre-historic times up to the present day, followed by 
& critical assessment of the potential increase in food 
production in selected countries and regions in relation to 
their land and water resources. 


The vital role of increased irrigation in increasing crop 
production in arid and semi-arid countries was emphasized. 
Nevertheless, doubt was expressed as to whether present 
nutritional standards could be maintained in many of 
these countries if the present-day population forecasts 
turn out to be correct, even if potentially irrigable land 
and water supplies are fully exploited. The considerable 
value of supplemental irrigation for increasing crop 
production in countries such as the United States and 
Western European countries, including the United 
Kingdom, is much less generally recognized and it is a 
technique which no country in the humid zone can afford 
to neglect. 

Dr. Olivier ended his paper by considering the present 
outlook for food production and concluded that no reliable 
estimate of world potential was possible at present owing 
to a lack of basic information on such vital matters as 
potential agricultural land and effective rainfall, particu- 
larly in areas where the most serious food shortages 
occur. He stressed the need for the extension of soil 
surveys, for the reorganization of meteorological observa- 
tions to make them more meaningful for agricultural 
purposes and for the compilation of statistical data on 
crop yields by region and by soil types. 

The relationship between plant nutrient content of 
soil and leaves and crop yield was discussed by Dr. C. 
Bould (Long Ashton Research Station). He began by 
summarizing the present state of knowledge concerning 
the factors affecting the availability to plants of the 
inorganic ions in the soil and outlined the difficulties 
inherent in chemical methods of assessing the nutrient 
status of soils. A biological method, namely leaf analysis, 
has been shown to provide & more reliable assessment of 
plant nutrient availability. It is possible to establish for 
many species a range of nutrient concentrations at 
specific stages of growth associated with gross deficiency, 
marginal supply and sufficiency, based on crop yield. 
However, it is not yet possible to predict how much 
fertilizer is required to raise the nutrient status of a crop 
from deficiency to sufficiency, although this may be 
possible when more precise information relating soil 
nutrient status to plant nutrient content is available for 
different soils.and crops. 

Prof. A. H. Bunting (University of Reading) read a 
paper on “Effects of Organic Manures on Soils and Crops”, 
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and presented strong evidence derived in part from the 
results of more than 100 field trials conducted from the 
Rothamsted Experimental Station that the effects on 
crop yield of organic manures based on straw are for the 
most part produced by the plant nutrients which the 
manures contain. On soils which tend to compact, strawy 
manures, but not sewage sludge, increase the yield of crops 
to a greater extent than can be explained by their content 
of plant nutrients. This appears, as work at the National 
Vegetable Research Station, Wellesbourne, and Roth- 
amsted Experimental Station has shown, to be the 
consequence of a change in the geometry of the soil 
which prevents it from compacting and increases the 
volume of larger pores, and consequently the amount of 
water which can be held at low tension. In ley fertility 
experiments, the effects of leys on subsequent crops have 
proved to be largely due to increases in the supply of 
plant foods rather than to increases in the proportion of 
water-stable crumbs. Organic matter per se does not 
appear to have any special properties influencing crop 
yield except on special soils where the effects are shown 
only by particular types of organic matter. It is now 
important to concentrate experimental work on these 
special soils (which are thought to occupy about one-tenth 
of the arable land of England), using factorial experiments 
so designed that the effects of nutrients can be measured 
separately. 

The final paper was one by Dr. R. Waite (Hannah 
Dairy Research Institute, Ayr) on “The Chemical Composi- 
tion of Grasses in Relation to Agronomical Practice”. He 
emphasized that modern techniques of grassland manage- 
ment have resulted in greatly increased yields of digestible 
nutrients and presented data from his own experiments 
carried out at the Hannah Dairy Research Institute on the 
changes in composition of leafy herbage from several 
-species of grasses during the growing season. The most 
significant change was in the fructosan : protein ratio, 
which was high in the early part of the season and low in 
the autumn. The former type of herbage would be 
expected to promote a predominantly propionic acid type 
of rumen fermentation, which would stimulate the 
production of non-fatty solids in the milk of cows and 
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promote fattening in beef animals. Herbage low in 
soluble carbohydrates, on the other hand, would encourage 
an acetic acid type of fermentation in the rumen 
and the resulting mixture of volatile fatty acids would 
be used more efficiently for butter-fat than for solids- 
not-fat production or for fattening. Herein may woll 
lie the superiority commonly attributed to spring com- 
pared with autumn grass for fattening and milking 
animals. 

The symposium ended with a summing-up by Prof. 
P. W. Arnold (University of Newcastle upon Tyne), who 
high-lighted the major themes from the various papers 
and directed attention to some of the important gaps in 
our knowledge of the way in which plants interact with 
their environment. 

The majority of papers read at this meeting were 
mainly concerned with the quantitative aspect of the 
production of plant foods and, indeed, this aspect covers 
a vast range of problems. The qualitative aspect of the 
influence of the environment on plants for humen and 
animal consumption is of at least equal interest to 
nutritionists. and might well provide the subject for 
another symposium. 

The re-statement at this meeting of the fundamental 
dependence of the animal kingdom on the plant was most 
salutary, and a reminder of the rate at which the total 
food requirements of the human population of the globo 
are increasing can never be given too often. It is clear, 
however, that basie information on the methods by 
which the production of plant foods can bo increased by 
the use of fertilizers, by growing improved varicties of 
crops, by irrigation and by better husbandry is freely 
available. The application of this knowledge is largely a 
problem of administration, education, finance, power 
supply, engineering and industrial production, and the 
avoidance of famine in the latter quarter of this century 
depends on its solution. The outlook is not wholly 
depressing, for it has been estimated that by the adoption 
of improved agricultural techniques, including the more 
efficient use of water, it would be possible to double the 
present yield from each acre of land at present under 
cultivation. T. G. TAYLOR 


SEARCHING FOR CREATIVITY 


TH search for creativity—in all its forms—would seem 

to be commendable and, indeed, of supreme impor- 
tance for the future of man, yet, reviewing progress so far 
achieved, P. E. Vernon can rate it no higher than the 
"latest fashion in American educational psychology’’?. 
Those who have interested themselves in the problem 
have been moved by the impression that the whole educa- 
tional system fosters conformist attitudes among pupils 
and students, which gain further support from present-day 
intelligence and aptitude tests. Prof. Vernon doubts if 
these strictures necessarily apply to the selective tests of 
pupils in England and Wales at 11+ and 18+. 

He refers to the work of Calvin Taylor, who, on the basis 
of a number of investigations, including some carried out 
on industrial and Air Force scientists, maintains that in 
adult life there is little association between productivity 
and originality, and previous educational achievement; 
in fact, the correlations between the results of tests for 
creativity on one hand, and intelligence on the other, are 
not greater than 0-2-0-4. 

In this context, Prof. Vernon thinks that L. M. Terman’s 
long-term follow-up of & group of children of high intelli- 
gence quotient merits attention, both because the test 
used—Stanford—Binet—was a good one, and because the 
scores obtained in tests in early youth have been compared 
with later achievement over the best part of a life-time. 
As a whole, the group has been very productive in the 


arts and sciences, although scarcely any member could 
be characterized as a genius. Here, intelligence is of 
some relevance, as it is in the findings of Terman and C. M. 
Cox that, from their biographies, few men in history 
of outstanding ability had an intelligence quotient 
below 120; while D. W. Mackinnon’s results suggest 
that above a certain minimum figure, about 120. in- 
telligence quotient plays a relatively minor part in 
creativity. 

J. P. Guilford has carried out a long series of investiga- 
tions of high-grade adults, and claims to have identified 
about 60 separate factors concerned with mental ability. 
Prof. Vernon questions the validity of these factors, partly 
because they have not received full confirmation from 
other workers but chiefly because he considers that in 
itself factorial analysis of mental quality cannot produce 
the answers unless the factors correspond with what is 
recognized as ‘originality’ in daily life. 

Another series of tests, similar to Guilford’s, has been 
applied by J. W. Getzels and P. W. J ackson, this time on 
young high-school pupils. In their case, one group in 
the top 20 per cent on creativity tests, but not of outstand- 
ing intelligence quotient, were compared with another 
group from the top 20 per cent for intelligence but not of 
outstanding originality. In scholastic achievement both 
groups did about equally well; but since, as Vernon points 
out, the intelligence quotient of the group of high creativity 
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averaged 127, as against 150 for those of higher intelligence 
quotient, tho finding is of limited significanco. 

In this survey, however, on personality traits and 
sociometric status, the group of superior intelligence 
quotient were rated by their teachers higher than the 
more creative, which leads Vernon to suggest that, in 
England and Wales, some of the moro ‘original’ 18-year- 
olds may fail to find places at universities because they 
were unpopular with their head teachers, and not good 
mixers. 

As C. Burt has pointed out, in the researches by Getzels 
and Jackson, correlations between separate tests for 
creativity were about on the same level as they were with 
intelligence tests, so that in those studies Vernon can 
find no evidence for a factor for creativity distinct from 
g and v. He doubts whether those for creativity cover 
more ground than the typical battery of tests for verbal 
intelligence, English and arithmetic already in present- 
day use. His main criticism, however, is that the tests 
which Getzel, Guilford and others have devised give no 
support to the assumption that they are valid for creativity 
in general: follow-up data are not available, and the gap 
between tests at, about the time of entry to the secondary 
school and true creativity at the university is much too 

eg "rd 
are indications of originality, Prof. Vernon holds that 
tests like these scarcely go beyond‘empirical impressions 
which indicate that, in general, creative people tend to be 


. RECORDINGS FROM 


A Very-low-frequency Plasma Resonance 


N unusual band of noise observed in the Alouette I 
satellite bas been reported by Barrington and 
Belrose!, who noted that the band had a sharp lower 
frequency cut-off which usually increased in frequency 
with decreasing latitude of the satellite: Since this lower 
cut-off frequency varies consistently with tho location of 
the. satellite, it is deduced that the observed changes in 
this frequency arise from spatial rather than temporal 
effects. Because the lower cut-off frequency is sharp and 
changes measurably within a few seconds, we may deduce 
that the horizontal field of view of the satellite for this 
band is at most a few tens of kilometres. 

From observations of triggering of this band by both 
atmospherics and whistlers, Brice et 'al.2 concluded that 
the noise was gencrated at the same height as the satellite. 
Thus the observed noise band is generated in the imme- 
diate vicinity of the satellite. Other evidence has been 
obtained suggesting that triggering of this band is enhanced 
for triggering signals propagating with large angles 
between the wave normal and the Earth's magnetic field. 
Furthermore, from examination of simultaneous very- 
low-frequency recordings made by the satellite and by 
ground-based stations, it is found that the Alouette hiss 
band is never observed on ground-based recordings. 

The observation of spikes in the Alouetie top-side 
sounder at the resonance frequencies for the ambient 
plasma? suggests the Alouette hiss band arises from a 
similar plasma resonance at very low frequencies. The 
only resonance for the frequencies of interest (5-10 ke/s) at 
the satellite height is the lower hybrid resonance! which 
defines a cut-off frequency for propagation transverse to 
the Earth’s magnetic field. Other features of this 
resonance support the hypothesis that the lower cut-off 
frequency of the Alouette hiss band is the lower hybrid 
resonance for the ambient plasma. 

In a subsequent paper, it will be shown that from a 
knowledge of the electron plasma and gyrofrequencies and 
the lower hybrid resonance frequency, an effective mass 
for the ions in the ambient plasma may be determined. 
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rather solitary, independent, non-conformist, with strong 
drives and motivations on distant goals (Taylor); lone 
wolves with an overriding sense of the worth of their own 
ideas (Anne Roe); far more given to intuition than 
sensation type thinking, with a strong streak of femininity, 
often having suffered from unhappy childhoods and being 
rebellious at school and university (Mackinnon); and 
displaying humour and wit, while being unconventional 
in their attitudes and aspirations (Getzels and Jackson). 
Besides, such criteria fail to distinguish really creative 
people from rebels, delinquents, beatniks, introverts, 
idealists, etc. Prof. Vernon’s opinion is that leisure time 
interests between 12 and 16, like scientific hobbies and 
research, poetry and artistic activities, may have some 
predictive value; but, altogether, efforts may be mis- 
directed if they set out to assess creativity in general, 
for it may tum out to be strongly individual ‘and 
specific. 

In final conclusion, Prof. Vernon disclaims any desire to 
disparage research into the assessment of creativity, 
but in his mind the crucial problem is to devise tests which 
do not require a long follow-up. He feels that present 
appraisals by schools and universities are heavily biased 
in favour of conventional attainment, but research into 
home, leisure and educational backgrounds might be 
rewarding, and the influence of an inspiring teacher might 
be tremendously important. R. WEATHERALL 


“Vernon, P. E., Educ. Res., 6, No. 8, 163 (1964). 


SATELLITE Alouette | 


Thus this hiss band may provide a powerful diagnostic 
tool for determining the ionie constituents of the plasma 
surrounding a satellite. 

Assuming that the suggestion made above is correct, 
the observation of the Alouetie hiss band provides, to the 
best of our knowledge, the first experimental confirmation 
of the existence of the lower hybrid resonance. 

We thank Mr. John Katsufrakis of Stanford for pointing 
out a number of the unusual features of the Alouette hiss 
band. 

N. M. BzroE* 
R. L. SMTH 
Radioscience Laboratory, 
Stanford, California. 
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Triggered Very-low-frequency Emissions 


Barrington and Belrose! have reported that on occasion 
the very-low-frequency recordings from Alouette I satellite 
(altitude, 1,000 km) showed bursts of noiso triggered by 
atmospherics which had propagated upwards to the 
satellite (that is, short fractional-hop whistlers) suggesting 
that very-low-frequency emissions were triggered at 
heights of less than 1,000 km. 

Since some hypotheses for the generation of very-low- 
frequency emissions suggested generation in or near the 
ionospheric J'-region*?, while for other hypotheses 
generation is more likely near the top of a magnetic field 
line path*-5, it might be suggested that triggered emissions 
observed in Alouette could help to identify the mechanism 
responsible for generation of very-low-frequency emissions 
observed on ground-based recordings. However, further 
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Fig. 1. Very-low-frequency spectra from Alouette I showing triggering by atmospherics and whistlers 


investigation indicates that emissions triggered by 
atmospherics observed in Alouetie are not related to 
very-low-frequency emissions observed on ground-based 
recordings’. 

Barrington and Belrose® reported an unusual band of 
noise found in Alouette very-low-frequency recordings. 
This band showed a sharp lower frequency cut-off which 
increased in frequency as tho satellite moved to lower 
latitudes. This band will be tentatively referred to as 
the Alouette hiss band. Barrington and Belrose! noted 
that the frequency of emissions triggered. by atmospherics 
varied with the satellite location in a manner similar to 
that of the Alouette hiss band already noted hero. It 
has now been found that these phenomena are even more 
closely related, in that on several occasions the emissions 
triggered by atmospherics were, in fact, enhancements of 
the Alouette hiss band. Furthermore, this band may also 
be triggored by whistlers as is illustrated in Fig. 1. The 
lower record of Fig. 1 is a section of the upper record 
(17-33 sec) shown with an expanded time-scale. Fig. 1 
shows spectra obtained during a north-south pess over 
Stanford, California, and shows the characteristic increase 
of frequency with decreasing latitude and the sharp lower 
frequency cut-off of the hiss band. The range of L values 
for which the noise is seen in Fig. 1 (3-15-2-59) is consistent 
with that reported for the Alouette hiss band by Barrington 
et al”. The triggering by atmospherics (propagating 
upwards) indicates that tho hiss is generated at or below 
the satellite (as had been suggested by Barrington and 
Belrose!) and triggering by whistlers (believed to be 
propagating downwards) suggests generation at or above 
the satellite. Thus we may deduco that tho observed 
noise band is gencrated at the same height as the 
satellite. 

Barrington et al. reported that examination of very- 
low-frequency recordings obtained during a pole-to-pole 
pass showed evidence that the sharp lower-frequoney 


cut-off of the Alouette hiss band was very closely related 
to the magnetic L value and that for & given value of L 
the lower frequency cut-off appeared to be the same in 
both hemispheres. Further investigation of other record- 
ings has shown that the close conjugate relationship with 
L does not always hold. A possible generation mechanism 
which does not require magnetic conjugacy is discussed 
in a companion paper by Brice and Smith’. 

Alouette very-low-frequency recordings are mado at 
Stanford from telemetry provided by the Canedian 
Defence Research Telecommunications Establishment in 
Ottawa. 

The work at Stanford was sponsored by the National 
Aeronautics and Space Administration under srant 
NsG 174-61. 

N. M. Brice* 
R. L. SMITH 
Radioscience Laboratory, 
Stanford, California. 
J. S. BELROSE 
R. E. BARRINGTON 


Defence Rescarch Telecommunications 
Establishment, 
Defence Research Board, 
Ottawa. 


* Present address: Faculty of Engineering, Carleton University. Ottawa, 
Canada. 


1 Barrington, R. E., and Belrose, J. S., Paper presented at Spring URSI 
Meeting, April 29-May 2, 1963 (Washington, D.C., 1963). 

2 Mureray, W. B., and Pope, J. H., Phys. Rer. Letters. 4 (1). 5 (1900) 

3 Gallet, R. M., Proc. I.R.E., 47 (2), 211 (1959). 

3 Dowden, R. L., J. Geophys. Res., 67 (5), 1745 (1962). 

5 Brice, N. M. (submitted to J. Geophys. Res.). 

* Brice, N. M. (submitted to J. Geophys. Res.). 

7 Brice, N. M., and Smith, R. L. (preceding communication). 

8 Barrington, R. E., and Belrose, J. S., Nature, 198, 651 (1962), 

? Barrington, R. E., Belrose, J. S., and Keeley, D. A., J. Geophys. Res., €8 (24), 
0539 (1963 ^ 


928 


NATURE 


August 20, 1964 VOL, 203 


DOES QUANTUM MECHANICS EXCLUDE LIFE? 


By Pror. P. T. LANDSBERG 
University College, Cardiff 


A LIVING object and its nutrient environment is & 
large quantum mechanical system. By supposing 
such a system to be enclosed in a container impervious 
to outside influences, the system may be considered to be 
‘closed’, and quantum mechanical concepts such as 
Hamiltonian, wave function, and the like should be 
applicable to it. The question arises if, on including in 
such a system only a nutrient, the spontaneous generation 
of life is quantum mechanically likely. Secondly, is a 
system of nutrient together with one living organism 
quantum mechanically likely to produce a system con- 
taining two organisms? This is the problom of self- 
reproduction. 

Both questions are at present beyond anything but the 
most speculative kind of mathematical consideration. 
Previous discussion of related questions by physicists 
exists!-?, and the present remarks are related to the most 
recent of these (by Wigner‘). A review of these questions 
from a biological point of view has also been published 
recently5, 

Wigner dealt with the second of the foregoing questions, 
and found that quantum mechanics leads to practically 
zero probability for the existence of self-reproducing 
states. He concluded that either present quantum 
mechanics cannot furnish an explanation of ell that 
exists, or it should at least be modified to include aspects, 
such as consciousness, which are not needed when dealing 
with purely physical problems. 

This conclusion makes it desirable to examine if, by 
broadening the main assumption and the main definition 
underlying Wigner’s argument, it is possible to regard 
the empirical fact that life exists as not necessarily in 
contradiction with quantum mechanics. The key assump- 
tion in Wigner’s paper is that the collision matrix govern- 
ing the interactions in the system is a random symmetric 
matrix without special properties. In the present (some- 
what different) approach, a weaker statistical assumption 
is used, and, in a special case, Wigner’s conclusion is 
recovered. This weaker assumption does allow, however, 
for the possibility that the spontaneous generation of life 
and the existence of self-reproducing states are compatible 
with quantum mechanics. The key definition in Wigner’s 
paper is that a state S is a living state if there exists a state 
of another (‘nutrient’) system such that the interaction 
leads with certainty to two systems in state S. If two 
such states are only occasionally produced (with some 
probability), then Wigner’s argument does not hold*. In 
the present article the important problem of defining a 
‘living’ state quantum mechanically is not faced except 
in a schematic manner (relations (3), below). While this is 
a shortcoming, it does enable one to achieve a broader 
understanding of the problem. 

The present approach commences with the observation 
that the state vector of an isolated system moves with 
lapse of time through various regions of the appropriate 
energy shell in phase space. The question arises of whether 
` there are regions in that shell which correspond to the 
presence of a living organism. 

Immediately after death an organism can certainly be 
treated as a normal physical system which can in prin- 
ciple be fully specified. By arguing back from such a 
system in what is in principle a definite state, and including 
with it in an enlarged system, radiation and a nutrient 


environment, one arrives at the notion of a new physical 
system S. At the present state of knowledge this must 
be incompletely specified, but one can imagine its descrip- 
tion and its initial state to be given in principle by a 
large amount of numerical information y. Whereas y is 
unknown, the lack of precise information about it can be 
made up by a statistical assumption about y. By then 
averaging over all y in a certain way, y disappears from 
the problem. There can be no doubt that this is a very 
superficial and rough procedure, but at present it is 
difficult to see how anything more definite is possible. 
One has, therefore, effectively replaced one system S by 
2 class of systems. The symbol S will be retained for 
this class. 

It is reasonable to suppose that each system (of the 
class of systems S arrived at in this way) has a region in 
its energy shell which corresponds to the presence of a 
living organism. In order for a class S of systems to be 
discussed together it is supposed here that they all have: 


` (a) the same system energy; (b) roughly the same ‘volume’ 


of permitted states in the corresponding energy shell; 
(c) roughly the same ‘volume’ in that shell which corre- 
sponds to the presence of at least one living organism. 
In fact, these ‘volumes’ are replaced by numbers of dis- 
tinct quantum states of the system (denoted by L, and 
L, in section 1). 

From what has been said the problem is seen to be 
related to the ergodic theorem: of statistical mechanics. 
In the more quantitative discussion which follows, results 
are utilized which were obtained earlier in connexion with 
this theorem’. This article contains additional mathe- 
matical information, but the results which are useful in 
the present context are re-derived here. 


(1) Mathematical Formulation 


Consider a large and isolated quantum mechanical 
system in some initial state at time ? = 0. To define the 
system S itself and its initial state, values have to be 
given to a large number of variablos. The symbol y will 
be used to denote them all. For example, the system S 
may consist of radiation, inorganic and organic matter. 
When an initial condition y is referred to, it is intended 
that y includes a full specification of, for example, the 
amount and nature of the radiation present initially. 
Thus, when y is given, it is supposed that the system is 
quantum mechanically specified. The Hilbert space of the 
system‘then contains wave-functions belonging to many - 
different total energies. The present interest is confined 
to a sub-space which contains only those states which are 
energetically compatible with the initial condition y of 
the system. Such states are sometimes described as lying 
in an ‘energy shell’ in phase space. It will be denoted 
by the symbol As. Let its dimensionality’ be L,. Each 
possible state of the system is then represented by a unit 
vector in Apo. 

The existence of at least one living organism of any 
kind at time ¢ is then expressed mathematically by the 
statement that the wave-function Y(t) of the system lies 
wholly in the appropriate sub-space A, of A, having 
dimensionality L, say. Similarly a wave function ¥(é) 
lying wholly in a sub-space A», of dimensionality Ls, 
implies a state of the system at tima £ with at least two 
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living organisms. This hierarchy may be continued until 
& sub-space Ar (corresponding to a state of at least r 
living organisms) is reached such that: 


L, > l, Lr, = 0 (1) 


The isolated nutrient at time ¢ = 0 can then not give 
rise to more than r organisms at time t. One must have 
clearly: 


L, > L, > L; >... Lr- > Lr > Lr, = 0 (2) 


Tt is reasonable to suppose that, in fact, each Li+ is very 
much smaller than the preceding L,. In particular, the 
overwhelming majority of the states of tho nutrient will 
correspond to no living organisms being generated: 


L> L> l... Ll (3) 


Suppose the orthonormal vectors @,, Wz, » . . @r are & 
basis for Ar, and that this set is completed to yield a 
basis for Ar-ı, then it is again completed to yield a basis 
for A,-,, 6tc., until ona has a basis for Ag. 

The wave function of the system at time ¢ is given by 


W(t) = Ae ¥ (0) 


where A; is a unitary time evolution operator. ‘Y(0) 
refers to the initial state and so depends on the values 
of the variables y. The projection of Y(£) on a co-ordinate 
axis o is: 


anly) = (E). = (¥(0)- Aros) G = L2,...) (4) 


and depends on y through Y(0). The initial state is a 
vector in an L,-dimensional space. The probability of 
finding the system at time ¢ in a state with at least one 
living organism is: 


L, 
uj) = X [a]? (5) 
j=1 

and depends on y. 

Consider now all initial conditions y leading to the same 
system energy. to L,values which are all of the same 
order of magnitude, and to L,-values which are all of the 
same order of magnitude. If these initial conditions exist 
at all, there will be many of them, and they will lead to 
different interactions in the system. It is desirable to 
average over the conditions y as explained in the intro- 
ductory remarks. One finds for the average probability 
of finding the system at time ¢ in a state with at least 
one organism. 


Li 
«wu, (t) > = È< |an > (6) 
j=1 


The spread of the individual values of u, (t) due to different 
initial conditions y is given by the second moment: 
«[wt) — «u(t) >] > <u(t)? > 


Act qr cc» O 


Some assumptions must now be made to evaluate equa- 
tions (6) and (7). 


(2) Statistical Assumption 


Consider equation (4). Here Y(t) depends on the 
initial conditions y and is a unit vector in the L,-dimen- 
sional space. Its components are complex, so that Y(t) 
is specified by 2 L, real numbers. The simplest statistical 
assumption one can make about the initial conditions y 
is to suppose that they lead to a wave function V'(/) such 
that these 2 L, numbers are normal variates which are 
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independent (except for normalization). Viewed geo- 
metrically, this implies a probability distribution for the 
end point of Y(t) over the surface of a sphere such that 
the probability of finding it in any area of the surface is 
proportional to that surface area. This distribution of 
W(t) will be called the strictly uniform distribution because 
it makes no a priori distinction between the different 
states of A,. It leads to: 


«Ja?» = 1L. «|an*» = 2/Lo(Lo+1) (8) 
< lani au; = 1/Lo(Lo+1) G * J) 


There is no need here to prove equations (8), since à 
procedure will now be described which is more general, 
and yet simpler. Note that the averages (8) are inde- 
pendent of the co-ordinate on which W(t) is projected. 
This property will be used to define a weakly uniform 
distribution of ¥(t). This name is a reminder of the fact 
that the states of A, are no longer treated as exactly on 
the same footing. 

Tt will be supposed that the distribution of permissible 
initial conditions y is weakly uniform so that, in general- 
ization of equation (8): 


< jan > = Pi, «last = R (9a) 
are independent of j and the average: 
< |tt i Gn] = R: (è + j) (9b) 


is independent of 4 and j. 

The suffix 1 for P, Q and R shows that the average is 
over only those initial conditions y which lead to Ls 
values which are all of the same order of magnitude, 
and to D,-values which are all of the same order of 
magnitude. 

The simplest example occurs for vectors with real 
components in a plane (Ly = 2). Wt) is then a unit 
vector in a plane and there are only two functions a, in 
equation (4), namely, à, = cos a, d4 = sin g, where any 
one value of « (0 < æ < 2r) is the result of the initial 
conditions y. Suppose that the uncertain initial con- 
ditions are such that the probability of finding an angle 
in the range («, « + da) is given by: 


flajda = A sin(2a)de 


A is a normalizing constant. Thus for a strictly uniform 
distribution (b = 0): 


P,=4,9.=% R = 3 (6 = 9) 


A weakly uniform distribution is obtained, for example, 
if b = 2, when: 


P, = $} Q = w, Ri = w (b = 2) 


In the second case it is seen that the two states of A, ara 
not treated as entirely on the same footing. (Tho equa- 
tions (8) with D, = 2 do not give the foregoing result for 
b = 0. This is merely due to the fact that it is presupposod 
in (8) that all vectors have complex components.) 

Tt is now easily shown by averaging: 


Lo Ly Lo 
x jas, z|? =X [ai 0,41]? =] 
jal i=1j=1 
that, using equations (9): 

P= Q + (L —1)Ry = 1/L 
Thus the distribution (9) has only one unidentified para- 


meter. It is convenient to treat Q, as unknown, and 
work with: 


(10) 


X, = LQ -1 (11) 


930 
as & parameter. Then’: 
I,-12>X,>0 (12) 
Note that for a strictly uniform distribution (8) leads to: 
X, = (La — 1, + 1) +1 . (13) 


Using equations (9), (10), (11) in (6) and (7), one finds 
(see appendix): 


<u(t)> = LL, (14) 
LQ,— L, X 
Z, = WT h Ay 
DT TE (15) 


Since « u,(t) - is independent of time, it must be regarded 
as the probability, averaged over the initial eonditions y, 
of these initial conditions giving rise to at least one living 
organism at any subsequent time. 

One finds from equations (3) and (14) that the initial 
conditions will on average be exceedingly unfavourable 
for spontaneous generation of life. But it is exeedingly 
unfavourable for the overwhelming majority of initial 
conditions y only if Z, «1. For this inequality would 
indicate a strong clustering of the individual U,(t)-values 
very close to the mean value (14) and this is seen to bo 
very small. If one adopts (3) Z, < X,/L,. If one also 
uses equation (13), thus assuming a strictly uniform 
distribution, one does, in fact, find that spontaneous 
generation has always practically zero probability. There 
is, however, the crucial question of the size of X,, in the 
case of a weakly uniform distribution of the wave func- 
tion ¥(ż). By equations (2) and (12) X, ~ L, is possible, 
and would lead to Z,<1. In this event the Spread of the 
unaveraged probability «(!) would be sufficient to 
guarantee the occasional spontaneous generation of life. 


(3) Self-duplication 


The foregoing considerations may be extended to discuss 
the question of the existence of a self-reproducing unit. 
In the text following equation (4) one need merely make 
the replacements: 

suffices 0 — suffices 1, suffices 1 — suffices 2 (16) 

Thus the probability of finding the system at time ¢ in 

a state with at least two living organisms is: 


I, 
u(t) = X |ae,;[? (17) 
jel 


One now considers only those initial conditions y which, 
apart from having the same system energy, lead t6 
L,-values which are all of the same order of magnitude, 
and which lead also to L,-values which are all of the 
same order of magnitude. ‘The averages (9) are over the 
wave functions Y(t) corresponding to these conditions 2 g 
and are now given a suffix 2. One finds instead of equa- 
tions (14) and (15): 


«uy» = LJD, (18) 
L, — L, X, 

Zym D Is 19 

POTES (19) 


This shows again in virtue of equation (3) that the initial 
conditions will be exceedingly unfavourable to self- 
duplication. The spread of the probabilities u,(t) is 
determined by X, which is subject to the analogue of 
(12): 


DL-12X,»20 (20) 


Thus if: 
X: L, 
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Z, is large enough to guarantee the occasional occurrence 
of initial conditions favourable to self-duplication. 
If it is assumed that the distribution of W(t) is strictly 
uniform, one may use the analogue of (13) 
X. = (Ly — 1)/(L, + 1) (21) 
This is of order unity, so that Z, <1. One must con- 
clude that for all initial states considered, the prob- 
abilities u, lie very close to the exceedingly small mean 
value (18). Self-reproducing units must then be expected 
to have practically zero probability. This is essentially 
Wigner’s conclusion which was mentioned in the intro- 
ductory remarks. 


(4) Conclusion 


The crucial step in the argument presented here resides 
in the statistical assumption which has been made. While 
this assumption, though rough, may be justifiable in the 
case of equilibrium systems, it is less reasonable in the 
case of the non-equilibrium situations discussed here. 
There are, however, two reasons for using it. First, it is 
known? that in some cases non-equilibrium situations may 
be treated by the methods of equilibrium statistical 
mechanies. Secondly, some averaging process is clearly 
needed, and that adopted here appears to be the 
simplest which retains some degree of flexibility since it 
contains the parameter X,. For the most sweeping 
averaging process X, ~ 1 (equation (13)), X, ~ 1 (equa- 
tion (21)). If this is assumed, the probability of finding 
either spontaneous generation of life, or a self-reproducing 
state, appear to be practically zero. This is in agreement 
with Wigner’s result. However, it may be that larger 
values of X, or X, are more appropriate. The prob- 
abilities are then more favourable and Wigner’s contra- 
diction between quantum mechanics and the existence of 
self-reproducing units can be avoided. 

I thank Prof. E. P. Wigner and Dr. I. E. Farquhar for 
comments on the manuscript. 


Appendix: Proof of (15) 
By (5) and (9) 

L, Lı 

< È [85 Gi |? > =< jaa» + 

jb-1 j-21 


L, 
X «lagau|» = L, Q, + LQ4L,— 1)R, 
jh 


cu) = 


Eliminating E, by (10), 





L(L.-—L) LL, — 1) 
<u> =: Ly — l 1 LAL, Z 1) 
By (7); 
Z, 4125 E LIOS E) + D(L,—1) 





«uu»? L (Lo— 1) 


Hence one finds (15) in the form 


L.—L 


Z = Ec (Ly? Q;— 1). 
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CHEMICAL POTENTIALS AND ELECTRICAL POTENTIALS IN 
BIOLOGICAL SYSTEMS 


By Dr. NORMAN R. JOSEPH, Dr. MILTON B. ENGEL and Pror. HUBERT R. CATCHPOLE 


University of Illinois Professional Colleges, Departments of Chemistry, 
Orthodontics and Pathology, Chicago 


HEN an aqueous solution of & protein or another 

non-dialysable electrolyte is separated by a dialysing 
membrane from an outer solution, there is an equilibrium 
between the two solutions in which the distribution of all 
the diffusible ions is determined by the colloidal charge’. 
The distribution (‘Donnan equilibrium’) is characterized 
by the property that the ratios of all ions of the same 
charge are equal in the two phases. If, for example, the 
ratio of sodium to potassium is 10 : 1 in the inner solution, 
it is the same in the outer solution, despite the fact that 
the inner and outer concentrations may be quite different. 
A system conforming to these conditions may be said to 
show the property of perfect or unrestricted mixing of the 
ions in the two phases; the distribution is perfectly non- 
selective. In such a system there is a membrane potential 
which can be calculated from any of the ion distribution 
ratios by means of an ideal form of the Nernst equation. 
When allowance is made for the ionic charge, all the ratios 
are constant. Therefore, there is a simple correlation 
between the membrane potential and the distribution 
ratio for any kind of diffusible iont. This is not generally 
the case in biological structures where insoluble and 
immiscible phases co-exist and where the idea] equations 
fail to describe ionie distributions and electrical potentials. 
A more general treatment is required which takes account 
of changes in standard. chemical potential of all the ions?:?. 
Ideal Donnan and Nernst relations represent a limiting 
case when these values approach zero. 

The most general formulation of heterogeneous equi- 
librium was given by J. Willard Gibbs‘. The equations 
apply to the thermodynamic conditions for stability of a 
physicochemical system consisting of n components dis- 
tributed among p co-existent phases. The phases are 
defined in the most general sense, and may be liquid, 
gaseous or solids in any possible states of aggregation. In 
general, there can be no perfect mixing of the diffusible 
components in heterogeneous systems, and the phascs 
usually differ greatly in composition except in the neigh- 
bourhood of certain critical states. It will be shown here 
that the distribution is determined by the changes of 
standard chemical potential, Ap, of all the ions between 
any two phases, and that these quantities also account 
for the deviations of electrical potential differences from 
the limiting form of the Nernst equation. 

Distribution of ions in biological systems. In the deriva- 
tion of the phase rule, Gibbs^ showed that for any com- 
ponent, 1, which passes freely across a boundary between 
any two phases, the equilibrium condition of minimal free 
energy requires that the chemical potential, pı, be con- 
stant. If there are p such phases: 


Py = uI”... = pg» (1) 
Hence tor each such component there are (p — 1) 
conditions of equilibrium among the p phases. Between 


any two phases: 
Ap, = 0 (2) 


Equations (1) and (2) are thermodynamic and are per- 
fectly general. They do not depend on special properties 
of any of the phases. The chemical potential of any com- 
ponent is a force function which determines the stability 
of any distribution involving that component. The 
change of chemical potential, Au, of any process measures 
the driving force and the direction of the corresponding 


physicochemical change. When Ay for such a process is 
zero, the driving force is zero. When all such possiblo 
changes of chemical potential of the n components in p 
phases are zero, the system is in a state of minimal freo 
energy and of maximal stability. In the case that a 
number of substances are constrained to cross a phase 
boundary in ‘certain fixed proportions, the equilibrium 
condition for the two-phase distribution is: 


Guy + bug + cuy :.. = apy + bpo + cus... (3) 


where a, b and c are constants defining the proportionality 
factors (ref. 4, equation 78). Applied to an electrolyte 


such as sodium chloride, both a and b are 1. Then the 
equilibrium condition requires that: 
Na + por = UNat + por (4) 
and 
AuNa + Apo = 0 (5) 


For calcium chloride, a is 1 (Ca) and b is 2 (Cl). In 
general, the distribution of ¿ kinds of mobile ions would 
be expressed by the following conditions: 

A , Aya 
Cu c AERE (6) 
1 2 3 t 
where z; is the charge of the ionic species 7. It is taken as 
positive for estions and as negative for anions. For à 
two-phase system containing Na, K and Cl ions: 


Apya = Aux = — Apo (7) 


Equations (5) and (7) state as an equilibrium condition 
that the tendency of sodium or potassium to pass from 
phase 1 to phase 2 is equal to that of chloride to pass from 
phase 2 to phase 1. The tendency of sodium chlorido or 
potassium chloride to cross the phase boundary is thore- 
fore zero (equation (4) ). 

Equations of this form have been applied by us to the 
description of ionic distributions in biological systems’. 
For the distribution of sodium and potassium in normal 
cells and tissues the relation takes the form: 

TK 

Augo — Åna RT ln PNA (8) 

where Aug. and Aung: denote the changes of standard 

chemical potential of potassium and sodium, and rx, rwa 
are the ion concentration ratios: 


CK’ CNa* 

CK’ CNa’ 
The concentrations in a cellular or tissue phase are 
denoted as cx” and cya; the concentrations in blood 


serum are cg: and cng’. In a system with perfectly non- 
selective distribution: 





TK = TNa 
and 
Aux: = Apya’ 


These are the conditions for the ideal Donnan dis- 
tributionb?. (The functions Aux» and Aunae are the 
changes of standard chemical potential between blood 
serum and the given cell or tissue. According to equation 
(7), Aux and Aun, are non-specific for the ions. They 
depend only on the nature of the two phases. The specific 
terms of the equilibrium are Apya and Augo» They 
deperid on the nature of the two ions and the nature of 
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the two phases. The terms RT ln rya and RT In Tk, there- 
fore, depend on the non-specific constants Auwa and 
Aux and on the two defined specific functions.) 
Definition of standard state. In true homogeneous 
solutions, activity coefficients may be extrapolated to 
infinite dilutions as a state of reference. This is not 
possible for cells and tissues, which are more nearly like 
invariant heterogeneous systems in which ion concen- 
trations cannot be varied continuously or independently 
of those in contiguous phases. Because biological measure- 
ments presuppose a mean state or tendency, the normal 
physiological resting state is chosen as the standard 
state and all activity coefficients are assigned the value 
of 1-0 (ref. 3). Standard values of Aux» and Auna apply 
to that state. All phase rule derivations assume the 
equilibrium condition that the free-energy change, AG, is 
zero. For cells and tissues in their most stable resting 
states the standard free energy of sodium-potassium 
distribution, AG Na), may be calculated from the 
observed distribution ratios?. When defined as: 


TK 
AG? = — RT hn — 
(K,Na) TNa 


(9) 


it may be determined from the normal invariant ratios, 
rk and ryg. As calculated for a number of cells and 
tissues in solid or semi-solid states of aggregation, the 
value generally falls between —2-1 and —3-2 keal (Table 
1). The value —2-1 keal corresponds to an approximate 
equality between intracellular sodium and potassium, 
while the value —3-2 keal is found when the intracellular 
potassium exceeds the sodium by a factor of about 5. 
All distribution ratios are referred to the normal blood 
sorum of the species. 


Table 1. STANDARD FREE ENERGIES OF SODIUM-POTASSIUM DISTRIBUTION 
(values in keal) 
ell Species 
ys Values of (— 4@°x na) Ref. 
tissue Man Cattle Rabbit Rat Mouse Frog 

Erythrocyte 81 1:2 3-2 3-0 — — (5 
Whole brain 2-1 2-4 2-5 2:5 2-6 — (6 
Skeletal muscle 2-7 2:0 3:2 3-0 — 2:0 ie 
Cardiac muscle 2-4 2:4 2-2 2:1 — — 6 
Lens 22  2:4-8:32 3:2 2:5 — — (7) 
Epidermis 2-4 — — — 2-4 2-5 (8, 9) 


* Calculated by means of equation 9 from values of rNa and rk. Analytical 
data obtained from refs. 5-0, using mean values. 


In many body fluids the value of rg approaches that 
of rya, and AG'(y Na) approaches zero?. This conforms 
to the condition for the ideal Donnan distribution, in 
which all the ion ratios (univalent) are equal. It is not 
true of coexistent phases in general, where the changes of 
standard chemical potential are not zero. Equations 1-9, 
inclusively, are more general and apply to all possible 
states of aggregation and to all degrees of mixing within 
any phase. 

Normal resting potentials of cells and tissues. When 
electrical differences of potential are measured between 
an intracellular phase and the external milieu they are 
often found to be of a magnitude of —50 to —100 mV, 
with the negative sign referring to the intracellular region. 
When the electrical circuit is closed, chloride and other 
anions transport current from the external fluid into the 
cell, while potassium and sodium flow in the opposite 
direction. The free-energy change of the process is 
negative, and each kind of ion flows from a higher to a 
lower chemical potential. In a system with perfectly 
unrestricted mixing of the diffusible ions in each phase, 
Ap? is zero for all the ions. Accordingly, for any kind of 
anion or cation: 


RT In — 
Ci 


The difference of electrical potential in tho limiting 
case is expressed by the ideal form of tho Nernst equation, 
as applied by Donnan!: 


— 96,500 z; E (joules) 


(10) 


Agi = = 


Aut = (11) 
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where the value of the Faraday constant is 96,500 


coulombs. Also: 
Au; = — 23,060 z; E (calories) (12) 


Since the ratio of Ap, to z; is constant for all 
diffusible ions: 


2-303 RT, ` c 


Exide — 96,500 z, LEL 57 (13) 
In the more general case: 
Aue = Api + RT In © (14) 
v 


(The change of standard chemical potential Apjo is 
defined by equation (14). Its value is determined by the 
difference between Aus] and AU4idea In any bio- 
logical phase the absolute value of the standard chemical 
potential of any kind of ion is unknown and indeterminate. 
The measurable quantities are the real and ideal changes 
of chemical potential. It is usually true in thermodynamic 
calculations that the absolute values of the functions are 
unknown. For example, the standard electrode potential 
of sodium is dofined in relation to that of hydrogen, which 
is assigned the value of zero volts. The measurable quan- 
tities are the changes of the functions between any two 
states: changes of free energy and chemical potential, 
for example. In cells and tissues any kind of ion occurs 
at different concentrations in all the phases. Each phase 
in the normal state is characterized by the value of pio 
for the particular kind of ion in that phase; this is a 
factor in the distribution. The measurable quantity is 
Aui rather than wijo.) 

The electromotive force, E, is then calculated from 
equations 11 and 14: 





Aue 2303 RP cp 
E= — B6500z, — 96,500 2, [Ese er (15) 
or 
Heat = excess + Fi, ideal (16) 


Correlation of distribution ratios and electrical potentials. 
In the general case the observed electromotive force may 
be expressed as the sum of an ideal term, given by the 
distribution ratio of any ion, and an excess term, pro- 
portional to Agu* for that ion. The excess term may be 
measured as the difference between the observed electro- 
motive force and the ideal electromotive force estimated 
from the distribution ratio for the given kind of ion. The 
change of standard chemical potential between the two 
phases is Au; according to equation (15), it may be 
estimated from the excess electrical potential difference. 
Thus: 


Auj = — 23,060 2:1; excess (calories) (17) 


By the use of the conversion factor, 100 mV are equi- 
valent to 2-306 keal. Observed resting potentials for a 
number of biological structures are given in Table 2. 
The values range from about — 50 to —100 mV. In each 
case the values of rg and rw, are also given, and from 


Table 2. EXOESS ELECTRICAL AND CHEMICAL POTENTIALS 
(100 mV = 2-3 kcal) 
Skeletal j Giant 
muscle Skin Lens Uterus axon 
(frog) (frog) (rabbit) (cat) (squid) 
Reference (10) (11) (12) (13) (14, 15) 
Eobs. (mV) —100 —80 -70 — 50 —55 
Tk 50 32 55 20 323 
"Na 0-4 0:5 0-25 0-61 01 
Ey ideal (mV)*  —100 —90 —104 -—78 —90 
Eya ideal* 24 18 36 13 59 
Dc exueéat 0 10 34 28 85 
Na,0XCO8S ; —124 —98 —106 —63 —114 
Augolkeal)t 0 —0-2 —0:8 —0:6 —0:8 
AH (teal) 2:0 2:3 2:4 1:5 2-6 
= AG Na) (kcal) 29 2:5 $:2 2:1 34 


* Equation (13). + Equation (16). + Equation (17). 
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Fig. 1. Distribution of sodium, potassium and chloride ionsin relation 
to resting electrical potentials. Family. of parallel lines represents 
resting potentials of four different tissues. Ordinates, excess electrical 


potentials; excess chemical potentials. Abscissx, ideal electrical 
potentials and ion distribution ratios on logarithmie scale 


these the values of EK,idea and Eya,ideal &rO estimated. 
by means of equation (13). The excess electrieal potential 
for each ion is estimated from equation (16); from these 
values, Aux: and Auna are obtained in calories (equation 
(17). The values of Auge range from 0 to about — 0-8 keal 
(35 mV); those of Apna are typically of the order of 
magnitude of 2-3 keal ( — 100 mV). Table 2 also includes 
values of AG*( xa), the standard free energy of sodium 
and potassium distribution. These values range from 
—9.] to —9-4 keal. It is evident that the magnitudes are 
largely determined by the high positive values of una, 
the standard chemical potential of sodium. 

Results are shown graphically in Fig. 1, which also 
includes values for chloride. The family of parallel 
diagonal lines represents the observed resting potentials, 
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each of which is the sum of an ideal term (abscissa) and 
an excess term (ordinate). The ion concentration ratios are 
expressed by a logarithmic scale parallel to the abscissa. 
The changes of standard chemical potential of each kind 
of ion are shown on the vertical scale at the right. Potas- 
sium and chloride ions show the smallest deviations from 
the ideal Nornst equation and the smallest changes of 
standard chemical potential. Fig. 1 illustrates the relation 
between ion distributions, excess electrical potentials and 
changes of standard chemical potential for each kind of ion. 

Distribution of ions and electrical potentials at equi- 

Jibrium is based not on equality of concentration. ratios 
but on equality of chemical potentials. Depending on the 
nature of the phases, biological systems may show changes 
of standard chemical potential which are close to zero, in 
which case they would conform to the Donnan distribution 
and to the ideal Nernst equation. Examples of this are 
the blood serum and contiguous body fluids. On the 
other hand, cells and tissues are highly ordered structures, 
made up of insoluble and soluble charged macromolecular 
components, where the criterion for equilibrium is that 
the changes of chemical potential be constant for all ions 
of the same charge. Then both distribution ratios and 
resting electrical potentials are determined by the standard 
chemical potential of each kind of ion in each of the 
phases. 

This work was supported in part by grants from the 
U.S. Public Health Service (4.4.-00968-09 and DE-1147). 
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EARLY FOLDS AND THE a-LINEATION AT TINTAGEL, CORNWALL 
By Dr. W. R. DEARMAN 


Department of Geology, University of Newcastle upon Tyne 


AND 


Dr. E. C. FRESHNEY and M. C. McKEOWN 


Geological Survey and Museum, South Kensington, London, S.W.7 


HE small-scale tectonic structures imprinted on the 

Upper Devonian slates and volcanic rocks of Tintagel, 
on the north coast of Cornwall, were used by Dr. Gilbert 
Wilson! to demonstrate that a general shearing movement 
had taken place throughout groups of beds and on 
separating thrust planes. Upper beds had moved north- 
north-westerly relative to those below. Earlier, Henry 
Dewey? had shown that the structure of the area was 
apparently & simple, conformable pile of gently dipping 
strata sliced locally by flat-lying thrusts. The later work 
confirmed this view but corrected Dewey's interpretation 
that thrust-bounded slices had ridden up the thrust planes 
in a general easterly direction, and thus rehabilitated the 
area into the conventional Hercynian tectonic pattern of 
Cornwall. 


In accepting the general congruity of the structures, the 
observed linear structural elements were grouped by Dr. 
Wilson into those indicative of the b-tectonic direction 
and others at right-engles, which had perforce to be 
labelled as structures parallel to the direction of tectonic 
transport, namely, the a-tectonic direction. The b-linea- 
tions were the axes of drag folds, the intersection of 
fracture-cleavage with bedding, and the long axes of 
boudins; a-lineations included certain bedding plane 
lineations, elongated mineral spots, and the long axes of 
stretched pillows in the interbedded lavas. 

One anomalous feature remained, however, and that 
was the general absence of folds other than drag folds in 
the tectonic pattern of the area. Indeed, De Sitter?, in 
discussing the boudins which are so well displayed at 
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Fig. 1. Map of the coastline from Trebarwith Strand to Bossiney Haven showing the directions of F, and F;lineations 


Tintagel, remarked that the parallelism of nearly hori- 
zontal bedding and slaty-cleavage implied the presence of 
recumbent folds. 

Meanwhile, investigations in neighbouring areas in 
Cornwall and Devon‘ have revealed a consistent pattern 
of superimposed structures in Devonian and lowest 
Carboniferous slates. Particularly relevant to the present 
discussion are the minor structures at Lydford in Devon 
(inset map, Fig. 1) on the north-west border of Dartmoor. 
Here the River Lyd Slates-with-lenticles Group is the 
lateral equivalent of at least part of the Tintagel succes- 
sion*-'. Early folds in the slates are very tight to isoclinal 
with an axial-plane slaty-cleavage and often a well-marked 
bedding-cleavage lineation. The axial trend of theso 
early, or P, folds varies from south-west to north-west 
in areas where the cleavage is flat-lying. F, folds 
are folded by later, more open, F, folds with a gentle 
north-easterly plunge, an approximately axial plane 
strain-slip cleavage, and.a strong lineation resulting from 
the intersection of bedding or slaty-cleavage and the 
strain-slip cleavage. These F, folds are overturned to the 
north. ^ 

Such rectangular combinations of structures, here and 
at other localities in Cornwall, are strong evidence for 
assuming that similar structures occur at Tintagel (Fig. 1). 
In considering this possibility, it was thought that the 
recorded presence of more gritty quartzitic bands in the 


black carbonaceous slates comprising the Barras Nose 
Beds! would ‘serve to make F, folds, if present, easily 
visible and would at least provide an obvious bedding- 
slaty-cleavage lineation. The initial enquiry was therefore 
concentrated on Barras Nose (Grid ref. SX 05358944).. 
Recumbent, very tight folds with axial-plane slaty 
cleavage (S,) (Fig. 2) and gentle north-north-westerly 
plunge of axes occur on both sides of the headland on 
easily accessible ledges. The folds have limbs of unequal 
length, the short limbs being about 1 ft. long, while the . 
others exceed 5 ft. Cross-lamination in the quartzitic 
bands shows that the short limbs are inverted and the 
early folds thus face west-south-west on the axial plane 
cleavage. Later J, folds (the local drags in b) deform the 
S, cleavage and have associated with them an axial-plane 
strain-slip cleavage (S); the latter cleavage gives rise to 
a second lineation trending west to west-south-west on 
the S, slaty cleavage. 

Another locality investigated was the Lanterdan Quarry 
(Grid ref. SX 05108709) (Fig. 1) in the cliffs above Hole 
Beach, Trebarwith Strand. Greyish green slates, with 
thin calcareous lenticles and 2-in. thick beds of crinoidal 
limestone, are exposed in many easily accessible quarr 
faces. A small quarry (Grid. ref. SX 05138706) on the 
landward side of the cliff-top path above the main quarry 
provided an example of a complete fold hinge (77) picked 
out by a thin irregular band of friable weathered limo- 
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Fig. 2. 


Recumbent F, folds at Barras Nose, Tintagel 


stone. The fold axis plunges gently to the north-north- 
west. Other F', folds were seen within the main Lanterdan 
Quarry, and wherever there are lenticles it is possible to 
demonstrate that the lineation on the slaty cleavage is 
parallel to the intersection of bedding with cleavage. 
Moreover, the flattened chloritie impressions of Spirifer 
verneuili, so abundant at certain levels in this quarry, 
are stretched out in the same direction and are affected 
by the later strain-slip cleavage lineation. 

Other F, folds, with axes plunging to west-north-west 
and east-south-east, that is, at 60° to the north-north- 
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west trend described, are seen at Lambs- 
house Quarry (Fig. 1: Grid ref. SX 
04698795) and in the surrounding cliff 
faces. Northward-directed lineations are 
rare at this locality and may be attributed 
to F, movements. 

It therefore appears that the accepted 
a-lineation at Tintagel is a b-lineation 
related to an earlier phase of recumbent 
isoclinal folding. Stretch structures and 
north-north-west directed lineations are 
clearly products of the first, F,, phase of 
folding; the drag-folds, boudins and 
strain-slip lineations belong to a seeond, 
F. phase of folding. The dominance of 
north-north-west lineations implies a 
constant orientation of F, folds over most 
of the area from Trebarwith to Boscastle 
with the early folds facing west-south- 
west. This orientation, and the facing 
direction, must eventually be reconciled 
with the continuity of the outerop of 
these strata from the coast at Boscastle 
to the western margin of Dartmoor, and 
perhaps even as far east as Okehamp- 
ton. 

We thank the Director of the Geological Survey for 
permission to publish these results. The work of one of 
us (W. R. D.) was supported by a grant from the Depart- 
ment of Scientific and Industrial Research. 
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I-"^C-GLUCOSE UTILIZATION OF INTACT NUCLEATED RED BLOOD CELLS 
OF SELECTED SPECIES 


By Major CHARLES E. SHIELDS*, YAYE F. HERMAN and Maior ROBERT H. HERMAN + 


Department of Veterinary Microbiology, Division of Veterinary Medicine, Walter Reed Army 
Institute of Research, Washington 12, D.C. 


NTACT normal human red blood cells metabolize 

1-“C-glucose via the pentose phosphate pathway 
(hexomonophosphate shunt) to produce “CO,, and this 
production can be stimulated by pyridine nucleotides, 
especially triphosphopyridine nucleotide (TPN)!. Since 
human red blood cells are non-nucleated, they are in- 
eapable of protein synthesis according to present theory. 
This raised the question as to whether nucleated red blood 
cells, presumably capable of protein synthesis, would 
utilize 1-C-glucose similarly to human red blood cells 
via the pentose phosphate pathway. We wondered 
whether nucleated r»d blood cells would metabolize 
1-C-glucose more actively than non-nucleated red blood 
cells. Therefore the 1-'*C-glucose utilization of nucleated 
red blood cells of selected species was investigated. In 
particular, we examined the nucleated red blood cells of 
chickens (Gallus gallus), geese (Anser domesticus), ducks 
(Anas boscas), and frogs (Rana pipiens). Intact red blood 
cells were examined in order to approximate more closely 
their usual physiological state. In addition, total hamo- 
lysates were also examined. Red blood cells of normal 
human subjects were used as controls. 

* Major, Medical Corps, U.S. Army. Department of Hematology, Division 
of Medicine, Walter Reed Army Institute of Research. 


t Major, Medical Corps, U.S. Army. Present address: Department of 
Biochemistry, School of Medicine, University of Pennsylvania. 


Blood was obtained by venipuncture from man and 
by cardiac puncture from birds and frogs. The CO, 
production from 1-!*C-glucose was measured as previously 
described’. Each flask contained approximately 22,200 
d.p.m. of 1-C-glucose (specific activity 1-79 me./mmole). 
Avian and frog red blood cells were centrifuged at 1,800 
r.p.m. Washed packed red blood cells from each individual 
animal or pool of blood from several animals were in- 
cubated in duplicate flasks using 0-2 ml. of cells in a total 
volume of 2:5 ml. with and without TPN at a concentration 
of 2 mM. Total h:ernolysates were prepared by substituting 
water for the Krebs-Ringer phosphate buffer used as the 
ineubation medium. Blood samples from each of five 
geese and four ducks were used, while pools of blocd from 
12 chiekens and 23 frogs were used to constitute five 
separate samples of blood from these latter species. 
Incubation conditions were as previously described’. 
Values were expressed as the percentage of initial radio- 
activity counted as ''CO,. 

The results are given in Table 1. It can be seen that the 
intaet red blood cells from man and the frog were stimu- 
lated significantly by 2 mM TPN, whereas no such 
stimulation occurred for the chickens, geese and ducks. 
When the data from each species were compared with the 
corresponding data for man, it was found that the avian 
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and frog red blood cells differed significantly from the 
red blood cells of màn... This comparison is presented in 
Table 2. Surprisingly, the intact avian red blood cells 
produced very little “CO, from l-MC-glueose and the 
addition of TPN produced only a slight increase, if any. 
The frog red blood cells were intermediate between human 
and avian red blood cells in the amount of “CO, pro- 
duced and were significantly stimulated by TPN, but to a 
degree less than the human red blood cells. 


Table 1. CO, PRODUCTION FROM 1-"C-GLUCOSE BY INTACT RED BLOOD 
CELLS OF VARIOUS SPECIES WITH AND WITHOUT TPN 


The data are given as mean values expressed as the per cent of initial radio- 
activity recovered as CO, Values in parentheses ge the range. Statis- 
tical comparison was made using Student's ¢ test for paired data (ref. 2) 


oco UN. of Additions Statisticaleomparison 
Species subjects None TPN t P 
Man 5 1r3 21:8 460 0-01 
i (46-226) (117—417) 
Chicken — 12animalsto 0:6 0-7 1-83 > 0-05 (n.s.) 
give Spools (0-1-1-2) (0-1-1-3) 
of cells 
Goose 5 01 OF 2-45 > 0:05 (n.s.) 
(0:02-0-4) (0-2-1-8) 
Duck 4 * 24 1-84 > 0-05 (n.s.) 
(0-2-2-6) (0:8-3-7) 
Frog 23 animals to 22 3-1 4-66 0:01 
givebpools — (1:5-8-0) (2-3-4-6) 
of cells 


Table 2. Statistical comparison between intact nucleated red blood cells 

(RBC) of selected species and intact human red blood vellsin “CO, production 

from 1-*C-glucose with and WAHRE yc " pring Student's t test for unpaired 
ata (ref. 2 


Spesies No TPN Added TPN 

BO t t P 
Chicken 312 0-02 374 0-008 
Goose 3:18 002 375 0-008 
Duck 2-94 0-015 3-48 0-01 
Frog 2-64 0:04 $-31 0-01 


Since the intact red blood cells produced much less 
CO, than was anticipated, total hemolysates were 
examined to help determine the reason for this decreased 
output. Table 3 gives the results for various chicken and 
goose red blood cells. The chicken red blood cell total 
hzmolysates showed much greater production of carbon 
dioxide than the corresponding intact red cell preparation. 
The goose red blood cell total hemolysate also produced 
more carbon dioxide than its intact cells but not so much 
as the chicken hamolysates. TPN was greatly stimulatory 


in both hemolysates. 


Thus, the intact nucleated erythrocytes were far less 
active with regard to production of carbon dioxide from 
1-*C-glucose, contrary to our expectation. Several possi- 
bilities exist to account for the low production of carbon 
dioxide, “CO, is produced from 1-“C-glucose via the 
pentose phosphate pathway and the Krebs’s tricarboxylic 
acid cycle (TCA cycle). Carbon dioxide would not be 
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— , HLEMOLYSATES FROM CHICKENS AND GEESE. 


 Table3. THE "CO, PRODUCTION OF INTACT RED BLOOD CELES AND TOTAL 


The data are expressed as im Table 1 


No. of ~ oo Tutaet cells’ "Total hemolysate 
Species animals N TPN Now Pee 
additions additions 
Chicken Pool of 3 02 0-4 i52 LUE 
Chicken Pool of 5 0-2 05 19:2 82-0 
Goose 1 x01 0:2 oo 895 
Goose 1 0-4 07 3-9 51:3 
Goose 1 «01 0-6 13 39-5 
Goose 1 01 03 $2 B72 


produced if these pathways were not present. Certainly 
the pentose phosphate pathway enzymes, glucose-6- 
phosphate dehydrogenase (G-6-PD) and 6-phosphogluconic 
acid dehydrogenase (6-PGAD), exist in avian. red cells. 
Salvidio et al.* measured these in pigeon red blood cells. 
We have also measured these enzymes in chicken red 
blood cells by the method of Kornberg and Horecker* and 
found these values: G-6-PD, 15,330 units; 6-PGAD, 
1,330 units (1 unit is the change of optical density of 
0-001 at 340 my/g hemoglobin at room temperature using 
a l.em light path). Furthermore, carbon dioxide pro- 
duction in the total hsmolysates was appreciable and 
was stimulated by TPN, which is good evidence for the 
presence of an active pentose phosphate pathway. 

Dajani and Orten* have shown that labelled acetate is 
incorporated into the TCA cycle intermediates in chicken 
red blood cells, from which it was concluded that an active 
TCA eyele exists in chicken red blood cells. Thus, the 
presence of the pentose phosphate pathway and a pre- 
sumably functional TCA cycle would be expected, if any- 
thing, to lead to greater production of.carbon dioxide 
than in human red blood cells where a TCA cycle is 
laeking. Therefore, the low production of carbon dioxide 
by intact chicken red blood cannot be due to an absence 
of these pathways. 

Since chicken red blood cells can utilize exogenous 
glucose via the pentose phosphate pathway in total 
hemolysates but only to a very limited extent in the 
intact cell, there is the implication that there is some 
sort of impairment of glucose movement into the intact 
chicken red blood cell. The results are less striking in 
the goose red blood cell, though the hemolysates still 
produced more carbon dioxide than the corresponding 
intact red blood cells. 
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ELECTRONIC EFFECTS AND L-AMINO-ACID OXIDASE SPECIFICITY 
By Dr G. K. RADDA 


Department of Biochemistry, University of Oxford 


UANTITATIVE investigations of substituent effects 
on organic reactivities yielded linear free-energy 
relationships? which not only emphasized regularities in 
reactivities but also brought to attention detailed aspects 
of mechanisms when the linear Hammett equation was 
not strictly followed®?, Little is known, however, about 
the importance of electronic effects in determining 
enzymatic reactivities*^. The present article, as part of 
our work on the mechanism of reactions involving flavins 
and flavoproteins*", deals with an investigation of sub- 
stituent effects on the oxidation rates of amino-acids 
catalysed by L-amino-acid oxidase (LAO) found in snake 
venoms. 


The enzyme purified from the venom of the Malayan 
pit-viper (Agkistrodon rhodastoma), not previously de- 
scribed, was compared with that obtained from Crotalus 
adamanteus (Sigma, Type IV)®. The former enzyme is 
very similar in physical and spectral properties to those 
obtained from other venoms. It has a sedimentation 
coefficient of 6-3 S at 0-1 per cent protein concentration, 
maximum absorption at 280, 390 and 460 mu with a 
ratio of absorbancy 280/460 = 9-3. The method of puri- 
fication and other physical properties of the enzyme will 
be described elsewhere, 

The substrates examined were «-amino phenylacetic 
acid (phenylglycine) and its derivatives substituted in the 
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aromatic nucleus. This choice was governed by the con- 
. sideration that substituents should have a more sig- 
nificant effect when the reaction centre is conjugated 
with the aromatic ring*?. The rates of oxidation— 
measured by manometric methods —eatalysed by the two 
. oxidases under identical conditions are shown in Table 1. 
- They. were calculated from the linear part of the rate 
curves during the first 10 per cent reaction. In the 
reactions when oxygen uptake was observed the products 
were shown to be ketones (in the presence of catalase). 













Table. RATES OF OXIDATIONS OF AROMATIC AMINO-ACIDS BY L-AMINO- 
: ACID OXIDASE 


Rate jd, O./minjme 
enzyme from Agk. rh. 


Rate ul. O,/min/mg 
enzyme from Crot. ad. 


Substrate 


pi-Phenylglycine 171 17 
Phenylglycine 0 — 
pb-p-Methyl-phenylglycine 146 ^94 
DL-p-Methoxy-phenylglycine 0:86 0-83 
(0 Dr-m-Amino-phenylglycine 1:48 1:58 
7 prpsFluoro-phenylglyeine 448 48 
cO bbp-Chloro-phenylglycine 5:56 5:65 
| prem-Fluoro-phenylglycine 0:27 ^05 
- UbLem-Chloro-phenylglycine 0:31 ^05 
(C Diem-Nitro-phenylglycine 0-05 v. slow 
5C px-osFiuoro-phenylglycine 015 03 
piea-Chloro-phenylglycine 01 — 


à “Solutions contained: 1 mg enzyme, 30 pmoles substrate in 3 ml. buffer 
(0-2 M tris, pH 1-2). Rates were measured at 38° C with airin the gas phase. 


The rates of oxidation of some natural amino-acids 
under identical conditions were also measured using LAO 
of Agkistrodon rhodastoma venom (Table 2). Taking the 
rate of oxidation of r-leucine as 100, the specificity of 
this enzyme can be compared with that obtained from 
Crotalus adamanteus’. 


(Table 2. RATES OF OXIDATION OF NATURAL AMINO-ACIDS CATALYSED BY 


LAO from Agkistrodon rhodastoma VENOM 
Rates 


Rates gl. Rates rel. to 


Substrate O, minimg rel. to leucine with 
enzyine leucine LAO of Crot. ad.* 
i-Leucine 24-4 160 100 
pi-Leucine 25-2 103 — 
pi-Tyrosine 142 58 82 
i-Eryptophan 19:4 79 88 
pi-Phenylaianine 212 87 82 
pi-Alanine 12 5 04 


Solutions as in Table 1 except that 15 umoles of substrate were used with 
pure optical isomers. 


* Data from ref. 9. 


It is clear that the properties of the two enzymes are 
very similar, if not identical. The fact that phenylglycine 
and its derivatives are oxidized supports the hypothesis 
that the reaction proceeds via the «-imino-acid rather 
than through an of-unsaturated compound". The 
mechanism of oxidation, then, probably involves the loss 
of the «-hydrogen (either as a hydrogen atom or as & 
hydride ion) to the flavin and of a proton to the solvent. 
This is followed by the hydrolysis of the «-imino-acid and 
the dissociation of the substrate from the enzyme. If the 
loss of the «-hydrogen is the rate-limiting step, one would 
expect electron-donating substituents (for example, 
p-OMe, p-Me, m-NH,) to accelerate the reaction, and 
electron-withdrawing groups (for example, F- and Cl.) 
to retard it. The rates are affected in the opposite direction 
by the groups examined, with the exception of the three 
most strongly withdrawing meta-substituents. More 
significantly, when Hammett o-values are plotted against 
log k/k, (where k, = rate of oxidation of unsubstituted 
compound; k is that of the substituted compound), & 
reasonably good linear correlation is obtained for the first 
six substituents with a p-value of 1-8. The three most 
eleetron-withdrawing substituents (m-Cl, m-F, m-NO,), 
on the other hand, fall on a line with a negative slope. 
(The exact slope of this line is subject to large errors 
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Fig. 1. Hammett plot for rates of oxidation of aromatic aminwarids. ` 
O, by LAO from Agkistrodon, rhodasloma: OL by LAO from Crobdus 
amantes 


beeause of the inaccuracies in following the rates of very 
slow reactions.) These observations suggest that the 
rate-determining step is normally not the loss of the 
a-hydrogen but one of.the two subsequent processes. 
The fact that tyrosine reacts slower than phenylalani 
is consistent with this. In cases when the substituent 
would slow down the first step considerably (that is. 
groups with large positive c-values) the loss of the 
x-hydrogen may become rate limiting, hence the anomaly 
in the Hammett plot. Similar breaks in Hammett plots 
have been reported for two other enzymatic reactions"; 
with the difference that the change-over occurred. at the 
unsubstituted compound. 

The importance of steric factors and the ‘goodness: of 
fit? of the substrate on the enzyme surface cannot, of 
course, be overlooked. Unfavourable steric effects may 
be responsible for the very low rates of oxidation of the 
two ortho-substituted phenylglycines. They may alee 
effect to some extent the oxidations of the mota-sub« 
stituted compounds and therefore cause the break im the 
Hammett plot. If this is the case, however, it is diffüeult 
to reconcile the fact that the m-fluoro substituent hos & 
equal effect to the m-chloro group, or that the m-amino 
group has such a weak effect, for the steric requirements 
of these groups are considerably different, the amino 
group being the largest. For this reason the first inter- 
pretation for the unusual Hammett plot seems more 
plausible. 

In considering the susceptibility of the reaction to 
electronic variations (this is measured by the p-value) 
it is tempting to draw comparisons with nonenzymatic 
reactions. The p-value of 1-8 is close to those observer 
for base-catalysed hydrolyses of esters of benzoic acid 
derivatives!. On the other hand, it is considerably larger 
than values for reactions or acidities involving phenyl- 
acetic acid derivatives? It is therefore a reasonable 
working-hypothesis that the rate-determining step of the 
enzymatic reaction is the hydrolysis of the g- noeth 
(which is similar in mechanism to the base-catalysed 
hydrolysis of ethylbenzoate) rather than the dissociation 
of the product from the enzyme, which is ii 
involve the carboxyl group insulated from the 
nucleus by an intervening carbon atom, 85- j 
acetic acid. 
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EFFECTS OF LUMBAR SYMPATHECTOMY ON THE UTERINE UPTAKE 
OF CATECHOLAMINES 
By Dr. JOSEF E. FISCHER, Dr. IRWIN J. KOPIN and Dr. RICHARD J. WURTMAN 


Laboratory of Clinical Science, National Institute of Mental Health, National Institutes of Health, 
Bethesda, Maryland 


RITIATED norepinephrine (NE-*H) is actively 
_ A taken up from the circulation and bound in sympa- 
thetic nerve endings in many tissues, including heart, 
muscle and salivary gland!. Electron microscopic 
|; examinations have shown that the tritiated catecholamine 
~ is Stored in dense-core vesicles? When heart? or salivary 
gland‘ are subjected to chronic sympathetic denervation, 
their capacities to take up circulating tritiated catechol- 
amine are markedly reduced. 

The catecholamine stores of rat uterus differ from 
those of most other tissues in that the capacity of the 
uterus to bind circulating epinephrine is endocrine- 
sensitive, rising four-fold between dicestrus and wstrus?. 
In uterine homogenates, tritiated epinephrine is present 
largely in the ‘supernatant’ and not the ‘microsomal’ 
fraction’ as in other tissues’. The uptake of catechol- 
amines in the uterus is not blocked by pre-treatment with 
cocaine, and their release is only slightly enhaneed by 
tyramine’. On the basis of these observations it has been 
suggested that a major fraction of the uterine catechol- 
amines may be present in a non-neuronal store’, 

In order to obtain further information about the cellular 
locus of uterine epinephrine and norepinephrine, estim- 
“ates were made of the ability of this organ to take up and 
retain circulating tritiated catecholamines several weeks 
after bilateral lumbar sympathectomy. The effects of 
denervation on catecholamine uptake of gastrocnemius 
muscle were also determined, since this muscle is also 
innervated by the lumbar sympathetic chain. 

. Catecholamines are cleared rapidly from the circulation; 
thus one of the determinants of the amount of admini- 
stered neurohumours bound in an organ is the proportion 
of eardiac output it received’. Sympathetic denervation 
could affect regional perfusion, thereby changing the 
proportion of tritiated catecholamine which is made 
available to a given organ. The fractions of the cardiac 
output delivered to the uterus and gastrocnemius muscle 
“> were therefore measured in denervated and sham-operated 
^ animals’, 
_... Female Sprague-Dawley rats weighing 170-200 g were 
; anesthetized with ether, and both lumbar and sympath- 
. etie chains were removed from the level of the left renal 
artery to below the bifurcation of the aorta. All visible 
ramicommunicans were oxtirpated and the sympathetic 
nerves were stripped off the iliac arteries as well. Tt was 
believed that most or all of the hypogastric plexus was 
destroyed. Sham-operated rats served as controls. 

Two weeks after operation, each animal received 30 
ve. of d,l-norepinephrine-7-“H (6-0 me./umole, New 
England Nuclear Corp., Boston, Mass.) or 30 uc. of 
d,l-epinephrine-7-?H. (5-0 mo./umole) intravenously. One 
hour later, 1 ue. (0-2 ml. final dilution) of potassium- 
42 as potassium-chloride (4 m.equiv./l.) was injected 
intravenously. Animals were killed by decapitation 20 
sec later. Uterus and gastrocnemius were rapidly removed, 


weighed and assayed for potassium-42 in a Y well counter. 
A potassium-42 standard, representing 1 per cent of the 
injected dose, was assayed periodically to correct for 
potassium-42 decay. It wes assumed that uptake of 
potassium-42 was proportional to the percentage of cardiac 
output received’. Tissues were then homogenized in cold 
0-4 N perchloric acid and the radioactive catecholamines 
assayed as previously described?. 

Following lumbar sympathectomy, the gastrocnemius 
muscles took up considerably less tritiated-epinephrine 
and tritiated-nerepinephrine (Table 1), even though they 
received a somewhat larger share of the cardiac output 
(Table 2). Denervation increased the blood flow to the 
uterus as well (Table 2), but uterine uptake of tritiated 
norepinephrine and tritiated epinephrine was not changed 
(Table 1). 


Table 1. 
MUSCLE IN BILATERALLY LUMBAR SYMPATHECTOMIZED AND SHAM-OPERATED 
ANIMALS 
Results are expressed as per cent cardiac output/g + S.E.M. for groups of 
12 animals 


Uterus Muscle 
Sham-operated 1824+018 0-213 +0014 
Lumbar gympathectomized 2464014* 0:258 + 0-023 
*P «0:01. 


Table 2. EFFEOT OF BILATERAL LUMBAR SYMPATHECTOMY ON UPTAKE OF 
TRITIATED norEPINEPHRINE AND TRITIATED EPINEPHRINE IN UTERUS AND 
GASTROCNEMIUS MUSCLE 
Results are expressed as mye. of tritiated catecholamine per gram of tissue + 
S.E. Each figure represents the mean for 12 animals 
Tritiated ais a 


Uterus uscle 
Sham-operated 469+ 0°39 9-16 + 0-62 
Lumbar sympathectomized 488 + 0-35 450407144 
Tritiated epinephrine 
Sham-operated 3°45 + 0-30 6-38 + 0°33 
Lumbar sympathectomized 414073 3:46 :£0-11* 
*P«0001. 


It has been shown that circulating tritiated catechol- 
amines are bound by sympathetic nerves in many tissues, 
and that the capacity of these tissues to bind epinephrine 
and norepinephrine is diminished following sympathetic 
denervations* ‘1°, Unimpaired uptake following chronic 
sympathetic denervation would suggest either a failure 
in postganglionic denervation or the presence of an 
extraneuronal catecholamine store. 

The uterus of the rat receives its sympathetic nerve 
supply from the lumbar sympathetic chain via the hypo- 
gastric plexus’. It is not known what fraction of the 
uterine sympathetic nerves have their cell bedies within 
neither the ganglia of the lumbar sympathetic trunks 
nor the hypogastric plexus. Some sympathetic ganglion 
cells may be present on the surface of the uterus, or within 
the uterine muscle; such has been shown to be the case in 
the vas deferens". Hence the ‘denervation’ procedure 
used here may represent a total decentralization of the 
uterus but only a partial postganglionic sympathetie 


FRACTIONAL BLOOD FLOW TO UTERUS AND GASTROCNEMIUS . 








m “described in all other organs examined thus far. 
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: denervation. Presumably a major portion of the uterine 
“postganglionic sympathetic nerves was destroyed, yet, 


unlike the gastrocnemius muscle, there was no decrease 
at all in the catecholamine-binding capacity of the uterus. 
It thus appears that either the usual correspondence 
between sympathetic innervation and catecholamine 
storage does not hold for the uterus, or that most post- 
ganglionic fibres to the uterus arise distal to the areas of 
dissection. 

The ‘extraneuronal’ pool of norepinephrine present in 
denervated salivary gland is reserpine resistant‘. Reser- 


"copine, however, depletes the uterus of norepinephrine’. 


Since reserpine blocks the uptake of tritiated norepin- 


 ephrine to sympathetic ganglia’, the data are consistent 


with the hypothesis that a fraction of uterine catechol- 
‘amines is present in ganglion cells in the uterus. 

Lf the catecholamines in the uterus are 'extraneuronal 
their binding site is pharmacologically different from that 
The 
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choice of the correct alternative requires the accumulation 
of more information on the anatomy of the uterine 
sympathetic nerves. 
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SPECIFICITIES OF SEVERAL ACID PHOSPHATASES FROM PLANT SOURCES 
By TOMOYOSHI IKAWA, Pror. KAZUTOSI NISIZAWA and Pror. TOMOO MIWA 


Botanical Institute, Tokyo Kyoiku University, Otsuka, Tokyo 


NLIKE the phosphatases of animal origin’, those from 
plant sources have so far been examined only to a 
limited extent and some of the reported results are incom- 
patible with each other. The possible identity of phospho- 
inonoesterase and pyrophosphatase in higher plants has 
been suggested by some workers*, whereas the inde- 
pendent nature of these enzymes in yeast has been 
claimed by others‘. On the other hand, the relation of 
these phosphatases to phytase, which has often been 
believed to be a distinct enzyme^*, has recently been 
criticized". Meanwhile, the presence of isodynamic 
-enzymes or isozymes was reported for the plant phos- 
phatases**. 

In the present work the crude preparations of phospho- 
mionoesterase from the ears of rice plant, mycelia of 
Aspergillus niger and kernels of apricot were fractionated 
and the substrate specificity of each fraction was exam- 
ined. As a result of these investigations, the existence in 
these plant materials of isodynamie phosphatases was 
confirmed and their specificities were investigated. 

The precipitate (125 mg protein), obtained from an 
aqueous extract of unripened rice-ear with ammonium 
sulphate between 25 and 70 per cent saturation, was dis- 
solved in 0-01 M tris-buffer of pH 7-6, applied on a DEAE- 
cellulose column (1:5 x 14 cm with 6 g of DEAE 
cellulose) and eluted with gradient concentrations of 
0—0-42 M sodium chloride solution (180 ml.) at a rate of 
8 ml. effluent/h. 

Dried mycelia of A. niger were extracted with 0-2 per 
cent orthophosphate. The precipitate (120 mg protein) 
formed with 70 per cent acetone was dissolved in tris- 
buffer of pH 7-6 and subjected to DEAE-cellulose column 
chromatography (1-0x 12cm with 3-5 g DEAE-cellulose) 
in a similar way to the foregoing with a flow rate of 
2-5 ml/h. 

An enzyme extract (42 mg protein), obtained from the 
acetone powder of apricot kernels, was fractionated by 
DEAE-cellulose column chromatography under the same 
conditions as with A. niger, except that the flow rate 
was 4 ml./h. 

The phosphatase preparation from rice-ears was 
"resolved into three fractions (I-II) as shown in Fig. 1. 
Phosphatase III (Phos III) showed on zone electro- 
phoresis a single component which was active for all 
substrates tested. The electrophoretic conditions were: 
u = 0-05, 250 V, 16-18 m.amp, 26 h. The other two frac- 
tions (phosphatases I and IT) were not examined electro- 


phoretically. However, on heating at 50 C & 
and 30 min, phosphatase I uniformly lost Hs asc 
by about 58 per cent and 65 per cont, rospeectiv : 
towards various substrates, and phosphatase II aho o ož 
uniformly lost about 30 per cent and 35 per eent of Hs 
activities, respectively, under the same conditions. "This 
finding may suggest the homogeneous nature of the two 
fractions. The activities of these fractions towards & ~ 
variety of substrates are summarized in Table 1. in con 
trast to phosphatase II, the specificities of phosphatas 
I and ITI appear to be broad, as revealed by their a 
on pyrophosphate and phytin besides phosphomonocsters « 
Particularly high activities of phosphatases Tf and III 
towards arylphosphate are to be noticed. 

The maximal activity of phosphatase I was found sb 















Mg** and Mn** in 10-? M showed no effect. Howe 
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DEAE-cellulose column chromatography of acid phos 

rice-ear extract. 2-0 ml. fractions were obtained by grad) 

with 0-0-42 M NaCl O, p-Niirophenylphosphate; &. 
phosphate; x, pyrophosphate; A, phytin; - 
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Table 1, SUBSTRATE SPECIFICITIES OF SOME PLANT ACID PHOSPHATASE 
FRACTIONS OBTAINED. BY DEAE-CELLULOSE CHROMATOGRAPHY 


Phosphatase activity (moles of phosphate 
liberated)* 


Aspergillus Apricot 


Rice-ear niger kernel 
Phos Phos Phos Phos Phos Phos 
I H Ir I m I" 
p-Nitrophenylphosphate 065 204 2-28 0160 068 216 
Phenylphosphate 042 298 205 — — -= 
a-D-Glycerophosphate 032 114 O72 002 0:35 040 
B-D-Glycerophosphate 020 058 055 6 0-37 0:336 
a-D-Glucose-1-phosphate 0-18 6-15 0-08 i) 0-42 003 
B-D-Glucose-1-phosphate 030 019 0900 O45 052 1-82 
a-D-Galactose-1-phosphate 030 017 078 117 039  r62 
8-D-Galactose-1-phosphate 021 0-29 112 031 042 179 
D-Glucose-6-phosphate ' 015 025 O4 004 020 074 
D-Fruetose-0-phosphate — — — 0 0-50 0:30 
D-Fruetose-1,0-diphosphate 0-15 — 0:37 0:34 — — -— 
boflavin-5’-monophosphate 0-10 0-71 0-67 — — — 
Adenosine-5monophosphate 0-06 — 031 0:10 — — — 
Adenosine-diphosphate 021 035 066 o0 031  r73 
Aencsine triphosphate 0-07 028 0-57 0.39 138 
kyrophospha! e 0-26 0-10 0:80 0-48 1-04 
Phytin 0:45 0-10 0-60 — — 2:318 


* Assay conditions: 0:5 ml. of the reaction mixture contained 5 umoles of 
substrate (with rice-ear and apricot) or 25 &moles (with A spergillus), 
40 umoles of acetate buffer and enzyme solution; pH of reaction mixture 
was 4:5 for Phos I, 5-0 for Phos II, HI and Phos I” and 3-2 for Phos V and 
I’. Reaction time; 30 min. Reaction temperature: 30° C. 


p-nitrophenylphosphate by phosphatase II was inhibited 
by F~ in competitive fashion, while that by phosphatase 
HI was inhibited in a non-competitive manner. The 
Michaelis constants of these inhibitions were 7-4 x 10-3 M 
and 9-0 x 10-* M, respectively. 

The phosphatase components (phosphatases II and TIT) 
showed a transphosphorylase activity of somewhat narrow 
acceptor. specificity. Of the acceptors tested, primary 
alcohols were effective with phosphatase III. Inositol, 
adenosine and glucose did not serve as acceptors with any 
of the phosphatase fractions. 

The phosphatase preparation from A. niger was resolved 
into one minor component (phosphatase I’} and one 
major component (phosphatase II’). Phosphatase I’ 
seems to have limited substrate specificity. Thus, only 4 
out of 12 substrates tested were attacked with measurable 
rapidity. The preferential high activity towards «-galac- 
tose-l-phosphate as contrasted with the inertness for 
a-glucose-1-phosphate appears worthy of note (Table 1). 
In contrast, phosphatase II’ showed broader specificity, 
all the substrates tested being hydrolysed more or less 
rapidly. The pH optima for phosphatases I’ and II’ were 
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7-2. Both these activities were abolished by Mo*+ 
(2x 10-* M), but not or scarcely inhibited by other 
divalent cations such as Mg++, Mn++ and Cu** (each of 
10-° M) Even a very low concentration of Hg+ (2 x 
10-5 M) inactivated phosphatase I’ but not phosphatase 
Il. 

The phosphatase preparation from apricot kernels could 
not be sharply resolved under the present experimental 
conditions. Although the homogeneity of this phos- 
phatase I” is questionable, it easily hydrolysed phytin, 
arylphosphates and all the hexosemonophosphates except 
x-glucose-1-phosphate, which is regarded as physiologic- 
ally important in higher plents. In this respect, this 
phosphatase is similar to phosphatase III of rice and phos- 
phatase I’ of A. niger. The fact that the sugar phosphates 
of B-p-series were more rapidly hydrolysed than «-glu- 
cose-l-phosphate has recently been reported also for a 
highly purified phosphatase of Phaseolus aureus. Phos- 
phatase II’, in contrast to other phosphatases tested in 
this investigation, acts on «-glucose-1-phosphate as easily 
as on other hexosemonophosphates, its activity being 
scarcely affected by the differences in the structure of 
substrates. 

From results thus obtained, it may be coneluded that 
the plant phosphatase from each source is, in general, 
composed of more than one isozyme of different range of 
specificity. Thus, one of them is capable of attacking a 
wide range of esterphosphates including arylphosphates, 
phytin, and other phosphatemonoesters, while in the 
other the activity is limited to only few phosphates. 

We thank Dr. Elwyn T. Reese, Quartermaster Research 
Center, Natick, for his advice. 
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ETHOLOGICAL CHANGES IN Anopheles pseudopunctipennis IN MEXICO 
AFTER PROLONGED USE OF DDT 


By Pror. A. MARTINEZ-PALACIOS 
Comision Nacional para la Erradicacion del Paludismo, Lieja 8, Mexico 6 
AND 
Dr. J. de ZULUETA 


World Health Organization, Palais des Nations, Geneva 


HE progress of the malaria-eradieation campaign in 
Mexieo during recent years has revealed that in 
certain areas malaria transmission has persisted despite 
adequate DDT spraying and in the absence of physio- 
logieal resistance to this insecticide among the vectors. 
Investigations carried out in these problem areas, 
particularly in the state of Oaxaca!, showed that the main 
cause accounting for the persistence of transmission was 
the behaviour in relation to DDT of the two local vectors 
—4A. albimanus and A. pseudopunctipennis. The females 
of both species were able to penetrate the DDT-sprayed 
houses, bite the inhabitants inside them and escape 
without having picked up a lethal dose of insecticide. 
When it became clear that behaviour of mosquitoes 
was an important factor in the persistence of transmission, 
the question arose as to whether the behaviour observed 


had existed before the introduction of DDT or was a 
development brought about by the prolonged use of the 
insecticide. In a country-wide campaign, such as that 
carried out in Mexico, all human dwellings in the malarious 
territory are regularly sprayed. This means in practice 
that the finding of an area untouched by insecticides 
where the original behaviour of vectors can be examined 
is virtually impossible. What can be done, and in fact 
was done in the present case, was to compare existing 
behaviour patterns with previous observations on the 
subject. 

Downs and Bordas*? examined the behaviour of 
A. pseudopunctipennis in sprayed and unsprayed huts in 
Aeatlipa, a village of the State of Morelos considered as 
representative of conditions in the Mexican plateau. 
Experimental huts of mud walls and thatch roofs, 
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similar to those described by Muirhead-Thomson‘ in 
Africa, were used in this work. Preliminary work had 
indicated that the use of baffles or louvres easily deterred 
the approaching A. pseudopunctipennis from entering 
the huts but that an L-shaped tunnel permitted their 
entry and at the same time prevented their escape. The 
L-shaped tunnel proved very useful for examining the 
entry pattern of A. pseudopunctipennis, and the egress 
was investigated by means of an exit trap fixed to the 
door of each hut. Observations on behaviour in untreated 
huts were made in 1949? and on the effect of DDT and 
BHC in 19503. Eleven years later huts Nos. 1 (DDT) 
and 2 (control) of Downs and Bordas were still standing 
and it was decided to repeat the original observations to 
determine whether the prolonged use of DDT (Acatlipa 
had been sprayed since 1944) had produced any ethological 
changes in the local A. pseudopunctipennis. 

The two huts had their mud walls replastered and their 
thatch roofs renewed and were fitted with L-shaped entry 
tunnels and exit traps identical to those used in the 
investigations of 1949-50. Throughout the present 
investigations the huts were operated 4 nights every week 
from dawn to dusk—weeks of entry captures alternating 
with weeks of exit collections. In the former the 
mosquitoes were caught at the time they reached the entry 
tunnel (as had been done in the earlier investigations) and 
in the latter they were removed every hour from the exit 
trap. In both types of captures counts were made of 
mosquitoes found dead on the floor. 

Observations were made for a period of six weeks 
before spraying hut No. 1, using DDT water-dispersible 
powder at the dosage of 2 g/m* as had been done in 
the 1949-50 investigations. Hut No. 2, which had 
served then as control, was again left unsprayed and 
served once more as comparison hut. Collections were 
made for another period of six weeks, after which hut 
No. 1 was replastered and its thatch roof was changed 
before it was sprayed again using the same DDT formula- 
tion and dosage as in the first spraying. Hight months 
later a new series of captures of incoming and outgoing 
mosquitoes was carried out for another period of six 
weeks. Conditions in these last captures produced the 
same results as Downs and Bordas’s investigations? 
regarding season and time of spraying. According to 
their published records’, only exit captures were made 
after spraying, and for this reason in the comparison of 
Downs and Bordas’s and our own results given in Table 1 
only results from exit captures are given. 


Table 1. RESULTS OF CAPTURES OF A. pseudopunctipennis IN EXPERI- 
MENTAL HUTS AT ACATLIPA (MORELOS) 
(Exit trap and floor collections) 
Hut No.1 (DDT) Hut No. 2 (control) 
Time after No.of No.of No.of No.of No.of 
spraying captures males females males females 
Original experiments of Downs and Bordas, April-July 1950 
8-10 months 21 670 510 1,185 907 
Present observations, July 1962-August 1963 
Before spraying 12 444 438 367 412 
2-35 days 12 425 374 315 256 
8-10 months 12 353 245 338 252 


As can be seen from these results, the number of 
mosquitoes caught in huts Nos. 1 and 2 before DDT 
spraying was very similar, and this, it should be added, is 
in agreement with what had been observed by Bordas and 
Downs?. After the introduction of DDT, however, an 
important difference is noticeable between the early 
investigations and the present ones. In the Downs and 
Bordas? observations the number of males and females of 
A. pseudopunctipennis caught after spraying in hut No. 1 
was considerably lower than in hut No. 2. The treated hut 
caught only 65-7 per cent of the males and 56-2 per cent of 
the females caught in the control hut. In the present 
observations there was no reduction in the number of 
A. pseudopunctipennis caught in the DDT-treated hut. 
As Table 1 shows, there was in fact an increase in the 
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number of males and females caught in the treated hut 
immediately after spraying. A slight reduction, it is 
true, was observed 8-10 months after treatment, but if the 
total numbers caught in each hut are added up it will be 
seen that the treated hut caught slightly more mosquitoes 
than the unsprayed hut. This, as pointed out before, is m 
strong contrast with the observations of Downs and 
Bordas’. 

Although ingress captures do not appear to have been 
made by these investigators after spraying the huts, 
they were made in the present studies both before and 
after spraying. Their results confirm the lack of a roduced 
entry in hut No. 1 after spraying. Ingress captures in 
hut No. 1 yielded 258 males and 276 females immediately 
after spraying and 212 and 256 males and females 
respectively, 8-10 months after. Corresponding figures 
for hut No. 2 (control) were 317 and 307; 168 and 201. 
There seems to be a slight reduction in numbers in hut 
No. limmediately after spraying; but this is compensated 
by a small increase 8-10 months after spraying. 
Altogether more mosquitoes were caught in the treated hut 
then in the control, as was the case with the exit trap 
captures. Here it should be pointed out that in the 
ingress captures mosquitoes are caught (by the men in 
charge of the captures) at the very moment they reach 
the ingress tunnel so that an unrecorded escape from the 
huts (a possibility in the exit captures) is ruled out here. 

The complete lack of deterrency, a term proposed by 
Zulueta and Cullen’ to embrace all possible causes that 
prevent mosquitoes from entering sprayed structures, is a 
remarkable finding, particularly when it is considered 
that it was observed among mosquitoes which for the most 
part were seeking shelter and not @ blood meal (for 
example, males and engorged. females). A behaviour like 
this suggests immediately a development of physiological 
resistance, but periodical checks on the susceptibility of 
the local A. pseudopunctipennis gave results which 
indicated normal susceptibility of the species to DDT. If 
the susceptibility under test conditions seemed to be 
unchanged the same cannot be said of the lethal effect 
produced by DDT in the treated hut. Immediate 
mortality in hut No. 1, based on numbers of mosquitoes 
dead at the time of collection (window trap and floor collec- 
tions), was in the Downs and Bordas? observations 49 per 
cent in males and 85-9 per cent in females. Corresponding 
figures in the present observations were 45-6 per cent and 
59-6 per cent soon after spraying and 34-3 per cent and 
44-1 per cent 8-9 months after spraying. These results 
seem to indicate thab, in spite of unchanged susceptibility, 
A. pseudopunctipennis avoided better the lethal effect of 
DDT in 1962 and 1963 than it did in 1950. As in the 
case of deterrency, a change in behaviour seems to have 
taken place here after eleven years use of DDT. 

The changes observed in Acatlipa are very similar to 
those noted by Trapido*’ in the Chagres River of Panama, 
where after six years use of DDT, and in the absence of 
physiological resistance, there was an increase in the 
number of A. albimanus entering treated houses and in 
their survivalinside them. The similarity of these findings 
with those of Acatlipa makes it likely that the same 
situation may exist in other countries where, in spite of 
normal susceptibility of the vectors, the effectiveness of 
DDT seems to have been blunted after prolonged use of 
the insecticide. Their changes of behaviour may provide 
the clue to diffieulties and failures. 

We thank Drs. E. Bordas (Distribuidora Shell de 
Mexico) and W. G. Downs (Rockefeller Foundation, New 
York) for their advice and assistance. 
1Zulueta, J. de, and Garrett-Jones, C. (unpublished report to the World 

Health Org.). 
? Bordas, E., and Downs, W. G., Amer. J. Hyg., 58, 217 (1950). 
5 Downs, W. G., and Bordas, E., Amer. J. Hyg., 54, 150 (1951). 
* Muirhead-Thomson, R. C., Trans. Roy. Soc. Trop. Med. Hyg., 43, 401 (1950). 
5 Zulueta, J. de, and Cullen, J. R., Nature, 200, 860 (1963). 
* Trapido, H., Amer. J. Trop. Med. Hyg., 1, 858 (1952). 
7 Trapido, H., Bull. World Health Org., 11, 885 (1954). 
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EFFECT OF SOIL/SOLUTION RATIO ON DETERMINING THE CHEMICAL 
POTENTIALS OF PHOSPHATE IONS IN SOIL SOLUTIONS 


By S. LARSEN and A. E. WIDDOWSON 


‘Soil Science Department, Levington Research Station, Ipswich (Fisons Fertilizers, Ltd.) 


CHOPFIELD! suggested that an index of soil phosphate 

availability could be given by the negative chemical 
potential of monocaleium phosphate—the ‘phosphate 
potential’—defined as ($pCa+pH,PO,) and determined 
in a 0-01 M calcium chloride extract. Aslyng? found, 
however, that this potential varied markedly with the 
soil/solution ratio and he attempted to correct for this 
"dilution effect! by extrapolation of his experimental 
results to ‘zero dilution’; others? have adopted this 
procedure. However, this is not a justifiable correction 
because, as shown by Aslyng’s own results and those of 
others*/, there is no approach to a limiting value towards 
zero dilution. 

Larsen and Court? suggested a number of possible 
explanations for.the effect of soil/solution ratio on the 
phosphate solubility but were unable to decide which 
was operative. Olsen ef ai", using soils comparatively 
rich in soluble phosphate (about 100 times more than in 
most other soils), found that the negative dicaleium 
phosphat» potential (pCaHPO,) of the 0-01 M calcium 
chloride extracts decreased with the amount of soil in 
the suspension. They equilibrated the soils with cal- 
cium chloride for 4 days at a constant carbon dioxide 
pressure and measured the concentration of bicarbonate 
ions in the extracts. This was found to increase with the 
amount of soil and they attributed the increase in phos- 
phate concentration (decrease in negative phosphate 
potential) to the ability of carbonate ions to displace 
HPO, ions from surfaces containing phosphate. When 
the chemical potential of monocalcium phosphate is 
calewated from the experimental results of Olsen. et al. 
it is independent of the soil/solution ratio (Table 1). This 
suggests that the observed effect of soil/solution ratio on 
tho phosphate potential ($pCa + pH;PO,) may be due to 
accumulation of carbon dioxide produced by microbial 
activity during equilibration with the calcium chloride 
‘solution, since this. usually occurs in stoppered bottles 
mounted on an end-over-end shaker. 

To test this assumption, varying aliquots of soil 5 from 
‘the experiment of Larsen and Court? were equilibrated 
for 16 h with 0-01 M calcium chloride under three con- 
trasting conditions: (1) in stoppered bottles placed in an 
end-over-end shaker; (2) open bottles on a roller Shaker; 
(3) bubbled with atmospheric air, previously moisture 
saturated by passing through a wash bottle containing 
0-01 M calcium chloride; wrist action shaking. 

From the results-(Table 2) it can be seen that when 
stoppered bottles were used there was a reduction in pH, 
increase in phosphate concentration and decrease in 
phosphate potential with increasing weight of soil in the 
suspension. When the bottles were left open the same 
trends were observed but to a smaller degree. However, 
when atmospheric air was passed through while shaking, 
all three values became independent of the amount of 


Table 1. EFFEOT oF Som/SOLUTION RATIO ON SOIL PHOSPHORUS SOLUBILITY * 


pH Cp x 10° ipCa + pH,PO,T 

gsoil/ | 
50 ml. 1 2 3 1 2 3 1 2 3 

5 6-76 670 646 474 108 224 576 539 4-99 
10 682 675 652 455 136 331 579 529 4-83 
20 6-92 6-84 662 593 149 403 575 529 4-79 
40 702 695 673 600 149 400 578 535 4-82 
Soil 1, Pierre clay 1 


Soil 2, Apisha silt clay Joam equilibrated 4 days in 0-01 M CaCl, . 
Soil 3, Rocky fine sandy loam at — log Poc, = 1-42 


* Data of Olsen, Watanahe and Cole’. 

t Calculated by, the equation: 4pCa + pH,PO, = pOaHPO, — pK, + 
(pH — $pCa) where pK, is the 2nd dissociation constant of phosphoric 
acid and equals 7-20. 


Table 2. EFFECT OF SOIL/SOLUTION RATIO AND CARBON DIOXIDE EqUILI- 
BRATION ON SOIL PHOSPHORUS SOLUBILITY * 


g soil/ pH Cp x 10* ipCa + pH,PO, 
50 ml. a b c a b c a b [ 
1 7:23 7:31 7:36 071 1:04 141 779 7-68 7:68 
2 710 732 7-41 093 1:16 1:18 7-63 7-65 7:72 
4 7:04 731 743 116 1:25 118 7-47 760 773 
8 6-98 7:25 7:42 1:35 1-42 1-19 7-37 7-51 770 
16 6.94 7:20 7-40 153 159 107 730 7-42 774 


* Soil 5 of Larsen and Court (ref. 6). 

&, Stoppered bottles, end-over-end shaking for 16 h. 

5, Open bottles, roller shaking for 16 h. 

c, Bubbled with atmospheric air, previously moisture saturated by passing 
through a wash bottle containing 0-01 M calcium chloride; wrist action 
shaking. E 


soil in the suspension. Similar results were obtained with 
other soils. ` ‘ 

In a separate experiment the amount of carbon dioxide 
produced by the soil was measured by absorption in 
sodium hydroxide using the apparatus described by Kent- 
Jones and Taylor*. The carbon dioxide pressure was 
calculated from the solubility of carbon dioxide in 0-01 M 
calcium chloride at room temperature’, and the volume 
of the bottles. The results (Table 3) show that the amount 
of carbon dioxide produced was proportional to the 


amount of soil in the suspension. This suggests that the 


production of carbon dioxide at the individual soil/solution 
ratios fully explains the variation of pH with the soil/ 
solution ratio. 


Table 3. EFFECT oF CARBON DIOXIDE ON SOIL pH 


g soil/ 
50 ml.- 

0:01 M CaCl, Poo, x 10? pHa pHf 
1-16 (0-3) (7-43) (7:55) 
1 2:6 7:32 7:49 
2 3-2 7°22 7:32 
4 5:5 714 T17 
8 11:8 7-01 7:07 
16 21:2 6-94 7-00 


pHa measured after shaking for 16 hin stoppered bottles. 

pHf measured when soil suspensions (10 g soil/50 ml. solution) were 
equilibrated in the presence of carbon dioxide buffers. 

Figures In brackets obtained when the suspensions were equilibrated with 
atmospheric alr. 


Using the method of Pardee", carbon dioxide buffers 
were made up to give carbon dioxide pressures corre- 
sponding to those calculated when the soil suspensions 
were shaken in stoppered bottles. 10-g aliquots of the 
soil. suspended in 50 ml. 0-01 M calcium chloride were 
then shaken overnight with au atmosphere that was in 
equilibrium with these buffers. The values of the soil 
suspensions (Table 3) compare closely with those obtained 
when varying soil/solution ratios were shaken in stoppered 
bottles without carbon dioxide absorption. 

These findings have a bearing on the interpretation of 
lime and phosphate potentials, for the carbon dioxide 
content of soil air varies greatly in the field?! because of 
variation in biological activity and soil aeration. 

* Schofield, R. K., Soils and Fert., 18, 373 (1955). 


* Aslyng, H. C., Royal Veterinary and Agricultural College (Copenhagen) 
Yearbook (1954). 


° Weir, C. C., and Soper, R. J., J. Soil. Sci., 14, 256 (1903). 
‘Wild, A., Z. Pflazernernühr Düng. Bodenkunde, 84, 220 (1959). 


* Moser, J. S., Sutherland, W. H., and Black, C. A., Plant and Soil, 10, 
356 (1959). 


* Larsen, S., 
413 (1960) 


7 Olsen, S. R., Watanabe, F. S., and Cole, C. V., Soil Sci., 90, 44 (1960). 
* Kent-Jones, D. W., and Taylor, G., Analyst, 79, 121 (1954). 
* Karned, H. S., and Davis, R. J., J. Amer. Chem. Soc., 85, 2030 (1948). 
1° Umbreit, W. W., Manometric Techniques, 48 (Burgess Publishing Co., 
. Minneapolis, 1957). 
1 Russell, E. W., Soil Conditions and Plant Growth, 361 (Longmans, Green 
and Co., London, 1961). 


nd Court, M. N., Seventh Intern. Congr. Soil Sci., Trans., 2, 
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E. F. Greene, Associate Professor of Chemistry, Metcalf 
Research Laboratory, Brown University, U.S.A., and 
J. P. Toennies, Physikalisches Institut der Universitat, 
Bonn, W. Germany 


This monograph is a revised edition of Chemische 
Reaktionen in Stosswellen" which was originally 
published in 1959 as Volume 3 of the series ‘‘Fort- 
Schritte de physikalischen Chemie" edited by Prof. W. 
Jost. In it are described the theory of shock waves and 
the experimental methods by which they may be studied. 
The book is particularly intended for chemists and 
physicists who wish to apply shock wave techniques to 
their own problems. ; 65s. net 
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Ingenieur I.F.C. 
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TEACHER’S GUIDE 
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University of Leeds 
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scientific study of soil science and animal nutrition in 
one volume. The section on Fertilisers has been inte- 
grated with that on Soil in order to avoid repetition of 
ideas and to emphasize the fact that fertilisers are 
designed to be used to supplement plant nutrient 
elements already present in the soil. 


September 28s. net 


IMMUNOLOGY 


David F. Gray, Assistant Professor of Bacteriology, 
University of Melbourne 
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highlights current theories and research in antibody 
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genetic-instructive theory to account for antibody 
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The Schenkman Story 


PEOPLE wrote us letters when we started. They continue to write us letters, and even book reviews 
now. It is about time that we wrote an Open Letter of our own. 


Schenkman Publishing Company was founded in 1961. It has from its birth enjoyed an unusual 
amount of support and involvement on the part of the academic community. The Company has 
over 200 Planning Consultants in eight different disciplines, and at universities and colleges 
throughout this and other countries. A professor of sociology (University of California) is “delighted 
to be affiliated with you in an enterprise that has not only heart but soul.” A zoologist Planning 
Consultant wrote us (in 1962), “Starting a publishing house from scratch is a brave act indeed and 1 
wish you luck, money, and good titles in about equal proportions. In these days of monstrous 
computer-directed organizations, the thought of a man starting independently with nothing more 
than initiative, guts, and ideas sounds utterly incongruous. Yet that's just the sort of anachronism 
that's going to pull us all out of the hole we'rein." And another zoologist, this one at the University 
of London, thinks, “This is a really well thought out approach from which I hope great things." 






* 












pepo 





^ua! Boge Te B ud Rees sh Patent MeN athe Meaty fonus dudas Dual als 1 fy thf ald 


Two years ago, Publishers Weekly gave space to the Schenkman story, announcing the H: 
founding of S.P.C. We quote from the P.W. news columns : a 


“A new college textbook firm, the Schenkman Publishing Company, has -$ 
been formed in Cambridge, Mass., as an unusual venture in cooperation ib 
between publishing and the college academic community . . . =f 

“The Company has appointed eight 20- or 24-man boards of planning =f 
consultants in each of the major subject fields in which the firm will publish ib 
books: biological sciences ; physics and astronomy ; psychology and educa- a: 
tional psychology ; sociology ; anthropology ; history ; political science ; =P 
and economics. $ 

“The president of the company is Alfred S. Schenkman, formerly editor =f 
for social sciences at Addison-Wesley and, prior to that, with Rinehart & =f 
Company, Scott-Foresman and Orient Review. Kirtley F. Mather, emeritus 
professor of geology at Harvard, is chairman of the board. In explaining the 
formation of the company. Mr. Schenkman said, ‘We have made contact in 
colleges and research centers throughout the country with people in the fore- 
front of study and education in more than a few subjects, and we have invited 
them to join our planning boards. They will advise on overall policy-making 
and in their respective academic specialities . . .'." 


This gives the story as of then. Today Schenkman has published ten books, with more than 
that number under way. Some of the first Schenkman books have come from the SPC membership, 
and others not. In one instance, Schenkman worked in co-operation with another organization, =p 
and this occasion of co-operation resulted in the latest SPC book—"Human Fertility and Popu- M- 
lation Problems," the Proceedings of a Seminar sponsored by the American Academy of Arts z$ 
and Sciences. 


Among the books published are “The Economic Impact of the American Civil War" (edited 
by Ralph Andreano) ; W. G. Hardy's "The Greek and Roman World," with an accompanying 
collection of sixty prints and commentary ; “Money,” by M. L. Burstein ; “Integrating Principles 
of Social Psychology" (by Professors Joseph B. Cooper and James L. McGaugh) ; “Psychological 
Counseling in a Small College," by Professor Eugenia Hanfmann et al. ; *Ego Synthesis in 
Dreams," by Richard Jones ; Carlo L. Lastrucci's "The Scientific Approach" ; “Social Strati- 
fication : Class in America,” by Professor Harold M. Hodges ; and ‘““This- Universe of Space,” 
by Professor Peter M. Millman, also published in a British edition. 


Books coming this year include “Public Health and Population Change : Research Issues a 
in the 60’s”, The Proceedings of a Seminar held in June of this year by the Graduate School of 
Public Health, University of Pittsburgh ; “New Perspectives on American Economic Develop- 
ment,” by Professor Andreano ; “Cause, Chance, Identity : an Introduction to Quantum Mech- =f 
anics," by Professor Philip Morrison. n 
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Schenkman books are published simultaneously in Canada by S. J. Reginald Saunders and z 
Co., Ltd. International Sales Representatives (excepting Canada) are Feffer and Simons, Inc., E. 
New York, N.Y., whose British agents are T.A.B.S., 43 Essex Street, London, W.C.2, England. 
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We ourselves always answer letters written directly to us. 


SCHENKMAN PUBLISHING COMPANY, INC. 
ONE STORY STREET, HARVARD SQUARE, CAMBRIDGE, MASSACHUSETTS 02138 
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WILEY 


Interscience 


World Shipping: An 
Economic Geography of 
Ports and Seaborne Trade 


G. ALEXANDERSSON, Associate Professor of Economic 
Geography at the Stockholm School of Economics 
and G. NORSTRÖM, Assistant Professor of Economic 
Geography at the Stockholm School of Economics 


This book is intended first as a textbook or work 
of reference for students and teachers of economic 
Beography, the economics of transportation, and 
related fields. Secondly, it should serve a wider 
public, all people interested in shipping and 
harbours, including shipping companies, port 
authorities, etc., who will find reference material in 
this volume which is not so readily available else- 
where. 

507 pages, 132s. 


Geography of the U.S.S.R. 


P. E. LvporeH, Professor of Geography, University 
of Wisconsin, Milwaukee 


Lucidly written, this self-contained text sets forth a 
regional and topical coverage of the physical, 
cultural, and economic geography of the U.S.S.R. 
The eleven major Russian regions are discussed first, 
followed by chapters that consider individual topics 
of cultural ‘and economic geography ; population, 
agriculture, industry, transportation, trade, and inter- 
national relations. These topical chapters cut across 
regional boundaries and treat the Soviet Union as a 
whole in an original and logical manner. This book 
is well illustrated including 132 large maps, using 
standard Russian symbols, and many photographs. 
624. pages, 83s. 








Synthetic Fibers in 
Papermaking 


edited by O. A. BATTISTA, Manager of Inter- 
disciplinary Research, Central Research and 
Development Laboratories, FMC Corporation, 
Princeton. New Jersey 


Presents for the first time in depth, the complete and 
current status of the use of synthetic fibres in paper- 
making. Useful technical data, market potentials 
and the technology of making paper and textile web 
products with such fibres as metal, glass and ceramics 
are covered in each chapter. 

352 pages, 105s. 


Molten Salt Chemistry 


edited by MILTON BLANDER, North American Aviation 
Science Centre, Canoga Park, California 


Consists of a collection of self-contained critical 
reviews of several aspects of the field of molten 
salt. It provides a single convenient reference work 
on the theory, structure, phase behaviour, transport 
properties, spectra, and thermodynamic properties of 
molten salts and salt vapours. 

792 pages, 188s. 


Analysis and 
Characterization of Oils, Fats 
and Fat Products 


Volume 1 


edited by H. A. BOEKENOOGEN, Professor, Technical 
University, Eindhoven 


This is the first volume in a new series which is being 
published to help those engaged in the investigation 
of oils and fats in the widest possible sense. It is 
designed to satisfy the long-felt need for an up-to- 
date survey of the entire field, and proposes to do 
this by publishing from time to time collected 
volumes of papers by acknowledged leaders in their 
particular subject. The new series will also bridge 
the gap between industrial analytical control and 
scientific research, which is so often reflected in the 
lines along which the analysis of fats has developed. 
The great industrial importance of analytical 
methods in the field of oils and fats; the rate of 
development of analytical methods; and above all 
continuously expanding specialization combine to 
make this general survey important and necessary. 
405 pages, 84s. 
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Plasma Waves 


J. F. Denisse, Observatoire de Paris 

and J. L. DELCROIX, Faculté des Sciences de Paris 
translated by M. MziNRICH and D. J. B. DANIEL, 
General Electric Research Laboratory 


Number 17 in the series Interscience Tracts on 
Physics and Astronomy, edited by R. E. Marshak, 
University of Rochester. Containing a systematic 
and concise description of waves in plasma, it treats 
the theory of small amplitude plane waves in an 
infinite plasma. 

160 pages, 59s. 


Digital Magnetic Recording 


A. S. HOAGLAND, Advanced Systems Development 
Division, IBM Corporation 


This is a pioneer work devoted exclusively to the 
fundamentals of digital magnetic recording. Digital 
magnetic recording is radically different from con- 
ventional sound or video magnetic recording. It is 
also essentially the exclusive means to realize the 
mass storage of data for computer systems. This 
volume has the character of a reference work, stress- 
ing principles, and is not tied to current or past 
practices. Transient rather than steady state analyti- 
cal techniques are used. 

154 pages, 60s. 


Guide to Information 
Sources in Space Science and 
Technology 


edited by B. M. Fry, Office of Science Information 
Service, National Science Foundation, Washington, 
D.C. 

and F. E. MOBRHARDT, National Agricultural Library 


This is the first volume in the new series Guides to 
Information Sources in Science and Technology, 
edited by the same authors. This series of litera- 
ture guides will aim to give research workers, 
information specialists, special librarians and stu- 
dents in major areas of science or technology explicit 
and comprehensive coverage of all sources of infor- 
mation and data in their fields, published and un- 
published, domestic and foreign. When complete, 
the series will be an effective “science information 
centre." The first volume has been compiled and 
edited with the aim of providing an introductory 
guide to continuing sources of information in fields 
of space science and technology together with a 
representative working collection of the literature. 
This guide attempts to exploit all current sources, 
both published and unpublished, and to serve as an 
interdisciplinary and specialized information centre 
for the researcher who wishes to proceed further in 
his own or related field. 

512 pages, 75s. 


Are you on our 
SUBJECT MAILING LISTS? 


An application form will be sent 
on request 


NATURE ccex]v 





Symposium on Optical 
Masers 


edited by JEROME Fox, The Polytechnic Institute of 
Brooklyn 


Volume 13 in the series Microwave Research Insti- 
tute Symposia. The symposium, held in New York 
City, April 16-18, 1963, depicts the rapidly advanc- 
ing optical maser field in midstride, presenting a 
balanced display of its electrodynamical, statistical, 
material, and practical features. It attempts a 
comprehensive integration of the physics and tech- 
nology bearing directly on the discovery, theory, and 
application of maser phenomena at optical and 
infrared frequencies. 

677 pages, 113s. 


Casebooks in Production 


Management Series 
Volume | 

Basic Problems, Concepts and 
Techniques 


edited by A. R. Dooxey, Associate Professor of 
Business Administration 

R. E. McGarrau, formerly Associate Professor of 
Business Administration 

J. L. Kenney, Assistant Professor of Business 
Administration 

R. S. RosENBLOOM, Assistant Professor of Business 
Administration 

C. W. SxiNNER, Associate Professor of Business 
Administration 

P. H. THURSTON, Associate Professor of Business 
Administration 

all of Harvard University Graduate School 


This is the first volume of a five-volume work of 
text and cases designed for an introductory course 
in production or management. The cases offer a 
realistic view of management problems and focus 
upon management activities—decision making, plan- 
ning and implementing—which must underlie effec- 
tive utilization of the technological, economic and 
human resources of any company. The first volume 
offers a cumulative set of experiences in decision 
making starting from an analysis of the single unit 
(machine or workstation) and proceeding through 
the analysis of flow problems to management of 
the total operating situation. Discussion is based 
on the product and process technologies of the 
metalworking industry. 

728 pages, 68s. 


JOHN WILEY * INTERSCIENCE 


Glen House, Stag Place, London, S.W.1, 
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NEW from PITMAN 


ADVANCED PHYSICO-CHEMICAL EXPERIMENTS 


J. Rose, M.Sc., Ph.D., F.R.I.C. 


The theory and practical application of modern methods of research and measurement in physical chemistry. 50s. net. 


SEPARATION METHODS IN BIOCHEMISTRY 


C. J. O. R. Morris, Ph.D., and P. Morris, B.Sc. 


For the first time in one volume, a lucid, detailed, and unified account of all modern separation methods in biochemistry. 
1I 5s. net. 


PHYSICS IN BOTANY 
J. A. Richardson, M.Sc., Ph.D., A.Inst.P. 


A thorough survey of the significant advances in Botany which have been achieved through the application of the ideas 
and techniques of modern physics. 42s. net. 


THE GROWTH PROCESS IN ANIMALS 


A. E. Needham, M.A., D.Sc. 


A balanced assessment of the mechanisms and patterns of growth processes and the factors influencing them. 60s. net. 











from all booksellers 


Pitman Parker St London WC2 
ES ST as 
Important New Books x * x 
SS 


e 
PROCEEDINGS OF THE SIXTH ree 
INTERNATIONAL CONGRESS OF NUTRITION A u to a tie 


Held in Edinburgh, 9th-15th August, 1963. methods 
695 pages. 132 illustrations. £5 5s. e 
Um 

HUMAN HISTOLOGY B 

By Proso BRUCE CRUICKSHANK, T. C. Dopps and DUGALD CO lj u m e A rte 
. GARDNER 
274 pages. ^ 477 illustrations (427 in full colour). 70s. 4 IB «x Z a S is 

THE PATHOLOGY OF TESTICULAR TUMOURS 
Edited by Professor D. H. CoLLINS and R. C. B. PUGH D. C. M. SQUIRRELL 
120 pages. 109 illustrations. Paper bound 25s., cloth 30s. 

ON THE NATURE OF NEOPLASIA IN MAN To be published in September, and 
By Professor D. W. SMITHERS emphasizing methods while paying due 
184 pages. 12 illustrations. 25s. attention to instruments, this book 

illustrates the types of volumetric 

ULTRASOUND analysis in which automation has 

i A DIAGNOSTIC AND SURGICAL TOOL advantages. It gives its methods in 
pees by Douczas peer f enough detail for readers to be able 

pages. Mtustrations. 63s. to evaluate them for particular applica- 

FLUORESCENT PROTEIN TRACING tions. Dr J. Haslam has contributed 
Second Edition. Edited by Professor R. C. NAIRN a preface, 

351 pages. 95 illustrations. About 50s. Price 42s. net 
E. & S. LIVINGSTONE, LTD. HILGER & WATTS LTD 
TEVIOT PLACE, EDINBURGH 98 ST PANCRAS WAY, LONDON NWI 
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HEYWOOD scientific and technical books 


RUTHERFORD AT 
MANCHESTER 


Edited by J. B. Birks 


Talks given by four of Rutherford’s 
colleagues: Sir Ernest Marsden, 
Sir Charles Darwin, E. N. da C. 
Andrade and Niels Bohr at the 
Rutherford Jubilee International Con- 
ference held in Manchester in 1961. 
The book also contains other bio- 
graphical, historical and bibliograph- 
ical articles and a selection of the 
important papers published from 
Manchester from 1907 to 1919. 


363 pages Illustrated Demy 8vo 60s. 


“A volume which all interested in 
Rutherford would be delighted to 
have in their library" 


THE INSTITUTE OF PHYSICS AND 
THE PHYSICAL SOCIETY 


NOISE MEASUREMENT 
AND CONTROL 


Edited by P. Lord and F. L. Thomas 


The book covers all aspects of noise: 
physiological, physical, psychological, 
engineering, architecture, and is 
based on a course of lectures given 
at the Royal College of Advanced 
Technology, Salford. Each author is 
an acknowledged expert in his field 
and the book is therefore of great 
value to all concerned in the problem 
of noise measurement and control. 


217 pages Illustrated 84x6 in. 42s. 
"'Page-by-page vital information” 
MUNICIPAL ENGINEERING 


"A book which everyone pro- 
fessionally interested in noise and 
its ramifications will wish to possess” 


THE ENGINEER 





FUNDAMENTAL PRIN- 
CIPLES OF TRANSISTORS 


J. Evans 


Based on the author's experiences in 
lecturing to post-graduate students 
this textbook is of interest to grad- 
uatesin physics, chemistry, metallurgy, 
electrical and electronic engineering, 
or advanced undergraduates, as well as 
those just starting up in the field. 
The book is invaluable as a clear and 
concise account of the fundamental 
principles of transistors. 


332 pages Demy 8vo 50s. 


Student's Paperback edition 25s. 


“The book is recommended to 
students and lecturers in technical 
colleges”. 


THE TECHNICAL JOURNAL 


Obtainable from all booksellers or direct from the publishers (who will supply full list of titles on request) 


TEMPLE PRESS BOOKS LTD. Sales Dept. BOWLING GREEN LANE, LONDON ECI 








SCIENTIFIC SS cs 


H. K. LEWIS can supply from stock or to order works in all branches 
of Pure and Applied Science. Catalogues on request. Please state interests. 
Books reviewed in NATURE can be supplied 


CONTINENTAL AND AMERICAN works obtained to order 
at the most favourable rates, with the least possible delay. 


SECOND-HAND SCIENTIFIC BOOKS 

An extensive stock of books in all branches of Pure and Applied Science 

may be seen In this department. Large and small collections bought. 
Back volumes of Scientific Journals. 


SCIENTIFIC LENDING LIBRARY 


Annual Subscription from £2 5s. Prospectus post free on request. 


THE LIBRARY CATALOGUE, revised to December 1956. Pp. xii + 1178. To Sub- 
scribers 12s. 6d. net, to Non-subscribers £I Is. net ; postage 2s. 6d. Supplement to December 
1959, To Subscribers 2s. 6d. net, to Non-subscribers 5s. net; postage 9d. Bi-monthly List of 
New Books and new editions added to the Library sent post free to subscribers regularly. 


H. K. LEWIS & Co. Ltd. 


136 GOWER STREET, LONDON, W.C.1 


Established 1844 


Telephone : EUSton 4282 


*'Publicavit, 


Telegrams: 
London, W.C.” 
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Ames, John G. 


A Comprehensive Index 
to the Publications of the 
United States Government, 
.1881-1893 


Wash., Govt Print. Off., 1905, 
2 v., 1,616 pp., 1962 Reprint 


(MW FII) 
8, Now Available 
Two volumes, cloth bound..................... $75.00 





Bollettino di Bibliografia 
e di Storia delle Scienze 
Matematiche e Fisiche 
Edited by B. Boncompagni (1821-1894) 
The Sources of Science No. 10 
Vols. 1-20 (All published.) Rome 1868-1887 


with a general index to the 20 volumes in volume XX 
Now Available 


Cloth bound set...................... $500.00 
Paper bound set......................... 450.00 
Per volume, paper bound.................. 22.50 





Newcomen Society for 

the History of Engineering 
and Technology, London: 
Transactions 


Available Fall 1964 
Vols. I-16. London 1920/21—1935/36 


(Including General Index to vols. 1-10 bound in vol. 10) 






Cloth bound set...................... $275.00 
Paper bound set... 240.00 
Per volume, paper bound.................. 15.00 


Johnson Reprint Corporation 


II! Fifth Avenue, New York, N.Y. 10003 


ANNOUNCING NEW REPRINTS 









R 





The Journal of 
Documentation 


Now Available 
Vols. [-15. London 1945/46—1959 






Cloth bound set..................... $150.00 
Paper bound set oai. 135.00 
Per volume, paper bound..................... 9.00 






U.S. Superintendent of Documents 
Document Catalog 


Catalog of Public Documents of Congress 
and of all departments of the Government of 
the United States 








(MW FI4) 
Now Available 
Vols. 1-25 March 4, 1893-Dec. 31, 1940 
Washington, Government Printing Office, 1896-1945 
Cloth bound set of 25 volumes bound in 40 















volumes |... $1,050.00 
Volumes 1-3, 1893/95-1896/97, 
cloth bound each... 20.00 
Volumes 4-25, 1897/99-1939/40, 
cloth bound each... 45.00 







U.S. Superintendent of Documents 
Monthly Catalog 


(MW FI5) 
Now Available 
Years 1941-1946 


Wash., Gov't Print. Off., 1941-1946 























TRA 290.00 
Single volumes, cloth bound, each.....:... 50.00 
Supplements 
(MW FI5) 







Years 1941-1942, 1943-1944, 1945-1946 

Wash., Govt. Print. Off., 1947-1948 
3 volumes, cloth bound in I volume......... $20.00 
3 volumes, paper bound, each.................. 6.50 












Johnson Reprint Company Ltd. 


Berkeley Square House, London, W.1, ‘England 
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THE NUCLEOHISTONES WATER AND SOLUTE-WATER INTERACTIONS 


Edited by JAMES BONNER, California Institute of T. ech- | byJ.LEEKAVANAU, University of Californiaat Los Angeles 
nology and PAUL O. P. TS'O, Johns Hopkins University | This comprehensive review and discussion of the current 


This book is the outcome of the First World Conference theories and status of research in the fields of water 
on Histone Biology and Chemistry held in April, 1963, | structure and solute-water interactions will have general 
to uncover the role of histones in determining the organ- interest for researchers and advanced students in many 
ization of DNA inside the chromosomal superstructure; | areas of the physical, chemical, and life sciences. The 
to discuss the chemistry of histones and their interaction | topics discussed are briefly as follows: Ice; Vacant-lattice- 
with DNA; and to explore the significance of histones in | point, flickering-cluster, water-hydrate, and distorted- 
molecular biology. Directed to the student or research | bond models of water structure; Problems of short- and 
worker in biology, biochemistry, or biophysics, it is a | long-range ordering of water; Proton mobility; lon-water 
preview of the problems important to the future course of | interactions: anions versus cations, net structure-making 
research in nucleohistone biology and chemistry. versus net structure-breaking, shortcomings of electrostatic 
$12.75 models, consequences for proton exchanges. $5.50 


E MUXIUNMTOUNDERCISMNEPUNDNTISTMEN IPC TIS IM MCI IN M MR GN RR M UR SRM TUI 


PITUITARY-OVARIAN ENDOCRINOLOGY 


asi » RALPH I. DORFMAN, Worcester Foundation for Experimental Biology and MANUEL NEVES e CASTRO, Portuguese 
ancer Institute 

* ... This volume contains not only a relatively detailed description of the biosynthesis of androgens and estrogens but is replete 
with clinical information for the practising gynecologist. The very latest ideas concerning causes and treatment of the polycystic 
ovary-hirsutism syndrome are discussed with unusualclarity. Chapters on the stimulation and inhibition of ovulation are extremely 
well done. . . . The conclusion one must accept after reading this volume is that cooperation between the basic medical scientist 
and clinician is highly profitable in both theory and practice. Both gynecologist and endocrinologist will benefit by this 
publication." Albert J. Boyle, Record of Chemical Progress. $14.95 


STRUCTURE AND FUNCTION IN BIOLOGICAL MEMBRANES, VOL. ! 

by J. LEE KAVANAU, University of California at Los Angeles 

A detailed treatment of structural and functional aspects of biological membranes including a monographic development of the 
author’s theories. The book also presents a comprehensive advanced treatment of current theories and the status of research in 
the fields of: the molecular and interfacial chemistry of lipids, proteins, and lipid-protein complexes; the properties of micelles, 
monolayers, and water; and solute-water and ion-ion interactions. $10.50 


MOLECULAR COMPLEXES OF ORGANIC CHEMISTRY 

by L. J. ANDREWS and R. M. KEEFER, University of California, Davis 

Intended for research chemists and advanced students of organic and physical chemistry, this monograph presents a general survey 
of the recent work in molecular complexes of the donor-acceptor type, with emphasis on those phases in which organic chemists are 
most likely to be interested. Topics such as complex geometry and complexes in relation to reaction mechanism are treated in 
detail. Background material concerning topics such as spectra of complexes, bonding in complexes, and the thermodynamics of 


complex formation is presented but not in a mathematically rigorous fashion. There are abundant key references to current 
literature in the field. $8.75 


INTERPRETATION OF MASS SPECTRA OF ORGANIC COMPOUNDS 

by HERBERT BUDZIKIEWICZ, Research Associate, Stanford University. CARL DJERASSI, Professor of Chemistry, Stanford 
University. DUDLEY H. WILLIAMS, Churchill College, Cambridge, England 

*  . Several series of classes of organic compound are discussed and many typical examples are considered in detail so that the 
fragmentation patterns of other members of these series will be interpreted, it is hoped with relative ease. The compounds dealt 
with are carbonyl compounds, alcohols, ethers, thioethers, mercaptans, amines, amides, cyanides, isothiocyanates, alkyl halides, 
bicyclic ketones, aromatic hydrocarbons and their functional derivatives, tropones, tropolones, and finally, certain aromatic hetero- 
cycles.... On all counts this volume can be recommended as fulfilling all it sets out to do: to give an explanation and interpre- 
tation of a wide and representative set of mass spectra of organic compounds in terms which will be appreciated by organic 
chemists.” A. W. Johnson, Chemistry and Industry. $8.75 


STRUCTURE ELUCIDATION OF NATURAL PRODUCTS BY MASS SPECTROMETRY, 

VOLUME | : ALKALOIDS 

by HERBERT BUDZIKIEWICZ, CARL DJERASSI, DUDLEY H. WILLIAMS 

Of interest to every organic chemist, this book illustrates the dramatic progress which has been made during the past three years 
in the rational use of mass spectrometry for the structure elucidation of complex natural products. Main emphasis is placed on the 
extensive use of isotope labelling and mechanistic considerations. This volume amply demonstrates the colossal impact of the 
mass spectrometric method in studying polycyclic organic compounds. $10.50 


STRUCTURE ELUCIDATION OF NATURAL PRODUCTS BY MASS SPECTROMETRY, 
VOLUME II : STEROIDS, TERPENOIDS, SUGARS AND MISCELLANEOUS CLASSES 
by HERBERT BUDZIKIEWICZ, CARL DJERASSI, DUDLEY H. WILLIAMS 


Presents an up-to-date coverage of the important classes of natural products that have been exposed to mass spectral scrutiny, 
with the exception of alkaloids, covered in Vol. I. Emphasis is placed upon the localization of the positive charge in a molecuJar 
ion containing a suitable heteroatom or aromatic system. This approach leads to a self-consistent rationale for the interpretation of 
mass spectra of natural products. $10.50 


COMPUTATION OF MOLECULAR FORMULAS FOR MASS SPECTROMETRY 
by JOSHUA LEDERBERG, Director of the Kennedy Laboratories for Molecular Medicine, Stanford University 


A compact handbook convenient for laboratory use, this modern analytical method requires the repeated interpretation of precise 
molecular weights as possible formulas of organic molecules. With a new approach and these brief, computer-generated tables, 
the user can interpret over 500,000 possible values, including most formulas up to weight of 1,000 and beyond. $4.25 
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McCOLLY An Introduction to Agricultural Engineering 
40s (68s original price) 


YOUNG  Witton's Microbiology 3/e 45s (62s) 
PRESCOTT Industrial Microbiology 3/e — 70s (£6 15s 6d) 


Chemistry 


BARROW Introduction to Molecular Spectroscopy 
40s (83s 6d) 


SIENKO Experimental Chemistry 2/e 19s 6d (27s) 


Civil Engineering 


CHOW  Open-Channel Hydraulics 56s (£6 12s) 

Economics 

DORFMAN Linear Programming and Economic Analysis 
40s (88s) 


JOHNSTON  Econometric Methods 
TAYLOR A History of Economic Thought 


32s 6d (58s) 
42s 6d (66s) 


DERNBERG  Macro-economics 2/e 32s 6d (54s) 
Education 
HURLOCK Adolescent Development 2/e 40s (58s) 


Electrical Engineering 
KIVER Transistors 3/e 37s 6d (50s 6d) 
PLONSEY Principles and Applications of Electromagnetic 


Fields 45s (99s) 
GRAY Principles and Practice of Electrical Engineering 8/e 
48s (74s) 


NELSON Petroleum Refinery Engineering 4/e (hard cover) 
75s (£6 16s) 





Editions 


Following on the outstanding 


ceel NATURE 
McGRAW-HILL 
International 
McGraw-Hill’s International Student Editions programme is probably the most 
revolutionary textbook development ever attempted by any publisher. It presents 
high-quality, unabridged reprints of internationally-established textbooks at 
approximately 40% less than their original price. 
success of the 170 books already on the market, a further 30 titles are soon to be 
added to the series. Areas of study covered. by the ISEs include the Pure, Applied 
and Social Sciences, Business and Economics, and Technology. 
Biology Geography 


FINCH Elements of Geography 4/e 56s 6d (69s 6d) 
RAISZ Principles of Cartography (hard cover) 42s 6d (66s) 


Mathematics 
AHLFORS Complex Analysis 


HAMMING Numerical Methods for Scientists and 
Engineers 40s (85s 6d) 


WYLIE Advanced Engineering Mathematics 2/e 50s (77s) 


MOOD Introduction to the Theory of Statistics 2/e 
36s (69s 6d) 
SNEDDON Elements of Partial Differential Equations 
32s 6d (69s 6d) 


30s (58s) 


Mechanical Engineering 


DUDLEY Practical Gear Design 37s 6d (84s) 
HEINE Principles of Metal Casting 45s (66s) 
MAYER Production Management 48s (69s 6d) 


ROARK Formulas for Stress and Strain 3e 37s 6d (69s 6d) 


MALEEV Internal Combustion Engines 2/e 50s (77s) 

Physics 

OLDENBERG Introduction to Atomic and Nuclear 
Physics 3/e 35s (62s) 

LEIGHTON Principles of Modern Physics 56s (97s) 


SEITZ The Modern Theory of Solids 56s (£5) 
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NEW AND FORTHCOMING BOOKS FROM BUTTERWORTHS 





Animals and Plants A survey of the information which botanists, geo- 


chemists, geologists and zoologists have provided 
on the faunal, floral and climatic events of the Age 


a 
of the Genozoic Era of Mammals, providing for the first time a complete 


By RONALD PEARSON, M.A., Ph.D., F.R.E.S., F.Z.S. 236 pages Illus. 55s. 
A basic reference for practitioners and research 
workers in every branch of medicine and related 

Gell H fields of chemistry and biology. It is the only mono- 
graph of its kind dealing specifically with Cell pH. 

By E. EDWARD BITTAR, M.D. 129 pages Illus. 37s. 6d. 


High Tem perature Twenty papers presented at an International 


Symposium on High Temperature Technology held 
in California in September 1963, under the patronage 


Technology I.U.P.A.C. feo Union of Pure and Applied 


approx. 600 pages Illus. 130s. 

The third edition of a well-known text which provides 

" = the student with a summary of the facts of inorganic 

The Periodic Table chemistry, integrating them by use of the atomic 
theory and the framework of the periodic table. 


Third Edition. By D. G. COOPER, B.Sc., F.R.I.C. III pages Illus. 10s. 6d. 


Laboratory A textbook and practical manual covering all the 


main techniques and apparatus used in a botanical 


Techniques in Botany pepon AE second volume in the Laboratory 
echniques Series. 


By M. J. PURVIS, R.H.s., D. C. COLLIER, and D. WALLS, A.L.S.T. 371 pages Illus. 57s. 6d. 


m A comprehensive and integrated guide to the facts 
Peroxidase and theories connected with the enzyme peroxidase 
and its related catalysts. 
By B. C. SAUNDERS, C.B.E., M.A., Ph.D., Sc.D., D.Sc., F.R.I.C. 


A. G. HOLMES-SIEDLE, M.A.(Sc.)., Ph.D. and 
B. P. STARK, Ph.D. 282 pages Illus. 60s. 


a 
An Introduction 
a = a A new and up-to-date textbook for students of physics 
to Radioactivity and RIA at schools, technical colleges and 


By ERIC NEIL JENKINS, B.Sc., M.Sc. 156 pages Illus. 30s. 


Based on the electron theory of the electrical con- 
ductivity of metals, this textbook for intermediate 
and advanced students, bridges the gap between 


Semiconducto rs purely. Ee Doc IRATUS and that which is scientific 


By HORST TEICHMANN, Dr.Ing.habil. 150 pages lllus. 22s. 6d. 


" aa M W.C.2. BU TTER WOR THS 
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HANDBOOK OF INDUSTRIAL INFRARED ANALYSIS 


by Robert G. White. A practical, self-sufficient handbook in the techniques of industrial infrared 
analysis. The volume has been written with the intent of answering in concise, convenient 
terms, the thousands of questions that are posed by industrial analysts or students who intend 
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BRITISH ASSOCIATION MEETING IN SOUTHAMPTON 


"SCIENCE AND BEHAVIOUR 


By Tue Richt Hon. Loro BRAIN, F.R.S. 


President of the British Association 


Introduction 


LE is with great pleasure that the British Association 
comes back to enjoy once again the hospitality of South- 
ampton. Since we were last here in 1925, the University 
College has become the University and the town a city, 
and Southampton to-day looks ahead to new and great 
challenges to its civic and educational life. 

It is interesting to look back at former meetings of 
the Association which have been held here. We hear a 
good deal to-day about the accelerating acceleration of 
scientific knowledge and development; but a review of the 
Association’s past would suggest that there is also a factor 
of inertia to be taken into account. In 1882 when the 52nd 
meeting was held in Southampton, the report says that 
“this year the Channel Tunnel Company sought to 
obtain powers from Parliament to enable it to make 
a tunnel to connect this country with France by a railway 
beneath the channel", and one speaker advocated both 
metric measurements and decimal coinage. Going even 
further back, to the 1846 meeting, we find Dr. Laycock 
directing attention to 'some diseases resulting from the 
immoderate use of tobacco”, and mentioning particularly 
“congestive inflammation of the . . . bronchial lining of the 
lungs". In the same year, there was a notable com- 
munication by Dr. Carpenter “on the physiology of the 
encephalon” which is relevant to my subject. Carpenter 
drew from comparative anatomy some conclusions about 
the role of what he called the sensory ganglia, situated in 
the base of the brain, in both sensation and emotion— 
ideas which were not to find full confirmation until the 
present century. 

In choosing to talk about “Science and Behaviour” 
Y have several objects in view. The primary one of course 
is to fulfil the aim of the British Association to bring some 
scientific facts before a wider public than would normally 
hear about them. But this at once raises a problem of 
scientific communication. As science becomes increasingly 
specialized, it seems to me that two kinds of scientific 
communication are required. First, there is the obvious 
need to tell people about what is going on in particular 
sciences, but there is also, surely, an equal need to show 
how researches in many different sciences may be related 
to one another. The difficulty is that such an enterprise 
does not fall within the scope of any individual specialist, 
and we lack specialists in generalization. To try to give 
such a satellite view is to court attack from those over 
whose territory one flies in one’s survey. Nevertheless, 
I propose to make the attempt. : 

By behaviour I mean the reactions of living animal 
organisms to their environment. As human beings, we 
are increasingly occupied with problems arising out of 
our own behaviour: one need look no further than the 
addresses of my presidential predecessors during the past 


decade to illustrate this. Not unnaturally, perhaps, we 
tend to interpret human behaviour exclusively in human 
terms, and there is no lack of such interpretations. I 
believe, however, that what man has in common with 
other animals may prove to be just as important for our 
understanding of his behaviour as are his distinctively 
human characteristics. Indeed, I think it will iluminate 
our problems. I propose, therefore, to try to present 
@ biological view of behaviour, including our own. This 
should not be a narrow view, if, as I hope to show, it 
embraces all aspects of life. 


Behaviour as Response to Environment 


The study of the behaviour of sub-human mammals, 
birds, fishes, and insects, has one great advantage over 
the study of human behaviour. Organisms with com- 
paratively simple nervous systems may exhibit quite 
complex behaviour, but in studying such creatures it is 
much easier than in the case of man to isolate tho factors 
involved. At the same time there are cardinal differences 
between the environment of man and that of all other 
living creatures. The environment to which any sub- 
human living organism reacts is a much simpler onc. 
because it is a more narrowly selected environment— 
selected by the innate structure of its sense organs and, 
still more, its nervous system. Each living organism, 
through natural selection, has become equipped to 
respond to those environmental stimuli which are bio- 
logically important to it. For example, the study of sex- 
attractant odours in insects! has shown that these may 
be so highly specific that a very slight chango in their 
chemical structure may make them less effective or even 
quite ineffective. So sensitive is the insect’s sense of smell 
that it will respond to a few molecules of the substance. 
Bats use ultrasonic vibrations like radar to detect the 
insects on which they prey; but there are noctuid moths 
which have evolved so that they react selectively to the 
ultrasonic cries of the bats?. 

Since these moths have only two nerve fibres connecting 
their hearing organ with their nervous system, it has been 
possible to make @ detailed study of their nervous re- 
sponses to the bat’s ery, and to show how they receive 
information about the distance of the bat, and the 
direction of its flight; and that their movement of 
response is modified in accordance with the information 
they receive. Much work done by ethologists throws light 
on the perceptual element in the behaviour of a large 
range of living creatures. 

But this highly selective response to particular features 
of the environment is far more than a simple reflex 
reaction to one sensory modality. Even those organisms 
with & comparatively elementary nervous system exhibit 
very complex behaviour. Thus it has been shown that the 
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fruit-fly, when using its sense of smell to find its way to a 
substance on which it feeds, can do this only with the 
aid of visual observation of tha ground, without which it 
cannot ‘know’ from which direction the wind is blowing 
and so cannot fly up-wind in the direction from which 
the attractive scant is coming}. 

Perhaps the most notable examples of the complexity 
of the factors influencing behaviour are to be found in 
the way in which honey-bees orientate themselves in 
relation to a source of honey, and communicate informa- 
tion about this to their fellow workers; and also in the 
direction-finding methods of migrating birds. Dr. W. H. 
Thorpe? says on this subject: “In both there is presumably 
an innate appreciation of direction and speed of move- 
ment of the sun, together with an accurate internal clock. 
In both there is the innate ability to relate a ‘desired’ 
direction to the spacetime standards innately provided, 
to extrapolate from the observed situation and to relate 
to it the knowledge of general topography and special 
landmarks gained from individual exporience. In both 
there is an ‘appreciation’ of the relation between ‘direction’ 
of a light source and the ‘direction’ of a movement 
(foraging flight, migration flight, homing flight). But the 
honey-bee does better than the bird in two respects. 
Firstly, it can and must ‘transpose’ between sun direction 
and gravity direction, and secondly, it must beable to trans- 
mit information by transposition between foraging flight 
and a straight run of the dance”—-which is the specially 
directed movement which the bee carries out on its return 
to the hive to convey the necessary information to its 
fellows. As Thorpe says, "what are we to make of the 
bee's brain of 2:5 mgm in view of its astounding per- 
formance?". Recent work suggests that the beo’s signal- 
ling is even more complex, sound also being used to 
convey information about distance*5, 

Thus the perceiving organs and the nervous system of 
the bees and the birds are able to obtain from their 
environment the kind of information which the navigator 
gets by using his sextant, compass and chronometer, 
and to process this information, and turn it into motor 
programmes, which result in flight in the right direction 
and for the right length of time. 


Organization of Behaviour in the Nervous 
System 


Now I must say something about how the animal’s 
behaviour is organized in the nervous system. In a sense 
that would involve describing everything which the 
nervous system does, for it exists only to organize 
behaviour. 

In outline, we begin with the sense organs, and the 
sensory nerves conveying information from them. Recent 
physiological work shows how the discrimination of 
different features in the environment begins with the 
structure and activities of the sense organs. The retina 
of the frog’s eye, for example, can ‘distinguish’ a curved 
edge from a sharp one* and the cat's retina is so organized 
as to react differently to movement in one direction and 
movement in another, bringing different nerve fibres 
into action in each case’. From the vast number of nerve 
impulses streaming into it from all the sensory channels, 
the brain makes possible the recognition of patterns, and 
hence of objects. If you teach animals that, if they react 
to a certain visual pattern, they will get something they 
like, you can test them with different patterns, and find 
out to what elements in a complex pattern they respond, 
and why?. 

How an enimal responds to an object depends on its 
instinctive drives, and these are to a large extent mediated 
by the activity of the nerve centres situated at the base 
of the brain in what is in evolution its oldest part. There, 
in many mammals, are centres for rage or aggression, 
and when these are stimulated electrically or cut off from 
higher control, the animal exhibits all the manifestations 
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of rage, while if they are destroyed, or cut off from 
communication with the rest of the nervous system, it 
becomes abnormally docile®. Fear and avoidance, feeding, 
and sexual and maternal activity are similarly repre- 
sented in this region. So we must picture sign-stimuli 
being received, and the resulting information, reinforced 
by previous experience through memory, being brought 
to this part of the brain, where it rouses into action the 
right organizing centre to call forth the appropriate 
response. These centres are influenced also by internal 
factors. Chemical substances, such as the products of 
the endocrine glands, play on them and prime them; 
their activities are also modified by a complex system 
of nerve fibres which regulates alertness, attention, sleep 
and waking, and so consciousness itself. 

Thus animals react to situations in a complex fashion, 
often using more than one sense. But even in the highest 
sub-human animals, the extent of their environment to 
which they react, and the range of their reactions to it, 
are very limited. We think in terms of sign-stimuli, such 
as & particular colour, shape or movement, as eliciting a 
behavioural response, because the scientific method seeks 
to isolate individua] variable factors; but the sign- 
stimulus we isolate is part of an environmental situation, 
and the response is that of the animal as a whole. But we 
must not become too anthropomorphic, and picture birds 
and animals as regarding their mates or their young or 
their prey as though thesa were as coherently and endur- 
ingly objectified to them .as they are to us. „At present, 
in any event, we cannot imagine what an animal perceives; 
but we can avoid thinking that this is like our own ideas 
or experiences. 


The Uniqueness of Man 


This leads me to ask in what respects—important 
for our present purpose—human beings as animals differ 
from other animals. - 

The evolution of man has been a good deal discussed 
in the light of recent research, particularly in Africa. 
We need not now concern ourselves with the details. It 
seems established that at some time from half a million 
to & million years ago, our hominid ancestors evolved by 
descent from a kind of anthropoid ape not represented by 
any living species. A number of factors were involved in 
this transition, notably changes in the shape of the hand, 
the pelvis, the legs, and the feet. But changes in the 
brain were of fundamental importance, and already 
we can see in the brain of the anthropoid ape develop- 
ments which ara an important move in the direction of the 
human brain. In the primate brain, the occipital lobe at 
the back becomes enlarged to accommodate the expanding 
visual area, and there is also-a rapid development of the 
temporal and frontal lobes—higher centres concerned 
"with bringing perception, memory and the instinctive 
drives into relation with one another!?, These areas are 
further developed in man both relatively and absolutely, 
with the significant expansion also of an area in the lower 
part of the parietal lobe, which plays an important part 
in speech, and the use of symbols generally11-12, 

We find, then, that the basic structure of the human 
brain is similar to that of other animals. We have inherited 
from our early ancestors the nervous mechanisms which 
underlie much emotional behaviour. What is distinctively 
human is not only the increase in the size of the brain, but 
also the selective development of particular areas relative 
to the rest. What does this mean in terms of function? 

I have already shown what the honey-bee can do with its 
brain of 2-5mg. The average human brain weighs 1,500 g— 
half a million times as much. Clearly a very small nervous 
system does some things very successfully. It does them 
well because it is the product of evolution, and in evolution 
nothing leaves so many successors as success. But creatures 
with small brains exhibit only a small number of behaviour 
patterns. Since each nerve cell is capable of receiving 
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information from hundreds of others, even a small increase 
in the number of nerve cells in the brain greatly adds to 
tha complexity of the interrelationships of the total 
number. The increase in the size of the brain and the 
particular development between the anthropoid apes and 
man are associated with a change of behaviour which is 
qualitatively so great that the gap between man and his 
immediate pre-human ancestors is greater than that 
between those and the lowest mammals; and it is the 
human. brain which is responsible for this difference for, 
however important in human evolution may have been 
the development of binocular vision, the assumption of 
the erect posture, and changes in the structure of the 
hand, it was the development of the nervous system which 
enabled man to put these structural changes to new uses. 

Beginning on the receptive side, we find in man an 
enormously increased visual discrimination, which is not 
due to better eyes, but to the better use made of them by 
the brain. Added to this is the greatly increased capacity 
for learning and memory. But the new ability, which above 
all others transformed an animal into a man, was the use 
of symbols in language. I will not stop now to discuss 
the much-debated question of the relationship between 
language and thought. The two are certainly intimately 
related, and without language thought cannot get very 
far. By means of symbols, which now include special 
languages and meta-languages, such as those of mathe- 
matics and logic, the mind can represent things, and the 
relations between them, in a world of its own, and in the 
absence of the things for which the symbols stand, and 
it can then go back to the outer world and test the results 
of its activities. t 

Just as brain development has greatly increased the 
range and scope of perception (that is, the receptive side 
of its activities), so it has enhanced the range and power 
of man’s control over his environment. Manipulation, 
which literally means handling, has been extended from 
the simple things an ape can do with its hand to the con- 
struction of tools, which, beginning with flaked bones and 
chipped flints, have developed within a few millennia into 
the electron microscope, the radiotelescope, and the vast 
and powerful machines which are used to split matter 
into its minutest components: and this, in modern par- 
lance, is a feed-back mechanism, for manipulation enhances 
perception and conversely, and symbolic languages 
make the whole process possible, so that man’s range of 
action now extends from the omega particle to the planets, 
and his perception millions of light years further. 

But this is still only half the story of human distinctive- 
ness. Man is a social animal in & special sense. Many 
types of animal society exist, some, among insects, quite 
complex; but man alone has built up his society on the 
basis of language, and it is language which has made 
possible the unique complexity of human social relation- 
ships, out of which have sprung, among other things, the 
scientific achievements of which I have just been speak- 
ing: and, of course, the development of written language 
and printing has endowed man with a new mode of social 
inheritance through which ideas can survive those who 
produce them, and influence succeeding generations. 
Moreover, broadcasting has greatly multiplied the num- 
bers to whom speech ean be directly transmitted. 

We seo then how each expansion of one aspect of 
behaviour in the development of man from ape has 
stimulated and aided the growth of others. This is 
well illustrated by human emotional life. Man’s increased 
powers of perceptual discrimination and memory unite 
with his capacity for symbolism to throw his feelings 
open not only to a vast range of experiences of things and 
events in the outside world, but also to his own ideas, and 
to both expressed and transformed in literature and art: 
and so man becomes self-conscious. Whether any higher 
animals other than man are self-conscious is a matter for 
speculation; but it is safe to say that man alone has an 
idea of himself, which plays an important part in his 
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behaviour. In & special sense, then, man possesses two 
environments. There is the external environment which 
we all share, and an inner world, the world of the mind, 
private to each one of us, in which dwell our memories, 
thoughts, and feelings, and the outer world reflected in 
them. ‘Thus is man", as Sir Thomas Browne’ says, 
“that great and true Amphibium, whose nature is dis- 
posed to live not onely like other creatures in divers ele- 
ments, but in divided and distinguished worlds”; and 
with man’s self-consciousness comes the impulse to 
understand himself. Can man explain himself? Is there 
a science of human behaviour ? 


Science and the Mind 


Science deals chiefly with what is measurable. It 
observes, constructs hypotheses, and goes back to the 
facts, to see if it can verify them by further observations, 
which include experiments. How are we to measure factors 
in the complexity of the human mind ? Sometimes this 
is comparatively easy. . Experimental psychology, for 
example, devises tests to measure human learning and 
memory, attention and vigilance, decision-making and 
skill: in his laboratory the psychologist can vary the 
conditions of perception, and also study how perceptual 
activities break down as a result of brain disease. Lan- 
guage and its disorders offer a particularly valuable field 
for psychological investigation, and here psychology joins 
hands with linguistics. ^Word-frequeney studies and 
Observations of the choice of words, when speech is 
disordered, may be expected to throw light on the way 
in which the physiological processes underlying language 
are organized in the brain. 

But the difficulties inherent in psychological measure- 
ment are well illustrated by the problems to which 
intelligence tests have given rise. The intelligence tester 
gives the subject various tasks to perform (some involving 
the use of words, and some not), allots a score of marks, 
and compares the results with standard scores, corre- 
sponding to percentiles in a representative population. 
The difficulties begin when we ask what these tests are 
measuring, and what we are doing when we subject 
the results to factorial analysis. One may of course evade 
these questions by merely saying that the tests do no 
more than measure individual responses to particular 
problems, and render possible predictions, which experi- 
ence shows to be on the whole valid. But this is to neglect 
the scientific value of hypothesis. 

Prof. M. D. Vernon! directs attention to the essentially 
cumulative nature of mental development, which, he says, 
"implies that those who, in early life, &equire & rioher 
stock of perceptual schemata and verbal labels, are better 
able to build up the more complex and more flexible 
schemata necessary for conceptual thinking". Moreover. 
8 stimulating environment and the absence of emotional 
stresses during childhood are factors favourable to the 
development of schemata, while children who have been 
emotionally starved, or frustrated, have schemata which 
are in various ways inadequate, and fail to develop to the 
fullest possible extent. 

But it is in the realm of human emotion end man’s 
instinctive drives that we encounter the greatest difficulties 
for measurement and classification. The idea that buman 
beings can be classified as belonging to one or other of 
certain psychological types goes back at least as far as the 
Greeks, and in such classifications stress has always been. 
laid on their emotional reactions. But if it is hard to 
know exactly what we are testing, when we carry out 
intelligence tests, tests of emotion would seem to be even 
more difficult to interpret. 

The analysis of human emotions seems itself to be 
strongly evocative of emotion, judging by the vigour with 
which the elaborate theoretical systems of human be- 
haviour, which have come into existence, are attacked 
and defended. Since the beginnings of civilization there 
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havo been systems of belief about human nature which are 
‘unscientific, bécause they are unverifiable, there being no 
tests by which we can determine whether they are trie 
or not. Prof. K. R Popper!* has pointed out, ih con- 
nexion with psychoanalysis, that theories which “explain 
everything are unverifiable. There is no means of testing 
them: there is no conceivable human behaviour’ which 
could contradict them. But though such theorios may be 
unscientific, they are not necessarily valueless. The 
contributions which science can make. to the interpre- 
tation of something as complex as human nature are at 
present limited, and in unscientific theories, as in art, 
there may be insights, intuitions and illuminations, which 
are of value for practice as well as for theory. But in no 
pejorative sense of the word they belong to the sphere of 
myth rather than sciénce. 

There are two aspects of the human mind which 
add to the difficulty of a scientific interpretation of 
emotions. There is in psychology & principle of indeterm- 
inacy which is of much the same kind as Heisenberg’s 
in physics, for in an enquiry into a person's emotions, the 
mere fact that the enquiry is made creates an emotional 
reaction, so that the intervention of the observer modifies 
the effects of his obsarvation. 

Secondly, as has now long been recognized, the-explana- 
tion which a person gives of his behaviour and his motives, 
though it appears to him to be both true and adequate, 
may omit relevant factors because he is unconscious of 
them. The existence of what is called the unconscious 
mind was recognized long before the present century, 
but it was Freud who chiefly brought the idea into prom- 
inence by using it to introduce into the explanation of 
behaviour emotional factors of which the subject is 
unaware. Freud himself and other psychologists have 
attributed to the unconscious a complex structure and 
dynamic functions; but these, as I have said, are not 
scientific concepts. 

There are ways of looking at the unconscious mind 
which may provide a bridge between psychology and 
physiology, and which were to some extent envisaged 
by both Freud and Jung. If, as we saw earlier, emotion 
is to be regarded as an intrinsic part of the behaviour of the 
organism under the influence of its instinctive drives, it 
should not surprise us if feelings and impulses which are 
mediated by the most primitive part of the brain can 
sometimes move us without our being conscious of any 
rational explanation for them. Some psychologists believe 
that, by a process which is called conditioning, past 
experience may have operated to link together certain 
objects and certain feelings, although we can no longer 
remember the origin of their association, which may 
therefore now be described as unconscious. Man’s very 
self-consciousness may entrap him when he seeks to 
explain his own or other people’s behaviour if it en- 
courages him to look for complete explanations in the 
conscious self. 


Mind and the Social Environment 


One of the characteristics of Western culture for many 
centuries has been the stress laid on the individual man. 
Whether the emphasis has been on human depravity, 
responsibility or perfectibility, or all three, the moulding 
influence of man’s social environment on him has, until 
recently, been on the whole neglected. But if we neglect 
the individual’s relationship with society, we shall not only 
fail to understand much of his behaviour, but also lose 
opportunities of influencing it. Only recently has man in 
society been studied scientifically by the social sciences; 
and what I have already said about the complexity of 
human behaviour will have shown how difficult this task is. 

It has been pointed out?’ that we tend to enquire about 
causes only when we are confronted by some breach of 
routine. Thus we ask why a person is ill, and not why he 
is well. This tendency is exemplified in our attitude to 
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social psychology, for it is when people behave in an 
abnormal manner that we call on sociologists to explain 
their behaviour, while we take for granted the behaviour 
of the large majority which presents us with no problem 
though this is of equal importance to the social psycholo- 
gist and social anthropologist, Even a slight acquaintance 
with the literature of what has been called “social patho- 
logy” is enough to show the difficulties encountered by 
those who work in this field. Baroness Wootton: in her 
recent comprehensive monograph lists twelve hypotheses 
of separate factors believed to influence crime and delin- 
quency. As she also points out, the relationship between 
anti-social behaviour and mental disorder, and indeed the 
convept of mental health itself, are the subjects of much 
confused thinking. For example, it is very difficult to 
define a psychopath, and to apply medical criteria to the 
legal concept of criminal responsibility. 

As we have seen, the individual personality is the pro- 
duct of a number of factors: genetic ones may largely 
determine his intelligence and influence his psychological 
type, and he is exposed to a very complex and variable 
environment. How far are crime and delinquency determ- 
ined by genetic factors? We must first bear in mind that, 
as Prof. L. S. Penrose” says, "crime is a relative phenom- 
enon and it is measured by the standards of ‘behaviour 
appropriate to a particular social system at a given time 
and place”. In other words, it has meaning only in relation 
to the cultural environment. Penrose concludes that crim- 
inality is not a suitable trait for genetic studies except when 
it is associated with a clearly defined pathological eondi- 
tion. Genetic influences are probably important, but very 
little can be learned about their nature. Wé may conclude, 
therefore, that even when they exist, the most hopeful 
way to deal with them at present may be to discover 
what environmental factors activate them. A great deal 
of work is being done in the attempt to discover these, 
and. there seems no doubt about the importance of family 
deprivations and social disturbances in the early years of 
childhood, but as the Gluecks?*, who have been working 
in this field in the United States for many years, say, 
“whether one looks at neighbourhoods or classes or cul- 
tures or sub-cultures, only certain individuals are chosen or 
choose thernselves for careers of crime". Delinquent 
behaviour cannot therefore be put down solely to un- 
wholesome environmental influences, which affect many 
people: it must also be attributed to individual lack of 
immunity to these influences. Both factors need to be 
taken into account. This is on the whole a hopeful view. 
"In delinquency”, to quote the Gluecks again, “one is 
dealing not with destiny, but with destination, and 
destination can (hopefully) be altered." We clearly need 
much more knowledge, not only about individual reac- 
tions to environmental stresses, but also, more generally, 
about the normal emotional bonds between the individual 
and society. The social psychologist and anthropologist 
can help by comparing the features of very stable societies 
with those of changing cultures, and especially perhaps 
those in which, as in the developing countries, a pre- 
viously stable society is rapidly exposed +o new systems 
of ideas. It may well be relevant to consider not only the 
individual’s emotional bonds with society but also the 
effect on him of the present view or conflict of views 
about the nature and purpose of life. We need, then, many 
more scientific observations over the whole range of human 
behaviour, normal and abnormal; but in science hypothe- 
ses too play an important part and in the social sciences 
we need fruitful hypotheses just as much. 


Need for Extrapolation 


Until man came on the scene, it was always the environ- 
ment to which organisms were currently exposed that was 
important for them. Survival has never in the past 
depended on the conscious prediction of changes which 
had not yet occurred. Indeed, until man appeared, no 
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animal possessed the power to do this, and even though 
man has profoundly modified his environment, and, in- 
cidentally, that of many other living creatures, his ability 
to predict the consequences of the changes he is producing 
has until recently been small. Even now, are we trying 
hard enough to foresee and prepare? As Prof. A. N. White- 
head?! once put it, “a muddled state of mind is prevalent. 
The increased plasticity of the environment for mankind, 
resulting from the advances in scientific technology, is 
being construed in terms of habits of thought which find 
their justification in the theory of a fixed environment". 

This truth has been overwhelmingly illustrated by the 
history of the thirty years which have passed since 
Whitehead wrote these words. The potentialities of 
science and technology for the benefit of mankind as a 
whole are almost inconceivably great; but the prepara- 
tions which we are making for their use and development 
are pitiably small. 

One of the outstanding examples of our failure to predict 
and prepare for the consequences of scientific develop- 
ment has been population growth. Now, thanks to the 
energy of a few people, chiefly in Great Britain and the 
United States, it is fairly generally recognized that there 
is a population problem, and that there is every prospect 
that the world population will have doubled from three 
thousand million to six thousand million by the year 2000. 
This of course is partly the result of widespread improve- 
ments in medicine and hygiene, and their life-saving 
consequences. The Food and Agriculture Organization’s 
Third World Survey?? shows that 10-15 per cent of the 
world’s population are now living on a diet with insuffi- 
cient calories, and 50 per cent are either undernourished 
or malnourished, or both. The task, not only of raising 
the standard of living for them, but also of providing 
such an improved standard of living for twice the present 
numbers in forty years, is the challenge which now faces 
us, and we must not forget that people need not only 
food, but also water, roads, industrial plant, education, 
and indeed all the means to a full life. 

This is not a simple problem, nor is there any single 
solution. In some countries a larger population may be 
desirable: others will not be able to attain to a reasonable 
standard of living until they control their population 
growth. What is disturbing is that until now the human 
race has left its future numbors to chance. The average 
animal breeder has shown more concern about the conse- 
quences of his acts than the ordinary human being about 
what will happen to his own descendants. The animal 
breeder looks ten generations or more ahead; the human 
breeder not more than two, if that. 

Great Britain has no population policy. The present 
rate of population growth took us by surprise, and we 
have not yet given thought to its implications. To take 
one instance from my own profession, it is clear that we 
shall need many more doctors in thirty years’ time. This 
means more medical schools. It takes & minimum of 15 
years to turn a first-year medical student into a consultant. 
‘Allowing ten years to build and equip a new medical school, 
we ought soon to begin to build the medical schools neces- 
sary to produce the consultants we shall need in the year 
2000. Similar needs will arise in connexion with education, 
housing, roads and other necessities, and our existing 
road problems show how little we have prepared for what 
could have been foreseen. This is not a matter of obtaining 
more knowledge, but of persuading the Government to 
use the knowledge we have. 

There is another aspect of the proper use of our resources 
which also urgently needs consideration. It is predicted 
that the progress of automation will leave many people 
with much more leisure. But automation will make 
little difference to doctors, midwives, nurses or school 
teachers. At present we have too few of all of these, and 
as the popwation increases, so will the shortage. Are we 
then to envisage a state of affairs in which the industrial 
part of our population enjoys compulsory leisure, while the 
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professional part continues to be overworked? All that 
automation means is that fewer people are needod to do 
certain jobs. Should we not now be preparing for this 
by expanding the opportunities and incentives in medicine, 
nursing and teaching, to encourage more people to work in 
these fields? The benefits of automation would then be 
more evenly spread among those who work, and the 
community as a whole would benefit. : 

But world population growth cannot be dealt with 
adequately at national levels. We need an international 
body, sponsored by the United Nations Organization, to 
collect all available demographic information (and pro- 
mote the search for it when it is not available), take into 
account present and prospective supplies of food and 
water, and the economic and cultural needs of growing 
populations, and review all present scientific work on 
population control. Every nation would then have the 
information on which to base its own population policy. 
and all would know what each was doing in a matter 
which collectively concerns us all. 

Our greatest need to-day, then, is to acquire the power 
of looking ahead, forecasting, and preparing for the 
consequences of the accelerating developments in science 
and technology. Many years ago, H. G. Wells pointed 
out the need for what he called a “world brain” to correlate 
information and extrapolate it on the world scale, and 
I hope that one day we shall achieve something like that. 
But I can see only one main preliminary step towards 
all this essential foresight—education, and by education 
I mean education at all levels of society. 

To my mind, the important division between people 
is not between. the classical and scientific outlook on life, 
but between those who have been educated to see the 
world in terms of the rapidly changing environment, which 
science is creating, with all its potentialities, and those 
who see it in terms of the static environment, and frozen 
emotional attitudes of the past. The first group have to 
educate the second, which includes many of our rulers, as 
quickly as possible, and much encouraging work is being 
done on these lines, especially by international groups of 
scientists. But that, of course, is not enough. So far as 
we can, we must prepare all our people for a new world 
which will be quite unlike the old. This will mean spending 
more money and thought on education than we do at 
present, remembering that the best educational results ere 
unlikely where home conditions are bad?s, 

Education to-day has two tasks. First, it must concern 
itself with the whole individual, and therefore with 
behaviour. But here it must largely reflect the views 
and standards of society ; and one of our needs as a society. 
now predominantly secular, is to develop a code of social 
responsibility which can form an integral part of education. 
Secondly, it must prepare people for leisure. Again 
taken by surprise, wo find ourselves in a world in which 
many people have more leisure than ever before, and are 
at a loss to know what to do with it; and in a few years’ 
time this problem will be much more acute. This is not 
only an educational problem, because the proper enjoy- 
ment of leisure, involving the re-creation of body and 
mind, calls for social facilities for which the State must 
largely be responsible. 

Faced with these difficult educational tasks, wo have one 
great new asset, which science has produced— broadeast- 
ing. Here is & means through which all who are willing 
can continue their education, and enjoy the arts through- 
out life, and which can bring to the attention of millions 
the issues which confront us. Broadcasting has re-created 
for the great modern democracies one of the conditions of 
the Greek city state: all citizens can hear and see their 
leaders, and a man need not even go into the markot- 
place to hear the debates of the sophists: he can listen to 
them at home in his armchair. 

T have left to the end the most difficult question of all. 
I asked earlier how far science can explain man? Many 
will say that science is a mode of knowledge which is 
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concerned only with what is measurable, and that much of 
importance for mankind, including values, lies outside its 
scope. Science, it will be said, is ethically neutral, and the 
uses we make of it must be judged by standards of value 
arrived at independently. Others, however, will reply 
that human values themselves are the product of evolu- 
tion, and survive only as fulfilling social and biological 
needs. Some difficult scientific and philosophical questions 
arise. Perhaps the most fundamental is this. Science 
uses symbols to denote events, and the relations between 
them. If there are events or relationships, human or 
otherwise, which cannot be adequately represented by 
scientific symbols, must not some aspects of them fall 
outside the scope of science? One of the difficulties of 
iving in a time of rapid change like our own is that know- 
ledge outstrips thought about it, but I feel sure that not 
all our present antinomies are permanent. We are learning 
every year more about the nature of matter, the relation- 
ships between events and the observer, between the brain 
and the mind, and between the living organism and its 
environment; and information theory may provide unify- 
ing concepts between the gene and the mind. 

I started with the nervous system. Let me end by 
using itasananalogy. As individuals, we are all receptors, 
capable of supplying the higher centres with information. 
What information they get, therefore, depends on us. 
We are also the motor nerves, and what society does is 
done by us. But we are again, collectively, ourselves the 
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higher centres, tha forebrain, which mediates for the 
social mind the difficult task of receiving the information, 
learning from past experience, reacting to it emotionally, 
i controlling its emotions; and, above all, looking to the 
uture. 
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SUMMARIES OF ADDRESSES OF PRESIDENTS 
OF SECTIONS 


THE SUN AND THE IONOSPHERE 


T subject of Mr. J. A. Ratcliffe's presidential address 
to Section A (Mathematics and. Physics) is “The Sun 
and the Ionosphere”. Hoe directs attention to the fact that 
in recent years it has been possible to explore the upper 
portion of the ionosphere, above the peak of the F layer. 
This part has been called the ‘topside’ of the ionosphere. 
One of the most productive experiments makes use of an 
ionospheric sounder installed in an artificial satellite 80 
that it sounds the ionosphere, downwards, from above. 
The principle is the same as that which is used in sounding 
from the ground; it consists in sending out short pulses of 
radio waves and measuring the time-interval before they 
return to the sender after reflexion at the ionosphere. 
The results are sent to the ground by telemetry. A very 
successful topside sounder of this kind has been made by 
workers in Canada. 

In another experimental method, powerful waves are 
sent through the ionosphere on a frequency which will 
penetrate it completely, and the intensity, and spectral 
distribution, of waves scattered incoherently from it at 
different heights are measured. The electron distribu- 
tion at still greater heights, out to distances of about 
five Earth radii, have been deduced from observations 
of a particular type of atmospheric called a ‘whistler’. 
This results from the dispersion of the electro-magnetic 
pulse radiated by a lightning flash as it follows the lines 
of foree of the Earth's magnetic field out to great 
distances. 


The most distant parts of tho ionosphere and the way in 
which it merges into the solar corona have been investi- 
gated by means of a space probe carrying a magneto- 
meter. It has been found that the Earth's ionosphere 
merges into the Sun's ionosphere (the corona) at a distance 
of about ten to fourteen Earth radi. Experiments of & 
different kind have been mado in the first Anglo-American 
satellite, Ariel I, which carried experiments designed by 
workers in England. These experiments were designed to 
measure a series of quantities in the neighbourhood of the 
satellite. The concentration of the electrons, their temper- 
ature, and the masses of the positive ions which accompany 
them, were the quantities important for the present 
discussion. The density of the neutral atmosphere at these 
great heights has been deduced by observing how the 
orbits of satellites change as a result of the air resistance 
they experience in their motion. 

The results from all these experiments provide informa- 
tion about the distribution in the outer ionosphere of the 
constituent gases, atomic oxygen, atomic hydrogen, and 
helium, and about the temperatures of the electrons, the. 
ions, and the neutral gas. Theoretical explenations of the 
results involve consideration of how the energy of the photo 
electrons is transferred, first to the ions, and then from the 
ions to the neutral particles. Consideration of the rate 
of production of electrons, and of the rate of energy input, 
leads to suggestions about the incidence of energetic 
particles on the Earth’s outer atmosphere. 
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CONTRIBUTION OF NEW INSTRUMENTS TO PROGRESS IN CHEMISTRY 


URING the past twenty years, the progress of chemis- 
try has been dominated by the demand for, and 
the evaluation of, new techniques. This trend has been 
based to a very large extent on the development of new 
physical instruments and, if the present progress in this 
field is maintained, there are an infinite number of 
problems in chemistry which will be solved. Sir Harry 
Melville’s presidential address to Section B (Chemistry) 
deals with the wider implications of instrument develop- 
ment and shows how progress in certain areas would 
have been impossible without the introduction of these 
new methods. 

The often tedious chemical approach to the problems of 
measuring molecular weights has been completely super- 
seded by the use of physical instruments. High-resolution 
mass spectrometry has enabled accurate determinations 
to be carried out in a matter ofhours. The high-resolution 
electron microscope, for example, can be used to determine 
directly the weight of completely coiled high polymer 
molecules by measuring their diameter. Radioactive 
labelling is a method of micro-chemistry entirely dependent 
on instrumental techniques. In the field of polymer 
chemistry, where the weight of material being manipulated 
may bo less than 10-’ g, it has put an end to many specula- 
tions about the course of chemical reactions occurring to 
minute amounts in high polymer systems. 

The interaction of gases with solids has been investi- 
gated for years, but the preparation of uncontaminated 
surfaces has been & barrier to progress. The great improve- 
ment in vacuum pumps over the past few years has 
enabled this barrier to be surmounted, and clean uncon- 
taminated surfaces can now be prepared and examined 
at leisure, using sensitive techniques such as mass spectro- 


SOME ASPECTS OF EAST 


I5 his presidential address to Section C (Geology), 

Mr. Wilcockson chooses to describe the Eastern, 
or Gregory, Rift Valley. This is a downfaulted trough 
extending from northern Kenya down to the latitude of 
Dodoma in Tanganyika. It is associated with minor 
structures on both sides. In the latitude of Nairobi, on 
the west side is the rift valley containing the Kavirondo 
Gulf of Lake Victoria and on the east, nearly opposite, a 
general fracture zone in which is situated the volcano 
Mt. Kenya. In northern Tanganyika, just south of the 
Kenya border, there is a similar pair of structures, on the 
west side the Eyasi Rift and the east side a fracture zone 
along which is a line of voleanoes culminating in Kiliman- 
jaro. These crossings, as they may be termed, are the loci 
of intense volcanic activity. 

On the west side of the southern crossing, the Eyasi 
Rift is filled with the eruptive products of the ‘Giant 
Craters’, a group of voleanoes mainly composed of alkaline 
lavas with little fragmental material and including the 
great Ngorongoro crater. In the nearby section of the 
rift valley are volcanoes, relatively recent in date, among 
which is the still active Oldonyo L’Engai. Among their 
outpourings are highly alkaline rocks associated with 
carbonatites, a type which has been reported recently as 
lava flows from Oldonyo L’Engai. 

On the east side, Kilimanjaro has produced mainly 
lavas, but also some pyroclasties. Its early history is, of 
course, buried under later products, but the considerable 
proportion of the succession that can be seen shows a 
general change from trachybasaltic lavas to highly 
alkaline nepheline phonolites; the other volcanoes in this 


metry, gas/liquid chromatography, and electron field 
emission and ion emission techniques. The mechanism of 
homogeneous chemical reactions has yielded in many cases 
to complete analysis as the result of the development of 
new techniques. However, reactions which involve 
activated molecules, or which go through ionic or ion-pair 
mechanisms, have not yet yielded to these techniques, and 
here there is an enormous field for study. 

Methods for tackling these problems are described. One 
involves the application of external stimuli to the system 
and observing the way it returns to the steady state. 
The problem is to devise equipment sufficiently sensitive 
to measure the small amounts of chemical change during 
the recovery period. The second method involves the 
application of electron spin resonance—here a considerable 
improvement in the sensitivity of present equipment is 
desirable. A third method involves the investigation of 
energy transfer in given systems. This involves the 
design of shock tubes and plasma-discharge apparatus, 
and the instrumentation to go with them. 

These problems illustrate why a modern chemical 
laboratory is equipped in a very different way from ten 
or more years ago. The important point is that all the 
basic requirements of chemistry can now be carried out 
by more direct and sensitive methods. Increased sensi- 
tivity and greater resolving power of instruments are still 
very necessary and these depend on still further advances 
in physical techniques. To be effective, a modern labore- 
tory must have this physical equipment, but the equip- 
ment must not be allowed to dominate the scenc—the 
purpose of the equipment is to help the research worker 
to geb on more quickly and precisely with his basic 
chemistry. 


AFRICAN VULCANOLOGY 


group contain similar rock types. One striking late 
feature is the presence of a very large number of parasitic 
cones which often show a reversal to basaltic types and 
ultra-basic crystal accumulates. 

At the northern crossing the general course of events 
"has been similar, though differing in detail. The volcanoes 
of the Kavirondo Gulf are alkaline in character and are 
associated with the intrusion of carbonatites. Mt. Kenya 
on the east contains phonolitic rocks, including the curious 
type kenyte, associated with basalts and an intrusive 
mass of nepheline syenite, while further to the east the 
Nyambeni Range is largely basaltic. Again, as on Kiliman- 
jaro, the main activity is followed by a widespread 
parasitic episode. 

In this latitude volcanoes associated with the rift-valley 
faulting poured out great floods of basaltic and phonolitie 
plateau lavas with some pyroclastics which cover enormous 
areas in the Aberdare Mountains and west of Nairobi. It 
is difficult to give any general succession of rock types for 
the whole region, but the early stages of the vuleanicity 
often seem to have been associated with the eruption of 
basaltic rocks which later gave place to more alkaline 
types, sometimes associated with carbonatites. In the 
rift valley west of Nairobi and elsewhere an acid trend 
developed resulting in quartz trachytes or even rhyolites. 

The age of the vulcanicity has been the subject of much 
controversy. It is fairly certain that round the northern 
crossing the eruptions began in the lower Mioceno while 
the outpouring of Kilimanjaro began on the end-Tertiary 
peneplain and much of its activity and that of tĦo “Giant 
Craters” was of Pleistocene age. 
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ASPECTS OF MARINE 


ARGELY owing to Government Support, marine 
fisheries research has developed greatly since it was 
first a topic for an address to Section D (Zoology); hence 
it is appropriate that Dr. C. E. Lucas should review the 
present state of the subject in his presidential address to 
that Section at Southampton. Numbers and stock censuses 
are the very foundation of fisheries research and, during 
this time, their investigation has developed sufficiently to 
provide a theory of fish populations which is not only a 
basis for conservation and prediction but is also a major 
contribution to ecology. Yet, despite this and other 
developments, the seas and oceans are so vast, fish stocks 
extend and migrate over such distances, and marine 
processes (from water movements to productivity) are so 
complex that problems may increase as appreciation of 
them grows. 

First, if the potential of the World’s marine resources 
is to be exploited adequately, much greater knowledge of 
environmental influences is necessary. This has long been 
recognized but only recently has it become appreciated 
that equally necessary is a corresponding understanding 
of the behaviour and physiology of fishes, of their reactions 
to both natural and artificial stimuli. Nor are we here 
concerned only with the natural stocks and the natural 
conditions in which they come and go, and wax and wane. 
Such knowledge is, if possible, even more essential if the 
urge to cultivate the seas is to result in anything 
more than ill-considered, and consequently uneconomic, 
attempts to interfere with an exceedingly complex net- 
work of ecological interrelationships. 

From the practical point of view, the problems facing 
marine scientists are not only fascinating and exciting, 
but also vital in terms of their potential contribution to 
the solution of increasing world food needs. Considerations 
such as these led, sixty years ago, to the foundation of the 
International Council for the Exploration of the Sea, under 
which the marine research resources of a number of 
nations have been increasingly co-ordinated over the 
years, to undertake investigations in the northern Atlantic 
which none could hope to solve alone. Its example has 
been followed by other groups, outside or within one or 
other of the fishery commissions which were later estab- 
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FISHERIES RESEARCH 


lished to conserve marine resources; 

international projects have shown the 

of collaboration in a field where events 
influence others more than & thousand 
thus at one time may influence others 
complex space-time continuum. 

In such a broad field, co-operation is essential at all 
levels, and especially between the ‘pure’ worker and 
the so-called ‘applied’ worker. Whenever a practical 
problem is anticipated the question is not ‘how much 
time’, or ‘what resources’ are necessary, but whether the 
essentially basic research has been done to be able to 
formulate the problem and its solution correctly. Thus a 
fair proportion of basic research is essential for a successful 
programme in a fisheries laboratory—and not only for 
this reason but also in order to attract to it workers of 
adequate calibre, who will never be satisfied solely with 
applying fundamental knowledge gained by others to the 
solution of practical problems which may lose their 
interest as soon as they are solved. 

For such reasons, fundamental problems cannot be 
left to the academic laboratories alone. Not only does 
their specialization sometimes tend to isolate them from 
practical matters, but the broadly undirected nature of 
their work renders it chancy that they should contribute 
substantially to any immediate problems. Yet the 
resources of the fisheries laboratories alone are insufficient, 
despite the various special disciplines they now utilize, 
when faced with the vastness of natural processes on such 
an ever-varying scale. An important question, here as 
elsewhere, is how to encourage academic workers to devote 
rather more attention to those aspects of their investiga- 
tions which could contribute to the solution of practical 
issues, without restricting unduly the freedom which is 
recognized as essential to the pursuit of understanding. 
The answer, here as elsewhere, seems to lie in an 
even closer association between the pure and the 
applied workers and laboratories. Applied research 
which is divorced from pure research is sterile indeed; 
perhaps pure research in its turn has some valuable 
stimulus to receive from the processes involved in applying 
research. 


already various 
inestimable value 
in one place may 
miles away, and 
much later in a 


PLANNING AND THE GEOGRAPHY OF 
GREAT BRITAIN 


"Dus subject of Mr. A. A. L. Caesar's presidential 
address to Section E (Geography) is "Planning and 
Geography in Great Britain". 'The need for planning on 
the city scale is now generally appreciated. There is also a 
gradually increasing awareness of the significance of 
wider relationships and the need to plan on the regional 
scale; but there is still very little appreciation of relation- 
ships on the national scale and of the profound changes 
in values, with changing techniques, inherent in the 
geography of Great Britain as a whole. Changes in 
techniques since 1918 have been many and varied, two 
main groupings being dominant—changes in the industrial 
and occupational structures and distributions, and the 
‘revolution’ in transport. 

The First World War produced marked and sudden 
changes in the economy of Great Britain. Consequential 
changes ‘in the distribution of industry generally between 
the Wars were frequently described as ‘the drift to the 


South’, but this is an inaccurate description. The overall 
problem was not a contest between North and South, but 
between a declining periphery and a growing centre. 

The effects of new developments in transport for both 
passengers and freight, and particularly the coming of 
modern road transport, did much to enhance the contrasts 
between the periphery and the centre. In absolute terms, 
the periphery is much more accessible than it was, but in 
relative terms it is less so and it is the relative relationships 
which are so important, 

Since the Second World War, Great Britain has 
experienced near ‘full employment’ in marked contrast to 
the heavy unemployment of the inter-war years. Never- 
theless, problem areas have presented themselves, and all 
the Development Areas or ‘Development Areas Treasury 
Advisory Committee’ areas are on the periphery. National 
circumstances have changed markedly, but the contrasts 
between the periphery and the centre persist. They have 
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SUBJECT INDEX. 


Advances in 


Control Systems 
THEORY AND APPLICATIONS 


A366 


Edited by C. T. Leondes 


Volume 1, Fall 1964, about 350 pp., approx. 80s. 
Standing order for future volumes* 


Masanao Aoki, On Optimal and Suboptimal Policies in 
Control Systems. James S. Meditch, The Pontryagin 
Maximum Principle and Some of Its Applications. 
P. K. C. Wang, Control of Distributed Parameter 
Systems. Hubert Halkin, Optimal Control for Systems 
Described by Difference Equations. Peter R. Schultz, 
An Optimal Control Problem with State Vector Measure- 
ment Errors. Francis H. Kishi, On Line Computer 
Control Techniques and Their Application to Re-Entry 
Aerospace Vehicle Control. AUTHOR INDEX — SUBJECT 
INDEX. 


Advances in 
Drug Research 


A313 


Edited by N. J. Harper and A. B. Simmonds 


Volume 1, August 1964, 209 pp., 50s. 

Standing order for future volumes* 

F. P. Doyle and J. H. C. Nayler, Penicillins and Related 
Structures. Lewis S. Schanker, Physiological Transport 
of Drugs. F. P. Doyle and M. D. Mehta, Antitussives. 
F. C. Copp, Adrenergic Neurone Blocking Agents. 
AUTHOR INDEX — SUBJECT INDEX. 


Advances in 
Gerontological Research 


A606 


Edited by Bernard L. Strehler 


Volume 1, Fall 1964, about 350 pp., approx. 80s. 
Standing order for future volumes* 


William Bondareff, Histophysiology of the Aging 
Nervous System. Simion Oeriu, Proteins in Develop- 
ment and Senescence. Warren Andrew, Changes in the 
Nucleus with the Advancing Age of the Organism. 
George W. Casarett, Similarities and Contrasts between 
Radiation and Time Pathology. F. Marott Sinex, 
Crosslinkage and Aging. Zh. A. Medvedev, The Nucleic 
Acids in Development and Aging. Arnold M. Clark, 
Genetic Factors Associated with Aging. Soren Bjorkerud, 
Isolated Lipofuscin Granules—A Survey of a New Field. 
Herman T. Blumenthal and Aline W. Berns, Auto- 
immunity and Aging. Bernard L. Strehler, On the 
Histochemistry and Ultrastructure of Age Pigment. 


*UTHOR INDEX — SUBJECT INDEX. 
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Advances in 
Hydroscience 


A631 


Edited by Ven Te Chow 


Volume 1, October 1964, 442 pp., 107s. 6d. 
Standing order for future volumes* 


Bradford A. Becken, Sonar. S. R. Heller, Jr., Hydro- 
elasticity. Adrian E. Scheidegger, Statistical Hydro- 
dynamics in Porous Media. F. S. Burt, New Contribu- 
tions to Hydroballistics. Mahdi S. Hantush, Hydraulics 
of Wells. AUTHOR INDEX — SUBJECT INDEX. 


Advances in 


Metabolie Disorders 


A721 


Edited by R. Levine and R. Luft 


Volume 1, April 1964, 366 pp., 86s. 
Standing order for future volumes* 


H. G. Hers, Glycogen Storage Disease. G. D. Aurbach : 
and John T. Potts, Jr., The Parathyroids. Lars Ernster 
and Rolf Luft, Mitochondrial Respiratory Control: 
Biochemical, Physiological, and Pathological Aspects. 
B. E. C. Nordin, Osteoporosis. J. R. Tata, Basal 
Metabolic Rate and Thyroid Hormones. J. Vallance- 
Owen, Insulin Antagonists and Inhibitors. John H. 
Laragh and Wiiliam G. Kelly, Aldosterone: Its Bio- 
chemistry and Physiology. A. Leonard Luhby and 
Jack M. Cooperman, Folic Acid Deficiency in Man 
and Its Interrelationship with Vitamin B,, Metabolism. 
AUTHOR INDEX — SUBJECT INDEX. 


Advances in 
Pharmaceutical Sciences 


ATH 


Edited by H. S. Bean, A. H. Beckett, and 
J. E. Carless 


Volume 1, July 1964, about 334 pp., 75s. 
Standing order for future volumes* 


A. N. Martin, G. S. Banker, and A. H. C. Chun, 
Rheology. B. A. Mulley, Solubility and Systems 
Containing Surface-Active Agents. D. L. Wedderburn, 
Preservation of Emulsions Against Microbial Attack. 
G.R. Wilkinson and L. C. Baker, Contemporary Trends 
in Heat Sterilization. AUTHOR INDEX — SUBJECT INDEX, 


Advances in 
Quantum Chemistry 


A826 


Edited by Per-Olov Lówdin 


Volume 1, Fall 1964, about 400 pp., 100s. 
Standing order for future volumes* 


Egil A. Hylleraas, The Schródinger Two-Electron Atomic 
Problem. J. C. Slater, Energy Band Calculations by 
the Augmented Plane Wave Method. F. A. Matsen, 
Spin-Free Quantum Chemistry. R. A. Daudel, On the 
Basis of the Main Methods of Calculating Molecular 
Electronic Wave Functions. Sadhan Basu, Theory of 
Solvent Effects on Molecular Electronic Spectra. 
Peter G. Lykos, The Pi-Electron Approximation. 
Y. I'Haya, Recent Developments in Generalized Hückel 
Method. G. G. Hall, Accuracy of Calculated Atomic 
and Molecular Properties. Joseph O. Hirschfelder, 
W. Byers Brown, and Saul T. Epstein, Recent Develop- 
ments in Perturbation Theory. AUTHOR INDEX — SUBJECT 
INDEX. 
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Advances in 
Radiation Biology 
Edited by L. Augenstein and R. Mason 


A829 Volume 1, Fall 1964, about 250 pp., approx. 56s. 
Standing order for future volumes* 


H. A. Schwarz, Recent Research on the Radiation 
Chemistry of Aqueous Solutions. Gordon Tollin, 
Physical Mechanisms in Photosynthesis. Donald E. 
Wimber, Effects of Intracellular Irradiation with Tritium. 
Arne Forssberg, Effects of Small Doses of Ionizing 
Radiations. J. Liebster and J. Kopoldová, The Radia- 
tion Chemistry of Amino Acids. L. G. Augenstein, 
T. Brustad, and R. Mason, Biochemical Effects of 
Radiation in Heterogeneous Systems. AUTHOR INDEX ~ 
SUBJECT INDEX. 


Advances in 
Radio Research 


Edited by J. A. Saxton 


Volume 1, May 1964, 266 pp., 50s. 


Volume 2, June 1964, 214 pp., 50s. 
Standing order for future volumes* 


Contents of Volume 1: A. W. Straiton, Measurement 
of the Radio Refractive Index of the Atmosphere. 
B. R. Bean, Tropospheric Refraction. B. R. Bean, 
Attenuation of Radio Waves in the Troposphere. 
James R. Wait, Electromagnetic Surface Waves. 
AUTHOR INDEX — SUBJECT INDEX. 

Contents of Volume 2: C. M. Minnis, Ionospheric 
Indices. J. W. Findlay, Antennas and Receivers for 
Radio Astronomy. F. Horner, Radio Noise from 
Thunderstorms. AUTHOR INDEX — SUBJECT INDEX. 
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International Review of 
Forestry Research 


Edited by John A. Romberger and Peitsa Mikola 


Volume 1, Fall 1964, about 370 pp., approx. 80s. 
Standing order for future volumes* 


Leo Heikurainen, Improvement of Forest Growth on 
Poorly Drained Peat Soils. Carl Olof Tamm, Deter- 
mination of Nutrient Requirements of Forest Stands. 
Charles W. Ralston, Evaluation of Forest Site Produc- 
tivity. Lalit M. Srivastava, Anatomy, Chemistry, and 
Physiology of Bark. A. D. Voûte, Harmonious Control 
of Forest Insects. Ken-ichi Hatano and Sumihiko 
Asakawa, Physiological Processes in Forest Tree Seeds 
during Maturation, Storage, and Germination. Kurt 
Mantel, History of the International Science of Forestry 
with Special Consideration of Centra] Europe. AUTHOR 
INDEX — SUBJECT INDEX, 
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Recent Progress in 
Surface Science 


Edited by J. F. Danielli, K. G. A. Pankhurst 
and A. C. Riddiford 


Volume 1, August 1964, 414 pp., 114s. 6d. 


Volume 2, October 1964, about 525 pp., 128s. 6d. 
Standing order for future volumes* 


Contents of Volume 2: M. M. Dubinin, B. P. Bering, 
and V. V. Serpinskii, Physical Adsorption at the Gas/ 
Solid Interface. D. Brennan, Heterogeneous Catalysis. 
G. E. P. Elliott and A. C. Riddiford, Contact Angles. 
J.T. Davies, Emulsions. A.S. Joy and A. J. Rob'nson, 
Flotation. G. H. Beale, The Genetic Control of Cell 
Surfaces. Ronald C. Rustad, The Physiology of Pino- 
cytosis. D. J. Crisp, Plastron Respiration. C. H. O'Neill, 
Preparation and Properties of Isolated Cell Surface 
Membranes. P. F. Elbers, The Cell Membrane: Image 
and Interpretation. AUTHOR INDEX — SUBJECT INDEX. 
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PAPERBACKS 


BIOLOGY 


Design and Function 
at the Threshold of Life : 
The Viruses 


By Heinz Fraenkel-Conrat 


X850, 117 pp.. 15s. 6d. 
X851, clothbound, 39s. 6d. 


ec 





Review: *'... one of the very few authori- 
tative books that can bridge the gulf 
between the scientist and the humanist 
with depth and substance . . . a source of 
information and inspiration."— Science. 


Time, Cells and Aging 


By Bernard L. Strehler 
X710, 270 pp., 23s. 
X771, clothbound, 40s. 
Review: ‘This is one of the best available 
accounts of the present state of research 
on fundamental causes of ageing . . . 
highly important background material for 
physicians and biologists alike.””—The 
Lancet. 


Isotopes in Biology 


By George Wolf 
X960, about 175 pp., 17s. 6d. 

X961, clothbound, 39s. 6d. 

@treats the related aspects of 
isotope usage—methods, units, health 
hazards, principles and applications, and 
rates of reactions in living systems. 








PHYSICS 


Crystals 
Their Role in Nature and Science 


By Charles Bunn 


X160, 286 pp., 24s. 6d. 
X161, clothbound, 46s. 6d. 


Explanation is given of crystalline form 
and manner of growth, and the contri- 
butions furnished by this knowledge to 
our understanding of light, x-rays and the 
structure of solid substance. 


Elementary Dynamics of 


Particles 


By H. W. Harkness 


X400, 219 pp., 21s. 
X401, clothbound, 43s. 


@a thorough survey of basic 


. particle dynamics for the physics and 


engineering student. 


Elementary Plane Rigid 
Dynamics 
By H. W. Harkness 


X404, 197 pp., 2ís. 
X405, clothbound, 43s. 


Among the topics covered are gravita- 
tional potential, friction, and waves in 
quasi-elastic and elastic media. 


Potential Barriers in 
Semiconductors 


By B. R. Gossick 


X350, about 150 pp., 17s. 6d. 
X351, clothbound, 39s. 6d. 


The potential barrier in a semiconduc- 
tor, and the electronic processes which 
occur within and outside the barrier are 
thoroughly explained. 


Mossbauer Effect 
Principles and Applications 


By Gunther K. Wertheim 
X930, 116 pp., 17s. 6d. 
X931, clothbound, 39s. 6d. 

The concept of recoil-less resonant 
scattering of nuclear gamma rays in solids 
has made possible experiments only 
dreamed of before Dr.  Móssbauer 
promulgated it. 


Publishers 
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111 Fifth Avenue, New York 10003 
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MATHEMATICS: 


Elements of Abstract 
Harmonic Analysis 


By George Bachman 


X150, about 275 Pei 24s. 6d. 
X151, clothbound, 46s. 6d. 


@includes topological spaces, 
classical Fourier analysis, Branch algebra, 
Haar measure, and compact Abelian 
groups. 


Introduction to p-Adic 
Numbers and Valuation 
Theory 


By George Bachman 
X154, 173 pp., 24s. 6d. 
X155, clothbound, 46s. 6d. 
Basic algebraic notion of valuation on 
a field is joined with the number-theoretic 
concept of the p-adic fields. 


Noneuclidean Geometry 


By Herbert Meschkowski 
X500, about 125 pp., 17s. 6d. 
X501, clothbound, 39s. 6d. 

The text’s short format will enable the 
student to quickly deal with automorphic 
functions, the theory of discontinuous 
groups, and the uniformisation of alge- 
braic functions. 





Finite Permutation Groups 


By Helmut Wielandt 


X950, 114 pp., 17s. 6d. 
X951, clothbound, 39s. 6d. 


The author collects in this volume the 
basic theorems on permutation groups. 


Quadratic Forms and 


Matrices 
An Introductory Approach 


By N. V. Yefimov 


X970, about 175 pp., 17s. 6d. 
X971, clothbound, 39s. 6d. 


OQ focuses principally on problems 
concerning conics, quadrics, and geo- 
metric interpretation. 
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No. 4948 


been further emphasized by many developments of 
the past twenty years. Analysis of the likely effects of the 
new road bridges and tunnels of the major estuaries, of the 
layout of the 275-kV grid, of the proposals of the Beeching 
Report, of access to commercial services and many other 
features, all show that the periphery is at an ever-greater 
comparative disadvantage. 

Great Britain's problem is the concentration of urban 
funetions and much economic activity. This problem is 
common to many parts of the world, but it presents 
particular difficulties and greater urgency in this small, 
` irregular and densely-peopled island. To think of present 
planning problems simply as the rapid relative growth of 
the South-east at the expense of other regions is to think in 
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the wrong terms. Great Britain must face the coming of 
*Megalopolis'—the vast diffused city which will occupy 
much of the Midlands of England with dormitories on the 
nearer coastal areas particularly in the South-east. The 
days of planning separate cities and towns, and possibly 
of local government areas as now known, have gone. The 
planning of ‘Megalopolis’ requires the biggest minds and 
a carefully controlled imagination—personnel will be 
difficult to find. One thing at least is clear—it must be 
planned with a full appreciation of the profound and 
continuing changes in geographical values. Given the 
changes in spatial relationships of recent years thinking 
even on a regional scale is not big enough, and we must take 
cognizance of the geography of Great Britain as a whole. 


ENGINEERS AT THE CROSS-ROADS 


0-DAY engineers in Britain are facing a new dilemma 

—the dilemma of professionalism. The problem as 
Mr. H. G. Conway sees it in his presidential address to 
Section G (Engineering) is: do engineers want to become 
‘respectable’, raising the title ‘engineer’ above the level of 
a garage mechanic? Moreover, what is Britain's greatest 
need: for scientists to advance the boundaries of tech- 
nology, or for engineers to apply its fruits? In many fields, 
remarkable engineers are found who have had little or no 
technical education. These men, the Henry Royces of 
to-day, succeed because an instinctive ability, particularly 
in design, cannot be held back by a lack of formal 
qualifications. In science, however, academic training is 
more necessary, and there is perhaps less scope for 
intuitive genius without academic embellishment. Many 
professions, such as medicine and the law, require strict 
compliance with the rules of the profession if success is 
to be achieved. 

While comparisons between engineers and scientists 
can be made (but tend to be very inaccurate), one common 
factor is that the successful individual in either discipline 
tends to have an intelligence well above the average of the 
community. That there are’ certain essential differences 
within each group can broadly be related to an interest 
in the practical or in the abstract. It is essential that these 
differences are kept in mind when educational patterns are 
directed towards the future needs of technology. Obviously 
too rigid an educational system might hamper the progress 
of some men, and this is particularly true of the visually 
perceptive and mechanically apt men who may not be so 
successful in passing through the normal university degree 
course. 

Intelligence is a quality that many men have. However, 
the knack of making use of it is another quality. Psycholo- 
gists in the United States, investigating the difference 
between creativity and intelligence, have shown that the 
conventional intelligence quotient rating system leaves 
much to be desired in assessing those qualities which 
comprise creativity. Indeed they give some evidence 
indicating that young people of high intelligence (by T.Q. 
rating) are generally low in creativity. Perhaps here is 
the essence of the differences between the scientist and the 
engineer. While the average scientist would probably be 


HISTORY AND 


HE rapid expansion of British archeology in the late 
nineteenth and early twentieth centuries was largely 
concerned with prehistory and was carried out in close 
association with the natural sciences. As a consequence, 
the link with historical studies, which had always been 
realized in the field of Roman Britain, became danger- 


proud to have a high I.Q. rating, and certainly gifted, 
highly intelligent children are most likely to be able to 
follow the educational stream which produces scientists, 
in some branches of technology, virtually throughout 
engineering, creativity is highly important. It is common 
experience that those who do best have some innate 
ability which is not necessarily nurtured by a university 
curriculum. 

Traditionally, the ambition of the British parent is for 
his child to go into a ‘respectable’ profession, such as 
medicine, law or finance. It is only recently that science 
and technology have become recognized as ‘respectable’ 
professions. It can be questioned whether steps are being 
deliberately taken to raise the professional status of 
engineers, so that they have the same public standing as 
doctors, dentists, accountants, ete. A generation ago the 
engineer would join a learned society because he was 
interested in his new profession and wanted to keep up 
to date, ‘in the swim’, by means of its journal. Meetings 
were only attended occasionally, branches outside London . 
being few. There were no ties to wear symbolically! The 
young engineer of to-day is much the same as his father, 
except that competition is far keener and technology 
vastly more complex. Specialists have brought about the 
setting up of artificial barriers within this creative 
discipline, and now it is necessary to distinguish between 
electrical and mechanical engineering, etc. It is clear, 
however, that a method must be found for rating qualified 
engineers in such a way that the general public will know 
them for what they are. 

A step forward in this endeavour was made in 1963 
when the Engineering Joint Council was formed. Hereby 
a means was established for thirteen learned societies to 
set common standards which will enable the ‘professional 
engineer’ to be given a good standard without referenco 
to whether he is electrical, mechanical, chemical, ete. Tho 
problems of standard are immense, and in no circumstances 
can a lowering of any standard be tolerated. Certainly the 
Joint Council must set a standard which will be equivalent 
to a university degree, and it must lay down the standards 
of professional experience which must also be achieved 
before the young member of & constituent institution can 
be allowed to call himself a ‘professional engineer’. 


ARCHAOLOGY 


ously weakened in other branches of British archeology. 
The necessity for re-examining the relations between 
historical and archeological studies has become increas- 
ingly evident as medieval and post-medieval archeology 
have grown in stature in the past generation. It is thus 
fitting that Dr. C. A. Ralegh Radford should choose 


952 


"History and Archeology” for the subject of his presi- 
dential address to Section H (Anthropology). 

Until the margin of error in scientific dating by carbon- 
14 or other methods becomes substantially less than at 
present, the traditional archeological methods of dating 
by association will continue to form the basic element in 
establishing the chronology of later prehistoric ages. 
These methods rest ultimately on historical data, and their 
successful application demands an understanding of these 
data. For the same ages the written record provides 
isolated pieces of information, which, rightly used, enable 
the student to fill out and bring to life the picture built 
up by the scientific analysis of data afforded by archzo- 
logical investigation, which must continue to form the 
basis of any reconstruction. An example from British 
and Gaulish protohistory is provided by Caesar's account 
of the equities. This dominant secular class in Gaulish 
society should certainly be associated with the rich La 
Téne burials of Britain and the Continent and probably 
with the great contemporary farmhouses of the Little 
Woodbury type. The fortunes of this class can be followed 
into the Roman period, when a connexion between these 
farmhouses and the villas is beginning to emerge. 
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In the later prehistoric and Roman ages the written 
record concerned with Britain consists of isolated refer- 
ences by distant writers, whose main interests lay else- 
where. With the coming of Christianity in the seventh 
century, the evidence of native writers and documents 
becomes increasingly available and historical studies 
gradually become dominant. 

Instances where the written record of a particular site 
or building can be directly tested by archeological 
methods are rare. Héxham, which might have become a 
text-book example, is rendered difficult by the obscurities 
of the texts and the inadequacy of the excavations. 
Winchester, where a large-scale investigation is in pro- 
gress, may afford more useful results. 

But real collaboration between historical and archxo- 
logical research must rest on a wider basis. The picture 
obtained by the analysis of the whole range of historical 
material must be tested by field research and by the 
excavation of key sites. These sites must be regarded as 
historical and sociological documents. In pre-Conquest 
England the towns—especially the late Saxon burghs— 
and the dwelling-houses provide suitable fields for investi- 
gation. 


^ BIOCHEMISTRY OF THE ENDOCRINE SYSTEM 


HE biochemistry of the endocrine system forms the 

subject of Prof. F. G. Young's presidential address to 
Seetion I (Physiology). Although the idea that certain 
glands may provide internal secretions, liberated directly 
into the blood stream, is sometimes ascribed to Claude 
Bernard, the belief that glands which do not possess a 
secretory duct may discharge useful material directly into 
the blood seems to have been generally current during 
the 1840’s. The important observations of Thomas 
Addison about the effects of disease of the adrenal 
glands (1849, 1855), and of A. A. Berthold (1849) 
concerning the endocrine activity of the testes, may 
well have been influenced by general contemporary 
ideas about internal secretion before Bernard’s observa- 
tions concerning the secretion of glucose by the liver 
(1853). 

Many hormones are concerned in the control of the 
movement of materials across barriers. In many instances 
endocrine glands are themselves derived from tissues 
which, at one stage in evolutionary and embryological 
development, constituted a part of a barrier tissue between 
the external and internal environments of an animal. 
This may be significant with respect to the evolutionary 
development of what are now called ‘hormones’. Hormones 
may be metabolites to which responsive tissues concerned 


with transport have been evolved and the production of 
which became largely, though not entirely, confined to one 
tissue. 

In some instances two hormones may act on the same 
process in such a manner that under the influence of one 
hormone the process is intensified while under the influence 
of the other the process is depressed. Such an antagonism 
between the action of hormones can be of particular 
physiological significance, and is well illustrated by the 
actions of insulin and of pituitary growth hormone. 
Under the influence of growth hormone there is a tendency 
for the blood sugar to rise, and for the amount of albumin- 
bound fatty acid in the plasma, to rise also. These two 
actions are the converse of those of insulin. The action 
of growth hormone probably prevents the development 
of post-prandial hypoglycemia and an excessive fall of 
plasma-free fatty acids, and conserves amino-acids, while 
insulin provides a means of preventing an excessive rise 
of these constituents of the blood after a mixed meal. In 
simple terms, insulin is the hormone of plethora while 
growth hormone is that of scarcity. Antagonism between 
their actions can provide for balanced metabolic control. 
Growth may result when the metabolic pattern normally 
associated with scarcity is imposed on conditions of 
plethora. 


BIOLOGICAL BASIS OF CRIMINAL BEHAVIOUR 


ROF. H. J. EYSENCK reminds us at the opening of 

his presidential address to Section J (Psychology) 
that constitutional views about the causation of crime 
were widely accepted at the turn of the century; they 
have been superseded by views stressing environmental 
causes. It would seem that the pendulum has swung 
too far over in this direction; man is a biological organism 
as well as a social one, and it would seem that the time has 
come for a re-awakening of interest in the biological causes 
of criminality. The facts certainly leave little doubt about 
the importance of constitutional factors; following the 
work of Lange, many other investigators have demon- 
strated that when criminals with identical sex brothers or 
sisters are singled out in prison the concordance rate 
of their twins is more than twice as much when they are 


identical than when they are fraternal. Along similar 
lines it has been shown that the personality make-up 
of criminals combines high emotionality with a high 
degree of extraversion, as contrasted, for example, with 
neurotics who tend to combine high emotionality with 
high degrees of introversion. Both emotionality and 
extraversion/introversion have been shown in many 
different studies to be markedly influenced by hereditary 
factors. Most of these facts have been known for & long 
time; the main reason for disregarding them has usually 
been the difficulty of seeing how biological factors could 
influence conduct classified on ethical or social grounds. 
What is inherited can only be structure, not behaviour, 
and no clear theory existed relating the one to the 
other. 
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In recent years it has beer suggested that there is a 
close relationship between extraversion/introversion on 
one hand, and cortical excitation as opposed to cortical 
inhibition on the other. These terms refer to facilitation 
or its opposite in relation to cortical activity, and it is 
likely that thero is a close relation between excitation and 
the activating part of the reticular formation, and inhibi- 
tion and the recruiting or synchronizing part. It may be 
deduced from this hypothesis that introverts form condi- 
tioned reflexes better than extraverts, and much evidence 
exists to show that this is indeed so. Given then that 
extraverts and introverts differ with respect to the ease 
with which conditioned reflexes are formed, we may here 
have the necessary link between structure and behaviour. 
More specifically, Prof. Eysenck suggests: (1) that neurotic 
reactions are conditioned autonomic reflexes, or the 
skeletal or hormonal reactions thereto; (2) that criminal 
activity is facilitated or brought about by the absence 
of conditioned autonomic responses to the contempla- 
tion and execution of socially undesirable actions 
which are subjectively experienced as ‘conscience’. 
According to-this theory, the new-born child's conduct 
is completely asocial or ‘criminal’; in order to learn a 
socialized mode of behaviour, a lengthy process of condi- 
tioning is necessary in which certain types of activity 
labelled ‘bad’, ‘naughty’ or ‘wicked’ are immediately 
followed by some form of punishment. This punishment 
acts as the unconditioned stimulus, and by virtue of 
its contiguity becomes associated with the conditioned 
stimulus, that is, the contemplation or carrying out of the 
forbidden activity. Gradually the conditioned stimulus 
will acquire the power of producing the same response as 
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the unconditioned stimulus, that is to say, sympathetic 
arousal, anxiety, fear, etc., thus acting as a deterrent 
from any asocial activity. The whole process is aided very 
much by the labelling of all such activities by parents, 
teachers and peers; in this way stimulus generalization 
occurs, and unifies and extends the whole field of forbidden 
activity. 

It will be clear that in this process extraverts, who 
condition poorly, are handicapped and will acquire a well- 
established ‘conscience’ only with difficulty, whereas 
introverts will condition only too well and be plagued by 
guilt feelings, even where the average person would 
consider such guilt feeling inappropriate. These genetic- 
ally determined factors interact with the environment, 
which provides the conditions of reinforcement, and 
variations in these prevent the correlation between con- 
ditioning and criminslity from being perfect. It is sug- 
gested that from the point of view of prophylaxis and 
treatment, individual differences in rate of conditioning 
must be taken into account and that ways and means 
must be found to make use of the accumulated knowledge 
of psychologists regarding the establishment and extinc- 
tion of conditioned responses. It is possible, for example, 
to increase the conditionability of & person by the admini- 
stration of stimulant drugs; it is possible to prevent 
extinction to a large extent by partial reinforcement, and 
there are many other ways in which behaviour can be 
manipulated so as to avoid criminal behaviour or reclaim 
the criminal. All such activities to be successful must, 
however, rest on a proper scientific analysis of the problem 
and a recognition of the importance of innate individual 
differences, particularly in the rate of conditioning. 


FUNGAL FRIENDS AND FOES 


"Y"UNGAL FRIENDS AND FOES” is the title of 

Prof. C. G. C. Chesters’s presidential address to 
Section K (Botany). Fungi are part of man’s normal 
environment and are vital for the circulation of carbon, 
nitrogen and minerals in Nature. They become important 
in man’s economy because they depend on organized 
sources of carbon for their own synthetic processes and 
energy supplies. Throughout time man has engaged in 
the monoculture of food crops and, in so doing, has 
provided phytopathogenic fungi with an assemblage of 
hosts which they have continually exploited. The ability 
of such pathogens to develop new strains and the wide 
distribution of mixed populations of pathogenic strains 
requires the continual vigilance of mankind, and a never- 
ceasing attempt to find more effective means of prevention 
and. control. 

Animals, as well as plants, represent food sources for 
fungi, and many of them cause serious diseases in animals. 
Some depend on animals for their dispersal and others are 
closely knit with the life-cycles of insects. This is a 
feature of ambrosia beetles. In certain insects, digestion of 
their food and perhaps their vitamin requirements depend 
on fungi and bacteria located in their digestive tracts. 


While pathogenic fungi continually menace food crops, 
saprophytic fungi cause spoilage of many of the essentials 
of man’s livelihood. Heart-rot of standing trees only 
differs in degree from moulding of stored food products 
and textiles. The natural versatility of fungi, their wide 
battery of enzymes, the profusion of spore production, 
and the efficiency of spore dispersal are factors which 
enhance their nuisance value. 

However, these same characteristics make them useful 
to mankind when they are cultivated on sterile media. 
The vast array of syntheses of which they are capable and 
the ingenuity of the chemical engineer have placed at 
man’s disposal not only antibiotics, but also a wide range 
of organic acids, enzymes, vitamins, proteins, amino-acids, 
and other carbon compounds. The exploitation of fungi 
is only limited by the costs of operations, but the combined 
skills of mycologists, chemists, and engineers should open 
wider fields of usefulness, particularly in a world facing 
the necessity of finding new sources of food materials. 

Underlying all their destructive propensities, and their 
usefulness to mankind, lies one very simple feature: 
fungi lack chlorophyll and are entirely dependent on 
organized sources of carbon for their existence. 


NEED FOR FORESTS IN AN INDUSTRIAL SOCIETY 


VER since early man began to develop a communal 
existence he has tended to slaughter his forests to 
make room for other land uses or to safeguard himself 
from enemies sheltering therein. In Britain this process 
had advanced far at the period when she began to take 
possession of overseas colonies, whereupon her rapid 
industrialization made tremendous calls on the newly 
discovered timber reserves overseas. Belatedly, skilled 


forest conservation has endeavoured to ensure the safety 
of future supplies. 

To-day Western Europe as a whole is a gross importer of 
timber and timber products, and Britain is dependent on 
overseas supplies to the extent of 90 per cent of her needs. 
Only recently have most countries begun scientifically to 
look ahead to their long-term industrial, social and 
domestic planning; in doing so it begins to be possible 
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to foresee how timber resources will need to be conserved 
or increased in relation to the known world availability 
and world réquirements. The picture is far from rosy, 
but with increased knowledge of the cultivation and use of 
fast-growing species immediate action can be expected to 
safeguard the situation. The aim of Mr. G. B. Ryle’s 
presidential address to Section K * (Forestry) is to express 
some general thoughts as a challenge to our sense of 
urgency. , 

The British forest policy, hitherto based largely on the 
need to build up a reserve of growing timber as a safeguard 
in the event of another war, has now movod towards the 
need to maintain and increase forest production for 
economie and social reasons, to ensuro the improvement 
of conditions in the poorer upland areas where grazing 
husbandry is failing to support a modern educated 
population and to improve the broad use of rural land also 
for the recreational benefit of the people as a whole. 
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The development of high-production forestry since 
1919 is already creating an intense interest among indus- 
trialists, and as more supplies of the raw material become 
available so the building of new wood pulp factories, 
particle board mills and sawmills is following. As Mr. 
Ryle points out, the forest has much to offer to an indus- 
trial society in addition to its direct provision of an 
industrial product. By a close collaboration with the 
National Parks Commission and the Nature Conservancy 
so the forest is providing additional recreational facilities 
and opportunities for biological study equal to their 
national parks and their nature reserves. 

The forest in a highly populated country must not be 
managed simply as & timber-producing factory. It is a 
storehouse of industrial wealth, of animal and plant 
communities and a place for recreation for the townsman. 
It is hoped that the townsman will collaborate to preserve 
this growing heritage. 


RESPONSIBILITY AND EDUCATION 


"Tae year, half-way between the optimism of the 
Education Act of 1944 and the ‘pessimism of Orwell’s 
“1984”, the Education Section (L) of the British Associa- 
tion has resolved to pass in review some of the major 
issues of responsibility in education. In his presidential 
address to this Section, Dr. F. Lincoln Ralphs attempts to 
indicate some of the broad issues involved and to set the 
stage for subsequent papers on the responsibility in educa- 
tion of the State, the Press, teachers, parents, etc. 

Education and responsibility are held to be as insepar- 
able as the obverse and reverse faces of a coin. By them 
Homo sapiens buys his right to a status unique among 
the animals. The educative potential of the totality of 
human environment must be recognized and our failure 
to accept responsibility in this context leads to a confusion 
of education with schooling and with erudition. It has 
led to a dichotomy between the standards advocated in 
school and accepted by Society. It may be there is a 
present preoccupation with truth at the expense of some 
neglect of beauty and goodness, a neglect that is excused 
as a revolt against hypocrisy. 

Against this background the religious clauses of the 
1944 Act reflect not only an attempt to reconcile the 
education provisions of the State and the Church but also 
the manifestation of war-time faith and fears in marked 
contrast to the present climate of thinking. There is at 
the present time an emphasis, even an over-emphasis, on 
scientific method and measurement as the only acceptable 
form of enquiry. Dr. Lincoln Ralphs considers that this 
produces a quantitative rather than a qualitative concept 
and is reflected in a change of emphasis from excellence 
and perfection to the average and the normal. 

The present rapidly changing pattern of education con- 
trasts markedly with the broad philosophy of education 
which had developed in the nineteenth century. “To the 


needs of this tranquil, stable but steadily evolving society 
the education and responsibility of the three R’s mini- 
stered with servile conformity. Parents were as much 
concerned to enquire about their children’s conduct as 
their competence. Integrity was rated as high as intellect. 
Manners still made man. Then, in 1914, the smouldering 
embers of the Balkans caught fire at Sarajevo and the 
world was at war. Solid structures of the past softened 
and melted in the new, accelerated way of life. The stage 
was being set for anew standard of values.” The privileges 
of a minority in the nineteenth century became demanded 
as the rights of all in the twentieth, but this standardiza- 
tion, rationalization and certification are not necessarily 
the best guarantees for educational advance. "Large 
classes and increasing emphasis on factual knowledge 
which examinations tend to encourage are not calculated 
to inspire pupils to accept responsibility either for them- 
selves or for others.” 

The responsibility of parents is basic. Their training 
to meet the responsibility is minimal. If the education 
problem begins in the home its ultimate extension is 
world-wide and its responsibility cannot be circum- 
scribed in any parochial fashion. “A brain drain may 
be necessary if we are to deal with the effluent of ignorance 
that a divided world has left to poison society with 
prejudice and violence.” In a final analysis of responsi- 
bility and education it is impossible to escape the con- 
clusion that the central theme depends on the concept 
of the nature of man. “Our origins may be seen from the 
stern of the Beagle. Our destiny is not decided in its 
wake but in our own consequent involvement in the 
conflict of good and evil and our growing recognition of 
what is true and what is-not true. . . . If we offer human 
nature as an excuse for what we no longer hope to perfect 
we return to the dust." 


THE AGE OF ADVICE 


ROBABLY the earliest record of science being called 
P to the aid of agriculture is contained in the writings 
of John Milton the poet to Samuel Hartlib in 1651. The 
recommendations of other writers in the seventeenth 
and eighteenth centuries and the activities of the Breck- 
nockshire and other agricultural societies from 1755 
onwards undoubtedly led informed public opinion to 
support the private endowment of the first chair of agri- 
culture in the University of Edinburgh in 1790. 

Subséquent development, as Mr. Eric Rea points out in 
his presidential address to Section M (Agriculture), was 


slow and spasmodic with a pronounced active period in 
the decade around 1840 which saw the inauguration of 
the Royal Agricultural Society of England, Rothamsted, 
the agricultural colleges at Cirencester and Glasnevin, 
and further chairs of agriculture at Oxford, Aberdeen 
and Belfast. The last thirty years of the nineteenth 
century saw the foundation of a number of small colleges 
and teaching institutes—many of them now defunct— 
and a trio of significant events in 1889; namely, the 
County Councils Act; the Technical Instruction Act and 
the founding of the Board of Agriculture. By this means, 
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Government funds and support were available on a modest 
scale and for the first time. 

The Development Act of 1910 provided the next stimu- 
lus to county councils and universities, who co-operated 
and laid the foundations of the nation-wide system of 
agricultural education and advice developed between 
the two World Wars. The interruption of the Second 
World War provided the opportunity for a systematic 
review by the Luxmoore Committee, whose report led 
to the setting up of the present National Agricultural 
Advisory Service within the Ministry of Agriculture. 
Farm institutes and extra-mural activities were left with 
the county councils and the Ministry of Education. 

The new unified service offered equal farmer facilities 
in all parts of England and Wales and improved service 
conditions and career prospects. Formed in 1946 when 
siege conditions had barely eased, the new service had a 
difficult start, but within ten years the developed world— 
aided by an unparalleled scientific revolution—was moving 
into an era of plenty. Scarcity gave way to plenty— 
even to food surpluses—and to keen international com- 
petition. Scientists produced new concentrated, friable 
fertilizers to exploit the potential of high-yielding stiff- 
strawed cereal varieties, selective herbicides to increase 
yields and reduce cultivation costs and a profusion of 
mechanical equipment to supply cheaper power and 
reduce labour requirements. 

Livestock numbers and production efficiency show 
marked increase and farm output has nearly doubled 


HOW SMALL-SCALE 


TN her presidential address to Section N (Sociology), Dr. 
Lucy Mair suggests that when problems of social change 
aro discussed it is often assumed that change in itself needs 
to be accounted for. Analyses of society in terms of 
structure and of socially approved behaviour in terms of 
roles have been called deterministie. Studies of the relation 
between culture and personality can result in a picture of 
society in which everyone's behaviour has been fixed by his 
or her upbringing in so rigid a mould that any change from 
established patterns calls for an explanatory theory. 

Our nineteenth-century predecessors would have been 
astonished at the idea that social change as such presented 
a problem. In fact, it has become the subject of interest in 
the special form that it takes in this century, where the 
technical inventions of the Western World are being 
introduced to societies the indigenous technology of which 
is very simple. 

It is suggested that the social changes resulting from 
this can be best understood if we recognize that a field of 
free choice is open to the members of any society, although 
the field is narrower where the level of technique is lower 
and the total field of social relationships narrower. The 
choices that men make are directed to comparable ends 
in all societies. They pursue wealth, power and the esteem 
of their fellows.: These ends may be incompatible; people 
may have to choose between material advantage, increase 


of power, and the esteem given to those who respect their 


obligations. 
In social terms, the entry of the newer States into the 
world economy has widened the range of opportunities 
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compared with pre-war despite a decline of more than 
20 per cent in farm workers. The total cereal acreage in 
South-east England has doubled since 1939. Wheat is 
a little above pre-war, oats show a sharp decline and 
there has been a nearly universal swing to barlsy in 
defiance of rotations and of the previously accepted 
husbandry code. 

The effects of economic pressure have been felt most 
severely on small farms which lack the advantage of scale 
and rely heavily on livestock, which provides 70 per cent 
of the national farm income. This situation has been 
countered by the advisory service developing widespread 
economie or farm business management advice with the 
co-operation of the university departments. Simple 
enterprise costings have tackled feed costs, which loom 
large in livestock production, and more sophisticated 
whole-farm business analysis has been developed. Thus 
the major factor in doubling farm output and in lowering 
production costs has been the impact of the advancement 
of science brought to the farmer by Government-sponsored 
research and advice. 

Changes in consumer demand in an affluent society are 
reflected in modified streamlined production patterns 
and simpler farming systems. Important developments 
in marketing are in progress. In the future, develop- 
ment will continue, but whatever form it takes there 
is every indication that farmers will depend heavily 
on unbiased scientific guidance in this, the “Age of 
Advice". 


SOCIETIES CHANGE 


open to individuals. They choose whether to enter into 
new types of relationship by balancing the advantages 
that these offer against the cost in loss of esteem through 
their neglect of pre-existing obligations. The conservatives 
are either the unimaginative or those who have more to 
gain by keeping to the status quo. 

With the attainment of independence, these countries 
have rejected the claim of Europeans to tell them how 
they should take on the roles required by the social 
structure of a modern nation. In Africa they say that 
such roles must be' so interpreted as to express the 
‘African personality’. This applies particularly to the 
field of politics, where the characteristic departures from 
Western idéals of democracy are explained in terms of 
traditional African customs and values. But a preferable 
explanation is that persons taking on political roles in the 
new states find themselves in an open situation in which 
they can themselves create their roles. These mon 
are drawn from a different stratum of society from the 
traditional rulers, and are not seeking to follow tradition, 
but to work out for themselves the means of attaining and 
holding power. They interpret the new political roles in 
the manner which seems to them most apt [for these 
aims, and there can be no effective challenge to this 
interpretation in the present social structure of their 
societies. 

Contemporary social changes, like social change in the 
past, is produced by the manipulation of whatever areas 
of free choice there may be by people who are able to 
calculate where their advantage lies. 


RESURGENCE OF INTEREST IN THE OBSERVATIONAL SCIENCES 


N his address to Section X (General), Sir Graham 
Sutton contrasts the progress in the observational (or 
environmental) physical disciplines with that in the 
experimental (or laboratory) physical sciences. In the 


observational sciences, naturally occurring uncontrolled 
events are investigated, usually on a synoptic basis, 
whereas in experimental physics controlled events are 
created and investigated, so far as possible, in isolation 
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from other events. The two branches have a common 
foundation in the universal laws and principles of 
theoretical physics. 

Much of early Western science was observational, 
usually with astronomical events as its basis, for at that 
time there was an almost complete lack of reliable labora- 
tory data. Newtonian mechanics is often represented as 
@ breakaway from the teleological science of Aristotle; 
but Newton himself seems to have been influenced by a 
desire to explain natural events as part of a universal 
order instituted by the Creator. It was not until some 
hundreds of years later that the growing skill of the 
instrument-maker and the emergence of the modern 
laboratory made it possible to extend the study of the 
universe by man-made events and laboratory artefacts. 

The handicaps suffered by the environmental physical 
disciplines are well illustrated by meteorology, which for 
centuries could not advance significantly until the tele- 
graph provided a rapid and certain means of building 
up the synoptic picture and ways had been found to 
explore the upper atmosphere. Modern meteorology 
began to take shape when advances in electronics pro- 
duced the radiosonde, the radar wind-finder and finally 
the high-speed computer. 
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To-day the environmental physical sciences have been 
rejuvenated by technical developments. They demand 
a wide-ranging knowledge of physics, as exemplified 
by modern geomagnetism, which began in the seventeenth 
century with a study of variations in magnetic compass 
directions and now extends from the inner parts of the 
Earth to the fringes of its outer atmosphere, involving 
subjects as remote as the study of convection currents 
in the molten interior of the Earth to the physics of 
charged particles emanating from the Sun. It has also 
led to the examination of conditions in the remote past, 
with links with the drift of continents and palsoclimates. 

The most exciting possibility in the Earth sciences 
to-day is that of modifying or even controlling weather. 
Examination of the orders of magnitudes suggests that 
little can be achieved by a direct contest with Nature, 
but that something might be possible by more subtle 
means. This requires, however, a much more detailed 
knowledge of large-scale atmospheric processes than is 
available now, and the conclusion is reached that the 
most that should be attempted at present is the investiga- 
tion of model atmospheres with the help of computers. 
Any large-scale effort in the real atmosphere might have 
disastrous consequences. 


THE SOUTHAMPTON REGION 


A Survey of Southampton and Its Region 

Edited by Prof. F. J. Monkhouse. Pp. xviii + 349+ 56 
plates. (Southampton : The University Press, 1964. Pub- 
lished for the Southampton Local General Committee of 
the British Association.) 35s.; 5 dollars. 


des. first impression gained of A Survey of Southamp- 
ton and Its Region is that in the area they—the inhabit- 
ants—obviously take things rather seriously, especially 
their own extremely beautiful ‘Wessex’. The book has 
all the appearances of being rather academic, with many 
detailed tables, maps, intricate graphs and diagrams. 
Is this well-illustrated book meant for the general visitor to 
the Southampton meeting of the British Association for 
the Advancement of Science, or will it apply itself mainly 
to those whose minds can take in such detailed information 
and, so to speak, tell the tune from a glance at the musical 
score? 

The present survey is a far cry from the 1882 Guide to 
Southampton and Neighbourhood “. . . prepared by Mr. 
Thomas W. Shore, of the Hartley Institution in that town 
[now city], in view of the approaching visit of the ‘British 
Association’. A few pages are devoted to notes on 
climate, vital statistics, geology, botany, zoology, ete." 
(Nature, 26, 352; 1882). Prof. F. J. Monkhouse, professor 
of geography in the University of Southampton, who has 
been responsible for the editing of the present Survey, has 
guided his team of fifty writers well, and they have 
together prepared a comprehensive account of the region. 
In planning it they have divided the Survey into three 
parts. First, “The Character of the Region" (151 pp.), 
which deals with the geology, geomorphology, hydro- 
graphy, soils, weather, hydrology and water supply, 
botany, zoology, land-use and the Hampshire Develop- 
ment Plan. Secondly, there is “The Historical Back- 
ground" (68 pp.) and, finally, “The Character of the 
Town of Southampton" (111 pp.). 

With a Survey of this nature, where each chapter deals 
with a specific aspect of a region and is packed with detail 
and facts, it is not possible in & limited space to review 
it as a whole. Instead, one can but take examples here 
and there to show just what can be found and what the 
area offers. In what follows here only Part 1 will be 
dealt with in detail, while Parts 2 and 3 will be treated 
briefly. 


The introduction is a jointly written overture by 
Prof. F. J. Monkhouse and R. Douch. This deals with 
the region in very general terms and in an ideal racy style 
—sufficient to encourage the reader to probe on if not read 
on. One is promised excursions into the Hampshire 
mainland, Wiltshire, Dorset and the Isle of Wight, not 
only by land or sea, but also in time. The clock is set to 
start at the Cretaceous geological period and is wound to 
run until plans have been reached for the last quarter of 
the twentieth century. 

The area which lies within the confines of the Hampshire 
Basin is of special interest to geologists, whether profes- 
sional or amateur, especially for its wide range of Mesozoic 
and Tertiary formations accessible for detailed study along 
extensive coast line. These offer text-book exposures 
which, due to extensive coastal erosion, vary from year 
to year. Sections of beds ranging from the Lower Cretace- 
ous Wealden Marls up to the highest British Oligocene 
strata are revealed for investigations with varying degrees 
of completeness; notable features are the Isle of Wight 
monocline, and the Winchester, Portsdown and Purbeck 
anticlines. Within the Cretaceous system are represented 
the Wealden Series, the Lower Greensand (Aptian and 
Albian), the Gault, the Upper Greensands and the Chalk. 
These are succeeded unconformably by rocks of the 
Eocene system including the Reading Beds, London 
Clay, Bagshot Beds, Bracklesham Beds, Barton Series 
and Lower Headon Beds. The Oligocene system present 
in the area incorporates the higher Headon Beds, 
Osborne Beds, Bembridge Series and Hampstead 
Beds. Superimposed on all these the geomorphologist 
will find particular interest in the chalklands, where 
smoothly curving slopes lead down to winding, dry valleys. 
Occasionally the land is divided into separate blocks by 
deep trenches through which the Rivers Stour, Avon, 
Test and Itchen flow. But, for the most, gentleness of 
slope is the order. In stark contrast the Tertiary rocks 
around Southampton itself give rise to dull featureless 
lowlands. However, the magnificent coastline elsewhere 
in the region owes much to the structures produced by the 
Alpine folding, and notable features are to be seen around 
the shores of the Isle of Wight, Portland Bill, Lulworth 
Cove, etc. In fact, the very forces of Nature responsible 
for these features are responsible for the wealth of the 
area—Southampton Water. Their results have had pro- 
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found effect on the unusually providential tidal phenomena 
in the Solent which have made Southampton a unique 
port. 

The creation of the English Channel had two main 
hydrological consequences. First, the progressive intro- 
duetion of the semi-diurnal tidal pulse of the North Atlan- 
tie Ocean right into the Straits of Dover. Secondly, the 
opening of this converging gulf to the wave-action of the 
ocean with an immense fetch, along which the prevailing 
westerly gales can raise wave amplitudes of 30—40 ft. 
with pressures of up to 5 tons/ft.. The chapter on 
“Hydrography of the Solent and Southampton Water" 
deals with these tidal phenomena most effectively, along 
with such topics as, ‘double’ or prolonged high tides, 
synchronous tides, the Solent tidal stream, etc. The 
fortuitous circumstances which led to the formation of 
Southampton Water have endowed it with many favour- 
able qualities: to name but a few, the unique tidal region, 
where for 8-75 h the water-level is either rising or standing 
and the ebb lasts only 3-75 h; the protecting and sheltering 
barrier of the Isle of Wight; excellent anchorage for the 
largest ships in the world, ete. The chapter is com- 
pleted by sections dealing with hydrographic surveys 
and modern developments in Southampton Water. 

From the point of view of soils, the region can be divided 
into those of the Tertiary Basin and those of the Chalk 
rim. Most of the soils developed in the Hampshire 
Basin can be assigned to three major groups: the podzolic 
soils, the brown earths and the gleys. Typical podzol 
profiles are to be found in the New Forest and Dorset 
heathlands. Gleys vary from those associated with brown 
earth to ground-water gleys, and, in the wettest gleys, 
peaty A horizons are to be found—these occur in most 
New Forest bogs. The Chalk outcrops over about 60 
per cent of the region and provides a homogeneous parent 
material over considerable areas. Varieties of soil from 
these areas are the shallow rendzina deposits, the brown 
calcareous soils, clays and clays-with-flints—the last- 
mentioned originated under peri-glacial conditions and 
cap some of the Chalk ridges. 

The coastal districts of central south Englend are noted 
for their warm, sunny summers and generally mild winters. 
These characteristics add together to make the region one 
of the most popular parts of Britain for summer holidays, 
and also for retirement. The chapter on weather and 
climate, after the short introduction, deals first with 
synoptic climatology in January and July. A section 
follows which treats the climatic elements throughout 
the year, including precipitation, snow, thunderstorms, 
temperature, ground frost, winds and fog. It is well 
illustrated with a map concerning annual precipitation 
1916-50, and graphs of daily temperatures at Southamp- 
ton in winter, monthly precipitation, droughts at Ventnor, 
Isle of Wight, temperatures at Southampton 1921-50, 
and diurnal variation of fog throughout the year at 
Calshot. Seven tables detail daily precipitation, tempora- 
ture, average rainfall, snow or sleet, and ground fog. 

In view of the ever-increasing demands of its expanding 
population and growing industries, Hampshire is fortun- 
ately ‘stocked’ from the point of view of water resources. 
While the average rainfall is only about 30 in., the Chalk 
forms a favourable factor with its porosity, fissures, well- 
defined bedding planes, ete. The minor folding has a 
general southward dip, and this is the broad direction 
of the surface drainage. The overlying Tertiary deposits 
in the south of the county are relatively impermeable. 
The chapter on hydrology and water-supply details flow 
measurement and ground-water observations, and the 
water supply of Southampton and the neighbouring 
district. It ends on an interesting historical note in the 
form of an appendix, ‘““Hydrology in the Past", which 
discusses Saxon charter evidence, the anomalous Alre 
and water mills. 

Sevoral large tracts of natural and semi-natural vegeta- 
tion have survived the encroachments of man in the 


Supplement to N ATURE of August 29, 1964 


957 


region around Southampton. Among these, the New 
Forest, with its woodlands, heaths and bogs on Tertiary 
and Quaternary deposits, is outstanding. Inland, valleys 
of large rivers flowing off the Chalk provide examples of 
freshwater vegetation, marsh and water meadow. Much 
of the woodlands of the region consist of oak and beech, 
oceasionally pine, birch, ash or alder carr. However, 
not only has much of the woodland been reduced in 
recent years, but also much of the grassland. Reduction 
in the rabbit population on Chalk downlands has led to 
reductions in the low-growing herbs due to vigorous growth 
of grasses, but seedlings of hawthorn and juniper are be- 
coming established. In the New Forest excellent examples 
of heath and bog vegetation exist, while a notable series of 
valley bogs occur in the Matley and Denny Forest Nature 
Reserve incorporating bog-moss, cotton grass, bog 
myrtle and alder carrs. The large rivers flowing south- 
wards from the Chalk into Southampton Water support, 
on the more waterlogged marshes of their alluvial flats, 
Sweet-grass, reed, large sedges, etc. Without doubt the 
most important coastal species is Spartina townsendii. 
This vigorous maritime grass—only introduced into the 
area about a century ago—forms virtually monospecific 
swards over great stretches of mud bordering the coastline 
almost continuously from Hurst Castle to Chichester. 
More traditional salt marshes are represented only 
locally around the coast, ranging from Aster tripclium 
swards to mixed saltmarsh vegetation. The chapter on 
the botany of the region ends with a section in which the 
flora is described in detail under headings of: vascular 
plants; mosses and liverworts; fungi; marine algac; 
freshwater algae. Certainly the botanist, whether amatcur 
or professional, cannot fail to find something of interest 
in the region. 

As would be expected from such a diversity of habitat, 
the region has & rich and varied fauna. Worthy of special 
attention is the marine fauna of Southampton Water 
with extensive beds of Mytilus and the interesting 
American hard clam, Venus mercenaria. Wood-boring 
marine invertebrates are plentiful, especially Limnoria 
and Teredo. Demersal fishes include gobies, blennies, 
and, from time to time, sprats and herring. Acartia is 
dominant among the copepod species, while in dcepor 
waters carnivorous mysids are to be found. The Chalk- 
streams provide a good habitat for trout, and of special 
interest to the freshwater biologist is the River Avon. 
which has been the focus of many special investigations by 
the University of Southampton from the point of view of 
salmon. Throughout the region invertebrates are plenti- 
ful, and recently three groups of nematocerous Diptera 
have aroused special interest: Chironomidae, Simuliidae 
and Tipulidae. Special mention should be made of the 
medicinal leech, Hirudo medicinalis, which, rare in Britain, 
is to be found in some New Forest ponds. Branchiopod 
crustaceans of interest are the rare Triops cancriformis, 
and the fairy shrimp, Chirocephalus diaphanus. In an 
average year it is claimed that Hampshire sees the record- 
ing of some 230 species of birds and, to mention but a 
few, these have included honey buzzards, kestrels, wood- 
larks, stone curlews, godwits, egrets, white stork, nightjar, 
wintering white-fronted geese, various buntings and 
goshawks. The British mammal fauna is well represonted 
in the region and includes fallow, red, roe, sika and a 
few escaped chinese water deer, fox, badger, otter, red 
and grey squirrel (the former ousted from the mainland 
region by the latter, but still to be found on the Isle of 
Wight), rabbit, vole, hare, etc. Of special interest are the 
representatives of Chiroptera, as the region is one of the 
richest areas in the British Isles for bats. Of marine 
mammals, porpoises and dolphins have been found. All 
six British species of reptiles are present. 

The chapter on “Land Use, Agriculture, Forestry and 
Conservation” opens on a historical note. Latér sections 
deal with modern agricultural trends, the present agricul- 
tural pattern, land classification, land use and sylviculture 
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in the New Forest, and conservation. Of special impor- 
tance is the last mentioned as much attention has been 
directed to improving the deteriorating conditions of the 
New Forest, the Chalk grasslands, and the tidal and fresh- 
water marshes along the coast. The chapter is well illus- 
trated, with five graphs dealing with holdings, erop and 
livestock returns, crop acreages, and consumption of plant 
nutrients. Two maps show land classification in Hamp- 
shire and the New Forest. 

“The Character of the Region” is rounded off with a 
descriptive chapter on the Hampshire Development Plan. 
The background to the Plan is described and sections are 
included on population and housing, industry and 
employment, road developments, social facilities, areas 
of comprehensive development, and areas of special 
interest. 

Part 2, “The Historical Background”, opens with a 
chapter in which an endeavour is made to define the 
mysterious region of Wessex. Theories are put forward 
as to how far the boundaries of Wessex spread, and the 
part played by Hampshire and Southampton. Wessex 
for many centuries lost its regional significance, but owes 
much of its revived popularity to Thomas Hardy. ‘Place 
Names of Hampshire” is a delight for all to read. The 
central position of Hampshire on the south coast of 
England has had a striking effect on its place-name 
structure. To the west of the Hampshire Avon, Celtic 
place-names become increasingly more frequent, while 
to the east of the county few pre-English names have 
survived. Sections deal with the earliest names, earth- 
works, Germanic names, Scandinavian names, Norman 
and French names, the New Forest and its place names in 
Domesday Book. The third chapter considers ‘‘Settle- 
ment in Prehistoric and Roman Times". This treats, in 
succession, the paleolithic, mesolithic and neolithic 
periods, the Copper and Bronze Ages, the Iron Age, and 
finally the Roman period. A thirty-two page section on 
the history of Southampton rounds off the historical 
background. This commences with pre-conquest South- 
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ampton, medieval Southampton and aspects of its indus- 
try and power, the civic authority, trade and communica- 
tions, Southampton in the sixteenth and seventeenth 
centuries with the collapse of commerce and later the 
revival of the Town’s trade, and the effect of war with 
Spain. This chapter ends with an account of Southampton 
in the eighteenth and nineteenth centuries. 

It was fortunate that the editor of the Survey was able 
to include in his preface the fact that “Her Majesty the 
Queen, on the recommendation of the Home Secretary, 
was graciously pleased to raise by letters patent the 
Town and County of Southampton to the title and 
dignity of a City on 11 February 1964”. Unfortunately, 
the text of the volume was in the press at that time, and 
hence it was not possible to change the title of the third 
part, “The Character of the Town of Southampton". 
Essentially, the chapters within this part of the Survey 
deal with the social pattern, economie activity, the port 
of Southampton, communications, aspects of the civic 
scene, the Ordinance Survey, the University and the 
planning of Southampton. Under “Social Patterns" 
sections are included on the past and present activities of 
the city, the growth of the residential area, population 
growth, social ecology, industrial development, employ- 
ment, etc. The chapter on the Port of Southampton 
describes the functions and activities of the Harbour 
Board, comparative port traffic, the docks, and the effects 
on Southampton if the recommendations of the Rochdale 
Committee’s report, The Major Ports of Great Britain, 
are implemented. 

It is inevitable that as each chapter has been written 
by separate authors there should be a certain amount of 
overlap. Prof. Monkhouse is to be congratulated on keep- 
ing this to a minimum and for encouraging biblio- 
graphies with almost all chapters. The absence of a 
general index is to be deprecated ; no doubt its absence was 
necessary for the sake of expediency of publication. 
However, it is greatly to be hoped that one will be issued 
as a supplement in due course. 


PRESIDENT FOR 1965 OF THE BRITISH ASSOCIATION 


Sır CYRIL HINSHELWOOD, O.M., F.R.S. 


IR CYRIL HINSHELWOOD, former Dr. Lee’s 

professor of chemistry in the University of Oxford, 
has been elected president for 1965 of the British 
Association for the Advancement of Science. Sir Cyril 
wil deliver his presidential address at the next annual 
meeting in Cambridge. 

Sir Cyril is retiring from his professorship in Oxford 
and has been succeeded by Dr. R. E. Richards, F.R.S., 
Oxford University reader in physical chemistry (see p. 917 
of this issue). 

He was appointed to the chair in 1937, and he first 
organized the transfer of the Department from the historic 
cellars and converted bathrooms of Balliol and Trinity 
Colleges to the first laboratory for physical chemistry at 
Oxford, built with the support of a benefaction from Lord 
Nuffield. Here he strengthened and enlarged his schoo! of 
chemical kinetics on a broad front, to include physical and 
biological systems; and during his tenure of office he was 
able to see the development by members of his staff of 
distinguished groups in numerous branches of physical 
and inorganic chemistry. Now he has left the 
Oxford Department, his plans for the further expan- 
sion of the physical chemistry laboratory are still 
continuing. 


Sir Cyril’s distinction has been recognized far and wide, 
by awards from many universities, from the Royal 
Society, and from scientific academies in many countries. 
He is a Nobel prize-winner and holder of the Order of 
Merit. He can claim the unique record of having been at 
the same time president of the Royal Society and of the 
Classical Association. The tercentenary celebrations of 
the Royal Society in which he played the leading part 
will long be remembered. 

Not only has Sir Cyril been awarded the Copley Medal 
of the Royal Society (Nature, 196, 1025; 1962), but he 
was also the first recipient of the Leverhulme Tercentenary 
Medal (Nature, 192, 907; 1961) and was awarded the 
Medal for 1961 of the Society of Chemical Industry. This 
Medal, a senior award of the Society, is presented every two 
years for conspicuous services to applied chemistry by 
research, discovery, invention or improvements (Nature, 
189, 22; 1961). 

Sir Cyril is now retiring to his native London, but his 
future will not be a period of inactivity. By his election 
to a senior research fellowship at the Imperial College of 
Science and Technology he will be able to continue 
scientific work, and his counsel will also be valued by the 
many organizations with which he is associated. 
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Three Volumes Reviewing Modern Physics 


THE UNIVERSE AND 
ITS ORIGIN 


148 pp. 30 line and half-tone illustrations. 18s 


SPACE PHYSICS AND 
RADIO ASTRONOMY 


174 pp. 71 line and half-tone illustrations. 


INTRODUCTION TO 
MODERN PHYSICS 


274 pp. 82 line and half-tone illustrations. 25s 


Edited by Dr. H. MESSEL, Professor of Physics, and 

Dr. S. T. BUTLER, Professor of Theoretical Physics in the University 
of Sydney 

Here in three very readable books is the background for appreciating 
the new achievements of physical science and its place in the world. 
They have been written by authorities in terms that the non-specialist 
can readily understand, and will also interest the wider audience that 
happily turns to televised science. They stress the unification of 
science; a theme that is being exploited by the Department of Physics 
ot the University of Sydney under the spirited guidance of Professor 

essel. 


BRITAIN AND 
ATOMIC ENERGY: 1939-1945 


MARGARET GOWING, JB.Sc.(Econ.), Historian and Archivist, 
United Kingdom Atomic Energy Authority 


This history of the United Kingdom Atomic Energy Project up to the 
time the first atomic bombs were dropped on Japan was commissioned 
by the U.K.A.E.A., and much use has been made of official documents 
in this the first authoritative account of Britain’ s part in the develop- 
ment of atomic energy. The book is in three parts: a study of 
feasibility; the independent work in North America and Britain; and 
the joint work in North America. 


September. 480 pp., 3 line and 14 half-tone illustrations. 55s 


Synopses and catalogues from: 


MACMILLAN/CLEAVER-HUME PRESS 


ST MARTIN'S STREET LONDON W.C.2. 














ATLAS OF THE MOON 


VINCENT DE CALLATAY 


By the same author as the successful Atlas 
of the ‘Sky, Atlas of the Moon gives a 
detailed, yet readable and easily understood, 
account of all aspects of the moon, sump- 
tuously illustrated with a wide range of 
informative photographs and diagrams. 
With a foreword by Sir Bernard Lovell. 
Translated by R. G. Lascelles. 


10x124 in. 160 pages. 70s 


LABORATORY 
FIRST AID 


By the same author as 
LABORATORY ORGANIZATION 
AND ADMINISTRATION 


K. GUY, F.I.S.T., Chief Laboratory Tech- 
nician, Department of Chemistry and 
Chemical Engineering, University of Natal 


A quick-reference guide to general safety 
measures in laboratories, listing the basic 
first-aid equipment. The author deals 
specifically with eye injuries, wounds and 
haemorrhage, burns and scalds, shock, 
asphyxia and poisoning. A comprehensive 
table gives notes on the characteristics of 
chemicals and the measures needed to 
nullify their effects on the body. 


October. 128 pp. 15 line and 2 half-tone 
illustrations. Flexible binding, 8s 6d 


PLANT BIOLOGY 
TODAY: 


ADVANCES AND CHALLENGES 


Edited by W. A. JENSEN, University of 
California and L. G. KAVALJIAN, 
Sacramento College 


A Symposium sponsored by the American 
Association for the Advancement of Science 
and the Botanical Society of America. 
Each of the five papers is a distillate of 
background information and recent research 
work, and is by a prominent research 
scientist. Stimulating reading for under- 
graduates, and for the sixth-form library. 


126 pp. 49 illus. 12s 6d 
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THE UNIVERSITY 


TBE SOLAR SYSTEM 


General Editor : Gerard P. Kuiper 
Associate Editor : Barbara M. Middlehurst 


VOLUME I: The Sun 
VOLUME II : The Earth as a Planet 
VOLUME III : Planets and Satellites 99s 


VOLUME IV : The Moon, Meteorites, and Comets 
5 gns 


STARS AND STELLAR SYSTEMS 
Compendium of Astronomy and 
Astrophysics 


General Editor : Gerard P. Kuiper 
Associate Editor : Barbara M. Middlehurst 


VOLUMEI: ‘Telescopes 63s 
VOLUME II: Astronomical Techniques 118s 
VOLUME II: Basic Astronomical Data 90s 
VOLUME IV: Clusters and Binaries 


VOLUME V: Galactic Structures 
{in preparation) 


VOLUME VI: Stellar Atmospheres 126s 
VOLUME VII : Nebulae and Interstellar Matter 
VOLUME VIII : Stellar Structure 


VOLUME IX: Galaxies and the Universe 
(in preparation) 


OF CHICAGO 
PRESS 


FAST NEUTRON PHYSICS 


Edited by Gerald C. Phillips, Jerry B. Marion and 

Jacob R. Risser 

This book contains the proceedings of the international 
Conference on Fast Neutron Physics. Chapters deal 
with neutron sources, spectra, and thresholds ; neutron 
induced reactions and inelastic scattering ; elastic 
scattering and resonances ; polarization ; and historical 
background. 


464 pages, illus., index 63s net 


THE EARTH SCIENCES 
Problems and Progress in Current Research 


Thomas W. Donnelly, Editor 

Problems of the earth's interior and of structural geology 
are discussed by Sydney P. Clark, Jr., and Fred Donath. 
W. S. Fyfe deals with experimental petrology, Heinz 
Lowenstem with the mineralogy of skeletal material in 
sediments, and John A. O’Keefe with the earth’s outer 
shell and with the composition of the moon. S. S. Wilks 
writes of the statistical approach to geological problems. 


196 pages 45s net 


NOBLE GAS COMPOUNDS 


Herbert H. Hyman, Editor 

This book is the proceedings of the first conference held 
on the subject and represents a complete summary of 
research in this field. The intense interest exhibited in the 
reaction of xenon stems from the important role that the 
inert gases have played in the development of theories 
of chemical combination. 


404 pages, illus., index 90s net 


A MODERN ALGEBRA FOR BIOLOGISTS 


By Howard M. Nahikian 

This is not a handbook of modern algebra but a textbook 
for advanced students which starts with the elements of 
set theory and the applications of sets to biological 
models, theory of probability, information theory, and 
linear graphs. 

272 pages, index 72s net 


MAN MUST EAT 

By William Kershaw Slater 

While many laymen and scientists are rightly concerned 
about the contamination to feed supplies through 
atomic fall-out, Sir William shows that survival itself 
is dependent upon the application of scientific knowledge, 
including nuclear physics, to food production. 

128 pages, index 28s net 


LONDON OFFICE: 6a, Bedford Sq., London, WC] 
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= NORTH-HOLLAND BOOKS = 


*ATOMIC COLLISION PROCESSES 


Editor: M. R. C. MCDOWELL, Mathematics Department, Royal Holloway College, University of London 
“The often-repeated argument that there are too many scientific conferences has little application here. 
In a rapidly expanding subject there seems to be no way of keeping in touch other than by meetings, 
which serve the purposes of stimulation, clearing the air, reporting and criticism as well as review and 
bibliography.” ]. B. Hasted—Nature 


1964 6x” 1180 pp. f 126.00; £12 12s. 





*PROGRESS IN LOW TEMPERATURE PHYSICS 
Volume IV 


Editor: C. J. GORTER, University of Leyden 


The majority of the papers deal with metals and super-conductors, magnetic effects and nuclear orienta- 
tion, and the properties of liquid helium. 


1964 6x9" 576 pp. f 63.00; 126s. 





*DIFFERENTIAL EQUATIONS OF MATHEMATICAL 
PHYSICS 


By N. S. KOSHLYAKOV, M. M. SMIRNOV and E. B. GLINER (Leningrad) 


The constant demand from physicists, applied mathematicians and technologists for a complete exposition 
of the application of the fundamental mathematical disciplines led to the appearance of this book. A 
textbook by the celebrated Russian teacher of mathematics, the late Professor Koshlyakov. 


1964 6x9” 680 pp. f 60.00; 120s. 





*DYNAMICS OF CHARGED PARTICLES 
By B. P. LEHNERT 


CONTENTS: 
l. Introduction; 2. Basic equations; 3. Orbit theory; 4. Adiabatic Invariants; 5. Macroscopic theory; 


6. Magnetic compression; 7. Confinement of charged particles; 8. Stability; 9. Relativistic effects; 
10. Radiation. 


1964 6x9" 278 pp. f 32.50; 65s. 





*UNIFIED THEORY OF NUCLEAR MODELS 
By G. E. BROWN, Nordita, Copenhagen 


The language of many-body theory is employed to a large extent and should be readable for physicists 
who are not specialists in nuclear physics. 


1964 6x9" 180 pp. f 20.00; 40s. 








POLLEN PHYSIOLOGY AND FERTILIZATION 


Editor: H. F. LINSKENS, Botanical Laboratory, University of Nijmegen 
SUBJECTS: 


1. Physiology of the embryo-sac. 2. Biochemistry of pollen wall formation. 3. Metabolism of pollen tubes. 
4. Boron and pollen tube growth. 5. Chemotropism of pollen tubes. 6. Controlled fertilization. 
7. The incompatibility barrier. 


1964 6x9" 270 pp. f 40.00; 80s.; $11.20 








Send your order to your bookseller or directly to 


WE NORTH-HOLLAND PUBLISHING COMPANY 
ce AMSTERDAM P.O. BOX 103 THE NETHERLANDS 


Sole distributors for the U.S.A. for the starred (*) titles: 
Interscience Publishers, a division of John Wiley & Sons, Inc.—New York 
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~ SAUNDERS 


CHEMISTRY: The Elements and Their 
Reactions 


By Eric HurCHINSON, Ph.D., Professor of 
Chemistry at Stanford University. 


New (2nd) edition. 693 pages, illustrated. 
£3 3s. 6d. 


INVERTEBRATE ZOOLOGY 


By RonznrT D. Barnes, Ph.D., Associate Professor 
of Biology, Gettysburg College. 


632 pages, illustrated. 


INTRODUCTORY INSECT PHYSIOLOGY 


By RonzRT L. PATTON, Ph.D., Professor of Insect 
Physiology, Cornell University. 


245 pages, illustrated. 


CELL PHYSIOLOGY 

By ARTHUR C. GIs, Ph.D., Professor of Biology, 
Stanford University. New (2nd) edition. 

592 pages, illustrated. £4 Os. 6d. 


ORGANIC CHEMICAL PREPARATIONS 


By FRANK D. Popp, Ph.D., Assistant Professor of 
Chemistry, Clarkson College of "Technology, 
Potsdam, New York ; and Harry P. SCHULTZ, 
Ph.D., Professor of Chemistry, University of 
Miami. 

392 pages, illustrated. 


20th CENTURY CHEMISTRY 


By JosgPH J. RourH, Ph.D., Professor of Bio- 
chemistry, State University of Iowa. New (3rd) 
edition. 


489 pages, illustrated. 


FUNDAMENTALS OF CHEMISTRY 


By L. JEAN BocznrT, Ph.D., Instructor in Experi- 
mental Medicine, Yale University. New (9th) 
edition. 


636 pages, illustrated. 


ATOMIC ENERGY ENCYCLOPEDIA IN 
THE LIFE SCIENCES 
Edited by CHARLES WESLEY SHILLING, M.D., 
D.Sc., Consultant to the U.S. Atomic Energy 
Commission. Prepared under the auspices of 
the Division of Technical Information, USAEC. 
474 pages, 268 illustrations, 98 tables. 

£3 13s. 6d. 


COMPARATIVE ANIMAL PHYSIOLOGY 
By C. Lapp Prosser, Professor of Physiology, 
University of Illinois ; and FRANK A. BROWN, 
Professor of Biology, Northwestern University. 
(2nd) edition, 1961. 


688 pages, illustrated. 


£3 10s. Od. 


£1 18s. 6d. 


£1 17s. Od. 


£2 16s. Od. 


£2 14s. Od. 


£5 8s. 6d. 


W. B. SAUNDERS COMPANY 


412 DYOTT STREET LONDON, W.C.1. 








The FABRIC OF GEOLOGY 


CLAUDE C. ALBRITTON, JR., Editor. 


Theonly broadanalysis of currentgeologicthoughtand 
geologists’ problems. Prepared under the direction 
of a committee of the Geological Society of America. 


Articles by : Messrs. McIntyre on James Hutton and 
the philosophy of geology and on Precision and 
resolution in geochronometry, Bradley on Geologic 
laws, Simpson on Historical science, Kitts on The 
theory of geology, McKelvey on Complex natural 
experiments, Woodford on Correlation by fossils, 
Mackin on Rational and Empirical methods of 
investigation in geology, Hill on Role of classification 
in geology, Anderson on Simplicity in structural 
geology, Leopold and Langbein on Association and 
indeterminacy in geomorphology, Betz on Geologic 
communication, Gilluly on The scientific philosophy 
of G. K. Gilbert, Harrison on Nature and significance 
of geological maps, Hagner on Philosophical aspects 
of the geological sciences, Legget on Geology in the 
service of man, plus Albritton’s annotated biblio- 
graphy on the philosophy of geology. 

Reprinted 1964, with biographical notes. 

386 pages, illustrated $8.00 In paper $4.60 


FREEMAN, COOPER & CO. 


P. O. Box 3050 
Stanford, California t 








Abnormalities of the Sex 
Chromosome Complement in Man 


Designed as a handbook and as a source-book of data for 
analysis, this report contains records of 266 cases of abnor- 
malities of the sex chromosome complement in man, from the 
Registry of Abnormal Human Karyotypes at the Medical 
Research Council's Clinical Effects of Radiation Research 
Unit in Edinburgh. There is also a brief review of research 
on the various sex chromosome abnormalities and an account 
of the general features of individuals with these abnormalities. 
275. 6d. (28s. 5d.) 


The Production and Uses of 
Natural Graphite 


In this review, prepared by the Warren Spring Laboratory, an 
attempt has been made to present as many specifications as 
possible relating to the various types of natural graphite. 

5s. 6d. (5s. 11d.) 
Prices in brackets include postage at inland rates 
Free lists of titles on scientific subjects are available from 
Her Majesty’s Stationery Office, P6A(NAT), Atlantic House, 
Holborn Viaduct, London E.C.1 


[2] [X] E1 [9] 


Government publications can be bought over the counter or by post 
from the Government Bookshops in London, Edinburgh, Manchester, 
Birmingham, Cardiff, Bristol and Belfast, or through any bookseller 
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BLACKWELL BOOKS 


Handbook of Chemistry and Physics 


Edited for the Chemical Rubber Company by R. WEAST PH.D. 
et al. Forty-fifth Edition (new large format, 104” x74”), Novem- 
ber 1964. About £7 


Handbook of Mathematical Tables 


Edited for the Chemical Rubber Company by R. C, WEAST PH.D. 
et al. Second Edition, 1964. 624 pages. 75s 


Tables for Identification of Organic Compounds 

Compiled for the Chemical Rubber Company by M. FRANKEL 

PH.D. and S. PATAI PH.D. Second Edition, 1964. 312 Pages. di 
s 


The Handbook of British Mammals 

Edited by H. N. SOUTHERN M.A. 1964. 480 pages, 115 illustra- 
tions. 37s 6d 
Textbook of Pollen Analysis 

K. FaEGRI and J. Iversen. Second Edition, 1964. 240 pages, 
31 illustrations. 4Ts 6d 
Grazing in Terrestrial and Marine Environments 
Edited by D. J. Crisp PH.D. 1964. 336 pages, 91 illustrations. 


55s 
Plant Biochemistry 
D. D. DAVIES B.SC. PH.D. ef al. 1964. 464 pages, 103 illustra- 
tions. 57s 6d 


The Genetics of Bacteria and Their Viruses 
WILLIAM HAYES F.R.S. 1964. _ 720 pages, 126 illustrations. 84s 


Research in Deafness in Children 


Edited by L. FISCH M.D. D.L.o. 1964, 128 pages. About 15s 
BLACKWELL SCIENTIFIC PUBLICATIONS 
OXFORD 


PROGRESS 
IN MEDICAL 
GENETICS 


Volume III, 1963 


Edited by Arthur G. Steinberg, Ph.D. 
and Alexander G. Bearn, M.D. 


This is the third volume in a series 
designed to help the practitioner and 


research worker by applying easily 
assimilated and authoritative reviews of 
significant current findings applicable 

to their own work. 272 pages, 58 illus., 
84s., plus 1s. postage. 


Published by Grune & Stratton, Inc., 
New York 


Available in the U.K. from: 
William Heinemann Medical Books, Ltd. 


23 Bedford Square 
London, W.C.1 








REPORTS ON 
PROGRESS IN PHYSICS 


Volume XXVII, 1964 


A. F. DEVONSHIRE. Some Recent Work 
on Ferroelectrics. 


E. W. FOSTER. The Measurement of Oscilla- 
tor Strengths in Atomic Spectra. 


J. E GEUSIC and H. E. D. SCOVIL. Micro- 
wave and Optical Masers. 


H. K. HENISCH.  Electroluminescence. 


R. E. HOWARD and A. B. LIDIARD. Matter 
Transport in Solids. 


M. A. LAMPERT. Volume-controlled Current 
Injection in Insulators. 


J. A. NEWTH. Devices for the Detection of 
Energetic Particles. 


W. E. PARRY and R. E. TURNER. Green 
Functions in Statistical Mechanics. 


J. C. TAYLOR. The Theory of Weak Inter- 
actions. 


D. J. THOULESS. Green Functions in Low- 
energy Nuclear Physics. 


> 


Price £6, postage 2s. 6d. 


Separate articles are available at 10s. 6d. 
post free. 


Orders to: 
THE INSTITUTE OF PHYSICS 
AND THE PHYSICAL SOCIETY 


47 Belgrave Square, London, S.W.i 
or through any bookseller 
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Research Journals 


Biorheology 

Editors-in-Chief: A.L.Copley, 
Department of Physiology and 
Pharmacology, New York Medical 
College, 

G.W.Scott Blair, Department of Physics, 
National Institute for Research in 
Dairying, Reading, Berks 

Biorheology comprises the study of 
deformation and flow of biological systems 
|. of materials directly derived from living 
organisms. Such problems have recently 
assumed an increasing importance in 
physiology, medicine, surgery, botany and 
other biological disciplines. This quarterly 
journal publishes work in English, French 
and German concerned with process in the 
living organism (in vivo) and with 
materials originating from the organism 
(extra-corporeal). The inter-relationship 
is stressed between rheological properties 
of biological systems and their various 
structural aspects. 


Experimental Gerontology 

Edited by: A.Comfort, Department of 
Zoology, University College of London 
A new quarterly journal promoting 
experimental study of the mechanisms of 
senescence in organisms, containing 
accounts of age-dependent processes at 
the cellular or molecular level, and 
providing review articles surveying 
experimental work in the same field. There 
are theoretical and critical articles 
supported by, or giving immediate rise to, 
experimental investigations. Recently pub- 
lished books on the subject are reviewed. 


Journal of Chronic Diseases 


An International Journal Devoted to the 
Problems and Management of Chronic 


Illness in all Age Groups 


Edited by: L.Lasagna, Baltimore, 
Maryland, and D.Seegal, New York 
The Journal of Chronic Diseases, 
published monthly, contains significant 
articles dealing with various phases of 
chronic illness of all age groups. These 
include studies of the natural history of 
chronic disease, early diagnosis, treat- 
ment, the impact of the chronically ill on 
the community, long-term medical and 
nursing care, rehabilitation, and 
preventive medicine. 


Carbon 

An International Journal sponsored by 
the American Carbon Committee 
Editor-in-Chief: S.Mrozowski, 

State University of New York at Buffalo 
Carbon is a quarterly journal devoted to 
the physics and chemistry, as well as to 
the scientific aspects of the technology, of 
a class of materials ranging from organic 
crystals and polymers through chars and 
carbons to graphite. 


Infrared Physics 


Board of Editors: G.A.Boutry, 
Laboratoires d'Électronique et de 
Physique Appliquées, Paris; 
P.Goerlich, Director for Research and 
Development, VEB Carl Zeiss, 

Jena, E. Germany; 

T.Moss, Royal Aircraft Establishment, 
Radio Department, Camberley, Surrey ; 
S.Passman, The RAND Corporation, 
Santa Monica, California; 

W.K.Weihe, U.S. Army Engineer 
Research and Development Labora- 
tories, Fort Belvoir, Virginia 
Established for the publication of scientific 
papers concerning infrared physics and its 
application, this quarterly journal is 


Pergamon 
Press 


concerned with infrared theory, experi- 
ment, and instrumentation as applied to 
infrared detection and transmission and to 
problems o atmospheric, meteorological, 
geophysical, astrophysical and space 
research. 


Medical Electronics and 
Biological Engineering 

Official Organ of the International 
Federation for Medical Electronics 
Edited by: P.E.K.Donaldson, 
Physiological Research Laboratory, 
Cambridge 

This quarterly keeps key personnel and 
top research executives throughout the 
world right up-to-date in the fast 
expanding field of medical electronics by 
rapid interchange of research information 
and by bringing them news of new 
techniques and instruments. 


International Journal of Nursing 
Studies 

Edited by : Elsie Stephenson, Nursing 
Studies Unit, Edinburgh 

A quarterly journal which publishes papers 
on all aspects of nursing and the allied 
professions throughout the world. 
Emphasis is placed on three main aspects 
— meeting the community's needs for all 
types of nursing care; preparing young 
people for assuming nursing duties and 
responsibilities; and encouraging all 
aspects of nursing research. 

Contributions are invited for publication 
in these journals. For information on 
length and style of manuscripts, please 
write to the most convenient address given 
below. 

A free specimen copy of any journal, 
together with details of subscription rates, 
will be sent on request. 


Publications 
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Autumn-List 
Books 





Collected Papers of P.L.Kapitza, 
Volume 1—1916--1934 

Edited by D.ter Haar 

Partial Contents : 

Electron inertia in molecular Ampère 
currents; The preparation of Wollaston 
fibres; The Koch recording microphoto- 
meter; A method of producing strong 
magnetic fields; The Zeeman effect in 
strong magnetic fields; Over-tension in a 
condenser battery during a sudden 
discharge; Metallic conductivity and its 
change in a magnetic field; A property of 
superconducting metals; Magnetostriction 
of diamagnetic substances in strong 
magnetic fields; A method of measuring 
magnetic susceptibilities; The liquefaction 
of helium by an adiabatic method. 

520 pages. £7 ($20.00) 


Genetics Today 

Proceedings of the XI International 
Congress of Genetics, The Hague 
Edited by S.J.Geerts 


Partial Contents of Volume 1 
(Abstracts of Volumes 2 and 3) 


Complex loci; Recombination; Molecular 
and microbial genetics; Gene action; Muta- 
genesis; Cytology; Population genetics; 
Human genetics; Dermatoglyphics. 

352 pages. 100s. ($15.00) 

Partial Contents of Volume 2: 

Genetic fine structure in relation to the 
function in Neurospora — N.J.Giles; 

A theo-y of crossing-over and gene 
conversion involving Hybrid D.N.A. — 
H.L.K.Whitehouse; Regulation of gene 
action in maize — D.Schwartz. 

Approx. 450 pages. 100s. ($15.00) 
Partial Contents of Volume 3: 

The nature and consequence of interfer- 
ence amongst plants — J.L.Harper; 
Syntheses —- K. Mather; The genetics of 


incompatibility — A.Lundquist; Cyto- 
genetics and plant breeding — R.Riley; 
Dermatoglyphs in mosaic mongolism and 
allied conditions — L.S.Penrose. 

Approx. 450 pages. 100s. ($15.00) 


Variation Methods in 
Mathematical Physics 
S.G.Mikhlin 


Contents : 

On the operators of mathematical physics; 
Energy convergence; The energy method; 
Major applications of the energy method; 
Problem of Eigen-values; Generalization 
of preceding results; Estimates of error of 
an approximate solution; Numerical 
examples; The Bubnov-Galerkin method; 
The method of least squares; The methods 
of finite differences. 

616 pages. 100s. ($14.50) 


Handbook of Radiochemical 
Exercises 

A.N.Nesmeyanoy 

Contents : 

Preface; Introduction; Equipment of 
radiochemical laboratories and peculiari- 
ties of work involving radioactive 
substances; Nuclear radiation and methods 
for its measurement; Decay and growth of 
radioactive isotopes; Production and 
properties of radioactive isotopes; 
Application of radioactive isotopes as 
“Labelled Atoms”; Appendix. 

458 pages. 84s. ($12.00) 


Biochemistry of the 

Poliomyelitis Viruses 

E.Kovács, University of Toronto 

Partial Contents: 

The biological, biochemical and 
epidemiological aspects of poliomyelitis of 
man and animals; Experimental polio- 


myelitis; Biochemical data of polio virus; 
Further considerations on the general 
biology, biochemistry and pathology of 
experimental poliomyelitis infection in 
animals; The host cells in general; Some 
cytological and biological effects of 
poliomyelitis virus infection on cultivated 
cells; The role of heredity; Facts and 
speculations on the biosynthesis of the 
polio virus; Chemical, physical and 
biological foundation of virus research; 
Biochemical aspects of some other features 
of the virus problem. 

International Series of Monographs on 
Pure and Applied Biology, Modern 

Trends in Physiological Sciences Division, 
Volume 21, 

280 pages. 70s. ($10.00) 


Pharmacology of Smooth Muscle 
Edited by Edith Biilbring, 

Department of Pharmacology, 
University of Oxford 

Partial Contents : 

Electrophysiological effects of adrenergic 
nerve stimulation — Mollie E.Holman; 
The inhibitory action of adrenaline. 
Biochemical and biophysical observations 
— E.Bueding and Edith Bülbring; 
Excitation, contraction and calcium in 
smooth muscle — H.J.Schatzmann; The 
mechanism of action of acetylcholine — 
W.D.M.Paton; Cholinergic junction 
potentials in intestinal smooth muscle — 
J.S.Gillespie; Hormonal control of 
myometrial contractions — Brenda M. 
Schofield; Effect of electrolytes on the 
membrane activity of the uterus — 

H. Kuriyama. 

Proceedings of the Second International 
Pharmacological Meeting, Volume 6. 

A leaflet containing full details of all 
volumes is available on request. 

168 pages. 50s. ($7.50) 





Offered for sale by: 


Robert Maxwell 
& Co Ltd 


International, University and 

Industrial Booksellers 

Waynflete Building, 1 — 8 St. Clements, 
Oxford. /4 & 5 Fitzroy Square, London 
W.1./2 & 3 Teviot Place, Edinburgh 1./ 
44 —01 21st Street, Long Island City 1, 
N.Y. /24 Rue Des Ecoles, Paris Ve. / 
Kaiserstrasse 75, Frankfurt-Am-Main. 


Pergamon Press books are distributed in the 
Western Hemisphere and the Philippines by The 
Macmillan Company, 60 Fifth Avenue, New e 
York 11, N.Y. 
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EDINBURGH 
University Press, 1 George Square, Edinburgh 8 





Introduction to the Physics of 
Mass, Length and Time 


‘It is good to see elementary work handled with so sure and scholarly a 
touch, and presented with a happy literary style.’ Contemporary Physics. 
358 pp, 18s. net 


NORMAN FEATHER FRS 


Introduction to the Physics of 
Vibrations and Waves 


"This is a much better than average introduction to mechanical vibrations, 
elastic waves, sound, light and the classical concepts of electricity and 
magnetism.’ Scientific American. 330 pp, 30s. net 


R. M. SILLITTO FIP 


Introduction to Non-Relativistic 
Quantum Mechanics 


“He (the author) has put a lot of interesting material into a conveniently 
small book.’ Proceedings of the Physical Society. 224 pp, 35s. net 


J. D. ROBSON PhD 


Introduction to Random Vibration 


An account of the principles and effects of randomly varying loads on 
engineering structures. 160 pp, 40s. net 


ALAN BROOK DSc 


Introduction to Botany: The 
Living Plant 


*. . . readable and up-to-date. It is difficult to see how it could have been 
better done. . . extremely well produced and printed . . . will surely 
become standard reading for botany students for many years.’ 

540 pp, 330 illustrations, 50s. The Times Educational Supplement 


SIR W. LE GROS CLARK FRS 


Introduction to the Evolution of the 
Primates, Antecedents of Man 


*The style of presentation is Huxleyan in clarity, restraint, and forceful 
persuasiveness, proffering much recondite matter with an Addisonian 
simplicity.” Journal of Anatomy. 

* 2nd revised & enlarged edition, 390 pp, 30s. net 
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MATHEMATICS: 
Its Content, Methods and 
Meaning 


A. D. ALEKSANDROV, 
A. N. KOLMOGOROV, and 
M. A. LAVRENT'EV, 
co-editors. Translated 
by S. H. GOULD, 

K. A. HIRSCH, T. BARTHA. 
(3 vols.) Published in 
cooperation with the 
American Mathematical 
Society. 1152 pages, 
boxed set. 
December publication, 
225[-. 


Developments in Heat Transfer, 
edited by WARREN M. ROHSENOW. 
544 pages. September publication, 
113/- 


Thermal Conductivity of Gases and 
Liquids, by N. V. TSEDERBERG. 

432 pages. October publication, 
113/- 


Optimal Estimation, Identification 
and Control, by ROBERT C. K. LEE. 

208 pages. December publication, 
45/- 


Electron Stream Interaction with 
Plasmas, by RICHARD JULIAN 
BRIGGS. 300 pages. February '65 
publication, 57/- 


Deformation and Fracture at 
Elevated Temperatures, edited by 
NICHOLAS J. GRANT and ARTHUR 
W. MULLENDORE. 256 pages. 
November publication, 45/- 


STRESS: A User’s Manual, by 
STEVEN J. FENVES, ROBERT D. 
LOGCHER, SAMUEL P. MAUCH, and 
KENNETH F. REINSCHMIDT. ix-+51 
pages. 1964 publication, 29/- 
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Spectroscopic Coefficients for the 
p^, d^, and f? Configurations, by 
C. W. NIELSON and GEORGE F. 
KOSTER. Xi--275 pages. 1964 
publication, 64/— 


The Dawn of Astronomy, by 

J. NORMAN LOCKYER. Hardcover 
reissue, xvi-+432 pages. October 
publication, 75/—. Also available 
in the MIT Paperback Series, 
MIT-15, October publication, 23/- 












RESEARCH 
IN GEOPHYSICS 








edited by 
HUGH ODISHAW. 
Vol. I: Sun, Upper 
Atmosphere, and Space. 
592 pages, February '65, 
94/—. Vol. II: Solid Earth 
and Interface Phenomena. 
608 pages, February '65, 
94[—- 


Biochemical and Physiological 
Aspects of Carnitine, edited by 
GEORGE WOLF. December 
publication, 45/- 


The Principles and Applications of 
Variational Methods, by MARTIN 
BECKER. 160 pages. November 
publication, 45/- 


Soviet Research and Development: 
Its Organization, Personnel, and 
Funds, by ALEXANDER G. KOROL. 
480 pages. January '65 
publication, 83/[- 





THE M.I.T. PRESS 
Cambridge, Mass. 02142 





Selected Papers of Norbert 
Wiener, with expository papers by 
NORMAN J. LEVINSON and v. W. LEE. 
480 pages. January '65, 75/- 


Ex-Prodigy, by NORBERT WIENER, 
hardcover reissue. October 
publication, 57/-. Also available 
in MIT Paperback Series, MIT-19, 
October publication, 19/- 


Reliability of Shell Buckling 
Predictions, by WILLIAM A. LITLE. 
192 pages. October publication, 
75/- 


STRESS: A Reference Manual, 
FENVES, LOGCHER, and MAUCH. 
400 pages. February '65 
publication, 94/— 


Embodiments of Mind, by 
WARREN S. MCCULLOCH. 320 pages 
December publication, 57/- 


THE TECHNOLOGY 
OF NUCLEAR 
REACTOR SAFETY 





edited by 
T. J. THOMPSON and 
J. G. BECKERLEY. 
Vol. I: Reactor Physics and | 


Control. 720 pages, 
November publication, 
188/—. Vol. II: Reactor 

Materials and Engineering. 
752 pages, 
February '65 publication, 
188/- 





Analysis in Function Space, edited 
by WILLIAM TED MARTIN and 
IRVING SEGAL. vi 4-218 pages. 1964 
publication, 45/- 


Materials and Fuels for High- 
Temperature Nuclear Energy 
Applications, edited by 

M. T. SIMNAD and L. R. ZUMWALT. 
x+413 pages. 1964 publication, 
90/- 


Booksellers: All M.I.T. Press titles can be ordered from Book Centre Ltd., . 
North Circular Road, Neasden, London, N.W.10 


1937 


NATURE 


August 29, 1964 








Electron Microscope EM9 


TheEM9has been specially developed to meetthe iricreasing demand for an instrument 
which will, produce high quality micrographs rapidly and with the greatest simplicity. 


Main features include: — 

Automatic film exposure control. 
Automatic numbering of film sequence. 
Automatic transport for. 20 cut films. . 
Fully automatic vacuum system.’ : 


Specially designed binocular viewing . 
tube 10x for spectacle and non. spect- 

acle wearers. a 

Built-In high voltage 60 kv ‘Cascade’ 

unit. . 

Novel specimen stage. 


Short pump-down time. 
Fixed step magnifications 1,500x, 5,000x, 
16,000x & 35,000. i 


Variable magnification Oto35,000x, 
Electromagnetic 3-lens imaging system. 
Point resolution in routine work better 
than 20 A. 

Test micrographs obtained 12A point 
resolution and 10.5A line resolution. 








Full details from: — 


Degenhardt & Co. Ltd., Carl Zeiss House, 
20/22 Mortimer Street, London, W.1. 
LANgham 6097 (9 lines) 


Western 


Germany 





Scottish enquiries to: — 


Degenhardt & Co. (Scotland) Ltd., 
22 Burnbank Gardens, Glasgow N.W. 
Douglas 0520. 


Piegenhardt 


icc 


Th- greatest name in ont 


Secondhand Microscopes 


Opposite Gray's Inn Road. 


INSTRUMENTS ior 


a 


i 
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WHELDON & WESLEY, LTD. 
Biological & Geological Books 


CATALOGUES ON REQUEST 


LYTTON LODGE, CODICOTE, HITCHIN, HERTS 


BOOKS BOUGHT 


Scientific Circulations Ltd. 
We have extensive stocks of Technical Journals, Periodicals 


and Textbooks. Special cerms for Technical and Commercial 
Libraries. All Scientific and Technical publications purchased. 


Horton Road, Stanwell Moor, Staines, Middlesex 


Telephone: COLNBROOK (London Dial CN8) 2266 





Do You Meed: 
Cellex Cellulose Ion 
Exe ers? 


(Fer fractionation of proteins, medai adds, ond enzymes) 
ASK FOR PRICE LIST NCX 


TIE Laboratories 


32nd & GRIFFIN AVE. « RICHMOND, CALIFORNIA 








We buy, sell or take in exchange 


Clarkson's sz righ Holborn,w.c.t. 


ESTABLISHED OVER A CENTURY 
"Phone: HOLborn 2149 


HIRE 


BEES VELA HELLE LEY LTLVLUTUL LET LT LLL 


QUARTZ 


Fused & Crystalline 


Our business is to give service to 
RESEARCH AND INDUSTRY. 
Manufacturing Special requirements 
where accuracy is called for. 
OPTICS (including Glass). 
CRYSTAL BLANKS (Ultrasonics). 
GLASS AND QUARTZ (Tubing and 
Special Shapes). 
INSULATION (Quartz and Low 
Loss Ceramic). 


Working Materials (including sapphire, 
alumina and special crystals to custo- 
mers’ specifications). 


Write to: 
GOOCH & HOUSEGO LTD. 


CORNHILL FACTORY 


ILMINSTER, SOMERSET. Tel. 2402 
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SMMM 


Russian Translation Programme 


PHYSICOCHEMICAL 
MEGHANIGS OF METALS 


V. I. LIKHTMAN, E. D. SHCHUKIN 

and P. A. REBINDER | 

The book deals first with the plasticising influence | 
of weak surface-active substances, such as the | 
various organic compounds, with specific application 
to problems of lubrication and machining, and then 
considers the effects of strong surface-active agents, 
ie. of liquid-metal coatings on solid metals, with 
reference to problems of crack propagation, and 


"failure of solids. The brittle-to-plastic transitions in 


metals under the influence of liquid coatings is 
extensively .covered. For all.concerned with the 
applied problems of metallurgy, and of strength of 
materials, this is an invaluable work. 

244 pages. 98” x 68” 90s. 


- FISHES OF THE NORTHERN 


SEAS OF THE USSR 


A. P. ANDRIYASHEV 

This is a manual for the classification and identificae 
tion of all the marine and anadromous fishes of the 
northern seas of the USSR and of the adjacent 
waters, from the Barents Sea to Iceland. Annotative 
synonymies for Arctic fish are published here for 
the first time. 237 (2214-16) species and subspecies 
belonging to 134 genera, 54 families, and 22 orders, 
are described. 
618. pages. 


‘FAUNA OF THE USSR — 
Crustacea 


Ya. A. BIRSHTEIN 
Carcinologists will find this a welcome addition to 
the series on crustaceans. It is concerned with 
freshwater isopods (sub-order Asellota) belonging 
to the families Asellidae, Janiridae, and Micro- 
parasellidae. The introductory chapter contains a 
comprehensive survey of water skaters, their 
evolution, morphology, physiology, habits and 
economic uses. 56 species are described in detail. 
Keys and an index of Latin names are included. f 
148 pages. 98” x 68” i 40s. 


Ob” x 68” £6.15s. 
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ONDUCTIVITY 
RIDGE TYPE BC 1 


This fully-transistorized instrument 
has a bridge frequency of [500 cycles per 
second, and it covers directly the wide 
range of 0-5 to [x 10° micro mhos in 7 

ranges. 


oo 






NAN 


XX 








A similar bridge, but powered from 
the A.C. mains supply, is also available. 


This covers the very wide range of 0-05 
to 1x 10* micro mhos in 8 ranges. 








NUCLEAR 
| CHEMICAL 


ELECTRONIC 





A. M. LOCK & CO. LTD. 
Prudential Buildings, 79 Union Street, Oldham, Lancs. 
Telephone: MAIn 0333 





CW7781/AM 


PENNING CONTROL 
UNIT MODEL 1 


(a) Range 102 to 10 torr in two 
ranges. 


| Do o ay ea 
NGN OFFER YOU 9-777 
THERMOCOUPLE CONTROL 
UNIT MODELS 1-2 and 1-6 


(a) For use with Thermocouple gauge Type TC.1 
(b) Range 10 to 10° torr in one range. 


THERMO-PEN CONTROL 
UNIT MODEL 1 


(a) For use with Penning gauge Type PG.1 
and two Thermocouple gauges Type TC.1, 
-3 -2 
Covers th es 10 to 10™ to: d 10 
(c) Model 1-2 supplies 2 heads. (b) e AUN m 
(d) Model 1-6 supplies 6 heads. 


to 10° torr, ` 
C) Mains operated. 
(e) Heads interchangeable without re-setting the ( ) x 
! control unit. 
[^] (£) Battery operated and completely portable, 
(g) 


(d) Each circuit incorporates alll the features of 
the above instruments. 
Mains operated units available on request. 







THERMO- THERMO- GAUGE EAD. 
EXGESGTZLLIECIE 
I £4600 | £25-0-0 | £37-10:0 | 






£21-15-0 | £600 | 
| | 

| [raver wre 84700 | e2100 |es9100| e2700 |_| 
N G N LTD Kirk Road, Church, Accrington, Lancashire. 


Telephone 35611 
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ORGANIC CHEMICALS 


ULTRA PURE ELEMENTS 


ALKALOIDS 
AMINO ACIDS 
SUBSTRATES 


ENZYMES 
CARBOHYDRATES 
HISTOCHEMICALS 
STEROIDS 


and CHROMATOGRAPHIC REAGENTS 


KOCH-LIGHT LABORATORIES LTD 


Phone: COLNBROOK 2262 








For continuous -monitoring of the effluent fromi chromato- 
graphic and electrophoretic columns. The Uvicord measures 
UV absorption at 2537 A and possesses such high volumetric 
resolving power and photometric stability that, in many 
cases quantitative as well as qualitative measurements ‘can 
be made. Applicable to proteins, certain peptides and amino 
acids, cyclic hydrocarbons, nucleosides and nucleotides, 
purines and pyrimidines, some steroids, and to all other 
substances having sufficient absorption at 2537 A. The 
small dose of UV radiation administered to the sample in 
the measuring cell leaves even UV-sensitive substances vir- 
tually unaffected. Operation in a coldroom is possible when 


BUCKINGHAMSHIRE 


; [o 


ven 


LKB 4740A Coldroom. Attachment is used. Detachable 
optical unit contains stable mercury lamp, adjustable slit, 
liquid ultraviolet filter, black glass filter, low-volume measur- 
ing cell of quartz with inlet and outlet connectors for 
Teflon capillary tubing, and vacuum phototube. Control 
unit contains light-intensity stabilizer and d.c. amplifier. 
Connections are provided for the LKB 6520 D.C. Recorder 
and for standard 10-mV or 100-mV potentiometer recorders, 
Provisions for fraction marking are included with the 
65204. 


For complete information request Bulletin 4700 N8 


LKB INSTRUMENTS LTD., LKB House, 137 Anerley Road, London SE 20 
LKB PRODUKTER AB, P.O. Box 12220, Stockholm 12, Sweden 
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| for photocopying vereatility | 


THE BEAUMARIS 
FRACTION COLLECTOR. MK. 2 


Simple and reliable ` 


One plate takes 3 sizes of tubes. 150 each 15, 7 and 
3 mi., or 250 of any one size, or wil! now take up to 
350 tubes of 12 cc. Time, Volume or drop counter 
controlled, Sockets provided for event marker on all 
current models. As used by London's leading teaching 
Hospitals and many Universities, 





- Collectors from £125 complete. 
Fully transistorised Drop Counterand TimeSwitch £105 







MAKES 
COPIES 

from i 
Í ANYTHING Í 





* Has this unique versatilitv 
because— (1) it is designed for 
placing on top of the origina! 
however large or bulky, and (2) 
the translucent air cushion over 
the light source makes perfect 
contact over curved surfaces (such 

as facing pages in books). 

a Contoura supplies not 
only its own special 
units but also a com- 
plete range of carefully 
selected ‘standard 

' copies. Our choice and ^ 
service are exceptional, 


Models made for rimless tubes. 
We will also make Collectors to your requirements, 










BALL DRILLING JIG 


We now make a precision Universal Ball Drilling Jig, 
for building Crystal Structures, 


Price £30. 


Please write for particulars. Everything we make sent on 
- : approva. . . uu yo 


BEAUMARIS INSTRUMENT CO. LTD. 


BEAUMARIS, ANGLESEY. 
Telephone 463 


FOLDAWAY 
Drying and 
Collating Rack 


saves time and space, 
in any photocopying 
section. 


Write for details 


CONTOURA PHOTOCOPYING LIMITED 
52a, Cromwell Road, London, S.W 7. KNightsbridge 8860 








REVEALING THE EFFECTS OF 


« STRESS» 


IMPORTANT APPLICATIONS 
OF SPINDLER & HOYER 
OPTICAL BENCHES 





Beam of light from carbon arc lamp is gathered 
in optical condensers, transmitted through 
polarizing screen, specimen, analysing screen 
and objective, which projects it on viewing 
screen. Spindler & Hoyer optical benches 
feature an automatic feeding device to move 
carbons uniformly through the lamp and 
eliminate adjustment. A wide range of sliding 
carriages and other accessories makes them 
extremely versatile. 


(2) TEACHING 


: When specimens of plastic or special 


glass are fitted to a Spindler & Hoyer 
optical bench and subjected to stress, 
an image showing the effects is pro- 
jected for observation. It may be 
filmed or photographed as a record. 
The instrument provides lecturers 
with a particularly graphic means of 
illustrating the principles of mechanics 
at work. 

Industrial applications are numerous— 
Spindler & Hoyer optical benches 
are valued as time and money-saving 
equipmentin many leading laboratories. 





For example, they are used to test glass 
and plastic mixes and product designs 
before manufacture, and to investigate . 
the effects of stress on engineering 
projects at the technical design stage. ' 
For full details, please contact the sole 
U.K. distributors, 


GREY OF NORWICH 


Specialist in Laboratory Research Equipment 


1a The Haymarket & 3 White Lion Street, Norwich, NOR 45E 
Tel: Norwich 23696 & 26819 
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LETTERS TO 


SPACE SCIENCE 


Variations in Upper-atmosphere Density 
between Sunspot Maximum and Minimum 


Tag atmospheric density at heights of 200-800 km has 
now been quite thoroughly charted during a complete 
half-cycle of solar activity from the intense sunspot 
maximum in 1957-58 to the solar minimum in 1964. 
Nearly all the information has come from investigations 
of the changes in satellite orbits caused by air drag, from 
which the air density at heights a little above perigee 
height can be deduced'. These investigations have 
shown that at heights of 200-800 km the atmospheric 
density and temperature are strongly under solar infiu- 
ence: they depend on the presence or absence of solar 
radiation (the day-to-night effect), and also respond 
vigorously to changes in solar activity. 

Day-to-night effect. At any given height between 250 
and 800 km, the air density increases during the morning 
and reaches a fairly sharp maximum at about 14 h local 
time. It then declines until midnight, reaches a flat 
minimum between midnight and dawn, and begins its 
morning increase again?-’. Although the day-to-night 
changes are most conveniently described in this way, in 
terms of local time, the description is slightly misleading, 
since the density and temperature depend primarily ‘on the 
elevation of the Sun above the horizon, showing a roughly 
circular symmetry about a point on the Earth which is 
vertically beneath a ‘mock Sun’ that lags some 2 h 
(30°) behind the real Sun’. Thus the Sun, as it were, 
draws up the atmosphere into a bulge centred at a point 
on the Earth almost underneath the Sun. At any given 
latitude and height, the density does show the daily 
variation described, with a maximum at 14 h; but the 
maximum density is only reached in near-equatorial 
regions, and in the darkness of the polar midwinter the 
density will exhibit a night-time value, even though the 
local time may be noon. d 

The day-to-night variation is small at a height of 200 
km, but at greater heights becomes extremely large. 
Fig. 1 shows the variation with height of both the maxi- 
mum day-time density (full lines) and minimum night- 
time density (dot-dash lines) in various years from 1958 
until 1964, as determined? from the orbits of the 45 
satellites found to be suitable for the purpose. The 
day-time values for 1963 and 1964 
were not distinguishable and are given 
as one curve in Fig. 1; similarly for the 
750 
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shows, the upper-atmosphere density has greatly decreased 
as solar activity declined from its intense maximum in 
1957-58 to its minimum in 1964. At a height of 200 km 
the maximum day-time density was 1-6 times lower in 
1964 than in 1958; at 400 km, 6-7 times lower; and at 
600 km, 32 times lower. 

Quite apart from these large changes over tho long 
time-scale of the solar cycle, the temperature and density 
also respond to the shorter-term variations in solar 
activity, exhibiting the 27-day recurrence tendency which 
is characteristic of solar activity, and showing a striking 
correlation from day to day with various indices of solar 
activity, such as the planetary geomagnetic index and 
the solar radiation on 10-7-cm wave-longth?:4.8:13-18, 
During the greatest magnetic storms, the density increascs 
for a few hours by a factor of 6 at heights near 600 km 
and the temperature increases by about 500° K; but even 
minor changes in solar activity are faithfully reflected 
in the density and temperature of the upper atmo- 
sphere*)35. 

Mechanism of solar control. It appears that at heights 
above about 300 km the atmosphere may, despite its wide 
variations, be regarded as in a state of diffusive equili- 
brium, with temperature almost independent of height”. 
The temperature above 300 km is, however, strongly 
dependent on the level of solar activity and the time of 
day: the maximum day-time temperature varies between 
2,000? K in a year of very high solar activity (for example, 
1958) and 900? K at solar minimum. The minimum 
night-time temperatures are 25 per cent lower?/*. 

The solar influence over upper-atmosphere temperature 
is exercised primarily through the heating effect of extreme 
ultra-violet radiation from the Sun (wave-lengths probably 
about 200-1000 A), which is absorbed mainly at heights 
between 100 and 200 km!*:55. The quiet solar wind, the 
stream of charged particles continually flowing out from 
the Sun at speeds of order 500 km/sec, also probably 
causes heating as a result of its interaction with the outer 
boundary of the Earth’s magnetosphere; and this heating 
effect due to charged particles is greatly enhanced when 
the Sun is very active and the particles ejected from it 
are more numerous and energetic. 

Other variations in wpper-atmosphere density. Although 
the main variations in upper-atmosphere density and 
temperature are the day-to-night effect and the fluetua- 
tions dependent on solar activity, there is a smaller but 








1962-64 night-time values. Some 
curves have also been truncated to 
improve clarity. If the ratio (maxi- 
mum day-time density) -- (minimum 
night-time density) is denoted by f. 
then, for 1959 when solar activity was 
high, the value of f increased from 
about 1-1 at a height of 200 km, to 
1:6 at 400 km and 5:5 at 600 km19:11, 
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of 4 at 500 km, before decreasing 
slowly at greater heights?:?:?*. 
Response to solar activity. Although 
the day-to-night variation in air dens- 
ity is large, the variations due to solar 
activity can be even larger. As Fig. 1 
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still appreciable effect associated with the time of year. 
Upper-atmosphere density and temperature undergo a 
semi-annual variation with minima in January and July, 
and maxima in April and October. Generally, however, 
the July minimum is lower than that in January, and 
the October maximum is higher than that in Aprili, 
These variations amount to about + 100? K in tempera- 
ture, and + 20 per cent in the density at a height of 
350 km!*0, The effects are probably linked with the 
variation in the Earth’s distance from the Sun during the 
course of a year, and variations in the interaction of the 
solar wind with the Earth’s outermost atmosphere. 

At heights outside the range 200-800 km the results 
obtained from satellite orbits are less satisfactory. For 
heights of 150-200 km, the lifetimes of the satellites are 
uncomfortably short and the drag coefficients are some- 
what ‘uncertain. However, it is established that the 
day-to-night effect reverses at heights of 150-200 km, the 
density being slightly greater by night than by day?-*4, 
and it seems that the density is much less dependent on 
solar activity than it is at greater heights. At heights 
above 800 km, data from satellites are as yet rather sparse, 
since only balloon-satellites exhibit orbital changes large 
enough to be accurately measured. The main variations 
at heights up to 2,000 km, however, still appear to be due 
to solar activity and the day-to-night effect5:19,25,26, 

D. G. Kine-HELE 
Space Department, 
Royal Aireraft Establishment, 
Farnborough, Hants. 
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ASTRONOMY 


Lunar Brightness Distribution at 1:5 mm 
Wave-length 


We have recently measured the microwave brightness 
temperature over the lunar disk using a new 1:5 m 
aperture Cassegrain telescope with both cooled indium 
antimenide and Golay cell detectors. The measurements 
cover a fairly broad band centred at 1-5 mm and with 
a mean wave-length deviation of about 0-2 mm!. The 
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Fig. 1. Lunar micro-wave isotherms at 1:5 mm. Phase 136° after new 

moon. Detector, Golay cell. Entrance aperture of collecting cone 

15 mm, giving angular response function of approximately gaussian 
form, with standard deviation 8:4 min of arc 


+20! 
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Fig. 2. Lunar micro-wave isotherms at 1:5 mm. Phase, 45° after new 

moon. Detector, indium antimonide photo-conductor at {1:7° K. 

Entrance aperture of 8 mm giving angular response function of approx- 
imately gaussian form with standard deviation 5-0 min of arc 


results of solar scans show that the angular response 
function of the telescope when used with either detector is 
of approximately Gaussian form. The results of two 
series of lunar drift curve measurements are shown in 
isothermal form in Figs. land 2. The results have been 
corrected for the time constant of the detector circuit 
but not for the angular response function of the telescope. 

The measurements show a much greater poleward 
darkening than that found from infra-red measurements?, 
and in this respect our results agree with previous micro- 
wave measurements at higher wave-lengths**. 

Measured microwave temperatures are a function of the 
electrical and thermal properties of lunar material (since 
the surface is partially transparent to radiation at these 
wave-lengths) In the case of a plane homogeneous or 
stratified model, however, theory’ predicts that the mean 
microwave temperature T} over a whole lunar cycle is 


related to the mean surface temperature T, by the 
relation: .- e 
T'4— (1— Rg)T, (1) 


where € is the zenith angle of the point of observation at 
the lunar element being considered and R¢ is the reflexion 
coefficient corresponding to this angle. For two small 
regions, one located on the lunar equator and the other 
on the lunar meridian passing through the centre of the 
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lunar disk both having the same angle &, 
equation (1) shows that: 


Zu. Tu (2) 


Ty Tw 


In this equation the second suffix refers 
to the lunar latitude i in each case, so that 
Try and Tz are the microwave tempera- 
tures of the two regions and T and Tao 
are the corresponding surface temperatures 
which can be calculated from the infra-red 
measurements?. Each of the microwave 
measurements shows a systematic disagree- 
ment with equation (2) and in each case the 
ratio T )/T x is significantly greater than 
the value of T'j/T'«, determined from infra- 
red measurements. 

We think that this disagreement between the micro» 
wave results and the theory of plane stratified model is 
due to surface roughness. Near either lunar pole only a 
small fraction of the facets of a rough surface will receive 
solar radiation and because of the 7' radiation law the 
meen temperature of the lunar material (from which the 
microwave radiation comes) will be lower than that from 
a macroscopically smooth surface. The same considera- 
tions do not apply to nearly the same extent for a point 
on the lunar equator since a much larger fraction of facets 
is illuminated during alunation. The size of the roughness 
elements is somewhat less than that suggested recently 
from the results of other measurements®, thus implying a 
size distribution of linear dimensions of the roughness 
elements. The properties of the lunar surface thus 
indicated are not dissimilar from those of the hierarchical- 
void model proposed by Troitskii", but they do not seem 
to be consistent with those theories which suggest a 
uniform flat layer of fine dust. 

We thank Dr. E. H. Putley and his colleagues of the 
Royal Radar Establishment, Malvern, and Dr. D. H. 
Martin of this Department for their help in the installation 
and operation of the cooled indium antimonide detector. 

Note added in proof. It is hoped that the recent Ameri- 
can close-range lunar photographs, obtained since the 
communication of this letter, can be used, by extrapolation, 
to give an estimate of the density of microcraters of size 
below 1 em, which might give rise to the roughness 
described here. J. A. BASTIN 


P. E. CLEGG 
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Rotation of the Globular Cluster « Centauri 


A Lone series of observations and measurements of 
photographic plates taken on the globular cluster o 
Centauri has now been completed by members of the staff 
of the Royal Greenwich Observatory at Herstmonceux. 
The observational material was obtained at the Radcliffe 
Observatory in Pretoria and at the Royal Observatory 
at the Cape of Good Hope, with the co-operation of the 
Radeliffe Observer, Dr. A. D. Thackeray, and of H.M. 
Astronomer at the Cape, Dr. R. H. Stoy, respectively. 
Details will be published in the E.G.O. Annals and Bulletins 
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Excess radial velocity against distance from axis of rotation 


shortly, but special attention is directed here to the fact 
that the cluster has been observed to be rotating, and that 
the rate of rotation agrees with a theoretical value deduced 
from the ellipticity of the cluster. The view is therefore 
supported that the structure of the cluster is given by an 
appropriate modification of the isothermal gas sphere, 
and, moreover, that the elliptical shape of the cluster is 
a consequence of a rotation considerably greater than 
galactic rotation. This latter result disposes of the view 
that the elliptical shape is a consequence of galactic tidal 
forces. 

As the brightest stars of the cluster are of the thirteenth 
magnitude, it is no easy matter to determine their radial 
velocities individually, but the work was done by Mr. 
G. A. Harding, using fast cameras on the Cassegram 
spectrograph of the 74-in. telescope ab the Radcliffe 
Observatory. As the result of two seasons' observing, he 
secured three spectra of each of thirteen stars known to 
be cluster members from other studies at Herstmonceux. 
The results were analysed to determine the velocity 
dispersion due to instrumental error, the true dispersion 
of the velocities of the star, and also the projection of the 
rate of rotation of the cluster normal to the line of sight. 
The latter two quantities were found to be : 


c = 10 + 4km/sec 
and V —V = (0-72 + 0-18)% + (0.9::2-8) km/seo (1) 


where x is the distance from the axis of rotation in par- 
secs. The observations on which this result is based are 
illustrated in Fig. 1. 

All the stars brighter than the 16th visual magnitude 
have been catalogued (except for the centre of the cluster 
where the count terminated at the 14th magnitude on 
account of the crowding of images) and the counts were 
corrected for the presence of non-cluster members on the 
plate by an appeal to an extensive series of proper motion 
measurements. From an analysis of the count it was found 
that the lines of equal star density are roughly circular at 
the centre and in the extreme outer parts, but that the 
eccentricity rises to & maximum at about 8 parsecs from 
the centre of the cluster where the ratio of the axes is 
0-81 as seen in projection. This corresponds to 0-86 if 
the axis of the cluster is normal to the line of sight. The 
ratio of the axes is plotted against distance from the centre 
in Fig. 2. The detailed reductions have been carried out 
for the most part by Mr. R. J. Dickens. 

If the cluster behaves like a (truncated) isothermal gas 
sphere, it is characterized by a scale-length 1 and a charac- 
teristic velocity j-!. These are observed to be 1 = 1 
parsec and j-! = 8 km/sec from the observed velocity 
dispersion. With these constants established we can 
make use of a theoretical argument by Woolley and 
Dickens! to determine the rate of rotation of the cluster 
from the observed eccentricity. The result of this calcu- 
lation is œ =0-55+ 0:25 km/sec/parsec, in very reasonable 
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agreement with the observed value of 0-72 + 0-18 km/sec/ 
parsec. In both cases it is assumed that the axis of rota- 
tion is normal to the line of sight. In comparison, the 
rate of rotation of the galaxy is only about 0-025 km/sec/ 
parsec. 

Since the outer parts of the cluster are more or less 
spherical, it must be supposed that they have not yet been 
brought into equilibrium with the inner parts by inter- 
stellar collisions, and indeed one might attempt to estimate 
the age of the cluster by calculating the time of relaxation 
at that point where the eccentricity begins to fall away. 
Only approximate figures can be given, but the time of 
relaxation 8 parsecs from the centre is about 4x 10? 
years. 

R. v. D. R. WoorzrEY 

Royal Greenwich Observatory, 

Herstmonceux Castle, 
Hailsham, Sussex. 


1 Woolley, R. v. d. R., and Dickens, J. R., R.G.O. Bull. 46 (1961). 


RADIOPHYSICS 


Observations of Solar X-ray Emission in the 


Band 44-60 À from U.S. Naval Research 
Laboratory Satellite 1963-21-C 


. Tae U.S. Naval Research Laboratory has instru- 
mented a series of satellites for the investigation of solar 
X-ray and ultra-violet emissions^?. It has generously 
allowed the Radio Research Station, Slough, to par- 
ticipate in these experiments and has provided the 
necessary information for reducing telemetry data. This 
communication presents some results for X-rays in the 
band 44-60 A derived from telemetry recorded from 
satellite 1963-21-C at the D.S.I.R. Radio Research 
Minitrack Station at Winkfield during June-July 1963. 
The principle of the experiment has been used on pre- 
vious satellites and has been described by Acton et al.3. 
The satellite was launched into an elliptical orbit with 
perigee of approximately 190 km, but, in spite of the 
relatively low satellite heights, measurements made at 
small solar zenith angles showed little evidence of atmo- 
spheric absorption. In Fig. 1 are shown the X-ray fluxes 
measured at }-min intervals during a satellite pass on 
July 23, 1963. These X-ray fluxes have been derived 
assuming a spectrum corresponding to a source tem- 
perature of 0-5 x 109 °K (ref. 3). The accuracy of these 
measurements is estimated to be better than 5 per cent*. 
Although the satellite height changed by almost 20 km 
over the pass, no significant change in flux was noticed. 
In order to estimate the possible attenuation of the 
fluxes by atmospheric absorption, calculations of the 
optical depth, +, at each position of the satellite have 

been made using the relation: 
T = È (ns H: 0s) see y, ^ (1) 

8 


where n, and H; represent the number density and scale 
heighé of the absorbing gas at the satellite and c, the 
absorption cross-section; the summation includes the 
effects of O}, N, and O constituents in the atmosphere. 
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pc In this caleulation use has been made of the 
atmospherie model appropriate to local 
noon at sunspot minimum conditions, as 
proposed by Harris and Priester», and the 
following values of mean absorption. cross- 
sections have been adopted: 


00, = 4 x 10-18 em? 
on, = 2 x 10-2? em? 
oo = 4 x 10- cm? 


These values have been taken from 
a summary of theoretical and experimental 
results given by Van Zàndt* with account 
being taken of the variation in response 
of the detector over the wave-length range 44-60 A. 
This calculation has shown that the attenuation of 
X-ray fluxes presented in Fig. 1 is expected to be less 
than 0-3 per cent. These and other observations near 
noon have indicated that the solar flux remains fairly 
constant during the 5 to 7 minutes of the satellite pass. 
Measurements near sunrise and sunset have shown 
marked changes in flux during a single pass. Fig. 2 
summarizes the measurements made at intervals of 
0-5 min during a pass beginning at 0252 a.m.r. on June 25, 
1963 ; the first observation shown at 0253-90 ac.w.T. 
was above the limit of the X-ray detector. Also shown 
is the variation during the satellite pass of the grazing 
height of solar rays, that is, the height of nearest approach 
to the Earth’s surface; a reduction in this height implies 
an increase of atmospheric thickness traversed by X-rays 
received at the satellite. In order to examine whether 
the variation of X-ray flux during the pass can be explained 
quantitatively by atimospherie absorption, estimates of 
the optical depth at the satellite have been made using 
the Nicolet approximation’: 


R+h 
t= E N'S xf AE) 
8 


2H, 
i T R + zr 
[1 + er] tan (x — z) “2H,” (2) 
where E represents the radius of the Earth, h’ the grazing 
height, and n,’ and H,’ the number density and scale 


x at satellite 


21:5° 25° 30? 33-5? 


190 187 


SATELLITE HEIGHT (km) 


X-ray flux (10-? erg cm-? sec-1) 
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Fig. 1. Measurements of solar X-ray flux in the band 44-60 A during a 
pass near noon on July 23, 1963 
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Fig.2. Measurements of solar X-ray flux in the band 44-60 A during a 
pass near sunrise on June 25, 1963, compared with the variation com- 
puted for a theoretical model of atmospheric absorption 


height of the absorbing gas at the grazing height. Again 
the summation includes the effects of O,, N, and O con- 
stituents. In these calculations the atmospheric model of 
Harris and Priester® applicable to early-morning hours 
at sunspot minimum has been adopted. The smooth 
curve of Fig. 2, which is normalized to the measurement 
at 0253-50 a.w.T., represents the variation of X-ray flux 
expected during the pass because of atmospheric absorp- 
tion, assuming that the flux incident at the top of the 
atmosphere remains constant as observations near noon 
have indicated. It is evident that the slope of the theor- 
etical curve depends on the accuracy of +, given by 
expression (2), and hence on the values of absorption 
cross-section adopted and on the atmospheric model 
used. However, it seems reasonable to conclude that the 
variations of flux observed during passes near sunrise and 
sunset are almost entirely due to atmospheric absorption. 

In conclusion, the observations indicate that the flux of 
solar X-rays in the band 44-60 A during the period of low 
solar activity of June-July 1963 was near 8 x 10-? erg 
em-? sec-l. This value lies within the range of values 
found from rocket observations at sunspot minimum and 
sunspot maximum conditions?. In general, measurements 
made near 190 km show little evidence of atmospheric 
absorption except near sunrise and sunset. 

The work described here was carried out as part of 
the programme of the Radio Research Board, and this 
communication is published by permission of the Director 
of Radio Research of the Department of Scientific and 
Industrial Research. 

L. THOMAS 
Radio Research Station, 
Department of Scientific and Industrial Research, 
Slough, Bucks. 
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GEOPHYSICS 


Fluctuations in lonospheric Absorption 
Events at Conjugate Stations 


Brown! has recently presented observations of those 
ionospheric absorption events observed at Kiruna which 
fluctuate over periods of several minutes, and from it has 
concluded that the fluctuations are consistent with modula- 
tion of the electron precipitation by hydromagnetic waves. 
However, no detailed mechanism for this interaction has 
yet been proposed. The purpose of this communication is 
to present a complementary feature which any theory 
must take into account: namely, the phase relation 
between these fluctuations in magnetically conjugate 
regions. 

A sample of the records from the conjugate stations 
Great Whale River, Canada, and Byrd, Antarctica, 
has been inspected for these fluctuations. From 48 active 
days (that is, with activity lasting at least 6 h) during 
the period March—October 1963, seven cases of fluctuation 
have been found. They occurred between 0500 and 1300 
They 
are therefore somewhat later in the day than are those 
seen at Kiruna. Nevertheless, they have the same pro- 
perty of association with the ‘slowly varying’ type of 
absorption. The different time of occurrence is probably 
due simply to the changing diurnal pattern of absorption 
with magnetic latitude?, this being 66-6? at Great Whale 
River and Byrd, and 65-3° at Kiruna. It seems very 
probable, therefore, that these fluctuations represent the 
same phenomenon as that reported by Brown. 

Of the seven cases, one has a regular sinusoidal form 
and the others show periodic features with varying degrees 
of irregularity. The periodicities are in the range 3-16 min. 
In all cases, the fluctuations are in phase rather than in 
antiphase at the conjugate stations. A typical example is 
shown in Fig. 1, which gives the absorption in decibels, 
slowly varying components having been removed. The 
general similarity between the two records, in both 
amplitude and phase, is obvious. There are also some 
small phase differences, which seem to grow and then 
decay progressively over several cycles. 


Absorption difference (db) 
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Fig. 1. Detail of absorption at Great Whale River and Byrd on 


The mean trend of the event has been removed. 
———, Byrd; -- —-, Great Whalo-River 


October 14, 1963. 

Our observation presented here appears to be consistent 
with Brown's suggestion about the cause of the fluctua- 
tions. The magnetic observations of Sugiura? and Nagata 
et al.4 indicate that the hydromagnetic disturbance origin- 
ates near the equatorial plane, whence it propagates 
along the field-lines to arrive simultaneously in the two 
conjugate regions. If this propagation of hydromagnatic 
energy towards the Earth can modulate the flux of pro- 
cipitated particles, then, provided the phase paths are 
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equal, that modulation should be in phase at conjugate 
points. The observed periodicities also accord reasonably 
with Dungey's* treatment of hydromagnetic oscillations 
in the exosphere. From this we should expect the periods 
of 2-5-8-5 min observed at Kiruna to be scaled up by a 
factor of about 2-6 at Great Whale River and Byrd. The 
observed periodicities, 3-16 min, are indeed longer than 
those at Kiruna, though perhaps not quite as long as 
expected. On the other hand, our observation does not 
in itself prove that hydromagnetic waves are the cause of 
the fluctuations. It only limits the choice to mechanisms 
acting symmetrically with respect to the equatorial plane. 

It is interesting to note that these absorption fluctua- 
tions, which are in phase at conjugate points, occur in 
just that part of the day when the slow fluctuations, 
which have periods up to 2 h and are in antiphase at con- 
jugate points*, are least common. This might mean that 
different parts of the exosphere tend towards different 
modes of oscillation. However, further phenomena will 
no doubt come to light before the picture is complete. 

The riometers were operated by W. M. McMurtry (Great 
Whale River) and L. D. Lewis (Byrd). The field operation 
was made possible through the co-operation of the 
Canadian Government and the U.S. Navy. The work was 
financially supported by the National Science Foundation 
through grant 23788. 
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PHYSICS 


Metastability of Amorphous Structures 


In earlier papers!“ we developed a free-volume model 
for the amorphous phase according to which the liquid 
and glassy states of a given substance together comprise 
a single, thermodynamically well-defined phase. In this 
model the transition to the glass state results ideally from 
the freezing out of the free volume, and hence the con- 
figurational entropy of the liquid?. This transition should 
occur in all classical liquids, including monatomic ones, 
provided crystallization is by-passed?. Implicit in these 
ideas is the hypothesis that the glassy state is truly 
metastable and not unstable; consequently, by the 
Nernst theorem, it would have vanishing entropy at 0° K. 
For the hypothesis to be true, each microscopic structural 
unit of the glass musi lie at a position of static equilibrium, 
the totality of which is randomly distributed. If one 
such structure exists there must be a large number of 
similer random structures of equal energy. Nevertheless, 
the entropy of each is zero, because all these structures 
are mutually inaccessible. One particular structure would 
be picked out in a given cooling process, and the system 
would remain in that structure. The increase of entropy 
on heating back into the liquid state would then occur 
because the equivalent random structures become 
mutually accessible’. 

This hypothesis of metastability is supported by some 
recent observations on model systems and by recent 
computations of Rahman. 

It had been found: that a random arrangement of hard 
spheres will compress to a rigid and apparently amorphous 
stru¢ture (dense random structure) with & unique density 
(0-86 times that of ideal close packing). The detailed 
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observations of nearest neighbour contacts in this struc- 
ture carried out by Bernal et al.’ indicate that each sphere 
is rigidly locked into position within a truly amorphous 
structure. It follows that the Bernal dense random 
structure satisfies the condition of mutual inaccessibility 
of equivalent structures and hence is metastable; it there- 
fore constitutes the prototype of the monatomic glass 
predicted in our earlier papers. Stillinger, DiMarzio and 
Kornegay* have shown that a random two-dimensional 
assembly of uniform hard disks also collapses to a rigid 
dense random structure which they consider to be a 
model for a two-dimensional glass. 

Recently, Rahman? carried out machine calculations of 
the trajectories of a collection of 864 spherical atoms 
interacting via a 6-12 potential appropriate to argon and 
held at a density equivalent to that of crystalline argon 
at 40° K and one atmosphere pressure. Under the 
conditions of his calculations, he finds that the liquid 
state of this system can be ‘quenched’ in a period of 
10-1? sec to a temperature of 10° K without crystallization. 
In effect, these calculations of Rahman may be regarded 
as equivalent to a laboratory experiment in which minute 
droplets of liquid argon are quenched rapidly. They 
further confirm the high resistance of amorphous systems, 
even when monatomic, to the initiation of crystallization. 

Inasmuch as the hypothesis of metastability is intui- 
tively most difficult to accept for monatomic systems, 
we regard these two instances of its correctness as con- 
vincing evidence for its general validity. 

We thank Dr. A. Rahman for permitting us to refer to 
his work prior to its publication and for his advice. 
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Hervard University. 
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Electrical Conduction in Amorphous Films 


WnrLE carrying out general exploratory work on the 
electrical properties of vacuum-deposited thin films, an 
interesting phenomenon was observed in boron layers. 
Similar effects have since been observed in other materials ; 
however, most of the work so far has been with boron 
films. The purpose of this communication is to describe 
the observed phenomenon, leaving the explanation to a 
later date when more facts have been collected. 

The boron layers were deposited by direct electron 
bombardment in a vacuum of about 10-5 mm mercury. 
An electron beam was focused on an extremely pure 
boron rod which rested on a carbon pedestal. Every 
precaution was taken to bombard only the boron and not 
the pedestal. The carbon pedestal was of spectroscopic 
grade purity. A beam current of approximately 120 
m.amp at a voltage of about 10 kV was found sufficient 
to obtain a deposition rate of 100-200 A/min. 
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The complete sample preparation consisted of first 
depositing metal electrodes, usually aluminium, in the 
form of strips (a few mm wide) on an in.* glass 
substrate. The boron was then deposited on the substrate 
(at ambient temperature), leaving only the ends of the 
eleetrodes free. Finally, the top electrodes were deposited 
using the same mask as the first electrodes, but rotated 
90°. This formed a eross-grid structure with boron 
separating each cross-over. The electrodes were deposited 
in a different chamber from the boron in order to prevent 
contamination. This procedure allowed oxidation of the 
bottom electrodes when the substrates were exposed to air. 
However, since gold electrodes yielded similar results and 
no asymmetry was observed in the samples, it is not 
believed that oxidation plays a part in the effect. During 
each step of sample preparation appropriate vacuum out- 
gassing was conducted. 
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Fig. 1. Oscilloscope trace showing current-voltage relationship in a 
thin boron film (Sample No. 74). Scales: vertical, 0-5 m.amp/div. 
horizontal, 10 V/div. 


A typical current-voltage oscilloscope trace of a boron 
sample is shown in Fig. 1. Reversal of the voltage produces 
the same trace in the opposite direction, indicating that 
the curves are completely symmetrical about the origin. 
The current density through the sample can be described 
by the following relation 

KV (1) 
The constants K and n vary considerably between samples. 
At very low voltages, depending on the sample, the 
eurrents tended to ohmie behaviour. Some typical values 
of K and n are shown in Table | along with appropriate 
physieal parameters. K is caleulated to yield the current 
density in amp/em?. As can be seen from Table 1, n is 
larger than that usually found in symmetrical varistors!. 
Sample No. 76, listed in Table 1, which used gold alloy 
eleetrodes showed similar results to the aluminium 
electroded samples. 





Table 1, PARAMETERS OF BORON FILM SAMPLES 

Boron film n K Thickness Electrodes Electrode 
sample No. (A) area 

28 6:2 2:2 10-7* Aluminium 7:7 x 10cm 

34 72 10 10-7! Aluminium TT 

53 6-6 &1 x 10 Nichrome 7 

64 82 2-6 x 107? Nichrome T7 

74 8-3 9:5 x 10t s Aluminium 20 

76 61 43 x 10°° 2700 5095 Au- 0-4 

50% Al 


(alloy) 
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A planar electrode configuration was examined in 
which the boron was placed between two deposited 
nichrome tabs separated by about 135. The same general 
behaviour was observed. This geometry enabled the 
examination of the photoconductive properties of th: 
layers. The boron films showed some photoconduct 
when exposed to a tungsten light 
magnitude of the  photoconductivity i 
dependent on the voltage applied aeross the sample 


source, and the 


was direct 


Optical transmission data revealed a band edge at 
approximately 1:6 eV. The sample resistance imereased 
with decreasing temperature; however, the relationship 


between temperature and the constants » and A has not 
yet been determined. An exact dependency on filn 
thickness has likewise not been found. This is probably 
due to the strong dependence on purity and depo 
parameters which masks other effects. 

The sample purity and structure seemed to pl: 
major part in determining the constants K and of 
equation (1). The samples which gave the highest n wer 
made from the purest boron obtainable (L. Light and Co., 
Ltd., Colnbrook, England). Samples made from impure 
source material yielded very poor results and, if thi 
material was less than 99-99 per cent pure, the eff 
not observed at all. X-ray diffraction did not reveal 
erystal structure and it must be assumed that the fi 
are completely amorphous. Films deposited at highe: 
temperature in which some crystal structure was discern 
ible did not show the observed non-linear current-voltage 
relationship. 

A similar, but less-pronounced, effect has been observed 
in amorphous germanium and silicon films formed in the 
same manner. The effect likewise disappears when the 
films are heated and become crystalline in struc 
Based on the foregoing observations it is appa i 
the phenomenon is related to the amorphous nature of 
the layers. These amorphous semiconductor films have 
high resistivities and low charge carrier mobilities, enablmg 
a high field strength to be maintained across ther 
This high field probably causes the observed efi 








either through an increase in the mobility, and/or the 
number of charge carriers in the sample. It is hoped that 
continued work will reveal the exact nature of the 


behaviour and will also lead to a better understandn 
the properties of amorphous semiconducting films 

This work was supported in part by the U.S. Depart: 
of the Navy, Bureau of Naval Weapons. 


CHARLES FELDM 
Melpar, Inc., 
Church, Virginia. 
Inst. Rad, Eng., 39. 


Falls 


! Stansel, F. R., Proc 342 (1951 


Load Discontinuity Method for Pressure 
Calibration : the Tetrahedral Anvil 
Apparatus below 25 Kilobars 

PRESSURES in ultra-high pressure apparatus of the be 
or anvil! types are commonly inferred from a subsid 
load/pressure calibration using the well-known re 
discontinuities in bismuth at 25:4 kilobars?, in tha 
36-7 kb? and in barium at 59 kb? 
of this method are associated with: (a 
anvil* and test-cell materials*; (b) the influence of sampk 
geometry*; (c) the influence of temperature, partic I 
when generated within the test-cell'; (d) the rather 
region between 0 and 25-4 kb for which no 
resistance transition is yet available. In this 
tion a load discontinuity method is deseribe 
extends load/pressure calibration for ultra-high pr ire 
apparatus. It is applied here to a }-in. edge tetrahe 
unit of the N.B.S. type’. 

For a normal pressure calibration the wires 
thallium or barium are surrounded by a sleew: 


Possible uncer i 


Variatio 








30b 0 


: shear strength material, typieal: gil 


‘minimizes the effects of stress gradients, non-hydrostatie 


stresses and deformation within the pyrophyllite, whieh 
is generally used as the solid pressure tr. prp ew d material 
in high-pressure test-cells. Curve A of Fig. l shows & 
typical load/resistance relation for à bismuth wire in a 
silver chloride sleeve: the sample was mounted between 
opposite faces of the tetrahedron as shown, and electrical 
contact was made directly to the anvil faces via soft 
copper end plugs. The anvils, of cemented tungsten 
earbide with 6 per cent cobalt binder, were painted with 
jewellers rouge. Fig. 1 is taken from an XY recorder 
trace; the load signal was derived from a strain gauge 
load cell, and the resistance from the potential difference 
< along the wire at constant current. Load was increased 
steadily at about 1 ton/min in the experiment, using a 
continuously pumped hydraulic press. Bismuth shows a 
rapid increase of resistance with pressure up to the onset 
of the transition at 25-4 kb. Curve B shows the corre- 
sponding load/pressure relation, when the silver chioride 


4a replaced by a pressure-equalizing sleeve made from 


^ guprous iodide: this has a rapid reversible transition at 
“14:1 kb at 20° C (ref. 7). In this case the monotonic 


^. Fesistance increase of the bismuth has been interrupted 


“by a horizontal ¢, and, at the same time, the 25:4 kb 


: transition has been displaced to higher loads, by an 
"amount approximately equal to t. 


" Both effects are due 
-to the volume change accompanying the transition in the 


.. euprous iodide sleeve (in this case ~ 0-006 em*/g)', and 


Ct represents the load necessary to ‘take up’ this change. 
Tt will be noted that this effect will be most obvious in 
high-pressure apparatus of the belt or anvil types, where 
there is a definite relation (through the compressibility of 
the. test-cell) between the test-cell vohume, the applied 
load and the pressure generated. Silver chloride itself has 
& transition at ~ 13 kb’. This transition, however, is 
sluggish and has only a small volume change (0-0001 
em'/g); it-has not been detected in these experiments. 
A load/pressure relation for the tetrahedral anvil 
apparatus was obtained by using the following sleeves 
with suitable reversible volume transitions in the 0- 
2525. kb range: potassium nitrite at 6-2 kb*, silver per- 
> \ehlorate ab 7-5 kb’, cuprous iodide (as aforementioned) at 
cL kb, and potassium bromide at 18 kb*. Except for 
the last-mentioned, which was machined directly from the 
solid, samples were precompacted from the powder, using a 


10 














Resistance (arbitrary units) 














o 10 20 30 40 50 60 70 
Load (tons foree) 
*. 
Fig, 1. Pressure variation of resistance of bismuth. wire in sleeves of: 
‘A, silver chloride; B, cuprous iodide with a transition at 14-1 k 
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fons fiue eurve for 3/4 in. edge N.B.S. type tetrahedral 
apparatus with (insert) tetrahedron assembly 
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Fig. 3. Load versus displacement; pyrophyllite tetrahedron in N.B.S. 


tetrahedral anvil apparatus 


simple die with a removable core to provide the hole for 
the wire specimen. Bismuth was used as the sensing 
resistance in each case; there is no reason in principle 
why other materials with an appreciable pressure eo- 
effieient of resistanee (or indeed of another suitable 
property) might not be used. Fig. 2 shows the load/ 
pressure relationship obtained for the various sleeves: 
the beginning of the horizontal was taken in each case to 
indicate attainment of the appropriate transition pressure. 
Each point in Fig. 2 is à mean of three points except for 
cuprous iodide with four. Successive runs were repeatable 
and the estimated load error is + 1:0 ton. With the 
exception of one run in silver perchlorate there was 
little evidence of negative slope in the interval t, which 
would indicate metastability of the low-pressure phase. 
Furthermore, the slopes of the resistance/load curves 
prior to the transitions (Fig. 1) were very similar to that 
for silver chloride, so that differences in the compressi- 
bilities of the sleeve materials do not appear to be 
important in this pressure range. LOS 
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Further information on the pressure generation in the 
tetrahedral apparatus can be derived from Fig. 3, which 
shows the load/displacement characteristie during the 
initial stages of compression of a plain pyrophyllite tetra- 
hedron, displacement being measured by means of an 
induetive transducer mounted between the top anvil and 
the base plate of the apparatus. This type of curve, with 
load rising to a maximum, a fall to lower value and a 
subsequent rise, is typical, as might be expected, of 
extrusion in the presence of friction!*, It is reasonable to 
suppose that the observed maximum in the load at 3-0 
tons corresponds to the beginning of the extrusion process 
which forms the compressible gaskets: at this load the 
mean pressure on the anvil faces is 1-8 kb. This point is 
plotted in Fig. 2. 

The conventionally obtained bismuth, thallium and 
barium points are also plotted, and it may be seen that 
the combined curve obtained by these methods has a 
fairly complicated shape. It may be divided into three 
regions: (a) the initial pressure rise, with a slow falling 
off in slope up to ~ 12 kb; (b) a rapid increase in slope 
between this pressure and 23-24 kb; (c) a fall off there- 
after to a fairly linear relation up to the barium point. 
While it is possible that metastability of tho low-pressure 
phases could have affected the transition loads, we believe 
that the straightforward and consistent experimental 
results obtained make this unlikely. Fig. 2 then indicates 
that the load/pressure characteristic for the N.B.S. type 
tetrahedral anvil apparatus is very similar to that obtained 
by Litster and Benedek'' for a ‘belt’ type apparatus, 
using the pressure variation of the Fe nuclear resonance 
frequency. 

The complicated shape of both curves is undoubtedly 
related to the precise mechanism of pressure generation. 

I thank M. Dyke, who performed much of the experi- 
mental work. I also thank K. Ashcroft and C. H. L. 
Goodman for discussions, and the management of these 
laboratories for permission to publish this communication. 
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CRYSTALLOGRAPHY 


Two New Binary Chromium Oxid es 


WELL-DEVELOPED black crystals of two chromium 
oxides (A and B) with composition between CrO, and 
CrO, have been obtained by heating CrO, in a high- 
pressure autoclave at 200°-300° C. The oxygen pressure 
was 1-5-3 kilobars. 

Single crystal photographs of substance A indicate the 
Laue symmetry mmm, and the conditions limiting possible 
reflexions suggest the space group Pben (No. 60). The 
unit cell dimensions of A derived from single crystal and 
powder photographs are: 


a = 12-04 Å; b = 8-21 A; c = 818 A; V = 808 A? 


The observed density, 3-68 g cm-*, corresponds to a 
formula weight of 1,790 per unit cell, suggesting a cell 
content of 4 Cr,O,, (1808). 
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The Laue symmetry of the substance B was also found 
to be mmm, and the missing spectra were those character- 
istic of the space groups Cmem (No. 63), C2em (No. 40) 
and Cmc2, (No. 36). 

The unit cell dimensions of B as obtained from single 
crystal and powder photographs are: 


a = 847À; b = 12:88 A; c = 10-09 A; V = 1101 A? 


The observed density. 3-34 g cm-*, corresponds to a 
formula weight of 2,210 per unit cell, suggesting a possible 
cell content of 12 Cr,O; (2208) or 8 Cr,O, (2278). 

The powder patterns of A and B are distinctly different 
from those raported earlier! for specimens with the gross 
compositions ~ Cr,O, and ~ Cr,O,. 

Crystal structure determinations of these two new 
chromium oxides as well as further preparative invest- 
igations in this field are in progress. 

This investigation forms part of a research programme 
on the erystal chemistry of chromium compounds, which 
is supported by the Swedish Natural Science Research 
Council. 
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METALLURGY 


Role of Silica in the Oxidation Resistance 
of Molybdenum Disilicide 


MorvsBpENUM disilieide is of particular importance in 
the field of high-temperature materials, both as a struc- 
tural material in its own right and as an oxidation resistant 
coating for molybdenum alloys. Apart from having a 
high melting point of 2,000° C (ref. 1) and good oxidation 
resistance up to 1,700? C, MoSi, possesses high-temper- 
ature mechanical properties which make it adequate for 
many applications under static high-temperature oxidizing 
conditions’. 

However, a relatively high elastic modulus coupled 
with low thermal conductivity and high thermal expansion 
render it prone to crack on thermal cycling, so that a 
molybdenum test-piece silicided by pack cementation at 





Fig. 1. Ed, 
craze-crack 


of silicided molybdenum specimen ( 
as a result of thermal cycling from 1,100 
temperature 
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1,100" C (ref. 3) will rapidly ‘craze’ if repeatedly thermally 
cycled to this temperature (Fig. 1). 

Although such cracks are obviously detrimental to 
oxidation protection, an interesting and puzzling feature 
is that the cracking of a MoSi, coating does not necessarily 
result in failure of the part. We believe that this must be 
largely due to the secondary protection afforded by lower 
silicides of molybdenum which exist as an intermediate 
system between disilicide and substrate in most 
prepared coatings or are later developed by thermal 
diffusion (Fig. 2). This intermediate system, which may 
be identified by X-ray analysis as compounded of Mo,Si, 
and Mo,Si, is not oxidation resistant and decomposes on 
heating to silica. On theoretical grounds this should occur 
with a large volume increase and, in fact, if a sectioned 
specimen is heated in air at 650° C and observed micro- 
scopieally, the decomposition product is seen to protrude 
from the surface as a siliceous ridge (Fig. 3). At this tem- 


as- 





Fig.2. Above, cross-section ofsilicided molybdenum specimen ( x 1,500) 
showing the columnar outer MoSi, coating superimposed on a narrower 
intermediate layer of Mo,Si, Below, the specimen has been lightly 
etched with nitric acid and the very narrow bright region between the 
Mo,Si, and molybdenum substrate probably represents a thin oxidized 
Mo,Si zone, Prolonged oxidation in acid causes the whole intermediate 
system to decompose to silica gel and to project from the surface ( x 90) 


NATURE 


VOL. 203 


August 29, 1964 





Fig. 3. Cross-section of a silicided molybdenum specimen ( x 750) 

oxidized in air at 650° C. Above, the microscope has been focused on 

the plane of the specimen; below, the photograph shows detail 5u above 

the plane and demonstrates the expansion of the intermediate layer of 
Mo,Si, on oxidation, Crystals of MoO, are also evident 





perature the silica produced occurs as a low-density frit 
of loosely bound particles, and this may well exaggerate 
the volume increase, but it is considered that a similar 
mechanism operating at higher temperatures will root-fill 
any erack that develops in the outer MoSi, coating and 
hence arrest further ingress of oxygen (Fig. 4). 

It is possible that at higher temperatures a low-melting 
mixture of MoO, and SiO, forms initially and that this 
flows before losing MoO; by volatilization and finally 
solidifying. This would substantially aid the crack- 
filling process, and it is noteworthy that a particularly 
effective coating results if molybdenum boride is laid 
down between the silicide and metal substrate. This 
composite coating, which will survive many thousand 
thermal cycles without failure, soon becomes covered with 
a system of cracks from which siliceous material erupts 
and later devitrifies to cristobalite (Fig. 5). It is probable 
in this case that the exaggerated crack-fillmg process 
results from the fluxing action of boron oxides derived 
from molybdenum boride. 
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Fig. 4. Cross-section of a silicide multilayer on molybdenum ( x 720). 
The outer MoSi, and Mo,Si, layers have cracked and air has found its 
way to the intermediate system to decompose the Mo,Si, layer to silica 





Fig. 5. 


Edge of silicided molybdenum specimen ( x 30) which has had 
molybdenum boride located at the interface between the MoSi, and the 


molybdenum substrate. The fluxing action of oxides of boron has 
caused silica from the decomposition of the Mo,Si, intermediate layer 
to erupt to the surface through the cracks in the MoSi, 


A mechanism involving oxidation of Mo,Si, may also 
explain the unique oxidation resistance of molybdenum 
disilicide among the silicides at temperature extremes of 
up to 1,700? C. Molybdenum disilicide develops an 
appreciable vapour pressure as this temperature is 
approached' and in vacuum has been shown to lose 
silicon to acquire a surface layer of Mo,Si, (ref. 1). In air 
this product will decompose and expand to silica as soon 
as it is formed and the disilicide will rapidly become 
covered with a protective siliceous crust. 

The unique resistance of molybdenum disilicide to 
oxidation is presumably due to the fact that the metal 
oxide MoO, is volatile and rapidly evolves to leave a solid 
residue of silica melting only above 1,700° C. This is 
apparently substantiated by the fact that the introduction 
of metal oxides to the coating has a disadvantageous effect 
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on oxidation resistance, probably as & result of persistent 
fluxing aetion?*. 
GEORGE Topp 
Eric PARRY 
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GEOCHEMISTRY 


Palzoclimatic Significance of j-Oxygen-18- 
time Trends observed by Oxygen Isotopic 
Analysis of Freshwater Limestones 


AFTER McCrea? and Epstein et al.* established th: 
carbonate-water paleotemperature technique whereby 
the temperature of calcium carbonate precipitation can 
be determined by measuring the oxygen-18 content of 
the calcite, this tool has been widely utilized by a larg: 
number of workers for marine carbonates ranging in agi 
from early Mesozoic to the present. Since the fractiona- 
tion factor, that is, the isotopic composition of calcite 
divided by that of sea-water, is temperature dependent 
deposition temperatures can be determined by: (l 
measuring the !*O/?O ratio of ancient carbonate; (2) 
assuming a value for the isotopic composition of sea-water 
at that time. 

So far, this technique has not been applied to fresh 
water carbonates, presumably because of large present- 
day variations in the isotopic composition of fresh-water, 
shown, for example, by the data of Dansgaard’, and 
Epstein and Mayeda*. If the '*O/'*O ratio of fresh-water 
varied to this extent in large ancient lakes, temperatures 
determined by this method would be meaningless. 

This need not be the case, however, at times when ice 
caps were non-existent, presumably over much of geologi 
cal time. The isotopic composition of meteoritic water 
formed by the evaporation of sea-water is approximately 
—7 per mil. relative to the mean ocean water standard, 
and Epstein and Mayeda claim that isotopic fractionation 
which changes the oxygen-18 content of meteoritic wate: 
from about — 7 per mil. to about — 20 per mil. occurs in 
areas close to and possibly in the permanently glaciated 
regions. These authors further suggest that precipitation 
over the larger part of the Earth has an oxygen-15 content 
similar to that resulting from the initial evaporation ol 
sea-water from the surface of the ocean, that is, — 7 pe 
mil. 

Thus, in times of non-glaciation, the isotopic compos! 
tion of large bodies of fresh water, especially in latitudes 
where calcium carbonate precipitation is possible, should 
not be a large variable. If enough samples of fresh-water 
limestones are used to suppress random errors or varie 
tions, it should be possible to determine palwoter peri 
tures for these carbonates. Moreover, since these 
of water are much smaller than the oceans, the response o! 
water temperature to changes in climate are more rapid 
Hence, fresh-water carbonate sequences may providi 
very detailed climatological trends and serve as sensitiv’ 
paleoclimatic indie stors. 

In this light, a select collection of 157 samples of fresh 
water limestones assembled by Keith and Weber* might 
be examined. Almost all these specimens are from North 
American localities, and range in age from Devonian to 
the present. Each sample was identified on the basis of 
fresh-water fossils and was analysed for '*O/!*O ratio im 
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duplicate using a 6 in., 60° sector mass spectrometer with 
isotope ratio recording apparatus. Grouped according to 
age, mean $-oxygen-18 values relative to the Chicago 
GP.D.B. standard, with the standard deviation given in 
brackets, are: Devonian — 8-57 (1-3), Pennsylvanian 
om B25 (1-6), Permian — 4-36 (3-5), Triassic — 5-12 (0-91), 


Jurassic — 8-52 (3-0), Cretaceous — 10-22 (3-5), Tertiary 


= 965 (4:5), and Quaternary — 8-15 (2-1) The results 

illustrated in Fig. 1 appear to generate a sinuscidal curve 
with "0/10 maxima in the periods Permo-Carboniferous 
and Quatérnary, and a minimum in the Cretaceous. The 
striking fit-of the mean 3-oxygen-18 values to the curve 
shown in Fig. 1, the magnitude of the difference (about 
6 per mil) between the maximum and the minimum, 
and the occurrence of relatively high oxygen-18 contents 
in the earbonates precipitated during geological periods 
(Permo-Carboniferous and Quaternary) when glaciation 
was known to have occurred, strongly suggest that the 
data based on 314 analyses of 157 samples retlect tempera- 
ture differences in large lakes located in central North 
America, 

There are a number of variables on which the isotopie 
composition of fresh-water carbonate depends; these are 
discussed by Keith and Weber’, If the effects of some 
of these variables can be eliminated, for example, by 
proper sampling, random variation should cancel if enough 
Hus y $i xe 

 Batapics are taken. Jon N. WEBER 
Materials Researeh Laboratory, 

Pennsylvania State University, 
University Park, Pennsylvania. 
| * MeCrea, J. M., J. Chem. Phys., 18, 849 (1950). 


? Epstein, 8., Buchsbaum, R., Lowenstam, H. A., and Urey, H. C., Geol. Sec. 
Amer, Bull., 62, 417 (1951). 


^ Dansgaard, W., Geochim. et Cosmochim. Acta, 8, 258 (1958). 
^ Epstein, $., and Mayeda, T., Gecchim. et Ccsmcchim. Acta, 4, 218 (1958). 
* Keith, M, L., and Weber, J. N., Geochim. et Cosmochim. Acta (in the press). 


CHEMISTRY 


Structural Investigation of 4-[(4-Amino-5- 
* pyrimidinyl)imino]-2-penten-2-ol 
As part of a continuing programme of synthesis of con- 
-densed pyrimidine ring systems as potential antimeta- 
bolites and antitumour agents, the preparation 
of the hitherto unreported 1,5-pyrimido[4,5-5]- 
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“Reaction of a number of substituted 4,5-diamino- 
pyrimidines with 8-diketones under neutral or weakly 
acidie conditions afforded good yields of yellowish reaction 
products that are soluble in non-polar solvents and. 
crystallize from benzene or methanol These compounds 
possess definite melting-points and display two ultra- 
violet absorption maxima at pH 10, the longer wave- 
length peak being in the range 305-315 my. The infra-red 
spectra show sharp bands in the NH and OH regions 
and exhibit no carbonyl absorption. ; 

The elemental analyses of the condensation products 
consistently show the presence of the elements of water, 
which could not be shown to be water of crystallization 
by the Karl-Fischer test. Therefore, an investigation of 
structure was undertaken in order to determine whether 
the compounds are hydrates of structure I or isoraeric 
forms with covalent carbon-oxygen bonds, such as II-IV. 
For this purpose the simplest derivative was examined, 
namely, the condensation product of 4,5-diaminopyrim- 
idine and. 2,4-pentanedione. 

4,5-Diaminopyrimidine (0-05 mole) was condensed with 
2,4-pentanedione (0.055 mole) in 50 ml. of refluxing 
absolute methanol for 9 h. After removal of solvent, the 
residual reaction mixture was crystallized from methanol 
with the aid of aetivated carbon and a 61 per cont yield 
of off-white crystalline material (compound A) was 
obtained. Sublimation at 120°-140° (0-005 mm) afforded 
analytically pure, off-white monoclinic needles, m.p. 130°- 
182° dec., which are photosensitive and easily oxidizable. 
(Cale. for C,H,,N,O: C, 562; H, 6-3; N, 29-1; found: 
C, 56-3; H, 6-4 N, 28-9.) 

The ultra-violet spectrum is consistent with extended 
conjugation involving the pyrimidine ring: Amax in my 
(s): pH 1-280 (10,700); pH 10-231 (9,600), 314 (19,190); 
EtOH — 232 (10,300), 314 (16,400). In the infra-red the 
principal features aro A% Er 3-034. (OH, NH); 3-204 (CH); 
6-05, 6-19, 6-35, and 6-704. (C—N, C=C, pyrimidine ring). 
No carbonyl bands were seen either in KBr or in chloro- 
form. : 

Inasmuch as the foregoing chemical and physical 
properties.do not permit a definite assignment of structure, 
the compound was investigated by nuclear magnetic 
resonance spectroscopy, mass spectrometry, and X-ray 
structure analysis. The nuclear magnetic resonance. . 
spectrum fails to support structure I and is consistent 
with the open-chain structure II. (The isomer of IT with 
a free amino group at pyrimidine position 5 is unlikely 
to have formed. Since the 5-amino group of 4,5-diamino- 
pyrimidine has a greater degree of nucleophilic character 
than the 4-amino group, involvement of the 5-amino group 
in Schiff’s base formation is the preferred reaction®.) The 
nuelear magnetie resonance spectrum in deuterochloro- 
form, taken with a Varian A-60 spectrometer with tetra- 
methylsilane as the internal referenee, shows two dis- 
similar methyl groups at 8-27 (3 hydrogens) and $8:0« 
(3 hydrogens), and no methylene group in the 6-0—6-54 
region. One enolic hydrogen at — 1-87, one vinyl hydro- 
gen at 49r, and a broad peak at 43r (2 hydrogens), 
corresponding to a primary amino group, are observed. 
The two pyrimidine ring hydrogens appear at 2-2 and 
1-97. Both peaks at — L:8 and 43r exchanged rapidly 
with deuterium when the compound was treated with 
deuterated acetic acid (d,), and the vinyl hydrogen peak 
at 4-97 exchanged slowly. Except for the absence of the 





diazepine ring system (I) was undertaken in R, P T R 
these laboratories! This ring system is analog- À O=C A " y 
ous to the 1,5-benzodiazepines extensively N^ NH, DN N^ xN Pos ano 
examined by a number of investigators*-*. The + CH, — | Y 
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ethylene band, the nuclear magnetic resonance spec- 
rum of the non-nitrogenous side-chain of the molecule is 
rally similar to that of 2,4-pentanedione”. 
The mass spectrum (determined with a G.E.C. 21-103C 
s Spectrometer, equipped with a heated inlet system, 
'ated at 170?; ionization potential 70 eV; ionizing 
rent 50 uamp) of this compound indicates the mole- 
weight to be 192, rather than 174 which would 
rrespond to the anhydrous ring system I. Furthermore, 
successive elimination of mass units 15, 43 and 57, 
ong with the appearance of a strong peak at m/e 43 
H,CO*), is consistent with fragmentation of the side- 
of the uneyelized structure Ila, tautomeric with the 
c form IT. At the low pressure prevailing in the mass 
_ spectrometer, the loss associated keto form IIa is evidently 
"favoured and the side-chain undergoes the indicated 
cleavages at (1), (2), and (3). 





Major mass Fragments Observed 
ions (m/e) lost peaks 
M None 192 
M-15 (1) CH; 177 
M-43 (2) CH,CO- 149 
M-57 (3) CH ,COCHy 185 


_--Itds possible, then, to reject structures I, III and IV 
"for compound A on the basis of the combined ultra-violet, 
_ infra-red, nuclear magnetic resonance, and mass spectral 
data. The X-ray analysis recently performed by Yannoni 
Cand Silverman" provides final confirmation of structure H 
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. (Fig. 1) and proves that the 5-amino group of 4,5-diamino- 
"pyrimidine did indeed participate in the reaction. The 
o X-ray analysis establishes the positions of the heavy atoms 
in the molecule. The molecule lies in two planes and the 

erystal structure is characterized by an extensive network 
|: of hydrogen bonds. Cyclization to diazepine structure T 
"Cor IV is rendered unlikely because, in the solid state. the 
primary amino group of the pyrimidine ring not only lies 
in à separate plane but is also far removed from the oxygen 
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Fly. 1. Molenar structure of 4-[(4-amino-5-pyrimidinylimino]-2- 
: penten-2-ol (ref. 11) 
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function. The X-ray analyse 
does not clearly indicate t 
enol (ID): keto (Ifa) tauto- 
merie ratio inthe erystalstate. 
In summary, compound A 
has been assigned the str 
ture  4-[(4-amino-5-ps 
inyl)imino]-2-penten-2-0 
Al the chemical, physical 
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Pentasulphur Triimides : Completion of a- 
Class of Cyclic Sulphur Imides. 

AMONG the compounds theoretically obtamable 
replacing sulphur atoms in the octasulphur ring by 
groups, heptasulphur imide and tetrasulphur tetraimide 
have long been known. Last year the 1-3, 1-4 and 1-5 
isomers of hexasulphur diimide were reported indep 
dently by Tavs, Schultze-Steinen and Colchester!, and by 
one of us?, and we have since confirmed the structures 
proposed in the latter reference by measurement of dipole 
moments*, Excluding compounds with adjacent imine 
groups, none of which is known, there remained to be 
made only two sulphur imides derived from octasulphuy 
in its normal 'erown' conformation, namely, the 1d 
and 1-4-6 isomers of pentasulphur triimide. We 
report the preparation of two compounds whith we think 
are these. 

The crude reaction product from 420 ml. of disulphur 
dichloride and ammonia in formdimethylamide? 
extracted with diethyl ether’, which took up the sit) 
imides. The diimides and triimides were concer 
separated from the bulk of the heptasulphur i 
fractional crystallization. They were then isok 
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-chromatography on silica gel, eluting at first with carbon: 
disulphide. es 

L:38 g of the compound thought to be 1-4-6 penta- 
sulphur triimide came off at Rp ~ 0-16, immediately after 
the last (1-3) diimide. It formed long colourless needles, 
m.p. 131° (decomp.) (found S, 78-3 per cent; N, 21-1 per 
cent; H, 1-45 per cent; m wt. (eryoscopie in benzene) 180; 
calo. for S; N, Ha, S, 78-0 per cent; N, 20-5 per cent; H, 1-46 
per cent; mol. wt. 205). The solubility in carbon disulphide 
at 18° was 0-049 molal. The saturated solution in a 0-2 mm 
cell gave strong infra-red bands at 3-01 (OD 0-21), at 
11:995 (OD 0:26) and at 12-28. (OD 0-41). The dipole 
moment in carbon disulphide was difficult to measure 
accurately owing to association, but approached a value of 
L0 x 0-3 Debye units with diminishing concentration; 
the value ealeulated by veetor addition, assuming that 
each imino group contributes 1-28 Debye units (our 
< measurement of the moment of heptasulphur imide) is 


o LA Debye units. 


4 The other isomer had an Rp of only about 0-09 in carbon 

disulphide; it was more quickly eluted by changing the 
solvent to 5:2 carbon disulphide-benzene. 0-33 g of 
124° (decomp.), were obtained 
. (Found S, 78-4 por cent; N, 19-9 per cent; H, 1-57 per eent; 
Um.wb. 210 (eryoscopic in tertiary butanol). The solu- 
; bility in carbon disulphide was only 0-008 molal at 18°. The 
saturated sohition in a 0-2 mm cell gave infra-red bands at 
3-004 (OD 0-03), at 11-824 (OD 0-04) and at 12-12u (OD 
| 9-07). The dipole moment, in carbon disulphide solution, 
was also diffieult to measure because of the small solubility, 
but the value found, 2-8 + 0-6 Debye units, corresponded. 
with the calculated value of 3-0 Debye units for 1-3-5 
pentasulphur triimide. 

Note added in proof. We have recently heard that Dr. 
H. Tavs also made the presumed 1-4-6-triimide in un- 
published work. 

Henry Haar 
JAMES KANE 
. Department of Chemistry, 
Queen’s University of Belfast. 
+ Pave, H., Schultze-Steinen, H. J., and Colchester, J. E., J. Chem. Soe.. 
2555 (1963). 


* Heal, H.-G., Nature, 198, 371 (1963). 
* Heal, H, G., and Kane, J. (unpublished resulte; the isomers A, B and C 
(ref..2) had moments 1-74, 1-23 and 2-28 Debye units respectively). 


-i Beeke-Goehring, M., Jenne, H., and Fluck, E., Ber., 91, 1947 (1958). 


BIOCHEMISTRY 


Magneto-optical Rotation Spectra of 
Cytochrome c 


Many spectroscopic investigations have been reported 
on eytoehrome c in defining its role in biochemical electron 
“transport systems'?. These include the ultra-violet and 
> visible absorption measurements of Keilin and Hartree’ 
and the optical rotatory dispersion (ORD) data of Eichorn 
. and Cairns*. In this laboratory, we have been investigating 
_ the application of the new technique of magneto-optical 
‘otation spectroscopy? to the examination of different 
` oxidation states of the cytochrome e molecule. In 
this type of measurement, the optical rotations induced 
_ by an external magnetic field (Faraday effect) are obtained 
as a function of wave-length to provide a magneto- 
“optical rotation (MOR) spectrum. The results for cyto- 

chrome c (Figs. 1-4) are quite pronounced and show large 
changes with the oxidation state of the molecule, 

The MOR spectra were measured for aqueous solutions 
(essentially the same results were obtained in 0-01 M pH 7 
phosphate buffer) in a l-em cell at a 10,000-gauss field 
and corrected for the background natural optical activity 
of the molecule, measured in the absence of a magnetic 
field. ‘The reduced cytochrome c samples were commercial 
grade preparations (Nutritional Biochemicals, Ino., 
Cleveland, Ohio) from beef heart muscle. The oxidized 
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samples were prepared by oxidation of the reduced form 
with potassium ferrieyanide and purified by dialysis for 
four days at.4° C to remove excess salts and by-products, 
The results in Figs. 1-4 show the plot of specific magnetic 
rotation, as defined by equation (1), as a function, of the 
wave-length in mu: 
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Fig.1. MOR and ORD spectra of reduced cytochrome c at 28° C in 
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Fig. 2. MOR and ORD spectra of reduced cytochrome c at the Soret 
band region in water at 23" C 
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Fig. 4. MOR and ORD spectra of oxidized cytochrome c at the Soret 
band region at 28° © 








| where: 0 is the angle of rotation in degrees; / is the path 
length in decimetres; c is the concentration in grams per 
l].; and H is the magnetic field (gauss). 
«Phe apparatus and the techniques of measurement of 
| the MOR spectra were the same as previously described’. 
< Figs. 1 and 2 summarize the results for reduced cyto- 
'.ehrome c at the absorption band regions corresponding 
to the a, B and y (Soret) bands of the molecule. A com- 
parison of the MOR spectrum with the optical rotatory 
ispersion (ORD) and the absorption spectrum at the 
^ and ® bands (549 and 520 my) clearly illustrates the 
eater fine structure of the MOR spectrum. The presence 
of six negative magnetic rotation peaks indicates that the 
two absorption bands of the molecule must be composite 
_ in structure and consist of at least six separate absorption 
peaks. The remarkable feature of the MOR spectrum is 
: the large negative rotation peak at 549 my, with a specific 
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magnetic rotation of — 1,450, at least 10 times as large us 
any other MOR peak of the spectrum. As shown im Fig.: 
this rotation is reduced to — 160 for the oxidized molec 
indicating the possibility of using the magnetic rotation 
to examine the kineties of the reaction. Moreover, the 
fine structure of the MOR spectrum completely disappears 
when the molecule is oxidized to the ferrie state. 

Figs. 2 and 4 compare the measurements at the Soret. 
band region of the molecule. Here a large negative rota- 
tion occurs in the MOR spectrum at the 410 my band 
with no distinctive changes on oxidation of the molecule. 
The natural optical activity measurements are also} 
specific in this respect. These results suggest that 
more significant information about the electron trans 
function of cytochrome c is to be obtained from i 
tions at the long wave-length region of the spectrum, ? 
is, at the « and B bands rather than y (Soret) band. These 
observations indicate that the MOR spectral data may 
be quite useful for the investigation of the eleetron trans- 
port properties of cytochrome c. 

Viocrog E. SuásuouA 
Engineering Physies Laboratory, 

Experimental Station, 

E. I. du Pont de Nemours and Co., Ine., 
Wilmington, Delaware. 
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Non-enzymatic Interactions of Reduced 
Coenzyme 1 with Inorganic Phosphate and 
Certain Other Anions 


We previously reported! changes of the absorption 
spectrum of nicotinamide adenine dinucleotide. (cce e 
I, abbreviated NAD*) in solutions containing orthoph. 
phate. In an extension of those investigations", t 
been observed that dihydronicotinamide-adenine t 
cleotide (reduced coenzyme I, abbreviated NADH) 
reacts with orthophosphate, but in an entirely differen 
manner. Similar changes were observed with dihvdro- 
nicotinamide adenine dinucleotide phosphate (reduced 
coenzyme II, abbreviated NADPH) and certain T 
NADH-analogues. This is a preliminary report of our 
findings’. 

In spectrophotometrie investigations, maximal cha 
were observed at 340 my and at 280 my. 'Phisisshown 
the difference spectra of Fig. 1. It is apparent that 
changes progress with time. Kinetic analysis? 1 
that the decrease in absorbancy at 340 my fitted & 
rently first-order kinetics. However, the apparent nr 
order velocity constant was dependent on the conce 
tion of the H,POjion. In the pH range 6-8, a vek 
constant independent of the phosphate concentration s 
the pH could be obtained by use of the second-order rate 
equation for the special case where one reactant is in great 
excess of the other, that is: 


2-3 [^ 
5 log a kt (D) 
































In this equation, b, ia the H,PO; ion concentration (as 
obtained from the Hasselbach equation), and c and a the 
absorbancies of NADH (equivalent to its concentration) 
at 340 my, at zero time and time f, respectively. 
34-4? C, the rate constant, k, was equal to 2:8 x 10-* x 
sec-!. Other polybasie anions with pK’ values in 
region between pH 6-0 and 8-0 were also reactive. T 
included H,AsO;, (k-—49x10-); H50, (ks64x 

and H,PO; (k-3-0x10-)  Monobasie (for € 
Cl-) ôr dibasie (for example, SO) anions fully dissec 
at this pH range were almost non-reactive", : 
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Fig.1. Difference spectra of NADPH (6-17 x 10-* M) in 1-5 M potassium 
orthophosphate at pH 6:62 and 344^ C, versus a reference solution 
containing. NADPH in 0:05 M potassium orthophosphate. Solvent 
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> absorption was corrected for by the tandem-cell technique (ref. 12) and 


ihe sample in high concentration of phosphate was positioned in the 
sample beam of a Beckman DK-1 ppeolrophotometer, The light-path 
: : was 1 mm 


| Kinetic treatment of the changes at 280 my (Fig. 1) 


- was also possible at a fixed pH and potassium orthophos- 





R elative concentrations 


phate concentration. After an initial and apparently 
instantaneous change in absorbancy (Fig. 1) which can 
be. tentatively attributed to electrostatic interactions 
similar to those reported for NAD+ in high orthophosphate 
concentration’ *, the subsequent time-dependent absorb- 
aney ehanges could be described most simply by a reaction 


pathway involving two pseudo-first-order steps. Thus, 
the overall process can be written as follows: 
E ka 
A-——B—C (2) 


“In this proposed mechanism, A is considered to be the 


species of NADH (still capable of oxidation by acetaldo- 


 hyde-aléohol dehydrogenase), as it occurs at essentially 


zero time in 1:5 M potassium orthophosphate (css = 
3,900; 2,,,25,050). The transformation from A to B 
was assumed to proceed at the same velocity that charac- 


terized the decrease in absorbancy at 340 my, that is, 


k,-k of equation (1). The (phosphorylated ?) inter- 
mediate B (sso = 18,250) was further transformed (one or 
more steps?) to a final product C (Ess = 6,340) at much 
slower speed. These interrelations are shown in Fig. 2. 
From such considerations‘ it was demonstrated? that 
for the reaction of NADH in 1-5 M potassium phosphate 
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Fig. 2. Concentration-time curves for 4, B, and C. Concentrations 
were computed from the molar extinction coefficient for each substance 
(see text) and. from the relation A+ H-- C« Ay. CA, was the original 
quantity of NADH present in the medium.) The points assigned to 
ita effrve were calculated from equations for first-order reactions in series 
(ref. 4) and from the time of maximum accumulation of B (ref. 3) 

indicated in the figure by the arrow 
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at pH 6-62 and 34-4* C, k,/k, — 0-07... Tt, therefore, follows 


that a lag period (about 60 min., Fig. 2) should precede 


the appearance of a product C in measurable quantities. 
In other words, the intermediate B is reasonably stable 
under the conditions specified. It is hcped that determ- 
ination of the second velocity constant in the presence of 
different anions and under various conditions of pH and 
anion concentration will contribute to the clarification of 
the nature of the decomposition of B. 

A comparison of the rate constants for the reaction of 
various enzymatically reduced 3-substituted, 1,4-dihydro- 
pyridine derivatives in 1-5 M orthophosphate at pH 6-62 
revealed that k, decreased over 300-fold in the order given 
here in the series: NADH; thiodihydronicotinamide— 
adenine dinucleotide; 3-acetyldihydro-pyridine-adenine 
dinucleotide and dihydropyridinealdehyde-adenine dinu- 
cleotide. Evidently the rate of reaction from A to B becomes 
slower with increasing effectiveness of tho side-chain at 
position three of the dihydropyridine to act as an electron 
sink. The variation in k, with structure is thus in agree- 
ment with the changes of an overall velocity constant for : 
the reaction of certain model compounds (for example, 
1-benzyl-3-acetyl-1,4-dihydropyridine) in acid’, and 
favours a reaction mechanism similar to that proposed by 
Anderson and Berkelhammer® involving 8-protonation of 
1,4-dihydropyridines, followed by reaction of the inter- 
mediate earbonium ion (at position 6) with a nucleophilic 
species (see also ref. 6). However, in contrast to the 
experimental conditions of Anderson and Berkelhammer, 
the hydrogen ion concentration in our experiments was 
extremely low (about 2-4x 10-7 M) and the reaction rate 
apparently depended only on the anion concentration’. 
Furthermore, only polybasie anions with a second disso- 
ciation constant in the pH range between 6 and 8 were 
reactive. These considerations and a comparison of our 
findings with those of Wallenfels et al.” with model com- 
pounds in organie solvents have led us to the conclusion 
that the mechanism of the transformation from A to.B 
involves a concerted action of the anion supplying e- 
proton at the 5 position simultaneously with an attack of 
the resulting nucleophilic species at the 6 position of the. 
1,4-dihydropyridine (Fig. 3). A 





Fig. 3. Proposed mechanism of the spontaneous NADH-ortho- 
phosphate interaction at pH 6:62 (steps A-B) 


It has also been demonstrated that 1,4-dihydronieotin- 
amide ribonucleotide reacts more than twice as fast as 
NADH. This might be related to tho folded state of: 
NADH in solution’. The rate of reaction of the hypoxan- 
thine analogue of NADH was the same as with NADH". 
This would indicate that at pH 6-62 folding is independent 
of the presence of either a hydroxyl group or an amino 
group in the 6 position of the purine moiety. 

It is probable that 'DPNH-X' of Chaykin, Meinhart 
and Krebs? may be identical or closely related to the- 
product(s) described here. In their investigations, 
the chemical change of NADH in the presence of polybasie 
anions was catalysed by triose phosphate dehydrogenase, 
while in our experiments a reaction oceurred spontan- 
eously at relatively high anion concentrations. It is more - 
difficult to evaluate the relation of the interactions and 
products described above to the phosphorylated NADH. 
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‘intermediate’ of Griffiths!*. "Phe manner of decomposition 
latter" is reminiscent of the change between B and 
acy described here, but more work is required to 
correlate these findings. In this connexion, it is interest- 
that in certain cireumstances!! the intramitochondrial 
centration of orthophosphates might rise through an 
ve transport’ mechanism. 
le thank Dr. Charles J. Martin for his advice. This 
“was supported in part by grants from the U.S. 
ional Science Foundation (G.B—306), the U.S. National 
ites of Health (GM 10981), the American Cancer 
ety (P-241) and the Illinois Section of the American 
' Society, and a U.S. Atomic Energy Commission 
et [AT(L1-1) 1221]. 
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infra-red Spectrophotometric Measurement 
of the Kinetics of the Action of 8-Glucosidase 


In recent reports it was shown that infra-red spectro- 
“photometry could be applied to the measurement of the 
_kinetics of enzymatic reactions. The purpose of this com- 
, 3unieation is to give data concerning the use of infra-red 
"speetrophotometry to determine kinetics of a f-gluco- 

| gidase reaction. 

-< B-Glucosidase (emulsin) was purchased from Mann 

‘Research Laboratories, New York. The substrate, 
. B-phenyl-p-glicoside, was prepared by the method of 
"Montgomery et al.4. The system consisted of 0-5 ml. of 
enzyme solution added to 2-0 ml. of substrate solution, 
| producing concentrations of 3-2 per cent $-phenyl-p- 
_ glucoside (w/v) and 0-2 per cent B-glueosidase (w/v) in 
. pH 5-2 acetate buffer (u = 0-1) at the beginning of the 
‘reaction, which was stirred magnetically. 
Fig. 1 shows the course of action, The dotted line is 
the spectrum of water in an 'Irtran-2' cell of thickness 
0-025 mm, measured against water in a reference ‘Irtran-2’ 
»eell.. The solid line is the spectrum of the enzymatic system 
near the beginning of the reaction, recorded against acetate 
buffer in the reference beam at a rate of ly per min. This 
| eurve was begun 2-5 min after the mixing of enzyme and 
: substrate. 'The enzyme itself does not display a spectrum 
4 0-2 per cent concentration. As the reaction proceeds, 
everal changes in the spectrum occur. The new band 
t 6-78u is characteristic of free phenol in aqueous 
solution’. The band at 8-15u (solid line), which is char- 
M teristic of the B-phenyl group linked to glucose through 
an oxygen atom, gradually disappears and becomes a 
mnd at 8:064 (dashed line) characteristic of phenol 
which is no longer bonded to glucose. As the reaction 
proceeds, a new band appears at 8-700, which does not 
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Fig. 1. The action of -glucosidase on 3-2 per cent (w/v) f-phe 
glucoside, , water in an 'Irtran-2' cell, thickness 0-025 mi. 





water in the reference beam; ——-, reaction mixture near beginning 
the reaction (see text); ~- ~~, reaction mixture at end of enzymatic 
aetion (170 min) 


exist in the spectrum of the original 8-phenyl-p-ghicosic de. 

This band has been shown earlier* to be characteristic of 

the glucose molecule, and its intensity increases grad ally 
as more free glucose appears. The spectrum of the final 
solution is identical with a solution made up of sto 
metric amounts of phenol and glucose, assuming pons 
hydrolysis. 

The ‘Irtran-2’ (ZnS) does not interfere with. the sasiy 
of the enzymatic reaction, since it was demonstrated that 
spectral changes were the same whether they were 
determined on aliquots removed from the reaction 
mixture at various time intervals, or were determined 
directly on the reaction mixture contained. in the 
First-order kineties were calculated from absorbance data 
of the band at 8-70u from the equation: 


d rur 


In a typical run Aw , the absorbance of the band at 
end of the reaction, was 0-2864; Aa the initial absorbance 
of the band (extrapolated to time 0), was 0-2528; and 
At was the absorbance of the band at time f, varying 
from 0-2557 to 0.2857. Some typical examples of kw 
0-0106, 0-0096, 0-0134 and 0-0112, with an average k of 
0-0112 min-}. 
The methods reported here should be useful in the 
application of infra-red spectrophotometry in other 
enzymatic reactions and other chemical reactions occurring 
in water. à 
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Inhibitory Levels of Fluoride on Mammalian 
; ; A Cells .— 

As a preliminary to moro detailed investigations of the 
cellular effects of fluorides, growth inhibitory levels have 
been determined on mammalian cells. Because of the 
widespread concern about possible toxie effects of fluorido 
when used for water fluoridation, these levels are of more. 
than theoretieal interest. 

Murine leukemic lymphoblasts, L5178Y strain, were 
cultured following the method of Fischer!, at 37° C, in 
16mm x 125 mm closed culture tubes, containing serial 
dilutions of sodium fluoride. Below a concentration of 
5$ x 105 cells/ml. these cells reproduce logarithmieally 
approximately every 12 h. Each tube contained 5 ml. of 
culture medium with approximately 2,000 cells/ml. At the 
end of four days cell population was determined using a 
Coulter counter. This was readily accomplished since the 
colls grow freely in the medium without attaching to glass. 
The number of cell generations that have occurred was 
plotted as a function of the logarithm of the concentration 
of fluoride in the medium. By extrapolation the molarity 
‘of fluoride was determined which would result in a 20 


"per cent or à 50 per cent reduction in cell generation pro- 


` duction (Gd 20 and Gd 50). 
Significant inhibition has not been found at a concen- 
tration of 3 x 10-* M F- (5-6 p.p.m. F-), and might possibly 
have been detected at 4-4 x 10-4 M F- (8-9 p.p.m. F-). 
Growth depression was rapid from 5-9 x 10-4 M F-, and 
was linear above a concentration of 10-? M F- (19 ppm.) 
(Fig. 1). The amount of fluoride presumably required to 
inhibit the rate of cell reproduction by 20 per cent (Gd 20) 
was L-1 x 10-* M F- (20 p.p.m.) (range 1-04-1-13) and by 
50 per cent (Gd 50) was 1-5 x 10-3 M F- (30 P-p.m.) (range 
1:38-2-04). It is apparent that much higher concentra- 
tions of fluoride were required to demonstrate growth 
inhibition in these mammalian cells than the 5-5 x 10-5 
MF- (1-1-2 p.p.m. F-) usually advocated for water 
fluoridation. 
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These results differ from those reported by Berry?, who 
interpreted his data to indieate an effect on mammalian 
cells (stram L mouse fibroblasts and HeLa S—3ox¢ cells) 
with a fluoride level of 0-1 p.p.m. (5-3 x 10-* M F-). 

Although the anti-caries effect resulting from the 
recommended 1-1-2 p.p.m. E- (5-3-6-3 x 10-5 M F-) in the 
water supply may very well be due to & local effect on 
the teeth?*, the changes which occur in chronie fluorosis, 
such as mottling of the teeth and skeletal effects, are 
probably secondary to cellular dysfunction caused by 
toxie levels of fluoride in the immediate environment of 
the affected cell. This interference of cell function may be 
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related. to inhibitory effects of fluoride on. specific 


enzyme systems, some of which are known to be affected 
by levels of fluoride which were found to inhibit the. cella 
in the work recorded here*}. 

Water levels of fluoride differ from blood or tissue levels. 
Blood levels of fluoride tend to be considerably lower than 
water levels and bone levels tend to be considerably 
higher*". Most of the fluoride in bone, however, appears 
to be bound with caleium as fluoroapatite and may not be 
physiologically active. Even so, it seems reasonable to 
assume that the effect on bones and teeth is related to 
the high concentration of fluoride in these structures and 
that pathological abnormalities occur when the level of 
ionized fluoride (which differs from total fluoride) rises 
above a critical level (affecting cell function). The kidney, 
which exeretes fluoride, and therefore contains higher 
levels than other soft tissues, is the organ affected when the 
water-level is increased (approximately 125 p.p.m. in the 
water supply is required to cause pathological changes). 
This would indicate that, above a critical level of fluoride, 
cell function may be affected in the kidney as well as in. 
bone’, : 

Other soft tissues do not demonstrate pathological 
changes except with an intake of excessive amounts of 
fluoride, and. levels of fluoride in these tissues are below 
those required to affeet the reproduction of the cells used 
in this work’. 

An effect on any tissue, therefore, may depend on a 
sufficient level of fiuoride in that tissue to affect cell 
function, although the eritical level of fluoride necessary 
to produce an adverse effect may or may not differ in 
different tissues. This toxicity study is in agreement with 
those findings which indieate that 1-1-2 p.p.m. fluoride in 
the drinking water will produce no adverse effects. 

This work was supported by U.S. Public Health Service 
grant TI-AM 5416-01. 
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Transfer of Melanin Granules from 
Melanocytes to the Cortical Cells of Human 
Hair 

TuE manner by which the cortical cells of developing 
hair fibres acquire melanin pigment has been the subject 
of much speculation. Some authors have postulated that 
the pigment granules are actively inoculated into the pre- 
keratinized cells by way of the dendritie processes of the 
melanocyte (cytocrine activity) ?, whereas others have 
suggested that pigment granule transfer involves tho 
active ingestion (phagocytosis) of the granules by the 
cortical cella, Birbeck and Mercer**, who have found 
some evidence for this latter process, observed small 
*pseudopods' enveloping the pigmented processes of black 
hair melanocytes at a point adjacent to the developing 
cortical cells of hair. 

If the phagocytosis of pigment granules does indeed 
occur, then remnants of cell membranes ought to be 
apparent in the vicinity of the pigment granules in the 
cortex of mature hairs. That there is a close association. 
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Fig. 1. Electron micrograph of a transverse section of human hair 
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SINGLE MEMBRANE 250A 


DOUBLE MEMBRANE 


MELANIN GRANULE 


Fig. 2. Schematic diagram illustrating the association between melanin 


granules and the cortical cell membranes of hair 


between pigment granules and the cortical cell membranes 
- of hair has already been demonstrated in electron micro- 

aphs of transverse sections of osmium-stained hair’. 
This latter work, however, failed to reveal cell membranes 
around the pigment granules themselves. The reason for 
-this is now thought to be that, because osmium tetroxide 
reacts so vigorously with melanin, the periphery of the 
pigment granules is obscured from view in the electron 
microscope. To overcome this shortcoming in technique, 
a method for staining thin sections of hair, which reveals 
the cell membranes in the cortex of hair without obliter- 
ating any of the detail adjacent to the pigment granules, 
| was used in the present work. 
‘Untreated human hair was dehydrated in ethanol and 
| embedded in a prepolymerized mixture of methyl and 
n-butyl methacrylate (1: v/v) in the normal manner. 
‘Thin transverse sections of the embedded fibres were 
obtained with a Porter Blum ultramicrotome and collected 
on eollodion-eovered gold electron microscope grids. The 
specimen grids were then immersed in a centrifuged 10 
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per cent solution of dodoca tungstophosphorie acid m 
50 per cent ethanol for 1 h and then washed iu fresh OO 





cell membrane, and frequently single granules or git 
of granules were enclosed by a single unit membrane 





membranes is given in Fig. 2. 
It is considered that this close association between, the 
pigment granules and the cell membranes in mature hans 


is a consequence of phagocytosis. It is envisaged: that 
melanin granules exude from the ends of melar 
dendrites into the space between pre-keratinized cortical 
cells of the hair follicle, where they are ingested singly orin 
groups by the cortical cells by phagocytosis. i 
tion of the pigment-laden tips of melanocytic dendri 
this manner would also explain the regular end-t 
arrangement of pigment granules, which is entiv 
encountered in electron mierographs of longitudinal 
sections of hair. 
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Synthesis of Cystathionine and its Contro! 
in Salmonella typhimurium 


CysTATHIONINE formation in Escherichia coli invol 
the functioning of two enzymes'-*. The first enzyme 
present in certain cystathionine-requiring auxotrop 
such as E. coli strain 7/9 but absent from others (such os 
strain 2/2) and catalyses the formation of O-suceiny! home- 
serine from homoserine and succinyl coenzyme A. The 
nature of the product was originally deduced from the 
chemical and biological properties of the compound” and 
this was confirmed by comparison with chemically syn- 
thesized O-suceinyl homoserine’. The second enzyme 
which is absent from strain 7/9 but present in strain 2/2 
forms cystathionine from O-succinyl homoserine plus 
cysteine’, Further evidence for the funetioning of 
O-suceinyl homoserine as a methionine precursor in E. col: 
was afforded by the observation? that strain 7/9 accumu. 
lated O-suecinyl homoserine when grown with lirsiti ¢ 
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genetie investigations with methionine-requiring st 








of Salmonella typhimurium® suggested that the bio 
thetic pathway might be the same as in E. cóls 
other observations support this view. First, or, 
of S. typhimurium strain B23, a cystathionine-requivig 
mutant, aceumulate O-suceinyl homoserine in the cul 
fluid’, while a genetically dissimilar cystathionine 
ing strain (strain A15) shows no accumulation. Se 
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extracts from S. typhimurium strain A form cystathionine 
from. O:suecinyl homoserine plus eysteine*. These data 


supported the view that cystathionine and O-succinyl 
homoserine are methionie precursors in S. typhimurium 
and, as the accumulation of O-suceinyl homoserine by 
strain B23 (like that with E. coli strain 7/9) was prevented 
by methionine’, it appeared that control of the biosynthetic 
pathway might be similar to that in Æ. coli?. The present 
work shows that S. typhimurium contains both enzymes 
of cystathionine formation and that enzymatie repression 
&nd feed-back inhibition occur. 

Ultrasonic extracts of S, typhimurium strain B23 grown 
with limiting amounts of homocysteine catalysed the 
synthesis of O-suecinyl homoserine from homoserine and 
suecinate; the activity was assayed by the uptake of 
4C-suecinate into O-succinyl homoserine as described by 
Rowbury and Woods‘. The amount of enzyme present 
in strain B23 was much less than that in E. coli strain 7/9, 

but, as strain 7/9 accumulates 20 times as much O-suecinyl 
homoserine as strain B235, this was not unexpected. 
Homoserine O-trans-succinylase of strain B23 was subject 
to enzymatie repression as growth with methionine 


; (15. mM) reduced the enzyme level to 20 per cent. 
.. Methionine also inhibited the activity of the enzyme in 


extracts from organisms grown without methionine. 
Activity was reduced to 50 per cent by 1 mM pr-methion- 


ine and to 20 per cent by 5 mM methionine (Table 1). 


The formation of O-succinyl homoserine by intact organ- 
isms of strain B23 is also subject to feed-back inhibition by 
methionine, and the enzyme in vivo is much more sensi- 
tive to methionine. Thus accumulation was reduced to 
6 por cent by 0-2 mM pr-methionine (Table 1). Homo- 
serine O-trans-succinylase of whole organisms is also much 
more susceptible to inhibition by methionine than tho cell- 
free enzyme in E. coli strain 7/9 (ref. 8). 


Table 1. FEED-BACK INHIBITION OF HOMOSERINE O-TRANS-SUCCINYLASE BY 
METHIONINE IN Salmonella typhimurium STRAIN B23 


DL-Methionine Homoserine Homoserine 


(mM) added O-trans-suecinylase O-trans-succinylase 
to the of intact of ultrasonic 
reaction mixture organisms extracts 
0 100 100 
0-2 58 n 
0:5 — 60 
1 3:0 49 
5 10 20 


Values are given as percentages of the control (without methionine). 


Extracts from S. typhimurium strain A15 formed 
cystathionine from O-succinyl homoserine plus cysteine, 
and in this ease the level of enzyme activity was similar 
to that in E. coli strain 2/2 (Table 2). Activity was absent 
from S. typhimurium strain B23, and in strain Al5 was 
greatly reduced by the omission of cysteine. This enzyme 
was also subject to repression by methionine; growth with 
1-5 mM pr-methionine reduced activity to 22 per cent in 
extracts from strain A15 (Table 2). From these data it 
appears that S. typhimurium strain B23 resembles E. coli 
strain 7/9 while S. typhimurium strain A15 is like E. coli 
strain. 2/2. 


Table 2. ENZYMATIC REPRESSION OF CYSTATHIONINE SYNTHETASE OF 
Salmonella typhimurium STRAIN 415 


Cystathionine formed from O-succiny! 
homoserine 
(ummole/mg protein/h) 


Strain A15 Strain 2/2 
Cysteine Cysteine Cysteine Cysteine 
present absent present absent 
Organisms grown 2 
ó iie ie methionine 165 12-5 160 15 
rganisms grown 
with methionine (1-5 mM) 36 12:0 30 12 


S. typhimurium strains A15 and B23 also show homo- 
cysteine methylase activity, and in each strain formation 
of thé enzyme was repressed by growth with methionine. 
Growth with 1-5 mM npr-methionine reduced enzyme 

€ 
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synthesis to 15 per cent in strain B23 and to 25 per cent in 
strain 418. S. typhimurium has cystathionase activity 
also, but this activity in strain B23 is not appreciably 
reduced by growth with methionine. 

Thus methionine synthesis in S. typhimurium appears 
to be like that in E. coli and to involve the intermediate 
formation of O-succinyl homoserine, cystathionine and 
homocysteine. The two cystathionine-forming enzymes 
and the homocysteine methylase complex are subject to 
enzymatic repression by methionine in S. typhimurium, and 
the first enzyme of the pathway (homoserine O-trans- 
succinylase) is also regulated by feed-back inhibition of its 
activity by methionine. 
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PHYSIOLOGY 


Effect of Thiocyanate on Secretion of Acid 
and Uptake of Oxygen by Gastric Mucosa 
of the Frog 


THE ratio of acid secretion by gastric mucosa to the 
oxygen uptake involved in the secretory process does not 
seem to have a value significantly greater than four? as 
predicted by the redox theory of acid seeretion?*. Forte 
and Davies* have recently reported a series of experiments 
on electrically short-circuited gastric mucosæ of the bull- 
frog, in which thiocyanate produced. a decrease in oxygen 
uptake and acid secretion. The ratio AgH* [AqO, (gH* ux: 
rate of acid secretion, qO, — rate of oxygen uptake in the 
same units) was calculated from the mean rates of acid 
secretion and oxygen uptake before and after thiocyanate: 
in each experiment. "This ratio had high mean values 
which varied inversely with the concentration of thio: 
eyanate from 5-1 to 12-0. 

This finding was not confirmed in the experiments 
described here, which show that thiocyanate lowers the 
value of the stoichiometry between acid secretion and 
oxygen uptake. An everted sac technique was used}, 
Everted sacs of gastric mucosa obtained from starved frogs 
were prepared and filled with a medium of the following 
composition: 112-2 mM sodium chloride, 4-5 mM potas- 
sium chloride, 1-1 mM calcium chloride, 0-6 mM magne- 
sium sulphate, 0-7 mM sodium phosphate buffer ( pH 7-4), 
11 mM glucose. The sacs were incubated initially in the 
same medium. Uptake of oxygen was measured mano- 
metrically at 25° C (direct method of Warburg; gas phase 
air), and acid secretion was measured by renewal of the 
incubating medium at intervals of 45 min and electro- 
metric titration of the medium back to its initial pH. 
Twelve experiments were performed. Each sac was first 
ineubated 5-7 times in the glucose-saline, and afterwards 
3-4 times in the same saline containing 6 or 12 mM 
sodium thiocyanate. Acid secretion occurred spon- 
taneously in all experiments. 

The observations made were pooled and acid secretion 
before and after the addition of thiocyanate to the 
incubating medium was plotted as a function of oxygen 
uptake. The regression of acid secretion on oxygen 
uptake appeared to be linear both before and after 
thiocyanate. The following linear equations were obtained 
by the method of least squares: 
before thiocyanate 

gH* = 2-59 (gO, — 0-029) uM/mg dry wt./h 
(n= 67, r=0-7) 


(1) 
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after thiocyanate 
^00 qH* = 0-89 (qO, — 0-029) uM/mg dry wt./h 
M (n= 45, r= 0-6) 


(2) 


The coefficients of correlation are not high but both are 
significant (P « 0-001). There is also a significant differ- 
enee between the regression coefficiente (P«0-001) The 
variance of the coefficient of regression before thiocyanate 
indicates a range (mean+3 S.D.) of 1-69-3-49 for this 
parameter. These figures compare with the 99 per cent 
fidence limits obtained by Davenport®, namely, 0-95 
MER 

The coefficient of regression of acid secretion on oxygen 
take gives the ratio of acid secretion to the associated 
ygen uptake, as may be seen from the regression 
tions given here. It would appear that this ratio 
not have values exceeding four with a high degree 
robability, and that thiocyanate reduces its value. 

| The following mean rates of acid secretion and oxygen 
uptake were observed before and after thiocyanate in the 
present experiments. 






















: gH* 40a 
(uM]mg dry wt.]h) («M/mg dry wt./h) 


0-102 0-069 


u ‘Before thiocyanate 
: 0-022 0-053 


(2) After thioeyanate 
"fhiocyanate produced a 78 per cent decrease in the mean 
yate of acid secretion, but only a 23 per cent decrease in 
the mean rate of oxygen uptake. The oxygen uptake 
associated with the acid secretion abolished by thio- 
_eyanate would seem to remain largely unaffected by this 
agent, For this reason Forte and Davies? could have 
obtained high values for the ratio AgH*/AgO;. 

LT thank Mr. J. R. P. O'Brien for his advice. 
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. Radiation Inactivation of the Immunological 
. and Biological Activities of Human Chorionic 
Gonadotropin 


^ RADIATION of protein hormones or enzymes results in 

‘loss of activity. The rate of inactivation can be used to 

- estimate the volume and weight of the active portion of 
the molecule if this rate is exponentially related to the 
| dose of ionizing radiation and low-density ionizing radia- 
"ion is used. Previous investigations? have demonstrated 
“that the rate of loss of hormonal activity of human 
_‘shorionic gonadotropin (HCG) exposed to a 2-0-MeV 
. electron beam was exponential and was identical when 
“measured by four bioassays: in intact immature rats by 
- (1) uterine weight, and (2) ovarian hyperemia responses; 
"dn hypophysectomized rats by (3) testes, and (4) prostate 
weight responses. 
Since hormonal and immunological activities of HCG 
may vary independently in certain circumstances*, we 
have undertaken to compare the rate of radiation in- 
activation of HCG measured by immunoassay as com- 
pared to bioassay. 

_ Detailed methods of preparation and radiation of HCG 
and of radiation dosimetry will be reported in a separate 
publication’. In brief, 2,000-5,000 ru. of HCG were 
.. placed on stainless-steel planchets, lyophilized and exposed 
toa 2-0-MeV electron beam for varying lengths of time. 
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The radiated hormone was bioassayed by means of the 
prostate and testes weight responses in immature 
physectomized male rats** and loss of activity calculated 
as reported?*. 250-500 animals were used to assay each 
radiation batch of HCG. Antisera to a Freund's adjuvant 
emulsion of a partially purified (7,000 1.v./mg) preparation 
of HCG were made in New Zealand white rabbits, such 
that 1 ml. of antiserum was capable of neutralizing the bio- 
logical activity of 1,000—4,000 t.u. of HCG as measured by 
the prostate weight response of the hypophysectomized rat. 
A single line was observed when the antisera were ane i 
by double diffusion in agar against HCG. Immunologic 
assays of HCG were performed by two methods: (1) by 
hemagglutination inhibition as modified by Wide* from 
the technique of Boyden® utilizing HCG-sensitized, 
tanned, formalinized sheep red blood cells; (2j by a 
modification of the radioimmunoassay deseribed by 
Feinberg? and by Skom and Talmage” utilizing an HCG 
preparation of 12,000 r.v./mg for radioiodination. Tn the 
latter assay, the presence of hormone is detected by its 
competition with radioiodinated hormone for réaction 
with rabbit antibody. The immune complex is after- 
wards precipitated with sheep anti-rabbit y-globulin. 
Supernatant radioactivity is an index of amount of 
hormone. In order to eliminate the possibility that noti- 
hormonal urinary contaminants were being ineneured by 
the immunoassays, standard amounts of HOG were pre- 
pared in an extract of the urine of a hypophysectom d 
human and in phosphate buffered saline. Results: of 
simultaneous assays of both preparations in both immuno- 
assay systems wore essentially identical. 

Multiple assays wero performed at each radiation dosage 
and biological results were verified on eight separately 
radiated batches of hormone. In ten assays on two 
separately radiated batches of hormone, loss of inmune. 
logical and hormonal activity was measured on the same 
preparations. 
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Fig. 1. The rates of inactivation are represented by regression Hines ; 
shaded areas represent 95 per cent confidence limit of the regression 
line. A, ventral prostate assay; A, hemagglutination inhibition assay 
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Results are summarized in Table 1 and Fig. 1. Pig. 
demonstrates a linear relationship between the togari! 
of percentage of activity remaining and the radin 
dosage obtained for both immunological and biological 
data. This indicates that in both instances a popula- 
tion of uniform-sized active units is being mess 
significant heterogeneity in the size of active units we 
result in departure from linearity’. 

The rate of inactivation was consistently greater wie 
assayed biologically than when measured immunological y 
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Table 1, RADIATION INACTIVATION OF IMMUNOLOGICAL AND BroLocican 
ACTIVITIES OP HCG 


Assay Dax 10-rads Target volume-mp* Mol. wt. x 103 
: (95% limits) (95% limits} (95% limits) 
Biological 
Prostate 25-67 22-46 26-9 
weight (28-10-—28-91) (28-57— 830-36) (23:7 —30-1) 
Testes 25:63 32-54 270 
weight 2312—2876) (2874—8635) (238-8—30-1) 
Immunological 
Hemayglutination 63-01 12:90 10-7 
inhibition (58-90— 67-73) (11-95—13-87) (9-9—11-5) 
Radioimmunoassay 58-31 ^ E 


(50-63— 68-74) (11-76 10:98) (9:8—13:5) 
The radiation dose required to reduce activity to 36-8 per 
cent (Dy) as measured biologically by prostate weight 
response was 25-67 x 10° rads (+ 1-29 x 10* (S.E.M.)) 
and as measured by testes weight response was 25-03 x 
10° rads (+ 1-26 x 109. The D, measured by hæm- 
agglutination inhibition was 63-01 x 109 rads (+ 2-09 x 
105) and by radioimmunoassay was 58-31 x 109 rads 
(X 427 x 10. The target volume calculated! from bio- 
logical data averaged 32-5 mg’. The target volume 
calculated from immunological data averaged 13:5 mu, 
Assuming a density of 1-376 g/e.c. the molecular 
weight caleulated from biological data was 27-0 x 
10%, which agrees well with previous physical measure- 
ments’, The molecular weight calculated from immuno- 
logical data was 11-2 x 105. 

These findings are interpreted as demonstrating that 
the structural unit required for immunological activity of 
HOG is considerably smaller than the unit required for 
biological activity. 
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Origin of Neuraminic Acid in Human 
Seminal Fluid 


THE occurrence and possible function of the neuraminie 
acids in mammalian tissues and fluids is a matter of great 
interest. Large amounts of N-acetylneuraminic acid have 
been demonstrated in the seminal fluid of man), bull? 
and boar*. Analysis of the secretions of the accessory 
genital organs of the boar showed that the mucin from 
the bulbourethral glands contained 4-4-5 per cent (fresh 
weight) of neuraminic acid. The concentration was less 
in the seminal vesicles and negligible in the other glandular 

“seeretions®. In man the average concentration of neur- 
 8minie acid was in the seminal vesicle fluids 231-9 mg/ 
100 mL, in the prostatic secretions 60-6 mg/100 mL, and in 
the seminal fluid 124-2 mg/100 ml. From these data, 
Warren’ calculated that approximately two-thirds of the 
seminal fluid came from the prostate gland. Tt is, however, 
difficult to calculate the relative contribution of the 
various glandular systems to the ejaculate by using data 
obtained from extracts of autopsy material. 

.It is known that during ejaculation the three main 
glandular systems contributing to the ejaculate are dis- 
charged successively. The first portion comes from the 
prostate gland, the second from the testes and epididymis, 
and the third from the seminal vesicles. During ejacula- 
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tion the secretions from these three glandular systems. 
become more or less mixed. By estimating the concen- 
tration of acid phosphates (from the prostate gland), 
spermatozoa (from the testes, epididymis and vas deferens) 
and fructose (from the seminal vesicles) in each portion 
of a ‘split-ejaculate’ it is possible to calculate the amount. 
secreted by each of these glandular systems". 

In the present investigation the origin of neuraminic 
acid was examined by analysing each portion of split- 
ejaculates for its content of acid phosphatase, fructose 
and neuraminie acid. The procedure and analytical 
methods have been described earlier*". Neuraminie acid 
was determined by the thiobarbituric acid method®, The 
various seminal fractions were not oxamined for their 
content of spermatozoa since the secretions of the testes, 
epididymis and ductus deferens are relatively small and 
probably add little to the neuraminic acid content of the 
semen?*?. Analysis of the sperm cells by the Ehrlich or 
resorcinol test showed the presence of only very small 
amounts of neuraminic acid?. Seminal fluid was received 
from five healthy male volunteers aged 25-30. 

The analytical data from a typical experiment is pre- 
sented in Fig. 1. The results indicate that neuraminic acid 
is secreted in nearly equal amounts from both the prostate 
gland and the seminal vesicles. This secretory pattern is 
not usual since most substances investigated are secreted 
mainly or entirely from a single gland. 









g" 
E ACID PHOSPHATASE 

& 8000 Po 
2 ° 

Š 6000 M a 

t 4000 @ 400 NEURAMINIC ACID 
Es 

& 2000 200+ 4 FRUCTOSE 

: i 

«4 


i 2 3 4 5 6 


Fraction No. 


Fig. 1. Concentration of acid phosphatase, fructose and neuraminic ” 
acid in different portions of human seminal fluid collected with the . 
‘split-ejaculation method’ 


The highest concentration found in the seminal vesicle 
secretions (last fractions) was 430 pmoles/100 ml. This 
is lower than the mean value (750 umoles/100 ml.) given 
by Warren? for the seminal vesicle fluid obtainad at 
autopsy. Moreover, the mean value given by Warren? for 
the prostatic fluid (196 pmoles/100 ml.) is below the con- 
centrations found in the first fractions of the ejaculates 
(250-350 umoles/100 ml.). 

The concentration of neuraminic acid in the total 
ejaculates varied between 200 and 350 umoles/100 ml. 
This is in the same order of magnitude as found by 
Svennerholm! and Warren?. 

The significance of neuraminic acid for human fertility 
is not known, but work on this problem is in progress. 

This work was supported by the Swedish Medical 
Research Council and the Population Council, New York. 
Crystalline N-acetylneuraminie acid was kindly supplied 
by Dr. L. Svennerholm, Gothenburg. 
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Neural and Photic Regulation of 5-Hydroxy- 
tryptophan Decarboxylase in the Rat Pineal 
Gland 


0 Tae mammalian pineal gland has high concentrations 
^ of serotonin'-? and of 5-hydroxytryptophan decarboxylase 
_(6-HTPD) (ref. 4), the enzyme which synthesizes sero- 
„tonin. Innervation of the rat pineal gland is derived 
largely or solely from sympathetic nerve fibres the cell 
lies of which are located in the superior cervical ganglia’. 
Fluorescent microscopic findings indicate that a large 
| t of pineal serotonin content is localized in sympathetic 
| nerve endings*. Following superior cervical ganglion- 
"eetomy, the specific indole fluorescence in these nerves 
disappears and there is a 50 per cent decrease in pineal 
rotonin?*, 
| When: rats are placed in constant light, there is à 
considerable reduction in both pineal weight* and in the 
activity of the enzyme in the pineal gland which makes 
melatonin’. These effects of constant light can be elimin- 
ated by bilateral orbital enucleation or by bilateral 
| superior cervical ganglionectomy?. It has been shown that 
_ the serotonin content of pineal glands of rats in constant 
ight for six weeks is one-half that of rats under diurnal 
ghting conditions’. On the other hand, an increase in 
pineal serotonin content was observed during the light 
| phase of diurnal illumination?. 
| We have recently developed a sensitive assay for 
| ihe estimation of 5-HTPD activity which enabled us to 
| measure the 5-HTPD activity of individual rat pineal 
| glands’. Investigations were carried out to determine if 
| the serotonin-synthesizing capacity of the rat pineal 
| gland, as measured by its 5-HTPD activity, was subject to 
- photic regulation. Our experiments indicate that exposure 
. of rats to constant light results in a marked increase in 
pineal 5-HTPD activity as compared to rats kept in 
| constant darkness. In addition, the effects of constant 
light on 5-HTPD activity can be eliminated by blinding. 
by interrupting the sympathetie innervation of the pineal 
- gland, or by treatment with bretylium, a drug which blocks 
- sympathetic nerve impulses’. 
. Groups of 10-20 Sprague-Dawley female rats weighing 
160-180 g were placed in constant light or in constant 
- darkness (except for a 25-W red light bulb which was used 
' while the cages were cleaned) in rooms equipped with 
double door light baffles and air conditioning. Animals 
| were killed while still in the light or dark rooms. Control 
animals in constant light or darkness were killed at the 
|. same time as drug treated or operated animals, between 
9 and 10 am. Pineal glands were quickly removed, 
. weighed, and homogenized in 1 ml. of 0-05 M phosphate 
| (buffer, pH 7-4. 5-HTPD (ref. 4) and monoamine oxidase! 
| activities were assayed by procedures previously described. 
| None of the experimenta! treatments altered body-weight. 
| Rats kept in constant light for six days had almost 
| twice as much pineal 5-HTPD activity as litter-mates 
placed in constant darkness for the same time-period 
(Table 1). The difference in enzyme activity was signifi- 
| eant whether computed per pineal or per unit weight. 
| Pineals of rats in constant light weighed less than those 
| of animals in constant darkness, but the difference was not 
| statistically significant. Since, in other experiments from 
this laboratory using large numbers of rats’, light 
exposure for 6 days produced statistically significant 
| decreases in pineal weight. the failure to obtain significant 
| alterations in pineal weight in this experiment may have 
| been due to the small number of animals used. 
| It has been shown that the regulation by light of pineal 
| melatonin-synthesizing capacity is mediated by the 
| retina and the superior cervical ganglia*. In order to 
| ascertain whether light influences pineal 5-HTPD via the 
| game pathway, animals were subjected to bilateral orbital 
| enucleation or bilateral superior cervical ganglionectomy. 
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Table 1. EFFECT OF CONSTANT LIGHT OR DARKNESS FOR Six DAYS ON 
Rat PINEAL 6-HTPD 


Pineal maM C- 
Group No. weight serotonin 
(mg) formed/h/pineal 
Dark 7 1314-031 12-5400 
Light 6 0-99 + 0-10 17-7 +2-1* 








* Differs from dark value P « 0-05. 

_5-HTPD activity was determined as described (ref. 4) by inenb 

pineal His with 5-hydroxytryptophan-'*C and measuring the bid ss 
ormned. 


One day after the operations, the rats were placed in 
continuous light or darkness for 30 days along with control 
animals. The eyelids of the ganglioneetomized rats were 
removed to correet for possible effects of ptosis. 

Control animals placed in constant light for 30 days had 
significantly smaller pineal glande (P « 0-01) with almost 
twice the 5-HTPD activity of their litber-mates in cons 
stant darkness (Fig. 1). The increase in 5-H'TPD was 
statistically significant whether expressed per unit weight 
(P < 0-001) or per whole pineal gland (P < (201 Tn 
confirmation of previous findings’, light produced no 
difference in the activity of monoamine oxidase, enm 
enzyme presumably involved in the metabolism of geros 
tonin. Blinding or removal of the superior cervical 
ganglia climinated the difference in pineal weight be 
light and dark exposed groups, confirming earlier findi 
and blocked the enhancement by light of pineal 5-ELT' 
activity. These observations indicate that the path 
whereby light affects pineal 5-HTPD activity involves 
the retina and the sympathetic nervous system. 
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Other groups of rats were placed in continuous light 
or dark environments two days after beginning the daily 
intraperitoneal injections of bretylium (20 mg/kg) or 
guanethidine (20 mg/kg). Daily drug treatment was 
continued for 30 days in the light and darkness. Bretylium 
and guanethidine are known to block sympathetic nerve 
impulses, Guanethidine, in addition, depletes a 
number of tissues of norepinephrine!?:!* and serotonin ® 
If the effect of light on pineal 5-HTPD activity were 
mediated by sympathetic nerve impulses, these drugs 
might be expected to counteract them. Both bretyl: 
and guanethidine abolished the effect of light on ^g 
weight (Fig. 1). Bretylium also eliminated the light- 
induced increase of pineal 5-HTPD activity, while guane- 
thidine was without effect. It would appear from these 
results that these drugs, which interfere with nerve im- 
pulses, also interfere with some of the effects of light on the 
pineal gland, for example, weight. However, bretylium, 
but not guanethidine, abolished the effects of light on 
pineal 5-HTPD activity. Whether the failure of guanethi- 
dine to block the effects of light on pineal 5-HTPD activity. 
is duo to accessory effects of this drug, for example. e 
depletion, cannot be ascertained from this work. 
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Light has now been shown to have a marked effect 
on two enzymatic processes in the rat pineal gland. It 
stimulates the activity of 5-HTPD, an enzyme which 
makes serotonin, and inhibits the activity of hydroxy- 
indole-O-methyl transferase, an enzyme loealized only in 
the pineal gland” which makes melatonin. Ti is interesting 
that the enzymatic synthesis of serotonin, a precursor of 
melatonin, is out of photie phase with the enzymatic 
formation of melatonin. Whether the effects of light on 
these two enzymatic processes are directly related romains 
to be established. The experiments described here and 
elsewhere*5 demonstrate that light information reaches 
the pineal gland and affects both enzymatic activities 
by the same anatomic pathway: the sympathetic nervous 
system. Since light also affects pineal weight via the 
sympathetic nervous system, it is possible that many 
other biochemical events in the pineal are regulated by 
light through this anatomic route. 
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Mechanism of the Antihypertensive Effect 
of a-Methyldopa 


Ir has recently been reported that a decarboxylase 
inhibitor, «-methyl-3,4-dihydroxyphenylalanine ( a-methyl- 
dopa), lowers the tissue norepinephrine level of various 
species of animals’. Moreover, this decarboxylase 
inhibitor has been demonstrated to be antihypertensive 
in man?. 

lt seemed that these actions of a-methyldopa could be 

explained by the inhibition of decarboxylation of 

3,4-dikydroxyphenylalanine (dopa). However, norepin- 
-epbrine depletion produced by «-methyldopa continued 

long after the activity of the decarboxylase had been 
restored’), Thus the persistent effect on tissue norepin- 
| ephrine appears to be due to another mechanism. Further- 
more, as Clark stated previously in his review, substances 
which strongly inhibit the enzymatic decarboxylation of 
dopa iù vitro do not always play parts as blood-pressure 
reducing agents in vivo. Therefore, not only the inhibitory 
effect of «-methyldopa on dopa decarboxylase as a direct 
result of tissue norepinephrine depletion should be 
considered. 

Recently, we have become interested in the uptake and 
storabe of catecholamines in various tissues. In the 
investigation recorded here, we have carried out model 
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experiments on the uptake of norepinephrine by rabbit 
blood platelets and examined the effects of a-methyldopa 
and its decarboxylated metabolite, a-methyldopamine, 
on these processes. It was demonstrated that a-methyl- 
dopa was itself decarboxylated in vivo, in animals and in 
man}, 

As shown in Table 1, radioactive norepinephrine is 
taken up and accumulated by the blood platelets by an 
active transport mechanism. This uptake of norepin- 
ephrine was slightly inhibited by a-methyldopa and 
strongly inhibited by «-methyldopamine. It is of interest 
that we found «-methyldopamine to be much more potent 
than its corresponding amino-acid, a-methyldopa, in the 
inhibition of uptake of norepinephrine by blood platelets. 
Thüs, it appears that the action of a-methyldopa is in 
large part, if not entirely, due to the amine derived from 
it metabolically. Reserpine, known as a catecholamine 
releaser, also strongly inhibited the uptake of norepin- 
ephrine by blood platelets, even at as low a concentration 
as 107-10- M. It may be suggested that reserpine 
lowers the content of catecholamine in tissues primarily: 
by blocking the uptake of amines into storage site. 
Further investigations have shown that the inhibitory 
effect of reserpine on the norepinephrine uptake has still 
remained even after reserpine had been removed from the 
medium. On the contrary, a-methyldopamine has an 
inhibitory effect when present in sufficient concentration 
in the medium. It seems that the action of a-methyl- 
dopamine might be of a ‘reversible’ type, rather than 
‘irreversible’ as exemplified by reserpine. However, it is 
not yet known whether a-methyldopamine inhibits the 
uptake of norepinephrine into blood platelets by the 
same mechanism as reserpine does. 


Table 1. EFFECT oF a-METHYLDOPA, o-METHYLDOPAMINE AND RESERPINE 
ON MC-NOREPINEPHRINE UPTAKE BY BLOOD PLATELETS 


Norepinephrine 
uptake 
(e.p.m./mg of Inhibition 
dry weight) 96 
Control (^C) 80 — 
Control (37? C) 3,160 ~~ 
a-Methyldopa (10 M) 2,820 10 
2 (10-* M) 3,050 3 
a-Methyldopamine (10-? M) 630 86 
5s (107* M) 1,170 63 
as (10-5 M) 2,040 36 
m (10-* M) 2,750 13 
Reserpine (10-* M) 790 75 
» (107 M) 1,170 63 
5x (10-* M) 1,640 48 
a (107 M) 2,340 26 


Rabbit blood platelets were suspended in 3 ml. of phosphate saline con- 
taining 12 ug of **C-norepinephrine (0-2 ne, of radioactivity) and different 
concentrations of eaeh substance. 
60 min. 


The mixture was incubated at 37° C for 
Values given represent the mean of six experiments. 


Our results suggest that the depletion of tissue catechol- 
amines produced by a-methyldopa is attributable to two 
factors. First, to the inhibition of an intermediate step. 
in the biosynthesis of catecholamines. Secondly, catechol- 
amines, synthesized from dopa, are prevented from being 
taken up by its storage sites by a-methyldopamine which 
is the decarboxylated metabolite of a-methyldopa. Thus.. 
there is an increase in the destruction of unbound 
catecholamines, 


R. Imarzumr 
M. Oxa 
T. Onvoenr 
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* Hess, S. M., et al, J. Pharmacol., 134, 129 (1961). 
* Porter, C. C., et al, J. Pharmacol., 184, 139 (1961). 
? Oates, J. A., et aL, Science, 191, 1890 (1960). 
* Clark, W. G., Pharmacol. Rev., 11, 330 (1959). 
* Carlsson, A., and Lindqvist, M., Acta Physiol. Scand., 54, 83 (1062). 
* Weissbach, H., et al., Biochem. Biophys. Res. Comm., 8, 255 (1960). 
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Yan tions in 1 Radiosensitivity of a Mammalian 
. Cell Line with Phase of the Growth Cycle 


Is recent years dose-survival curves have been published 
for a number of mammalian cell lines in culture following 
< X-irradiation, and it is often assumed that the extrapola- 

tion number (n) and the 37 per cent survival dose (De) that 
 eharaeterize these curves are constants for a particular 
ell line... However, Lockart et al.t noted small differences 
and D, for different samples of HeLa S3 cells, and 
es? found that of two strains of HeLa cells only one 
onsistent values of n and D,. This communication 
bes variations in radiosensitivity with the phase 
growth cycle in rat sarcoma cells. 
"his eell strain was originally established in culture by 
xander and Mikulska from a benzpyrene-induced 
oma in a CBRI rat; six months ago it was cloned in 
this laboratory. One of the clones (S6/1) was used for 
this work. The culture medium consists of calt serum 




















e neatis of 95 per cent air and 5 per cent carbon dioxide 
| ab 27* C. 

= -To prepare a series of bottles with the same initial 
 Bnocülum of cells, approximately 5 x 105 cells in 100 
< ml, culture medium were divided dual) between twelve 
_ bottles and left overnight. The cells were removed from 
one bottle with trypsin, counted in a hemocytometer, 
 re-suspended in culture medium and diluted to give con- 
" centrations of five and one thousand cells per ml. 1 ml. 

aliquots of the cell suspension were X-irradiated (140 kV, 

1,9 m.amp, no extra filtration, 280 r./min) to total doses of 

.0, 300, 400, 500 r. (1,000 cells per ml.), 600, 700 and 800 r. 

. (5,000 cells per ml). The irradiated cells were plated 
into 35-mm plastic Petri dishes (Messrs. Falcon Plastics, 


ALtd.); 5 dishes per dose point, 10 dishes for controls. 
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Fig. 1. Dose-survival curves for the 56/1 cells after X- irradiation. 

‘Upper curve (open circles) is for cells irradiated on the morning of the 

fourth day (lag phase): 0)= 144436 r; m—1243 13; 75x 10° cells 

in the bottle: Lower curve (closed circles) for cells irradiated on the 

morni ng of the seventh day (stationary phase): D, estimated from the 

300 and. 800. 5 points as 95 r. and s as of the order of in A 6 x 105 cells 
in the bottle. Vertieal bars indicate S.E.M 
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Fig. 2. Variations of D, and extrapolation number (2) of celle akon 
from different phases of the growth cycle. Abscissa, common. bo 3 
three curves, is the time of trypsinization expressed - ag hours aft 
inoculation of the bottles. The noe} curve (open sus 

growth curve—number of celis otile against time. The. 
curve (closed circles) is a plot of D, against time. Vertical bars 
the standard errors; no errors are shown for values of D, corre 
to celisin the stationary phase, as these values were estimated Fre 
two points (see text). Lower curve (open eireles) is à plot of » age 
time; for cells in the stationary phase n can only be estimate üt 
the order of 100. This steep rise in n is denoted by the dotted line AE 

arrow 









This procedure was repeated over the next 7 days at the 
intervals shown in Fig. 2. The Petri dishes were incubated - 
for 7 days, fixed, stained and colonies counted with the 
aid of a low-power microscope. 

The dose-survival curves for cells irradiated on the isi 
4 days were of the typical form, that is, an initial shoulder 
followed by an exponential decrease in colony number with 
dose, whereas the curves for cells irradiated on the last 
three days showed a continuous eurvature. Examples of 
these two types are shown in Fig. L Fig. 2 show& the 
values of n and D, plotted against the time of trypsiniza- 
tion (hours after inoculation of bottles). For comparative 
purposes the values of ‘w’ and ‘D,’ for the last 3 days were 
estimated from the survival after 700 and 800 r. Fig. 2 
ineludes a growth curve for these cells, that is, a plot of 
the number of cells in the bottle at the time of trepsiniza- 
tion against time; there was some loss of cells on the Inst 
day when they became overgrown and some detached 
from the glass. 

It can be seen that the radiosensitivity fluctuates 
through the phases of the growth cycle. The value of Js 
is similar for cells in the middle of the lag and log phase 
There is a pronounced maximum in D, as the cells 
through the lag to the log phase. A similar patte? 
observed in a preliminary experiment. Cells 
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stationary phase : are the. most ;sudiusenak vo and have 
the different type of survival curve described here. The 
extrapolation number follows a course that is the inverse 
of that of Dp. 

-Ludovici et al.4 reported a difference in the radiosensi- 


tivity for HeLa colls irradiated in the lag and log phase of 


growth. - Their criterion of radiosensitivity—change in 
cell count following irradiation—was shown by Glinos 
and North? to be unsatisfactory unless the growth of the 
colls after irradiation is followed for a time sufficient to 
eliminate the influence of ‘doomed’ cells. When this was 
~u done, these latter authors found no difference between this 


: eriterion and that of colony formation for mouse L cells. 


They also compared the radiosensitivities of these cells 


taken from the log and stationary phases and found no 


-o difference. However, tho cells were irradiated some time 
. after they had been plated when in both cases the cells 
may have been in the lag phase. Elkind and Sutton’ 
reported a small decrease in D, for hamster cells in tho 
log phase compared with cells in the lag phase which is 
compatible with the rosults shown in Fig. 2. 

The fluctuation in radiosensitivity through the phase 
-of the growth cycle is presumably related to changes in the 
“metabolic state of the cells. The maximum in D, as cells 

pass from the lag to the log phase may be the result of an 
increased potential for repair. Increased rates of DNA, 
RNA. and protein synthesis were found by Salzman’ for 
HeLa cells at this point in the growth cycle. 

If other cell lines show similar variations in radiosensi- 
tivity, care must be taken when comparing the radiosensi- 
tivities of different cell lines or of one cell line irradiated 
on. separate occasions. 

I wish to thank Dr. E. O. Field and Mr. K. B. Dawson 
for their assistance and advice. 

H. Mapnoc-Jongs 
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Quantitative Relations between Doses of 
Chemical Protective Agents and Doses 
of X-irradiation 


In a previous paper! we quoted a number of results 
appearing in the literature which demonstrate quantita- 
tive relationships between the dose of protective agent and 
radiation dose. This applies especially to sulphydryl 
substances. In assuming that the sulphydryl protective 
agents act as radical scavengers this can be easily under- 
stood. Higher radiation doses may produce higher con- 
centrations of radicals in the tissue and for this reason the 
concentration of radical scavengers must also be higher. 
Contrary to this, high radical scavenger doses may have 
relatively less. protective effect in lower radiation doses. 
The inerease rate of the protective effect of such agents is 
larger for higher radiation doses than for lower ones. 

In contrast to these ideas the possible behaviour of 
pharmacodynamieally acting protective substances is 
to. be discussed. Here the radical-quenching effect 
mechanism is not present, but, for example, changes in 
the blood circulation in radiosensitive organs are observed?. 
Tt is assumed that in the usual conditions there are no 
dose relationships between the protective agent and the 
radiation dose. If our assumption were correct, consider- 
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Fig. 1. Curves of the increase rates after whole-body X-irra 


810, 750 and 690 r. Abscissa: doses of the intraperitone 
eysteamine in mg/mouse. Ordinate: Dz2/.D,=percenta; 
animals at the cysteamine dose x divided by the percent 
animals after application of the lowest cysteamine dose, 1 
mouse, The regression lines were conrputed by the formul: 


Y-w= ard {z —2,) and the mean lines drawn o 


a, 81073 x,750r.; €, 690r. 
able differences would exist in the increase rate 
tective effect of radical-quenching substance: 
which act on the basis of their pharmacodynan 

As typical substances for both possibilitic 
chosen cysteamine as a radical scavenger? anc 
as a pharmacodynamically active substance?. 
ments were carried out with male mice (19-21 g 
inbred strain. In the experiments with cyst 
mice received 690, 750 and 810 r., respectiv 
body irradiation. The protective effects of tk 
doses of eysteamine were tested for each radi 
1-0, 1-5, 2-0, 2-5 and 3-0 mg/mouse 5 min bef 
tion intraperitoneally. Each group of these « 
and those with histamine was carried out with 
of 50 and a maximum of 200 animals. In th 
investigations the radiation doses applied 
950 and 1,000 r. respectively. The correspond 
histamine were: 0-5, 1-0, 2-0 and 5-0 mg histai 
5 min before irradiation intraperitoneally. 

In order to find the increase rate of the tw« 
agents the percentage of living animals after 
each radiation- and agent-dose was divided b; 
sponding lowest dose of the protective agent. 
the relation D,/D, was found; D, stands for: 
higher doses, and D, for the lowest one, of the 
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Fig. 2. Curve of the increase rate after whole-body irra 


Abscissa: doses of the intraperiton: 
histamine in mg/mouse. Ordinate: Dz/D, eorresponding 
lowest dose of histamine (D,) is 0-5 mg/mouse. The re 

hàs been computed and drawn out corresponding t 


@,810r.; x,950r.; A,1,000r. 


1, 000, 950 and 810 r. 


Nessus August 29, 1964 


tective agent. The relationship between D,/D, (ordinate) 
and the different doses of the protective agents (abscissa) 
is shown in Figs. land 2. 

_. Fig. 1 shows the position after application of cysteamine. 
Between the doses of 1 and 2 mg the increase rate grows 
only a little in the three cases of 810, 750 and 690 r. The 
turning point is found at 2 mg. From here it is clearly 
demonstrated that the increase rate becomes much bigger 
án the case of 810 r. than in that of 690 r. The differences 
gre statistically significant. For this reason, an increase 
f protective agent produces an increase in the protective 
ffect in the case of cysteamine. In the lower dose range 
his effect is only very small; the increase rate directly 
epends on the radical concentration in the tissue. In 
her words, the dose of the protective agent and the 
adiation dose are closely related, thus confirming our 
assumption. 

In Fig. 2 the findings of the histamine experiments are 
illustrated in the same manner. It is possible to demon- 
trate for all radiation doses and for all doses of histamine 
hat there is no growing increase rate. The increase 
rate (D,/D,) is one or nearly one in all cases. The explana- 
tion for this is that the pharmacodynamic action of 
(5-5-0 mg histamine is sufficient to produce the optimal 
protective action for all radiation doses. 

“The experiments demonstrate the differences in the 
-mode of action of various chemical protective agents, 
and would seem to make clear the mode of action of 
chemical protective agents, at least certain ones. 
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Efficient Labelling of Tissue-soluble Proteins 
with lodine-131 using Chloramine T 


FoLLowinc the reports of Hunter and Greenwood! and 
Reith and Tampion®, the chloramine T radioiodination 
procedure has been applied* for labelling, with iodine-131, 

- serum proteins from several animal species. High labelling 
efficiency (about 65 per cent) could be obtained provided 
‘oxidation was allowed to proceed for at least 30 min. 
The advantage of using a protein: chloramine T ratio of 
about 250: 1 has been stressed?:* in order to avoid even 

“small damage to the proteins, undetectable by electro- 
phoretie and immunologieal analyses but evident from 
metabolic behaviour in vivo. 

‘Because of its utility in disposing of tissue-soluble 
3" I.proteins an attempt to adapt the procedure for 
labelling with radioiodine tissue-soluble proteins has been 
made and results are reported here. 

Selected organs were removed from saline-perfused 
animals and homogenized with an equal volume of 0-15 M 

phosphate buffer, pH 7-6. The homogenates, after having 

been frozen at — 30° C and thawed six times, were centri- 
fuged at 34,000g for 60 min, and the supernatants were 
filtered through paper. Half of each tissue-soluble 

:. protein solution was dialysed in ‘Visking’ tubing 8/32 in. 
for 2-3 days. The whole procedure was carried out at 

(057-25. After dialysis both protein solutions were again 

-centrifuged (3,000g, 90 min) and adjusted with phosphate 
| buffer at the same protein concentration. Proteins were 
© estimated either by the method of Gornall et al.*, or by 
Uc oomiero-Kjeldahl procedure. 

The final procedure adopted was as follows: to a solu- 
tion (1-0 ml.) of tissue-soluble proteins (13-31 mg) was 
added 0-15 M phosphate buffer (pH. 7-6) containing the re- 
quired amount (0-025-0-5 mo.) of carrier free iodine-131 
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T.ble 1. TISSUE SOLUBLE AND SERA **]-PROTEIN RacOVERUES* USIKG 
THE CHLORAMINE T RADIOIODINATION PROCEDURE 
imapTRA goleti 
Chloramine Percentage radioactivite. 
Proteine mq. betore id wetter 
m m, recovery jalysis 

Rabbit E (ms) ? d 
Sera 74-6 "6 743 16 
Sera 74:6 -— 09:4 97:5 
Brain 20-8 2-0 934-6 $9 
Lung 13-7 2:0 365 4-2 
Heart 143 2-0 38.6 20 
Spleen 13:2 2-0 30-7 5 
Kidney 22-8 3-0 35-9 8-9 
Liver 30-9 3-0 52.9 43 
Rat 
Sera 80-6 0-6 713 2-2 Baad 
Sera 80-6 — 02 94-3 oe 
Brain 211 20 | 40-0 Tl su 
Spleen 22-0 3-0 26-6 T9 Sa 
Kidney 20-1 3-0 22:9 187 Oe 
Liver 29-4 3:0 513 6 Su 


The reaction mixture was made up with proteins in phosphate butter 
containing 0-5 me. iodine-131 per each sample. Percentages of ETEA 
soluble radioactivity were estimated on the eluates before and after dialysis. 

* Each value, except when chloramine was not added, is an average of at 
least two determinations. 


(IBS. 3, the Radiochemical Centre, Amersham) and t 
chloramine T solution (B.D.H.; 10-0 mg/ml. i pH 7:6 
phosphate buffer). The test tube was stoppered with 
‘Parafilm’, gently shaken and, in order to inerease labelling 
efficieney?:4, oxidation was allowed to proceed for 60 mu. 
At this stage the proteins were diluted 3-5 times. Alter- 
wards sodium metabisulphite solution (6:26 mg/ml, wv 
solution in pH 7-6 phosphate buffer) and carrier sodium 
iodide (0-2 ml. of a 10 per cent solution) were added 
separately with mixing. 0-50—0-62 mg of freshly prepa 
sodium metabisulphite was sufficient to prevent any 
iodination due to 1-0 mg of chloramine T. The reduc 
agent was in slight excess in order to avoid over-iodination 
on adding carrier iodide. 

The reaction mixture, after having been countel to 
determine the total radioactivity, was passed through a 
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Fig.1. Rabbit serum (a), liver (b) and kidney (e) ?'I-protein 
using the chloramine 7 procedure. Percentages of tots 
recovery of undialysed (©) and dialysed ( A) protein samp: 
tages of ! 1T -TPA soluble radioactivity of undialysed (@ 
(A) samples. The reaction mixture was made up wi : 

phosphate buffer containing 25 gc. iodine-131 pet each sam 
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column (8:0 x 1-0 em) of the anion-exchange resin ‘De 
Acidite FE” in the chloride form. ‘The eluates, including 
two 0-15 M sodium chloride washings, were counted to 
ascertain the percentage recovery of radioactivity. To 
attain higher recoveries the exchange resin columns were 
presaturated with 5-10 mg of tissue soluble proteins. If 
necessary, protein solutions were concentrated by 
dialysis®, 

PII-tungsto-phosphorie acid (TPA, final concentration: 
1-7 per cent in 0-68 N hydrochloric acid) soluble radio- 
activity as percentage of the original radioactivity was 
measured in a well-type scintillation counter in the 
presence of carriers Nal and bovine serum proteins (35 
mg). 

Labelling efficiencies were lower for rabbit livor and 
kidney soluble proteins compared with those for serum 
proteins, particularly if protein solutions were not dialysed, 
due perhaps to presence of reducing agents (Fig. 1). How- 
ever, dialysis of serum proteins was not beneficial. No 
binding of iodine-131 to proteins was observed if chlor- 
amine T was omitted. An inverse relationship is apparent 
between labelling efficiency and -TPA soluble radio- 
activity. 

It may be observed that by increasing the amount of 
chloramine T (over 3-4 mg) the labelling efficiency is 
reduced. The increase iu oxidizing agent determined, 
after addition of sodium metabisulphite, the appearance 
of an increasingly intense opalescence and of visible 
The radio- 


Labelling efficiency is diminished by using the same 
amount of oxidizing agent but higher protein concen- 
tration. 

31-53 per cent of ™I-protein-bound was obtained by 
labelling dialysed samples with 0-5 me. of iodine-131. 
Only soluble proteins from rat kidney were scarcely 
labelled (Table 1). After removing most of the iodide-131 
by ion-exchange resin, dialysis can further reduce the 
unbound radioactivity. 

Rabbit and rat protein samples (of Table 1) were tested 
by starch-gel electrophoresis’ and a contact autoradiogram 
of the bottom slice was taken with X-ray film (‘Kodirex’). 
Radioaetivity appeared bound to tissue proteins, pre- 
albumin, albumin and globulin-like components. Im- 
munologieal examination of rat and rabbit protein 
samples showed little or no contribution of serum proteins 
to tissue soluble proteins. 

By using the chloramine 7 procedure the distribution 
and fate of soluble !*!I-proteins from rabbit and rat liver 
have been studied’. 

V. Bocct 
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Mating Preferences in Wild Birds 
HAYMAN!, describing mating preference in a merino 
ram, states that mating preference has long been postu- 
lated as a mechanism concerned in the development of 
new species, but that such preference does not appear to 
have been observed in wild-type populations. 
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Mating preference has, in fact. been demonstrated 
among. at least three species of polymorphie birds. 
Populations of the snow goose, Chen caerulescens, are 
polymorphic for plumage colour: individuals may be blue 
or white. Strongly assortative mating (mating of like 
phenotypes) has been demonstrated in wild populations 
of this species*. The arctic skua, Stercorarius parasiticus, 
has a pale- and a dark-plumaged form, and assortative 
mating among these forms has been demonstrated in at 
least some wild populations*. In the white-throated 
sparrow, Zonotrichia albicollis, there are two colour forms. 
one with a brownish and the other with a white crown 
stripe. In this species, strongly disassortative mating has 
been demonstrated?. 

In general, assortative mating inereases and dis- 
assortative mating decreases the genetic variance of a 
population. But whether mating preference is important 
in sympatrie speciation remains to be shown. Theoretic- 
ally, complete or nearly complete assortative mating 
could give rise to new species within a single population. 


D. F. OWEN 
Department of Zoology, 
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Evidence for a Dynamic Equilibrium in the 
Incidence of Cestoda and Acanthocephala 
in the Intestines of Freshwater Fish 


As Hopkins observed!, following an examination on the 
seasonal variations in the incidence and development of the 
cestode Proteocephalus filicollis (Rudolphi, 1810) in the 
sticklebaek Gasterosteus aculeatus L., the significant point 
in the host-parasite relationship, usually overlooked, is 
that the incidence of the parasite in the host throughout 
the year is a dynamic equilibrium. Hopkins clearly 
showed that less than 1 per cent of the worms which 
became established in the intestine of the stickleback 
survived to become gravid. Thus, from the evidence, 
Hopkins deduced that the parasite population in the 
intestine of the stickleback was in dynamic balance, that 
is, the resultant point of equilibrium was the product of 
gain and loss of worms from the host. 

A similar dynamic situation was postulated by Chubb? 
for the life of the cestode Triaznophorus nodulosus (Pallas, 
1781) in the intestine of the pike Esox lucius L. The results 
in this instance were complicated by difficulties in obtain- 
ing sufficient pike of each length group, and by changes of 
diet of the pike in relation to length. Nevertheless, it was 
clear that the parasite population was in dynamic balance. 
Data on the occurrence of the acanthocephalan Echíno- 
rhynchus clavula Dujardin, 1845. nec. Hamann, 1892, 
in the fishes of Llya Tegid? also indicated the presence of 
a dynamic equilibrium between gain and loss of worms. 

Recently, additional evidence for a dynamic equilibrium 
in the ineidence of Acanthocephala in the fish host has 
become available. 

During a study on the parasites of the brown trout Salmo 
trutta L. in the Afon Terrig, North Wales*, particular 
reference was made to the biology of the acanthocephalan 
Echinorhynchus truttae (Schrank, 1788). Experimental 
infections of E. truttae were established in the brown trout 
and the rainbow trout Salmo gairdneri Richardson, and 
movements of the worms were found to occur in the 
intestines. It was found that the acanthocephalans were 
first attached in the pylorie region of the intestine, and 
occupied a more posterior region of the intestine as they 
matured; gravid females were found in the rectal region}. 
A similar observation has recently been recorded for 
Acanthocephalus jacksoni Bullock, 1961 (ref. 5). In addi- 
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Thermal Precipitator 


Short period sampler of dust particles up 
to 20 4 diameter. Aspiration rate 7 ml./min. 





Long Period Dust Sampler 


Long period sampler of particles below 
7 ». diameter (the respirable range). Aspira- 
tion rate 2 ml./min. 


Cascade Impactor 

Samples liquid or solid particles within size 
range 0.5 to 50 } with size separation into 
4 fractions during sampling. Aspiration rate 
174 litres/min. 


Hexhlet 

Samples large quantities of the respirable 
fraction of a dust cloud (below 7 u) for 
Subsequent chemical analysie or weighing. 
Aspiration rate 50 litres/min. 


Personal Air Sampler 

Long period sampler of radio-active par- 
ticles in the breathing zone of the wearer. 
Can also be.used for sampling other toxic 
substances or gases. Aspiration rate 2 
litres/min. 


Plutonium Dust Samp!er 

For fast sampling of toxic airborne con- 
taminants such as plutonium dust, or for 
sampling large volumes of relatively dust 
free air. Aspiration rate 1000 litres/min. 


Airborne Bacteria Sampler 
Samples bacteria from a known volume of 
air for subsequent counting after incuba- 
tion. Aspiration rate 28 litres/min. with 
small sampling box, or 700 litres/min. 
with large sampling box. 


Hirst Spore Trap 

A long period sampler of airborne spores 
and pollens for their subsequent counting 
and identification. Aspiration rat 
litres/min. 
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don to a loss of spent. males from the trout, female E. 
ruitae at all stages of maturation and immature males 
were passed out in the feces at irregular intervals. In 
ihis connexion it was interesting to note that in trout 
wutopsiod immediately after killing with a blow on the 
head, a number of E. truttae of both sexes were found free 
in; or attached to, the contents of the intestinal lumen. It 
thus appears that movement of position of the acantho- 
halans in the intestine of the host may be a regular 
enon, and may be an important factor in the loss 
rms from the host. 

worms were passed from fish experimentally infected 
ept in an artificial environment, it might be thought 
the conditions in which these fish were maintained 
contributory to the loss of the worms. While this 
int cannot be ignored, it is probable it is not of major 
canco. In this connexion, it was of interest to 
the finding of specimens of Acanthocephalus luci 
^ Müller, 1776) in a general limnological sample 
collected in the Grand Canal, County Dublin, Eire, on 
September 18, 1963. Two worms, a male and an ovarian 
ball stage female, were taken, which indicates a loss of 
‘Acanthocephala from their hosts even in natural con- 
ditions. 

While the loss of gravid and spent worms is understand- 
able, the factors evoking the passing out of immature 
forms, of both sexes, are not known. It is clear that the 
evidence indicates that the phenomenon of a dynamic 
equilibrium between gain of worms from the intermediate 
‘host, and loss of worms from the intestine of the definitive 
host, is found in some species of Acanthocephala and 
Cestoda of freshwater fishes. It seems probable this 
phenomenon is of wide occurrence, although it has rarely 
“been commented on by previous workers. 














note. 
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Transmission of Pig Lungworms 
(Metastrongylus sp.) 


_ Tur life-cycle of the pig lungworm (M etastrongylus sp.) 
has been known since Hobmaier and Hobmaier! in- 
-eriminated carthworms as the obligatory intermediate 
host. Lungworm infestation in pigs is therefore likely to 
be a problem only where animals have access to pasture 
and hence earthworms. 

A recent survey (1961-63) at a North Wales abattoir 
howed that the incidence of lungworms in pigs varies 
- from 8 to 65 per cent of pigs examined, the figure depending 
ion the season. The majority are M. apri (syn. M. elon- 

gatus), M. pudendotectus being very rare. 

During an investigation of the effects of lungworms on 
|o pigs a litter of seven minimal disease Welsh pigs (obtained 
. by hysterectomy} were penned in groups of three (Nos. L 

9 and 3) and four (Nos. 4, 5, 6 and 7) in aecommodation 

“which excluded earthworms. Pigs 2, 3 and 4 were then 

separately isolated and fed an initial infeetive dose of 

4,000. infective larve in a gelatine capsule. The larva: 

‘had beon removed from earthworms by dissection. After 

infection the pigs were given food and water in an attempt 

-to ensure that the infective dose had been cleared from 
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the mouth, then returned to their pens and the company 
of their litter-mates. 

The three infected animals started to cough 10 days 
after the date of infection, and the first lungworr ove 
were detected in the feces by the flotation technique of 
Dunn and White? 32 days after infection, Fecal samples 
of uninfected animals were negative and the animals did 
not cough. 

Clinical symptoms of coughing were more severe in the 
minimal disease pigs we have kept than in similarly 
housed non-minimal disease animals and a bout of 
coughing always preceded the effort to come to the trough 
at feeding time. Fifty days after the initial infection, 
besides retaining their cough, the infected animals 
developed the habit of vomiting shortly after they had 
ingested the first few mouthfuls of food at feeding times 
the convulsions continuing until all the ingested materi 
was regurgitated. The vomited material was always 
eagerly devoured by all other pigs in the pen. This has 
not been observed in other infected animals but the pigs 
described here retained this habit until slaughter, - 

Sixty-cight days after infection, pigs 2 and 3 were re- 
infected with 2,500 larve. Twenty-nine days : x 
re-infection, pig 3 showed an inerease in fieeal egg counts, 
in contrast to a previous experiment where much larger 
re-infection doses were used and very few hmgworm © 
were recovered, presumably because the animals he 
become immune. Pig 2 showed no increase in fecal : 
counts although eosinophilia indicated that at Teast a tow 
infective larve had invaded the host as a result of the 
re-infection. At this time, however, the supposedly 
infected animals yielded fecal samples that were p 
for lungworm ova (2-5 eggs/g feces), these beir 
until slaughter. These animals developed a si 
and eosinophilia and skin sensitization tests wer 

Pigs 2 and 3 were re-infected again with 2 
43 days after the first re-infection. These worm 
have time to mature and produce eggs, since 
were killed 2 weeks later, but a few did reach tt 
Table 1 details the numbers of hingworms fed sud ti 
recovered from all animals at slaughter. 






































Table 1 
Pen i 
Pig No. 1 2 3 4 & ü 

No. larvæ dosed 

Tnitial dose uU 4,000 4,000 4,0600 i 

First reinfection 6 2,500 2,500 ü ü 

Second reinfection — 0 2,500 2,500 o ð 
No. of worms 

recovered from the 

lungs at slaughter 46 14 233 42 


pig to another when pigs are housed tog 
this comes about is a matter of speculation 
but threo possibilities may exist: (a) that ir 
are retained in the stomach of the experimentati 
animals for some time after their introductio 
the mouth and later regurgitated and made avait 
other animals; (b) that infective lungworm larvie 
passed through the gut of the infected pigs and beor 
available to other animals from the floors of the pen 
in contaminated food and water; (c) that infective lave 
having migrated to the lung of the host may then be 
passed to a second pig in saliva or sputum. 

The habit of regurgitation developed in infected anim: 
meant that when animals 2 and 3 were re-infected t 
chances of viable infective larvie being vomited were | 
and possibly this accounts for the infection in pi 
could not account for the infection of three ext 
in the seeond pen from pig 4 because t 
infected, and indeed the size of the lungworme 
at post-mortem from these control pigs and 
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that infection ha 
of re-infeetion. s p E 

One eannot discount the second possibility, for the 
ultimate burden of worms is very much lower than the 
initial dose and might suggest losses with the fæces. This 
phenomenon has been frequently observed by other 
workers in the past in that the number of worms success- 
fully invading and completing development in a host 
compared with the dose fed is often very low. 

The frequency of this type of transmission of lungworm 
from one animal to another is a matter of some conjecture, 
but it may explain how the disease is transmitted to 
animals which have not had access to the earthworm 
intermediate host. 

It is conceivable that the foregoing methods of trans- 
mission may apply to other parasites and hosts, and this 
is not difficult to visualize among ruminant animals when 
they lick each other mouth to mouth. Indeed, this is 
the known method of transmission of rumen protozoa 
from adult animals to. young stock. 

One of us (S. E. J.) acknowledges the financial support 
of the Pig Industry Development Authority while engaged 
in this work. Any views expressed here are not necessarily 
those of the Authority. 
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Isolation and Bioassay of a Fungal 
Morphogen 

Tug staling of fungal cultures is. topic which has not 
received much attention recently. Pratt! described two 
types of staling agent, organic «acids and potassium 
bicarbonate. She suggested that staling due to the 
formation of bicarbonate by the carbon dioxide of respira- 
tion is of primary importance and occurs whenever the 
medium is such that a. basie radical is set free. She 
determined that the organic acid radicals were not 
effective as staling agents in the alkaline-staled medium. 
Pratt investigated the staling of a species of Fusarium in 
Richards’s solution and her criterion of staleness was based 
on the average germ-tube length of conidia of Botrytis 
cinerea sown in drops of the filtered medium in which the 
Fusarium had grown. More recently Park? has investi- 
gated staling in F. oxysporum using agar cultures of 
Aspergillus niger as the test organism. Drops of culture 
medium were pipetted on to the margin of colonies of 
A. niger and the criterion of staleness was the cessation of 
extension-growth of the marginal hyphæ with accompany- 
ing vacuolation. Vacuolation has since been adopted 
as the best indication of ageing, since, whereas the stale 
culture fluid would always induce vacuolation, extension- 
growth was not permanently inhibited under all conditions 
of test. It is also important to note that a wide range of 
substances will cause hyphæ to branch or to cease exten- 
sion-growth, but no substance among several tried has 
yet been found to reproduce the vacuolation effect 
caused by the stale medium from which the bulk of the 
mycelium has been removed by filtration through nylon 
gauze. It is of additional interest that both extracts of 
soil and of pond-water can also induce vacuolation of our 
test organism. The substance or substances responsible 
may therefore be associated with microbial habitats of 
different sorts. : £ 

Vacuolation is normally considered an indication of 
senescence in fungal hyphs and so the factor causing 
vecudlation may be of importance in the consideraticn 
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of morphogenesis, since & few minutes after its application 
it induces this symptom of ageing and other morpho- 
logical effects of maturation in the juvenile hyphe of 
the test organism. The present report gives a brief descrip- 
tion of the methed of assay used for the detection of 
the factor and methods so far utilized for its purifica- 
tion. 

The standard producer fungus for the vacuolation 
factor in these investigations has been F. oxysporum, but 
under the same conditions of culture the effect has been 
found to be given by isolates of F. moniliforme, F. 
culmorum and F. solani, and also by Trichoderma viride 
and Penicillium expansum. The test organism used is 
A. niger grown for 3-4 days at 25? C on the agar medium 
described by Park?. Drops of the solution to be tested 
are pipetted on to the colony margin so as to wet the 
hyphal tips which are then examined under the micro- 
scope for cessation of extension-growth and for the appear- 
ance of vacuolation beginning near the tips and extending 
back. 

The time to appearance of vacuolation after application 
of the culture filtrate gives some measure of the activity 
of the factor. The temperature of the test culture affects 
this time. The time to vacuolation is at a minimum at 
25°-30° C and increases with lower temperature. The 
times recorded from one such experiment were from 3-5 
min at 25° to 14 min at 4° C. Dilution of the culture 
filtrate increases the time to vacuolation. A solution 
giving vacuolation in 2-5 min gave vacuolation in 16 min 
when diluted to 1/24. Further dilution allowed extension- 
growth to continue and there was no vacuolation. The 
time to appearance of vacuoles in treated hyphal tips is 
influenced also by other materials present in solution. 
Glucose, for example, at a concentration of 0-001 per cent 
(w/v) gives a smaller time to vacuolation than that in the 
absence of glucose. Increasing the glucose concentration 
over the range 0-001—1-0 per cent gives a progressive 
decrease in the time to vacuolation, that is, increases the 
rate of action of the factor. 

The pH of the culture filtrate has a marked effect on 
the response of the treated hyphe. Normally the pH of 
the culture filtrate is 3-2, and at this pH cessation of 
extension-growth occurs within about 1 min. The first 
stages of vacuolation together with the cessation of partie- 
ulate movement in the cytoplasm are observed at 2-3 
min. The extent of vacuolation increases for a further 
3 min and the condition then remains static for some 
time. Further growth arises by the origin of lateral 
branches behind the affected portion. The extent of 
vacuolation is smaller at a higher pH and the lateral 
branches arise sooner and closer to the tip. At pH 8 no 
vacuolation occurs, but there is cessation of extension- 
growth at the original growing point and a slight swelling 
of the tip. Usually two. but sometimes three, small 
protuberances become visible after about 10 min just 
behind the original growing point. These rapidly grow 
out as new sub-apical branches giving a sympodially 
branched structure. 

An effect of the factor on spore germination has been 
demonstrated. Uninoculated culture solution is inappro- 
priate as a control for these experiments because its 
nutritional level is higher than that of a culture filtrate. 
A suitable control solution is prepared by adsorbing the 
vacuolation factor from the culture filtrate with activated 
charcoal and then filtering through paper. Culture 
filtrate treated in this way should not be nutritionally 
more favourable for germination than a similar solution 
not treated. Germination of spores incubated in the 
active culture filtrate is not totally inhibited, but a lower 
germination rate than that in the control has been demon- 
strated in sporangiospores of Absidia glauca, Mucor 
hiemalis, M. plumbeus, Rhizopus stolonifer and Zygorhyn- 
chus vuilleminii, in conidia of Alternaria tenuis, F, caeru- 
leum, F. solani and Stemphylium lanuginosum, and in 
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icospores of Chaetomium globosum. Sporangiospores of 
unninghamella elegans, and conidia of Botrytis cinerea, 
.culmorum and T. viride, showed no detectable reduction 
* germination in active culture filtrate. Sporangiospores 
LR. stolonifer were germinated im a control solution for 
h-to-4 per cent and for 5 h to 8 per cent germination- 
wels, and then transferred to active culture filtrate. 
ermination-levels of the transferred spores remained 
jnstant and there was no increase in germ-tube length 
ver a period of 22 h. Thus, whereas spores ineubated 
nroughout in active culture filtrate were able to germin- 
te, although more slowly than in control solution, 
artially germinated spores were completely inhibited 
fter transference to active culture filtrate. 

‘In order to produce large quantities of the vacuolation 
actor it is convenient to culture F. oxysporum in 20-40 1. 
atches in the light at 20°-22° C with constant aeration. 
‘he medium used has the following composition; glucose, 
0 g; MgSO,.7H,0, 0-5 g; KH,PO,, 02 g; NH,NO,, 
“Lg, distilled water to 1 1. Under these conditions the 
‘acnolation factor can be demonstrated after five days of 
ulture. It is convenient to filter the culture medium 
hrough a fine nylon gauze to remove most of the mycel- 
um. The filtered medium can be concentrated to 1/20th 
ts original volume by vacuum distillation, and the pH 
fter concentration is 2-8. The pH of the medium is 
adjusted to 10-0 with 0-1 N sodium hydroxide solution 
ind the medium extracted with diethyl ether. The pH 
8 then adjusted to 3-0 with 0-1 N hydrochloric acid and 
he medium agam extracted with ether. Bioassay of 
hese fractions indicates that the active factor has acidic 
yroperties since no activity is detected in the basic- and 
yeutral-ether fraction, but the amount of activity present 
n the acidic-ether fraction is equivalent to that in the 
wiginal culture filtrate. 

It was important to know whether vacuolation was 
iue to one or more closely related substances or several 
ainrelated substances. It was considered that counter- 
varrent fractionation would give an indication as to 
whether more than one substance was involved. An 
widie-ether extract from 2 1. of filtered medium was 
listributed between diethyl ether and 0-02 M phosphate 
suffer (pH 6-1) for 50 transfers in a counter-current 
apparatus. Both the aqueous and ethereal phases from 
sach tube were bioassayed for vacuolation activity. 
Marked activity was present in both the aqueous and 
athereal phases of tubes 7-11 (inclusive) with peak activity 
in tube 9. Very minor activity occurred in the aqueous 
phase of tube 1 and in the ethereal phases of tubes 44 
and 45. The main vacuolation effect can thus be ascribed 
to one or more related substances which are acidie in 
nature. 

Perhaps the main difference between staling under our 
conditions and those of Pratt is that, whereas the culture 
filtrate she used was fairly alkaline, that used at 
Belfast is acidic. Consequently, bicarbonates are cer- 
tainly not a contributing factor to cultural staling in 
F. oxysporum under our conditions. Tt seems likely 
that our factor is composed of one or more acidie sub- 
stances. Moreover, the factor has been shown to be less 
effective at alkaline pH in our assay. It is significant 
that the factor described in this communication is pro- 
dueed by several unrelated fungi and also exists in some 
natural microbial habitats. A number of fungi also 
respond to the faetor in a similar way to 4. niger, and 
the factor isolated from the culture filtrate of F. oxysporum 
will cause vacuolation and cessation of extension-growth 
when applied to young cultures of F. oxysporum. 
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Formation and Metabolism of Lactic Acid 
during Germination of Pea Seedlings 


EARLIER work!-* has indicated that the production and 
metabolism of ethanol during the germination of pea seeds 
are accompanied by changes in the organic acid conten 
the cotyledons. Paper chromatography of the organi 
acid fraction? showed that, in addition to large changes in 
the malate content, the amounts of lactic acid fluctuated 
as ethanol was formed and metabolized. 

In the work recorded here, changes in the lactic acid 
content of germinating peas have been examined in more 
detail. In addition, slices of pea cotyledons have been 
supplied with micromolar amounts of lactate-1-"C to 
determine whether the changes observed in lactate content 
during germination were due to the metabolism of this 
compound. Such experiments have indicated that 
temporary increases in the lactate content occur during 
the earliest stages of germination. With emergence of 
the radicles, the amounts of lactic acid are decreased and 
the cotyledons are able to metabolize supplied lactate-1- 
uC, After short periods of incubation with lactate-1-"C, 
the cotyledons incorporated the carbon-14 inte car bor 
dioxide, amino-acids and organic acids. Extracts of the 
cotyledons suggest that lactate metabolism is due te 
activity of a lactic dehydrogenase system located in the 
mitochondria. 

Pea seeds, variety ‘Homesieader’, were germinated iu 
vermiculite*. Samples of the seeds were removed daily 
over a five-day period and killed in ice-cold 10 per 
trichloroacetic acid. After adjustment to pH 8, the lac 
acid contents were determined by the  colorirne 
procedure of Barker and Summerson?. Following t 
initial 18-h soaking period, the seeds contained 105 
umoles of lactate/100 g fresh wt. This increased to & 
maximum of 120 umoles/100 g fresh wt. after 10 h 
germination and fell abruptly to 40 umoles/100 g fresh 
wt. when the radicles had emerged. 

In the experiment shown in Table 1, samp 
in which the lactate content was decreasing, wer 

























using ion exchange columns’. The organic acids were 
further separated by the method of Palmer". The radio- 
activity of the fractions separated was ass d using 8 
‘Mylar’ window continuous gas flow Xeiger-Müller tube. 

it is evident from Table 1 that the small amounts of 
supplied lactate-1-"C were rapidly metabolized. Afte 
5 min of lactate-1-C metabolism, glutamic and aspartic 
acids contained five times as much radioactivity as ihe 
carbon dioxide released. Furthermore, small amounts of 
carbon-14 were detected in the acids of the trivarboxylic 
acid cycle, especially malate. These resulta might indicate 
a rapid fixation of carbon dioxide derived from the ! 
position of the lactate-1-C supplied. Similar small 
amounts of “CO, have been observed when ethanol-1-4@C 











Table 1. METABOLISM OF LacTAaTE-1-"C BY PEA COTYLEDON SLICES * 
Incubation time (mit) 
) 20 


Fraction 5 2i 
HC (e.p.m.) "C pmo PE (e. p.m.) UC (enm. 


Organic acids 





Glycollate fraction 225 230 260 
Succinate 590 860 1,100 
Malate 990 1,050 1,100 
Pyruvate 1,600 3,200 5,400 
Sugars Not active 2,000 4,400 
Amino-acids 
Glutamie and 
aspartic 1,500 8,000 14,000 
Neutraland 
basic 10,000 26,000 31,000 
Carbon dioxide 300 1,440 T,000 
Total "C incorporated 15,200 42,780 64,260 





* (-5-g samples of 3-day-old pea cotyledons sliced and incubated a 
darkness with 0-82 moles lactate-1-MC (2-5 xe. of MO) in 56 araoles pl 
buffer at pH 5-5. 
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was fed to tl 
feeding +4CO, 1 
that organic 
readily synthesized ass of dark 
carbon dioxide fixat Paper chromato- 
graphy of the neutral and basic amino-acid 
fraction‘ revealed the presence of alanine-!*C. 
Degradation® of samples of alanine formed 
during lactate-1-"C feeding indicates that 
approximately 92 per cent of the radio- 
activity is located in the 1 position. These 
results are therefore consistent with an 
oxidation of lactate-1-4C to pyruvate-1-14C 
which would then yield alanine-1-C by a 
transamination reaetion.  Pyruüvatoe-MC is 
present in the organic acid fractions in large 
amounts, and mitochondria, isolated in 
sucrose-phosphate buffer’, readily form 
pyruvate-C and “CO, when supplied with 
laetate-1-4C. ES. 

More detailed. experiments on lactate 
metabolism in these and other plant tissues 
are now in progress. This work was sup- 
ported by National Research Council grant 
A-1747. WM 
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‘CYTOLOGY 
Chromosome Abnormality in Three Cases 
of Lymphatic Leukemia in Cattle 
IN three cases of overt lymphatic leukemia in cattle a 
very specifie change in the chromosome complement has 
been found. 


Fig. 1. The mitotic chromosome 
: (xe. 
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The karyogram with the autosomes arranged as nearly as possible according to 
decreasing size. 


The lines show the origin of the abnormal chromosome 


Sedimentation of the erythrocytes in the blood sample 
was obtained after centrifuging at 1,000 r.p.m. for abou 
15 min. Leucocytes and serum were removed and sus 
pended in tissue culture medium Parker 199, Phyto 
hemagglutinin was added just before incubation. Eve 
on the second day, many leucocytes were in mitosis 
The cells were treated with colchicine and hypotonic flui 
and were fixed in 9 parts 60 per cent acetic acid plus 
part 0-1 N hydrochloric acid. After staining with aceto 
orcein, manual squash preparations were made in th 
usual way. 

More than 100 mitoses from every animal were analysed 
and all were found to contain 59 chromosomes, with om 
diverging morphologically from the normal complemen: 
(Fig. 1). This chromosome had a subterminally situated 
centromere and presumably originated from a chromosoin 
fusion or translocation, the real nature of which cannot à 
yet be established. The chromosome pairs affected ar 
numbers 1 and 29, the largest and the smallest pair, i 
fact that has been confirmed by chromosome measure 
ments (Fig. 2). 

The same chromosome abnormality was found in t 
foetus from one of the cows. The fetus was about sb 
months of age and looked normal. Mitoses obtaine 
in vivo from the bone marrow and chromosomes of kidney 
cells after eight days incubation were examined. 

Incemar Gustavsson 
Department of Animal Genctics, Nutrition and Hygiene, 
Royal Veterinary College, 
Stockholm, Sweden. 
GUNNAR ROCKBORN 
Department of Virus Research, 
Karolinska Institutet, 
Stockholm, Sweden. 


Electron Microscope Observations on Mitotic 
Chromosomes in Erythroblasts of the 
Newt, Triturus cristatus cristatus 


THE structure of DNA is now known and the externa: 
form of mitotie chromosomes of higher organisms is 
fairly well characterized in the light mieroscope. However, 
the way in which chromosomes are constructed from DNA, 
histones and other proteins is not yet clearly understood, 
although there are many observations and several theories 
of chromosome structure’~*. In chromosomes. of newt 
erythroblasts we have found structures, intermediate in 
size between DNA molecule and chromosome, which may 
provide clues to the way these chromosomes are organized, 
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Pieces of newt spleen were fixed in buffered glutar- 
dehyde and OsO, (ref. 10) and embedded in ‘Araldite’. 
Sections were stained in uranyl acetate and lead citrate 
ind examined in an Elmiskop 1 and Zeiss EM9. 

Fig. lis an electron micrograph of a section through an 
inaphase chromosome selected to show a special feature, 
aamely, a long projection of chromosome material, 1-2. 
n length, limited on either side by a lighter zone. Each 
zone consists of two membranes separated by a space and 
is essentially similar in structure to the nuclear envelope 
in interphase erythroblasts. The unusually light appear- 
ance of the space between the two membranes, and their 
low visibility, is mainly due to the high density of hemo- 
globin. Although many sections through mitotic figures 
do not show such projections, they are not uncommon 
and have been seen in as many as five chromosomes per 
section; there were, at the most, two projections per 
chromosome. Membrane-limited projections have been 
encountered in cells at prometaphase, metaphase, ana- 
phase, telophase and interphase. Examination of serial 
sections showed that such projections are in fact sections 
through sheetsofmembrane-limited chromosomal material. 
In one series a chromosome projection, 2y long, persisted 
through seven silver sections, constituting a sheet 2 by, 
at least, 0-5u. Although the dimensions in the plane of 
the sheet are variable, the width of the chromatin sheets, 
at all stages, is approximately constant with an average 
value 464 + 35 A (mean of 74 measurements), The fine 
structure and staining properties of the sheets are similar 
to those of the main chromosome body, namely, fibrils 
and granules about 20-40 A diameter. 

A second feature of these chromosomes is the irregularity 
of their surface, which is especially apparent when the 
section is cut tangential to the surface (Fig. 2). Although 
the surface structure has not yet been examined exten- 
sively, serial sections suggest that many of the irregulari- 
ties correspond to relatively short (2000-6000 A) projec- 
tions, approximately cylindrical in shape, with a diameter 





Fig. 1. 
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Electron micrograph of part of an anaphase chromosome 
eut tangential to surface ( x 30,000) 


Fig. 2. 
of about 1000 A. These projections are appare 
from prometaphase onwards, until the stage of tel 
phase clumping when they cannot be distinguish. 


Surface irregularities oceur in mitot 
chromosomes from both plant and anim 
species!!-*, 

The most interesting aspect of 


observations is the constant thickness 
the membrane-limited sheets of chrome 
some material. Almost certainly the mer 
branes are part of the nuclear envelop 
Although the mode of origin and sign 
ance of the sheets are not yet establish: 
the following suggestions are made. 
though the constant thickness of ti 
chromosome sheet may merely be the resu 
of some peculiar transformation, & 
depend solely on the properties of 
nuclear envelope, it is more likely that th 
width of the sheet depends on the prope: 
ties of chromatin itself and is some aspi 
of a constructional unit, intermediate 
size between DNA molecule and chrom: 
some. We may suppose a sheet or she 
of chromatin, each 450 A thick, to ł 
actually present in the interphase nucleu 
During the formation of the chromosor 
in prophase the sheet of chromatin, app 

to the envelope, remains stable under 
influence and is not assembled into 
máin cylindrieal body of the chr 
some. During the motion of the chro: 
somes, a piece of free nuclear envel 
becomes attached to the other side of t 
chromosomes sheet, resulting in 
sheet complex. The occurrence of 
in these chromosomes may be due to th: 
high concentration of cytoplasmic hem: 
globin affecting the interaction of nuck 
envelope with chromatin. 
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The surface topogr 
provide clues ; 
our data are consis 


chromosomes appears to 
eir c ization. For example, 
t with a model in which the chromo- 
some is formed by suecessive coiling of a thread 450 A in 
diameter. In the interior. of the chromosome these threads 
are paeked so elose together that their presence is not 
disclosed. However, at the surface, due to irregularities in 
coilmg, the hypothetical 450 À thread forms a loop, the 
elements of whieh twist round one another to form a 
projection about 1000 À in diameter. Furthermore, a 
thread laid down on a surface may fold to form a sheet. 
Sheets may rise at the so-called clumping stage?.16 
of telophase when the chromosome is supposedly partially 
uncoiled into the 450 Å threads. New nuclear envelope 
associates with the chromosomes at about this stage and 
we assume that sheets so formed persist during interphase 
as heterochromatic regions attached to the nuclear 
envelope, only to appear in the subsequent division as the 
sheet structures we have figured. However, a model’ 
formed out of coiled sheets cannot be excluded. 

We thank Dr. J . H. Frenster for directing our attention 
to electron micrographs"? of interphase nuclei in certain 
human neutrophils, which contain projections probably 
corresponding to sections through shects of chromatin 
about 500 A wide. We thank Miss Pamela Rush for her 
assistance. 
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VIROLOGY 


Isolation of Louping ill Virus from Small 
Mammals in Ayrshire, Scotland 

THE natural history of louping ill, particularly the role 
of small mammals, has been little examined although the 
disease is still a major veterinary problem in many hill 
sheep-farms in Scotland. Findlay and Elton! showed that 
the short-tailed vole, Microtus agrestis, is susceptible to 
intracerebral inoculation. with the virus. The occurrence 
of natural infections in wild animals such as red deer, 
Cervus elaphus? ; red grouse, Lagopus scoticus*; and hares, 
Lepus sp.*, suggested that the virus had a wider natural 
host range than sheep and cattle. | 

The rough pasture of coarse. grass and rushes on many 
hill farms supports a large population of small mammals, 
particularly voles, shrews and wood mice. This is also 
the typical habitat of the tick, Jxodes ricinus, the arthropod 
host of louping ill- Most species of small mammals in 
such biotopes are. infested immature stages of I. 
ricinus and, in areas where louping ill occurs, they are 
expesed to the bite of infected ticks. 

In March-April of 1962 and 1963, small mammals were 
collected from three farms around Dalmellington, Ayr- 
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shire, where louping ill is known to be enzootic, and wher 
investigations of the ecology of the disease in sheep are als 
being made*. The shrews, voles and wood mico wer 
caught in Longworth traps and the moles in Duffus iraps 
The common shrew (Sorer araneus) made up 44 per een 
of the collections, the short-tailed vole (Microtus agrestis 
27 per cent, and the wood mouse (Apodemus sylvaticus 
13 per cent. The mole (Talpa europea), pygmy shrex 
(Sorex minutus), bank vole (Clethrionomys glareolus 
and water shrew ((Neomys fodiens)-—in that order- 
accounted for the rest of the collections (Table 1). 






Table 1. ISOLATION OP LovPING ILL VIRUS FROM BRAINS AND SPLEEN 
OF SMALL MAMMALS COLLECTED IN AYR&SHII SCOTLAND, IN 1962 AND 196 


Virus isolations from 





Total brains and spleens Infeetio 
Species * colleeted No No, rate 
OCESSE positive 75 
Mole 13 1i 0 0 
(Talpa europea) 
Pygmy shrew 10 9 0 QO 
(Sorex: minutus) 
Common shrew 100 68 1 15 
(Sorex araneus) 
Water shrew 8 3 ü Q 
(Neomys fodiens) 
Short-tailed vole 61 32 0 9 
{Microtus agrestis) 
Bank vole 8 6 0 0 
(Clethrionomys glareolus) 
Wood mouse 30 26 2 UY 
(Apodemus sylvaticus) 
Total 228 157 3 r9 


* Common names are those given In Southern (ref. 6) 


After collection, the animals were lightly anzsthetizec 
and examined for ectoparasites. Blood for antibody 
investigations was collected under anesthesia from the 
cavernous sinus through the optic foramen. The animals 
were killed, and the brains and spleens removed, then sent 
on dry ice to London, where they were stored at — 60° € 
until processed. In the 1962 investigation, the brain and 
spleen from each animal were ground up separately, each 
in 1-0 ml. of 0-75 per cent bovine albumin in borate saline 
buffered at pH 9. The suspensions were pooled, centri- 
fuged and the supernatant inoculated intracerebrally 
into mice 2-3 days old. each mouse receiving 0-01 ml. 
The rest of the suspension was stored at — 60° C in sealed 
ampoules. In the 1963 investigation, the brain and 
spleen from each animal were processed separately. 

Ín 1962, virus was isolated twice: from the pooled brain 
and spleen of a wood mouse (A 596) collected on April 12 
and from the pooled brain and spleen of a common shrew 
(A 603) collected on April 13. In 1963, virus was isolated 
only once: from the spleen of a wood mouse (A 743) 
collected on March 30. All three isolates were shown to be 
identical with louping ill virus, and they were successfully 
re-isolated from the original suspensions. 

Table 1 shows the number of brains and spleens pro- 
cessed and the number of isolations. The overall infection 
rate in the small mammals was 1-9 per cent; the infection 
rate in the wood mouse was 7:7 per cent and in the common 
shrew 1:5 per cent. 

There seems to be no doubt that some of the small 
mammals in louping ill areas become infected with the 
virus. This is supported by the finding of antibodies to 
the virus in their blood and the fact that they are infested 
with larve and nymphs of J. ricinus. However, to show 
whether these small mammals can maintain foei of 
infection in Nature in the absence of sheep, or whether 
they influence the frequency of infection in sheep, depends 
on further investigation of a number of factors: their 
population densities, their degree of tick infestation and 
the levels of viremia which occur in them. 

Larval infestation rates of small mammals appear to be 
lower in Britain than in Europe’, where small mammals 
have been found naturally infected with Central European. 
tick-borne encephalitis virus which is also transmitted 
by J. ricinus*. Moreover, the small mammals examined 
in Ayrshire are not maintenance hosts of adult I. ricinus 
and therefore could not themselves maintain a population 
of infeeted ticks. 
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Little is known about louping ill viremia in small 
mammals. In one experiment, a wood mouse inoculated 
intraperitoneally with louping ill virus had viremia 
on the first, second, third and fifth day after inoculation 
and survived to develop antibodies. The highest titre, 
1-1 log mouse LD,, per 0-03 ml., was obtained on the 
third day. This may be below the threshold required to 
infect feeding larve. Small mammals such as shrews, 
voles and wood mice may be of particular importance in 
their peak population years when they probably act as 
amplifiers of the infection. They may do this in two ways: 
(1) The larger number of larval hosts present in these 
years probably substantially increases the proportion of 
larve which succeed in feeding and thus in surviving. 
(2) At the same time a proportion of the larve probably 
become infected. Together these will increase the risk of 
infection in sheep in subsequent years. A similar pheno- 
menon has been shown to happen in Czechoslovakia, 
where outbreaks of tick-borne encephalitis in human 
beings have followed ‘mouse years'?. 

We thank the late Mr. James Murdoch, and Mr. John 
Murdoch, for their unfailing hospitality and for permission 
to trap on the farms; Mr. J. M. Ferguson for advice on 
trapping, Messrs. J. Smart, R. Kinloch, J. C. Cunningham, 
R. J. C. Page, S. C. Srivastava and Miss Iva Albert for 
assistance with the trapping; Mr. A. L. Wilson of the 
West of Scotland Agricultural College for providing 
laboratory facilities at Auchincruive, Ayrshire; Dr. Chan 
Yow Cheong and Miss Margery Dorr for examining and 
dealing with the trapped animals, and the Agricultural 
Research Council for a grant towards the field expenses of 
this work. 
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PSYCHOLOGY 


Sensitivity of Hands to Visible Light 


RECENTLY, reports have appeared in the press of experi- 
ments demonstrating the existence of a dermal sensitivity 
to intensities and wave-lengths of visible light. Many 
of the experiments do not appear to have precluded ther- 
mal effects. and B. Konstantinov has suggested! that the 
results may be explained by the perception of reflected 
infra-red radiation emitted by the hand. In the experi- 
ment recorded here these effects have been reduced, and 
college-age subjects have been required to discriminate 
between black and white. 

In the experiment the subject placed one hand in a dark 
box, above two (2in. x 4in.), 1 in. deep, black chambers, 
one of which contained a white lint-covered plate and 
the other & black. The interchangeable plates were 
illuminated by an external fluorescent lamp, and were 
separated from the subject’s hand by a 3-mm thick window 
of heat-absorbent glass (Chance ON 20 which transmits 
less than. 5 per cent of the incident infra-red). The inten- 
sity, above the window, of the light reflected from the 
white plate was 0-00012 lumens/cm?, this being 3-5 times 
the intensity above the black. 
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The subject was given & few minutes in which to learn 
the difference between black and white before being 
tested 24 times. Before each test the plates were placed 
in the chambers on a pre-determined random basis by an 
experimenter invisible behind a screen. The subject 
was given no knowledge of her performance until the end. 

The results for a total of 73 subjects (66 women) are 
shown in Fig. 1. No individual showed significance at the 
5 per cent level. The results were combined and a signifi- 
cance level of 8 per cent was obtained (y? = 14-4, 8 d.f.)— 
reflecting a slight tendency for the subject to be right 
rather than wrong. A test merely for discrimination 
(curve folded) gave a significance level of 11 per cent 
(y? = 7-6, 4 d.f.). 

At this relatively low light intensity the experiment 
does not appear to support the proposition that hands 
are sensitive to visible light. 

We thank Mr. J. D. Valentine and Dr. M. J. Pickersgill 
for useful discussions. 

Sara M. BARRETT 
i PETER RICE-EVANS 
Bedford College, 

Regent's Park, London, N.W.1. 

1 Soviet News, Feb. 10, 1961. 


Central Adaptation in Mechanisms of Form 
Vision 

PERCEPTION of any visual pattern is subject to three 
well-known forms of adaptation. In the first place a 
‘negative after-image’ is formed which tends to reduce 
the contrast between the brightnesses of neighbouring 
areas. Secondly, after more prolonged fixation, peripheral 
parts of the visual field tend to fade from view in large 
patches. With a stabilized retinal image, it is well known 
that a third type of adaptation can occur, in which the 
whole field fades and reappears intermittently. 

With a randomly structured field such as an enlarged 
photograph of sandpaper (Fig. 1a) I have recently observed 
a fourth type of adaptation which seems to be distinct 
from all of those mentioned. After ten or twenty seconds’ 
fixation, monocular or binocular, the clarity of one’s visual 
image is unimpaired but the texture of the field assumes a 
curiously uniform character. The coarser features disap- 
pear and leave a mottled pattern reminiscent of a tufted 
carpet. Some observers report that the mottling has a 
roughly periodic character, the unit cell subtending an 
angle of the order of 1 degree. There is evidence also that 
the character of the uniform field seen is partly determ- 
ined by the form of the region of the random field fixated. 
During monocular fixation a kind of rivalry is observed 
between the mottled image and a dark field, subjectively 
associated with the occluded eye, criss-crossed by a highly 
active population of randomly distributed dots and lines 
in motion. 

The original pattern at once reappears, with enhanced 
vividness, if fixation is displaced by a few degrees. If the 





originally fixated position is resumed. within 1—2 sec, tho 
uniformly mottled appearance returns, proving that the 
adaptations concerned are local to each area of the visual 
field stimulated. Though this might at first seem in some 
way to implicate local retinal adaptation to brightness, 
two further observations indicate that the phenomenon is 
different in origin. In the first place, the use of inter- 
mittent illumination, which partially overcomes brightness 
adaptation, does not restore the original form. Secondly, 
the same tendency towards homogeneity is found with the 
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‘all-or-none’ pattern of Fig. 2, in which 
simple brightness adaptation could affect 
only the contrast. 

It is tempting to interpret this pheno- 
menon in terms of the contour-detecting 
and other form-sensitive neural mechan- 
isms adumbrated by earlier observations? 
and reported recently in lower animals?~‘. 
It would not be surprising if the long-range 
interactions between receptive fields re- 
quired for the computation of form were 
more vulnerable to adaptation than those 
concerned with the signalling of brightness 
contrast, particularly when the redundancy 
of the pattern is low. The latter qualifica- 
tion is reinforced by the observation that 
with pages of newsprint, and other massive 
stimuli in which regular contours are 
present, such ‘figural’ adaptation is not 
observed to anything like the same extent. 

The foregoing effects should be dis- 
tinguished from another visual pheno- 
menon observable on prolonged fixation 
of such random fields, namely, the transient 
appearance of spiral patterns. These 
seem to have a simpler explanation. As 
the reader can easily verify, they can be 
produced at will by suddenly rotating the 
fixation field by a degree or two. It seems 
reasonable, therefore, to attribute them 
to small torsional eye-movements. 

It is not perhaps obvious at first sight 
why rotation in this case should generate 
spirals rather than circles. The reason be- 
comes clear, I think, if one superimposes 
positive and negative photographic images 
of identical fields, such as Figs. la and c, 
with a slight relative rotation. The results 
are shown in Figs. 1b and d. Close to the 
centre of rotation, only edges which happen to lie radially 
are sufficiently displaced to be enhanced. At greater dis- 
tances from the centre of rotation the optimal displacement 
for contour enhancement is exceeded for edges lying radi- 
ally, but is achieved for those lying at progressively larger 
angles to the radius. The locisuggested by these enhanced 
contours thus tend to be spiral. Figs. lc and d have been 
included to indicate that the effect is strengthened. when 
the primary image is rich in long black or white edges at 
all angles. In the production of spirals observed when 
viewing a field such as Fig. la, the part of ‘negative’ is 
presumably played by the adapted retina. 

Notwithstanding its irrelevance to the first phenomenon 
described, this mechanism of spiral-production may 
possibly be of interest in connexion with another type of 
central adaptation—the generation of spiral ‘complemen- 
tary images’ when a field of random visual noise is viewed 
through or against a pattern of radial lines!*. Since it is 
known that in this case eye movements are not respon- 
sible‘, the appearance of spirals raises the question whether 
lateral inhibitory action along the radial contours pro- 
duces in effect a displaced ‘negative’ of the figure of 
neural excitation, which combines with the primary 
figure in analogous fashion to Figs. 1b and d. 

This work was supported by the Department of 
Scientific and Industrial Research. 
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FORTHCOMING EVENTS 


Sunday, August 30— Wednesday, September 2 


BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE (at Southamp- 
ton)—Continuation of 126th Annual Meeting. 
Sunday, August 30 


At 10.30 a.m.—Official Service in St. Mary’s Church. Preacher: 
Very Reverend the Dean of York, Canon Alan Richardson, M.A., D.D. 


The 


Monday, August 31 

At 10 a.m.—Dr. W. Marshall: “The Exploration of Solids Using Thermal 
Neutrons” (Kelvin Lecture). 

At 10 a.m.—Mr. W. H. Wilcockson: “Some Aspects of East African 
Vulcanology’’ (Presidential Address, Section C). 

At 10 a.m.—Dr. C. A. Ralegh Radford: ''History and Archeology” 
(Presidential Address, Section H). 

At 11.30 a.m.— Prof. Lucy Mair: ‘How Small-scale Societies Change" 
(Presidential Address, Section N). 

At 2.30 p.m.—Dr. H. A. Thomas: 
Lecture). 

At 8 p.m.—Prof. A. S. Parkes: “Biological Aspects of the Population 
Explosion” (Evening Discourse). 


“Automation” (Young People’s 


Tuesday, September | 


At 2.30 p.m.—Dr. E. J. Ambrose: “Cells at Work" (Young People’s 
Lecture). 


Wednesday, September 2 
At 10 am.—Dr. G. R. Coope: 
(Darwin Lecture). 


At 10 a.m.—Dr. V. B. Proudfoot: ‘‘Bringing Archeology to Life" (Lister 
Lecture). 


"Insect Populations in the Ice Age" 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or before 
the dates mentioned: 

ASSISTANT LECTURER or LECTURER (preferably with experience in radia- 
tion or radioactive isotope measurements) IN THE DEPARTMENT OF BIO- 
PHYSICS, for activation analysis and trace element work—The Secretary, 
St. Thomas’s Hospital Medical School, London, S.E.1 (September 5). 

RESEARCH ENGINEER (with an honours degree in mechanical engineering 
and experience in the design or testing of engines) in the Department of 
Mechanical Engineering, to work on a project concerning the assessment of 
aad I.C. engines— The Registrar, The University, Sheffield (Septem- 
ber 5). 

ASSISTANT LECTURER (with a degree in mathematics or the physical 
sciences and preferably some postgraduate experience) IN COMPUTING—J he 
oo University College of North Wales, Bangor, North Wales (Septem- 

er 7). 

LECTURER IN PATHOLOGY (Morbid Anatomy)—The Registrar, The Univer- 
sity, Bristol, 8 (September 7). 

ASSISTANT STATISTICIANS (2) (with a degree or diploma in technology in 
mathematics, or in pure or applied biology with ''A" level in mathematics), 
for work on the plonaing and analysis of experiments—The Secretary, 
Glasshouse Crops Research Institute, Worthing Road, Rustington, Little- 
hampton, Sussex (September 8). : 

DEMONSTRATOR (graduate with qualifications in dairying and dairy 
microbiology) IN DAIRY SclencE—The Registrar, University College of 
Wales, Aberystwyth (September 12). 

HORTICULTURAL ECONOMIST (graduate, preferably with research, teaching 
or advisory experience in horticultural economics) IN THE DEPARTMENT OF 
AGRICULTURAL Economics—The Registrar, The University, Nottingham 
(September 12). 

LABORATORY SUPERINTENDENT (with a degree or equivalent qualification, 
and substantial experience with the equipment and supervision of mechanical 
engineering laboratories) IN THE DEPARTMENT OF MECHANICAL ENGINEERING, 
for duties which will include the supervision of technical staff; supervision, 
maintenance and development of laboratories and apparatus; ordering and 
accounting of equipment and stores; and implementing safety regulations— 
The Registrar, The University, Sheffield (September 12). 

LECTURER and an ASSISTANT LECTURER (with special interests in pure or 
applied mathematics or numerical computation or mathematical statistics) IN 
MATHEMATICS at Queen's College, Dundee—The Secretary, University of St. 
Andrews, Queen's College, Dundee, Scotland (September 12). 

SENIOR LECTURER or LEOTURER IN THE DEPARTMENT OF MATERIA MEDICA 
Mei RUTIOR = The Secretary, The University, Aberdeen (Septem- 

er n 

GRADUATE RESEARCH ASSISTANT (with a good honours degree in a bio- 
logical subject, and preferably experience in genetics or cytogenetics) IN 
THE CYTOGENETICS GROUP OF THE PJEDIATRIC RESEARCH UNIT, to work on 
a population survey on human autosomal abnormalities—The Secretary, 
Pediatric Research Unit, Guy's Hospital Medical School, London Bridge, 
S.E.1 (September 14). ] : 

LECTURER (either botanist specializing in biochemistry or biochemist 
preferably with research interestsin plant pathology; or botanist specializing 
in plant virology) IN BorANY— The Registrar, The University, Manchester, 
13 (September 17). 

SENIOR LECTURER IN PSYCHOLOGY and a SENIOR LECTURER or LECTURER 
IN STATISTICS at the University of the Witwatersrand, Johannesburg, South 
Africa—The Secretary, Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, S.W.1 (South Africa and 
London, September 18). 

ASSISTANT LEOTURER or DEMONSTRATOR (with medical qualifications 
registrable in the United Kingdom) IN PaTHoLoGy—The Registrar, The 
University, Manchester, 18 (September 19). 

SENIOR LECTURER IN MEDICAL STATISTICS in the Department of Public 
Health and Social Medicine—The Registrar, The University, Edinburgh 
(September 19). 

SENIOR LEOTURER or LEOTURER (with medical qualifications registrable 
m the United Kingdom) IN PatHoLOGy—The Registrar, The University, 
Manchester, 13 (September 19). 
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LEOTURER (preferably with research interests in lipoproteins or cy'o- 
chemistry) IN BIOCHEMISTRY at the University of Sydney, Australia- The 
Secretary, Association of Commonwealth Universities (Branch Omre) 
Marlborough House, Pall Mall, London, S.W.1 (Australia and Lund n, 
September 25). 

_ LECTURER IN ANIMAL PRODUCTION—The Secretary, Wye College (Univ: r- 
sity of London), near Ashford, Kent (September 30). 

, PROFESSOR OF GEOGRAPHY at the U versity of Khartoum—The Registrar, 
University of Khartoum, c/o Inter-University Council for Higher Educat:on 
Overseas, 38 Bedford Place, London, W.C.1 (September 80). 

PROFESSOR IN THE DEPARTMENT OF AGRICULTURAL BIOLOGY, Univer 
of Ibadan, Nigeria— The Secretary, Inter-University Council for Higher 
Education Overseas, 33 Bedford Place, London, W.C.1 (September 30). 

PROFESSOR OF MATHEMATICS AT THD UNIVERSITY OF KHAnTOU3-- The 
Registrar, University of Khartoum, c/o Inter-University Council for Higher 
Education Overseas, 33 Bedford Place, London, W.C.1 (September 30). 

RESEARCH ASSISTANT (preferably with an honours degree in zoology or 
medical sciences and a knowledge of German; persons graduating this * ear 
will be considered) to Prof. J. Z. Young IN THE DEPARTMENT OF ANATOMY, 
for work mainly on the central nervous system—The Secretary, University 
College, Gower Street, London, W.C.1 (September 30). 

RESEARCH FELLOW and a SENIOR RESEARCH FELLOW IN SOCIAL ANTHRO- 
POLOGY AND SOCIOLOGY at the Institute of Advanced Studies, Australi: n 
National eie The Secretary, Association of Commonwealth Unive r- 
sities (Branch Office), Marlborough House, Pall Mall, London, 8.W.I 
(Australia and London, September 30). 

SoIENTIFIO OFFICER (with a good honours degree in a biological subje ‘t 
and preferably with research experience in microbiology) to study the soil- 
surface microflora, particularly nitrogen-fixing algae—The Secretary 
Rothamsted Experimental Station, Harpenden, Hertfordshire (Septem: 3u). 

SENIOR LECTURER IN PSYCHIATRY at the University of Sydney. Australia- - 
The Secretary, Association of Commonwealth Universities (Branch Offic), 
Marlborough House, Pall Mall, London, 8.W.1 (Australia and Londen, 
September 30). 

SENIOR LECTURER (with experience in any field of botanical scler.ce) IN 
THE DEPARTMENT OF BOTANY, Monash University—The Registrar. Mona-h 
University, P.O. Box 92, Clayton, Victoria, Australia; or the Secretar. 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (September 30). 

CHAIR OF FORESTRY at the Australian National University, Canberra 
The Secretary, Association of Commonwealth Universities (Branch Offiec), 
MELDE House, Pal Mall, London, S.W.1 (Australia and Lond: v, 

ctober 1). 

CHAIR OF VETERINARY CLINICAL STUDIES at the University of Queensland, 
Australia— The Secretary, Association of Commonwealth Universities Draneh 
omoes), V MARE House, Pall Mall, London, S.W.1 (London and Brisban . 

ctober 2). : 

LECTURER/SENIOR LECTURER IN THE SCHOOL OF ANATOMY, The University 
of New South Wales—The Agent General for New South Wales, 50-57 
Strand, London, W.C.2; and the Appointments Section, The University of 
New South Wales, Box 1, Post Office, Kensington, New South Wales, Au-- 
tralia (October 5). 

ASSISTANT LECTURER OR LECTURER IN TEXTILES AND CLOTHING in the 
Department of Domestic Science, University College, Nairobi—The Secretar, 
Inter-University Council for Higher Education Overseas, 33 Bedford Place, 
London, W.C.1 (October 8). 

LECTUERER/SENIOR LECTURER IN ANIMAL PRODUCTION in the Faculty (f£ 
Agricultural Science, University of Tasmania—The Secretary, Associatic n 
of Commonwealth Universities (Branch Office), Marlborough House, Pall 
Mall, London, S.W.1 (Australia and London, October 9). 

SENIOR LECTURERS (CLINICAL) (2) IN PATHOLOGY, University «f 
Queensland, Brisbane, Australia—The Secretary, Asscciation of Commen- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, Loudon, 
S.W.1 (London and Brisbane, October 10). 

ASSISTANT DIRECTOR OF RESEARCH (with a degree in agriculture or agri- 
cultural sclence or suitable postgraduate qualifieaticns in these subjects. and 
substantial experience of the agriculture of developing countries) IN COM- 
PARATIVE AGRIOULTURE—The Secretary, School of Agriculture, the Univer- 
sity, Downing Street, Cambridge (October 31). 

LECTURER (with a university degree in chemical engineering, plus five 
years’ approved industria] experience) IN CHEMICAL ENGINEERING— Tlw 
Director, The Swinburne Technical College, John Street, Hawthein, E.2. 
Victoria, Australia (October 31). 

SENIOR FELLOW or FELLOW (with several years’ research experience ii 
some branch of astronomy) ON THE ACADEMIC STAFF OF THE MOUNT STROMLO 
OBSERVATORY—The Secretary, Association of Commonwealth Universitie- 
(Branch Office), Marlborough House, Pall Mall, London, S.W.1: or The 
Director, Mount Stromlo Observatory, Australian National University. 
Canberra, A.C.T., Australia (Australia and London, November 2). 

ASSISTANT LECTURER (graduate in science or engineering with a special 
interest in physical or physico-chemical properties cf polymers) IN POLYMER 
SorENCE in the Department of Materials—The Registrar, The College of 
Aeronautics, Cranfield, Bedford. : 

EXPERIMENTAL OFFICER (with basic scientific knowledge to at least 
G.C.E. “A” level or H.N.C., and preferably experience in electronic circuitry 
and high-vacuum methods with engineering design and drawing capability) 
for participation in researches in plasma spectroscopy, supported by 

1.K.A.E.A. (Culham)—Dr. W. R. S. Garton, Physics Department. Imperial 

College, London, S.W.7. 

LECTURER IN THE DEPARTMENT OF ORGANIC CHEMISTRY—The Registrar, 
The University, Liverpool, quoting Ref. CV/266. 

LIVESTOCK OFFIOER (with a degree in agriculture with animal husbandry 
or animal health as a major subject) in the Bahamas, to advise small farmers 
on methods of improving pastures and the quality of local sheep, goats and 
cattle, and to supervise co-operative livestock associations and pasture 
development schemes—The Appointments Officer, Room 301, Department 
of Technical Co-operation, Eland House, Stag Place, London, S.W.1, quoting 
Ref. No. RC 213/14/01. 

PHYSICIST (between 25 and 35, with a good science degree and preferably 
experience in research and experience of textiles), to take charge of investi- 
gations of fundamental importance to the hosiery industry—The Secretary. 
Hosiery and Allied Trades Research Association, Thorneywood, 7 Gregor} 
Boulevard, Nottingham. 

PosT-DOOTORAL RESEAROH FELLOW (with experience in adsorption 
studies or in mass spectrometry) for the spectroscopic investiratiun of 
molecules absorbed on surfaces—Prof. N. Sheppard, School of Chemical 
Sciences, University of East Anglia, Wilberforce Road, Norwich, NOR 77H. 

Post-DocroRAL RESEARCH FELLOWS (2) (physicists or engineers) for work 
on magnetic and optical properties of metals and non-metals—Dr. RR. 
Birss, Physics Laboratory, University of Sussex, Brighton, Sussex. 

SCIENTIFIC OFFICER (with an honours degree or equivalent in engineering 
or physics) for investigation of behaviour of tractors and implements on 
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sloping land, particularly effects of forces arising from slopes on motion cf 
machines—The Secretary, National Institute of Agricultural Engineering, 
Scottish Station, Bush Estate, Penicuik, Midlothian, Scotland. 

SENIOR RESEARCH ASSOCIATE IN THE SCHOOL OF CHEMISTRY for research 
into reaction mechanisms in boron chemistry—The Registrar, The University, 
Newcastle upon Tyne, 2. 

TECHNICAL ASSISTANT (female, 20 or over, with advanced level G.C.E. in 
physics and mathematics, or the equivalent) IN THE PHYSICS DEPARTMENT, 
for duties concerned with the medica] application of radioactive isotopes, 
and training will be given in the specialized techniques involved—The 
Secretary, The Royal Infirmary, Leicester. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Electrical Research Association. Report No. 5059: Dielectric Losses in 
Polymer Films Formed by a Discharge. By M. Stuart. Pp. 5+5 figures. 
(Leatherhead: Electrical Research Association, 1964.) 7s. 6d. [147 

Department of Scientific and Industrial Research. Report of the Research 
Council for the year 1963. Pp. iv+66. (Cmud. 2394.) (London: H.M. 
Stationery Office, 1964.) 4s. 6d. net. : . [147 

Fourth Annual Report of the Council of the Institute of Physics and the 
Physical Society, 1963. Pp. 26. (London: Institute of Physics and iho 
Physical Society, 1964.) i4 

General Register Office. The Registrar General's Quarterly Return for 
England and Wales: Births, Deaths and Marriages; Infectious. Diseases; 
Weather; Population Estimates, Quarter ended 31st March, 1964. (No. 461, 
ist Quarter, 1964.) Pp. 28, (London: B.M. Stationery Office, 1904.) 
28. 6d. net. : [147 

Henry Wiggin and Co., Ltd. Wot-Working Tools in Nimonie and Nimc- 
cast Alloys. Pp.8. (London: Henry Wiggin and Co., Ltd., 1964.) [147 

The Grassland Research Institute. Experiments in Progress No. 16: 
Annual Report for 1962-63. Pp. 100+4 plates. (Hurley, near Maidenhead: 
The Grassland Research Institute, 1964.) 10s. i [147 

Department of Scientific and Industrial Research. Building Research 
1963: The Report of the Building Research Board with the Report of the 
Director of Building Research. Pp. iv+99+16 plates. (London: H.M. 
Stationery Office, 1964.) 8s. 6d. net. [147 

British Chemicals and their Manufacturers—1964 Supplement. Pp. 32. 
(London: Association of British Chemical Manufacturers, 1964.) [147 

Committee of Privy Council for Medical Research. Report of the Medical 
Research Council for the year 1962-1963. Pp. viiit+280+3 plates. (Cmnd. 
2382.) (London: H.M. Stationery Office, 1964.) 16s. 6d. net. 1147 

British Radio Valve Manufacturers' Association. British Valve and 
Semiconductor Industry. Second edition. Pp. 8. (London: Plus 


156 Oxford Street, 1984.) 4T 

The South Yorkshire Glass Industry. By Geoffrey D. Lewis. Pp. 4+ 
2 plates. (Sheffield: The City Museum, 1964.) 6d. {147 

An Introduction fo the Work of the British Steel Castings Research 
Association. Pp. 24. (Sheffield: The British Stcel Castings Research 
Association, 1964.) : ^ 147 

Department of Scientific and Industrial Research: National Physical 
Laboratory. Notes on Applied Science, No. 12: Calibration of Temperature 
Measuring Instruments. By J. A. Halland C. R. Barber. Third edition. 
Pp. iv+55. (London: H.M. Stationery Office, 1964.) 4s. 6d. net. [147 

Furniture Development Council. Fifteenth Annual Report for the year 
ended 31st December, 1963. Pp. 12. (Stevenage: Furniture Development 
Council, 1964.) , g [147 

The Scientific Proceedings of the Royal Dublin Society. Series A. Vol. 1, 
No. 15 (May 5, 1964): Irish Salmon—a Review of Investigations up to 1963. 
By Arthur E. J. Went. Pp. 365-412. 12s. Voi. 2, No. 1 (April 30, 1964): 
Compartment Deformation near Buttevant, County Cork, Ireland, and Its 
Relation to the Variscan Thrust Front. By M. E. Phileox. Pp. 1-12+ 
lplate. 4s. 6d. Vol. 2, No. 2 (April 30, 1964): The Geological Structure of 
North County Cork, Ireland. By R. A. Monkhcuse. Pp. 13-20+plate 2. 4s. 
Series B. Vol. 1, No. 11 (April 24, 1964): Evaluation of Tick Beans (Vicia 
faba L.) as & Protein Supplement in Pig Feeding. By F. X. Aherne and 
Prof. D. M. McAleese. p. 113-122. 3s. (Dublin: The Royal Dublin 
Society, 1964.) < [147 

Department of Scientific and Industrial Research. Torry Research 
Station Annual Report on the Handling and Preservation of Fish and Fish 
Products: Report of the Torry Research Station Steering Committee and 
Report of the Director of the Torry Research Station. Pp. iv +51 + 4 plates. 
(London: H.M. Stationery Office, 1964.) 4s. 6d. net. [147 

Review of Coal Tar Technology, July-December 1964, Vol. 15, Part 2. 
Pp. ii+79-149. (Gomersal, Leeds: The Coal Tar Research Association, 
1964.) 30s. per volume. 2. 147 

The Lister Institute of Preventive Medicine. Report of the Governing 
Body 1904. Pp.37. (London: The Lister Institute of Preventive Medicine, 
1964.) 7 


Other Countries 


Coconut Research Institute, Ceylon. Bulletin No. 21 : Biological Contrcl 
of Coconut Leaf Caterpillar (Nephantis serinopa Meyrick) in Ceylon. By 
Edwin Dharmaraju. Pp. 46. Cumulative Index to Ceylon Coconut Quarterly, 
Author and Subject, Volumes 1-10, 1954-1959. Compiled by M. J. C. Perera. 
Pp. 13. (Lunuwila : Coconut Research Institute, 1903.) [256 

Mutation Research, Vol. 1, No. 1 (May 1964). Pp. 1-112. Published 
bi-monthly. Annualsubscription 130s. ; 65 D.fl.; 18 dollars. (Amsterdam : 
Elsevier Publishing Company, 1964.) R [256 

Annales de l'Institut de Physique du Globe de l’Université de Paris 
ef du Bureau Central de Magnétisme Terrestre, Tome 31. Pp. 197. (Paris: 
Institut de Physique du Globe de l'Université de Paris, 1963.) [256 

South African Council for Scientific and Industrial Research : National 
Building Research Institute. Proceedings of the Building Research Sym- 
posium, 16-17 May 1003, Red Cross Hall, Windhoek ; (Theme: Building 
Research and Its Significance to South West Africa). Pp. v+129. Urban 
Bantu Townships. By C. Tod Welch. Pp. 17. (Supplement to S.A. 
Architectural Record, December, 1963). C.S.I.R. Research Report No. 193 : 
Komprehensiewe Hoërskool vir 1,200 Leerlinge : Aanbevelings van dic 
Skoolgebouekomitee. (1,200-Pupil Comprehensive High School: Recom- 

mendations of the School Buildings Committee.) Pp. 48. C.S.LR. Research 
Report No. 209: School Lighting. Pp. iv+47. (Pretoria : South African 
Council for Scientific and Industria] Research, 1963 and 1964.) [256 

Museum of Comparative Zoology, Harvard University, Breviora, No. 200, 

(April 10, 1964); Au Anguid Lizard from the Leeward Islands. By Garth 
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Underweed. Pp. 10. No. 201, (April 10, 1964): Focd Habits and Ycu 
Stages of North Atlantic Alepisaurus (Pisces, Iniomi). By Richard 
Haedrieh. Pp. 15, No. 202, (April 10, 1964): The Blind Snakes (Typhlops) 
Haiti with Descriptions of Three New Species. By Neil D. Richmond. P 
12. No. 208, (April 10, 1904): A New Capromyid Rodent from the Qu 
ternary of Hispaniola. By Clayton E. Ray. Pp.4. No. 204, (May 15, 196% 
The Status of Pseudogekko shebae and Observations on the Geckos of t 
Solomon Islands. By Walter C. Brown. Pp. 8. (Cambridge, Mag 
Museum of Comparative Zoology, Harvard University, 1964.) 12 
Bulletin of the Museum of Comparative Zoology, Harvard Universit 
Vol. 131, No. 3: American Spiders of the Genus Phoroncidia (Aranear 
Theridiidae). By Herbert W. Levi. Pp. 65-86. Vol. 131, No. 4: TA 
Braincase of the Palezoic Elasmobranch Tamiobatis. By Alfred Sherwo 
Romer. Pp. 87-105+1 plate. Vol. 131, No. 5 : The Taxonomic Status: 
Heptazodon and Dental Ontogeny in Elasmodentomys and <Amblyrhi 
(Rodentia: Caviomorpha) By Clayton E. Ray. Pp. 107-127. Vol. 13 
No. 6: The Skeleton of the Lower Carboniferous Labyrinthodont Phot 
dogaster pisciformis. By Alfred Sherwood Romer. Pp. 129-159+1 plat: 
(Gambridge, Mass. : Museum of Comparative Zoology, Harvard coleg 
Transactions of the Royal Society of New Zealand. Zoology. Vol. 
No, 4, (March 26, 1964) : Distribution of Amphibola crenata (Pulmona® 
in the Dunedin Area, with Notes on the Probable Origin of the Specie: 
By P. A. Watters. Pp.117-134. Vol.4, No. 5, (March 20, 1964) : The Nort 
Otago Shelf Fauna, Part 4: Chordata—Olasses Reptilia, Aves, Mammali» 
By John Graham. Pp. 135-138. Vol. 4, No. 6, (March 19, 1964) : Regener 
ation of Appendages in Some New Zealand Wetas (Insecta : Orthoptera, 
By G. W. Ramsay. Pp. 139-144. Vol. 4, No. 7, (March 20, 1964): A Nex 
Crab of the Genus T'richopeltarion from New Zealand. By. L. R. Richardso 
and R., K. Dell. Pp. 145-152. Vol.4, No. 8, (March 23, 1964) : The Occur 
tence of Lepeophtheirus insignis Wilson (Copepoda: Parasitica) in Nev 
Zealand Waters and Its Relationship to L. molae Heegaard. By G. C 
Hewitt. Pp. 153-156+2 plates. Vol. 4, No. 9, (March 90, 1964) : The 
Postchalimus Development of Lepeophtheirus polyprioni Howitt, 1902 
(Copepode: Caligidae). By G. C. Hewitt. Pp. 157-160. Vol. 4, No. 10 
(March 23, 1964) : Regional Variation in Riblet Frequency in tbe Ptychodo: 
(Ptychodon) hectori-hunuaensis Complex, (Mollusca: Charopidae). 3B: 
R. A. Cumber. Pp. 161-160. (Wellington: The Royal Society of Nev 
Zealand, 1904.) [25i 
Transactions of the Royal Society of New Zealand. 
(March 20, 1964) : Land Snails from Subantarctic Islands. By R. K. Dell 
Pp. 167-174. Vol. 4, No. 12, (March 19, 1964) : Studies on the Biolog: 
of the Red-finned Bully Gobiomorphus huttoni (Ogilby). Part 1: Habita 
and Species Inter-Relationships. By R. M. MeDowall Pp. 175-182 
Vol. 4, No. 18, (March 23, 1964): Some Common Species of Apantele: 
Occurring in New Zealand with a Catalogue of Australian and New Zealanc 
Species of the Genus Apanteles Foerster. By Arthur W. Parrott. Pp 
183-194. ‘Vol. 4, No. 14, (March 30, 1964): Notes on Metacrias strategici 
(Meyrick). By Lindsay L. Wilkinson. Pp. 195-200. Vol. 4, No. 15, (Apri 
17, 1964): Oligocene Echinoids from Trelissic Basin, New Zealand. Bi 
H. Barraclough Fell. Pp. 201-206--4 plates. Botany. Vol. 2, No. 18 
(March 26, 1964) : Tho Fungal Association in a Colony of Gastrodia sesa 
moides R.Br. By Ella O. Campbell, Pp. 237-246. (Wellington: The Roya 
Society of New Zealand, 1964.) [25€ 
United States Department of the Interior; Geological Survey. Geophysica 
Abstracts, No. 208, May 1964. By James W. Clarke, Dorothy B. Vitaliano 
Virginia S. Neuschel, and others. Pp. ili+ 345-428. 35 cents. Geophysica 
Abstracts, No. 209, June 1964. By James W. Clarke, Dorothy B. Vitaliano 
Virginia S. Neuschel, and others. Pp. iii+ 429-517. 35 cents. Bulletir 
1129: Geology of Lost River Mine Area, Alaska. By C. L. Sainsbury 
Pp. v+80+plates 1-10. Bulletin 1133-D : Infiltration and Permeability 
of Weathered Crystalline Rocks, Georgia Nuclear Laboratory, Dawsor 
County, Georgia. By J. W. Stewart. Pp. iv+59+plates 1-7. Bulletir 
1141-J: Geology of the French Gulch Quadrangle, Shasta and Trinity 
Counties. California. By John P. Albers. Pp. iv+70+plates 1 and 9 
Bulletin 1141-K : Geology of the Eureka Quadrangle, Utah and Juat 
Counties, Utah. By HalT. Morris. Pp.iv+29+plate 1. Bulletin 1158-C : 
Bedrock Geology of the Wickford Quadrangle, Rhcde Island. By Rcge 
B. Williams. Pp.ili--15--plate 1. Bulletin 1163—A : Bedrock Geology ol 
the Salem Quadrangle and Vicinity, Massachusetts. By Priestley Roulmin 
III. Pp. v+79+plate 1. Bulletin 1167: Tale Resources of the United 
States. By A. H. Chidester, A. E. J. Engel und L. A. Wright. Pp. v+61+ 
lates 1-7. Bulletin 1170: Systematic Analysis of Silicates. By Lee C 
eck. Pp. iv+89+plates 1-4. Bulletin 1181-G : Reconnaissance Petrc- 
graphic Cross Section of the Idaho Batholith in Adams and Valley Counties 
Idaho. By Dwight L. Schmidt. Pp. iv+50+plates 1 and 2. (Washington, 
D.C. : Government Printing Office, 1964.) [147 
United States Department of the Interlor: Geological Survey. Wate 
Supply Paper 1499—H : Water Resources of the Hartford-New Britair 
Area, Connecticut, By R. V. Cushman, D. Tanski and M. P. Thomas. 
Pp. vi+96+plates 1 and 2. Water-Supply Paper 1689D : Hydrogeology 
of the Huntington-Smithtown Area, Suffolk County, New York. By E. H. 
Lubke. Pp. iv--68-- plates 1-6. Waier-Supply Paper 1669-U : Ground 
Water Resources of Waupaca County, Wisconsin. By C. F. Berkstrasser, Jr. 
Pp. iv--38-t plates 1-4. Water Supply Paper 1687 : Magnitude and Pre- 
quency of Floods in the United States. Part 12: Pacific Slope Basins in 
Washington and Upper Columbia River Basin. By G. L. Bodhaine and 
D. M. Thomas, Pp. xiii+337+plates 1-5. Water-Supply Paper 1778 : 
Ground-Water Resources in Southern Oahu, Hawaii. By F. N. Fisher and 
T. F. Mink, Pp. vil+138+plate 1. (Washington, D.C.: Government 
Printing Office, 1964.) (147 
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RECENT SCIENTIFIC and TECHNICAL BOOKS 


Volumes marked with an asterist (*) have been received at ‘‘Nature’’ Office 


Mathematics 


ANSELONE, P. M. (edited by). Nonlinear Integral Equations. (Proceedings 
of an Advanced Seminar conducted by the Mathematics Research Center, United 
States Army, at the University of Wisconsin, Madison, April 22-24, 1963.) 9} in.x 
61 in. (24 cm x l6 cm). Pp. xii--378. (Madison : University of Wisconsin Press 
1964.) 6.50 dollars.* j 

FLETCHER, T. J. (edited by). Some Lessons in Mathematics. (Association of 
Teachers of Mathematics Handbook.) 82 in. x 52 in. Q2 cm x I5 cm). Pp. xiii-- 
[s é Cambridge : At the University Press, 1964.) Cloth 35s. net; Paperback 

s. 6d. net. 

GEL'FAND, 1. M., and SHILOV, G.E. Generalized Functions. Vol.!: Proper- 
ties and Operations. Translated by Eugene Saletan. 94 in. x 6} in. (23:5 cmx 
l6 cem). Pp.xviii--423. (New York : Academic Press,Inc. ; London : Academic 
Press, Inc. (London), Ltd., 1964.) 80s.* 

GILES, R. Mathematical Foundations of Thermodynamics. (International 
Series of Monographs on Pure and Applied Mathematics, Vol. 53.) 82 in.x5$ in. 
Q2 cmx15 cm). Pp. xiii+237. (London and New York: Pergamon Press, 
[964.) 70s. net.* 

GUELFAND, !. M., et CHILOV, G. E. Les Distributions. Tome 2: Espaces 
Fondamentaux. Traduit par Serge Vasilach. (Collection Universitaire de Mathé- 
matiques, Nr. 15.) 92in.x 62 in. (25 cmx l6 cm). Pp.xiv+258, (Paris: Dunod, 
1964.) 42 francs.* 

KHINCHIN, A. Ya. Continued Fractions. Third edition. 8% in.x53 in. 
(21 cmx 14 em). Pp. xi4-95. (Chicago and London: University of Chicago 
Press, 1964.) 5 dollars ; 37s. 6d.* 

KOSHLYAKOV, N. S., SMIRNOV, M. M., and GLINER, E. B. Differential 
Equations of Mathematical Physics. Translated by Scripta Technica, Inc. Trans- 
lation edited by H.J. Eagle. 9in.x 6in. (23cm x 15-5 cm). Pp.xvi--70I. (Amster- 
dam : North-Holland Publishing Company, 1964.) 120s.* 

KREYSZIG, Erwin. Differential Geometry. Second edition. (Mathematical 
Expositions, No. L1.) 9: in.x6in. (23-5 cmx 15:5 cm). Pp.xiv-+377. (Toronto: 
University of Toronto Press ; London: Oxford University Press, 1964.) 68s. 
net. 

LUKACS, E. Fonctions Caractéristiques. Traduit par A. Rosengard. (Pro- 
babilités, Statistique: Recherche Opérationnelle. Section A: Théorie des 
Probabilités.) 93 in.x6 in. (24 cmx 15-5 cm). Pp. x+230. (Paris: Dunod, 
1964.) 32 francs.* 

NEWTON, Isaac. The Mathematical Principles of Natural Philosophy. (The 
Science Classics Library.) 8kin.x 5] in. (2I-5 cm x 15 em). Pp. 447. (New York : 
Philosophical Library, 1964.) 10 dollars.* 

PALACIOS, J. Dimensional! Analysis. Translated by P. Lee in conjunction 
with L. Roth. 82 in.x 52 in. (22 cm x [5 em). Pp. xviii--236. (London: Mac- 
millan and Co.,Ltd. ; New York : St. Martin's Press, Inc., 1964.) 42s. net.* 

RAINVILLE, Earl D. Intermediate Differential Equations. Second edition. 
94 in.x 6h in. (23:5 cm x l6 cm). Pp. xi--307. (New York: The Macmillan 
Company ; London: Collier-Macmillan, Ltd., 1964.) 70s.* 

-SINGER, James. Elements of Numerical Analysis. (Academic Press Textbooks 
in Mathematics.) 94 in.x 6£ in. (23-5 cmx l6 cm). Pp. x+395. (New York : 
Academic Press, Inc.; London: Academic Press, Inc. (London), Ltd., 1964.) 

s. 6d. 


Physics 


DENISSE, J. F., and DELCROIX, J. L. Plasma Waves. Translated from the 
French by Marcel Weinrich and David J. Ben Daniel. (Interscience Tracts on 
Physics and Astronomy, No. 17.) 81 in.x 52 in. (21 cmx 13 cm). Pp. xii+ 143. 
(New York and London : Interscience Publishers, a Division of John Wiley and 
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SCIENTIFIC AND INDUSTRIAL RESEARCH UNDER REVIEW 


8e annual report of the Council for Scientific and 
Industrial Research for 1962 was discussed in these 
pages in the context of the report of the National 
Economie Development Council, Conditions Favourable 
to Faster Growth (Nature, 199, 207; 1963). That report, 
as well as the further report, Growth of the United Kingdom 
Economy to 1966, is now noted in the report of the 
Council for Scientific and Industrial Research for 1963*, 
as are also the reports both of the Trend Committee and 
of the Robbins Committee and further reports which have 
been issued by the Federation of British Industries on 
Civil Research Policy (Nature, 199, 725; 1963), and by 
Political and Economic Planning on the Government's 
Role in Applying Science to Industry (Nature, 200, 503; 
1963). The Research Council does not comment on these 
reports, but its latest annual report reflects nothing of 
the near hysteria with which the Trend Report, for 
example, was received in some quarters. 

Conscious that the future of the Department of Scientific 
and Industrial Research is under review, the Research 
Council has chosen instead to make a dignified and con- 
sidered statement setting forth what it considers as a set 
of guiding principles which it has evolved over the past 
seven years. These it regards as sufficiently flexible to 
meet any demands which may be made on the Council, 
and the statement records also the progress of the 
Council’s thinking so far, in the light not only of the 
experience of the Executive Council but also of almost 
half a century of achievements by the Department. 
Moreover, the account of activities is better balanced than 
that given in some of the Council’s annual reports and 
appropriately attests the soundness of the Council’s claim 
that, throughout its seven years’ existence, it has been at 
pains to emphasize the responsibility of the Department 
across the whole spectrum of research and development 
from basic science to industrial application and the dangers 
inherent in any arbitrary division of this responsibility. 

The tendency detected in one or two of the Council’s 
reports to arrogate responsibility that properly belongs to 
the Advisory Council on Scientific Policy is absent from 
this report, nor is it dogmatic as to the relations with the 
National Research Development Corporation or the 
National Economic Development Council. It is admitted 
that flexible means should be found, as experience 
develops, of harnessing public and private means for 
research and development to support established national 
requirements and priorities. There is no further evidence 
as to the effectiveness of the research associations or any 
inherent weaknesses in the conception, but here also there 
is a reasonable and a flexible outlook. The whole state- 
ment is not only dignified but also reflects a confidence 
arising from conscious strength and proved achievement 
that cannot be disregarded; it is a distinctive contribu- 
tion to impartial decision as to the future of the Depart- 
ment and its relations with other bodies. 

The statement suggests that a main task of the Govern- 
ment is to secure that the right proportion of resources 


* Department of Scientific and Industrial Research. Report of the 
Research Council for the year 1963. Pp. iv+66. (Cmnd. 2394.) (London: 
H.M.S.0., 1964.) 4s. 6d. net. See also p. 1019 of this issue of Nature. 


is put into the conduct of research and its application by 
British industry, and that these resources are distributed 
as wisely as possible between the various branches of 
science and technology, and between the main types of 
aetivity—basie research, applied research, development 
and information and advisory services. The Trend Com- 
mittee was, of course, charged with the responsibility of 
advising how far existing arrangements were appropriate 
for that purpose, and its recommendations are intended to 
provide a more efficient and effective structure, capable 
of meeting an increasing competition for scarce resources. 
Since the Research Council was first established as an 
executive body, expenditure on scientific and techno- 
logical research and development in Britain has doubled 
from about £350 million in 1956-57 to about £700 million 
in 1962-63. However, the gross expenditure of tho 
Department of Scientific and Industrial Research has 
increased from just more than £8-25 million to nearly 
£19-5 million. Although in earlier days the separate 
activities of the Department in encouraging academic and 
industrial research, and conducting research in the national 
interest, were separately planned, and control was kept to 
the minimum to ensure public funds were not wasted, 
closer attention to the selection and control of research 
programmes is now essential. 

Recently, the Research Council has come to the con- 
clusion that there are some shortcomings in the traditional 
pattern of control which could only be remedied if the 
Government took greater initiative. While these short- 
comings are not precisely identified in the report, the 
Council states that it found that this task of considering 
the implications of such wider responsibility in a demo- 
cratic society and finding effective tools for its discharge 
involved, first, identifying areas where the scale or pace 
of work is inadequate; secondly, discovering the reasons 
and suggesting possible ways of dealing with them; and 
thirdly, ensuring appropriate action. Within the orbit 
of the Council’s own responsibilities, important parts of 
the first two of these tasks have been entrusted to its 
standing Economics Committee, which reviews industries 
to discover where research and development are lacking, 
and its Research Grants Committee, which is directing 
special attention to important research fields where 
increased effort and better co-ordination of existing 
effort may be desirable. The Council’s statement is 
mainly concerned with the outcome so far of these 
enquiries. 

First, while techniques for surveying requirements, in- 
dustry by industry, are still being worked out, the Council 
is satisfied that surveys by economists and technologists 
afford a promising method: the findings can make a 
noticeable impact on key people in the industries con- 
cerned, and a careful follow-up of the recommendations 
can secure a larger and more balanced effort in research 
and development in which teaching and research institu- 
tions and industrial firms can all play their part. Clearly 
this activity is related to the activities of the National 
Economic Development Council, and the Research Council 
is now considering what help the Department could gtve 
to the economic development committees being set up by 
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the National Economie Development Council for par- 
ticular industries. This aspect, which is particularly 
concerned with faster economic growth and economic 
performance, may well assume greater importance in 
view of the evidence that, over the first five months of 
1964, industrial output has ceased to grow. 

The Economics Committee is also attempting to estab- 
lish sound economic criteria for national priorities in 
research and development. The Research Council reports 
that it is too early to say how successful this attempt 
may be, but in the absence of any details it would seem 
that such investigations are more appropriately made 
directly for the Advisory Council on Scientific Policy. 
This Committee has also been considering the national 
need for research and postgraduate investigations in 
applied economics. The Research Council’s own experi- 
ence indicates that available knowledge of the workings 
of the industrial economy is insufficient to provide a sure 
guide to policy. Difficulties have also been encountered 
in recruiting appropriately trained and experienced 
economists for work under the Committee, and the 
Council has transmitted its conclusions on the urgent 
need for more support for research ‘and training in 
economics to Lord Heyworth’s Committee on Social 
Studies. 

As regards research in universities and colleges, the 
Research Council records a disappointing response to the 
indication that it would welcome applications for research 
grants within those areas indicated by a survey made in 
1960 for the Advisory Council on Scientific Policy, which 
identified or confirmed important gaps in biology, tech- 
nology and some subjects on the fringe of two or more 
disciplines. It is clear that some expansion of research 
is needed in some branches of technology and biology, 
and the Council has modified its procedures where neces- 
sary to assist this purpose. Here it is assisted by a series 
of sub-committees, which review applications and make 
recommendations to the Research Grants Committee, 
and three of these sub-committees—technology, metal- 
lurgy and metals, and biology—are conducting reviews, 
sometimes with the help of special panels, to stimulate 
more research in areas where it is especially timely and 
promising. The technology sub-committee has now been 
divided into two panels, and a new sub-committee has 
been set up for computer science. 

Maintenance of the balance in research effort implies 
reconsideration of the level of support for work in 
established areas, particularly work requiring large teams 
or expensive equipment. Here the Research Council is 
particularly concerned with nuclear physics, which still 
absorbs about a quarter of tho money available for its 
research grants. This it does quite apart from expendi- 
ture by universities and colleges out of general funds and 
the large sums going to the National Institute for Research 
in Nuclear Science and the European Organization for 
Nuclear Research. Since important advances can only be 
made with large and very expensive equipment and a 
single project may need a large part of available resources, 
the establishment of priorities in nuclear research has 
become important. The Research Council states that it 
will not feel justified in assigning further large sums to 
nuclear physics unless it is first assured that its support 
for other branches of science and technology is adequate. 

It might be observed that the Secretary of State for 
Education and Science, or the Advisory Council on 
Scientific Policy, seem better placed and more appropriate 
for such decisions. However, clearly the problem is one 
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that the Council for Scientific and Industrial Research 
cannot escape, any more than it can escape involvement in 
some problems of policy to which it next directs attention. 
With expensive apparatus or large research teams, en- 
suring that the work is done in the most suitable place and 
in the most effective way may involve a choice between 
new or existing locations and cannot always be divorced 
from the personality of the professor directing it. Should 
such a professor move elsewhere, the Research Council 
must clearly satisfy itself that his successor is able and 
willing to develop the work successfully. Here and in other 
ways it may be difficult for the Research Council to avoid 
trespassing on academic autonomy, but the Research 
Council is manifestly anxious to face and solve such 
problems in close collaboration with the universities 
themselves. 

In determining changes necessary in the Department’s 
duties to achieve a balance of effort in its work for Govern- 
ment and industry, the Council has directed special atten- 
tion to its research stations, the research associations and 
civil research and development contracts with industry. 
In the whole field the Department’s present main respon- 
sibilities are: to undertake scientific research to advise 
Government departments, local authorities and other 
public bodies in the exercise of their responsibilities; to 
provide industry with basic scientific and technological 
data and standards of measurement; to be the vehicle 
for Governmental financial support for industrial research 
and development in the Department’s own stations 
and in industry; and to further the dissemination of 
the results of researches and their practical application. 
As regards the Department’s own stations, the Council 
expresses satisfaction with the results of the experiment 
with small compact steering committees in place of the 
large advisory boards, and considers that there is much 
to be said for small closely-knit groups when trying to 
keep research programmes flexible in the face of changing 
needs. This is contrary to the view of the Zuckerman 
Committee, which did not think that such steering com- 
mittees should be a normal feature in running a research 
establishment. Nevertheless, the Research Council is 
convinced that independent review committees can be 
useful in taking a wider look at the scientific and tech- 
nological needs against the background of university and 
industrial resources and the developing needs of the 
community. Such a committee is looking at the functions 
of the Water Pollution Research Laboratory. ` 

On the research associations, the statement records that 
the scheme has again been examined to ensure that the 
policy of support is rational and that the research associa- 
tions themselves—to the expenditure of which (more 
than £9 million a year) the Government contributes somo 
£2 million—are as vigorous as possible. The Council 
regards the traditional pattern of grant for associations 
which have passed their first stage of growth as inadequate. 
While there is now no suggestion that these associations 
are being forced to grow faster than their industries wish, 
the new grant policy still involves progressive stiffening 
of terms but in relation to the industrial circumstances 
of each association. Apart from seeing the association- 
develop their service to industry to the full and encours 
aging them to undertake sponsored work, the Council has 
now offered a new form of support in earmarked grants 
enabling them to undertake work for which they are best 
fitted, which is important in the national or long-term 
industrial interest, but which is unlikely to receive the 
necessary support or priority. The first of such grants 
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ras to the British Welding Research Association in 
apport of fatigue investigations of welded construc- 
ion. 

On research and development contracts the Council 
omments that its policy has been to confine support to 
rojects representing a major technical advance and 
or which another department is not already responsible. 
t recognizes that inevitably only a small proportion 
f those submitted would be accepted, but it is disap- 
)ointed that so few contracts have yet been placed. 
iecordingly, it is seeking to bring together the industrial 
isers, the manufacturers of machinery and equipment, 
ind scientists working in related fields, for example 
nachine tools and printers’ machinery, to specify projects 
vhich are likely to be technically feasible and com- 
nercially desirable. Again, a thorough survey has been 
nade of the field of superconducting materials and as a 
esult proposals are now being considered for research 
yoth in universities and in industrial laboratories in the 
hree main directions in which intensified effort is needed: 
‘undamental research into the properties of thin films and 
he mechanism of operation of superconductors; the 
sroduction of materials;and the construction and 
operation of superconducting magnets. 

Little is said in this section of the report about relations 
with the National Research Development Corporation. 
In spite of tho evidence of the competer:ce of the present 
Council for Scientific and Industrial Research, there are 
wider considerations not touched on in, or within, the scope 
of this report to which regard should be had before a 
final decision is taken on the relations between the Council 
and the Corporation, or whether the latter should be 
placed within the Board of Trade, or be rosponsible to 
the Secretary of State for Education and Science. This 
present report should ensure that the achievements and 
the limitations of the Council for Scientific and Industrial 
Resoarch aro fairly assessed when decisions are taken as 
to the future organization of civil research; however, the 
report by no means disposes of the arguments of the 
Trend Report. 

One other matter calls for comment. This year the 
Council gives a little moro space to its activities and 
responsibilities in the field of technical information, where 
it considers a transformation is needed in the traditional 
means of encouraging the adoption of new ideas by 
industry. Nevertheless, there is only the briefest account 
of the National Lending Library for Science and Tech- 
nology, now making loans at the rate of 5,500 a week, 
and making a survey of the use made of its resources and 
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an examination of the resources of the 2,000 organizations 
(more than half of them industrial concerns) to which it 
lends. The Council admits that the problem of com- 
municating to small firms that have no technical expertise 
is still largely unsolved, and that an efficient notworl 
of information centres requires far more resources than 
can be obtained from local industrial contributions. ft 
has now assisted the Scottish Education Department to 
foster a scheme whereby the four central tochnic.l 
institutions in Scotland and the Royal College of Scieneo 
and Technology, Glasgow (now the University of Strath- 
clyde), appoint out of their general funds officers of 
senior lecturer rank whose main responsibility is industrial 
liaison in the surrounding area. 

So much interest has been aroused by this innovation 
that the Council has made arrangements with the Ministry 
of Education under which existing regional technical 
information centres in England will be brought into th» 
scheme during the next three years. The Council doc: 
not regard this step as offering a final solution to thy 
problem, but it is of interest in indicating that tho Council 
now realizes the importance of measures on a national 
scale if the library and information needs of Britain us ù 
whole are to be served effectively. Tho same outlook 
can be seen in the new arrangements for the grant to the 
Association of Special Libraries and Information Bureaux 
(Aslib), under which the Council will be responsible for 
virtually the full cost, up to an annual limit of £20,000. 
of a, programme of research into documentation probleins 
of national interest, beginning with investigations on 
information storage and retrieval. This research gram 
is intended to enable Aslib to concentrate moro of it» 
resources on longer-range investigations and to build up a 
strong research team, and is independent of a second grant 
to the Association for other activities. Tho Council also 
concurs in the view of the Advisory Council on Scientific 
Policy as to the serious noglect of documentation research 
in Britain. It would be reassuring as woll as welcome if 
both Councils showed & keener awareness of tho way in 
which the various aspects of library development and 
information services are interlocked in Britain. Morcover. 
it would be pleasing to find that they were fully alive to 
the significance of the work of the Committee on Librari> 
appointed by the University Grants Committee and the 
Ministry of Education, of the early developmont of the 
new National Reference Library for Science and Inven- 
tion, and of the development of tho public libraries under 
the Public Libraries and Museums Act which received 
Royal Assent on July 31. 


^ FINANCING MEDICAL RESEARCH 


HE Office of Health Economics was founded in 1962 

by tho Association of the British Pharmaceutical 
Industry to undertake rescarch to evaluato the economic 
aspects of medical caro, invostigato from time to time 
other hoalth and social problems, collect data on expcri- 
ence in other countries, and publish relevant results, data 
and conclusions. Tho Office has now issued a papor * which 
puts the expenditure on medical research in the United 
Kingdom in 1961-62 at about £24 million, with a further 
£3 million for providing new buildings for research. More 


* The Finance of Medical Research. Pp. 32. (London: Office of Health 
Economics, 1964.) 28. 


than half this camo from Government funds, one-third 
represents the research expenditure of the pharmaceutical 
industry in Britain—about £7-8 million, compared with 
£2-8 million in 1953—and the balance is made up by 
modical research charities and trusts, such as tho British 
Empire Cancer Campaign or the Wollcome Trust. Medical 
research accounts for about 4 per cent of the total 
expenditure on research and development in tho United 
Kingdom; &bout 3-5 per cent of both Government and 
industrial research expenditure is devoted to medical end». 

There was a rapid increase in oxpenditure on medies] 
research in Britain in the fifties, that of the Medical 
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Research Council and of the pharmaceutical industry 
increasing more than three-fold, and expenditure by trusts 
and foundations probably even more rapidly. Expendi- 


ture by the Medical Research Council expanded faster 


than the expenditure on the National Health Service, and 
that of the pharmaceutical industry rose much more 
rapidly than the industry's total sales or sales to the 
health services. The rate of expansion in research ex- 
penditure by the Government and by industry appears 
to be slackening since the early 1960's. Half the medical 
research charities in Britain were founded or recon- 
stituted during the 1950's, and the trend appears to be 
continuing. Hight charities were responsible for £1-8 
million of the total expenditure on medical research from 
private sources of just more than £2-3 million in 1962 
(there was a further £1-6 million for buildings)—a figure 
which does not include direct donations from the public 
to universities or other medical research units—and, of 
this, £1:2 million came from the British Empire Cancer 
Campaign. Both the Imperial Cancer Research Fund and 
the National Fund for Research into Poliomyelitis 
contributed £400,000, and although the expenditure on 
research by the remaining charities is small, it increased 
from £128,000 in 1961 to £208,000 in 1962. The Mental 
Health Research Fund also increased its expenditure on 
research, in spite of a fall in income. 

The distinguishing feature of these charities is that they 
approach medical research in terms of diseases rather than 
along disciplinarian lines such as endocrinology or path- 
ology as in the universities, or by the pharmacological 
investigation of .chemical substances as in the pharma- 
ceutical industry. This varied approach gives them an 
important place in medical research and, although the 
magnitude of their contribution is not great in specific 
fields, its marginal effect can be significant. The paper 
instances research into multiple sclerosis, where, although 
voluntary societies have supported only 1 per cent of the 
effort, this 1 per cent has permitted a few research workers 
to work intensively and draw together the research effort 
in this field. 

Of the major trusts concerning themselves with the 
medical field, namely, the Wellcome Trust, the Nuffield 
Foundation, the Nuffield Provincial Hospitals Trust, the 
Leverhulme Trust and the Wolfson Foundation, the latter 
two tend to concentrate on providing buildings for general 
medical research purposes, rather than financing the con- 
duct of research. However, it is worth noting that almost 
half the £2 million allocated by the Wellcome Trust in 
1960-62 was for new buildings for established depart- 
ments with research reputations, and £450,000 of the 
£647,000 allocated by the Nuffield Foundation in 1961-62 
was for buildings. Both the trusts and the charities have 
a crucial advantage over Government agencies in the 
flexibility of their support, both in form and in direction» 
and the paper suggests that the volume of private bene- 
faction in the United States may have been an important 
factor in the lead established there in medical research, 

Medical research expenditure in the United States 
for 1961 is estimated at about £370 million, and at the 
beginning of the 1960’s it amounted to 3-6 per cent of 
the expenditure on health, compared with an expenditure 
in Britain on medical research of 2-7 per cent of the costs 
of the National Health Service. A total expenditure on 
medical research in 1961 of £35 million, instead of the 
£27 million, would have been needed to reach the ratio of 
medical research expenditure to all health expenditure 
prevailing in the United States, and, to match the pace of 
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expansion in that country, this would need to rise to £5: 
million by 1963. Furthermore, the expenditure on medica 
research in the United States in 1963 was almost half thi 
total cost of the National Health Service, but the pape: 
points out that, whereas the latter places the mair 
emphasis on satisfying present-day needs, in the Unitec 
States the Government’s responsibility for the health o: 
the community is discharged primarily through researck 
aimed at long-term improvement. 

Precise comparisons of national expenditure on researck 
are difficult and can be misleading, and probably the value 
of this survey lies rather in its analysis of the structure 
of the finance of medical research and its assessment ol 
the several factors that determine not simply the scale 
but the objectives of research. The mere fact that the 
pharmaceutical industry in the United States spends some 
£81 million on research, or ten times the amount spent by 
British industry, has little meaning apart from, such 
further analysis. The share of support between Govern- 
ment and industry is very similar in both countries: the 
most important difference in the sources of support is the 
larger proportion coming from charities and trusts in the 
United States—13-8 per cent compared with 9-7 per cent 
in Britain. Furthermore, since the beginning of the 1960’s, 
the Federal Government has been increasing expenditure 
on medical research at almost twice the rate of increase 
of Government expenditure for this purpose in Britain. 

This is particularly relevant in considering the expendi- 
ture on medical research of the pharmaceutical industry 
itself, and in noting the tendency for such expenditure 
by British industry to slow down its rate of expansion 
in the 1960’s. It is also noted that this has been attributed 
to the greater economic risks which the industry faces as 
a result of the erosion of patents and the general dis- 
couragement of the prescribing of branded products, from 
which the pharmaceutical firms undertaking medical 
research draw much of their revenue. The section which 
discusses the economie problems of industrial research is 
one of the most useful in the paper, for it brings out the 
issues involved in the general question of research and 
economic growth and the weakness of the patent pro- 
tection which the products of medical research really 
enjoy. Scientific knowledge, research and innovation 
have yet to find a place in the framework of economic 
analysis, and the economie model of a firm based on 
marginal costs and returns has little relevance in under- 
standing the problems and growth of science-based 
industry. f 

The present pharmaceutical industry is principally a 
creation of research, but research is not a direct cost of 
production: it is an overhead cost, and marginal analysis 
tends to ignore the implications of overhead expenditure. 
The paper explains clearly the difficulties that arise in 
considering the impact and place of research, and par- 
ticularly the nature of research overheads, which have 
been consistently ignored in recent debates in the House 
of Commons when the supply of drugs to the National 
Health Service has been under consideration. Little 
appreciation was then shown of the greater risks of losing 
the advantages that the patent system was intended to 
afford in support of research and which the holder of a, 
patent originating from pharmaceutical research faces 
through his greater liability to compulsory licence. 

Here again the paper brings to the forefront the real 
problem. It is true that the magnitude of the financial 
support for medical and allied research is a key factor in 
determining the speed of medical progress, but the 
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financial backing is by no means the only factor. More- 
over, while inadequate support may limit the rate of 
advance, an increase in funds does not necessarily lead to 
an acceleration. The intractable character of some prob- 
lems may mean that advance depends on progress in other 
fields, not obviously related, and even so, new under- 
standing makes no impact on health until it is translated 
into new medical procedures. 

The paper does well to point out that under the 
National Health Service there is now no danger that the 
public will be deprived for economic reasons of the benefits 
of medical research, a danger which the safeguard of 
compulsory licensing in the patent system was originally 
intended to avert. There is, on the contrary, the question 
how far the system now affords sufficiently effective 
protection to ensure a flourishing and progressive pharma- 
ceutical industry in Britain, but behind this lie the more 
fundamental questions asked in this paper: how much 
should be spent by the Health Service on medical goods, 
and where does the balance of public advantage lie? 
Does it lie in stimulating medical research or in obtaining 
short-term economies in National Health Service ex- 
penditure ? 

These questions dig at the very roots of the issues 
concerned with the relations between the research-based 
industries supplying medical goods and the Health 
Service. Public accountability for expenditure has tended 
to emphasize the Government’s present responsibility at 
the expense of the long-term commitments with which 
‘the Federal Government is primarily concerned in the 
United States. Moreover, appraising the economics of 
these industries in traditional terms, with excessive 
emphasis on costs of production, and failing to take into 
account the relation between research and production, 
only aggravates the problem. Nor does it help to ignore 
the implications of the use of trade-marks or brand names 
by industrial firms to protect their discoveries. To the 
inventor these also are part of the means of financing 
further research, and some 95 per cent of branded 
medicines prescribed under the National Health Service 
are manufactured by companies undertaking major 
research programmes. While some of these products 
are not the results of present-day research, all carry 
a share of its cost. 

There is no simple way to judge whether Britain’s 
present expenditure of some £27 million on medical 
research is either too low or too high or approximately 
right. There can be no objective standard for the right 
level for expenditure on medical research. This arises 
from the nature of research. What should be remembered 
is that the progress of medical science is a dominant factor 
affecting expenditure on the National Health Service, 
but the motive force of this progress is not economic, 
Where research is financed through revenue from the 
Health Services, the search for economies can impede 
research. In recent years finance for medical research 
which does not come from sales to the National Health 
Service has risen faster than that which does. 

The conflict between the claims of present-day respons- 
ibility for health expenditure and long-term responsibility 
for the health of the community was implicit in the dis- 
cussions in Parliament over the costs of drugs. Here it is 
brought out explicitly, with the warning, too, that depres- 
sion of one sector of medical research may lead to false 
economies. When the question of the costs of medical 
care predominates, there may be a strong argument for 
encouraging lines of research which combine lower costs 
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with more effective care, and the paper instances, a» a 
promising field, lines of investigation making feasible 
domiciliary rather than hospital treatment. 

The final assessment of the level and direction of 
medical research must depend on the broad issucs of 
health and welfare of the community, not on narrow 
economic considerations. The level, moreover, may be 
adequate, but the allocation of resources may be poor, 
and this is at present tied closely to the system of financial 
support. We should be asking whether the right oppor- 
tunities are being taken, whether funds at present spent 
on cancer or poliomyelitis research might return greater 
benefit if directed to the field of mental health, and 
again, whether if so much research is pursued along the 
lines of medical disciplines there may not be excessive 
concentration on the therapeutic rather than the pre- 
ventive aspects of medicine. The paper does not pretend 
to give the answers to the searching questions which it 
asks, but it puts the whole problem of medical research 
into a perspective which should facilitate realistic and 
reasonable discussion. 


FIBRE STRUCTURE 


Fibre Structure 

Edited by Dr. J. W. S. Hearle and Prof. R. H. Peters. 
Pp. xxv + 667. (Manchester: The Textile Institute: 
London: Butterworth and Co. (Publishers), Ltd., 1963.) 
126s. 


OR the fifteen years since it was first published, 

Preston’s Fibre Science has been a standard text in 
university courses in textiles. In recent years, however, 
its usefulness has been diminished by progress in the 
development of new fibres and in the understanding of 
old ones. The time is ripe, therefore, for a replacement, 
and this book on Fibre Structure is designed to that end. 
The general scheme of the new volume is similar to that 
of the old (it comprises a number of separate contributions 
which are, in fact, based on lectures delivered in a 
course at Manchester in 1959), but in one important 
respect there is a change. Fibre Science was aimed at the 
ordinary undergraduate or non-specialist; to a largo 
degree it retained the philosophy of  Astbury's 
Fundamentals of Fibre Structure that the basie sciences, 
as well as their special application to fibres, were 
unfamiliar to the reader. This volume is, in general, 
more sophisticated, and should appeal rather to honours 
students or postgraduates. 

The title phrase is taken to cover not only molecular 
and fine structure but also grosser features of morphology 
and external characteristics, and the book is thus divided 
into three sections dealing with texture on three different 
levels. The first section opens with a discussion by 
Sharples of chain configuration in cellulose solutions and 
the possible chemical inhomogeneity of cellulose. In 
connexion with this latter topic I noted one of the few 
instances of discrepancies between different contributors, 
for Sharples can accept no more than about 1 per cent of 
non-glucose sugar in cellulose hydrolysates, whereas 
Preston, in & subsequent chapter, cites one source of 
what he defines as cellulose which contains as much 
xylose as glucose. The other chapters in this section del 
with synthetic polypeptides and proteins (Bamford and 
Elliott), with nothing new but giving a good review, 
particularly of the chemistry and physics of the poly- 
peptides; and with synthetic fibre-forming polymers 
(Goodman) and tactic polymers (Gordon), two chapters 
which I thought exceptionally good. My only adyersc 
criticism of this section on molecular structure, and J 
hope that this is not tendentious, is that it would have 
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been nicely rounded off by a chapter on wool chemistry. 
Certainly those (there are still & few of us) who regard 
the study of wool as something of a cult will agree that in 
this one respect Fibre Science surpasses its successor. 

. The second section of the book is, perhaps, the most 
important, since it deals with topics which are more 
controversial. It starts with an introductory chapter 
(Hearle) of a historical character, which surveys the 
development of micellar/fibrillar hypotheses and describes 
the author’s own fringed fibril concept. A feature of this 
chapter is the attention directed to the ideas of Kargin and 
his school; but, in trying to be fair, Hearle has been too 
objective in his treatment, quoting extensive extracts 
from the Russian papers without criticism. In particular, 
to offer to students without comment the notorious 
fragment “Electron microscope investigation of cellulose 
and its ethers reveals that they are amorphous and that 
the entire electron diffraction pattern is determined by 
the ordered arrangement of atoms in the molecule of 
cellulose and this gives evidence of the absenco of strict 
order in the mutual distribution of their molecules” 
is distinctly unwise. In my opinion, the apparent 
unorthodoxy of Kargin’s views arises largely out of a 
lack of agreement as to the proper definition of such 
terms as “‘crystalline’’, “amorphous”, and “oriented”. 

The chapters on fine structure in plant fib:es (Preston) 
and animal and man-made fibres (Sikorski) emphasize the 
part which electron microscopy plays in structural 
investigations nowadays; since both emanate from Leeds 
it would be improper for me to do more than mention their 
scope. Preston’s contribution is largely basod on his own 
work on algae and wood tracheids, and Sikorski’s does 
something to redress the comparative neglect of keratin 
in previous chapters. "Treloar (the non-crystalline state) 
and Keller (crystallinity) have complementary topics. 
Treloar deals somewhat briefly with mechanical properties, 
with a good introduction to transition phenomena. 
Keller gives a very readable account of a fascinating field 
of study only marred by a teasing tendency to stop a 
discussion with the apology that space does not permit 
more. He is, of course, chiefly concerned with crystalli- 
zation from the melt or from solution, whero the evidence 
for folded chains is now conclusive; the phenomenon of 
fibrillation in drawn fibres he regards as one which 
illustrates the inadequacy of our knowledge of fibres at 
present, an opinion which is echoed by Thompson in a 
later chapter when he notes that “. . . the final fibre 
structures are very similar whether crystallization occurs 
first at spinning or is delayed until drawing". 

The remainder of the book deals with grosser structural 
characteristics, surface and fibre morphology, skin and 
core effects, and other properties which are important in 
end-produet use or in the technology of fibre manufac- 
ture. It also includes, as a welcome luxury, chapters on 
glass (Jellyman) and asbestos (Whittaker) fibres. 

There is no doubt that Fibre Structure will exert a very 
considerable influence on the teaching of fibre science at 
the higher levels for a long time, and the standards of 
topic and presentation are such that this influence will be 
mostly for the good. It is a pity, therefore, that the 
editorial introductory chapter should fall below the 
general level of excellence; it is here that I noted the few 
examples of inadequate proof reading (dicarboxylic acids 
HO(CH5), COOH on p. 5, wrong formule III (p. 6) and 
VI (p. 8); and if II (p. 6) is not wrong it seems particu- 
larly inapt for student consumption). There are also one 
or two examples of factual error, particularly in references 
to keratin; but perhaps more disturbing, since we often 
grumble about the standard of student English, is the 
number of inelegances in the editorial English, of which 
one example will suffice: “The disposition of the cells 
varies with the fibre and may be peripheral, as in mohair, 
or @>mposed only of one kind". Having just finished 
marking degree scripts, I am in no mood to stomach this 
sort of thing in & text-book! H. J. Woops 
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BRYOPHYTE BIOLOGY 


The Structure and Life of Bryophytes 
By E. V. Watson. Pp. 192. (London: 
Co. (Publishers), Ltd., 1964.) 15s. net. 


HE writing of a small book on a very large subject 

is not an enviable task; it is a task, however, which 
Dr. E. V. Watson has fulfilled and fulfilled admirably. 
In spite of the fact that this is one of the “University 
Library” series, is may be recommended whole-heartedly 
to other than university students—a tribute in itself in 
days when ‘student’ and ‘university student’ are often 
thought of as synonymous, and books so tailor-made for 
syllabuses as to deter the ‘amateur’ who learns for the 
pleasure of learning, and whose existence is frequently 
ignored. Dr. Watson obviously enjoys his subject, and 
thus writes enjoyably. Abundant references for those 
who wish to take any point further are skilfully interpo- 
lated without losing the thread of a discussion or the flow 
of reading matter. 

The title of the book gives a true idea of its contents, 
and every aspect of bryophyte biology is dealt with. 
Taxonomy, physiology, ecology . . . all disciplines are given 
their rightful, equal place, and Dr. Watson takes a 
thoroughly balanced view. As with most modern 
biological investigations, the phylogenetic aspect is 
stressed, though some might consider the opening sentence 
of the concluding chapter—'"The gross morphology of a 
bryophyte is chiefly of interest in an evolutionary 
context”—to be going a bit far. Few will quarrel with 
the statement that the clue to phylogeny is to be found 
in the aberrant (taxonomic entities); rather might this be 
extended to the downright teratological. It is good to see 
(p. 87) natural relationships stressed against technical 
characters even of the sporophyte. Too often natural 
genera have been split on such characters (Tortula, 
Polytrichum). On the other hand, through lack of them, 
even the family of & well-known species, for example the 
plant known as Trichostomum sinuosum, may remain 
somewhat in doubt. 

It may be noted (apropos of the differences between 
Calobryum and Haplomitrium, p. 45) that Berrie 
(Proceedings of the Linnean Society of New South Wales, 
87) has already aired Schuster’s conclusion that the 
distinctions between these two genera are invalid. 
Orthotrichum does not always have the peristome teeth 
reflexed (p. 86). Of the mosses with ‘amphigastria’, the 
Rhacopilaceae simulate hepatics rather more than the 
Hypopterygiaceae. I myself feel that the number of 
bryophytes found in the tropics and temperate zones of 
both hemispheres will be higher than that of flowering 
plants as the monographic revisions so much desired by 
Dr. Watson and all bryologists are accomplished (p. 156). 
Unfortunately, since “bryophytes are unlikely to achieve 
great economic importance” (p. 175), these revisions aro 
likely to remain as pathetically small as the number of 
full-time bryo-taxonomists. .. . Practically cosmopolitan 
species are not confined to the ‘weedy specios’. Campylopus 
introflexus, for example. has a tremendous area. The 
occurrence of the otherwise Australasian genus Echinodium 
in Maearonesia (p. 158) looks even more remarkable when 
we credit the area with Gollania (mainly far eastern) and 
Tetrastichium (South American affinities). Among the 
adaptations to xerophytic conditions, mention might have 
been made of strongly contorted leaves in the dry state, 
exposing chiefly the multistratose nerve to the influence 
of the atmosphere (for example, Tortella nitida, Timmiella 
spp.). The selection of material for the ecological s»ction 
must have caused as much heart-searching as for that on 
geography, but it is a pity that mention could not have 
been made of Tutin’s remarkable photographs of zonation 
of epiphyllous liverworts in the article by Richards in the 
Manual of Bryology. 
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These, however, are some of a legion of thoughts 
arising from Dr. Watson's book rather than criticisms. 
No doubt all its deservedly many readers will be similarly 
stimulated, and many postgraduate research workers will 
be grateful for the fruitful leads which the author supplies. 

C. C. TOWNSEND 


WHAT IS COMPARATIVE 
ENDOCRINOLOGY ? 


Comparative Endocrinology 

Vol. 2. Edited by U. S. von Euler and H. Heller. Part 1: 
Invertebrate Hormones. Part 2: Tissue Hormones. Pp. 
xiii + 282. (New York: Academic Press, Inc.; London: 
Academic Press, Inc. (London), Ltd., 1963.) 86s. 


N reviewing Volume 1 of Comparative Endocrinology 
(Nature, 201, 120; 1964) I emphasized the exciting 
phase into which the subject has now entered, but pointed 
out that it has not, in Britain, yet gained that recognition 
which is its favoured lot throughout the world. However, 
this comment does not apply to insect endocrinology 
which, largely due to Sir Vincent Wigglesworth, has been 
8 recognized and dynamic field for three decades or more. 
It was the more surprising and disappointing to find that 
Part 1 of Volume 2, “Invertebrate Hormones”, occupies 
only some 62 pages. 

In tho first section, L. I. Gilbert considers “Hormones 
Controlling Reproduction and Molting in Invertebrates". 
He deals mainly with arthropods and particularly with 
the insects. Crustacea are cursorily dismissed in five 
pages. In the part on insect metamorphosis, the Holo- 
metabolous insects are emphasized to the almost complete 
exclusion of the Hemimetabola. The text arouses the 
curiosity, but by lack of information fails to satisfy it. 
For example, “‘. . . thorough study of the subspiracular 
glands in the Cecropia silkworm during all stages of 
development and obtained evidence of secretion at 
several critical stages”. The nature of the studies is not 
described, nor are the critical stages given. The addendum 
is very scrappy and incomplete and should not, in any 
event, occur in this type of treatise. As a whole, instead 
of boing a critical synthesis of the present state of know- 
ledge, this part is a collection of selected findings from 
which the reader will have difficulty in discerning any 
emergent pattern. The second part, which includes 
insects and is a description of gross structure of neuro- 
secretory systems by F. G. W. Knowles, is too short and 
superficial to be of any real value. 

Part 2 comprises & miscellaneous collection of articles, 
including those on kinins, heparin, lipid anions, 5-hydroxy- 
tryptamine, cholinergic and adrenergic neurohormones 
and histamine. Whether all these varied compounds 
should be classed as endocrine is in doubt and certainly 
not enough is known to justify their presence in ““Compar- 
ative Endocrinology". It is the strength of the compara- 
tive approach that a variety of animals, especially those 
below the sub-class Eutheria, can be considered. By so 
doing, light is thrown on fundamental processes of wide 
applicability, in animals wherein there is greater ease of 
access and fewer complicating factors. 

A rag-bag of so-called ‘tissue hormones’, knowledge 
of which stems almost completely from a few mammalian 
laboratory animals, certainly makes no contribution to 
‘comparative endocrinology’. The articles might be 
considered useful if they urge comparative physiologists 
to look further. If this were the rationale of the editors 
it would have been justified if they had been included in 
Volume 1. As it is, Volume 2 serves comparative endo- 
erinology ill in being neither particularly comparative 
nor unequivocably about hormones. 

' I. CHESTER JONES 
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NUCLEAR PHYSICS 


Progress in Nuclear Physics 
Vol. 9. Edited by Prof. O. R. Frisch. Pp. v + 310. 
(London and New York: Pergamon Press, 1964.) 90s. net. 


HIS ninth volume deals with a variety of detection 

methods and with theoretical and experimental 
investigations, mostly, but not wholly, in the field of high- 
energy physics. Though research, in most of the matters 
considered, is still moving fast, a great deal of data oxist, 
and the present book provides valuable information on 
the subjects considered. 

The first two articles are devoted to electronic mothods 
of particle detection, namely, “Spark Chambers" by 
J. G. Rutherglen, and "Semiconductor Countors" by 
G. Dearnaley. In the former the mechanism of spark 
production is fully discussed. A short description of some 
of the essentials of spark chamber operational techniques 
follows, and a number of valuable references are given for 
those wishing to set up complete systems. Of particular 
interest is the account given of the offects of cloarance 
field on spark alignment, and of the assessment of track 
accuracy. In the second article the essential character- 
istics of the depletion layers of semi-conducting counters 
are outlined. The relative merits of this type of counter 
are well exemplified, in particular the energy measurement 
of short-range, slowly moving and heavily ionizing 
particles. Some of the disadvantages aro also referred to, 
such as the very high noise background, experienced in 
fast rise time work, and the methods of combating this 
by fast-slow coincidence methods. 

Then there is an article on ‘Theoretical Techniques of 
High Energy Beam Design" by N. M. King. It is ofton 
difficult to have at one's disposal a physical account of 
the principles of beam design, since beam design manuals 
often list only the computational parameters. This 
article provides such a physical description admirably. 
Details are given of the trajectories and phase space 
parameters of the particle beams for quadrupole and 
main bending magnets, and of fringe field offects. The 
properties and difficulties of electrostatic separators are 
outlined. 

The ‘Introduction to the Structure Analysis of Collision 
Amplitudes” by R. J. Eden deals with the developmont 
of dispersion theory and the relation of its singularities to 
perturbation theory. Starting with derivations from 
causality, it leads to a discussion of the analyticity 
properties which hold in collision problems. Some of 
these sections may not be found easy, as the author 
himself seems to fear, but there are many roferences 
available. Two important interaction problems are 
helpfully mapped out and provide some of the undorlying 
steps of a full analysis. The role of Regge poles in 
asymptotic behaviour is briefly indicated. 

This is followed by a detailed 100-page article on “The 
Interaction of Strange Particles with Nuclei” by E. H. S. 
Burhop, D. H. Davis and J. Zakrzewski. A valuable 
introductory account is given on the interactions of kaons 
and hyperons with nucleons, and on mesic capture. The 
generalizations made to nuclei provide data on neutron 
reactions and, of particular interest, on thoso yielding Y 
particles among the final states. But in the presence of 
the other nucleons, other processes such as internal 
absorption can intervene, and these are detailed. 
Hyperfragments are discussed separately and a useful 
short analysis is given of A-nucleon binding forcos. 

Finally, there is the article on ‘Electromagnetic 
Properties of the Muon” by F. J. M. Farley. It is a very 
comprehensive and exciting story of recent electromag- 
netic measurements leading to definite specifications of 
the spin, mass and, particularly, the magnetic propegties 
of this particle, and raising throughout the intriguing 
question of muon-electron differences. 
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Throughout the book there are abundant references, 
though these end mainly in 1962. The print is of good 
size, and the book is a pleasure to read. 

G. M. Lewis 


PROGRESS IN NUCLEIC ACID 
RESEARCH 


Progress in Nucleic Acid Research 

Edited by J. N. Davidson and Waldo E. Cohn. Vol. 1. 
Pp. xiv + 424. 93s. Vol. 2. Pp. xiv + 346. 88s. 
(New York: Academic Press, Inc.; London: Academic 
Press, Inc. (London), Ltd., 1963.) 


HE rapid advance of biochemistry has been 

accompanied by an increase in both the number 
and size of journals; if one had to read every paper 
written in the field, there would be no time left for research 
work. This is especially true of the central field of nucleic 
acids; the scientific literature in this field has been 
growing exponentially since 1947 with a doubling time of 
about two-and-a-half years. As a result of this rapid 
growth, specialization has increased greatly, and there is 
a real danger that the fragmentation of the field will 
hamper scientific advance. There is, therefore, a great 
need for publications in which specialists can summarize 
and critically assess new developments, and this is 
precisely the main aim of the editors of Progress in Nucleic 
Acid Research. Volume 1 contains eleven articles which 
cover & large range of subjects. F. J. Bollum discusses 
the role of primer in DNA polymerase reactions. He 
draws a careful distinction between two kinds of ‘primer’. 
The first, shown by oligodeoxyribonucleotides for calf 
thymus polymerase, leads to chain extension; in this 
case the primer is incorporated into the product and acts 
as an initiator in a linear condensation polymerization. 
The second type of priming is the better-known one; here 
the DNA primer is used as a template and guides the 
structure of the replica. It is, however, still not clear 
whether the polymerases extracted from cells are indeed 
the enzymes which act in DNA replication in the cell. In 
the case of the E. col polymerase of Kornberg, the 
polymerization proceeds in only one chemical direction, 
whereas we know that in the cell both chains of DNA are 
copied together in one direction. It is conceivable that 
the polymerases may be enzymes used to repair DNA in 
the cell and the real replication enzymes remain to be 
discovered. The fact that many polymerases have an 
absolute requirement for denatured DNA as a primer 
may reflect their repair function, and Bollum discusses the 
difficulties involved in constructing models of replication 
based on the enzyme experiments. 

Two articles deal with RNA synthesis. R. M. S. Smellie 
gives a useful general review of the subject, and directs 
attention to a group of enzymes with very curious and as 
yet unexplained functions. For example, there is an 
enzyme which is responsible for the incorporation of UMP 
residues alone, and there are other enzymes which can 
form homopolymers of adenylic acid. The second article 
by Hurwitz and August discusses the biochemistry of the 
DNA primed-RNA polymerase, the enzyme which is 
responsible for the transcription of DNA into RNA. This 
article contains an excellent summary of the careful 
experiments done by Hurwitz and his collaborators. 
M. Grunberg-Manago writes on polynucleotide phos- 
phorylase. This is a most valuable article, since it 
collects in one place all the essential findings about this 
enzyme. 

The paper on messenger RNA by F. Lipmann 
rewiews the background of this subject and also 
discusses the interaction of messenger RNA with ribo- 
somes, and the possible mechanisms of protein synthesis. 
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The details of this process are still not clearly under- 
stood. 

The review of the coding problem by F. H. C. Crick is a 
clear analysis of the status of work in this field, and 
discusses both the genetic studies and the experiments 
using synthetic polynucleotides. It becomes clear that 
the genetic code may be cracked, but it is not yet broken, 
and much further rigorous work will have to be done to 
provide the definitive codon dictionary. 

Bendich and Rosenkranz present “Some Thoughts on 
the Double-Stranded Model of Deoxyribonucleic Acid”; 
their main theme is that all is not yet solved. They 
suggest that DNA structures other than the classical 
Waitson—Crick structure may occur in cells and they direct 
attention to the possibility that DNA molecules may be 
linked by amino-acids or small peptides. These ideas run 
against the main trends in this field, and the evidence on 
which they are based will have to be very carefully 
evaluated. They claim that in some viruses and 
spermatozoa the volume occupied by the DNA, if it were 
exclusively in the doubled-stranded form, is larger than 
the volume available. The table illustrating this 
contention on p. 226 contains much misleading informa- 
tion particularly in the cases of 7'2 and S13. 

There are three articles on the structure and physical 
chemistry of nucleic acids. Marmur, Rownd and 
Schildkraut have written an excellent review of 
“Denaturation and Renaturation of DNA"; Spirin 
reviews the structure of RNA and Luzzati writes on the 
structure of DNA as determined by small angle X-ray 
scattering. Finally, A. Wacker reviews the work on 
molecular mechanisms of radiation effects. 

The editors have set a high standard in this first 
volume of the series. They are to be commended for the 
international character of the book. Above all, they must 
be congratulated on their powers of persuasion: every- 
body knows how difficult it is to elicit review articles 
from busy investigators. 

Volume 2 maintains the standards set by the editors in 
the first volume. It contains a very important article on 
chemical mutagenesis by D. R. Krieg. We now know that 
there are major difficulties in trying to identify the 
nucleotide changes at induced mutational sites. The 
degeneracy of the genetic code and the possibility that 
many amino-acid changes will not produce defective 
proteins make the genetic analysis almost intractable. 
In addition, we just do not know all the chemical changes 
produced by mutagens in DNA, and in many cases 
there is no justification for assuming that the major 
chemical reaction has anything to do with mutation 
induction. Kreig’s article is very clear and balanced 
and includes an analysis of all the mutants of the T4 rry 
genes. 

The article by Cavalieri and Rosenberg challenges the 
importance of Watson-Criek base pairing in guiding 
nucleic acid copying. They propose an alternative scheme 
in which specificity in copying is given by stacking 
interactions between bases rather than by hydrogen 
bonding. The article is speculative. 

H. Harris’s article centres around the question of the 
stability of messenger RNA. Must unstable RNA always 
be called messenger RNA and must messenger RNA 
always be unstable? Harris emphasizes that there is a 
nuclear RNA in animal cells which appears to be unstable 
but does not appear to be transferred into the cyto- 
plasm. 

R. Markham writes on plant virus nucleic acids, and 
he critically reviews the role of the RNA as a messenger, 
and the reports claiming synthesis of infectious tobacco 
mosaic virus RNA. 

The other articles in the volume deal with chroma- 
tography of oligo- and poly-nucleotides (Stahelin), the 
mechanism of action of aza-pyrimidines (Skoda), sRNA 
(Brown) and an analysis of the mechanism of RNase 
(Witsel). S. BRENNER 
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Encyclopedia of Chemical Technology 

By Kirk-Othmer. Vol. 3: B to Calcium. Second, 
completely revised edition. Pp. xvi + 927. (New York 
and London: Interscience Publishers, a Division of 
John Wiley and Sons, 1964.) 3385. 


Fe an encyclopedia of chemical technology to be 
useful to the chemist and chemical engineer in 
industry, university or in a research organization, it must 
be as near perfection as possible. To achieve this perfection 
can be no easy task, since over the past decade, chemical 
technology has expanded to unbelievable levels. The 
editors of *Kirk-Othmer", supported by a large team of 
expert authors and reviewers, are to be congratulated on 
providing a compendium of information of chemical 
technology that is as near to perfection as possible, up to 
the time of printing. Every article, expertly written, 
contains a mass of information of industrial methods, 
materials, processes, equipment and, where possible, 
information on storage, transport, health and safety 
aspects. In certain cases details are given of new 
industrial research processes: that are both in operation 
and at the experimental stage. 

The third volume of the revised Encyclopedia of Chemi- 
cal Technology covers 43 articles ranging from “Bacterial 
Infections” to “Calcium Alloys". The subjects reviewed 
follow closely those chosen in the first edition. In 
general, new articles cover materials which over the past 
decade have become of increasing industrial importance. 
For example, there is an article on “Bentonite”, a clay 
that displays strong colloidal properties, and which is put 
to a multiplicity of uses in the pesticide, paint, abrasive, 
detergent and food industries. Also included are "Optical 
Brighteners", an article that summarizes the various types 
of fluorescent organic chemicals that are of utmost 
importance to the manufacturers of detergents, plastics 
and textiles. The omission of a selection of trade names 
in this article is to be regretted. In the analytical field, 
there is a good review on “Bioassays”’, where special 
reference is given to underlying theories and calculations. 

It is disappointing to note the omission of the collective 
article on “Building Materials", a subject that is of world- 
wide importance. Although no cross-references are given, 
one must assume that this omission will be partially 
remedied by the inclusion in later volumes of separate 
articles on individual materials. K. FELD 


Local Rings 

By Masayoshi Nagata. (Interscience Tracts in Pure and 
Applied Mathematics, No. 13.) Pp. xii+234. (New 
York and London: Interscience Publishers, a Division 
of John Wiley and Sons, 1962.) 83s. 


HIS book presents an up-to-date account of a 

flourishing branch of abstract algebra, to which the 
author has made notable contributions. It is No. 13 in 
the series of Interscience Tracts in Pure and Applied 
Mathematics. After an introductory chapter on ‘‘General 
Commutative Rings” there are chapters on “Completions 
and on Multiplicities”, followed by a chapter on the 
“Theory of Syzygies". The latter is a new theory, 
taking the place of homological methods. As & result, 
homological algebra is not used in the book and the 
author claims that his theory is simpler than that based 
on homology theory. Later chapters cover the theory of 
complete local rings, geometric local rings and Henselian 
rings and Weierstrass rings. In an appendix, there is 
a valuable historical account of many of the important 
results in the text; there is also a comprehensive biblio- 
graphy. 

The exposition is somewhat condensed, although it is 
systematic, and it is assumed that the reader is already 
familiar with a good deal of the necessary background, 
in abstract algebra. The book is, in fact, for the specialist, 
but since it is virtually the only account of the subject 
it will be indispensable to every mathematician doing 
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research on the theory of local rings. It is perhaps a little 
disappointing that the book does not reveal more of the 
geometric motivation behind the subject, and the 
algebraist who wishes to link up with this will have to 
study independently the subject of algebraic geometry. 
L. S. GODDARD 


Aspens 

Phoenix Trees of tho Great Lakes Region. By Prof. 
Samuel A. Graham, Robert P. Harrison and Casey E. 
Westell, jun. Pp. xiii + 272. (Ann Arbor: Univorsity 
of Michigan Press; London: The Cresset Press, Ltd., 
1963.) 7.50 dollars; 50s. net. 


HIS book is devoted entirely to the two aspens that 

occur in the Great Lake Region of North Amorica, 
that is, the trembling aspen. (Populus iremuloides) and the 
bigtooth aspen (Populus grandidentata), so named because 
of its deeply indented leaves. The trembling aspen is & 
very common and widely distributed tree in North 
America, where it reaches 100 ft. Itis transcontinental in 
its range and occurs from northern Mexico or California 
to the frozen tundra of Alaska. Itis the only Californian 
tree to do so. The bigtooth aspen is less widely distrib- 
uted, occurring from Maine and southern Canada to 
Tennessee and North Carolina. These two trees are of 
great importance in th» forest ecology of some parts of 
North America and it is pleasing to note that they have 
received such close attention and study. Would that 
other trees in other parts of the world that are important 
constituents of the native forests could receive similar 
attention. 

Both these species have been cultivated in other 
countries, including the British Isles, where they have not - 
shown great promise or grown as well as other North 
American species of Populus. 

In this work, the two trees have been studied from all 
angles, with the main emphasis on their ecology. Pests, 
diseases, sylviculture and utilization—all figure promi- 
nently. In recent years the trees have become of more 
and more importance as sources of paper pulp. Some of 
the work of postgraduate students, who have worked on 
specific problems concerned with aspens, is incorporated 
in the book and is acknowledged, as is financial assistance 
gratefully received from the forest industry of Lower 
Michigan. F. N. Howes 


Vegetative Anatomy of Plants 
By H. G. Burström and Camilla Odhnoff. Pp. 148. 
(Stockholm: Svenska Bokförlaget, 1964.) n.p. 


IE is no mean achievement to write a good introduction 
to plant anatomy in a book of only 148 pages. It is 
true that the authors’ task has been made easier by the 
omission of any reference to floral anatomy, but, even so, 
they have succeeded in presenting the essentials of the 
subject very effectively. The language is simple, technical 
terms are not needlessly numerous and the meaning of 
each is clearly defined wherever it is first presented. The 
book is clearly and adequately illustrated. Tho text is 
based on a course of lectures given as part of the curricu- 
lum for a Swedish M.Sc. degree. The authors’ special 
hope is that it will give an adequate introduction to plant 
structure to those botanists whose interests are mainly in 
plant physiology. The subject is covered in four main 
sections dealing respectively with the plant cell, the forms 
of colls and their mode of origin, the histological 
differentiation (ontogeny) of the plant body and ecological 
anatomy. Thero is a selected bibliography of 240 titles 
and an index. 

Although the brevity of the book inevitably imposes 
limitations on its content, it is an admirable text for the 
type of readers for whom it is intended. It is to be hoped 
that the spelling will be more carefully checked in future 
editions. C. R. METCALFE 
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LIFETIMES OF GEOMAGNETICALLY TRAPPED ELECTRONS OF 
SEVERAL MeV ENERGY 


By JAMES A. VAN ALLEN 


Department of Physics and Astronomy, State University of lowa, lowa City 


as loss of charged particlos from trapped orbits in 
tho magnetosphero is a complex physical process, 
which is not characterized by any simple law. Hence it 
is not possible, in the strict senso, to define a single 
parameter which characterizes their lifetime. Neverthe- 
less, thore is now a large body of observational knowledge 
of the monotonic decrease with time of the intensities of 
trapped particles following a natural or artificial injection 
of such particles. The most definitive knowledge on the 
loss of energetic electrons comes from investigations of 
the time history of nine artificial radiation belts which 
have been produced by U.S. and U.S.S.R. high-altitude 
nuclear explosions in 1958 and 1962. In Fig. lis shown a 
sample set of curves of intensity versus time for the 
fission-decay electrons from the Starfish nuclear explosion 
of July 9, 1962, as observed with satellites Injun I and 
III. The counting rate is that of a small, heavily shielded 
Geiger tube (designated SpB) which detects the trapped 
electrons via their intermediate bremsstrahlung in the 
shield. The response of the SpB detector? is due primarily 
to electrons the energies of which lie in the range 1-5-5 
MeV. The curves of Fig. 1 are for a particular value, 
1-25, of the McIlwain magnetic shell parameter L and for 
a succession of values of the scalar magnetic field B within 
that shell. It is clear that there is a relatively rapid 
decrease of intensity within the first ~1,000 h after 
injection and that this transient period is followed by 
a much longer one characterized by an approximately 
constant slope on a semi-logarithmic plot. It is note- 
worthy that the value of this slope is independent 
of B. 

For L < 1:25, an essentially complete theoretical 
understanding of the time-decay history of the Starfish 
radiation belt has been achieved by Walt? in terms of 
scattering and energy loss in the atmosphere. 
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Fig. 2. An abridged summary of the time-history of the Starfish 
radiation belt. The ordinates are in absolute units 
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Fig. 1. A sample set of time-decay curves for a selected portion of the artificial radiation 
belt of energetic electrons from the Starfish nuclear explosion of July 9, 1962, as observed 
with heavily shielded Geiger.tubes on the S.U.I./O.N.R. satellites Injun I and Injun 
P III. The horizontal bars labelled ‘background’ show the pre-Starfish counting rates cor- 
responding to the several members of hea famiy of curves. Atis the elapsed time after 
e detonation 
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For the purposes of this article the 
L-dependent quantity « in exp ( — At/t) 
is termed the ‘apparent mean lifetime’ 
of ~ 2-MeV electrons during the main 
decay-phase, that is, for At > 1,000 h 
(Fig. 1). 

The overall decay of the Starfish radia- 
tion. belt is shown in Fig. 2. 

An example of the decay of the inten- 
sity of energetic electrons in the com- 
posite radiation belt produced by two 
Soviet nuclear detonations on October 
22 and 28, 1962, is shown in the lower 
panel of Fig. 3, taken from Explorer 
XIV observations by Frank, Van Allen 
and Hills’. 10 

Fig. 4 gives a summary of the L-de- 
pendence of experimental values of the 
apparent mean lifetime of ~2-MeV 
electrons. The general nature of this 
dependence has been known for somo ! 
years‘ from investigations of the time 
variations of the intensity of energetic 
electrons in the natural radiation belts. 
For L < 1-25, the loss of electrons 
is dominated by ‘quiescent’ scattering 
and energy-loss processes in the outer 
atmosphere. For greater E values 
such processes become of relatively trivial importance 
and the loss of particles is dominated, presumably, by 
electromagnetic and magnetic processes in the geomag- 
netic field as it is subjected to perturbations by terrestrial 
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Fig. 8. In the lower panel is shown the time-decay of the intensity of 

energetic electrons from the U.S.S.R. nuclear detonations of October 

22 and 28, 1062. Note, in the u upper two panels, the negligible effect 

on the intensities of electrons of energy greater than 40 keV and of 
protons of energy greater than 500 keV (ref. 8) 
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. The L-dependence of observed values of the 
~ 2-MeV electrons from two U.S. and two U.S.S.R. nuclear detonations at high altitudes. 
Note that the theory of quiescent atmospherloe losses is adequate for L < 1:25 but departs 
heroically from the experimental curve for L > 1-25 (see text) 
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sources (for example, whistlers, and other very-low- 
frequency phenomena) and by erratic buffeting by the 
solar wind at its outer boundary. The observed lifetimo 
of ~2-MeV electrons has & maximum value of about 2 
years at L = 1-5, then declines rapidly to values of tho 
order of one month for L from 2-0 to 3-5. Examination 
of time variations in the population of energetic electrons 
of similar energy in the natural radiation belts? shows 
that, even during periods of relatively low solar and 
geomagnetic activity, the effective lifetime declines at 
greater L to values of the order of a few days at L ~ 8. 
Beyond L ~ 8-10, durable trapping is not possible. 
Fragmentary investigations in the region of the ‘slot’ 
between the inner and outer radiation belts (L ~ 1-8) 
have shown that there are large, sporadie time variations 
there. This fact suggests that the effective value of 
t may fall considerably below the dashed portion 
of the experimental curve of Fig. 4 in the rango 
16<L< 2L 

Finally, it is noted that there is no established theory 
of the loss of trapped particles for L > 1-28, The observa- 
tional evidence suggests that the time-history of the 
intensity of electrons at the greater L values consists of 
& sporadic sequence of discontinuous perturbations, some 
of which result in the loss of particles and some of 
which result in replenishment**5. The overall tendency 
is for specifically injected electrons to lose their identity 
and to be assimilated into the general mélée. Henco, 
effective values of t for L > 1-25 are almost certainly 
dependent on the general level of solar activity and on 
the consequent level of geomagnetic aativity, « being 
expected to be less during periods of high solar activity. 
An incidental aspect of this line of thought is the tentative 
‘explanation’ of the outer boundary of tho inner-zone- 
distribution of energetic protons (E Z 20 MeV) which has 
been suggested previously!:. 

I thank the U.S. Office of Naval Research (contract 
Nonr 1509(06)) for its support and Drs. W. C. Lin and 
L. A. Frank for their assistance. 


1 Van Allen, J. A., Frank, L. A., and O'Brien, B. J., J. Geophys. Res., 68, 
619 (1963). 


3 Walt, M., J. Geophys. Res., 69 (in the press). 


3 Frank, L. A., Van Allen J. A., and Hills, H. K., J. Geophys. Res., 69. 
2171 (1964), 


1 Van Allen, J. A., Trang. Intern. Astro. Union, 11, B, 99 (1962). 


* Forbush, S. E., Pizzella, G., and Venkatesan, D., J. Geophys. Res., 05. 
8651 (190: 2. 
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INFLUENCE OF THE SATELLITE lo ON JUPITER'S 
DECAMETRIC EMISSION 


By E. K. BIGG* 
C.S.I.R.O. Radiophysics Laboratory, Sydney, Australia 


CONSIDERABLE amount of experimental and 


signals tended. to recur at fixed intervals which could be 
associated with Jupiter’s rotation. Subsequent work has 
fixed this period with considerable precision, and a 
co-ordinate system, known as System III longitudes, 
based on it, is now in use. The emission is thought to be 
associated with the motion of electrons in Jupiter’s 
vicinity, the enhanced probability of radiation when 
particular parts of the planet face the Earth being due 
to the orientation of the planet’s magnetic field. 

Jupiter has four large satellites, of which the closest, 
Io, has a mass and distance from Jupiter almost identical 
with the mass of the Moon and its distance from the 
Earth. Since the Moon exerts at least some control on 
the Earth’s magnetic field through the electrons in or 
beyond the ionosphere, it is reasonable to ask if Io 
influences the signals coming from Jupiter. 

I thank Dr. James W. Warwick, who has made avail- 
able to me his four-year catalogue of Jupiter events 
before its publication. In this catalogue is recorded the 
U.T. start and finish of each event, its frequency range, 
intensity on a scale of 1, 2 or 3, character and frequency 
drifts. In 1960 there were only 52 events recorded, but 200 
in 1961, 1962 and 1963 there wero 240, 334 and 380, 
respectively. The last three years contain sufficient 
material for analysis by separate years and have there- 
fore been exclusively considered. 0 


theoretical work has been performed on the bursts 400 | | 

of radio emission emanating from Jupiter at frequencies l | 

of about 20 Mc/s since this radiation was discovered by 
Burke and Franklin}. It was realized by Shain? that the ihi 1 1961 
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To find whether Io has any effect on the emission, the 90° 180° 270° 860° 
following procedure was adopted. Time zero was taken Departure of Io from superior geocentric conjunction 
Fig. 1 


as a moment, known as superior geocentric conjunction, 
when Io crossed the Earth—Jupiter line on the far side of 
Jupiter, and is given in the American Ephemeris and 
Nautical Almanac of the appropriate year. Each Jupiter 
event was then recorded in terms of elapsed time from 
the last zero. A table of 2,550 columns was then con- 
structed (one for each minute of Io's period as seen from 
the Earth) and, for each minute during which a signal 
was observed, an entry 1, 2 or 3 corresponding to signal 
intensity was made in the appropriate column. The 
columns were then summed in consecutive groups of 10, 
the last group being adjusted for the fact that Io's mean 
period is only 2,548-5 min. The procedure gives more 
weight to the more intense events, but similar results are 
obtained if one considers only the frequency of occurrence. 

The results for the individual years are shown in Fig. 1, 
and for three years combined in Fig. 2. While there are 
some differences between the years, there is & remarkably 
close correlation, particularly with the positions of the 
two largest peaks. 

Io therefore appears to control the decametric emission 
which reaches the Earth to & surprisingly large degree. 
It is of theoretical importance to know whether the 
position of the satellite with respect to the Earth-Jupiter 
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line or the Sun-Jupiter line is the more relevant. Seen 0? 90° 180° 270° 
from Jupiter the Earth's orbit subtends an angle of more Departure of Io from superior geocentric conjunction 
than, + 11°, so that if the Sun-Jupiter line were used to Fig. 2 


* Present address: National Center for Atmospheric Research, Boulder, Figs. 1 and 2. Dependence of Jupiter’s decametric radio; emission 
Colorado. on the position of the satellite Io 
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First Paperback Edition of 
Six Famous Textbooks 














Publishers 111 Fifth Avenue, New York 10003 
aa | NEW YORK AND LONDON || Berkeley Square House, London, W.1 





The Direct Observation of 
Dislocations 


LECTURES ON THEORETICAL PHYSICS | By S. Amelinckx 





By Arnold 
Sommerfeld 


From the student's point of view, the great attraction of 
Sommerfeld's lectures lies in their clarity—the approach 
from the physical side, the formulation of the mathematical 
problem, and the simple and general explanation of the 
mathematical terms used. 


Six volumes—EACH priced at 3ls. 





Volume 1, 289 pp. 
Mechanics 
Review : "For anyone interested in Mechanics as 
a branch of natural philosophy ... Som- 
merfeld's Mechanics is to be most warmly 
recommended." —Science Progress 





Volume 2, 396 pp. 


Mechanics of Deformable Bodies 
Review : ‘‘... bound to widen the reader's horizon 
and increase his understanding of the phys- 
ical significance of important methods and 
results.” | —Journal of Applied Mechanics 








Volume 3, 371 pp. 
Electrodynamics 
Review : *...the material is beautifully balanced 
and makes the book...the best text 
available in this country for a graduate 
course in electrodynamics." 
—Review of Scientific Instruments 





Volume 4, 383 pp. 
Optics 
Review : ‘This book bears the mark of the ‘master 
theorist’ ... junior and senior physics 
majors... would acquire a better under. 
standing...a more humble appreciation 
for physics from such a book.” 
—Journal of the Franklin Institute 





Volume 5, 401 pp. 


Thermodynamics and Statistical Mechanics 
Review : ^...inaclass by itself . . . It should bean 
excellent text for a graduate course in 
thermodynamics.” —Physics Today 








Volume 6, 335 pp. 
Partial Differential Equations in Physics 
Review: ‘“... skillful handling of complex prob- 
lems by the use of a minimum of mathe- 
matical formalism and a maximum of 
physical intuition.” — Science 


@ presents the first complete review of 
all known methods for detecting individual 
dislocations in solids under study 

@ discusses crystal growth and evapora- 
tion, etching, decoration, decoration-etching, 
birefringence, x-ray diffraction, electron 
microscopy, and diffraction 

@ theoretical background is developed 
and its use is illustrated by specific, represent- 
ative examples 
Summer 1964, 487 pp., 121s. 6d. 


The Many-Body Problem 
Volume If 
Edited by E. R. Caianiello 

e contains the lectures delivered at the 
Fifth International Spring School of Physics 
at the University of Naples, 1963. 

e provides an authoritative, up-to-date 
account of the developments of the last 
few years 

@ covers fundamental and applied aspects 
of the problem 
Fall 1964, about 300 pp., 87s. 











Star Evolution 


Edited by L. Gratton 

9 gives an overall picture of the present 
state of the subject 

e covers evolution, construction of 
stellar models, associations and very young 
clusters, stellar stability, the problem of 
Eta Carinae, stars with helium-rich cores, 
stellar hydromagnetics, the evolution of 
close binary systems, theoretical models 
for the pulsations of Cepheids, nuclear 
astrophysics, notes on cosmic radiation, etc. 


1964, 488 pp., 132s. 6d. 





Advanced Plasma Theory 


Edited by M. N. Rosenbluth 
9 presents the elements of the theory 
of high-temperature plasmas 
e includes kinetic, general stability, 
gas discharge, and nonlinear theories ; 
boundary layer problems in plasma physics, 
topics in microinstabilities, instabilities 
due to finite resistivity or finite current- 
carrier mass, adiabatic invariant of the 
harmonic oscillator, and the gyration of a 
charged particle 


September 1964, 270 pp., 78s. 


Detailed information available upon request. 
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RECORDING ULTRA-VIOL"T 
ABSORPTION ANALYSER 


Specially valuable for preparative column 
chromatography 






The ISCO Model UA Recording Ultra-violet 
Analyser automatically actuates the fraction 
collector, to deposit each UV-absorbing fraction 
into a separate tube, and simultaneously records 
the peak, Volumetric or timed control are 
additionally incorporated. 


Peaks from under a minute to over an hour's 
duration are resolved equally well, thus 
preventing cross-contamination or dilution of 
the smaller fractions. 


The UV flow analyser records in two ranges of 
absorbance (optical density or minus log 
transmittence) and operates on one wave- 
length of very narrow bandwidth (254 mp). 


The illustration shows the Ultra-violet Analyser 
and Strip Chart Absorbance Recorder con- 
nected to an ISCO Model A Fraction Collector. 


Write or phone today for our leaflet on ISCO 
apparatus for column chromatography. 


SHANDON SCIENTIFIC COMPANY LIMITED 


65 POUND LANE WILLESDEN LONDON NW10 Tel: WiLlesden 8671 











Party games may require twenty questions 
and a panel of experts, but the question of 
Particle size analysis can be answered rapidly, 
simply and accurately by one person with a 
Coulter Counter. Whatever your field of 
activity, the clue to your particle problem 
(from 0.3 microns upward) can be solved 
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Fig. 8. The dependence of Jupiter's emission on the position of Io when 


(a) the Earth was 29? to the east of the Sun as seen from Jupiter and 
(b) the Earth was 29° to the west of the Sun as seen from Jupiter 


define Io's position, the peaks of Fig. 2 could be shifted 
by as much as + 11°. 

To test this, all cases when the Earth was more than 
- 9° to the east of the Sun (Fig. 3a) were compared with 
all cases when the Earth was more than 9° to the west 
of the Sun (Fig. 3b). Clearly, the two highest peaks do 
not change their positions appreciably. Hence, the effect 
as detected on Earth depends on the position. of Io 
relative to the Earth-Jupiter line. 


Table 1 
Co-ordinates of: 
Io Jupiter Relative intensity 
85° 115° 940 
85° 145° 860 
235° 225° 860 
235° 335° 660 


The apparent control of the emission by Io 
is far more complete if only events showing 
emission at frequencies = 30 Mc/s are con- 
sidered. This is illustrated by Fig. 4, which 
is a re-analysi. of the data in Fig. 2, selecting 
only events at the higher frequencies. 

The relation of this analysis to earlier work 
on Jupiter’s rotation is obviously important. 
A grid was constructed in which the vertical 
lines represented Jupiter’s System IIT longi- 
tudes and the horizontal lines represented 
Jo’s angular departure from superior geo- 
centric conjunction. (Io’s orbit is circular 
and its velocity uniform except for small per- 
turbations, so that times and angles are 
interchangeable.) 

Each disturbance was plotted as a line on 
this grid and the total line-length in each 
10° x 10? square calculated. Intensity ‘2’ 
lines were counted twice, and intensity ‘3’ 
lines three times. The results are shown in 
Fig. 5, the main features being confined to 
two quite limited portions of the map. The 
co-ordinates of the squares having highest 
intensities and their relative intensities are 
given in Table 1. 

Fig. 1 shows that, for the 600 cycles 
of Io represented, the highest peaks shift in 
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Fig. 4. Dependence of Jupiter's emission on the position of Io when 
only cases having top frequencies 230 Mc/s are considered 


position by less than 20°. The 2,548-5-min period chosen is 
therefore accurate to better than one part in 10,000, 
making it unlikely that the result is fortuitous. It 
cannot be the result of a direct coincidence with Jupiter’s 
period of rotation, the ratio being 428:1. Warwick, 
in private discussions, has suggested that, because 
observation periods are spaced by about 24 h, the third 
harmonic of 24 h may beat with Jupiter’s rotation 
period to give the observed effects. This would require 
a mean spacing of observation periods of 24 h 7-5 m, 
about 1 per cent longer than the mean spacing of 
23 h 56 m. While this and other possible beats 
require close examination, it will obviously be difficult 
to match the sharply defined peaks which are ob- 
served. 

There is a possibility that Satellites II, IH, IV (Europa, 
Ganymede and Callistro) contribute to this effect; but 
in view of the approximate 1 : 2:4: 8 ratio of the periods 
of the four satellites, it would require a more sophisticated 
treatment than that given here to reveal the extent to 
which they are involved. It is at least certain that lo's 
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period has much the strongest influence. The very small 
Satellite V, which is the closest satellite to Jupiter’s 
surface, has a period within 0-1 per cent of half the mean 
period between observations and consequently all parts 
of its cycle are not equally represented in one year. Since 
the observations are not equally distributed throughout 
each year, or between years, it is impossible to deduce 
whether Satellite V has a real effect or not. Once again, 
however, it is safe to conclude it is not responsible for 
the influences attributed to Io. 

It is perhaps premature to consider why Io should 
influence Jupiter’s radiation until other causes of a 
2,548-5-min periodicity are eliminated. However, assuming 
that Io is responsible, then it seems possible that only 
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one main ‘source region’ on Jupiter exists, and that the 
orientation of the line joining source and satellite 
determines whether the radiation will reach the Earth. 
This concept requires a considerable revision of ideas on 
the origin of the radiation, and probably of the orientation, 
of Jupiter's magnetic field. 

I thank Dr. James W. Warwick, the High Altitude 
Observatory and Colorado University for permission to 
use their Jupiter results; Dr. Walter Orr Roberts for 
inviting me to the National Center for Atmospheric 
Research, Boulder, Colorado, where this work was carried 
out; and Dr. E. G. Bowen for his advice. 

! Burke, B. F., and Franklin, K. L., J. Geophys. Res., 60, 213 (1055). 
3 Shain, C. A., Austral. J. Phys., 9, 1, 61 (1950). 


~ SCIENCE AND MANKIND* 
By S. P. CHAMBERS, C.B., C.LE. 


Chairman, Imperial Chemical Industries, Ltd. 


I5 you look up the Oxford English Dictionary or the 
Shorter Oxford English Dictionary, you can get quite 
lost looking for any definition of science; almost every- 
thing seems to be covered, including any craft, trade or 
occupation or any branch of learning or skill. The best 
we can do is take from the Ozford Dictionary a definition 
of science in a more restricted sense which reads as 
follows: “A branch of study which is concerned either 
with a connected body of demonstrated truths or with 
observed facts systematically classified and more or less 
colligated by being brought under general laws, and 
which includes trustworthy methods for the discovery of 
new truths within its own domain". Even that is very 
general and seems to bear little relationship to all those 
branches of science, for example, mathematics, physics, 
chemistry, which we think of when we talk about science. 
Nevertheless it is important to recognize that when we are 
considering the impact of scientific thought and scientific 
discovery on mankind we must avoid putting the various 
branches of science into water-tight compartments. The 
body of scientific knowledge to-day is so vast that indi- 
viduals must specialize in one sector or another; but the 
impact of discovery in one field on another can be seen in 
almost every walk of life. 

It is for this reason that, while concentration on one 
aspect of science in a narrow field can be rewarding in that 
it may lead to fresh discoveries in that field, nevertheless 
it is the relationship of discoveries in some fields to the 
whole body of scientific knowledge which really matters. 

Those of you who have been interested in the history 
of science must have been struck by the unevenness of the 
progress made in different fields over the centuries. In 
mathematics great progress was made centuries ago, and 
the same is true of discovery in the fields of astronomy and 
elementary mechanics. But in other fields, of the most 
vital importance to humanity, centuries passed before 
anything of great value was discovered. 

In general, the need for protection against enemies, 
particularly human enemies, seems to have been the 
incentive for the application of science to the development 
of both offensive and defensive weapons; specially 
tempered metals for armour, gunpowder, cannons and 
cannon balls are obvious examples. The modern 
equivalent is the application of science to warfare on a 
world-wide scale at enormous cost, including the cost of 
developing nuclear weapons. 

In the eighteenth and nineteenth centuries, with the 
Industrial Revolution, there was a great acceleration in 
the rate of progress in the application of science to more 
peaceful pursuits and a recognition of the immense benefits 


* Substance of an address to the fifth Annual Conference for Sixth Forms, 
Eltham Green School, on July 14. 


to be gained by applying scientific methods to almost 
every activity which could put up standards of living. 
By the use of mechanical power, the productivity of many 
industrial operations was raised sharply. The power was, 
for the most part, derived from coal, the energy of which 
was harnessed mostly by the use of steam engines. 
Standards of living throughout the World have indeed 
been improved tremendously by the application of science 
to industrial production, using the word ‘production’ in 
its widest sense to include transport and distribution. 

One of the great problems, and it is still with us in one 
form or another, is that the advantages of more scientific 
production are not evenly spread throughout the 
population, and some sections may at first suffer through 
the consequential unemployment of those whose jobs have 
disappeared because of mechanization. The famous 
‘Luddite’ revolts in which new textile machinery was 
smashed afford an illustration of the hardships and 
bitterness which industrial progress can cause. In the 
long run, anything which increases man’s output of the 
things which man wants must put up the standards of 
living; but for those who are adversely affected it is the 
short run that counts. As Lord Keynes, the economist, 
once said: ‘in the long run we are all dead". The solution 
of this problem lies in the humane treatment of those who 
suffer from changes of this kind, and assistance which 
enables them to fit themselves with new skills and new 
jobs for which there is a demand in the new conditions. 
The solution can never be the holding back of economic 
progress based on scientific discovery. If we jump now 
straight from the remarkable surge forward in the 
eighteenth and nineteenth centuries to conditions as we 
see them ‘to-day, it is clear that, so far from the Industrial 
Revolution having come to an end, it is continuing and, 
if anything, at an accelerated pace. 

Perhaps the simplest illustrations are in the field of 
transport, whether on land or in the air. The steam engine 
has given way to the Diesel engine and the fast electric 
train; in the air we have seen successively the progress 
from the simple, slow bi-planes of fifty years ago to 
heavier, faster, multi-engine pistoned planes, to turbo- 
jets and pure jets. Returning from Australia two weeks 
ago the captain of the aircraft in which I was travelling 
announced as we left Rome that owing to a strike of air 
control officials in Paris we would have to make a detour 
of an extra 100 miles over Germany; that, he said, will 
take us another ten minutes. Now there is the prospect 
of further change from sub-sonic to super-sonic air 
travel. 

In the manufacturing industry there is similar progress, 
particularly in those sections of industrial production 
which lend themselves to large-scale operation. 
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Here again, there has been a steady transition from 
manual operation to mechanical operation and from the 
simple power-driven machinery of the nineteenth century 
to far more complicated and more efficient machinery, 
driven by electric power, whether generated from coal, 
oil or atomic energy. To-day we are now seeing the 
introduction of computers into almost every aspect of 
industrial operations, including research, production, 
distribution and the control of marketing operations. 
Some industrial plants to-day are being controlled by 
computers which not only determine which are the best 
operating conditions but set the various plant controls 
so that these conditions are achieved. 

Perhaps I can give here an illustration of the inter- 
relation of different ‘scientific techniques in practical 
applications in modern industry. Most of the simple 
starting materials for the synthesis of organic chemicals 
are now obtained by pyrolysis (or cracking) of low- 
boiling petroleum fractions usually referred to as naphthas. 
These various components have to be separated and 
purified to make them suitable for further chemical 
operations, and this is done mainly by fractional distilla- 
tion at very low temperature and high pressure, an 
operation which would not have been possible without 
the tremendous progress which has been made in fields 
of refrigeration and the physics of mass transfer. 

At present the main product from the Imperial 
- Chemical Industries crackers is ethylene, the raw material 
for polythene; but other gases, including methane, 
propylene, butylene and so on, are produced—about ten 
in all—together with petrol and some heavy material. 
Some of the gases produced are more valuable than 
others, and it is frequently necessary to vary the propor- 
tions of the components in the primary cracker gas: 
this can be done by modifying the reaction conditions. 
To do this effectively, however, rapid analysis of the 
primary gas is essential, and it is only relatively recently 
that this has been made possible by the use of the 
techniques of infra-red, ultra-violet and mass spectroscopy 
which can give an answer in minutes whereas older 
chemical methods required hours. Thus we have here & 
case in which important advances in the chemistry of 
naphtha cracking could not have been put to full industrial 
use without advantage being taken of equally important 
discoveries in the fields of physics and physical chemistry. 

Another example is nylon, which was originally 
discovered by Carothers in the United States, who was 
engaged in highly fundamental research on what are 
called ‘long-chain polymers’. This was a most important 
discovery, but by itself it could never have led to the 
universal use of nylon which we see to-day. A whole 
series of new chemical processes had to be uncovered in 
order to be able to produce nylon cheaply enough from 
readily available raw materials. New dyes had to be 
found which would provide the requisite range of colours 
for this new fibre. Entirely novel machinery had to be 
developed for spinning the fibre and many basic 
investigations in the field of physics had to be made to 
elucidate the relationship between molecular alignment 
and mechanical strength, the effect of cross-sectional 
geometry on the handle of the final fabric and so on. 
Control of the spinning, drawing and twisting of fibre 
processes would have been impossible on a large scale 
but for the development of many new physical techniques. 

The work of original discovery is one step only; the 
scientific work of developing a product for full-scale 
production goes on for years rather than months. 

All this work in industry requires a very high level of 
scientific knowledge and inventiveness. For able men 
the work is exciting and rewarding. 

Tt is natural that I should be thinking more of industrial 
production than of other aspects of man’s activities; but 
there has, of course, been great progress in many other 
fields. Medical science, for example, is to-day moving 
forward rapidly and, with a far better understanding of 
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all the factors that determine health in both man and 
other animals, some of the worst diseases which plagued 
the world for centuries have little more than historical 
interest to-day. Others, such as malaria, are beginning 
to disappear even from those countries, such as, for 
example, India, where they have probably been the 
greatest source of human misery. Much remains to be 
done; there are still diseases prevalent in temperate or 
tropical climates for which there are no adequate remedies. 

Agriculture is also becoming far moro scientific than it 
was, and the changes from hand-work to mechanical 
work have their counterparts in a growing understanding 
of botanical conditions and of the means of gotting rid of 
plant diseases and putting up productivity in terms of 
food crops. But the haphazard use of chemicals for the 
destruction of weeds or insect pests can do as much harm 
as good. Here again, the right attitude is not to condemn 
all herbicides and pesticides but to produce and use these 
substances in a scientific way. Only after patient seien- 
tific analysis, experiment and trials can we bo sure of 
their long-term effects. Properly used, the resulting 
benefit can be dramatic. For example, a few years ago 
Ghana was faced with a cocoa blight which threatened 
almost her whole crop. That crop represented half of 
Ghana’s export trade and was therefore vital to her 
economy. The timely erection of a small insecticide 
plant and the application of this insecticide at the right 
timo saved the whole crop. Some of the greatest ero] 
disasters in history which involved starvation on a large 
scale would have been avoided if our present knowledge 
of plant diseases and their remedies had been available 
then. 

The problems of water erosion and of wind erosion to the 
soils of vast areas in the Americas, Asia, Africa and, per- 
haps to a lesser extent, Europe are also other cases in point. 
To-day new methods are being devised whereby weeds 
and the remains of a previous year’s crops can be destroyed 
by chemicals which leave no harmful residues in the 
soil. Following this destruction of the existing vegetation, 
it has now been found possible to sow fresh seed directly 
into the ground without ploughing, and this means that 
the fibrous materials and roots from the older plants 
remain in the ground and act both as food for the new 
plants and as a protection against erosion, whether by 
wind or water. The possibility of increasing food 
production substantially on large areas of land which 
were, and are still becoming, steadily impoverished by 
erosion is of the greatest importance. By the adoption 
of more scientific practices in agriculture, including the 
application of appropriate fertilizers, the fears expressed 
by Malthus and others that food production would be 
unable to sustain the growing population of the world 
can, I believe, be dispelled. 

There is, of course, the other side of this particular 
problem, namely, the growth in population which some 
pessimists still think will outstrip any possible food 
production. Here again, I think the pessimists will be 
proved to be wrong. It has already been demonstrated 
that as the standards of living of people in a particular 
area rise above a certain level, there is a tendency for the 
rate of growth of population to fall, and I am sure that 
other methods will be found to keep the population of 
the World within reasonable limits. 

T have ranged over many activities in a very sketchy 
manner to indicate that there are openings and opportu- 
nities for scientists in many walks of life. When, however, 
a boy or girl entering a university to read for a science 
degree is thinking about his or her career after graduating, 
other questions are bound to arise. 

Sometimes fairly sharp distinctions are drawn between 
pure science and applied science. There arc, of course, 
certain aspects of scientific work which can be regarded 
as pure in the sense that they are of general or, indeed, 
universal application. This is certainly true of some 
scientific work in the field of, say, mathematics, physics 
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or astronomy; but the borders between the pure and the 
applied are not clearly defined, nor should they be. 

Moreover, I think it is desirable to dispel any idea 
that the ‘purer’ side of science is in some way superior or 
requires a higher intellectual ability than the more applied 
side. There may be in some minds a vague idea that the 
pursuit of scientific research solely for the sake of adding 
to the sum of human knowledge is more intellectually 
satisfying than a career which is concerned with scientific 
research leading more directly towards something of 
material value in our daily life. Personally, I would regard 
such a notion as false. 

In many countries the importance of scientific work in 
the great task of raising living standards is clearly 
recognized, and there is, among scientific workers engaged 
on work which may lead to the reduction of disease and 
the improvement of nutrition, a sense of purpose which is 
at least equal to that of the pure scientist soeking 
knowledge for its own sake. This is particularly true of 
such scientific workers in poorer countries such as India 
or Pakistan. 

It does somotimes happen that a scientist engaged in 
purely academic work discovers something which is of 
outstanding practical importance. On the other hand, 
the neod to solve some practical problom, whether. in the 
sphere of industrial production, transport, agriculture, 
medicine, or in some other aspect of our daily life, will 
often be the spur to work of a more fundamental character. 
Indeed, so often it is the practical problem which leads 

` us to realize that our basic knowledgo is imperfect and 
which can give & sense of purpose and direction to this 
kind of research. 

In the chemical industry the competition between one 
large chemical company and another which reveals 
either relative weaknesses in existing products or the 
possibility of new products very often throws up work to 
be done in our laboratories which is of a highly scientific 
character, the results of which can sometimes have an 
application far beyond the solution of the original 
problems. The same heppens in the drive to improve 
the processes for the manufacture of existing products. 
Once embarked on & revolutionary method of producing 
something which has been made by traditional methods 
for years, we find the problems to be solved can lead back 
to basic questions related to the structure of molecules 
or to the mechanism of reactions which occur often under 
abnormal conditions of temperature or pressure. 

I mention this because I think it is most desirable to 
get away from any idea that the most brilliant scientists 
should remain in research establishments in universities 
and should not go into industry. There is need for such 
scientists both in the universities and in industry. From 
the over-simplified statements sometimes made, one 
might imagine that discoveries of new products are made 
only or mainly in universities, leaving industry to take 
the new product, to develop it and then to produce it on 
full-scale plants. In practice, most discoveries of new 
products are made in the laboratories of industrial firms 
where the scientists are struggling to solve particular 
problems arising from the production and sale of their 
existing products. This is true, for example, of polythene, 
nylon, “Terylene’, ‘Paludrine’ (a drug which is of out- 
standing importance in combating malaria), and of a 
whole range of chemical products. In the Imperial 
Chemical Industries alone we are spending £18 million a 
year on scientific research and development work. There 
is room, therefore, in industry for growing numbers of 
scientists, and the better the scientists the better it is for 
industry. 

Science in one form or another permeates the whole of 
industry and transport and has indeed entered the sphere 
of office work. We have in the Imperial Chemical 
Industries more than half a million stockholders, and 
there are thousands of transfers of stock every year which 
have to be recorded in the Company's stock registers. 
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Twice a year dividends have to be paid to the stockholders 
on the registers. This used to require a large amount of 
clerical work in preparing twice a year the cheques, or 
‘dividend warrants’ as they are called, and many people 
were employed on this rather laborious work. To-day the 
whole of the stock register has been put on an electronic 
computer which itself produces the dividend warrants 
complete with the names and addresses of the stockholders. 
The number of people needed is much smaller; but there 
is a growing need for electricians who can build and 
maintain such computers, and for operators who can 
devise what are known as the programmes for the 
computers. In other words, the trend is for a reduction 
in routine work and an increase in work which requires 
higher educational standards, and particularly higher 
standards on the scientific side. 

This transformation from hand-work to mechanical 
work and computer-controlled work is going on steadily 
throughout large-scale industry. There will, of course, 
always be smaller businesses where it is more economical 
to use less highly developed and complicated processes; 
but in many sections of industry and commerce the 
movement towards scientific methods of control and 
accounting is accelerating rapidly. This movement 
extends to banking and insurance, where much of the 
routine work is being taken over by machines and 
electronic computers. 

In the manufacturing industry, scientific progress 
invariably means that fewer operatives are noeded for 
the same or & larger output of products. Sometimes 
large plants are involved, but not always. In one case in 
Imperial Chemical Industries a revolutionary method of 
producing the gases from which ammonia is made has 
meant a groat reduction in the amount of plant needed as 
well as a reduction in the number of process workers. 
This ammonia is needed for agricultural fertilizers and has 
many other uses. Until a few years ago, a plani of 20,000 
tons would have been regarded as large and would have 
required a whole battery of coke ovens as a first step 
towards producing these gases. To-day we are scrapping 
plants put up only a few years ago and putting in two, 
each of 300,000 tons a year, and plants with this 
tremendous capacity look small by comparison with those 
which a few years ago produced a mere fraction of that 
quantity. Externally a modern plant of this kind appears 
to consist of a lot of pipe-work carrying gases, some 
large cylindrical reactors, and other plant which is 
completely enclosed, and therefore appears to contain no 
machinery in the accepted sense or anything other than 
gases and a catalyst to assist the reaction. The whole 
plant is controlled from a control room with a large 
number of dials showing flow rates, temperatures and 
pressures at different stages in the process. There are no 
manual workers in the ordinary sense, just one or two 
people in the control room watching the dials, and the 
men required for the maintenance of the plant. This is 
becoming a common pattern in sections of the chemical 
industry, and indeed a similar pattern is emerging in 
other industries. Routine work of a repetitive character 
and laborious manual labour are both on tho decline; but 
the need for intelligent men who can understand and 
control highly automated operations is growing. 

Other questions arise in this connexion which one may 
feel are not of a scientific character; but they are, in fact, 
of importance in considering the place of scientists in 
industry. With the growth of the size of industrial 
organizations to cope with the growing scale of production, 
the scientist may find himself one of a number of employee: 
in & large concern such as Imperial Chemical Industries 
One may wonder whether life in such a concern is likely 
to be less interesting than in a smaller organization, anc 
perhaps feel that scientists may get lost in a vast bureau 
eratie machine. This, in fact, is not true. It is now 
recognized that there is a growing need to apply scientific 
methods to the organizational problems of a larg: 
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business. The object is to give every man full scope to do 
his work to the best of his ability and with the minimum 
of detailed instructions. An intelligent man works better 
if he is given personal responsibility for his section of the 
work. Some instructions, some control and a good deal 
of co-ordination there must be, but this need not be 
inconsistent with the freedom of the individual to get on 
with his own job largely on his own responsibility. Personal 
relationships between different people in a large organi- 
zation are of outstanding importance, and the object is 
not only to get the highest productivity in the direct or 
physical sonse but also to get workers of all kinds, and 
particularly the higher grade workers, including scientists, 
to do their work with a sense of purpose and enthusiasm. 
No organization is in this respect perfect, and the task of 
getting many people to work happily and harmoniously 
is never finished. Indeed, this task of organizing and 
co-ordinating the work in the many sections of a large 
organization requires men of the highest intelligence and 
character. 

So much of the work has a scientific foundation that it 
is desirable that many of the higher posts, probably the 
majority, should be filled by men with a scientific 
background. It is quite wrong to assume that the place 
of the scientist in industry is only in the laboratory, or 
that the scientist need not bother much about matters 
outside his particular scientific field. All the operations 
of a company which is making products of importance to 
world trade have to be closely co-ordinated, and there 
is need for an understanding of the relationships between 
the marketing of products, their manufacture and the 
research and development work that goes on all the time 
to improve the products, to reduce their cost and to find 
new products. In Imperial Chemical Industries we employ 
some thousands of men and women with scientific degrees. 
A proportion of these work in the laboratories; but many 
of them are engaged on other operations, controlling 
large sections of work which may be on the production 
side or on the marketing side, or their tasks may straddle 
all the operations, from manufacture to sale, of a group 
of products. 

A good scientist who can comprehend not only the 
problems in a laboratory but also the problems involved 
in determining the scale of production, the erection of a 
new plant which may cost millions of pounds, or in the 
control of men either at home or overseas, is the kind of 
man or woman which is needed in the higher posts in 
industry. The careers open to scientists are varied and 
interesting, particularly for those who reach a high 
academic standard in their particular field of science and 
also have the capacity to understand the relationship of 
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this work to all the other work in a large industrial 
organization. The chemical industry has been uppermost 
in my mind, but much of what I have been saying is 
equally relevant to other industries, such as aircraft 
manufacture, the metal industries, radio, telovision, 
transport, and so on: the requirements of high academic 
standards plus the right character are similar throughout 
modern industry. 

I have said that the specialist scientist is a botter man 
if he has also a good understanding of the relationship of 
his work to the world of scionce as a whole, but even this 
is not enough. An understanding of the way in which 
the country’s economy works and, if exports are involved, 
of social and economic conditions throughout the World 
is invaluable. I am not suggesting that every chemist, 
physicist or engineer must also be an economist; but I do 
know that those chemists, physicists or engineers who 
have a broad background knowledge of economic principles 
can do their work with a better understanding of its 
significance and are likely to be better candidates for 
higher executive posts where they have to control and 
co-ordinate work over a wide field than the specialists 
who lack any such background. The future for scientists 
in industry is bright; the best prospects are for those good 
scientists who have just something more than their 
scientific qualifications. 

There is another general point which is inescapable. 
With the growing productivity of human effort as scicntific 
methods are applied throughout industry and commerce, 
we shall be able to produce the material things of life with 
ever-shortening working hours, even if this shortening is 
a gradual process, extending over many years. The 
shortening of hours, whether we are considering either 
the shortening of the number of hours worked per day, 
or the number of days worked per week, or the number 
of weeks worked per year, will mean, I believe, an increase 
in leisure time, and with rising standards of living an 
increase in the money that can be spent in leisure time. 
This itself will raise certain problems. In particular, how 
will these leisure hours be utilized? This is a matter which 
has to be answered by each individual for himself; but I 
am convinced that higher educational standards can make 
for a greater enjoyment of life as a whole and not only 
that part of life which is concerned with work. In cultural 
matters, in the appreciation of art, music, literature, the 
better and broader the education, the greater is the 
capacity for appreciation and enjoyment of all the things 
that can be done in leisure hours. As our material 
standards of living rise, the need to preserve a balance in 
education between science and the humanities and arts 
becomes more apparent. 


OBITUARY 


Dr. M. J. Cross 


Miowamt Cross died in an air crash in Tennessee on 
July 9 on his way to a scientific meeting. 

Cross possessed a rare combination of fine qualities of 
character and intellect, and his death at the age of 
thirty-seven is a serinus loss for medical research. He 
received his early education at Cranley School, where he 
won an open exhibition and the St. Nicholas Scholarship. 
During 1944-47 he was in the Royal Naval Volunteer 
Reserve which he left as sub-lieutenant. In 1947 he went 
up to New College, Oxford, with an open exhibition and 
read for an honours degree in chemistry. After graduating 
in 1951, Cross took up research in Oxford as Guinness 
Research Fellow in microbiology, working under Prof. 
D. D. Woods, and in 1954 he obtained the D.Phil. 
degree for a thesis on the metabolism of serine by micro- 
organisms. At first his work was concerned with the inter- 


relationship of carbon dioxide and citrovorum factor in 
the requirement for serine by Leuconostoc; he showod 
that carbon dioxide prevented the breakdown of citro- 
vorum factor. Later he worked on the synthesis of 
methionine by Escherichia coli, and he was largely 
responsible for the development of a cell-free system 
which has been the basis for many subsequent advances. 
The results of this work were published between 1951 and 
1960 in a series of papers in the Journal of General Micro- 
biology and in the Biochemical Journal. 

Although Cross was then well on the way towards a 
fine career in biochemistry he took the unusual step of 
becoming a student again to study medicine in the Oxford 
Medical School. During that time he kept himself up to 
date in his earlier subject by tutoring his fellow medical 
students at New College in organic chemistry. After 
graduating in December 1959 Cross was successitely 
house physician to Prof. L. J. Witts at the Radcliffo 
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Infirmary and house surgeon to Mr. Frank Ellis at the 
Churchill Hospital. Cross’s work in clinical medicine was 
highly thought of and he was happy doing it. However, 
it became clear to him that his deepest interests lay, after 
all, in research. His successive training in chemistry and 
medicine was ideal for starting him in medical research 
with every hope that he would be able to make important 
and useful contributions to knowledge. From what he 
had already achieved when he died, this hope was fully 
justified. 

Cross often said that he would like any research on 
which he was engaged to have a good chance of being 
clinically useful. He was therefore happy when he was 
asked to join an investigation into biochemical aspects of 
blood coagulation and thrombosis. For this he came to 
the Department of Pharmacology at the Royal College 
of Surgeons of England in London. The College made him 
Research Fellow, and he was supported by the Medical 
Research Council. Soon he had his first success by 
discovering a way of stabilizing thromboplastic activity 
in plasma and of separating the activity by high-speed 
centrifugation. The active material appeared to react 
directly with prothrombin, and Cross showed that the 
kinetics of the reaction were as might be expected if 
‘plasma thromboplastin’ were an enzyme. For the first 
time, therefore, it became proper to describe ‘plasma 
thromboplastin’ as & substance with the properties of an 
enzyme and, hence, as plasma prothrombinase. Cross 
showed further that when centrifuged in the absence of 
calcium plasma prothrombinase splits into two fractions. 
One fraction is heat-labile and contains protein: the 
other resists heating and contains phospholipid. In this 
way Cross confirmed experimentally the well-known 
suggestion made by Macfarlane many years ago that 
‘plasma thromboplastin’ consists of two components, one 
a protein and the other a lipid; and Cross showed that the 
components are bound together by calcium. 

Cross then became involved in a study of the factors 
that control the adhesiveness of blood platelets. Interest 
in this had just been stimulated by the discoveries that 
platelet adhesiveness is greatly and specifically increased 
by adenosine diphosphate and that this increase is 
prevented by other, closely related, substances. Cross 
made important contributions to the clarification of 
these effects, including the demonstration that they 
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require a plasma protein which is present in the fibrino- 
gen fraction. It now seems that deficiency in this protein 
causes von Willebrand’s disease. Most of Cross’s work in 
this field has been published in Nature, in Thrombosis et 
Diathesis Haemorrhagica, and in the Journal of Physiology. 

From September 1963 until his death Cross and his 
family had been living in the United States. He went 
there with a Fullbright Travel Scholarship as Buswell 
Research Fellow in Biochemistry of New York State 
University. With Dr. Douglas Surgenor, first in Buffalo 
and then in Woods Hole, he continued working on the 
identification of the plasma protein already referred to 
and on other important subjects. He was invited to 
contribute to several conferences, including the annual 
symposium on “Blood” at the Mayo Clinic. Britain could 
have had no finer representative in the United States than 
Michael Cross. Although, like other scientists, he must 
have had tempting offers to stay, there was never any 
doubt that he wanted to come home. In September he 
was to have returned to the Royal College of Surgeons to 
join the new Thrombosis Research Group of the Medical 
Research Council. 

In his work Cross combined enthusiasm with cautious- 
ness in establishing and interpreting his experimental 
results. He was full of ideas, but his careful chemical 
training never allowed them to run away with him. He 
was independent, but very co-operative. 

Cross made friends with all who knew him. He was the 
essence of kindness and helpfulness. He had the ability 
to get on well with people whose opinions were very 
different from his; this was important, because he had 
strong views on social affairs. Almost always he was 
cheerful, exuberant really; when something went wrong 
and he became temporarily less than completely happy— 
one never saw him gloomy—it was still good to be with 
him because his emotions were so honest, spontaneous, 
and open. 

Cross had a happy and settled family life in a village 
where he was very much part of the landscape. He 
played cricket and shove-ha’penny; and quietly he 
visited the lonely old people to cheer them up. His 
family, friends and country suffer grievously by his death. 
Indeed it is almost impossible to believe that this excep- 
tionally lively, happy, very-present figure will not be 
returning to us. G. V. R. Born 


NEWS and VIEWS 


Sprengel’s Pump 

Ir is now almost 100 years since Herman Sprengel 
developed his mercury air-pump—an invention which he 
described to the Chemical Society in 1865, and one which 
proved to have an important influence on the development 
of both science and industry in the latter part of the 
nineteenth century, especially in the development of the 
electric lamp, discharge tubes, the discovery of the so- 
called ‘inert’ gases, etc. Sprengel, the man, has gained 
little notice from biographers, but his mercury pump 
has been the focus of much attention. Born in Schillers- 
lage, Hanover, on August 29, 1834, Sprengel was educated 
first at Góttingen and then Heidelberg Universities. 
Coming to Britain, he worked for three years as an assist- 
ant in the chemical laboratory of the University of 
Oxford, and then as assistant in the laboratories of Guy’s 
and St. Bartholomew’s Hospitals. During 1865-70 he 
was employed in the Farmer’s Chemical works and became 
a naturalized Briton. He devoted much time to detona- 
tion and explosives, and was the first to direct attention 
to the value of picric acid as an explosive when fired by a 
detonator. For the rest of his life he was engaged on 
his own inventions and patents, but his chef-d'oewvre was 
his pump, especially once he became one of the eminent 


men fascinated by the power of the vacuum. Toricelli, 
Von Guericke with his famous Magdeburg hemispheres, 
Boyle, Papin, Geissler and Tépler all joined this ‘cult of 
the vacuum’, while Réntgen, Crookes, Dewar, Langmuir 
and Fleming continued the theme with the aid of Sprengel’s 
pump. Sprengel was elected a Fellow of the Royal Society 
of London in 1878. Mercury with its stable nature, its 
inertness towards gases and vapours, certainly proved a 
boon before the advent of high-vacuum pumps, and made 
it possible for Sprengel and his followers to show up the 
short-sightedness of Lear’s reply, “Why, no, boy; nothing 
can be made out of nothing” when the Fool questions, 
“Can you make no use of nothing, nuncle?". 


Social Psychology in the University of Sussex: 
Prof. Marie Jahoda 


MARIE JAHODA, who is at present Head of the Depart- 
ment of Psychology and Social Science at Brunel College, 
studied psychology at the University of Vienna, where 
she received her Ph.D. in 1932. In Vienna she was 
assistant director and then director of a research 
institute. In 1937 she came to England and soon after- 
wards was awarded the Pinsent-Darwin fellowship at the 
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University of Cambridge. After studying a subsistence 
production scheme for unemployed miners in South 
Wales, and the impact of factory life on the personality 
of school-leavers, she joined the first team of the War- 
time Social Survey as assistant editor. In 1945 she went 
to the United States, where she was first associated with 
the Research Department of the American Jewish Com- 
mittee. After spending a year at the Bureau of Applied 
Social Research at Columbia University she took an 
appointment at New York University, and she was pro- 
fessor of psychology and director of the Research Center 
for Human Relations when she left New York in 1958 to 
return to Great Britain. Joining Brunel College as 
Nuffield Research Fellow, she played a major part in 
founding the first Psychology Department in a College of 
Advanced Technology, and instituted a sandwich course 
for the education of professional psychologists. Dr. 
Jahoda is & member of the Council of the British Psycho- 
logical Society. She takes an active interest in the 
systematic approach to social issues and is & member of 
the Home Office Research Advisory Committee, the 
Television Research Committee and the Scientific Advisory 
Committee of the National Institute of Industrial Psy- 
chology. Dr. Jahoda has written numerous articles, and 
is co-author of Die Arbeitslosen von Marienthal, Anti- 
semitism and Emotional Disorder, and Research Methods 
in Social Relations. Her book Current Concepts of Mental 
Health appeared in 1958; Race Relations and Mental Health 
was brought out by Unesco in 1960; and T'he Education 
of T'echnologists was published in the spring of 1963. 


Physical Geography in the University of Sheffield: 
Prof. R. S. Waters 


Pror. R. S. WarEnS, professor of geography in the 
University of Centerbury, Christchurch, New Zealand, 
has been appointed to the chair of physical geography in 
the University of Sheffield. Prof. Waters is forty-two. 
He entered the University of Reading in 1940, but his 
studies wero interrupted by war service in the Royal Air 
Force. After training as a pilot in Canada he was engaged 
in meteorological flights from Iceland over the North 
Atlantic. Re-entering the honours school at Reading, 
Prof, Waters gained a B.A. degree with first-class honours 
in geography in 1948 and his M.A. in 1951. From 1950 
until 1953 he was assistant lecturer in the University of 
Sheffield and in 1954 went to the University College of the 
South-West of Englend (now the University of Exeter) as 
lecturer. He took up his present chair at Canterbury in 
August 1962. Prof. Waters was senior geomorphologist 
in the Spitzbergen Expedition of the Universities of 
Birmingham and Exeter in 1958, and United Kingdom 
representative at the International Colloquium on 
Periglacial Geomorphology at Liége in 1959. He was a 
member of the New Zealand delegation to the recent 
International Geographical Congress in London and was 
organizer of a field symposium held during this Congress 
on the Pleistocene geomorphology of south-west England. 
Prof. Waters is secretary of the New Zealand Geographical 
Society and a member of a technical sub-committee of the 
New Zealand Committee on the International Hydro- 
logical Decade. His publications include papers on geo- 
morphological mapping, periglacial geomorphology and on 
the geomorphology of south-west England. It is antici- 
pated that Prof. Waters will take up his new appointment 
in the University of Sheffield early in 1966. 


The National Research Development Corporation 


Ix a written answer in the House of Lords on July 28, 
the Minister of State, Board of Trade, Lord Drumalbyn, 
stated that the Government now proposed to seek powers 
to extend the scale and scope of the work of the National 
Research Development Corporation to enable it to con- 
tribute more effectively to industrial innovation and 
development, particularly development in which industry 
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shared the risk. For this purpose legislation would be 
introduced in the next session to raise to £25 million in 
the first instance the Corporation’s present limit of 
borrowing power from the Board of Trade. The legis- 
lation would also provide for a modification and extension 
of the financial and other conditions under which the 
Corporation operates so that, in partnership with industry, 
it would have greater freedom to promote the develop- 
ment and commercial application of new techniques. The 
Government had also investigated the opportunities pro- 
sented by the techniques of automatic control of industrial 
processes and the problems which this might involve. As 
a result of a recent investigation by the Board of Trade, 
the Government was satisfied that there was necd to 
co-ordinate, supplement and further stimulate existing 
activities. This would be the task of a small high-level 
steering group of officials which was being established 
under his direction. As a first task this group would 
urgently review the progress of automation in Britain and 
other countries and the probable future development of 
these techniques. In consultation with other interests 
concerned, it would also draw up a co-ordinated pro- 
gramme for promoting the activities of the various 
Government, professional, industrial and commercial 
bodies already at work in this field. With those measures 
simultaneously announced, arising out of the report of 
the Trend Committee (Nature, 203, 574; 1964). the 
Government believed that a substantial and practical 
contribution would be made towards solving the problem 
of how best to encourage and assist industry to apply 
commercially the results of research and technological 
advance. 


Nuclear-powered Merchant Vessel 

In answer to a question in the House of Commons on 
July 30, the Minister of Transport, Mr. E. Marples, said 
that recently the Furness Shipbuilding Co., Ltd., and the 
Anglo Norness Shipping Co., Ltd., had approached him 
and the Secretary of State for Education and Science 
with the view of building and operating a large merchant 
vessel powered by a Vulcain-type reactor. Imperial 
Chemical Industries was considering the possibility of 
using the vessel if suitable terms could be negotiated. 
Discussions were in progress to see if agreement could be 
reached on arrangements for financing and organizing such 
a project. If satisfactory agreement was reached the ship 
would be built on the North-east Coast by the Furness 
Shipbuilding Co., and with a quick agreement the ship 
should be operational by 1968. Mr. Marples added that 
it was quite clear that the Government would have to 
play a considerable part in the project, and that the present 
stage would not have been reached without the research 
and development on which millions of pounds had already 
been spent. This information was also given to the House 
of Lords by the Parliamentary Secretary to the Ministry 
of Transport, Lord Chesham, on the same day. 


Carriage of Dangerous Goods 


In reply to a question in the House of Lords on July 13, 
the Minister of State, Home Office, Lord Derwent, said 
that the United Kingdom was a signatory to the European 
Agreement on the International Carriage of Dangerous 
Goods, expected to come into operation within the next 
year. This comprised a detailed and comprehensive code, 
drawn up by an international group of experts, to ensure 
that international consignments of dangerous goods were 
packed and carried safely. Appropriate means for applying 
similar provisions to domestic traffic were being con- 
sidered, but while any action should, to some extent, follow 
the lines of the international agreement, the latter did not 
bind internal traffic. He did not think that it would be 
appropriate to modify existing legislation, such as that 
covering the carriage of explosives, but that any legislation 
should be based on the international agreement whên the 
final details were settled, probably within six months. 
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Research at the Home Office Police Research and 

Planning Branch 

IN a written answer in the Houso of Commons on July 
24, the Secretary of State, Home Department, Mr. H. 
Brooke, stated that the principal subjects of research at 
present being undertaken by the Home Office Police 
Research and Planning Branch included: research into 
methods of dealing with serious and unsolved crimes, 
including an investigation into the possible extension 
throughout Britain of regional crime squads and criminal 
intelligence bureaux, and a study of criminal investigation 
techniques and improved scientific aids; an enquiry into 
the possible application of computers to fingerprints and 
other police records; an investigation of the policing of 
motorways and other through routes, including experi- 
ments with the use of a helicopter; investigation of the 
problem of devising a formula for accurately assessing 
police establishments. 


Scientific and Technological Man-power in Britain 


In reply to a question in the House of Lords on July 15, 
the Earl of Bessborough said that the output of qualified 
scientists had risen from 6,500 in 1959 to 9,600 in 1964, 
and that of engineers from 8,800 to 9,900 a year, giving 
a total of scientific and technological man-power nearly 
one-third higher than in 1959. This total of 19,500 com- 
pared with the 20,000 set as the target for 1970 by the 
Man-power Committee in its 1956 report. 


Employment of Graduates 


Tux report of the University of Glasgow Appointments 
Committee for the year ended December 31, 1963, records 
that while competition for appointments was more severe, 
generally this was met successfully (Pp. 26. Glasgow: 
The University, 1964). The demand for mathematicians, 
physicists and electronic engineers continued to be far in 
excess of supply, but chemists met a more difficult situa- 
tion, and opportunities for geologists were hard to find 
outside South Africa. About 53 per cent of honours 
graduates in science took some form of postgraduate 
study; only 2 went overseas at that stage. Almost one- 
third of those with an ordinary degree in science entered 
the computer field. The number of mon with honours 
degrees in arts or law entering industrial careers increased, 
but fewer with ordinary degrees did so. Only 39 honours 
graduates in arts and 60 men with ordinary degrees took 
up teaching, compared with 41 and 61, respectively, 
in 1962; for science the corresponding figures for 1963 are 
28 and 36, and for 1962, 23 and 37. In November 1963 
it was decided to separate the two functions of Appoint- 
ments Secretary and Adviser of Studies in Science. For 
women students little change is noted in the general 
pattern of employment, although the number of openings 
in Scotland notified to science graduates rose from 34 
to 59. Ofthe 307 graduating in arts, law, pure and applied 
science, 74 entered direct employment, 177 taking a 
teacher training course, an increase of 35, but there was a 
considerable drop in the proportion of honours graduates 
in science entering teaching, and none of those graduating 
with honours in mathematics (or mathematics and another 
subject) did so. 


Regional Centres for Radiological Protection Services 


Tue Ministry of Health and the Medical Research 
Council have jointly set up four Regional Centres of the 
Radiological Protection Service at Birmingham, Leeds, 
Manchester and Glasgow. These Centres can now be used 
in connexion with radiation surveys of radiological estab- 
lishments and advisory services (including advice on plans 
of radiological establishments). It is envisaged that, later 
in the year, the Centres will provide other services, such as 
personnel film monitoring, calibration of radiation-pro- 
tectión meters and leakage tests of sealed radioactive 
sources. The Radiological Protection Service, Clifton 
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Avenue, Belmont, Sutton, Surrey, will continue to 
provide services for establishments in south-east England. 
All establishments which at present make use of the 
film-monitoring and other services provided at Sutton will 
shortly be informed which Centres will provide future 
services for them. 


World Health Organization Reports 

TE valuable information published from time to time 
in the Technical Report Series of the World Health 
Organization is so well known and widely appreciated 
that it is scarcely necessary to direct the attention of our 
readers to it. Expert committees of the Organization 
have recently issued seven Reports, all of which are of 
great interest. No. 271 (Pp. 18. 1 Sw. fr.; 1s. 9d.) deals 
with Atmospheric Pollutants. Report No. 272 (Pp. 52. 
2 Sw. fr.; 3s. 6d.) is the tenth report of the Expert Com- 
mittee on Malaria, and the continued success of the 
Organization’s world-wide campaign against this disease 
is further discussed in detail in the W.H.O. Chronicle (18, 
No. 6; June 1964) under the title Malaria Eradication 
in 1963", together with a map which shows at a glance 
the astonishing progress that has been made and the 
hopeful outlook for the future. In 1963 the seventh 
International Congress on Tropical Medicine and Malaria 
was held at Rio de Janeiro, and a note on this Congress 
appears in the Boletin Chileno de Parasitologia (19, No. 1; 
1964). This Congress was attended by 1,236 experts from 
65 countries. Technical Report No. 274 (Pp. 90. 3 Sw. fr.; 
5s.) deals with Biological Standardization; No. 275 (Pp. 
27. 1 Sw. fr.; 1s. 9d.) reports on Psychosomatic Disorders ; 
No. 276 (Pp. 53. 1 Sw. fr.; 3s. 6d.) is on The Prevention 
of Cancer; No. 278 (Pp. 48. 2 Sw. fr.; 3s. 6d.) is entitled 
Postgraduate Preparation of Health Workers for Health 
Education. No. 277 (Pp. 69. 3 Sw. fr.; 5s.) is a valuable 
report by the Expert Committee on Helminthiases on 
Sotl-transmitted Helminths, which are responsible for much 
illness, disability and economic loss among millions of 
human beings and domesticated animals. This Report 
discusses the extent and geographical distribution of 
these helminthic diseases, the factors which influence 
their transmission, their pathogenesis and clinical mani- 
festations, the interrelations between the physiology and 
biochemistry of the parasites and their hosts, immunity 
to them, the techniques used to investigate them and 
methods of controlling them, together with recommenda- 
tions for research. Copies of the Reports are available 
from the World Health Organization, Geneva, or H.M. 
Stationery Office, London. 


The International Council of Scientific Unions 


THE May 1964 issue of the ICSU Bulletin includes & 
preliminary report of the tenth general assembly of the 
International Council of Scientific Unions, Vienna, 
November 22-29, 1963, with exerpts from the presidential 
address (No. 1. Pp. 64. Rome: International Council of 
Scientific Unions, 1964). There are also brief reports on 
meetings of the International Unions (Pure and Applied 
Physies, Geological Sciences, Biologieal Seiences) as well 
as notes from various scientific unions, their committees, 
commissions and permanent services on present activities. 
A calendar of meetings during 1964 is included. The Year- 
book of the International Council of Scientific Unions, 
1964, besides the Calendar of Meetings for 1964, the lists 
of members of the Executive Committee, Council, and 
of the various Committees, and Commissions and 
Executive Bodies of the Permanent Services, includes 
the statutes and rules of procedure of the Council, 
and the rules for scientific and special committees 
and their charters (Rome: Intemational Council of 
Scientific Unions, 1964). Relations of the International 
Council with the United Nations Educational, Scientific 
and Cultural Organization, the World Meteorological 
Organization, etc., are outlined and, besides a list of 
addresses of international organizations, there is an 
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alphabetical list of members of the Executive Committee, 
scientific and special committees, the Council, and officers 
of the Scientific Unions. 


Polish Science Publications 


THE Quarierly Review of Scientific Publications (No. 1; 
1964), issued by the Polish Academy of Sciences, now 
covers all scientific books published in Poland. There are 
439 entries arranged under headings: general; social 
sciences; biological sciences; pure and technical sciences. 
There is an index of authors and a subject index. 

The Review of the Polish Academy of Sciences for 
January-March (9, No. 1; 1964) includes articles by S. 
Huechel on the development of research on soil mechanics 
in Poland, and by J. Dylik on peri-glacial investigations 
and their significance for palaogeography, as well as an 
account by P. Kubchowski of the history, development 
and activities of the Institute of Drugs. 

Polish Scientific Periodicals, which will appear ten times 
a year, and of which Nos. 1 and 2, 1964, have now been 
published, lists the contents of periodicals published in 
Poland, arranged under social sciences, biological sciences, 
pure and technical sciences, and includes an author index. 
The publication is available from the Polish Academy of 
Sciences, Palace of Culture and Sciences, Warsaw. 


Land Resources in Australia 


Tax identification of distinctive environments and the 
pattern of their occurrence are the principal tasks of the 
Commonwealth Scientific and Industrial Research Organ- 
ization Division of Land Research and Regional Survey, 
and the annual report for 1962-63 presents a review of 
the activities in progress (Pp. 73. Canberra: Division of 
Land Research and Regional Survey, C.S.I.R.O., 1963). 
The Land Resources Group has been engaged since 1946 
in reconnaissance surveys of large areas, land systems 
being described to provide basic data for possible land 
use; productive land use for specific environments is 
the objective of the Biology Groups; the overall appraisal 
of the situation with respect to possible commercial pro- 
duction is made by the Agricultural Assessment Group. 
There is close co-operation throughout with other divisions 
of the Commonwealth Scientific and Industrial Research 
Organization. Most of the field work has been carried out 
in Northern Australia and Papua-New Guinea, with 
research stations in Northern Territory at Katherine, for 
crops suitable for monsoon conditions; at Darwin, for 
rice with seasonal flooding; at Alice Springs, for the 
problems of arid country; and in Western Australia at 
Kimberley, for irrigation investigations. Pasture manage- 
ment and the performance of tropical cross-bred cattle, 
peanut cultivation, selection of cotton varieties and 
cropping systems with oil seeds, and fluctuations in pro- 
ductivity resulting from erratic distribution of rainfall, 
are some of the problems under investigation. Water is 
obviously a dominant factor, and the work is supported 
by flexibly constituted research units concerned with 
plant-soil-climate relationships, investigations being 
directed, for example, to questions of stomatal behaviour 
in transpiration, transpiration suppressants, diurnal 
energy and water exchange, nutrient responses, and 
harmonie analysis of rainfall data. ^ Environmental 
limitations inevitably impose restrictions on agricultural 
potential, &nd the information being collected will be 
invaluable. 


Forest Products Research 


Tue Forest Products Research Laboratory has compiled 
a list of its publications which can be obtained free of 
charge on application to the Laboratory. The list consists 
of a selection of abstracts of papers published by Labora- 
tory staff during the past few years together with a few 
Laboratory reports of which stocks of reprints are still 
available. Topics covered by the reports include: season- 
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ing; woodworking; strength; protections of timber from 

fungal and insect attack; composite wood; chemistry; 

general and miscellaneous; industrial surveys. Copies of 

the list are available from the Director, Forest Products 

ee Laboratory, Princes Risborough, Aylesbury, 
ucks. 


Wind and Locust Migration 


AN understanding of the factors which determine the 
course of locust migrations is becoming increasingly 
important, not only for the purpose of predicting which 
areas are likely to be invaded. but also in order to make 
the most effective use of aircraft in the application of 
insecticides. Meteorology and the Migration of Desert 
Locusts: Applications of Synoptic Meteorology in Locust 
Control, by R. C. Rainey, is an exhaustive technical study 
of the applications of synoptic meteorology in locust 
control (World Meteorological Organization. Technical 
Note No. 54. (WMO No. 138. TP. 64. Anti-Locust 
Memoir 7. Pp. v+115+3 plates. Geneva: World 
Meteorological Organization; London: Anti-Locust Re- 
search Centre, 1964. 25 Sw. fr.; 426.) Hour-to-hour 
displacements of individual swarms have been recorded 
from the air. The direction of displacement follows 
closely the direction of the winds at swarm level. They 
may show a steady progressive displacement or there 
may be repeated reversals, sometimes resulting in closed 
loops. This down-wind displacement can lead to conver- 
gence of swarms or dispersal. A sound basis is thus 
provided for the use of current synoptic charts and of 
meso-scale meteorological observations in the interpreta- 
tion and in the short-term forecasting of the movements 
of the desert locust. 


Radiation Nephritis 


Dr. Joux G. Marg, of the Walter Reed Army Institute 
of Research, and Dr. George W. Casarett, of the University 
of Rochester, New York, have investigated the effects of 
single-exposure localized irradiation of the kidneys in 
beagle dogs at 500, 1,000 and 2,000 rads, using 220-kV 
X-rays (Transactions of the New York Academy of Sciences, 
Serial 2, 26, No. 5; March 1964). Both functional and 
morphological parameters have been investigated in 
animals killed six months after irradiation. One or both 
kidneys have been irradiated in situ, and single kidneys 
have been exteriorized and irradiated. From these and 
earlier experiments, it is concluded that irradiation of 
the canine kidney produces a progressive arteriolo- 
nephrosclerosis. The degree and rate of progression are 
related to the absorbed dose. At six months following 
irradiation, minimal arteriolonephrosclerotic changes were 
seen in the dog kidney receiving 500 rads, severe changes 
at 2,000 rads, and intermediate changes at 1,000 rads. 


Harkness Fellowships of the Commonwealth Fund— 
New York 


Tamre Harkness fellowships of the Commonwealth 
Fund-New York are offered each year for study and 
travel in the United States. Candidates must be British 
subjects who are citizens of the United Kingdom and 
present Colonies by birth or by naturalization. Candidates 
should be between 21 and 32 years of age on September 
1, 1965. Recent graduates and graduands who expect to 
receive their first degree in 1965 may apply, if they do 
not intend an academic career. Graduates proposing an 
academic career should have experience of postgraduate 
research. Other candidates, including non-graduates, 
should produce evidence of professional qualifications or 
considerable practical experience. The fellowships are 
tenable for between twelve and twenty-one months. 
Round-trip passages to the United States are provided. 
Emoluments include living and family allowances, travel 
in the United States, tuition and research expenses; and 
allowances. Selection of Fellows for nomination to the 
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Fund is in the sole discretion of the Committee of Award, 
which will conduct interviews at Harkness House, London, 
in March 1965. Further information and details of the 
fellowships can be obtained from the Warden, Harkness 
House, 38 Upper Brook Street, London, W.1. Applications, 
on forms provided by the Fund, must reach Harkness 
House before November 12. 


The Paul Instrument Fund Award 


Tux Paul Instrument Fund Committee has made grants 
as follows: £1,100 to Dr. P. B. Hirsch, lecturer in physics 
in the University of Cambridge, as a supplementary grant, 
for continuation of his work on an electron microscope 
with velocity analyser. £5,400 to Prof. D. J. E. Ingram, 
professor of physics, University of Keele, for the design 
and construction of a millimetre wave-length electron 
resonance spectrometer to work at zero or near zero 
magnetic field strengths and with as wide a frequency 
coverage as possible. £2,200 per annum for two years to 
Dr. H. Motz, Donald Pollock reader in engineering, 
University of Oxford, for the construction of a pulsed 
millimetre wave generator. £3,400 to Dr. E. E. Schneider, 
reader in solid-state physics, University of Newcastle 
upon Tyne, as a supplementary grant, for continuation 
of his work on the application of superconducting cavities 
to magnetic resonance spectrometers. The Paul Instru- 
ment Fund Committee, composed of representatives of 
the Royal Society, the Institute of Physics and the 
Physical Society and the Institution of Electrical Engin- 
eers, was set up in 1945 “to receive applications from 
British subjects who aro research workers in Great Britain 
for grants for the design, construction and maintenance 
of novel, unusual or much improved types of physical 
instruments and apparatus for investigations in pure or 
applied physical science". 


The Australian Association of Clinical Biochemists 


TE following have been elected officers of the Australian 
Association of Clinical Biochemists for the year 1964-65: 
President, Dr. W. Roman; Secretary, Dr. D. H. Curnow; 
Treasurer, Dr. D. Watson; State Representatives on, Council, 
Mr. M. J. Thomas (Queensland); Dr. F. J. Radcliff (New 
South Wales); Dr. J. Mackenzie (Victoria); Mr. Z. A. 
Mejglo (Tasmania); Dr. R. I. Cox (South Australia); 
and Dr. S. S. Alexander (West Australia). 


Institute of Applied Science of Victoria 


THE annual report for 1962-63 of the Institute of 
Applied Science of Victoria records that the new name, 
"Institute of Applied Science", bestowed by an Act of 
Parliament in 1961, may now be seen across the outside 
entablature of the building (Pp. 22. Melbourne: Institute 
of Applied Science of Victoria, 1964). The post-war years 
have witnessed the metamorphosis of the original Indus- 
trial and Technological Museum into an establishment 
which now includes a planetarium, a radiocarbon-dating 
laboratory, evening astronomical telescope demonstra- 
tions, special school services, and & fresh approach to 
applied science display. A large diorama illustrates the 
Yallourn open-cut works for coal and shows the over- 
burden stratum and various working levels. The model 
also includes a 1,200-ton coal-winning dredge, belt con- 
veyor, water-spray reticulation, ete. Another display 
given by Qantas Empire Airways deals with aeroplane 
engines and summarizes progress from the Wright 
brothers to turbo-props and turbo-jet propulsion. 


University News: London 


Dr. E. A. Bevan, University lecturer and demonstrator 
in the University of Oxford, has been appointed to the 
chair of botany at Queen Mary College. Dr. James Green, 
lecturer at Bedford College, has been appointed to the 
readership in zoology at Westfield College. The following 
titles have been conferred: professor of sociology (with 
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special reference to the Far East), on Mr. R. P. Dore in 
respect of his post at the London School of Economics 
and Political Science and the School of Oriental and 
African Studies; professor of plant chemistry, on Dr. L. 
Fowden in respect of his post at University College; pro- 
fessor of geography, on Dr. R. J. Harrison-Church in 
respect of his post at the London School of Economics 
and Political Science; reader in geography, on Dr. K. M. 
Clayton in respect of his post at the London School of 
Economics and Political Science, and on Dr. J. T. Coppock 
in respect of his post at University College; reader in 
chemistry, on Dr. A. G. Davies in respect of his post at 
University College; reader in forensic psychiatry, on Dr. 
T. C. N. Gibbens in respect of his post at the Institute of 
Psychiatry; reader in comparative education, on Dr. B. 
Holmes in respect of his post at the Institute of Education. 


Announcements 


THE autumn meeting of the Society for Water Treat- 
ment and Examination will be held at Llandudno during 
September 30-October 2. Further information can be 
obtained from A. W. H. McCanlis, 41 Carshalton Road, 
Sutton, Surrey. 


A symposium on “Major Elements in Nutrition”, organ- 
ized by the Scottish Group of the Nutrition Society, 
will be held in Dundee on September 12. Further informa- 
tion can be obtained from Dr. C. F. Mills, Rowett Research 
Institute, Bucksburn, Aberdeen. 


A MEETING of the Biochemical Society will be held in 
the University of Cambridge during September 17-18. 
Further information can be obtained from Dr. H. R. V. 
Arnstein, National Institute for Medical Research, The 
Ridgeway, Mill Hill, London, N.W.7. 


A symposium on “The Problems of Food Additives", 
organized by the Royal Institute of Chemistry, will be 
held in Manchester on October 1. Further information 
can be obtained from H. H. Armstrong, Stockport College 
for Further Education, Wellington Road South, Stockport. 


A SUMMER school in “Organic Spectroscopy", arranged 
by the Royal Institute of Chemistry in collaboration with 
the Society for Analytical Chemistry, will be held in the 
University of London School of Pharmacy during Septem- 
ber 6-12. Further information can be obtained from 
D. G. Chisman, Royal Institute of Chemistry, 30 Russell 
Square, London, W.C.1. 


Tue fifth international Machine Tool Design and 
Research Conference will be held in the University of 
Birmingham during September 14-18. The Conference 
will include sessions on: international collaboration on 
machine tool chatter research sponsored by the U.S. 
Air Force; machine tool design; high-energy rate forming; 
metal cutting; explosive forming; metal forming; recent 
developments in machine tool technology. Further 
information can be obtained from the Organizing Secre- 
tary, Department of Mechanical Engineering, University 
of Birmingham, Edgbaston, Birmingham 15. 


THE eighth Conference on Analytical Chemistry in, 
Nuclear Technology on “The Determination of Inter- 
stitials and Trace Constituents in Reactor Materials and 
Products”, sponsored by the Analytical Chemistry 
Division of Oak Ridge National Laboratory, will be held 
in Gatlinburg, Tennessee, during October 6-8. The Con- 
ference will include sessions on: spectrochemical and 
X-ray methods of analysis; mass spectrometric methods 
of analysis; nuclear methods of analysis; gas chromato- 
graphic methods of analysis; determination of carbon, 
hydrogen, oxygen and nitrogen in metals; determination 
of trace constituents by diverse methods. Further in- 
formation can be obtained from C. D. Susano, Oak Ridge 
National Laboratory, P.O. Box X, Oak Ridge, Tennessee, 
37831. 
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GOVERNMENT EXPENDITURE ON SCIENTIFIC 
RESEARCH, 1963 


HE report of the Council for Scientific and Industrial 

Research for the year 1963 * records gross expenditure 
during the year ended December 31, 1963, of £19,479,540, 
compared with £16,691,172 in the year ended March 31, 
1962. The 1963 figure is reduced to £17,231,547 by 
various receipts from industry and other sources for 
services rendered, of which £960,142 was from other 
Government departments and £977,482 from industry— 
£224,085 being received by the National Physical Labor- 
atory. The net increase on 1962 was £2,853,345, while 
staff rose from 6,525 to 6,723 during the calendar year. 
Grants for special researches again rose, to £3,297,186 
compared with £2,275,060 in 1962, contributions to the 
European Organization for Nuclear Research from 
£1,359,000 to £1,700,000, and receipts of £116,196 reduced 
the subscriptions to the North Atlantic Treaty Organiza- 
tion and Organization for European Economie Co-opera- 
tion scientific schemes to £76,436. There is a new item of 
£28,827 for United Kingdom Space Research Management 
Services. 

Postgraduate training awards amounted to £1,735,067 
(£1,289,903 in 1962), and the 1,958 new studentships, an 
increase of 22 per cent, brought the total current at the 
end of the year to 4,036. While the value of research 
fellowships was increased by £100, only 78 new awards 
were made, compared with 92 in 1962, bringing the total 
current to 147. Besides 38 studentships and 18 fellow- 
ships awarded for study abroad (24 and 28, respectively, 
in 1962), 20 fellowships and 1 studentship were awarded 
to assist British scientists and engineers to return from 
North America. Of the 3,469 current research student- 
ships, 461 were in biology and biological chemistry, 264 
in chemical engineering and metallurgy, 979 in chemistry, 
161 in electrical and 291 in other fields of engineering, 238 
in geology, 76 in the human sciences, 296 in mathematics 
and 703 in physies. The advanced course studentships 
were distributed mainly in mathematics (115), physics 
(91) and engineering, other than electrical (85), with 47 
in the human sciences, 44 in chemical engineering and 
metallurgy, 36 in electrical engineering, 26 in geology, 25 
in biology and biochemistry, and 21 in chemistry. All 
71 first-year studentships were again in chemistry, and of 
the 147 research fellowships, 55 were in chemistry, 40 
in physics, 25 in biology and biochemistry, and 10 in 
geology. 

Grants for special researches totalled 929, 587 being 
new, and of the 929 totalling £11,813,668 in value in 
the year ended March 31, 1963, 194 (valued at £1,308,893) 
were in chemistry; 149 (£1,334,205) in technology; 147 
(£947,245) in biology; 115 (£955,525) in physics; 72 
(£601,677) in geology; 66 (£466,881) in the human 
sciences; 64 (£645,358) in metallurgy and materials; 51 
(£3,008,060) in nuclear physics; 33 (£596,668) in space 
research; 19 (£1,073,275) in astronomy; 9 (£47,311) in 
mathematics; five each in documentation and in reactors 
totalled £50,850 and £777,720, respectively. During the 
academic year 1962-63, the Research Grants Committee 
considered, 639 new applications for grants with a total 


* Department of Scientific and Industrial Research. Report of the 
Research Council for the year 1963. Pp.iv+66. (Cmnd. 2394.) (London: 
H.M.S.0., 1964.) 4s. 6d. net. (See also p. 997 of this issue of Nature.) 


value of £6,318,000, compared with 487 valued at 
£4,147,000 in the previous year, and made 513 grants 
with a total value of £3,596,000 (excluding granis of 
£100,000 for maintaining existing capital projects, com- 
pared with 390 amounting to £2,313,000 in the previous 
year. The Human Sciences Committee made 31 awards 
amounting to £150,000. In addition, a grant of £1:1 
million was approved for the construction and operation 
of a 100-MeV electron linear accelerator to enable Prof. 
P. I. Dee to carry out an extensive programme of invosti- 
gation into photo-problems in nuclear physics (the 
accelerator is being built in the grounds of the National 
Engineering Laboratory, East Kilbride). A further grant 
of £139,000 was made to the University of Manchester to 
enable Sir Bernard Lovell to make a survey of the angular 
diameter of radio stars. A grant of £121,500 was made 
for Prof. N. J. Petch’s work at the University of New- 
castle upon Tyne on the development of materials with 
improved resistance to brittle fracture; smaller grants for 
work in this field, totalling £126,082, were allocated to 
other universities. An earmarked grant of £15,300 was 
offered to the British Welding Association, £100,000 for 
staff and running costs until 1967 for fundamental 
research in biosynthetic mechanisms under Prof. E. B. 
Chain at the Imperial College of Science and Technology, 
and £142,000 to the University of Southampton to 
assist the establishment of an Institute of Sound and 
Vibration Research under Prof. E. J. Richards. 

With the exception of fire research and hydraulics 
research, in which net expenditure decreased slightly, 
from £57,056 to £39,668 and from £118,152 to £105,489, 
respectively, expenditure on all branches of the Depart- 
ment’s work increased during the year, and in these two 
fields receipts amounting to £130,937 and £161,379 (both 
up in 1962) accounted for more than half the gross 
expenditure. Likewise, & decrease in the net expenditure 
of the National Lending Library for Science and Tech- 
nology from £258,922 to £248,024 is accounted for by an 
increase in receipts from £45,327 to £87,803. While 
receipts of £399,472 in the previous year gave expenditure 
on the Tropical Products Institute a credit balance of 
£169,721, this year they fell to £212,965, leaving the net 
expenditure at £17,472. There is a new item of £53,215 
net on development contracts. The major increases in 
expenditure during the year are the National Physical 
Laboratory (£2,164,502 gross; £2,033,109 in 1961—62); 
road research (£1,086,674; £970,403); the Warren Spring 
Laboratory (£538,554; £471,181); tho National Engin- 
eering Laboratory (£1,006,609; £924,978); building 
research (£858,271; £781,037); radio research (£379,041; 
£320,163); and the National Chemical Laboratory 
(£431,416; £409,887). For forest products research the 
corresponding figures are £216,682 and £194,619; Geo- 
logical Survey and Museums, £649,807 and £578,919; 
Laboratory of the Government Chemist, £524,375 and 
£491,215; Torry Research Station, £252,709 and £226,696; 
water pollution research, £199,932 and £183,550. Ex- 
ponditure on headquarters administration increased from 
£615,536 to £678,775, annual grants to research associa- 
tious from £2,005,453 to £2,073,565, and special assistance 
to industry from £59,675 to £81,209. 
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A FUTURE FOR BRITAIN'S. WATERWAYS 


I a written answer in the House of Commons on July 
31, 1963, the Minister of Transport, Mr. E. Marples, 
indicated that he expected a preliminary report from the 
British Waterways Board on its general views as to the 
future use of the inland waterways, for which it is 
responsible, about the end of that year. This interim 
report was issued on December 12, 1963, and published 
on January 30, 1964*. 

While the report emphasizes that the views offered are 
only provisional, the general approach to new policy out- 
lined is of wide interest. The views raised will need 
testing by systematic financial investigation not only of 
the multi-user policy, which the Board now proposes, 
but also of other courses open to them, as well as by 
engineering investigations. Interest in the waterways 
has, however, been accentuated since the report appeared 
by the growing importance of multi-user approach in 
other fields, as is to be seen, for example, in the Buchanan 
Report on road transport (Nature, 201, 1059; 1964), in 
the Manchester proposals for water supply (Nature, 202, 
1; 1964), and in the proposed scheme for a barrage 
across Morecambe Bay (Nature, 203, 125, 219; 1964). 
Incidentally, it should be noted that in writing the report, 
the Board—which was set up by the Transport Act, 1962, 
and took over the administration of the waterways from 
the British Transport Commission on January 1, 1963— 
was by no means clear as to what the impact of the Water 
Resources Act of 1963 would be on its own function for 
the supply and distribution of water in England and 
Wales, or ultimately on water prices. 

The report begins by making clear just how far the 
responsibilities of the Board extend, for there are many 
inland waterways besides the 2,000 miles vested in the 
Board, including, as well as the Thames and many rivers, 
the Manchester Ship Canal (including the Bridgwater 
Canal), the Rochdale Canal and the Exeter Canal. Those 
for which the Board is responsible are mainly in England, 
but they include the Caledonian and four other canals in 
Scotland, and the Monmouthshire and Brecon Canal and 
two others in Wales, and before nationalization nearly 
half of them had been owned or controlled by railway 
companies. Furthermore, they differed widely in their 
width, their state of maintenance, and the extent of their 
use for commercial or other traffie or for other purposes; 
some 500 miles had been formally closed to traffic, while 
of a further 600 miles no longer used by commercial traffic 
some had become unnavigable wholly or in part. 

The Board is required, under Section 10 of the Transport 
Act, 1962: (1) to provide, to such extent as it thinks 
expedient, services and facilities on these inland water- 
ways and port facilities at any harbour owned or managed 
by it, having due regard to efficiency, economy and safety 
in the services provided; (2) to review the manner in 
which the inland waterways owned or managed by it 
may be put to the best use, to formulate proposals to that 
end, and to take all steps open to it to achieve that object. 
Financially, Section 18 requires the Board to ensure that 
revenue is sufficient to meet charges properly made to 
revenue, taking one year with another. Besides the actual 
waterways, the Board took over responsibility for nearly 
100 reservoirs, various docks and warehouses, some estate 
property, repair yards and workshops, some fleets of 
carrying craft and some hire-pleasure craft. 


be British Waterways Board. The Future of the Waterways: Interim Report 
of the Board. Pp. vii+52. (London: H.M.S.0., 1964.) 7s. 6d. 


This interim report represents the results of the Board’s 
first examination of all aspects of the future use of the 
inland waterways for which it is responsible, both from 
the point of view of commercial transport and all the other 
varied purposes which the waterways could serve. Already 
the Board is clear that radical departure is necessary from 
the recommendations of the Bowes Committee of 1956— 
although the report of that Committee contained pointers 
to a new and more positive policy. The Board has 
already completed its appraisal of management organiza- 
tion of the waterways and is altering the general shape 
and structure of that organization, replacing the geo- 
graphical divisions by functional divisions, with two 
Regional Centres, one at Gloucester and one at Leeds, 
for certain operational purposes. While these changes, to 
be completed by December 1965, are not expected to 
cause any significant redundancy among the present 
4,000 staff, the Board believes that the new structure 
will provide the essentials of a sound long-term basis for 
managing the undertaking and will thus encourage both 
the present staff and future recruits to make British 
Waterways their career. In Scotland, while the Cale- 
donian Canal will continue to be run by a manager who 
will be responsible to the four functional Headquarters 
officers for those respective aspects of his work and who 
will utilize the appropriate Headquarters departments for 
specialized skills for which it would be uneconomic to 
provide separately, the other canals will for engineering 
matters be made into one engineering area, with an area 
engineer reporting direct to the chief engineer. 

Before outlining its first general views on policy, the 
Board directs attention to some basic factors in the 
financial situation. On present information, maintenance 
and running costs of a waterway for major transport use 
are several thousand pounds sterling a mile per annum, 
but only some £700—£1,400 a mile for canals used mainly 
by pleasure craft. Here, however, there is need to 
examine imaginatively the possibilities of savings by new 
approaches to maintenance which would not lead to 
long-term deterioration. Conversion of these canals for 
uso mainly as water channels.would offer a further saving 
of 15-20 per cent, and perhaps another 10 per cent saving 
might be possible if such canals could be reduced to ‘mere 
existence’ standards. The true cost of elimination is not 
accurately known, but is expected to be about £5,000 a 
mile, with no offsetting income, although maintenance 
would be saved. 

It is against this background that the Board has formed 
its present opinion that the most workable and defensible 
basis for future policy is a positive one of cohesion and 
development of the waterways as an organized entity in 
the light of all present social and economic conditions. A 
unified and economical administration should be set up 
with the prime object of maintaining them for all possible 
transport and related uses, and also for any and every 
useful public purpose appropriate to them. Moreover, it 
should endeavour to make them pay their way as a whole 
and to the maximum possible extent, by every feasible 
method of cost recovery, charges and voluntary con- 
tributions. The Board believes that it is possible to make 
them pay much better than in the past when sectional 
pressures were responsible for some canals being deliber- 
ately allowed to fall into disuse and neglect. It regards 
a policy of run-down and closure as wasteful, frustrating 
and inefficient, while the third alternative of dismember- 
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ment is likely to lead to along period of uncertainty about 
individual waterways, in which their condition and 
prospects would deteriorate, and ultimately to a more 
expensive and less efficient structure. 

The need for early decision is reiterated throughout the 
report and is one factor responsible for the issue of 
an interim statement. Particularly in respect of some 
special cases, such as the Kennet and Avon Canal, the 
Leeds and Liverpool Canal and the main line of the Grand 
Union Canal, and some of those used for pleasure craft, 
the Board stresses the need to provide some reasonable 
assurance of continuity. The development and use of 
waterways have for generations been hindered by uncer- 
tainty about their future, and this prolonged uncertainty 
has exacerbated the very difficulties which caused it in 
the first place. The Waterways Board fully endorses the 
observations of the Bowes Committee on this point, and 
this applies to almost every field of the future activity of 
the waterways. 

The Board argues very cogently that this policy of 
multi-user is the most rational and efficient policy, and it 
points out that the undertaking for which it has assumed 
responsibility cannot, as a whole, any longer be regarded 
solely as a national transport system. As such, some of 
it is manifestly out of date, though it might well be asked 
whether the practicability has been sufficiently carefully 
considered of developing even some sections of the water- 
ways as an alternative means of relieving the congested 
road system of some of the heavy traffic responsible for 
delays and damage, or to fill the gaps left by some of the 
closures of railway lines that have already been made or 
are in prospect. That, of course, properly lies outside 
the special responsibility of the Board, but once again it 
indicates the real danger of departmentalism which the 
handling so far of the Robbins Report and the Buchanan 
Report has demonstrated. Apart from that, however, the 
interim report on the future of the waterways shows 
clearly the impracticability of neatly and separately 
arrenging waterways as usable and unusable for transport, 
or even separately labelling individual waters for single 
particular purposes. 

AH this is admirably shown on the excellent series of 
charts with which the report is illustrated. Although, as 
has already been emphasized, the Board is careful to 
insist that its present views are subject to modification, the 
imaginative and constructive approaches it displays in 
its considerations of commercial transport and related 
activities, of water supply and channelling, and of the use 
of the waterways by pleasure craft, for cruising, angling 
and other purposes are some of the most encouraging and 
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helpful features of the report. There is, for example, the 
comment that a reasonable transport diversity is a useful 
support to a healthy economy. Again, the Board notes 
that many waterways could without major expansion 
cater for more traffic than they do at the moment—the 
Lea, going through the industrial East End and the City 
to the London docks, is one example. It is clear that, 
given the reasonable support on which it should be able 
to count, the Board will be prepared to consider in due 
course with real vision the possibilities of major expansion 
or improvement or even the building of new waterways. 

What does emerge from this interim report is that 
Britain now has a Waterways Board with a positive policy 
and. one which is imaginatively alive to the many possi- 
bilities which such a policy holds for various aspects of 
public welfare, including the intelligent conservation and 
use of water resources. Although the revenue for angling 
is minute compared with the cost of maintaining water- 
ways, that does not mean that angling will be disregarded 
by the Board, and it recognizes the complexity of the 
statutory position and is prepared to reconsider this in 
due course. Meanwhile, in a situation in which the annual 
rate of loss has been reduced from £1-3 million to less 
than £1 million and could be reduced by a further £0-75 
million if all went well, the Board is concentrating on the 
general concept of the multi-user system as the best 
opportunity of attracting new revenue. It is indeed also 
required by the Transport Act of 1962 to pay interest on 
& commencing debt, estimated at £19-2 million, retention 
of which is scarcely a stimulus to sound financial manage- 
ment. Nevertheless, while the Board is not yet ready to 
make firm proposals regarding the future treatment of 
this debt, it hopes to do so later. How the engineering 
survey and the systematic financial and costing investi- 
gations to be put in train will affect the tentative views 
expressed in this report has yet to be seen. It can at 
least be added, on the evidence of this report, that if the 
British Waterways Board does not, within tho next few 
years, provide Britain with a waterways system which 
measures up to the opportunities displayed in this report 
with insight as well as realism, the responsibility is likely 
to be that of the Government, and particularly the 
Minister of Transport, for failing to support it. After this 
report, the Minister of Transport can have no excuse if 
he fails to deal urgently and constructively with the 
problems of administration involved at the central as well 
as at the regional level when problems have to be handled 
from the point of view of numerous functions and services, 
far transcending local, and sometimes regional, needs and 
interests. 


DISEASES OF THE HOP 


Ce between biologists in different 
countries, working in different physical and intel- 
lectual environments, and publishing their results in 
different languages, is perhaps nowhere more difficult 
than in the field of plant virus diseases; the basis for 
identification of the causal agent still depends on the 
description of variable and often transient symptoms in 
one or more species or varieties of host plants, even 
though these diagnostic techniques are being increasingly 
supplemented by data from the electron-microscope and 
the ultracentrifuge, and from serological investigations. 
Much can be gained by assembling an international group 
of specialists for a working conference to see and handle 
diseased material and to discuss common problems. This 
can be especially valuable if the proceedings of the con- 
ference are not published in detail and the participants 
can therefore feel free to speculate. The conference on 
hop diseases, sponsored by the East Malling Research 


Station with the Hop Research Department of Wye 
College, and held during June 29-July 2 at East Malling 
and Wye, was organized on this basis. The incentive for 
arranging the conference came initially from virus workers; 
but the programme also included discussions on the major 
fungal diseases of the hop. 

The first day of the conference, under the chairmanship 
of D. Rudd Jones (Agricultural Research Council, U.K.), 
was devoted entirely to virus diseases. Only one virus, 
hop mosaic, appears to be recognized in all the major 
hop-growing areas of the world, though it is not clear 
how much variation there is between strains of the virus. 
Papers on this disease dealt with its effect on the yicld 
and quality of early and late cluster hop varieties (C. B. 
Skotland, U.S.A.) and with changes induced by the virus 
in the mineral content of the leaves (R. Marocke, France). 

Krüuselkrenkheit (crinkle) is a disease of economic 
importance in Germany and eastern Europe, but it is 
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not recognized elsewhere. Its symptomatology and con- 
trol in Czechoslovakia were discussed by J. Kriz (Czecho- 
slovakia); and P. Chrometzka (Germany) showed how 
various climatic and nutritional conditions could lead to 
masking of the symptoms. A striking feature of the 
disease is the effectiveness with which symptoms can be 
eliminated by treating affected plants with zinc salts or 
zinc-containing fungicides; this, together with the some- 
what equivocal results of attempts to transmit the 
disease by grafting, suggests the possibility that zinc 
deficiency is directly involved. 

Krüuselkrankheit symptoms have a number of features 
in common with those of nettlehead. A paper on the 
zetiology of this disease by J. T. Legg (U.K.) was presented 
by K. R. Bock (U.K.), the author being at present in 
Ghana. This paper also dealt with hop line pattern virus, 
which can be latent in many varieties but which, when 
present, either facilitates infection with nettlehead virus 
or contributes to the development of tbe nettlehcad 
syndrome. Nettlehead is not recognized in continental 
Europe, but is probably present in the United States. 

Kréuselkrankheit is probably not synonymous with 
nettlehead; some evidence for this was mentioned in the 
text of a paper by H. E. Schmidt (D.D.R.). Unfortunately, 
no member of this author’s laboratory, the Institut fiir 
Phytopathologie at Aschersleben, was able to attend the 
conference, and it was not possible to discuss in detail 
what appeared to be an important contribution to diagnos- 
tic procedures for hop viruses. For example, & number of 
herbaceous indicator plants have been uséd at Aschers- 
leben to differentiate strains of ‘hop ring-and-banding- 
mosaic virus’. It was not possible to determine whether 
this virus is related to the hop line pattern virus described 
by Legg; the latter virus has not been recognized in 
Germany, Czechoslovakia or Yugoslavia, but is believed 
to be present in the United States. 

Herbaceous indicators have also been used by D. H. 
Hall (U.8.A.) during investigations of a yellow leaf blotch 
virus of hops in California, a disease that seems to resemble 
one previously reported from New Zealand, but is appar- 
ently not recognized elsewhere. 

. Infectious sterility is recognized only in eastern conti- 
nental Europe. It was discussed by J. Kriz, who indicated 
that control was likely to be achieved in the near future 
by the propagation of selected virus-free clones. This 
preventive approach to the control of virus diseases in 
general was also stressed in contributions to the dis- 
cussion by delegates from western continental Europe, 
Britain and the United States, whereas in southern 
Germany the curative approach by treatments aimed at 
ameliorating the effects of the disease on the host plant 
is predominant. 

Split leaf blotch, a disease well known in Britain, is 
possibly present in Europe and almost certainly present 
in the United States. 

In the second session, under the chairmanship of W. G. 
Keyworth (U.K.), discussions on hop Verticillium wilt 
diseases were opened by G. W. F. Sewell (U.K.), P. W. 
Talboys (U.K.) and T. Christie (New Zealand). 

The taxonomic position taken by most British workers 
is that the ‘Dauermycelien’ and ‘microsclerotial’ forms 
of Verticillium are referable to the two species V. albo- 
atrum and V. dahliae, respectively. Though a majority 
of American pathologists have regarded these as different 
forms of V. albo-atrum, an increasing number of them 
are accepting the division into two species as a matter of 
convenience if not always of conviction. 

The major wilt pathogen of hops in Britain and Germany 
is V. albo-atrum, and limited outbreaks caused by this 
species have also occurred in New Zealand. In the United 
States relatively minor outbreaks in the past have been 
caused by V. dahliae; but C. E. Horner reported that a 
new occurrence of the disease in 1964 was caused by V. 
albo-wtrum. In other countries hop wilt is of no economic 
significance and in most areas has not been reported. 
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The virulent strain of the pathogen causing progressive 
wilt in Britain does not seem to occur elsewhere, though 
tests carried out in Germany and New Zealand to discover 
whether the strains present there correspond with those 
causing progressive and fluctuating wilt in Britain are 
difficult to assess because the techniques and environ- 
mental conditions of the trials were different from those 
in Britain. The marked response of Verticillium wilts to 
environmental conditions is an important factor to be 
considered in investigations both of resistance in the host 
and of virulence in the parasite. Thus, the initial develop- 
ment of the wilt problem in Germany, and the variable 
incidence of acute disease from year to year in moderately 
resistant varieties on certain sites in Britain, were both 
ascribed, at least in part, to low temperatures during the 
summer. The increasing prevalence of V. dahliae as a 
wilt pathogen in warmer climates is another aspect of 
the same problem. 

Present investigations of the host—parasite relationship 
in England continue to lay stress on the importance of 
the extra-vascular root tissues in determining the severity 
of the disease. 

Research on the status of V. albo-atrum in the soil 
indicates that infection of roots of dicotyledonous plents 
provides an important means of maintaining soil popula- 
tions of the pathogen, whereas under a pure grass sward 
this organism is rapidly eliminated. V. dahliae, however, 
is apparently not amenable to this method of control. 

Discussions on downy mildew (Pseudoperonospora 
humuli) fully occupied the third day under the chairman- 
ship of J. E. Crosse (U.K.). The meeting was held at 
Wye College, and papers were presented by F. Zattler 
(Germany), J. M. Ogawa (U.8.A.), J. R. Coley-Smith 
(U.K.), C. E. Horner (U.S.A.), Y. Mori (Japan) and L. 
Vent on behalf of Z. Petrlik (Czechoslovakia). 

Most of the discussion during this session was concerned 
with over-wintering of hop downy mildew and with the 
value of streptomycin in early-season control of the 
disease. In Great Britain, the United States and Japan 
there is now a great deal of evidence to show that downy 
mildew over-winters mainly as mycelium in infected hop 
rootstocks. Oospores of the fungus are very rare in the 
United States, and although of common occurrence in 
Britain have never been observed to germinate. On the 
continent of Europe it is still widely believed that spring 
infections arise from oospores, and there is certainly 
evidence that infection of hop rootstocks is less common 
there than in Britain or the United States. 

There was disagreement about the value of strepto- 
mycin for early-season control of hop downy mildew. 
Good control has been achieved in certain areas of the 
United States but not in others. In Great Britain the 
antibiotic appears to give slightly better results than 
conventional protectant fungicides. Mixed results have 
been obtained in Japan, but in Western Germany the 
antibiotic has given very poor results. 

Control of downy mildew by the use of resistant hop 
varieties has not reached an advanced stage, except in 
Western Germany, where two new resistant varieties have 
been distributed to growers. There is no information 
regarding physiological specialization in Pseudoperono- 
spora humuli, but there appear to be differences in the 
susceptibility to downy mildew of certain commercial 
varieties in different countries, and the possibility of 
physiological specialization should therefore be borne in 
mind when breeding for disease resistance. 

On the final day, with A. F. Posnette (U.K.) in the 
chair, there were short discussions on miscellaneous 
diseasos, including powdery mildew (Sphaerotheca humuli), 
canker (Gibberella pulicaris), Botrytis infection of cones, a 
heptachlor-induced die-out of hop crowns in Washington 
State, and Phytophthora rots in New Zealand and Britain. 

The conference was supported by the Agricultural 
Research Council and the Hops Marketing Board. 

P. W. Tatsoys 
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ARTHRODIRAN ANATOMY 


Ü classification used by E. Stensió in his recently 
published Anatomical Studies on the Arthrodiran 
Head* differs from that in present-day text-books. 
Stensid, like Jarvik, joins the Placodermata with the 
Elasmobranchii in a class *"Elasmobranchiomorphi". 
The Placodermata contain the super orders Arthrodira 
and Holocephali, the former including Gross’s Euarthro- 
dira (Arthrodira of Woodward) and the Antiarchi. 
Stensió is in agreement with the cogent arguments of 
Orvig for relating the Euarthrodiran order of Ptyctodon- 
tids with the modern Chimeras—‘‘everything decidedly 
goes to prove that the Holocephalans are derived from 
early primitive Ptyctodontids and consequently in all 
probability are the last survivors of the Arthrodiran 
stock”. Evidently, many general zoologists and paleon- 
tologists will be referring to this work to decide how far 
these opinions are now to be followed. 

The figures and plates of Part 1 are excellently set out 
and there are many beautiful colour-figures. These, tho 
work of a great authority, writing on his subject, enable a 
more complete picture of the Euarthrodiran fish to be 


* Kungl. Svenska Vetenskapsakademiens Handlingar. Fjarde Serien. 
Band 9, Nr. 2: Anatomical Studies on the Arthrodiran Head. Patt 1: Preface, 
Geological and Geographical Distribution, the Organization of the Arthro- 
dires, the Anatomy of the Head in the Dolichothoraci, Coccosteomorphi and 
Pachyosteomorphi. Taxonomic Appendix. By Erik Stensié. Pp. 419+ 
62 plates. (Stockholm: Almqvist and Wiksell, 1903.) 220 kr. 


formed. But in the reconstructions, based largely on 
‘serial grindings', comparison is made predominantly 
with the cranial anatomy of modern Elasmobranchs rather 
than with that of Acanthodians, Holocophalans, or carly 
Elasmobranchs: this procedure begs the question of 
whether the Elasmobranchs are so closely related to the 
Arthrodires as Stensió believes. Certainly it is difficult to 
accept that these early fishes were so advanced as they 
appear here, for example, in the relations of the profundus 
nerve to the rest of tho trigeminal complex. 

The systematic arrangement of the orders is based on the 
author’s views on the evolution of the Arthrodiran pectoral 
fin, although the Dolichothoraci are treated first in the 
text. Should these views eventually prove to be mistaken, 
this would detract little from the value of the book. But 
many special features of the Arthrodires, such as tho 
strange and probably primitive arrangement of the pineal 
system, and the evolution, apparently, of autostylic 
jaw-suspensions from a hyostylic one, really need 
authoritative explanatory diagrams rather than extensive 
verbal descriptions. Presumably these will be provided in 
Part 2, which will cover nine orders, including the 
crucial Ptyctodontids, and a summary. Part 1 lacks 
& separate index, so on all counts it is to be hoped 
that Part 2 will appear soon. 

H. P. WAITING 


INSPECTION OF ALKALI, ETC., WORKS 


ib one hundredth report on alkali, etc., works in 
England and Wales for 1963, issued by the Chief 
Inspector *, covers the centenary year of the Alkali Act. 
An interesting feature of the report is the brief account 
appended of the early history of the Act and of the 
Inspectorate. At the end of the year, 2,061 works were 
registered under the Act involving operation of 3,331, but 
the number of registered works was 16 fewer than at the 
end of 1962, and 152 fewer than at the end of 1959. 

The Chief Inspector points out that it is often small 
works, unsuitably placed and surrounded by dwelling- 
houses, which take up a disproportionately large amount 
of the time of the Inspectorate, and neither the number 
of works nor the scheduled processes registered, nor tho 
national statistics for production, can alone provide a 
yard-stick for the hazards. 

During the year, 10,850 visits were paid, including 135 
special visits by the Chief or Deputy Chief Inspector, of 
which 244 were to, or in connexion with, works not regis- 
tered under the Act, 43 being concerned with the control 
of radioactive emissions and 43 to, or in connexion 
with, colliery spoilbanks. During the inspections, 3,433 
quantitative analyses wero made of gases evolved from 
the processes, compared with 4,331 in 1962. The decreased 
number of tests is largely due to the absence of any need 
for special investigations at the older works. In addition, 
615 special samples were taken and submitted for analysis 
by the Government Chemist. 

The specific complaints investigated, largely at the 
request of the local authoritios, concern some 323 works, 


* Ministry of Housing and Local Government—Scottish Development 
Department. Alkali, etc. Works Regulation Act, 1906, and Alkali, etc. 
Works Orders, 1928-1963, Alkali, eto. Works Regulation (Scotland) Acts, 
1906 and 1951, and Alkali, etc. Works (Scotland) Orders, 1952 and 1958. 
One-Hundredth Annual Report on Alkali, etc. Works by the Chief Inspectors, 
1963. Pp. iv+84. (London: H.M.S.O., 1904.) 5s. 6d. net. 


256 of which were registered under the Act. Complaints 
against registered works were most numerous against 
isotope works, ceramic and electricity works, iron and «tecl 
works, cement works, and aluminium works, the volume 
of complaints against the heavy chemical industry being 
small. 

Commenting on the inelusion in the list of noxious or 
offensive gases under the control of the Inspectorate of 
compounds which cannot by any manner of means be held 
to be toxic, the Chief Inspector points out that toxicity 
is not the full criterion, and that there is the matter of 
general nuisance and of interference with amenities. ‘The 
Chief Inspector also points out that the arrangemonts for 
visiting the establishments of the Atomic Energy Authority 
to consider the best practical means for reducing to a 
minimum the emission of radioactive gases, mists and 
dusts, and to make sure that any such discharges are 
regulated so that public health is in no way in danger, 
continue to operate adequately. Satisfactory standards 
continue to be maintained and no public health hazard 
has arisen. The samo satisfactory system is being applicd 
to the nuclear power stations of tho Central Electricity 
Generating Board. 

An interesting point noted regarding the cement- 
production works is that one of the main factors leading 
to high dust emission when using estuarine clay is the salt 
content. Moreover, the main alkali metal in the dust is 
not sodium but potassium, which seems to be present 
largely as potassium chloride and can at times be as much 
as half the emission. 

Under the same cover is included the report of tho 
Chief Inspector of Alkali, ete., Works (Scotland) for tho 
same year. Under the Scottish Act 275 works operating 
375 processes are registered, and some 444 visits were 
paid, including 44 joint and independent visits by the 
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Chief Inspector, of which about 146 visits were on work 
not falling directly within the provisions of the Act, but 
within those of other statutes relating to the prevention 
of air pollution. The experimental programme of 
testing dust emissions yielded more useful information 
in the 30 tests made during the year, but it was again 
apparent that full observance of the recommended 
procedure for testing was scarcely practical at most 


NATURE 


September 5, 1964 vou. 203 


works, although close approximations were made wherever 
possible. Another markedly defective electrostatic 
precipitator was found, and again its performance was 
not suspect by an external instrumental indication of 
its operation. 

To this report also is appended a brief historical account, 
this time dealing with the operation of the Alkali Act in 
Scotland during the past hundred years. 


BLAST-FURNACE CEMENT IN SOUTH AFRICA 


ANY years ago it was established (in Germany) that 

certain slags, by-product of iron-ore smelting in 
blast-furnaces, if rapidly quenched from the molten state, 
then finely ground with an activator such as lime or 
Portland cement, would set and harden very much like 
ordinary Portland cement. This resulted in the develop- 
mont of a large cement industry in Europe based on waste 
slag, which, as a result of considerable research over the 
years, has greatly expanded in production and economic 
importance, especially in those countrics concerned with 
an indigenous iron and steel industry. 

In the case of South Africa there appears to be a basic 
difference between the available slag from the iron and 
steel industry compared with that used for cement-making 
elsewhere, in that the slag produced in the Republic has a 
much higher magnesia content than that normally used 
overseas. For some time cement technologists considered 

‘that the use of high magnesia slag was liable to lead to 
disruptive expansion in Portland cemont products made 
from it; consequently this local slag was looked on with 
suspicion. However, with continuing expansion of the 
iron and steel industry and concomitant mounting of 
slag production (this is at present running at 1,200,000 tons 
per annum), something drastic had to be done to counter- 
act the accumulation of this unwanted by-product. 
Research on the problem was initiated at the National 
Building Research Institute of the Council for Scientific 
and Industrial Research, Pretoria, and eventually it was 
demonstrated that this high-magnesia slag was not 


conducive to unsoundness and that, under prescribed 
conditions, a good-quality cement could be manufactured 
from it. 

Writing in the South African Review (C.S.I.R., ref. 
No. R/BOU 108; 1963/64), Dr. N. Stutterheim, vice- 
president of the Council, briefly describes the events 
leading up to the now successful utilization of this slag. 
He says: “Discussions between the iron and steel industry, 
which had sponsored the research, the cement companies 
and the C.S.I.R , resulted in the manufacture of two types 
of cement: one an interground mixture of granulated slag 
and Portland cement clinker and the other a finely ground 
granulated slag which is then mixed with Portland cement 
in the concrete mixer on the construction site... . Last 
year about 350,000 tons of granulated slag was converted 
to cement; e. about 12 per cent of the country’s 
cement requirements wero met from this source. This is 
only 30 per cent of slag output whereas at least 80 per cent 
could be so utilized". 

It is concluded that it has now been abundantly proved 
that it is economic to use South African slag for cement 
manufacture; that by so doing capital and running costs 
are saved; resources of limestone and coal, otherwise 
required for equivalent Portland cement production, are 
extended; a cement possessing properties similar to those 
of Portland cement, but at lower cost, is being extensively 
marketed; and it is in the national interest that increasing 
use be made of this waste slag for cement production. 

H. B. MILNER 


UPTAKE OF HYDROCARBON CARCINOGENS BY LYSOSOMES 
By Dr. A. C. ALLISON and Dr. L. MALLUCCI* 


National Institute for Medical Research, London, N.W.7 


ACE polybenzenoid hydrocarbon carcinogens 
have been intensively investigated since their dis- 
covery more than thirty years ago, remarkably little is 
known about their intracellular fate and the way by which 
they bring out malignant changes. In examining the 
localization of carcinogens, two main approaches have been 
used: histological examination of the fluorescence of 
treated tissues and chemical analysis of isolated cell 
constituents. The first technique has shown that, both 
in vivo and in vitro, hydrocarbon carcinogens are quickly 
taken up into small masses in the cytoplasm of cells and 
remain demonstrable there for several weeks!-, The 
second approach has established that if careful fraction- 
ations are carried out the carcinogens are not found in 
nuclei or bound to nucleic acid but are present in cyto- 
plasmie constituents, an appreciable proportion being 
bound to protein*-*. Whether hydrocarbon carcinogens 
become associated with particular cytoplasmic constitu- 


é * HOlder of a NATO fellowship granted by the Italian National Research 
ouncil. 


ents has never been clear, and our experiments were under- 
taken to throw light on this problem. 

Cell cultures. Cultures of four cell types were made on 
coverslips. Primary Macaca monkey kidney cell cultures 
were grown in Medium 199 (Glaxo) + 10 per cent calf 
serum inactivated by heating at 56° for 0-5 h. Chick 
embryo cell cultures were maintained in ¢éris-(hydroxy- 
methyl)-aminomethane-Gey's medium with peptone and 
lactalbumin hydrolysate’. HeLa cells were cultured in 
Medium 199 + 5 per cent inactivated calf serum. Macro- 
phages were obtained without prior stimulation by 
intraperitoneal inoculation of 3 ml. of culture medium 
containing 10 I.U. of heparin per ml. into mice of strain 
VSBS/NIMR weighing 18-20 g. After brief massage the 
cells were gathered, washed and dispensed in tubes con- 
taining small coverslips. The culture medium was solu- 
tion 199 + 20 per cent inactivated calf serum. 

Careinogens. Hydrocarbon carcinogens (9,10-dimethyl- 
l : 2-benzanthracene (DMBA) : 20-methylcholanthrene 
(MCA); 1: 2,5: 6-dibenzanthracene (DBA); and 3:4- 
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benzpyrene (BP), a structurally related non-carcinogenic 
control (anthracene) and tricycloquinazoline, a hetero- 
cyclic nitrogen carcinogen (kindly provided by Dr. R. W. 
Baldwin) ) were used. Solutions were prepared by adding 
carcinogens in the form of fine particles to inactivated calf 
serum (100 ug/ml.) and incubation at 37° for 6 h with 
continuous gentle stirring. The serum was centrifuged at 
13,0009 for 0-5 h at 4° and passed through a ‘Millipore’ 
filter. Appropriate dilutions of serum were added to the 
culture media to give a final concentration of carcinogen 
(confirmed by fluorimetry or radioactivity measurements) 
of 5-22 ug/ml. 

Localization of carcinogens in cells. Cell cultures were 
incubated for 2-24 h in media containing carcinogen or 
anthracene, mounted in fresh medium, and examined by 
fluorescence microscopy with activation from 360 my. to 
400 mu. The same cells were examined by phase-contrast 
microscopy and after staining for acid phosphatase by the 
Gomori technique™, with or without prior fixation in 
1-4 per cent glutaraldehyde in isotonic phosphate buffer, 
pH 7-0, at 4°, for 2h. 

All the cell types examined after exposure to carcinogens 
were found to contain brilliant fluorescing granules in the 
cytoplasm (Figs. 1-3). The granules concerned appeared 
dense by phase-contrast microscopy and their distribution 
in individual cells and in the different cell types corre- 
sponded with that of lysosomes. Careful examination and 
photography of the same groups of cells by fluorescence 
microscopy and light microscopy after acid phosphatase 
staining showed that identical organelles contained the 





Fig. 1. Monkey kidney cellsin culture, unfixed and examined by phase- 

contrast microscopy. The dense lysosomes (Z), which are mainly in a 

perinuclear position, are readily distinguished from the less dense, fila- 

mentous mitochondria (M), most of which lie in the peripheral cyto- 
plasm (x c. 870) 





Fig. 2. Monkey kidney cells in culture, 24 h after exposure to 20-methyl- 

cholanthrene, examined without fixation by fluorescence microsco y. 

Lysosomes containing carcinogen fluoresce light blue, while nuclei AN) 

and peripheralcytoplasm soni 220) ORO show no fluorescence 
x €. 
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Fig. 3. Mouse macrophages in culture, 24 h after exposure to, 9,10- 

dimethyl-1 : 2-benzanthracene, unfixed but counterstained with 

euchrysine, showing light blue fluorescence of lysosomes in the 
cytoplasm (x c. 870) 





Fig. 4. HeLa cellsin culture exposed 24 h previously to 3 : 4-benzpyrene, 

unfixed and showing fluorescence of lysosomes, many of which, as 

indicated by the arrows, tend to be concentrated as caps over one pole 
of the unstained nuelei (N) ( x c. 390) 


fluorescing carcinogens and lead sulphide deposit. No 
fluorescence was seen in background cytoplasm, mito- 
chondria or nuclei. AJ] the carcinogens examined, and 
anthracene, showed a similar intracellular distribution. 
With the hydrocarbons fluorescence was light blue or 
blue-violet; with tricycloquinazoline it was yellow. 

We conclude that the hydrocarbon carcinogens are 
taken up by cells and selectively concentrated in lyso- 
somes. A possible objection to this interpretation is that 
the carcinogen is also present elsewhere in the cells but 
with its fluorescence quenched. Although quenching of 
fluorescence of aromatic hydrocarbons is less likely to 
occur than that of compounds with more reactive chemical 
groups, it was thought necessary to check this possibility. 
Cells were incubated for 24 h with medium containing 5 
ug/ml. of 1: 2,5: 6-dibenzanthracene uniformly labelled 
with tritium (Radiochemical Centre, Amersham). After 
incubation for a further 2 h in medium without carcinogen, 
the cells were fixed with 1 per cent acetic acid (v/v) 
and coated with Kodak ‘AR 10’ emulsion for autoradio- 
graphy. Exposures of 8 days gave abundant granules, 
the distribution of which corresponded exactly with that 
of the lysosomes, none „being present in any part of the 
nuclei except immediately adjacent to the lysosomes and 
none in areas of cytoplasm rich in mitochondria but 
without lysosomes. It is concluded that if any carcinogen 
is present in parts of the cells other than the lysosomes 
the amount is too small to detect by the methods used 
in our investigations. 

In order to obtain information on the duration of 
fluorescence, monkey kidney cells were incubated with all 
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four carcinogens and anthracene for 24 h and then 
incubated in fresh medium without carcinogens for varying 
periods before examination by fluorescence microscopy. 
Incubation for 24 h in fresh medium greatly reduced the 
intensity of anthracene fluorescence, which was sometimes 
yellowish rather than blue. After 48 h the anthracene 
fluorescence had virtually disappeared, but the carcinogen 
fluorescence was little changed, apart from the presence 
in some cells in addition to the typical lysosomal fluores- 
cence of a weaker more diffuse area of fluorescence in a 
paranuclear zone. The only other change noted was that 
the fluorescence of cells just exposed to BP was violet or 
blue-violet, whereas that of cells exposed 24 h previously 
was blue. These preliminary observations suggest that 
the non-carcinogenic anthracene may be more rapidly 
metabolized or lost from lysosomes than the carcinogens, 
and further investigations on more closely related car- 
cinogenic and non-carcinogenic compounds are in pro- 
gress. 

In vivo experiments. The objection could also be raised 
that the behaviour of cells cultured in vitro might not be 
representative of what happens in vivo. Experiments were 
therefore ‘carried out on mice." DMBA was dissolved in 
paraffin (m.p. 45°) and 0-2 ml. containing 100 ug carcino- 
gen introduced subcutaneously in adult male VSBS/ 
NIMR mice. After 1 week the animals were killed, the 


paraffin removed and impressions and spreads of connec- , 


tive tissue cells examined. Although the cytological 
detail was less well shown than in cultured cells, in all 
but'/& few apparently dead cells the fluorescence of the 
carcinogen was confined to cytoplasmic granules having 
the distribution of lysosomes. 


As others had previously observed®+45 polybenzenoid 
hydrocarbon carcinogens are taken up into the cytoplasm 
of cells. We have demonstrated, further, that the hydro- 
carbons we have used are specifically concentrated in 
lysosomes, and not in mitochondria as Graffi? supposed. 
De Duve and his colleagues have shown that lysosomes 
contain hydrolytic and other enzymes, including acid 
phosphatase, acid DNase, acid RNase and acid protease 
(cathepsin). The properties of lysosomes have been 
conveniently summarized st & recent Ciba Foundation 
symposium™. Evidence is accumulating that lysosomes 
of living cells take up neutral red??, and we have shown 
that they also selectively concentrate a number of basic 
dyes and drugs, including several aminoacridines, chloro- 
quine, quinine, stilbamidine, antrycide and ethidium. 
Since the hydrocarbon carcinogens are uncharged, it is 
clear that basicity is not a necessary requirement for a 
compound to be taken up into lysosomes. From repeated 
observation it seems that the carcinogens are concentrated 
in preformed intracellular organelles (primary lysosomes) 
rather than phagocytic vacuoles (phagosomes), although 
the possibility cannot be excluded that carcinogens enter 
the cells in micropinocytotic vacuoles which eventually 
fuse with the primary lysosomes. On the other hand, 
if any crystals of carcinogen are present (as in some of our 
preliminary experiments not involving serum solubiliza- 
tion) these are incorporated into typical phagosomes. 

The concentration of carcinogens in lysosomes has a 
number of interesting implications. First, it is likely that 
for some time no metabolic conversion takes place. The 
observations of Sloane and his colleagues? on fluorescence 
spectroscopy in vivo in rabbit ear chambers, and after 
uptake of hydrocarbon carcinogens by cells in vitro, 
suggest an initial solution of the carcinogens similar to 
that produced in serum. With BP, emission at short 
wave-lengths decreased and that at long wave-lengths 
increased quite rapidly. This parallels the observations 
of Doniach et al.? and ourselves that the initial fluorescence 
with BP is blue-violet whereas after 24 h it is blue. With 
the other carcinogens no change in fluorescence is detect- 
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able. Our observations indicate that fluorescence of 
anthracene disappears much more rapidly, presumably 
owing to loss from lysosomes or metabolic conversion, 
than that of the carcinogens. Whether conversion by 
hydroxylation and coupling with glucuronic acid occurs in 
the lysosomes themselves cannot be decided on available 
evidence. The characteristic proteins to which carcino- 
gens become bound’ may well be lysosomal. However, it 
seems unlikely that protein binding is a necessary event 
in carcinogenesis since the stable compound tricyclo- 
quinazoline, which is a potent carcinogen, is not bound to 
protein’, although we have found it to be concentrated in 
lysosomes like the polybenzenoid hydrocarbons. 

Secondly, in at least some cells the carcinogens appear 
to decrease the stability of lysosomal membranes, as 
shown by acid phosphatase staining of the lysosomes of 
unfixed macrophages when they have taken up carcino- 
gons. This occurs to a much smaller extent in kidney 
cells, and Mr. J. Dingle kindly allows us to quote his 
observation that hydrocarbon carcinogens have much 
less dramatic effects on the integrity of isolated kidney 
lysosomes than comparable concentrations of vitamin A. 
Nevertheless, high concentrations of carcinogens in 
lysosomes could well bring about considerable release into 
the cytoplasm of lysosomal enzymes, and this provides an 
explanation for the well-known cytotoxicity of hydro- 
carbon carcinogens both in vivo and in vitro. Attention 
was directed to this phenomenon long ago by Haddow!: 
and others, and the evidence has recently been reviewed 
by Vasiliev and Guelstein?*. 

Lower concentrations of carcinogens could bring about 
gradual release into the cytoplasm over long periods 
of enzyme such as DNase, RNase and protease, which 
might well damage the mechanisms controlling cell divi- 
sion—whatever these may be—without impairing the 
capacity of the cells to divide. Since the carcinogens have 
marked electron-donating and accepting properties?®, 
charge transfer with constituents of the lysosomal mem- 
branes could be involved in the enzyme activation. 

Deckers-Passau e£ ai." had previously demonstrated 
activation of lysosomal enzymes in livers of rats treated 
with dimethylaminoazobenzene; these changes were more 
marked in animals with riboflavin deficiency, which en- 
hances the carcinogenic effect of the dye. More recently, 
Nodes and Reid#* observed within one week of feeding rats 
3’-methyl-4-dimethylaminoazobenzene a marked rise in 
the acid RNase activity in the supernatant fraction, 
indicating activation of the lysosomal enzyme. Carbon 
tetrachloride is also known both to activate lysosomal 
enzymes of liver? and to be carcinogenic in some 
Species?^, 

The hypothesis that lysosomes are involved in earcino- 
genesis might provide a simple explanation for co-carcino- 
genesis, that is, the enhancement of the effects of small 
doses of carcinogens by subsequent treatment with un- 
related chemicals. Three of the most effective co-carcino- 
genic agents for hydrocarbon carcinogens are croton oil?!, 
non-ionic detergents of the ‘Tween’ group?? and hyper- 
oxia?3, All these affect lysosomes. We have observed 
that treatment of cultured macrophages and monkey 
kidney cells with croton oil (10 ug per ml. in serum added 
to medium), ‘Tween 60’ (0-001 per cent w/v, in culture 
medium) or 95 per cent oxygen + 5 per cent carbon dioxide 
for 12 h allows lysosomal enzymes to be stained in unfixed 
preparations, indicating that the permeability of the 
lysosomal membranes has been increased. Effects of 
detergents and the role of lysosomes in oxygen toxicity 
have been investigated in some detail and the results 
will be presented elsewhere. All the co-carcinogens could 
enhance effects of small amounts of carcinogen in tho 
lysosomal membrane. Since virus infections often cause 
activation of lysosomal enzymes™, interaction with 
carcinogens is also possible at the level of the lysosomes. 
Likewise, the decreased interferon production in cells 
after treatment with hydrocarbon carcinogens may be 
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attributable to release of lysosomal enzymes which 
inhibit interferon synthesis or bring about its intracellular 
destruction. 

The toxicity of DMBA to adrenal and testicular cells 
of treated rats??? may also be due to lysosomal damage. 
From the experiments of Richter and Saini‘ it is clear that 
spermatogonia and spermatocytes accumulate large 
amounts of hydrocarbon carcinogens in cytoplasmic 
organelles, which from their distribution appear to be 
lysosomes. The selective toxicity of DMBA for these 
cells, not shown by other hydrocarbon carcinogens, is 
presumably due to the particular configuration of the 
former, perhaps its non-planar structure?®. 

One of the factors making polybenzenoid hydrocarbons 
so efficient as carcinogens could be that they act as 
selecting as well as inducing agents. The importance of 
selection at the cellular level has already been discussed?*, 
The results summarized by Vasiliev and Guelstein!5 show 
that in many instances growth of normal cells is inhibited 
by concentrations of hydrocarbons that are well tolerated 
-by malignant cells. It follows that in tissues where 
relatively high concentrations of carcinogens are present 
malignant cells will be at a competitive advantage. 
Selective inhibition of normal cells could favour emergence 
of malignant cell clones in several ways. One is purely 
mechanical: in skin and other epithelia multiplication of 
cells in the basal layer produces a steady movement 
of cells towards the surface: potentially malignant cells 
could be eliminated by this rising tide, but selective 
inhibition of normal cell division would give the malignant 
cells a greater chance of securing a ‘foothold’ from which to 
multiply out. A second possible selective mechanism 
which has recently attracted attention is the partial 
suppression by carcinogens of the immune cellular response 
which is concerned in the elimination of tumour cells 
differing antigenically from host cells”, 

Our results provide no evidence for direct interaction 
of hydrocarbon carcinogens with genetic material. Earlier 
experiments of others indicating interaction of carcinogens 
with DNA have recently been criticized by Giovanella 
et al.?, who conclude that the likelihood of such an inter- 
action producing a cancer-specific mutation is extremely 
remote. Many powerful carcinogens are weakly, if at all, 
mutagenic, and many efficient mutagens are non-carcino- 
genic in standard test situations. Giovanella and his 
colleagues reiterate the earlier conclusion of the Wisconsin 
group that carcinogenic hydrocarbons initiate the cancer- 
ous transformation through specific binding to key pro- 
teins. However, as already stated here, examples such 
as tricycloquinazoline suggest that protein binding is not 
a necessary property of a carcinogen. Pitot and Heidel- 
berger?! explain the apparently genetic perpetuation of 
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carcinogen-induced metabolic changes on the basis of 
Specific disruptions in metabolic regulatory circuits. We 
would offer an alternative hypothesis not dependent on 
analogies with control mechanisms in micro-organisms: 
that the primary target of carcinogens in cells is the 
lysosomes, and that secondary effects (probably due to 
released lysosomal enzymes, and perhaps involving DNA 
or RNA) are perpetuated when the cells continue to divide. 
Chromosome breaks and other changes somotimes observed 
in earcinogen-induced tumour cells, and in virus-infected 
cells, could also be produced by lysosomal enzymes. 
Whatever hypothesis is adopted, the fact that carcinogens 
are selectively concentrated in lysosomes and romain 
there for relatively long periods has to be taken into 
account. 

We thank Mr. M. R. Young for help with the micro- 
scopy and photomicrography. 


1 Peacock, R. P., Brit. J. Exp. Path., 17, 164 (1930); Amer. J. Cancer, 40 
251 (1940). 


* Graff, A., Z. Krebsforsch, 49, 477 (1939); 50, 196 (1940). 


e Mi J. C., Mottram, J. C., and Weigert, F., Brit. J. Ezp. Path., 24. : 


‘Richter, K. M., and Saini, V. K., Amer. J. Anat., 107, 209 (1960). 
$ Sloane, G. H. I., and Loeser, C. M., Cancer Res., 28, 1555 (1963). 

* Fiala, S., and Fiala, A. E., Brit. J. Cancer, 18, 268 (1959). 

7 Abell, C. W., and Heidelberger, C., Cancer Res., 92, 931 (1962). 


* Giovanella, B. C., McKinney, L. E., and Heidelberger, C., J. Mol. Bic.. 
8, 20 (1904). 


° Porterfield, J. S., in Immunological Methods, 354 (Blackwell, Oxford, 1964,. 
1° Bitensky, L., Quart. J. Micro. Sci., 108, 205 (1962). 


4 De Duve, C., in Subcellular Particles, edit. by Hayashi, T. O., 128 (Amer. 
Physiol. Soc., Washington, 1959). 


1? Ciba Found. Symp. on Lysosomes, edit. by de Reuck, A. V. S., and Camere xu. 
M. P. (Churchill, London, 1964). 


* Baldwin, R., W., Palmer, H. C., and Partridge, M. W., Brit. J. Cancer, 16. 
740 (1962). 


^ Haddow, A., Nature, 136, 868 (1935). 
18 Vasiliev, J. M., and Guelstein, V. I., J. Nat. Cancer Inst., 81, 1123 (1963 
1° Allison, A. C., and Nash, T., Nature, 197, 758 (1903). 


17 Deckers-Passau, L., Maisin, J., and de Duve, C., Acta Unio Intern. Cont^« 
Cancrum, 19, 822 (1957). 


18 Nodes, J. T., and Reid, E., Brit. J. Cancer, 17, 746 (1963). 


?? Slater, T. F., Greenbaum, A. L., and Wang, D. Y., in Ciba Found. Syn , 
Lysosomes, 311. Dianzani, M. V., ibid., 335. 


20 Doe G., Terracini, B., and Shubik, P., J. Nat. Cancer Inst., 96, 85> 
21 Berenblum, I., Cancer Res., 14, 471 (1954). 

23 Setalü, K., Prog. Exp. Tumor Res., 1, 225 (1960). 

?: Heston, W. E., and Pratt, A. W., J. Nat. Cancer Inst., 22, 707 (1959. 
% Allison, C., and Sandelin, K., J. Hap. Med., 117, 879 (1963). 

*5 De Maeyer, E., and De-Maeyer-Guignard, J., Virology, 20, 536 (1968). 
2° Huggins, C., and Morris, C., J. Exp. Med., 114, 741 (1961). 

27 Ford, E., and Huggins, C., J. Exp. Med., 118, 27 (1968). 

28 Tball, J., Nature, 201, 916 (1964). 

2° Allison, A. C., and Lightbown, J. W., Nature, 189, 892 (1961). 

3? Prehn, R. T., J. Nat. Cancer Inst., 81, 701 (1963). 

31 Pitot, M. C., and Heidelberger, C., Cancer Res., 28, 1964 (1963). 


EXTRACTION AND PURIFICATION OF CALCITONIN 


By Dr. A. BAGHDIANTZ, Dr. G. V. FOSTER, A. EDWARDS, Dr. M. A. KUMAR, Miss E. SLACK, 
Dr. H. A. SOLIMAN and Dr. I. MacINTYRE 


Department of Chemical Pathology, Postgraduate Medical School, London, W.12 


OPP et al. postulated the existence of a plasma— 
calcium lowering hormone on the basis of perfusion 
experiments in dogs. We confirmed the existence of this 
new hormone, calcitonin?. Copp et al.1 had concluded 
that the parathyroid glands were the source. However, 
our recent investigations have shown that calcitonin is a 
thyroid hormone secreted in response to a high plasma 
calcium’. 
Presumably due to their calcitonin content, thyroid 
oxtracts from dog, rat, ox, pig, monkey and goat lower 


plasma calcium when injected into rats?*-5. Hirsch et al. 
first reported 50- to 100-fold purification of these extracts 
by centrifugation at 100,000g followed by gel-filtration 
on. ‘Sephadex G-50'. 

Methods of extraction and purification of calcitonin and 
some investigations of its nature and properties are 
described here. 

A method of calcitonin bio-assay was developed in 
which the material to be tested is infused for 1 I into 
the tail-vein of a 150-g rat of the Hammersmith pie- 
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bald strain (Kumar, Foster and MacIntyre, unpublished 
results) The rats were killed immediately after the 
infusion and the plasma calcium measured by flame 
spectrophotometry’. Until a standard preparation was 
produced, one unit of activity was defined as one-tenth 
of the amount of calcitonin necessary to produce a fall of 
0-5 m.equiv. caleium/l. 

Pig thyroid was found to be a richer source than ox. 
Lt also had the theoretical advantage that the pig thyroid 
does not contain parathyroid glands*. Fresh pig glands 
were defatted by repeated washing with acetone and the 
dry powder taken as the starting material. 
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Fig. 1. Gel-filtration of calcitonin on ‘Sephadex G-100'. 0-1M acetate, 

4-6, containing 0-2 M sodium chloride was used as eluant and 5-ml. 
Factions were collected. Activities reported are the average of assays 
done in triplicate as described in the text. In three consecutive runs 
values of 23,000, 11,000 and 15,000 units/mg protein nitrogen were 
obtained in the most active fractions. inor peaks and variations 
occurred in the inactive region of the curve with different batches 


Crude extract. 100 g of acetone-dried thyroid tissue 
was stirred with 11. of 0-2 N hydrochloric acid at 60°—70° 
for 5 min. The mixture was allowed to stand at room 
temperature for 1 h and then filtered through muslin, and 
the residue was washed with 1 1. of water and the washings 
added to the filtrate. This will be referred to as crude 
extract. The potency at this stage was about 180 units/mg 
protein nitrogen estimated by the Lowry method’. When 
dialysed at 4? for up to 48 h against 0-1 M. acetate buffer at 
pH 4-6 or 0-1 N hydrochloric acid in 24/32 ‘Visking’ tubing 
all the activity remained with the dialysis residue. Extract 
dialysed against 0-2 N hydrochloric acid was dried from 
the frozen state and taken up in 0-1 M buffers of pH 2-9. 
No activity was lost below pH 4-6 after 2 weeks at 4°. 
Above pH 7-2 a precipitate formed in the crude extract 
at 4° and some activity was lost with the precipitate. 
Other samples of dried dialysed crude extract were taken. 
up in 0-1 M. acetate buffer at pH 46. 1-0 M. sodium 
chloride precipitated most of the inactive protein. When 
the supernatant from such a precipitate was increased to 
20 M with sodium chloride a further precipitate formed 
which contained most of tbe activity. 

Salt fractionation. These observations were used. for 
purification as follows. 11. of erude extract was dialysed 
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at 4° overnight in 24/32 ‘Visking’ tubing against 0-1 M 
acetate buffer at 4°. 1 1. of 2 M sodium chloride was 
added gradually with stirring and the solution. left for 
12 h at 4°. The resulting precipitate was separated by 
centrifugation and discarded and an equal volume of 3 M 
sodium chloride was added to the supernate and allowed 
to stand for 12 hat 4°. The active precipitate was isolated 
by centrifugation and dissolved in 0-1 N hydrochloric acid 
or 0-1 M acetate buffer. The resulting solution had a 
potency of about 1,200 units/mg protein nitrogen. It was 
relatively stable to boiling and lost 12 per cent activity 
in 15 min, 46 per cent in 30 min and 77 per cent in 2 h in 
0-1 M acetate buffer at pH 4:6. Incubation of the extract 
with pepsin or trypsin at a pH of 3 and 7, respectively, 
resulted in complete loss of activity after 6 h. Appro- 
priate controls were carried out. Boiling with 1:0 N 
hydrochloric acid or 1:0 N sodium hydroxide for lh 
resulted in complete loss of activity. 

Gel-filtration. The salt-precipitated extract was further 
purified by gel-filtration. 20 ml. of extract in 0-1 M acetate 
buffer pH 4-6, containing also 0-2 M sodium chloride, was 
applied to a column of ‘Sephadex G-100' (82 cm x 2:5 
cm) equilibrated with the same solution. 5-ml. fractions 
were collected at a flow rate of 30 ml./h and the extinction 
at 230 mu measured in each tube. Groups of 10 tubes 
were pooled for assay. Fig. 1 shows a typical result. The 
main activity was eluted in tubes 70-90. 

The most active fraction had a potency of 23,000 units/ 
mg protein nitrogen: infusion of only 0-4 pg protein 
nitrogen lowered rat plasma calcium by 10 per cent. At 
this stage of purification the activity passed through the 
‘Visking’ membranes (24/32) which retained the activity 
of crude extracts. This suggests that calcitonin was 
associated with larger molecules in the crude extract. 


Discussion 


The thyroid calcium-lowering hormone, calcitonin, 
is & polypeptide or low molecular weight protein. Its 
solubility at acid pH and loss of activity on incubation 
with trypsin and pepsin excludes thyroxin as the active 
principle. Further, Hirsch et al.* found no reduction in 
calcium in the rat when thyroxin was injected. The 
calcium-lowering activity penetrated the gel matrix of 
‘Sephadex G-100'. Calcitonin is therefore distinct from 
thyroglobulin, which has a molecular weight of 600,000 
(ref. 10), far above the exclusion limit of 100,000. 

The potency of calcitonin and its wide distribution in 
mammalian thyroids suggests that it is of major importance 
in calcium homeostasis. This may entail considerable 
revision of present concepts. 

This work was done during the tenure of an advanced 
research fellowship of the American Heart Association 
(Q. V. F.). Support was likewise received from the Central 
Treaty Organization (A. B.) the United Arab Republic 
(H. A. S.) and the Medical Research Council (I. Mael.). 
We thank Paines and Byrne, Ltd., for supplying us with 
acetone-dried thyroid. 
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CALCITONIN PRODUCTION AND THE MITOCHONDRION-RICH 
CELLS OF THE DOG THYROID 


By Dr. G. V. FOSTER", Dr. I. MacINTYRE and Dr. A. G. E. PEARSE 


Departments of Chemical Pathology and Histochemistry, 
Postgraduate Medical School, London, W.12 


HE possibility of a thyroid origin for calcitonin was 

suggested by Hirsch et al.1, who extracted a hypo- 
calezernie substance from the thyroid glands of a number of 
mammalian species. More recent investigations by Foster 
et al.? in the goat have established the thyroid origin of 
calcitonin in that animal, and we are reporting here the 
results of histochemical investigations carried out on dog 
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thyroid glands perfused with high and low calcium POR D t s. re y 
blood. Earlier investigations (unpublished) in parallel P ne & á 
with the perfusion experiments of Kumar et al, using TONG OC | 
histochemical techniques and electron microscopy, failed eere m $ A 
to show any change in the cells of parathyroids subjected Set - gt ~ 
to high (7 m.equiv./l.) or low (4 m.equiv./l.) calcium-levels . £v o 
for short periods (3 h). x Ca». wie ur 

In the dog thyroid, as in the human gland, two types of E. uL IS à; ^C Oe. S f 
cell can be found in the acini. These are the preponderant One, Pg i Ren - 
principal cells and the so-called mitochondrion-rich cells. eia MESS At mE s mw C 

- 4 D. ta UU "oy 


The latter are present not only in the acini, but also in 
groups or nodes which lie between adjacent acini, a 
position which has been described as ‘parafollicular’ (Fig. 
1). Cels in this position are usually regarded as tangenti- 
ally cut normal acinar cells. Histochemical methods show 
that they have an entirely different enzyme pattern 
and must be regarded as metabolically distinct even 
though they are clearly acinar in origin (that is, not truly 
interfollicular). : y Fig. 1. 4p Cryostat section. Shows distribution of parafollicular cel 

Investigations carried out on the human thyroid by "in normal dog thyroid (hematoxylin: and eosin, 370). c 
Tremblay and Pesrse* showed that the mitochondrion- 
rich cells possessed an oxidative enzyme activity many 
times higher for most systems than the adjacent prineipal 
cells. In the latter the distribution of mitochondria was 
predominantly on the luminal side of the nucleus while 
in the mitochondrion-rich cells it was uniform throughout. 
This observation is true also for the parafollicular cells 
in the dog thyroid. As can be seen from Fig. 2, they 
contain a much higher level of mitochondrial «-glycero- 
phosphate dehydrogenase than the acinar (principal) 
cells. Levels of this enzyme are comparable to those found 
in the principal cells of the parathyroid and in the B-cells 
of the pancreatic islets (Fig. 3). 

Control thyroid-parathyroid glands (calcium-level, 5:5 
m.equiv./l. were obtained from 4 animals at the begin- 
ning of the perfusion experiments. The remaining 
thyroid-parathyroid glands were then perfused with high 
(7 m.equiv./l. or low (4 m.equiv./l. calcium blood for 
3 h by the technique of Kumar et al.’. 

Thin slices of all the glands were quenched, immediately 
after removal, in liquid air (— 185°) and stored at — 90° 
until ready for cutting. Cryostat sections (4-8) of all 
glands were simultaneously incubated for demonstration 
of the following enzymes: acid phosphatase, alkaline 
phosphatase, «-glycerophosphate dehydrogenase (mena- 
dione), NADH-diaphorase and non-specific (a-naphthyl 
and indoxyl) esterases. Techniques used were those given 
by Pearse*. Selected blocks were freeze-dried in a thermo- 


electrically controlled apparatus’ and subjected to formalin Fig. 2. 8 Cryostat section. Shows high mitochondrial a-glycero- 
phosphate dehydrogenase in the mitochondrion-rich cells. Norma} dog 


*Advanced Research Fellow of the American Heart Association. thyroid ( x 870) 
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vapour treatment for 1 h at 80? (ref. 8). These blocks 
were used to examine the distribution and activity of 
adrenergic nerves and of fluorescent material within the 
cells. The position of the parafollicular cells relative to the 
basement membrane was established and confirmed in 
periodic acid-Schiff-stained sections. 

In the glands perfused with high calcium blood a definite 
increase in acid phosphatase was noted in the mito- 
chondrion-rich cells (Fig. 4), and to a lesser oxtent in the 
principal cells also. The normal level of acid phosphatase 
in the thyroid gland is moderate, though much higher 
than in the parathyroid gland. There was no difference 
between control glands and those perfused with low 
calcium blood. 

No difference could be detected with NADH-diaphorase, 
but «-glycerophosphate levels were lower in the mito- 
chondrion-rich cells of the high calcium glands. 
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Fig. 3. áu Cryostat section. Rat pancreas. Very high a-glycero- 
phosphate dehydrogenase levela in he B cells of an islet of Langerhans 
x 150 





Fig. 4. 84 Cryostat section. Acid phosphatase in parafollicular cells. 
High caleium perfused gland ( x 370) 
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Fig. 5. Extensive vacuolation in intra- and 
Low calcium perfused gland (hematoxylin and 


eosin, x 370) 


4u Cryostat section. 
para-follicular cells. 


The levels of non-specific (indoxyl) esterase were dis- 
tinctly lower after high calcium perfusion than in controls 
from the same animals. No corresponding elevation 
could be seen in the low caleium-treated glands. 

Cryostat sections of the low-caleium glands stained with 
hematoxylin and eosin revealed an unusual sensitivity 
of the intra- and para-follicular mitochondrion-rich cells 
to low calcium-levels. Extensive vacuolation was present 
in the cells (Fig. 5). Although this may well be regarded 
as an artefact there is no reason to ignore its significance 
on that account (it was not present in sections incubated 
for various enzymes, in which the cells were presumably 
protected by the more or less isotonic media used). 


Discussion 


The results reported here indicate very strongly that 
it is the mitochondrion-rich cells which are responsible 
for the secretion of calcitonin. It is interesting to note 
that Seecof* regarded the two thyroid cell types described 
in his paper as comparable to the « and § cells of the pitui- 
tary or pancreatic islets. Tremblay and Pearse* suggested 
that the mitochondrion-rich cells, and the closely related 
Askanazay or Hiirthle cells, “might conceivably be carry- 
ing out some function other than the production of 
thyroglobulin and thyroxin". 

Further work is necessary to confirm our results. 
Morphological and cytochemical investigations at the 
electron microscope level are in progress to this end. As 
soon as calcitonin samples of sufficient purity are obtained 
attempts will be made to produce antibodies to the 
hormone. If successful, immunofluorescent investigations 
will then be carried out. 

We thank Mr. J. Bancroft for his assistance and Mr. W. 
Brackenbury for the photomicrographs. 
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L FORM INDUCTION OF NATURALLY OCCURRING METHICILLIN-RESISTANT 
STRAINS OF Staphylococcus aureus 


By Ds. BENJAMIN M. KAGAN, Dr. ELMO R. MARTIN and Pror. GORDON T. STEWART 


Departments of Pediatrics, Cedars of Lebanon Hospital, Division of Cedars-Sinai Medical Center, 
and the School of Medicine, University of California, Los Angeles, California, 
and Queen Mary's Hospital for Children, Carshalton, Surrey 


ECURRENCE of clinical staphylococcal infections 
occurs in some patients who have been treated with 
penicillin or methicillin until they are clinically well and 
cultures are negative for staphylococci. Although the 
*persister' state is well known, it is not well understood. 
This phenomenon, as described by Kagan et al.1, may be 
due to the capacity of staphylococci to convert to and 
revert from L forms. Staphylococcal L forms can be 
maintained on media containing up to 5,000 ug/ml. of 
methicillin or penicillin. This high degree of resistance 
carries serious implications if-similar L forms occur in vivo. 
The induction of staphylococcal L forms in the presence 
of methicillin was reported by Kagan et al.4. The methods 
used wero similar to those adopted by Dienes ànd Sharp?, 
Marston’, and Prozorovskii*. These investigators induced 
staphylococcal L forms from penicillin G-sensitive strains 
in a medium containing penicillin G and a. high concen- 
tration of sodium chloride. LE $ 

Work reported by Kagan et al. described L form 
induction in methicillin-resistant staphylococci. - How- 
ever, these methicillin-resistant strains of staphylococci 
were laboratory induced. 

The appearance of 71 isolates of Staphylococcus aureus, 
which were resistant to all available therapeutic peni- 
cillins including methicillin, was reported by Stewart and 
Holt’. These strains were resistant to.20 ug/ml. methi- 
eillin or more. The methicillin-resistant organism first 
appeared, passively, in a nasal carrier; it spread into 8 
out of 48 wards in Queen Mary’s Hospital for Children 
at Carshalton, Surrey, England. It spread eventually to 
fifty patients, most of whom developed no active infection. 
However, there were two deaths. One of these was a 
child who died from septicemia after acquiring the 
organism in a surgical wound. This patient acquired the 
organism while receiving methicillin and streptomycin. 
Despite a change in therapy to erythromycin after positive 
blood cultures were obtained, the child died. At necropsy 
the same resistant strain was recovered from the spleen, 
right ventricle and lung; as in previous instances it was 
of phage type 75/77. 

The appearance of naturally occurring methicillin- 
resistant staphylococci led to the work reported here of 
L form induction of naturally occurring methicillin- 
resistant staphylococci. 

Five strains (1-5) of naturally occurring methicillin- 
resistant staphylococci from Carshalton, England, were 
investigated. 

The medium used was brain heart infusion agar (‘Difco’) 
with 5 per cent sodium chloride and 20 per cent heat 
inactivated filtered human serum. Some plates contained 
this same medium and up to 500 ug/ml. methicillin. Other 
plates were used with the same medium without anti- 
biotic but with a.central well in which was placed 500 or 
1,000 ug methicillin in 0-05 ml. distilled water. 

The Staphylococcus aureus cultures were seeded to 2:5 
per cent rabbit blood brain heart infusion agar (‘Difco’) 
for isolation of pure cultures. Single hemolytic colonies 
were transferred to brain heartinfusion broth and incubated 
approximately 18 h. Cultures were then transferred by 
cotton swab to the methicillin L form inducing media. 


Cultures were then incubated at 37° C and kept from 
dehydrating by the use of rubber bands to seal the Potri 
dishes. 

Table 1 shows the results of culturing the five strains 
of Staphylococcus aureus on medium containing 500 ug/ml. 
mothicillin. There were no granular colonies and L forms 
predominated in the medium containing 500 ug/ml. 
methicillin. 


Table 1. L FORM INDUCTION OF NATURALLY OOOURRING METHICILLIN- 


RESISTANT Staphylococcus aureus STRAINS 
Staphylococcus aureus strain numbers 
1 2 8 4 


Numbers of L form colonies 20 75 98 128 76 
Numbers of normal colonies 0 3 0 16 0 


The central well method with 500—1,000 ug/ml. methi- 
cillin also yielded staphylococcal L forms. In general, as 
the concentration of methicillin increased in the sorum- 
containing medium, the confluent bacterial growth was 
replaced by discrete bacterial colonies mixed with a few 
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Fig. 2. A group of granular colonies 
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L colonies and some small as well as large granular 
colonies, and, finally, only L forms (Figs. 1-7). 

L colony formation was readily obtained from all five 
strains of methicillin-resistant Staphylococcus aureus by 
methicillin induction. Some reversion to parent methi- 
cillin-resistant staphylococcal forms occurred on sub- 
sequent transfer of L forms to media containing 500 ug/ml. 
forms obtained from parent Staphylococcus aureus strains 
that were sensitive to methicillin. 

Granular colonies appearing in close proximity to the 
L forms of staphylococci (Figs. 4 and 5) when transferred 
to media containing up to 500 ug/ml. of methicillin 
reproduced identical granular type colonies. These 
granular colonies were medium large and opaque to white 
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Fig. 3. A Gramstainofswollencocci fromthe granular colonies( x c. 660) 





Fig. 5. ZL colony and a granular colony growing in close proximity to 
each other ( x c. 66) 
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Fig. 6. A pure culture L form of S. aureus strain No. 3 after 60 h 
Ineubation ( x c. 66) 








M 
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Fig. 7. Centre well method with 500 zg methicillin added to well. 
Small pin point L forms and larger granular colonies are visible 


in colour; thoir cells were Gram-positive and swollen. 
On the same medium, but lacking methicillin, seedings 
from the granular colony reverted to normal pigmented 
Staphylococcus aureus colonies. Cells from the latter 
colonies were normal in appearance. The granular, as 
well as L, forms were both maintained successfully in 
repeated transfers on medium containing 500 ug/ml. 
methicillin. Unlike the parent forms, when granular 
colonies were cultured continuously in medium containing 
methicillin, L phase variants did not appear. 

The significance or relation between the granular and 
L forms is not clear, especially since the granular forms 
failed to produce L forms on subsequent cultures in the 
presence of increased concentration of methicillin. The 
rovorsion from granular to normal pigmented Staphylo- 
coccus aureus colonies in the absence of methicillin 
resembles the reversion of G forms or small colony peni- 
cillin variants of Staphylococcus aureus reported by 
Youmans eż al.*. 

Some have considered the swollen or granular type cells 
to be intermediate between L forms and normal forms of 
staphylococci??^, However, this granular type of growth 
could be a mutation entirely unrelated to the L form. 
From the fact that the granular forms of these particular 
strains could not be induced to L forms, it would appear 
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that at least under these conditions they are not & stage 
in the development of L forms. Simultaneous occurrence 
of granular and L forms in close proximity may not be 
limited to conditions n vitro but also may appear in vivo 
in the ‘persister’ state. To understand more about the 
‘persister’ state of staphylococcal infections, further 
investigations with both forms may prove important. 
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ML: A NEW ANTIGEN FOUND IN LEUKAMIAS AND MAMMARY 


TUMOURS OF 


THE MOUSE 


By Dr. BURGHARD STUCK, Dr. EDWARD A. BOYSE, Dr. LLOYD J. OLD 


and ELIZABETH 


A. CARSWELL 


Division of Experimental Chemotherapy, Sloan-Kettering Institute for Cancer Research, 
Sloan-Kettering Division, Cornell Medical College, New York, and Department 
of Pathology, New York University School of Medicine, New York 


Ci. antibodies with specific activity against 
leukemia cells can be prepared in mice by immuniza- 
tion with leukemias of various types. Antisera of this 
sort have been used to define three distinct antigenic 
systems in mouse leukemias: (1) The G antigen! of 
leukemias induced by Gross virus?; (2) the FMR antigen? 
of leukemias induced by Friend’, Moloney® or Rauscher 
viruses®; (3) the TL (thymus leukemia) antigen? of 
spontaneous leukzmias, leukemias induced by a variety 
of agents, and normal thymus of certain strains. 

A. fourth antigenic system associated with mouse 
leukemia is described here. The antigen has been detected 
in several leukemias of the DBA/2 strain and in the 
mammary tissue and mammary tumours of mouse strains 
which are infected with the mammary tumour agent. 





In view of its tissue distribution, the appropriate designa- 
tion for this antigen is ML (mammary leukemia). 

The antigen was first detected by iso-immunization of 
C57BL/6 mice with a DBA/2 spontaneous leukemia, 
DBA[2 9 SL1. Antiserum from these mice was absorbed 
in vivo in normal DBA/2 mice in order to remove cyto- 
toxic isoantibodies. This absorbed serum was cytotoxic 
for DBA/2 9 SL1, another spontaneous leukemia, DBA/2 
d SL2, and a urethan-induced leukemia, DBA[2 $ U12; 
there was no cytotoxic effect on several transplanted 
leukemias induced in adult DBA/2 mice by percutaneous 
application of 7,12-dimethylbenzanthracene (DMBA) 
(Table 1). 

Antisera with ML specificity have been prepared also 
by immunization of C57BL/6 mice with DBA/2 $ SL2, 











Table 1. CYTOTOXIC Tests* oN DBA/2 LEUKEMIAS WITH THE SERUM C57BL/6 9 ANTI DBA/2 2 SL1 ABSORBED in vivot IN NORMAL DBA/2 MICE 
Trans- Antiserum dilution 
Test cells plant. |————]———9——1—— ———(—————q————j——————————————M———————————————— 
from generation 1/2 | 1/4 | 1/8 | 1/16 | 1/32 1/04 | 1/128 | 1/256 | 1/512 | 1/1,024 
leukemia 
% dead cells (stained by trypan blue) 
DBAJ2 9 SL1 25 72 73 60 56 46 32 28 14 «10 «10 
DBA/2 3 SL2 16 75 76 70 64 57 51 46 41 20 «10 
DBA/2 à U12 18 48 38 34 28 18 «10 «10 
DBAJ|2 9 org DMBA- 
induced leukemias 
Nos. 2, 8, 4, 5, 6, 
12, 15 and 16 13-40 «10 «10 «10 «10 «10 «10 











* Equal volumes (0-03 ml.) antiserum dilution, cell suspension (2 x 10*/ml.) and pooled absorbed guinea pig serum (diluted 1/3) incubated for 45 min 


at 37? C. Diluent: Medium 199. 
stained. For full details of technique see refs. 7 and 8. 


1 Absorption performed by injecting 0:5 ml. pooled undiluted antiserum i 


Controls (omitted from Table): cells incubated with either antiserum or guinea-pig serum alone showed «10 per cent 


ntravenously. The serum was recovered 4 h later by cardiac puncture. 


Table 2. CyroToxte TESTS WITH THE SERUM C57BL/6 d ANTI DBA/2 $ SL2 ABSORBED in vivo IN NORMAL DBA/2 MICE 
Results of absorption with various DBA/2 leukemias 








Dilution of absorbed antiserum * 
Leukemia cells l [I —————————À 
use Transplant 1/15 1/30 1/60 1/120 1/240 1/480 
for absorption generation ———————— 
96 DBA[2 8 SL2 cells stained by trypan blue 

None (control) 55 47 37 27 14 <10 
DBA/2 9 SL1 27 <10 <10 <10 <10 <10 <10 
DBAL? 3 SL2 20 «10 «10 «10 <10 <10 <10 
DBA[23 U12 8 19 18 11 <10 <10 <10 
DBA/2 9 DMBA 1 42 48 49 39 80 11 «10 
DBA/2 2 DMBA 2 17 51 44 32 29 14 «10 
DBA[2 9 DMBA 5 29 57 47 37 22 «10 «10 
DBA|2 9 DMBA 9 33 49 46 37 28 11 «10 
DBA/2 9 DMBA 12 38 22 «10 «10 «10 «10 «10 
DBA/23 DMBA 17 2 — 43 34 26 16 <10 
DBA[2 ő DMBA 18 Primary 49 42 36 23 19 <10 
DBA[2 9 L 1910 7100 «10 «10 «10 «10 «10 «10 
DBA/2$ P 1534 >100 <10 <10 <10 <10 <10 <10 














See footnotes to Table 1. 











* Serum diluted as indicated in first column and absorbed with an equal volume of packed cells for 45 min at room temperature and 45 min at 4° C. 
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CvToToxio TESTS WITH THE SERUM C57BL/6 9 ANTI DBA[2 9 


Table 3. 
SLi ABSORBED in vivo IN NORMAL DBA/2 MICE 


Results of absorption with various DB.A/2 normal tissues 
Norma] tissue Dilution or absorbed antiserum 


used 1/16 1/32 1/64 1/128 1/256 1/512 

for absorption % DBA[2 d SL2 colls stained by trypan blue 
None (control) 71 62 43 37 16 <10 
DBA]? 3 SL2 

(positive control) <10 <10 <10 <10 <10 <10 
Brain 66 56 42 31 <10 <10 
Thymus 68 60 44 33 15 <10 
Heart 65 59 43 32 14 <10 
Lung 69 61 41 37 19 12 
Liver 69 55 41 81 11 <10 
Spleen 65 52 41 30 12 «10 
Kidney 67 55 41 35 14 «10 
Erythrocytes 65 59 43 35 15 <10 


See footnotes to Tables 1 and 2. 
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and TL antisera; non-specific absorption of these anti- 
bodies by mammary tumour cells did not occur. Mammary 
tissue obtained from lactating mice 5-10 days post partum 
has also been used in absorption tests. ML antibody was 
absorbed by mammary tissue from strains DBA/2 and 
C3H/An, which have the mammary tumour agent, but 
not by mammary tissue from the agent-free C57BL/6 
and BALB/c strains. No tissue from strains C3H/An 
and (C3H/An x I)F, other than mammary gland and 
mammary tumour removed ML activity. 

__ The ML antisera used in this work contained an un- 
identified antibody with cytotoxic activity for DBA/2 
thymus. This antibody was not absorbed by ML+ 
mammary tumour tissue. 


Table 4. LEUKJEMIAS OF STRAINS OTHER THAN DBA[2 THAT DID NOT ABSORB ACTIVITY FROM ML ANTISERA 


A CETBLIG |, BALB|c AKR C8H]An C3Hf] Bi C58 I (C87 BLJ6 x 4)F, 





Spontaneous 2 i 4 ' 2 
Chemical carcinogen f | 
DMBA 


Urethan 
X-radiation 3 5 
Virus 

Gross f 

Moloney | 

Rauscher i 


wm 
ten y 








Ote 





1 1 
2 8 





and by immunization of strains othor than C57BL/6 
[BALB[e I, (C3H[An x I)F, and (C57BL/6 x A)F] 
with either DBA/2 9 SL1 or DBA/2 d SL2. Six antisera 
prepared. by prolonged immunization of strains C57BL/6, 
I or (C3H/An x I)F, with five individual DMBA- 
induced DBA/2 leukemias, and absorbed in vivo in 
DBA/2, contained no ML antibody. Eight antisera 
prepared in DBA/2 against eight histo-incompatible 
leukemias of various types showed no cytotoxic activity 
against DBA/2 9 SLL or DBA/2 $ SL2. 

The distribution of MZ antigen was investigated by the 
more sensitive technique of absorption of specifie activity 
from ML antisera. The three leukemias which were 
sensitive in the direct cytotoxic test removed MLZ activity 
(Table 2). Absorption was also observed with three 
leukzmias that showed little or no sensitivity in the direct 
cytotoxic test—DBA/2 9 DMBA. 12, and the two long- 
transplanted DBA/2 ascites leukemias P 1534 (spontene- 
ous) and L 1210 (induced by 20-methylcholanthrene). 
The other DMBA-induced Jeukemias, including two 
(Nos. 17 and 18) which were induced by neonatal injection 
of DMBA, were uniformly ML-—. Table 3 shows that 
absorption of ML antiserum with a variety of tissucs of 
normal DBA/2 mice was entirely negative. No leukemia 
of any strain other than DBA/2 has absorbed activity 
from ML antiserum (Table 4). The absorption data 
clearly distinguish MZ from the G, FMR and the 
TL systems. Both DBA/|2 9 SLl and DBA/2 ő SL2 
carry the TL antigen as well as ML specificity (both 
absorb TL activity from the serum C57BL/6 anti ASLI 
(ref. 7) ). Absorption of ML antisera with the prototype 
TL+ leukemias EELD and ASI (ref. 7) does not 
reduce ML activity. 

A. variety of chemically induced sarcomas of strains A, 
C3H, BALB/c and (C3H/An x I)F,, including both 
ascites and solid forms, did not absorb ML antibody. 
In contrast, ML activity was removed by spontaneous 
mammary tumours from mice of strains carrying the 
mammary tumour agent. Twenty-soven primary mam- 
mary tumours were examined, of which 11 are shown in 
Table 5. Twenty tumours, including 8 of those listed in 
Table 5, gave clear-cut absorption. The remaining 
7 tumours showed incomplete absorption under the 
conditions of the test. The mammary tumours were 
obtained from strains C3H/An (5 tumours), DBA/2 
(8 tymours), A (2 tumours) and (C3H/An x I)F, (12 
tumours). The specificity of absorption of ML activity 
by mammary tumours was confirmed by tests with H-2 





Table 5. CvToTOXIO TESTS WITH THE SERUM C57BL/6 d ANTI DBA/2 à 
MICE 


SL2 ABSORBED in vivo IN NORMAL DBA/2 
Absorption of ML antibody by primary spontaneous mammary tumours * 


Strain of Dilution of absorbed antiserum 
tumour used 1/20 1/40 1/80 1/160 1/320 1/640 
for absorption % DBA/23 SL2 cells stained by trypan blue 
None (control) 55 47 
24 3 spleen, p 31 26 17 <10 
negative contro. 52 37 81 25 16 <10 
Pio «10 «10 «10 «10 «10 
DBAj|2 «10 «10 «10 «10 «10 
DBA{2 33 20 12 10 <10 
C3HÍAn «10 «10 «10 <10 <10 
C3Hl An 16 «10 «10 «10 «10 
C3H[An 82 24 14 1i «10 
(ca jAnx DF, <10 <10 <10 «10 «10 
C3H[An x I)F; «10 «10 «10 «10 «10 
(C3H[An x I)F, 24 12 «10 «10 
A 11 «10 «10 «10 «10 
A 30 22 16 <10 <10 


See footnotes to Tables 1 and 2. 


* Mammary tumour cells were obtained by mincing the solid tumour with 
scissors and washing the suspended cells three times. These preparations 
contained 50-80 per cent cells stained by trypan blue. 


The finding of an antigen that is shared by leukemias 
and tissues from normal mice of certain strains suggests 
a parallel with the TL system'. In the case of ML, 
however, there are clear indications that the antigen is 
associated with presence of a known virus, the mammary 
tumour agent. If indeed ML is determined by the mam- 
mery tumour agent, this may indicate either that, this 
virus can be leuksmogenie in some circumstances or 
that the presence of ML antigen in DBA/2 leukemias is 
an example of antigenic conversion® brought about by the 
infection of leukemia cells with an unrelated virus. 

This work was supported by grants from the American 
Cancer Society, and by Grant C-6338 from the National 
Cancer Institute, National Institutes of Health, U.S. 
Public Health Service. One of us (B. S.) is the recipient 
of a NATO fellowship. 
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USE OF SIMPLE GEL-DIFFUSION TECHNIQUES TO ASSIGN ANTIGENIC 
MARKERS TO NATIVE PROTEINS 


By Pror. IRVING FINGER 
Biology Department, Haverford College, Haverford, Pennsylvania 


ACROMOLECULES have been characterized with 
precision in terms of amino-acid sequences in 
proteins, sugar sequences of polysaccharides and, less 
successfully, nucleotide sequences of nucleic acids. These 
achievements still have not left the biologist with prac- 
tical means of examining many aspects of biological 
control of macromolecule synthesis and function. So far, 
detailed analyses of the fate of individual sequences of 
the macromolecules understandably have been neglected 
in investigations of such problems as complementation 
and isozyme formation. Instead, reliance has been placed 
on indicators of overall structural changes, such as changes 
in net charge, enzymatic efficiences, otc... This article 
suggests an approach to identification of distinct sites on 
macromolecules which combines simplicity of apparatus 
with rapidity and ease of analysis. By gel-diffusion 
methods macromolecules can be characterized in their 
native, undegraded state provided that they are anti- 
genic. Less than 1 mg of material is needed, and this 
need not be entirely pure. A requirement, however, is 
that a supply of a number of related antigens be avail- 
able; a readily available source would be the products of 
mutants, although in theory any cross-reacting substances 
would suffice. 

The surface antigens of Paramecium can serve as ® 
prototype system and meet all these requisites. The class 
dealt with is that of the C serotypes and the five used 
were all naturally occurring variants at the same locus?. 
These antigens are large, of approximately 250,000 mole- 
cular weight, almost exclusively protein, with a minor 
carbohydrate constituent, and are soluble in saline?*. The 
antigenic structure in terms of operationally defined 
determinants has been examined in detail. In addition, 
the specificities of antibodies possessed. by individual sera 
have been assigned, and the determinants possessed by an 
antigen have been classified into those that are unique and 
those that are shared with other antigens. Finally, pro- 
cedures for tagging individual ‘determinants and their 
possible utility in the investigation of several biological 
problems are described. 

A. combination of two gel-diffusion methods is used: 
double diffusion in tubes‘, and double diffusion on micro- 
scope slides (modified from Ouchterlony)*. Preer tubes 
are used primarily to determine approximate equiva- 
lence ratios of antigen and sera: those concentrations 
yielding an intense, sharp band of precipitate, a band 
that does not change location in the agar column from 
its position when first visible. For most of the sera used, 
this was the amount of antigen extracted from 10’ cells 
and suspended in 1 ml. 

Once equivalence concentrations are assigned, the 
Ouchterlony technique is the sole gel-diffusion method 
used. Behind this method lies a simple principle: lines 
of antigen-antibody precipitate meet and fuse when there 
are no antibodies diffusing from the serum well [that can 
distinguish the two antigens being compared. If the 
antigens share no determinants—with reference to the 
antibodies available—the bands will cross, with neither 
precipitate forming an apparent barrier to the diffusion 
of unrelated antigen or antibody molecules. However, if 
two antigens are related, although not identical, a spur 
may form near the point of fusion as an extension of the 
precipitate. This spur is made up of the antigen that 
reacts exclusively with at least one fraction of the popula- 
tion of antibody molecules®. 


Equivalence or near-equivalence concentrations of 
reactants are chosen for use in Ouchterlony patterns 
because the band formed is dense and narrow and because 
artefactual spurs tend to form when either reactant is in 
extreme antigen or antibody excess. Tests for genuino- 
ness of spurs observed are described here. In essence, 
spur formation in gels is analogous to a liquid precipitin 
test for the presence in the supernatant of antibody 
specific for homologous antigen, following maximal pre- 
cipitation by a cross-reacting antigen. In gel-diffusion the 
presence of unprecipitated antibody after interaction of 
serum with one antigen solution is detected by the 
formation of a precipitate trapped in the agar. Tho frce 
antibodies diffusing unimpeded through the original band 
are precipitated by the second antigen preparation. Thus, 
& spur is both indicative of multiple antibodies in a 
serum and of distinctive antigens. We may theroforo say 
that, operationally, one determinant difference can enable 
two antigens to be discriminated. 


Assigning Determinants to Each Antigen 


When any two C antigens were compared sido by side 
with serum prepared against one of the antigens, in most 
instances a spur formed with the immunizing (homo- 
logous) antigen. In the few instances when a serum did 
not give rise to a spur, it could be shown by other methods, 
for example, the ability to immobilize differentially living 
cells of the two strains from which the antigens were 
extracted, that the serum lacked the ability to dis- 
criminate between the antigens. The significant observa- 
tion, from the point of view of antigenic identity, is that 
if any serum makes distinctions between two antigens, 
regardless of the rarity of such a serum, the two antigens 
must be considered different in some respect. 

However, when two antigens are compared using as a 
source of antibodies a serum prepared against a third 
cross-reacting antigen, no particular pattern should be 
anticipated other than a band fronting each well; com- 
plete fusion, spurs or crosses are all apt to occur. Using 
several C antisera, all non-homologous antigens can be 
compared with each other. The complete listing of spurs 
observed can be viewed in a relatively simple framework 
formed by a single set of premises: (a) Any antigen that 
gives a spur with another antigen possesses a determinant 
that is missing in the second antigen. (b) This same 
determinant is shared by the antigen used in cliciting the 
antibodies, the immunizing antigen. 

An illustration of spur and fusion patterns observed 
with one anti-C serum is shown in Fig. 1. This is a 
photograph of a microscope slide stained for protein in 
which the serum used, was prepared against 197 C antigen. 

The spurs observed with several antisera are presented 
in Table 1. Each number represents a separate C antigen; 
each isolated from a genetically distinct stock. In tho 
first column are listed all the possible pairings. To 
facilitate analysis, a certain amount of redundancy is 
incorporated into the presentation of the results. Thus, 
each antigen is represented several times: once when 
paired with the homologous immunizing antigen, again 
when each non-homologous antigen is compared with it, 
and a third time when it is compared in turn with each 
non-homologous antigen. The antigen forming a definite 
spur as a continuation of the precipitate appearing in 
front of its well is recorded as ‘direction of spur’. Blank 
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Fig. 1. 


Gel-diffusion reactions of purified homologous and heterologous 
immobilization antigens with an anti-197 serum. Antigen from stock 
197 (the homologous strain) forms spurs with 7 and 30 antigens; 83 
antigen forms a spur with 7 antigen. All other antigen combinations 
fuse in ‘reactions of identity’ 


spaces represent complete crosses, or poorly defined spurs. 

Three categories are of significance. These classes of 
reactions and the interpretations ascribed to them are: 

(1) An antigen forms a spur with every other antigen, 
with the exception of the immunizing antigen. This 
antigen shares with the antigen originally used to elicit 
the antibodies a determinant missing in all the other 
antigens. 

(2) One antigen, regardless of the antigen it is com- 
pared with, fails to form a spur. This antigen is missing 
at least one determinant that is possessed by all the other 
antigens. 

(3) Two antigens form bands that fuse, but with every 
other antigen (except the immunizing antigen) each of 
these antigens forms a spur. These two antigens together 
with the immunizing antigen share a determinant lacking 
in all other antigens. There obviously are several varia- 
tions on this particular set of relationships especially as 
the number of antigens being compared becomes larger 
than the five used here. 

How these interpretations have been applied to the C 
serotypes can be seen by comparing the reactions actually 
observed (Table 1) with a matrix of determinants (Table 2) 
derived from these patterns. Each letter in the matrix 
represents a determinant; a determinant is defined simply 
as an antigenic entity recognized by an operation in gel 
diffusion, that is, inability or ability to form a spur. This 
operational term undoubtedly has an intramolecular 
counterpart, but whether it is an amino-acid substitution, 
a folding pattern, etc., of course cannot be stated from 
the gel-diffusion information alone. 

Examples of each of these three principles will serve to 
illustrate the actual mechanics for evolving the matrix. 
A letter, G, was placed in the 30 and 7 rows because, with 
anti-7 serum, 30 and 7 gave a spur when tested with each 
of the other antigens: 197, 72 and 83. Thus, following 
the first principle, it can be said that 30 shares with the 


Table 1. DIRECTION OF SPURS FORMED BY CROSS-REACTING ANTIGENS IN 
OUCHTERLONY GEL-DIFFUSION PATTERNS 
Test sera 
Anti-7 Anti-83 Anti-197 
Antigen * Direction Antigen Direction Antigen Direction 
neighbours of spur neighbours ofspur neighbours of spur 
7-30 7 83-30 197-30 197 
7-197 7 83-197 197-7 197 
7-72 7 83-72 83 197-72 197 
17-83 7 83-7 83 197-83 197 
30-197 30 30-197 f 30-7 
30-72 30 30-72 30 30-72 30 
30-83 30 30-7 30 30-88 83 
197-30 30 197-30 f 7-30 
107-72 72 197-72 197 7-72 
197-83 197 197-7 197 7-88 83 
72-30 30 72-30 30 72-30 30 
72-197 72 72-197 197 72-7 
72-83 72 72-7 72-83 83 
83-30 30 7-30 30 83-30 83 
835197 197 7-197 197 83-7 83 
83-72 72 7-72 83-72 83 
* Antigens placed in adjacent wells. f, fusion. 


NATURE 


September 5, 1964 vor. 203 


Table 2. MATRIX OF ANTIGENIC DETERMINANTS FOR C SEROTYPES AS 
DETERMINED BY GEL DIFFUSION 


Serotype Determinants 
30C F G H I J L M 0 
70 C F GQ I J M 
72C F H J K L M 
83C H I M N 0 
1970 F H I K L N oO 


antigen used to elicit the antibodies, 7, & determinant 
missing in every other antigen. This determinant is 
represented by the letter G. 

The determinant F in the matrix is present in every 
antigen save 83. Assignment of this determinant was 
based on the observation that, with anti-7 serum, 83 
failed to form a spur when paired with either 30, 197 or 
72. According to the second principle, these three antigens 
share a determinant, together with the immunizing anti- 
gen, that is missing in 83. This is not the only possible 
explanation, but the simplest, and one not contradicted 
by any other reaction. 

An example of the third principle would be the reactions 
of 197 and 30 antigens when tested with anti-83 serum. 
Both these antigens form a spur with 7 and 72, but fuse 
with each other. Therefore, we can conclude that 197, 
30 and 83 (the immunizing antigen) share a common 
determinant denoted here by the letter O. Incidentally, 
this particular 83 antiserum apparently did not contain 
antibodies against the M and N determinants. Other- 
wise, 83, in comparisons with 30 and 197, would have 
formed a spur. The 7 and 197 antisera, on the other hand, 
were able to distinguish their respective homologous 
antigens from all the cross-reacting antigens. 

The completed matrix represents the fewest number of 
determinants that are required to account for the anti- 
genic specificities observed. When as many determinants 
as possible have been assigned, the final step is to check 
whether: (a) each antigen has at least one determinant 
that is missing from a second antigen; (b) each antigen 
shares at least one determinant with a second antigen. 

The first requirement stems from the observation that 
the immunizing antigen generally forms a spur with every 
other antigen (Table 1). If the determinants assigned 
thus far fail to fulfil this requirement, then a unique 
determinant is added to the matrix. For example, C had 
to be tacked on to the determinants for 7 because 7 had no 
other determinant to distinguish it from 30. On the other 
hand, 30 can be distinguished from, say, 72 by the determ- 
inants G, I and O, from 7 by the H, L and O determin- 
ants, etc. 

On the basis of analysis with only & few sera, initially 
each antigen was arbitrarily assigned, a unique determinant 
to account for the spur observed with the immunizing 
antigen. lt was only as more sera became available, and 
additional determinants were recognized, that it was seen. 
that for most antigens the homologous serum. reaction 
was also consistent with a unique distribution of the 
Shared determinants such as described previously for 30. 
This finding also suggested the possibility that as more 
sera were prepared, the number of determinants might 
correspondingly increase ad infinitum. However, with 
more than twice the number of sera utilized in setting up 
the matrix in Table 1 as was available in the original 
investigations (18 compared with 8)’, only three determ- 
inants have had to be added, suggesting that a limit was 
being approached. 

The second requirement for shared determinants stems 
from the fact that all the antigens form a precipitate with 
serum prepared against any one of them. This require- 
ment is easily met with the C serotypes. However, were 
this not the case, an additional common determinant 
would have to be added to all antigens, for example, X. 
Should a serum be found that is unable to distinguish any 
of the antigens, every antigen pairing giving rise to a 
reaction of identity (fusion), then the existence of a 
common determinant could be assumed. 
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Assigning Antibodies to Individual Antisera 


_ Given an antigen with its set of distinguishing determ- 
inants, certain rather limited predictions can be made 
concerning the kinds of antibodies that should be elicited 
by injection of this antigen. Because some of the C anti- 
gens have as many as eight determinants, it would appear 
that some anti-C sera might have as many as eight kinds 
of antibodies. However, it is well known that rabbits 
vary considerably in their ability to respond to an antigen, 
and some antigens are more effective immunizing agents 
than others. The fact that so many pairings—even 
between antigens with many determinants—gave single 
spurs or complete fusion indicates that most, if not all, 
sera have relatively few detectable kinds of antibodies. 
With the information from the matrix, it now became 
possible to describe in detail the antibody content of any 
particular serum in qualitative terms. 

For example, in a 197 antiserum, one may expect to 
find at the most antibodies against F, H, I, K, L, N and 
O determinants. Knowing the determinant constitution 
of every antigen, each kind of antibody can be identified 
by noting whether a particular pattern of spurs is observed, 
assuming the presence of each antibody singly. The pre- 
dicted reactions in Table 3 for antibody against each 
determinant were derived from a comparison of the sets 
of determinants comprising each antigen (Table 2). For 
example, 72 possesses H which 7 lacks. A spur with 72 
is therefore to-be expected when it is paired with 7, if H 
antibodies are present. To determine whether H anti- 
bodies are present, the column headed H is scanned. The 
expectation of fusion, of course, can be ignored in most 
cases because few sera have just one kind of antibody. 
The crucial prediction is the kinds of spur anticipated, 
which are expected to occur among four pairings. Reading 
across the row from each pairing, it can be seen that with 
one pairing, 7-83, other antibodies that might be present 
in the serum (such as anti- ) could give rise to spurs also, 
but these would be in opposite directions and the double 
spurs would appear as a cross. Thus, this particular 
pairing might give ambiguous results. Again, if this serum 
had both I and K antibodies, then when 30 and 72 are 
compared a double spur might form. However, were only 
I antibodies present, a single spur alongside the 30 well 
would appear. In this manner, by checking the reactions 
observed with those predicted for each. column, the 
presence of antibodies specific for each determinant can 
often be determined for every C antiserum. In those 
instances where unique determinants are assigned an 
antigen (such as C in 7), it can be assumed that antibody 
specific for this determinant will probably be found in the 
homologous serum. 


Obtaining Determinant-specific Reactions 


When the procedures already outlined here were fol- 
lowed, it proved possible to demonstrate that several 
antisera had but two or three kinds of antibodies defined 
in terms of specificity towards operationally distinguish- 
able determinants. Consequently, a particular determ- 
inant generally could be assigned to a new antigen on the 
basis of whether it reacted to form characteristic patterns 
of spurs when compared with each antigen. For example, 
if a serum were shown to contain anti-F and anti-K 
antibodies exclusively, an antigen could be tested for the 
presence of P and K by comparing each antigen with it 
and checking for the reactions predicted by the matrix, 
as was done in making up Table 3. 

The usual method for securing specific antibody is to 
absorb selectively all antibodies but those having the 
desired specificity. Any absorption can also be carried 
out directly in gel by choosing appropriate patterns. 
Indeed, as has been noted here, spur formation itself is 
a consequence of selective absorption. Thus, if one 
wanted to determine whether a cross-reacting antigen 
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Table 3. REACTIONS OF ANTIBODIES AGAINST SPECIFIO DETERMINANTS IN 
ANTISERUM 


Antigen Expected antibody specificities 
neighbours F H n I K 7 T; N 0 
30-197 f f f 197 f f f 
30-7 f 30 f — 30 — 30 
30-72 f f 30 72 f — 30 
30-83 30 f f — 30 8 Í 
7-197 f 197 f 197 197 197 197 
7-12 f 72 T 72 72 EI TP 
77-83 7 83 f — — 83 83 
72-197 f f 197 f 197 197 
72-88 72 f 83 72 72 83 83 
197-83 197 f f 197 197 f f 
J, fusion. —, no band. Numbers in body of Table indicate direction of 
spur. 


possessed determinant G, the following pattern could be 
set up to obtain a reaction with antibody specific to G: 


Mixture of 197 Cross-reacting 
and 72 antigen 
antigens * 3 
30 


antiserum T 

* Possesses F, H, I, J, E, L, M, N and O determinants. 

+ Containing several kinds of antibodies, including G specific ones. 
Those antibodies with G specificity would be free to diffuse 
through the 197-72 precipitate and form a spur with tho 
cross-reacting antigen. lf G were absent in the cross- 
reacting antigen, complete fusion of the two bands would 
be evident were all other determinants possessed by the 
30 antigen (the immunizing antigen) also shared by the 
cross-reacting antigen. 

In sum, the presence of individual determinants on an 
antigen can be recognized either by assaying sera for 
antibody content and selecting the most specific or by 
selectively absorbing in gel. 


Spurs as a Criterion for Partial identity 


It is critical for the success of the proposed analysis 
that spurs observed truly represent the reactions of a 
single antigenic species of molecules with specific anti- 
bodies. It is as a consequence of this interaction that a 
band of precipitate forms, the major portion of the length 
of which is a complex of antigen and cross-reacting anti- 
body, and a smaller segment of which is a complex with 
specific antibody. In our experience the most common 
source of misinterpretation has been the presence in the 
system of a second unrelated antigen as an impurity in 
one antigen preparation. By a coincidence of concen- 
trations, the band formed by this antigen may precisely 
overlie the original precipitate. 

Fortunately, there are several tests for distinguishing 
pseudo from true spurs. In one, the serum is absorbed 
with the antigen solution not giving rise to the spur, and 
then the supernatant is allowed to diffuse against the 
suspect antigen solution. Antibody to impurity would 
have been left untouched by the absorbent, so that the 
position of the band formed with the test antigen would 
be the same as initially observed, allowing for dilution by 
absorbent. However, were the spur genuine, the band 
would shift in its position away from the antigen well 
since at least some cross-reacting antibody would have 
been removed. This test is best carried out in Preer double 
diffusion tubes where displacements in band positions can 
more accurately be measured. 

In the second test, mixtures of the two antigen solutions 
in varying proportions are allowed to diffuse in separate 
Preer tubes against unabsorbed serum. If two bands are 
formed only when the suspect antigen solution is not in 
excess, then the spur is genuine. The appearance of two 
bands when either antigen solution is in excess speaks for 
an impurity. These predictions are based on the observa- 
tions on a system comprised solely of homologous and 
cross-reacting antigen*. With the latter in excess, anti- 
body capable of precipitating only homologous antigen is 
free to diffuse through the leading heterologous antigen- 
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antibody precipitate and form a second band as the 
antibody is precipitated by tbe trailing front of homo- 
logous antigen. With homologous antigen in excess, only 
one band was seen as all antibodies were precipitated by 
the leading front. An impurity might be expected to form 
a second band (or possibly even a third) independent of 
which antigen solution was in excess, since neither major 
antigen-antibody precipitate would act as a barrier to the 
passage of antibody directed against impurity. 

A third check on the genuineness of a spur is the 
simplest. The antigen solution in question is placed in 
the central well of an Ouchterlony slide surrounded by 
a circle of wells, each well filled with a different cross- 
reacting serum. With a true spur situation a single 
continuous band should be found bordering the central 
well. The presence of an unrelated antigen would be 
revealed by the formation of a second band or a con- 
tinuation of the precipitate in the regions of those sera 
with antibody directed against the impurity. Fig. 2 
illustrates this for two preparations of C antigens. In A 
no impurities were present, and a spur formed by this 
antigen when compared with a heterologous antigen was 
apparently bona fide. Another antigen preparation that 
had an overlapping contaminant presented the pattern 
shown by B. 

Procedures similar to those outlined here can also be 
used for discriminating between spurs due to cross-reactiv- 
ity and those due to overlapping of two related antigens, 
such ag might occur with a mixture of native and partially 
denatured antigens. 


Limitations of Method 


From-the way in which data are accumulated, certain 
limitations inhere in this approach. For example, if all 
antisera available possess antibody in high titre directed 
against many determinants, then individual, discrete spurs 
may be replaced by crosses resulting from double spurs. 
This would effectively eliminate the possibility of arranging 
an unambiguous matrix. Also, if the antigens are not 
soluble, difficulties in free diffusion might arise, although 
particulate antigens have been successfully investigated 
in agar®, 

Should the concentrations of antigens be less than 
10 y/ml. or the sera be low in antibody content, pre- 
cipitates, and especially spurs, might not be easily visible. 
With such systems, the approach to structural analysis 
of antigens suggested here can still be applied, sub- 
stituting Preer tubes for Ouchterlony slides. In lieu of 
spur formation, the criterion for partial and complete 
identity becomes the number of bands formed subsequent 
to mixtures of antigens in varying proportions. 

Other requirements for utilization of the procedures 
include at least partial purification of the antigen so that 
multiple bands are not a frequent occurrence, and the 
presence of precipitating as contrasted with univalent 
antibodies. However, these are requirements shared by 
most immunological methods and so cannot be considered 
uniquely restrictive. 


Discussion 


A relatively simple method has been outlined for pro- 
viding antigenic macromolecules with multiple identifying 
characters. Such landmarks can be recognized individually 
without destroying the integrity of the antigen. The 
conclusion that a single species of molecules may possess 
many antigenic determinants is not unexpected in the 
light of several investigations on partially degraded 
antigens®. Intact antigens, however, hitherto have not 
readily lent themselves to such analysis, although there 
have been some exceptions*®. A suggestion, perhaps 
unique, derived from this investigation is that an antigen 
which can elicit antibodies capable of distinguishing it 
from adl cross-reacting antigens need not possess a unique 
determinant. 
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Although naturally occurring mutants have provided 
the antigens used here, for certain purposes partially 
denatured or disrupted molecules that retain antigenicity 
may also serve as a collection of cross-reacting substances 
for determinant analysis. However, restraints might then 
be placed on interpretations of the role these determinants 
can assume in the native molecule where they may be 
hidden. Conceivably, relatively few sera may be needed 
for an analysis of antigens. The typical heterogeneity in 
the kinds of antibodies induced by immunization of 
different rabbits with the same antigen may provide in 
itself a source of antibodies capable of distinguishing 
antigens. Thus, a chronic barrier to the examination of 
many immunological phenomena is here turned to 
advantage. 

Once a mosaic of determinants is assigned to a group of 
proteins, the fate of sub-units can be followed during the 
course of chemical manipulations or in their native state 
in living systems. For example, the method should prove 
helpful in complementation investigations where it would 
be highly desirable to compare the reconstituted products 
of mixtures of different mutants with wild-type protein, 
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without being forced to rely on a single criterion. Wild- 
type and non-mutant protein could be compared to see 
whether all determinants of both parents are possessed 
by the new protein. Also, were the molecules capable of 
dissociation into sub-units retaining their antigenicity, 
specific sub-units might be recognized by their determinant 
characteristics. The time of appearance, localization and 
concentration changes of sub-units could then be followed. 
A description of the course of assembly of native proteins 
during development might also prove practicable at a 
finer level than previously attempted. A related area of 
considerable interest which would probably benefit from 
detailed analysis of sub-unit reassortment and aggregation 
is that of the control of the synthesis of isozymes??. 

In conjunction with other methods, it may also be 
possible for this technique to be useful in resolving cer- 
tain problems of protein structure not otherwise easily 
attacked. For example, Neurospora adenylsuccinate 
synthetase mutants located at certain points within a 
cistron tend to restore enzymatic activity to a degree 
greater or less than would be expected based on their 
position within the linkage group!?. Were a refolding of 
a polypeptide chain or a juxtaposition of sub-units 
responsible for a return to a near-native configuration’, 
then conceivably the determinant construction of hetero- 
karyons might be more like the wild-type than either 
parent separately or in combination—that is, a ‘new’ 
antigenic specificity might be found. The lack of agree- 
ment between the linearity of linkage and complementa- 
tion maps possibly could be resolved were concomitant 
changes in determinant composition also known. Since 
antigenic specificity itself is known to be highly dependent 
on folding, conclusions about tertiary structure might 
also be drawn from determinant analysis. 

The probability of success in extending this approach 
to systems other than the Paramecium immobilization 
antigens appears to be high. The Paramecium antigens 
that have been successfully used here are not particularly 
effective as immunizing agents, rarely eliciting sera with 
antibody concentrations as high as 200y per ml. Par- 
ticularly suitable would be an examination of evolutionary 
relationships among species and genera through a com- 
parison, of individual serum proteins, such as albumins. 
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This, of course, would provide but a single criterion of 
ancestry and might in itself be misleading. Thus, one 
determinant difference between two albumins, and two 
differences between either of these and a third albumin, 
need not mean that the original albumins are more 
‘closely’ related than is either to the third. The single 
determinant difference may be a consequence of several 
amino-acid substitutions, and each of the other dcterm- 
inant differences result from a single amino-acid difference. 

The major advantage offered by this immunological 
approach is that a single parameter is not relied on to 
compare proteins. For example, a change in net charge 
that is a reflexion of a single amino-acid substitution may 
also be mimicked by the sum of several amino-acid 
changes. However, using the suggested antigenic analysis. 
the number of parameters is greatly increased as each 
determinant may be followed separately, and a single not 
effect is less likely to obscure several independent 
alterations. 
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RETENTION OF IMMUNOLOGICAL INFORMATION 


By STAFF OF THE CHESTER BEATTY RESEARCH INSTITUTE, 
ROYAL CANCER HOSPITAL, LONDON, S.W.3 


(I By Syngeneic Radiation Chimeras 


By Dr. A. J. S. DAVIES, BARBARA DOE, 
A. MARJORIE CROSS and E. V. ELLIOTT 


T is recognized that immunological information 
developed in an adult mouse in response to antigenic 
challenge may be retained when the animal is irradiated 
and given syngeneic bone marrow but is not retained to 
the same extent after irradiation and injection of allogeneic 
bone marrow??. 

A further series of experiments concerned with the 
immune responses of syngeneic and allogeneic radiation 
chimeras to sheep red cells is here described. The results 
are examined in order to determine whether residual 
immunological activity after irradiation and bone marrow 
therapymustnecessarily be attributed to persisting host cells. 


Mice 
Male mice of the Chester Beatty CBA and BALB/c 
and of the Harwell CBA/T6T6 strains were used 


throughout. Host (CBA) mice were 10-15 weeks of age 
at the time of irradiation. Donor mice (BALB/c or 


CBA/T6TI6) were 8-10 weeks of age when killed. The 
CBA/T6T6 mice have marker chromosomes’. : 
Immunization 

(a) Active. Mice were immunized by intrapcritoneal 
injection of 0-2 ml. of a 20 per cent suspension of sheep 
red blood cells in Alsever’s solution, 20 and 13 days 
before irradiation and 60 days after irradiation. 

Immune mice were bled from the retro-orbital sinus. 
Serial doubling dilutions were made of the serwm in saline 
in ‘Perspex’ hemagglutination tiles. Aliquots of thrice- 
washed sheep red cells were added to the tiles. which were 
kept at 37° C for not less than 2h. The total titration 
volume was 0-05 ml. Titres were expressed as logarithms 
to the base two of the reciprocal of the final dilution 
showing macroscopically visible agglutination. 

(b) Passive. Eighty inbred male BALB/c mice were 
immunized with sheep red cells on each of three occasions 
separated by a fortnight. Seven days after the third 
injection blood was taken from the mice, pooled and after 
lh at 4? C, to facilitate retraction of the clot, the immune 
serum was taken. off. 
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0-4 ml. of this serum was injected intra- 18: 
peritoneally into each of 48 male BALB/c 
mice. Titrations were carried out on 
individual sera from all passively immun- 
ized'mice 36 h, 6-5, 13-5, 20-5 and 27-5 days 
after their injection with immune serum. 
In all instances about 0:05 ml. of blood was 
withdrawn from the retro-orbital sinus. 
This afforded the minimum amount of 
serum that could be used in our titration 
System and represented about one-fortieth 
of the total blood volume of the mice. In 
these circumstances as only five bleedings 
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Log, hammaglutinin titre 
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were made on any one mouse it was felt t f10 [20 30 40 50 60 70 t 80 
that any effect of bleeding per se on serum Sheep Sheep 850r. Sheep 
titre could be ignored. The passively im- red red and 10x10* Time in days red 
cells cells. bone marrow cells 


munized mice were split into three groups of 
of 16 (four boxes with four mice in each). 
Two of these groups were subjected to 
850-r. X-irradiation three days after passive 
immunization. One group of irradiated 
mice was injected intravenously with 10 x 
10° cells of syngeneic (BALB/c bone marrow, the 
other with the same number of allogeneic (CBA) bone 
marrow cells, within 4 h of irradiation. The third, 
unirradiated group of mice was not subjected to further 
treatment. The irradiated mice would have died had 
they not been injected with bone marrow. 


Irradiation and Bone Marrow Therapy 


All mice received 850-1. total body dose at LD,» 30 
days and within 5 h wero given, intravenously, 10 x 109 
cells of either BALB/c (allogeneic) or CBA/T6T6 (syn- 
geneic) bone marrow in 0-4 ml. medium 199. Mice were 
maintained for 5 days before irradiation and 15 afterwards 
on a 20 per cent protein diet containing aureomycin (in the 
form of 'Aurofae' kindly supplied by the Cyanamid 
Chemical Corp., Lid.; estimated dose 1 mg/mouse/day). 


Cytological Check on Chimerism 


Three and five days after receiving their third injection 
of sheep red cells (that is, 63 and 65 days after irradiation 
and bone marrow injection) groups of chimeras were 
injected with ‘Coleemid’ (4 mg/kg body-wt. 14 h 
prior to removal of half the spleens under ether anzsthesia. 
The piece of spleen removed was divided into two, half 
being retained for histological examination and half being 
made into a cell suspension in hypotonic sodium citrate 
preparatory to cytological examination’ (syngeneic 
chimeras only). 


Serological Check on Chimzrism 


, Sixty days after irradiation red cells were removed 
from putative allogeneic chimeras and tested for thoir 
identity with appropriate iso-antisera5. í 


Tests for Chimærism 


(1) Allogeneic chimeras. All 20 animals surviving 
until 60 days after irradiation were found to have exclu- 
sively BALB/c (donor) red cells. 

(2) Syngeneic chimeras. 289 cells in nine mico engaged 
in a response to a third injection of antigen were examined 
` and were found all to be of donor (CBA[T6T'6) type. 
This result agrees with the larger series of experiments® 
showing that host cells are rarely found 30, 50 or 100 days 
after 850-r. irradiated CBA mice have been injected with 
CBA/T6T6 bone marrow. 


Histology 


Portjons of the spleen removed on the third or fourth 
day after injection of sheep red cells (63 or 64 days after 


cells 


Fig. 1. Tho hamagglutinin titres of various kinds of BALB/c mice in 


relation to time. (The normal mice were not irradiated) 


—O—, Normal mice; —6—, CBA/T6T6>CBA syngeneic chimeras; 


---O---, BALB[c—C BA allogeneic chimeras 


irradiation) were fixed and prepared for histological 
analysis. It was not possible to distinguish on the grounds 
of mitotic frequency between animals undergoing & 
primary and a secondary response to sheep red cells. 


Titrations 


(a) Active immunity. The titration results are given in 
Table 1 and Fig. 1. It can be seen that the response of 
normal CBA mice to a single injection of sheep red cells 
is rapid, giving a peak titre within 5-7 days. The primary 
Tesponse of syngeneic chimeras 60 days after irradiation 
(not shown in Fig. 1) was very similar and the peak titre 
was not significantly different from that of normal mico. 
The primary response of the allogeneic chimeras 60 days 
after irradiation was, however, significantly less than 
either normal mice or syngeneic chimeras. 

The response of normal mice to a second injection of 
sheep red cells was also found to be rapid, giving a peak 
titre about 7 days after injection which was about 3-4 logs 
above the peak following the first injection. The titration 
values of the mice which were to be irradiated showed that 
they were behaving as normal before irradiation and could 
be regarded as satisfactory experimental material. It is 
noteworthy that titres observed in the syngeneic chimeras 
41 and 66 days following the last contact with sheep red 
cells almost exactly paralleled those found in normal mice 
over the same period. In contrast the titres in the allogeneic 
chimeras were significantly lower than those of normal 
mice and of syngeneic chimeras. 

The response of normal mice to a third injection of 
sheep cells was more rapid than that of the syngeneic 


Table 1. LOG, HEMAGGLUTININ TITRES (+S.D.) oF VARIOUS KINDS OF 
CBA MALE MICE 


Response Days 
o after last Normal CBA/T6T6 BALB/c 
Injection injection of mice ———CBA —CBA 
No. antigen chimeeras chimeras 
1 3 5-43 + 1-26 — — 
5 8-75 + 0-83 7 X0:92* — 
7 9:00 + 1-00 9-33 +0:95 5-14 + 1-63 * 
12 Du 0 +10 — 
2t 3 8:75 + 0-97 — — 
5 10:50 + 1:80 — — 
7 13:06 + 2-92 — E 
12 11-7140-71 (12-75 + 0-76)t (12-75 + 0:76)} 
28 9-78 + 1-62 — = 
41 9-00 + 0-50 9:78 + 1:44 6°13 + 1-03 
66 5-87 + 0:35 5:07 + 1:28 2:00 + 0-78 
3$ 3 9:25 + 0-66 — — 
5 12:12 + 0-65 9°83 + 1°75 5°36 + 1:90 
7 12-00 + 0-50 11°33 + 3-30 5:28 + 1:48 
12 11-75 + 0-66 1078 £137 — 


* Injection 60 days after irradiation. 

T Injection seven days after first injection. 

t Titres two days before irradiation. 

§ Injection 73 days after second injection, 60 days after irradiation in the 
case of chimzras. 
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C MIOE EXPRESSED AS MEAN FALLS IN TITRE AND CALCULATED HALF-LIVES 


BETWEEN THE TIMES INDICATED AFTER PASSIVE IMMUNIZATION 





Mean drop in titre and calculated half-lives during period indicated (see Fig. 2) i 





Mice 














Period 1 Period 2 Period 3 Period 4 
Mean drop Half- Mean drop Half- Mean dro Half- M dr If- 
in titre life in titre life in titre P life in titro” Mie 
Normal 2°38 + 1:45 2:10 1:50 1:00 4:67 1:47 + 0-89 4:76 +2 : . 
Syngeneic chimeras 2:86 + 0-03 1:75 1:64 + 0-48 4:27 2-00 į 0-71 3.50 1-00 : 043 7-00 
Allogeneic chimeras 3-25 + 1:09 1-54 2°88 + 0-77 2:43 1:68 + 0-85 4:29 1-50 + 0-50 4:67 





chimeras, but the peak titres were not significantly higher. 
In both cases the peaks reached about the level attained 
during a response of norma] mice to a second injection of 
red cells. At twelve days the response of the syngeneic 
chimeras to a third injection was significantly higher than 
the response of a similar group of mice to a first injection 
of red cells. 

The response of the allogeneic chimeras to a third 
injection was indistinguishable from a primary response 
and was in any case drastically reduced in comparison 
with either normal mice or syngeneic chimeras. 

(b) Passive immunity. The results of the passive 
immunity experiment which are summarized in Fig. 2 
and Table 2 can be interpreted as follows: the titre of the 
pooled immune serum was log, 13 before its injection into 
the experimental mice. Within 36 h the serum titres of 
the injected mice were about log, 11. This drop in titre 
could be attributed largely to dilution, but perhaps also 
to retention of antibody in extravascular sites and in part 
to decay or destruction of the antibody molecules. In 
normal mice the rate of decline of amount of antibody 
does not vary significantly after 36 h and follows an 
exponential curve which defines the half-life as about 5 
days. Both groups of irradiated mice show a significantly 
more prolonged period of accelerated decay than normal 
mice, but stability is achieved in the syngeneic chimeras 
during period one (top of Fig. 2) and in period two in the 
allogeneic chimeras. 

Statistical analysis showed that there were no significant 
differences between the decay rates of antibody in period 
one taken by itself. During period two, however, the two 
groups of chimeras differed from each other, the allogeneic 
having a higher decay rate than the syngeneic chimeras. 
Further, the allogeneic chimeras had a higher decay rate 
than did the normal mice. Within period three the decay 
rates wero similar for all groups of mice giving an antibody 
half-life of almost 5 days. . 

The results of Garver et al.1 and of Hollingsworth? taken 
in conjunction with the present findings demonstrate that 
active immunity to red cell antigens can persist in heavily 
irradiated animals that have received syngeneic bone 
marrow as 8 therapeutic measure. The additional 
information provided by the present findings can be 
assessed after consideration of the results of the subsidiary 
experiment on passive immunity, which showed that in 
normal mice and irradiated animals the biological half-life 
of mouse anti-sheep-red-cell antibody was about 5 days. 
This value is similar to that of 4:5 days quoted by 
Humphrey (personal communication), rather higher than 
that which can be calculated from the results of Mitchison? 
and lower than the 8 days quoted by Dresser?*. On the 
basis of this result, Fig. 1 needs the added interpretation 
that actively immune normal mice and syngeneic chimeras 
synthesize antibody during the period from day 20 to day 
70, as the rate of declino of amount of antibody (apparently 
half-lifo 9 days) is too slow to be accounted for simply by 
passive loss. 

The rate of passive decline when allogeneic bone marrow 
is injected after irradiation indicates an antibody half-life 
of 2 days for about 8—10 days, after which it approximate 
to the normal passive decay rate. It is not possible to say 
whether synthesis of antibody stops or is reduced in the 
allogeneic chimeras, but it is possible to say that by 20 days 


after irradiation and probably less it is continuing at 
approximately the same (declining) rate as was observed 
in normal mice and syngeneic chimeras, assuming that the 
antibody present is qualitatively unchanged. 

For the present purpose, immunity may be considered 
under two headings: (a) synthesis of antibody; (b) the 
anamnestic response. The synthesizing component is 
apparently insensitive to radiation and the injection of 
bone marrow. The anamnestic component is apparently 
destroyed by irradiation and injection of allogencic bone 
marrow but is maintained, albeit slightly reduced, after 
irradiation and the injection of syngeneic bone marrow. 

The most plausible explanation of the results is “that 
treatment of severe irradiation injury with bone marrow 
cells does not supplant the humoral antibody production 
mechanisms of the host with those of the donor"!. This 
may be extended to cover skin homograft immunity on 
the basis of the results of Cross et al.®. The question to 
decide is, first, whether host cell persistence is likely and, 
secondly, if host cells do persist, what type of cell is re- 
quired for the maintenance of immunity as considered here. 

Early in the history of the investigation of radiation 
chimeras Ford and his colleagues’ showed that damaged 
host cells could be found dividing in the spleen, thymus, 
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bone marrow and lymph nodes of irradiated animals 
injected with bone marrow. These cells were found in 
diminishing numbers with increasing time after irradiation 
end could only rarely be found after 30 days. Dividing 
cells present at later times in all hematopoietic and 
lymphoid organs were almost always donor cells. Since 
then many methods, other than cytological ones, have 
shown that chimsrism established after radiation is often 
permanent and completo. 

The cytological and serological checks on chimerism 
used in the present experiments, 60 days after irradiation, 
indicated that the erythropoietic system of the allogeneic 
chimeras and the dividing cells in the spleens of the 
immunologically stimulated syngeneic chimeras were donor 
type. Thus the chimeras the immune response of which 
is under consideration were typical, but neither the tests 
psrformed on them nor the data about chimeras adduced 
here are sufficient evidence that no host cells were present. 
All that can be said is that they were not discovered. 

The problem can be approached from another aspect. 
If the immune response observed is a property of the host, 
which cells are involved and would they be detectable in 
tests for chimerism ? 

The antibody synthesized by the chimeras and by the 
normal mice during the decline phase of the immune 
response is likely to have derived largely if not wholly 
from plasma cells, as few other cells have been shown 
regularly to synthesize antibody. It is well known that 
plasma cells appear after irradiation, though it is not clear 
whether they simply become obvious because other cells 
have been destroyed and phagocytozed or whether they 
are produced in response to an immunologica] stimulus". 
Nossal? maintains that at least some plasma cells have a 
relatively short functional life and cell division is required. 
to ensure their replacement. If such divisions of host cells 
occur in order to provide antibody-producing cells, why 
have they not been seen ? Alternatively, the plasma cells 
under consideration are long-lived and radiation-resistant. 
No conclusion can at present be arrived at except to say 
that the mechanism for the continuation of antibody 
synthesis may in part survive irradiation, but even if the 
host cells observable early after irradiation are part of the 
mechanism, its cellular components “cannot be found to 

. divide in appreciable numbers subsequent to 30 days after 
irradiation. It is tempting to wonder whether the continua- 
tion of antibody synthesis becomes a property of the donor 
cells, which are present in abundance in radiation 

. chimeras, rather than remaining & property of host cells 

the very existence of which may be a chimera. 

Nossal!? concludes from an extensive and elegant series 
of experiments that “the cell type (in resting primarily 
immunized nodes) capable of responding instantly to 
antigenic stimulation, and thus presumably carrying 
specific immunological memory, is a rapidly proliferating 
primitive lymphocyte”. The experiments of Makinodan 
et al.1® indicate that the D, of the appropriate cells, 
primitive lymphocytes or not, is 70r. The dose of radiation 
used in the present experiments was 850 r. and it must be 
concluded that very few of the relevant cells could have 
survived such irradiation. If, however, sufficient cells did 
survive and, by their active proliferation on antigenic 
stimulation, 60 days after irradiation, initiated the 
response to a third injection of sheep cells observed in the 
syngensic chimeras, why were not their divisions observed ? 

The allogeneic chimera proved to be incapable of 
effecting a recognizable anamnestic response which could 
either mean that the relevant host cells had been destroyed 
by a graft-versus-host reaction or that part of the immuno- 
logical system necessary for the receipt and processing of 
antigenic material fails to develop. The authors incline 
to this latter view and are attempting to disprove it. 

Over all, the evidence for the persistence of sufficient 
host cells to maintain immunity in chimeras as observed 
is net good. The alternative hypothesis, that it is the 
donor cells which do the work, requires that the capacity 
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to do so is in some way transferred from tho irradiated host 
cells to the incoming donor tissues. This possibility will be 
considered more extensively elsewhere. It must suffice to 
say here that we can find no evidence, after irradiation of 
immune mice, for massive release of antigen. complete in 
that it simulates injection of sheep red cells (unpublished 
observations) The finding discussed by Campbell, that 
immunity to protein antigens may be maintained by the 
persistence of haptenic polypeptides strongly bound to low 
molecular weight RNA, which, it is not inconceivable, 
could be liberated on irradiation, is perhaps relevant. 
Further, there is an accumulation of largely circumstantial 
evidence that transfer of immunological information 
between cells is a very real possibility!5-??. 

The problem raised here from the very artificial 
situation existing in radiation chimeras relates to the 
general problem of the persistence of immunological 
information in immunized mice. However, until a clear 
description of the cells involved in an immune response 
can be made any approach is bound to have a large 
speculative component. This matter has been thoroughly 
discussed by Huraphrey?? and it should be noted that he 
says '^we cannot rule out the possibility that the precursors 
of antibody-producing cells never actually ingest antigen 
directly, but are stimulated by nucleoproteins, derived 
from phagocytic cells". 

We thank Prof. P. C. Koller for his advice. This work 
has been supported by grants to the Chester Beatty 
Research Institute (Institute of Cancer Research: Royal 
Cancer Hospital) from the Medical Research Council, the 
British Empire Cancer Campaign for Research, the 
Public Health Service research grant CA-03188—08 
from the National Cancer Institute, U.S. Public Health 
Service, and International Atomic Energy Agency con- 
tract 103/US. 
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(It) By Thymectomized Syngeneic Radiation 
Chimeras 


By A. MARJORIE CROSS, ELIZABETH LEUCHARS 
and Dr. A. J. S. DAVIES 


Iv has been shown! that mice which were immunized to 
sheep erythrocytes, before exposure to a potentially lothal 
dose of irradiation followed by syngeneic bone marrow 
therapy, continued to synthesize hemagglutinins after 
irradiation. When a further injection of sheep erythrocytes 
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was given there was a weak but significant anamnestic 
response. The data presented here concern similar 
oxperiments in which immunized mice were thymecto- 
mized before irradiation and syngeneic bone marrow 
therapy. It has been shown? that such animals are unable 
to respond to & primary challenge with certain antigens 
and it was considered to be of interest to determine 
whether they would respond to secondary challenge with 
such antigens. In a further experiment bone marrow was 
taken from neonatally thymectomized donors to see 
whether immunological incompetence of the donor would 
affect the result obtained. 

Male mice of the CBA strain were used as irradiated 
hosts and as donors of bone marrow cells. In addition 
skin was taken for grafting from Ak mice which have the 
same H-2 antigens as CBA, and C57BL mice which have 
different H-2 antigens. All mice were from highly inbred 
Chester Beatty strains. 

Thymectomy or sham operation was performed as 
described by Miller’. At the end of the experiment all 
thymectomized mice were checked for thymic remnants, 
none of which was found. The radiation dose used was 
850 r. After irradiation the mice were injected with 5 
million syngeneic bone marrow cells. 

Mice were immunized with Ak skin grafts using the 
method of Billingham and Modawar! and by intraperi- 
toneal injections of 0:2 ml. of a 20 per cent suspension of 
sheep erythrocytes in Alsever's solution. The time 
schedule is shown in Table 1. Hemagglutinins were 
estimated as before!. 

The survival times of Ak and C57BL skin grafts on 
normal mice are shown in Table 2. Ak skin grafts on 
pre-immunized mice showed an accelerated second-set 
type of rejection. The skin grafting results in the 
thymectomized irradiated mice are shown in Table 3. 
Neither the thymectomized nor the irradiated control 
groups showed a typical second-set rejection, but the 
mean survival time on irradiated mice was significantly 
shorter than that of a first graft of Ak skin (P<0-01). 
The mean survival time on pre-immunized thymectomized 
mice (17-2 days) did not differ significantly from the mean 
survival time for a first graft of Ak skin on thymectomized 
control mice (16-6 days). In the experimental groups most 
of the Ak grafts showed longer survival times and were 
rejected between 20 and 50 days. However, the number 
of grafts surviving until 50 days (9 out of 64) is consider- 
ably less than that found by Miller, Doak and Cross? in 
thymectomized, irradiated mice which had not been 
pre-immunized (36 out of 39). 
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of this finding experiments were carried out with normal 
mice to see whether immunization with Ak skin had any 
effect on the survival of subsequent C57BL skin grafis 
(Table 2). It was found that there was in fact a highly 
significant reduction in the mean survival time of the 
C57BL grafts (P < 0-001), indicating that mice immunized 
to Ak had also been made immune to some of the antigens 
possessed by C57BL. 

The results of the hemagglutinin titrations are shown 
in Table 4. It can be seen that the titres of antibody 
remaining from the immunization procedure were similur 
in all groups. Normal pre-immunized mice show ed a logs 
titre of 11-71 at the time at which the experimental 
groups were irradiated. Experiments with mice passively 
immunized against sheep erythrocytes indicated a hali- 
life of 4-5 days for these antibodies. If antibody synthesis 
had been completely stopped in the experimental groups 
by thymectomy and irradiation, antibodies should not 
have been detectable by day 60. 

After a further injection of sheep erythrocytes the mean 
titres of all groups showed, an increase which was statisti- 
cally significant. In only 3 of the 31 individual mice in 
experimental group I, and 3 of the 15 mice in experimental 
group II, was the increase in titre less than fourfold. 

The increase in titre is shown graphically in Fig. 1. 
The thymectomized control group showed a rapid increase 
to day 5, similar to that in normal mice. The inercase in 
the irradiated controls was slower, and in these mice the 
survival timos of skin grafts were longer than in the other 
controls. The increase in titre of the two experimental 
groups was very similar although the starting titre of the 
group given bone marrow from neonatally thymectoiized 
donors was considerably lower. In thymectomized 
irradiated mice which had not been pre-immunized the 
mean titre had increased to only log, 0-25 by day "7 
(ref. 2). 

It is now clear that the immunological response of 
thymectomized CBA syngeneic radiation chimeras to a 
variety of primary antigenic stimuli is reduced or absent’. 
The results of the present experiments show that 
established immunity can persist despite removal of the 
thymus and irradiation. The responses arc, however. 
weak and can only be defined as secondary by virtue of 
the fact that control animals show no primary response. 

Interpretation of the results of the present experiments 
is complicated because the control group of inice which 
were simply thymectomized showed no secondary response 
to skin grafts, although their secondary response to sheep 
erythrocytes was enhanced. Thymectomy of the adult 
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A surprising finding was that the thymectomized 
irradiated mice which had been pre-immunized to Ak 
also rejected their C57BL skin grafts. However, the 
specificity of the immunization to Ak antigens was shown 
by the fact that, although the C5TBL grafts were more 
foreign to the CBA hosts than the Ak grafts, their survival 
time was longer than that of the Ak. Twice as many 
C57BL as Ak grafts were still intact at 50 days. In view 


mized donors 





Table 2. SKIN GRAFT SURVIVAL TIMES IN NORMAL CRA MICE 
No. of No. of mice showing 
Treatment Donor micein  skin-graft survival MST. 
skin group for: SD, 
less than 
20days 20 -30days 
Non-immunized Ak 20 6 14 217 > 2:50 
C57B 11 11 0 14-6 + 2-18 
Immunized with E 
Ak skin Ak 10 10 0 (9-094 
Immunized with 
Ak skin C57BL 9 9 0 10:5 1v 
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No. of mice showing skin-graft survival for: 
20-50 days [ >50 days 





«20 days 





Control I A 
Sham-thymectomized 850 r. and syngeneic 
bone marrow. : 


20 18 2 


20 0 





Control II 
Thymectomized sham-irradiated syngencic 
bone marrow 


20 20 


20 





Experimental I 
Thymectomized 850 r. and syngeneic 
bone marrow 
Experimental II 
Thymectomized 850 r. and syngeneic bone 
IAM from neonatally thymectomized 
onors 




















* Mean survival time for grafts rejected before 50 days. 


appears to have little effect on immune responses, except 
those to closely related antigens®:*. It does, however, 
result in a diminution of the number of lymphocytes in 
the peripheral blood, and it has been suggested that this 
is due to sequestration of lymphocytes in the lymph nodes 
(Gowans, personal communication). If this is the case it 
is possible that an insufficient number of cells would be 
released on second challenge with antigen to cause 
accelerated rejection of skin grafts, although the produc- 
tion of antibodies, when cell release is not necessary, would 
be unaffected. The response of thymectomized mice to a 
second skin homograft, then, would be slow and indistin- 
guishable in timing from the primary response, but the 
lymph nodes would contain cells committed to respond to 
the antigens concerned. This point is at present being 
investigated in collaboration with Dr. P. Dukor. 

The results with thymectomized and irradiated mice 
indicate that once the primary response has been initiated 
the thymus is no longer necessary for: (a) continuation 





Increase in log, hemagglutinin titre 





0 1 2 3 4 5 


6 7 8 9 
Days after third injection of sheep orythrocytes 


Fig. 1. Increase in hemagglutinin titre after a third injection of sheep 
erythrocytes 80 days after the first 

O, n al mice; A, control I, irradiated; ©, control II (thymecto- 

mized); A, experimental I; €, experimental II. Bone marrow from 
neonatally thymectomized donors 


Table 4. HÆMAGGLUTININ TITRES IN MICE PRE-IMMUNIZED TO SHEEP 
ERYTHROOYTES AFTER A FURTHER INJECTION OF ANTIGEN 80 DAYS AFTER 
THE FIRST 


Mean log; titres and S.D. at following times 


Treatment after antigen injection 
Day 0 Day 6 Day 7 Day 9 
Normal 5-87 12:12 12-0 
£0-35 +065 +05 

Control I 

850 r. and syngeneic 5:07 9-83 11-33 

bone marrow i1:28 +175 +33 
Control II 

Thymectomized, sham 

irradiated, and 6:8 18:27 14-53 14:13 

syngeneic bone marrow +1-211 E1977 +1154 +225 
Experimental I 

Thymectomized, 850 r. 

and syngeneic bone 7:16 9:471 9-50 10:53 

marrow x3:037 :x3-027 + 2-693 + 3-54 
Experimental IT 

Thymectomized, 850 r. 

and syngeneic bone 

marrow from neonatally 4-331 6-801 7-867 

thymectomized donors +2468 + 2-033 £3°759 


of the primary response—otherwise synthesis of hemag- 
glutinins would not have continued; (b) initiation of a 
secondary response. 

The secondary response is weak in thymectomized 
syngeneic chimeras as it is in allogeneic chimeras. Both 
groups show lymphoid atrophy and weakening of response 
may be due to faults in the afferent or efferent immuno- 
logical pathways. 

The secondary response in the experimental mice 
survives the effects not only of thymectomy but also of 
irradiation. Davies et al showed that in syngeneic 
radiation chimeras the secondary response to antigens 
encountered prior to irradiation was not lost. They 
considered whether this response was mediated by surviv- 
ing host cells or by activation of injected bone marrow 
cells, either directly by antigen, or indirectly by transfer 
of some kind of ‘information’. The same arguments apply 
to thymectomized irradiated mice, but a further interesting 
point arises from the present results. The thymectomized 
mice of experimental group II were injected, after irradia- 
tion, with bone marrow from neonatally thymectomized 
mice. The cells of the donors in situ could react only 
weakly or not at all to sheep erythrocytes or skin homo- 
grafts and are unlikely to have had the ability to be 
sensitized with antigen when transferred to a new host. If 
transfer of information does occur, the cells capable of 
picking it up are present in the bone marrow of neonatally 
thymectomized as well as normal mice. 

We thank Prof. P. C. Koller and Dr. J. F. A. P. Miller 
for their advice. 
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ENTHALPY OF BINDING OF AROMATIC AMINES TO BOVINE 
SERUM ALBUMIN 


By M. R. V. SAHYUN 


National Cancer Institute, Bethesda, Maryland 


peer albumin is physiologically important for its 
transport function’. It binds numerous otherwise 
insoluble or only slightly soluble substances and transports 
them to the site of their physiological activity. Laurence? 
has interpreted this binding in terms of absorption of 
the small molecule on the surface of the albumin molecule. 
In order to gain further insight into the mechanism 
by which albumin effects this binding, other workers*4 
have attempted to characterize the process in terms of 
thermodynamio parameters derived from the binding 
dissociation equilibrium at two temperatures. Both 
groups of workers concluded that two types of sites were 
involved in the binding of a variety of molecules, both 
neutral and ionic. Laurence?, however, required only one 
type of binding site in his interpretation. Before mechan- 
istie inferences could be induced from the thermodynamic 
data the latter had to be corrected for the fact that the 
equilibrium is between states in which the bound molecules 
possess differing numbers of degrees of freedom**. These 
corrections were actually derived from theoretical approx- 
imations and introduced an additional uncertainty into 
the data. The present work was undertaken to obtain 
meaningful thermodynamic data without the uncertainty 
inherent in the comparison of the bound state with 
the dissolved state. 

One possible approach would correct the thermodynamic 
parameters derived from the dissociation equilibrium by 
the corresponding empirical quantities describing the 
dissolved state. The thermodynamic parameters for 
solution of solids are determined, usually, from solubility 
data, that is, by comparing the dissolved state with the 
crystalline state of the compound. Consequently, this 
methodology simplifies the comparison of the bound 
and crystalline states of the bound compound. It parallels 
the approach of solution thermodynamics; indeed, 
Everett? has pointed out the analogy between the thermo- 
dynamic treatments of solution and adsorption on theoreti- 
cal grounds. The bound molecules should possess no 
rotational freedom either in the bound or crystalline state, 
so no disorientation entropy correction is necessary in 
comparing the bound and crystalline states. 

The experimental method contingent on the above 
approach was as follows. Six aromatic amines were 
selected for investigation; p-aminobipbenyl, p-phenyl- 
acetanilide, N-acetyl-2-aminofluorene,  p,p'-bis(N,N-di- 
methylaminophenyl)methane and 9,p’-bis(N,N-dimethy]- 
amino)benzophenone (Michler’s ‘ketone’) are all crystalline 
solids which are easily assayable by ultra-violet spectro- 
photometry. The pertinent data are given in Table 1. 
The solubility of each of these compounds in aqueous 


Table 1 
Melting point Absorption 
Compound (°C) maximum (my) € 

p-Aminobiphenyl 52-53 271 1:9 x 104 
p-Phenylacctanilide 177-178 268 25 x 10* 
2-Aminofluorene 120-180 278 1:5 x 10* 
N-Acetyl-2-aminofluorene 203-205 276 2:5 x 10! 
p,p'-bis(N, N-Dimethylamino- 

phenyl)methane 91-02 252 1-6 x 10! 
p,p -bis( N, N-Dimethylamino)- 

benzophenone 178-179 375 3-3 x 104 
Bovine serum albumin 279 3-6 x 10° 


` 


Table 2. BINDING OF AROMATIO AMINES BY BOVINE SERUM ALBUMIN 


pH K, Ky Ey 
p-Aminobiphenyl 

75 3:6 + 0-4 T0 + 09 85x04 

10:5 3:9 + 1:4 83 + 0:5 78 + 0:2 
p-Phenylacetanilide 

7-5 0:65 1:0 + O1 12 + 0-1 

10:6 0:85 + 0:08 135 + 08 12+ 01 
2-Aminofluorene 

7-6 L8 + 0:2 2124 01 17 + 0-2 

10:5 2:4 + 01 36+ 01 2:0 + O1 
AN-Acetyl-2-aminofluorene 

7-5 0:55 + 0:08 1:0 LI + 02 

10:5 0:76 + 0:03 10 + 01 0-90 + 0:08 
p,p’-bis(N,N-Dimethylaminophenyl)methane 

TS 0-22 + 0:02 0-42 + 0-02 0-47 + 0:02 

10-5 0:35 + 0:04 0:60 + 0:02 0°85 + 0:07 
p,p'-bis(N,N-Dimethylamino)benzophenone 

T5 0-082 + 0-000 020 + 0-02 0-26 + 0-05 

10°65 0:125 + 0:004 0-26 + 0-02 0:33 + 0:02 


bovine serum albumin buffered at pH 7-5 and 10:5 
with phosphate and carbonate buffers, respectively, was 
determined by shaking at 9-0 + 0-2? C, 17-0 + 0-5? C 
and 25-0 + 0-5? C for 16h. Experiments showed shorter 
shaking times to be inadequate to maximize amine solubil- 
ization; longer times resulted in no further change in tho 
extent of the solubilization. Rapid filiration of tho 
mixtures, during which the solution temperatures did 
not change, gave solid-free solutions. These were analysed 
by taking their spectra at appropriate dilutions against 
the buffered protein solutions as blanks. No change in 
the spectra of the protein or the compounds was noted. 
The amount of amine in solution was then the sum of the 
amine dissolved in the buffer solution independently of 
the protein and that bound to the albumin. The former 
quantity was assumed to be equal to the solubility of 
the amine in the buffer analogously determined in the 
absence of protein. The amount of amine bound to 
protein was then divided by the albumin concentration 
(based on a molecular weight of 64,500 (ref. 1)) to give a 
ratio, K, which was constant for 0:5, 2-5, 5:0 and 7-5 per 
cent bovine serum albumin solution at each temperature 
and pH. These data are reported in Table 2. It is inter- 
esting that the binding power of the serum albumin, 
measured in terms of K, is higher in solutions of higher 
pH; this result apparently contradicts the observation 
of Klotz’. 

From the change in K with temperature it was possible 
to calculate an enthalpy change AH, supposedly character- 
istic of the binding process for each temperature incre- 
ment. These parameters are reported in Table 3. Most 
significantly, the observed enthalpies over the lower 
temperature increment appear to be larger than those for 
the higher one by, on the average, ll + 4 kcal/mole. 
Despite the uncertainties in the values of AH, this 
difference is statistically real. The melting-points of the 
compounds indicate that the temperature variation of 
the activity of the solid state, a, is negligible (< + 3 
per cent) according to the usual approximation’: 

Ring = AS; n(T/T4) 
where AS; is the entropy of fusion at the melting-point, 
T is the temperature at which the activity is a, and Tn 
is the melting-point of the compound. Therefore, the 
source of the variation of enthalpy change with tempera- 
ture must lie in the character of the bound state. 
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Table 3. ENTHALPY OF BINDING BY BOVINE SERUM ALBUMIN 
AH (kcal/mole) at: - 
pH 9-17^ C 17-25° C 
p-Aminobiphenyl 75 14+ 6 444 
10-5 17-7 -1+2 
p-Phenylacetanilide 
75 10 + 2 1-4 
10:5 10 + 6 ~2+6 
2-Aminofiuorene 
75 said -4t3 
10:5 94-2 >EE 
AN-Acetyl-2-aminofluorene 
`~ TS 18 t4 9g Re 
10:5 63 2-4 
2,2"-bis(.N,.N-Dimethylaminophenyl)methane 
75 13 + 4 242 
10°5 Wed 2+3 
p,p’-bie(N,N-Dimethylamino)benzophenone 
T5 20 +5 6+6 
10-5 106-3 5x3 


In the description of the bound state, two types of 
binding sites have been postulated? (vide supra). If 
these two types are each characterized by different 
thermodynamic parameters, then that on which the 
binding process has a larger AH value will become more 
important with increasing temperature. The enthalpy 
change calculated as above will then appear to increase. 
Exactly the opposite effect has actually been observed. 
The temperature dependence of the enthalpy change 
cannot reasonably be attributed to destruction of the 
binding sites by thermal denaturation involving gross 
changes in the structure, for example, helix-coil trans- 
formations, either. The optical rotation of bovine serum 
albumin at temperatures of 0°-40° C does not support 
such a speculation®. If a change in protein structure is 
involved in the apparent temperature dependence of 
enthalpy, it is something more subtle. Yet it is realistic 
to assume that the enthalpy temperature dependence is 
an artifice generated by temperature dependence of the 
relation of the activity of the bound amine to K. From 
Laurence’s? absorption model, this relationship should 
be a function of the active surface area of the albumin 
molecule available for binding. 

Weber’? has demonstrated reversible thermal dissocia- 
tion of the albumin into sub-units. Such dissociation 
could either (a) generate additional active surface area for 


NATURE 


September 5, 1964 vor. 202 


binding, or (b) destroy the molecular geometry necessary 
for binding. The observations obtained here could then 
be explained in terms of this dissociation hypothesis 
by postulating the generation of greater binding area 
between 9° C and 17? C than between 17? C and 25° C 
(mechanism a), by greater destruction of active sites 
between 17? C and 25? C than between 9? C and 17? C 
(mechanism 5), or by & combination of these mechanisms. 
Intuitively, one expects a small positive AH between the 
absorbed and crystalline states. The experimental 
values obtained at the higher temperature range therefore 
would seem less likely to be artificial than those at the 
lower range. On these grounds, mechanism a is more 
favourable than mechanism b; however, a combination of 
mechanisms a and b, implying an artificiality of the values 
at both temperature ranges, is certainly not excluded. 
As an alkaline medium enhances dissociation of serum 
albumin’, the increased binding at higher pH is in 
accord with this interpretation. 

An ambiguity as to the exact origin of the apparent 
temperature dependence of AH, however, remains. The 
thermodynamic parameters, by themselves, are of little 
diagnostic value in elucidating the adsorption mechanism, 
as the apparent temperature dependence of binding may 
not characterize the binding process per se. The tempera- 
ture-dependence of the extent of binding irrespective of 
origin is significant, however; the physiological conse- 
quences, in terms of temperature-dependence of transport 
phenomena, for example, appear to be unexplored. 

This work was carried out in the laboratory of Dr. W. C. 
Hueper, chief of the Environmental Cancer Section. 
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DIRECT DEMONSTRATION OF REAGIN ACTIVITY IN PURIFIED Yia-GLOBULIN 
By J.-P. VAERMAN, WILLIAM EPSTEIN and Pror. HUGH FUDENBERG 


Department of Medicine, University of California School of Medicine, San Francisco 


and KIMISHIGE ISHIZAKA* 


Children’s Asthma Research Institute and Hospital, Denver, Colorado 


LTHOUGH many precipitating and agglutinating 
AN antiboaize have been demonstrated in isolated, 
purified human 7 S (ys, y;) and 19 S (y, immuno- 
globulins!, antibody activity in the third class of human 
immunoglobulins (y,,4-globulins) has been reported only 
recently?. Indirect evidence suggests that reagins, the 
spontaneously produced skin-sensitizing antibodies found 
in the serum of allergic human subjects, are present in the 
Yia-globulin. This evidence consists of the presence of 
skin-sensitizing activity in impure immune globulin 
preparations rich in y,,-globulin®, the inhibition of 
reaginic activity by local injection of y, ,-globulin at the 
sensitized site’, the inhibition of positive sensitization 
reactions by addition of anti-y,4 antisera to the sera or 
fractions under investigation®, and the fixation of rag- 
weed antigen labelled with iodine-131 after immuno- 
eleetrophoresis?. However, since “reagin still represents 
2 nebulous concept to many immunologists, some doubting 
the legitimacy of its classification as an antibody". 
attempts at direct demonstration of reagin activity in 
purified y, 4-globulin seemed warranted. 


* Parts of this work were carried out while one of us (K. I.) was visiting 
assistant professor, Department of Medicine (Hamatology Unit), University 
of California School of Medicine. 


The y,4, Yss and y,y-globulin fractions of the serum 
of three persons highly allergic to ragweed but not allergic 
to Aspergillus were isolated and purified by a slight 
modification of a previously described method!!. Each 
Yi4-preparation gave one band when tested with anti- 
human serum and unispecific anti-y,4 antisera by immuno- 
electrophoretic and gel-diffusion techniques, and did not 
precipitate with antisera specific for Ass and y,» globulins 
(Fig. 1). An 0-05 ml. sample of each of the purified yss, 
Yum and y,,4-globulin preparations from each serum was 
injected intradermally into three normal recipients, and 
the test sites were challenged 24 h later by either scratch, 
test or intradermal injection of test antigens. All sites 
challenged with the control Aspergillus extract were 
negative. When challenged with 2 protein nitrogen units 
(PNU) of ragweed extract, all sites of injections of y, 
and yss fractions, as well as of buffered saline (control), 
were negative, whereas the sites injected with y, 4-globulin 
gave strongly positive reactions (Fig. 2). As little as 
0-05 ug N of the y,4 of one subject produced positive 
Prausnitz-Küstner (P-K) reactions (8 mm diameter weal 
and 35-mm diameter erythema) when challenged Similarly 
by intradermal injection of ragweed extract; 0-017 mg N 
of the y,4 of another donor produced positive reactions 
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Fig. 1. Immunoeleetrophoretie pattern of y,4-preparations. Numbers 

indicate antiserum troughs containing anti-human y;4 (1, 2 and 3) and 

anti-whole human serum (4, 5 and 6). Letters indicate antigen wells 
containing (A) yia from allergic serum and (B) whole serum 








Fig. 2. a, Sites of injection of purified immunoglobulin (y; 4) prepara- 

tions, showing skin reactions (Prausnitz-Kiistner) to ragweed extract 

(positive, left side) and to Aspergillus extract (negative. right side); 

b shows reactions with ragweed extract that were positive with purified 
(314) and negative with (y2) and (7,31) 





Fig. 3. Skin reactions (Prausnitz-Kiistner) to control (C,, 0:14 ug N. 

Ca, 0-07 ug N), reduced (Red) and reduced alkylated (Red-41) (0-7 pu 

N) yvis-globulin preparations containing reagin to ragweed. J? finite 

erythema and weal reactions to the untreated (control) yia-P epara- 
tions, not clearly visible in the photograph, were present 


by scratch test in three normal recipients (7 13 mmn weal 
and 24-46 mm erythema). 

Results of additional experiments also supported the 
conclusion that the anti-ragweed reagin in the sra of 
the three allergic subjects were y, 4-globulins. (1) lteagin 
to ragweed was demonstrated by P-K reaction with 
concentrated parotid saliva (rich in v,,-globulin and 
without detectable 7 S y-globulin??-5) from the three 
allergic persons. The concentrated salivas contained 
1 mg/ml. of y, 4, but were devoid of detectable ys.-globulm 
by immunoelectrophoresis. (2) In fractions obtained by 
‘Sephadex G-200’ gel-filtration of the sora from the three 
allergic donors, y,4-globulin localization and -cagin 
activity were parallel. Reagin and y;4 were eluted from 
the ‘Sephadex’ columns simultancously and appeared 
before antibodies of the yss (Y2) type, although thers wes 
considerable overlap®**, (3) As with whole sera, rcaginie 
activity disappeared when the y,,4-preparations were 
exposed to heat (56° C for 4 h). 

In further experiments, the y,4-globulin fraction of a 
reaginic serum was treated with 0-1 M mercaptocthanol 
for 4 h at room temperature at pH 8-0. One portion of 
the reduced protein was then dialysed against borate- 
buffered saline; another was dialysed against iodoacetate 
(0-02 M) for 24 h and against borate-bufferod saline for 
another 48 h. The original y, 4-fraction (0:05-0:07 ug N), 
the reduced material (0-7 ug N), and tho reduced and 
alkylated preparation (0-7 ug N) were injected intra- 
dermally into a normal subject. When the sites of 
injection were challenged by intradermal injection of 
2 PNU of ragweed pollen extract, the original y, 4-globulii 
fraction produced a definite erythema and weal reaction 
(Fig. 3), the reduced material (without alkylation) gove a 
+erythema (no weal), and the reduced and alkyiated 
material gave essentially no reaction. Similar r sults 
were obtained on reduction-alkylation of the y; c' the 
other allergie donors. * 
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These observations demonstrate that ‘spontaneously- 
induced’ reaginie antibodies are present: in purified 
Yia-globulin; however, the possibility that reagins to at 
least some allergens may also be present in the vss (Ya) 
or Yim globulins of some individuals (especially in 
individuals deliberately immunized- or ‘desensitized’ to 
specific allergens) is not exeluded*/!*. It is evident that 
the reaginic activity of the pure y,4-globulin fraction of 
an allergic serum, like that of the whole serum”, is inac- 
tivated by reduction of disulphide bonds. This procedure 
has been shown to split the disulphide bonds of a 9-55 
Yi14a-myeloma protein!*. In contrast, there is retention of 
activity when vss (Y2)-globulin antibodies are treated 
similarly!*?*, Results published elsewhere indicate 
that .polymer-type heterogeneity exists in the ya- 
globulin of single individuals?. On analytical ultra- 
centrifugation of one of the purified y,,-globulins with 
reagenie activity, similar heterogeneity was noted, in that 
two peaks.(6.7 S, 91 per cent; 9-7 S, 9 per cent) were 
present. Experiments designed to localize reagin activity 
to the 6-7 or 9/7 y,,-globulin of allergic individuals are 
currently in progress. 

This work was supported by contract Nonr-30650(12) 
NR 105-308 between the Office of Naval Research, 
Department of the Navy, and the University of California 
Medical Center, San Francisco; U.S. Public Health 
Service grants H-5997 and A1—04985; and funds allocated 
by the Committee on Research, University of California 
School of Medicine, San Francisco, California. 
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A preliminary report of these experiments has been 
presented elsewhere??. 
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SOME SIMILARITIES BETWEEN A VIRAL INHIBITOR OF PLANT 
‘ ORIGIN AND CHICK INTERFERON 


By Dr. K. H. FANTES and C. F. O'NEILL 


Virus Unit, Glaxo Laboratories Ltd., Sefton Park, Stoke Poges, Bucks 


Du E have been produced in mammalian 
and avian cells of a great variety. 

Delbruck and Luria! have described interference in 
E. coli between ultra-violet-inactivated bacteriophage 
and live phage of the same or a different variety, and 
Mercer and Mills? have produced an interferon-like sub- 
stance in Pseudomonas aeruginosa on interaction with 
inactivated bacteriophage Pc. 

Viral interference in plants has recently been reviewed 
by Ragetli* and by Atanasoff*, and properties of antiviral 
substances of plant origin have been described in the 
past few years by several authors‘: *-®, The material 
isolated by Ragetli and Weintraub from apparently 
healthy carnation plants seemed to possess such marked 
similarities to chick interferon that we decided to examine 
these in some more detail. The few properties mentioned 
of the substance obtained by Loebenstein and Ross’, 
after infecting Datura stramonium plants with tobacco 
mosaic virus, also resembled those of chick interferon, but 
the material produced by Sela and colleagues? with tobacco 
mosaic virus in Nicotiana glutinosa L. plants appeared to 
be entirely different. 

The known properties of the antiviral carnation factor 
of Ragetli and Weintraub and those of chick interferon 
are summarized in Table 1. 

Ragetli and Weintraub’ subjected their purified carna- 
tion factor to a number of chemical reactions to ascertain 
which chemical groups were essential for antiviral activity. 
We applied the same reactions to partly purified chick 
interferon (material before the DEAE chromatography 
step)?’, diluted to about 200 interferon units (chick embryo 
fibroblasts/Semliki Forest virus system) and 50 ug 
protein?! per ml. The results obtained by Ragetli and 
Weintraub’ with carnation factor are compared with our 
chick injerferon results in Table 2. For all the experi- 
ments mentioned in Tables 2 and 3, reagent control 


experiments without interferon were run in parallel to 
make sure that no cell toxicity resulted from the treat- 
ments. Interferon control experiments were also always 
carried out; in these, interferon was subjected to the 


Table 1. PROPERTIES OF CARNATION FACTOR AND CHICK INTERFERON 
Carnation factor Chick interferon 


Chemical nature Protein (refs. 4, 6, 7) Protein (refs. 10-12) 
Molecular weight At least 10,000 (ref. 4) 1900 5900 (refs. 12- 
, 32 
Sedimentation constant 1-4 (ref. 4) 1:9—3-006 (refs. 12-15) 
Precipitated by ammon- 50% saturation (ref. 4) 60% saturation (ref. 11) 
ium sulphate at 
Heat stability Stable at 60°, gradual Similar (refs. 12, 13, 16) 


Behaviour towards 
DEAE-cellulose 

Behaviour towards CM- 
cellulose 


Antiviral spectrum 


Mode of antiviral action 


Optimum applieation 
time for antiviral 
activity "n. 

Species specificity 


Effect of EDTA on 
activity 

RNase-activity 

Sugar content 


Electrical charge 


Effect of papain on 
activity 


Effect of trypsin on 
activity 

Effect of leucine amino- 
peptidase on activity 

Effect of carboxypepti- 
dase on activity 


inactivation at higher 
temperatures (ref. 2 R 
Aot ae atpH 78 Similar (ref. 17) 
ref. 
Is adsorbed at pH 6:0 Similar (refs. 12, 17) 
andeluted by raising 
pH and ionic con- 
centration 
Active against wide Similar (refs. 10, 18, 19) 
variety of viruses and 39) 
also against viral 5 
nucleic acid (refs. 4, 7) : 
un via the host Similar (refs. 10, 36) 
ref. 
Before or with virus, Similar (refs. 10, 18, 36, 
not after (ref. 4) 


Activity is influenced Similar (refs. 20, 21, 85) 
by the species of the 
host cell (ref. 4) 

None (ref. 7) None (ref. 22) 

None (ref. 17) 
Trace carbohydrate 
" (ref. 12) 
Slightly basic (refs. 11, 12) 
SUghily acidic (refs. 14, 


3) 
None (ref. 11) 
Near total inactivation 
(refs. 12, 22 
Partial inactivation 
(refs. 10, 12) 
None (ref. 12) 


None (ref. 12) 


None (ref. 7) 
None (ref. 4) 


Neutral (ref. 4) 


None (ref. 7) 


None (ref. 7) 
None (ref. 7) 
None (ref. 7) 
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DO SCIENTISTS 
NEED A 
COMPREHENSIVE 
- INDEX TO 

ALL OF SCIENCE? 


When we asked scientists this 
question recently, most of them . 
replied yes — a few said no. lf. 
you are among the few who are 
perfectly satisfiéd with the ‘‘selec- 
tive’’ approach of conventional 
indexing systems, stop right here. 
However, if you, along with the 
majority, feel that improved meth- 
ods and comprehensiveness are 
needed in information retrieval and 
.dissemination, read on. 


Every research scientist has, on 
one occasion or another, been 
stumped by the complex problems 
of searching the scientific litera- 
ture. Today's search requirements 
are hobbled by the limitations of 
traditionally organized indexing 


|. Systems. 


At the Institute for Scientific Infor- 
mation, we have tested and devel- 
oped anew dimension in indexing. 
To this we have added compre- 
hensive coverage, resulting in a 
unique tool for information dis- 
covery. We call it Science Citation 
Index. : 


The Science Citation Index instantly 
identifies the most recent publi- 
cations referring to a particular 
work since its publication. The 
Science Citation Index provides the 
scientist with an improved, novel 
starting point: the specific paper or 
book of a specific author . . . and 
from there the searcher is brought 
forward in time to current papers 
relating to the earlier work. 


Revolutionary? Invaluable? We 
think so and we think you will too 
after you've had an opportunity to 
review descriptive material on this 
new technique. Write us now and 
we'll send details by return mail 
— without obligation, of course. 


Dept. 21-2 
INSTITUTE FOR SCIENTIFIC INFORMATION 


$25 Chestnut Street Philadelphia Pa 19106 


September 5, 1964 
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ANIMAL 
NUTRITION 


(SECOND EDITION) 
Cyril Tyler 


The new edition of this well-known book has been 
thoroughly revised and brought up to date. It deals 
with the basic principles of animal nutrition and will 
provide both a general knowledge of the subject for 
the agriculturist and an excellent introduction and 
background study for the specialist. 


192 pages 24 diagrams 28s 


THE CHEMICAL 
CONSTITUTION 


OF NATURAL FATS 


(FOURTH EDITION) 


T. P. Hilditch, F.R.S. 
and P. N. Williams 


The book has been revised as completely as possible 
in the light of fresh knowledge which has occurred 
since the third edition was published in 1956. it 
now includes the fatty acid compositions of nearly 
1,500 natural fats, and accounts of the quantitative 
composition of the glycerides in some [00 natural fats. 


752 pages 24 figs. about [50s 


CHAPMAN & HALL 


THE HISTORY OF 
THE STUDY OF 
LANDFORMS 


Volume | : Geomorphology Before Davis 


Richard J. Chorley, 
Antony J. Dunn and 
Robert P. Beckinsale 


Volume | treats the subjects up to the first important 
statement of the cycle of erosion by W. M. Davis in 
1889, and attempts to identify the most significant 
currents of geomorphic thought, integrating them into 
the broader contemporary intellectual frameworks 
with which they were associated. As well as dealing 
with such key figures as Werner, De Saussure, 
Hutton, Playfair, Buckland, Lyell, Agassiz, Ramsay, 
Dana, Peschel, Powell, Gilbert and Davis, attention 
is also given to many less important contributions 
by American, British and Continental workers. 
With more than [20 half-tone illustrations. 


84s 


To be published on September lOth 


ADVANCES IN 
THE KINETICS OF 
HOMOGENEOUS 
GAS REACTIONS 


T. G. Szabo 


METHUEN 
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Elsevier. 


Turbidites. 








AMSTERDAM LONDON NEW YORK 


P.O. Box 211 Rippieside Commercial 52 Vanderbilt Ave. 
Estate New York, 17 


Amsterdam Barking, Essex 





The Dynamic Method in Oceanography. L. M. Fomin 


Institute of Oceanography, Academy of Sciences of the U.S.S.R., Moscow 


Contents: Theoretical principles of indirect computation of sea currents; accuracy of the dynamic 
method of computing ocean currents; investigation of the vertical velocity distribution of a wind- 
driven current in a deep sea using a density model; methods for computing the “zero” surface in the 
sea; practical procedures for computing currents by the dynamic method; dynamic chart of the sea 
surface in the Kurile-Kamchatka region of the Pacific ocean. 708. 


A. H. Bouma and A. Brouwer 


State Universities of Utrecht and Leyden, The Netherlands 


Extract of Contents: The turbidite concept in Britain; turbidite studies in the United States ; flysch 
formations of the northern Apennines; turbidite sediments in the south western Adriatic sea ; biblio-, 
graphy of turbidity currents and turbidites. gos. 


`` Mechanisms of Solid Friction. P. J. Bryant, M. Lavik and G. Salomon 


P. J. Bryant and M. Lavik, Midwest Research Institute, Kansas, Missouri ; G. Salomon, T.N.O. Institute, Delft . 


Contents: Surface energy and temperature considerations; ionic solids; lamellar solids; metallic 
friction; metallic wear. 508. 


Structural Characteristics of Metals. E. P. Polushkin 


Formerly Associate Professor of Metallurgy, Stevens Institute of Technology, Hoboken 

Contents : Crystalline structure of metals ; shapes and arrangement of grains in a metal; solid solutions : 
eutectics and cutectoids; polishing; etching; metallographic microscope; photomicrography ; 
electron microscopy and other advanced metallographic techniques; microstructure and properties 
of pure metals. 458. 


Unsaturated Polyesters (structure and properties). Herman V. Boenig 


Contents: Historical development; structure of unsaturated polyesters; cross-linking mechanism in 
polyesters; the cross-linked network; chemistry of polyester compounding ; effect of structure of 
the polyester backbone on properties of the cured products; effect of unsaturated monomers on pro- 
perties of cured products ; structure and flame retardance ; polyester coating compositions. 558. 
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US 









1939-1945 


Energy Authority 


in North America. 


MARGARET GOWING, B.Sc.(Econ.), Historian and Archivist, United Kingdom Atomic 








This history of the United Kingdom Atomic Energy Project up to the time the first 
atomic bombs were dropped on Japan was commissioned by the U.K.A.E.A., and much 
use has been made of official documents in this the first authoritative account of Britain’s 
part in the development of atomic energy. The book is in three parts: a study of 
feasibility; the independent work in North America and Britain ; and the joint work 


Sept. 24th. 480 pp., 3 line and 14 half-tone illustrations. 55s 





CARBIDES IN 
NUCLEAR ENERGY 


Edited by L. E. RUSSELL, B.Sc. Tech., Sc.D. (M.I.T.) 
Group Leader Plutonium Ceramics, A.E.R.E. Harwell 


The Proceedings of an international symposium on the uses of carbides 
in nuclear energy held at Harwell in November 1963. The volumes 
comprise 65 illustrated papers with their discussions, each provided 
with a bibliography and an abstract in English, French and German. 
A common general index is included in each volume. 


Vol. 1. Phase Diagrams and Physical and Chemical Properties. 
Vol. 2. Preparation, Fabrication, Irradiation and Behaviour. 


Each about 500 pp., 300 illus., October 15th, £10 105 the set 





COMPUTER 
APPLICATIONS 


Edited by ROBERT S. HOLLITCH and MILTON M. GUTTERMAN 


This report of the Ninth (1962) Symposium, organized at the Illinois 
Institute of Technology, is a cogent survey for all who are actually 
using computers to solve problems in business, management, science 
and engineering. The contributors discuss both “software” and “‘hard- 
ware” applications, including contemporary and experimental pro- 
gramming languages. 


224 pp. Illus. 56s 


Synopses and catalogues from: 


MACMILLAN/CLEAVER-HUME PRESS 


ST MARTIN'S STREET LONDON W.C.2. 











ATLAS OF THE MOON 


VINCENT DE CALLATAY 


By the same author as the successful Atlas 
of the Sky, Atlas of the Moon gives a detailed, 
yet readable and easily understood, account 
of all aspects of the moon, sumptuously 
illustrated with a wide range of informative 
photographs and diagrams. With a fore- 
word by Sir Bernard Lovell. 

Translated by R. G. Lascelles. 

IO X 123 in., 160 pp., 7os 


CLIMATOLOGY: AN 
INTRODUCTION 


J. BUCKNELL, M.Sc., Ph.D., F.R.G.S., 
Weymouth Training College. 


Provides the ground work in climatology 
which together with geomorphology forms 
the basis of most geographical studies. 
Presentation is straightforward and lucid 
and much of the work is in diagram form. 
The major section of the book is based on 
Professor A. A. Miller’s widely accepted 
method of climatic classification. Questions 
and exercises are included. 

October 29th, 160 pp., 195 illus., 18s 


MATTER 
AND METHOD 


R. HARRÉ, B.Phil., Lecturer in the Philosophy 
of Science, University of Oxford. 

Mr. Harré’s new book concerns the scientific 
thought of the 17th and 18th centuries, 
notably the corpuscular theory of matter. 
He enables us to understand what British 
18th-century philosophers were so excited 
about. This evocation of an intellectual 
climate will interest students both of history 
and of science. 

October 29th, 132 pp., 16s 
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TAYLOR & FRANCIS LTD. 


THE PHILOSOPHICAL MAGAZINE 


A. Journal of Theoretical, Experimental and Applied 
Physics 

Price per part £1 15s. Od. plus postage 

Subscription price per volume of 12 issues post free — £20 0s. Od. 


ADVANCES IN PHYSICS 


A quarterly supplement of the Philosophical 
Magazine 

Price per part £1 15s. Od. plus postage 

Subscription price per volume of 4 issues post free £6 0s. 0d. 
The Philosophical Magazine and Advances in Physics, 

combined subscription £25 0s. 0d. 


JOURNAL OF ELECTRONICS AND 
CONTROL 


A “Philosophical Magazine” Associated Journal 


Price per part £1 15s. Od. plus postage 
Subscription price per volume of 4 issues post free £9 0s. 0d. 


MOLECULAR PHYSICS 


Price per part £1 10s. Od. plus postage 
Subscription price per volume of 6 issues post free £8 0s. 0d. 


PHYSICS IN MEDICINE AND BIOLOGY 


Price per part £1 12s. 6d. plus postage 
Subscription price per volume of 6 issues post free £6 Os. Od. 


ERGONOMICS 


Human Factors in Work, Machine Control and 
Equipment Design 


Price per part £1 12s. 6d. plus postage 
Subscription price per volume of 4 issues post free £6 Ss. 0d. 


INTERNATIONAL JOURNAL OF 
RADIATION BIOLOGY 


And related studies in Physics, Chemistry and 
Medicine 

Price per part £1 10s. Od. plus postage 

Subscription price per volume of 6 issues post free £8 10s. 0d. 


CONTEMPORARY PHYSICS 


Price per part 15s. Od. plus postage 
Subscription price per volume of 6 issues post [ree £4 5s. 0d. 


CURRENT BIBLIOGRAPHY FOR AQUATIC 
SCIENCES AND FISHERIES 


Price per part 20s. Od. plus postage 

Subscription price per volume of 12 issues post free £9 Qs. Od. 
Published by permission’ of the Food and Agriculture 
Organization of the United Nations 


A GUIDE TO INSTRUMENT DESIGN 


Produced by the Scientific Instrument Manufacturers' 
Association of Great Britain (SIMA) and the British 
Scientific Instrument Research Association (SIRA) 


Crown Quarto. Cloth bound. Approximately 450 pp. 
Price £5 Ss. Od. ($15.00), plus postage, packing, etc., 
4s. Od. (60 cents) 


ELECTRONS IN METALS 


A Short Guide to the Fermi Surface 
By J. M. ZIMAN 


University Lecturer in Physics, and Fellow of King's College 
Cambridge 


80 pages. 104 in. by 74 in. Reprinted 1964 
Linen board cut flush price 14s. 0d. ($2.10), plus postage and 
packing Is. Od. (15 cents) 


A HISTORY OF MATHEMATICS 


From antiquity to the early nineteenth century 


By J. F. SCOTT, BA, D.Sc., Ph.D. 
Revised Edition. Price plus postage 27s. 6d. 


Red Lion Court, Fleet Street, London, E.C.4 





The 
Ecology of 
Rocky 


Shores 


J. R. LEWIS, B.Sc., Ph.D., 
Department of Zoology, University of Leeds. 


The first comprehensive account to be published of the 
composition of the dominant plant and animal com- 
munities of the rocky shores of the British Isles. Dr. 
Lewis is a most experienced biologist in this field, and 
this book, which is based on his own research, incorporates 
much new data and many original plates and figures. 


425. net 
Introduction 
to THE ENGLISH m x 
Animal [n UNIVERSITIES PRESS 
Parasitology 


J. D. SMYTH, M.A. Sc.D., 

Professor of Zoology, Australian National University, 
Canberra, formerly Professor of Experimental Biology, 
University of Dublin. 


“ The author is to be congratulated on the production . 
of a progressive book which points the way to profitable 
future developments in the expanding scope of animal 
parasitology, a book which will do much to assist the 
progress of a generation of students.” —Nature. 


375. 6d. net 


WANTED TO PUHCHASE 
Scientific books & periodicals 


Entire libraries, and smaller collections ; 
sets and runs, foreign and domestic. 


WALTER J. JOHNSON, INC. 

111 Fifth Avenue, New York, 3, N.Y., U.S.A. 
Cable Address: BOOKJOHNS, NEW YORK 

British Office: ACADEMIC BOOKS. LTD. 


Berkeley Square House, Berkeley Square, London, W.1 
HYDE PARK. 6436 


BOOKS & JOURNALS 


We display over 30,000 recent and standard books on all branches 
of science and technology. Inspection is always invited in our 
spacious showrooms, which are conveniently situated. 


POSTAL SERVICE 


We pride ourselves upon speed of dispatch and regularly supply 
some of the largest industrial undertakings in Britain and overseas. 
Annual subscriptions taken for any British or foreign journal. 


Call, write, or phone 


CLAUDE (j] | BOOKS , 


481, OXFORD STREET, LONDON, W.1. 
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BAUSCH & LOMB WB 
STEREOZOOM 


Continuously Variable Power 
Stereomicroscopes 


FLAT FIELD 

No loss in depth and no 
re-focusing needed when 
changing power 

LARGE WORKING 
DISTANCE 

Up to 8” with the 0.5x 
attachment lens 
MODERN FUNCTIONAL 
STANDS 

Simple, rigid and well 
balanced. Focusing is 
smooth and positive with 


e MANY OTHER 
EXCLUSIVE FEATURES 


Send for descriptive leaflets 


BAUSCH & LOMB OPTICAL CO. LTD. 


ALDWYCH HOUSE : ALDWYCH : LONDON : WC2 


SS ARDUIS NUM ees 








PROGRESS 
IN MEDICAL 
GENETICS 


Volume III, 1965 


Edited by Arthur G. Steinberg, Ph.D. 
and Alexander G. Bearn, M.D. 


This is the third volume in a series 
designed to help the practitioner and 


research worker by applying easily 
assimilated and authoritative reviews of 
significant current findings applicable 
to their own work. 272 pages, 58 illus., 
84s., plus 1s. postage. 


Published by Grune & Stratton, Inc., 
New York 


Available in the U.K. from: 
William Heinemann Medical Books, Ltd. 


23 Bedford Square 
London, W.C.1 





extra wide rack and pinion. 



















Stratification 
and Circulation in the 
Antillean-Caribbean 


Basins 


PART I: Spreading and Mixing of the 
Water Types 


By GEORG WUST 





The first part of a two-part study of the 
stratification and circulation of currents 
in the Antillean-Caribbean Basins. Part 
One, which deals with the geography 
and temperature of the Caribbean, 
includes an Atlas of the Basins. 

The foreword is by Maurice Ewing, 
Director, Lamont Geophysical Labora- 
tory. 

Part ll, which will be a separate book. 
will be concerned with currents and 
geochemical determination. It will be 
Number Ill in the Vema Research Series. 


£5 5s. net 







256 pages, 82" x 112” 





















The Natural 
Geography of Plants 


By H. A. GLEASON 
and A. CRONQUIST 


Although primarily concerned with the 
plant cover of the continent of North 
America and of the U.S.A. in particular, 
the authors frequently cite examples in 
other parts of the world to illustrate the 
universality of the principles involved. 

One of the important and outstanding 
features of the volume is its illustrations. 
The authors have included nearly 200 
visual aids which graphically illustrate 
different kinds of plants, plant com- 
munities, plant migration, and general 
plant and area characteristics. These 
are so arranged as to illustrate points 
made in the text and can easily be 
followed by the reader interested in 
landscape variations and their geo- 
graphical occurrence. 


400 pages, 6$" x94”, Autumn 72s. net 
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Your development team has months of work ahead if you are going to be 


ready to exploit the flow of high quality Benzoic Acid from Bush’s new 


Widnes plant. It’s late—but not yet too late if you start now! 





NEW MAJOR WORLD SOURCE OF BENZOIC ACID 


W. J. BUSH & COMPANY LIMITED, Ash Grove, Hackney, London, E.8. Telephone: CLlssold 1234 > 
Member of the Albright & Wilson Group of Comp 
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conditions summarized in Tables 1-3, but in the absence 
of the chemical reagents, so as to ensure that any loss of 
activity was due to the latter and not to damage caused 
by adverse pH or temperature. All samples were 
thoroughly dialysed against Earle’s buffer before assay. 

Ragetli and Weintraub’ concluded from their experi- 
ments that an amino-group, probably an c-amino-group 
of lysine, is essential for biological activity of their factor. 
The argument in favour of an c-amino-group of lysine 
being involved was based mainly on the different results 
which were obtained with the two concentrations of acetic 
anhydride. Since neither acetic anhydride nor benzoyl- 
chloride completely abolished antiviral activity, it was 
further argued that the essential amino-groups were not 
readily available for acylation; on the other hand, the 
possibility of groups other than amino groups playing an 
additional part in the antiviral mechanism could not be 
dismissed. They, however, think it unlikely that sulphy- 
dryl, disulphide or hydroxyl groups are important for 
the biological action. - 

Our results obtained with chick interferon again show 
that an amino-group is needed for biological activity, 
but this activity is completely destroyed by either acetic 
anhydride at either level, or by benzoylehloride. Sul- 
phydryl or hydroxyl groups, if present, seem to be, as 
in the carnation factor, of little importance. (Phenyl 
isocyanate at pH 5:8 gave fluctuating results, even after 
the buffer concentration was increased to minimize the 
possibility of an upward pH drift.) 

One striking difference between the two molecules was 
revealed by their behaviour towards performic acid. 
This had no effect on the activity of the carnation factor, 
but (at the higher level) invariably destroyed the potency 
of chick interferon. Neither formic acid nor hydrogen 
peroxide, when used separately under otherwise identical 
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conditions, impaired the biological activity of chick 
interferon. Performic acid is known to oxidize disulphide 
bonds?544», In order to get more evidence for the presence 
of such a bond, we subjected chick interferon to a number 
of the treatments used in the reductive fission of disulphide 
links. The results of these and of some other treatments 
are given in Table 3. 

The results show that those reductive treatments known 
to break disulphide bonds always reduced or abolished 
interferon activity. Further attempts to inactivate inter- 
feron with chemicals that react with sulphydryl groups 
again failed. Reduced activity observed after treatment 
with cysteine and bromoacetate?? together did not lead to 
greater inactivation than that caused by cysteine alone— 
support for.the view that the chemical attack is directed 
towards a disulphide and not a sulphydryl group. 

An attempt was made to restore antiviral activity lost 
after 8 h treatment at pH 5 with benzyl mercaptan 
(100 mM), by bubbling air through such a soluvion for 
16 h at room temperature, having first removed the 
reducing agent by dialysis against phosphate buffor 
(M/50, pH 6-5). No activity was thereby restored; the 
material possibly behaves like insulin under this treat- 
ment**, Similar aeration of an untreated interferon 
solution had no effect on its activity. According to Sun 
Yu-Kun and Tsou Chen-Lu?*, bromoacetate at pH 5 


‘had no effect on sulphydryl groups (of papain), but it 


attacked the imidazole group of histidine; interferon 
activity, however, stayed intact at this pH and also at 
pH 8-2, at which pH sulphydryl groups are methylcarb- 
oxylated. Cyanogen bromide at pH 2 completely in- 
activated interferon. Such a reaction was shown by 
Gross and Witkop‘! to cleave ribonuclease and by Hof- 
mann?! to cleave the peptide chain of trypsinogen at tho 
carboxy] end of methionine residues. The question whether 


Table 2. EFFEOT OF SOME REAGENTS ON ANTIVIRAL ACTIVITY OF CARNATION FACTOR AND CHICK INTERFERON 























Duration |Temperature| Residualinhibitor activity (%) E 
Reagent Concentra- pH of of Protein groups 
tion (mM) reaction reaction Carnation Chick primarily attacked (ref. 7) 
(h) (°C) factor (ref. 7) interferon 
Acetic anhydride 5-5 T5 2 4° 100 30, <5, <10 —NH; (a), —OH 
55-0 T5 2 e—4° 5 20, <5, <10 —NH; (a and e), —OH 
Benzoylchloride 25-0 75 2 Q°-4° 10 <5, <10 —NH, 
Benzylehloride 25:0 75 2 Q?-4^ 100 100, 100 —NH; (at elevated temp. only) 
Fluoro-dinitro-benzene 81 8-0 2 0°—4° 30 65, 35 —NH;, —OH*, —SH 
814 8-0 2 0°—4° 10 35, 25 —NH; —OH*, —SH 
Nitrous acid 1,000 4:0 0-5-0-75 —4? 20 15 —NH;, —SH, —OH* 
1,000 4:0 r5 o—49 5 10 —NH,, —SH, —OH* ! 
1,000 40 3 2—4° 0 5 —NH;, —SH, —OH* 
p-Cl-Mercuribenzoate 0-0735 6:8 0-33 Y 100 100, 100, 100, 100 —SH 
Performic acid 0-44 7-0 7 o—4° 100 100, 100, > 75, 67 —$—$8— 
44 TO 7 4° 100 <5, «5, «5, <5 —$—8— 
Formic acid 170 7:0 7 0°—4° 
Hydrogen peroxide 44 7-0 7 Q°-4° 100 
Phenyl-isocyanate 9-3 8-1 0-25 0°-4° 0 10, «5 —NH;,, —OH* 
9:3 5:8 0-25 Q?-4* 100 100, 50 50, 100, | —SH 
35, 35, 














* —OH from tyrosine. 


R? = Room temperature. 





Table 8. EFFECT OF REDUCING AND OTHER REAGENTS ON ANTIVIRAL ACTIVITY OF CHIOK INTERFERON 

















Concentration Duration Temperature Residual Protein groups 
Reagent (mM) pH of reaction of reaction |inhibitor activity primarily 
(h) (°C) (%) attacked 
Benzyl mercaptan (ref. 26) 100 5-0 8 <5, <10 —$—$— 
Benzyl mercaptan 100 5-0 72 <5, <10 —$—8— i 
Sodium-thioglycollate (ref. 27) 1,000 5-0 1 10, 10 —$—$— | 
Sodium-thioglycollate 1,000 5:0 18 , <5 —s—s— i 
2-Mercaptoethanol (ref. 28) 200 72 24 25, 50 —s—s— 
2-Mercaptocthanol (ref. 28) fol- 200 T? 24 20, 35 —S—S— then --SH 
lowed by iodoacetate 10 T2 24 
Iodoacetate (ref. 28) 10 7-2 24 65, 100 —SH ' 
Bromoacetate (ref. 29) 5 5-0 3 100, 65 Imidazole (histidine) ' 
Bromoacetate (ref. 29) 5 8-2 3 100, 100 —SH i 
Cysteine (ref. 33) 25 5-0 3 50, 50 —$—$8— 
Cysteine (ref. 33) 25 8-2 3 50, 50 —$—$8— 
Bromoacetate + cysteine 5 5:0 3 70, 50 Imidazole histidine/ 
(ref. 29) 25 —$8—8— 
Bromoacetate + cysteine (ref. 29) E 8-2 3 40, 50 —$H/—$—$8— | 
K-Cyanate (ref. 30) 0-5 6-0 24 100, 100 —SH j 
K-Cyanate (ref. 30) 5 6-0 24 100, 100 —SH 
K-Cyanate (ref. 30) 50 6-0 24 100, 100 —SH 
Cyanogenbromide (refs. 31, 41) 16:5 2-0 24 <5, 10 y—S—methy] of methionine 




















—A. D 





I? = Room temperature. 
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& similar reaction occurred in the interferon molecule will 
not be answered with certainty until sufficiently large 
amounts of pure chick interferon become available for 
more detailed investigations. The postulated presence of 
one or more essential disulphide groups in the molecule is 
clearly also hypothetical at present, since it is not even 
known that chick interferon contains any sulphur. No 
sulphur-containing amino-acid was found in tho hydro- 
lysates of the carnation factor’. 

Although chick and other interferons show species 
specificity, such specificity is not absolute???!.54,35, We 
therefore investigated whether the carnation factor 
possessed antiviral activity against Semliki Forest virus 
in chick embryo fibroblasts, the system used by us for 
the assay of chick interferon. Several carnation plants 
(Dianthus caryophyllus) were homogenized in the presence 
of 0-15 M sodium chloride (0-5 v/w), the brei was filtered 
through coarse sintered glass and the filtrate clarified 
by low- and high-speed centrifugation as described by 
.Ragetli and Weintraub’. The supernatant layer, after 
dialysis against Earle's buffer, was found to be cytotoxic 
in the assay system, even at high dilution. Portions of the 
fluid were therefore purified further by the method of 
"Ragetli and Weintraub* and also by the method used by 
us for chick interferon (without DEAE cellulose chromato- 
graphy)’. Two- to ten-fold concentrates (by volume) 
of juice, purified by either scheme, were no longer cyto- 
toxic, but they were also unable to protect chick fibro- 
blasts against viral attack. 

This failure to protect chick cells was in fact not really 
surprising. Nevertheless there appear to be many 
chemical, physical and biological similarities between the 
plant factor and chick interferon, which make one wonder 
whether the production of the two materials is stimulated 
by related agents (viruses, foreign nucleic acids?) for 
similar defence purposes. Although the carnation factor 
was obtained from apparently healthy plants, it is con- 
ceivable that they were carriers of a so far undetected 
virus. Alternatively, by analogy with animal cells?8 
even normal uninfected plant cells might perhaps carry 
‘low levels of an interferon-like substance. 


On the other hand, there are examples to show that 


antiviral activity in some plants is induced or increased 
by viral infection. Loebenstein and Ross* have shown 
that the concentration of an extractable antiviral factor 
(resembling interferon) in the leaves of Datura stramonium 
was much higher after than before infection with tobacco 
mosaic virus. Sela et al. found that the juice of un- 
infected Nicotiana glutinosa L. leaves contained antiviral 
activity, but that an additional new antiviral substance 
was produced when the plants became infected with 
tobacco mosaic virus. This newly formed substance is a 
nucleoprotein and differs from chick interferon in its 
behaviour towards ion-exchange celluloses. 
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It thus appears that plants contain a number of natur- 
ally occurring antiviral substances resembling avian, and 
probably mammalian, interferons to varying degrees. 
Atanasoff* pointed out that resistance to virus diseaso 
in plants has been known for a much longer time than 
resistance in animals. Plant strains, thus protected, are of 
great importance, and one cannot but speculate whether 
the principle underlying that resistance is the same as the 
more recently discovered interferon-mediated viral im- 
munity of mammalian and avian cells. 

We thank Mr. P. J. Mason and Mrs. D. Buckland for 
carrying out the interferon assays and Dr. T. G. S. Furmin- 
ger for RNase estimations. 
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FORMATION OF TRIPLET STATES OF SOLUTES IN THE RADIOLYSIS OF 
ORGANIC LIQUIDS 


By Pror. F. S. DAINTON, F.R.S., Da. T. J. KEMP and Dr. G. A. SALMON 
Department of Physical Chemistry, University of Leeds 
AND 
Dr. J. P. KEENE 


Christie Hospital and Holt Radium Institute, Manchester 


E have investigated the transient absorption spectra 
produced by short pulses (dose ~ 6,500 rads in 
2 usec) of 4-MeV electrons incident on dilute solutions, 
generally about 10-? M in concentration, of naphthalene 
or benzophenone or diphenyl in various aprotic organic 


liquids at room temperature using techniques previously 
described!. The results are summarized. here. ; 

(1) 9:8 mM solutions of naphthalene (N). This solute 
has a singlet ground state and & triplet excited state, NT, 
at about 21,000 em-! higher energy, and can capture 
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Table 1. TRANSIENT SPECIES IN THE PULSE RADIOLYSIS OF 9-8 mM 
NAPHTHALENE SOLUTIONS 
Species NT NE 
Decay Second- 
Amaox G half- Gx order 
Solvent (mp) Emax life Amax Emax decay Ajs 
oa (usec) (cm sec-!) 
Benzene 420 15,100 1:59 * absent- > 
Cyclohexane 415 10,200 5:85 330 2,900 2-5 x 10* 
Ether «—— — absent ———3 395 13,600 Not 
measured 
Tetrahydro- 
furan «—— —aábsent—— —»* 330 11,050 4:5 x 10° 
Methanol (ref. 2) «———absent-—— —7 330 20,200 1-05 x 10° 


electrons to form the anion, N-, and hydrogen atoms to 
form the NH radical. Each of these species has a distinct 
absorption spectrum by which its presence can be detected. 
N- was not observed in any of the five solvents listed in 
Table 1; instead, either NT or NH or a mixture of the two 
was usually detected. The spectrum of N in cyclohexane is 
shown in Fig. 1. It has two peaks at 390 and 415 mp 
which are almost identical with those previously observed 
for NT (ref. 2) and an absorption band at 330 my assigned 


He eo 


0.D. (x 10°) 


12 





3000 4000 


2 (å) 


Absorption spectrum of 9:8 mM naphthalene in cyclohexane 
taken at the end of a 2-psec pulse of 4-MeV electrons 
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Fig. 2. Absorption spectra of solutions of benzophenone in benzene 


(O), cyclohexane (—6 — and tetrahydrofuran (-- Q- —) taken at 
the end of a pulse of 4 MeV electrons 
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Fig. 3. Absorption spectrum of pulsed benzene solution containing 
15 mM benzophenone and 9-7 mM naphthalene 


to N.H (ref. 3). In confirmation of these assignments it 
was found that the decay of the NT band is always first 


order and that of the NH band is second order. The 
relevant results are given in Table 1. 

The triplet state of the solute may be formed either by 
a spin-permitted energy transfer from a high-energy 
triplet state of the solvent, S, (equation (1)) or by electron 
exchange (equation (2)) with a secondary electron or 


ST +N—>S+ NT a) 


e(t) + NO Do NTUE E) + elt) (2) 


possibly as the result of a collision of N- with a positive 
ion. The first of these is obviously appropriate to benzene 
as a solvent but cannot be true for cyclohexane unless à 
higher excited state of this solvent decomposes forming a 
molecule in a suitable triplet state, for example, as in 
equation (3): 


CHi ——— C,H,,*; CHi * — H: + CHo; 
CHi? + N — OH, + NT (3) 


The last mechanism is unlikely to be important in non- 
polar media such as C,H, and C.H. 

The NH radical may arise from (a) electron capture 
by N followed by proton transfer from a protic solvent 
molecule or a molecular ion to N- (equation (4)) or 
(b) hydrogen atom scavenging by the solute (equation ((5)) 


e-+ N— N-; N- + RHor RH*— NH + R-orR (4) 
H42N—NH (5) 


or (c) hydrogen atom abstraction from the solvent by the 
triplet state (equation (6)): 


NT + RH- NH +R (6) 


Mechanism (a) will only be possible in polar media where 
charge separation can occur and is the probable mech- 
anism in methanol (protic solvent in which the electron 
ean be solvated) and tetrahydrofuran (aprotic but may 
well solvate the electron). Mechanism (b) is likely in 
cyclohexane, where scavengeable hydrogen atoms are 
known to form part of the primary radiolysis products. 
but may be less likely in benzene which shows marked 
auto-scavenging powert. Mechanism (c) is possible for 
cyclohexane but is known to be impossible for benzene*«. 
The pattern discernible in Table 1 is thus broadly that 
expected, but we cannot be sure whether mechanism (b) or 
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(c) is predominant in the case of cyclohexane. Since the 
NH band did not perceptibly increase as the NT band 
decayed in this solvent we think that (b) is the more 
likely origin of NH in this liquid. 

(2) Solutions of benzophenone (BP). Fig. 2 shows the 
spectra obtained in benzene, cyclohexane and tetrahydro- 
furan, and Table 2 summarizes the data. The spectra of 
the ketyl, BPH = 9,COH, and its anion, BP- = 94CO-, 
have been shown to have Amax = 540 and 610 mp in 


water-isopropanol mixtures?s and «mu for BHP is 


Table 2. TRANSIENT SPECIES IN THE PULSE RADIOLYSIS OF BENZOPHENONE 


SOLUTIONS 
Solute s 
concen- Species BPT BPH BP- 
Amax G Amax 7 


tration Solvent ü G kje Amax 
(mM) (mu) Emax (usec) (mu) Emax (emsec-!) =700 
530 11,700 2-11 «—Probably absent—- Absent 
(ref. 4) or small amounts 

7:9 Cyclo- Absent or only minor- 540 6,300 1:74x10* Possibly 
hexane trace * 

Tetra <—Absent or only minor—> 545 6,200 1-76 x10* Present 
hydrofuran 


12-1 Benzene 


18:8 


9-1 x 10? M-! cm~ (ref. 6), and since the Spectral char- 
acteristics of BPT are also well known and this decays by 


a first-order law, whereas BPH decays bimolecularly, the 
assignments in Table 2 can be made with some confidence. 
The pattern is evidently similar to that for naphthalene 
solutions in that BPT is formed in a non-polar solvent, 
but since benzene is an auto-scavenging solvent for H 
atoms. and cannot transfer a hydrogen atom to BPT 


no BPH is formed. BPT is not observed in cyclohexane 
in accordance with expectation because it readily abstracts 
a hydrogen atom from this solvent. A. slight difference 
exists in that BP- is formed but not N- in tetrahydro- 
furan. 

Porter and colleagues?:? have shown that energy transfer 
from BPT to N (equation (7)) occurs readily and when a 
benzene solution containing 15-5 mM BP and 9-7 mM N 
was irradiated only the NT spectrum was observed (Fig. 3). 

* Dr. E. J. Land informs us he has definitely observed BP-in thissystem. 
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BPT.-N— BP 4 NT . (7) 


It is interesting that G s42 is in this case 17,850, whereas 
its value in the absence of BP but at the same naphthalene 
concentration was 15,100 (Table 1), which has impliea- 
tions for the mechanism of formation of triplet states of 
solutes which we propose to investigate. 

(3) Solutions of diphenyl (o.). Only a limited number 
of experiments were made with this solute but they 
sufficed to indicate: (i) that no p,- is formed in 8-1 mM 
solution in 3-methylpentane, although Hamill et al.” find 
that this is produced by y-irradiation of this solution in 
the glassy state at 77° K; (ii) in 3-methyl pentane only 
a single sharp peak is formed at Amax = 360 mu, G et = 
16,600, which decays unimolecularly with t} = 3-4 usec, 
and this we assign to the triplet 9.7 (this assignment is in 
accord with that of Porter and Windsor? from investiga- 
tions of the flash photolysis of @ in liquid paraffin); (iii) 
pulsed 10-7 mM o; in tetrahydrofuran gives a more com- 
plex spectrum with three peaks, one at 360 my (which 
we tentatively assign to 927), one at 305 mu, which might 
be 9,H, and one at ~ 400 my. which might be part of the 
¢*- band system. 

We thank the Department of Scientific and Industrial 
Research for financial help and for the award of a research 
fellowship to one of us (T. J. K.), and Dr. Davies, Dr. 
Ebert and Mr. Foxall, of the Christie Hospital and Holt 
Radium Institute, for help with these experiments. These 
experiments were carried out in the laboratories of 
Associated Electrical Industries, Ltd. 
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INTERFEROMETRIC RAMAN SPECTROSCOPY USING INFRA-RED 
EXCITATION 


By Dr. G. W. CHANTRY and Dr. H. A. GEBBIE 


Basic Physics Division, National Physical Laboratory, Teddington, Middlesex 
AND 


Dr. C. HILSUM 


Royal Radar Establishment, Malvern 


E are reporting here the first results of the researches 
in the Basic Physies Division of the National 
Physical Laboratory, aimed at extending the usefulness of 
Raman spectroscopy by developing methods of infra-red 
excitation. Many pure substances and industrial inter- 
mediates are strongly coloured and their Raman spectra 
cannot be recorded using ultra-violet and visible lines, but 
nearly all compounds have a region of transparency in the 
near infra-red. If, therefore, methods could be developed 
in which a selection of infra-red exciting lines were used, 
Raman spectroscopy could be more widely applied and 
could become a valuable complement to standard infra- 
red analysis. . 

The basic difficulty comes from the fact that as the wave- 
length of the exciting line is increased, the scattered 
intensity falls off rapidly. It is therefore important to 
seek a spectroscopic technique which makes best use of 
the reduced amount of scattered radiation, and in this 


respect the virtues of the Michelson interferometer plus 
Fourier transform method are now well known. An 
interferometer for the near infra-red region which uses a 
strip-hinge mirror movement has already been described?. 
The large intensity ratio between direct and Raman 
scattered radiation poses technical problems of maintain- 
ing linearity in the amplifying and detecting systems. It 
is therefore an important consideration in choosing the 
source that there should be means of discriminating one 
from the other. In this respect the gallium arsenide 
injection laser has the great advantage that in any 
experiment requiring the elimination of the exciting line 
from the scattered radiation, a gallium arsenide filter 
may be placed in front of the photomultiplier. Gallium 
arsenide has a very steep absorption edge the wave-length 
of which can be changed by varying the temperature. 
Thus the filter can be set to attenuate strongly the exciting 
line and transmit any Raman lines of longer wave-length 
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Fig. 1. Experimental arrangements for near infra-red Raman spectroscopy 


that may be present. Though the use of such a filter 
prevents the observation of the anti-Stokes lines and has 
not been used in these first observations reported here, we 
believe that in less-favourable cases where absorption in 
the sample itself does not provide the discrimination, this 
property of gallium arsenide will be of value. 

Our sample tube used with the laser differs from con- 
ventional Raman sources in having plain glass windows at 
each end so that the exciting radiation passes through 
the sample and directly into the interferometer. The laser 
is pulsed and the photomultiplier voltage pulses are 
‘gated’ to remove the noise between pulses. The output 
is recorded digitally at intervals of mirror movement 
equal to the wave-length of the mercury violet line Hg 
4047 A and spectra are obtained by Fourier transforma- 
tion in a digital computer. The experimental arrangement 
is shown in Fig. 1. 


lh; stokes 














—1,500 -—1,200 -900 — 600 — 300 0 +300 
Frequency shift from laser line (cm-!) 
Fig. 2. Raman spectrum of iodine dissolved in carbon tetrachloride 
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Using this apparatus we have observed 
the Raman spectrum of iodine dissolved in 
carbon tetrachloride at a molar ratio of 1: 
1,000. The spectrum is shown in Fig. 2. The 
Stokes and anti-Stokes lines of iodine show 
up clearly at + 200 em-! with an intensity 
of about 1 per cent of the laser-line intensity. 
Such a high value, together with the approxi- 
mate equality of the Stokes and anti-Stokes 
intensities, indicates that the emission is 
stimulated. Further evidence has been ob- 
tained by sending the beam into tho cell at 
an angle and showing that the ratio of Raman 
intensity to laser intensity remains unchanged. 
This proves that the Raman emission is angu- 
larly correlated with the laser beam—as 
expected for stimulated emission. The spec- 
trum obtained with skew illumination also 
shows the Raman line w, of carbon tetra- 
chloride at 460 cm~. 

We have also observed strong Raman 
emission from very dilute (M/800) solutions 
of the cyanine dye 1,1’-diethyl thia-tricarbocyanine 
iodide in methanol and the spectrum is shown in Fig. 
3. The absorption spectrum of this dye shows an intense 
(f 1:0) band peaked at 13,200 cm. The structure 
of this absorption suggests that the compound will 
show a strong Raman spectrum and consequently a 
stimulated Raman effect is to be expected. The Raman 
features are probably unresolved multiplets and their 
intensity is such (10 per cent for the 300 em~ line) as 
to suggest that these may in fact be stimulated. The 
anti-Stokes lines are not observed because of strong 
absorption by the liquid. 


Intensity (arbitrary units) 





— 2,000 
Frequency shift from laser line (em~!) 


— 2,500 —1,000  —1,000 — 500 0-4 200 


Fig. 3. Raman spectrum of 1,1'-diethyl thia-tricarbocyanine lodide 
dissolved in methanol 


The possibilities of Raman measuroments with near 
infra-red exciting lines have thus been demonstrated. 
We believe, therefore, that technical Raman spectroscopy 
with a wide field of application could be achieved with a 
combination of interferometer and stimulated omission 
sources. Such sources will be available in an increasing 
range of wave-length and power as time goes on, and 
should permit most substances to be investigated by 
choosing the source wave-length to lie in a region of low 
absorption. 

We thank M. J. Coupland, Services Electronics Re- 
search Laboratory, for supplying the laser. 

This work forms part of the research programme of tho 
Basic Physics Division of the National Physical Labora- 
tory and is published by permission of the Director. 
1Gebbie, H. A., Habell, K. J., and Middleton, S. P., Proceedings of the 
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SCHEELITE STRUCTURES: SINGLE CRYSTAL GROWTH AND 
TRANSMISSION DATA 


By Dr, B. COCKAYNE and J. D. RIDLEY 


Ministry of Aviation, Royal Radar Establishment, Great Malvern 


EVERAL of tho scheelite structures are now of interest 
as possible host lattices for laser materials. It is 

already reported in the literature!-* that many of these 
structures have been grown from the melt in single catastrophically on cooling and contained a precipitate 
crystal form using the Czochralski technique! but, with which rendered the material opaque, thus suggesting 
the exception of CaWO, (refs. 5 and 6), little information that the starting material was impure. 
has been published on the transmission properties of this During the course of the work the melting-points of 
group of materials. The results are now reported for the this group of materials were measured and are given in 
single crystal scheelites SrWO,, BaWO,, CaMoO, and 
SrMoO,, and are compared with similar data for CaWO,. 100 
Some aspects of the growth process are also described. 

The technique of crystal growth for all the crystals was 
identical to that described fully elsewhere for CaWO, (ref. 
6), in which the starting material, prepared as a powder by 
Levy-West Laboratories Ltd., is melted in an iridium 
crucible using radio-frequency induction heating. The 
crystals were pulled from the melt in an argon/oxygen 
atmosphere. For SrWO, and B&WO,, only 4 vol. 
per cent of oxygen was required in the atmosphere above 
the melt surface to prevent reduction of the material, 
which imparts a dark-brown colour to the crystal; these i 
conditions are this identical to those reported for CaWO, 20 
(ref. 6). A similar volume of oxygen in the atmosphere 
was, however, insufficient to suppress the reduction of 


ing the oxygen content of the atmosphere to 10 vol. per 
cent but is not entirely removed by this proportion. Single 
crystals of BaMoO, were also grown, but these cleaved 
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Table 1 


NAT 


Scheelite compound Melting point (°C) 
CaWo, . 1,666 
SrWO, 1,566 
Bawo, 1,485 
CaMoO, 1,449 
SrMoO, 1,468 
BaMoO0, 1,459 


, Table 1. These were determined using à thermal arrest 
method and by measuring the temperature at which an 
‘island’ of solid, lifted jusb above tbe melt on a thermo- 
couple, was observed to melt and fall back into the 
crucible. The latter method was found to be the most 
reproducible and gave results repeatable to + 39 C. 

The specimens for transmission studies were prepared 
as 5-mm thick sections by cutting the erystals with a wire 
saw and subsequent polishing with successively finer 
grades of diamond paste. Tho variation of transmittance 
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with wave-length for the scheelites examined js shown in 
Figs. 1-5 ; the measurements were made at room tem- 
perature using standard Perkin-Elmer spectrophoto- 
meters. The transmission properties of these materials 
are very similar apart from the absorption in the molyb- 
dates at wave-lengths up to 2u, which is most probably 
due to the particles imparting the blue colour to the 
crystals. 
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ON ON BOUVETOYA, SOUTH 


ATLANTIC OCEAN 


By P. E. BAKER and J. F. TOMBLIN 
Department of Geology and Mineralogy, University Museum, Oxford 


Eg Norwegian island of Bouvetøya (54° 26' $., 
3° 24' €.) is the southernmost of the volcanic islands 
rising from the Mid-Atlantic Ridge. About 9-5 km from 
east to west and 7 km from north to south, ib reaches a 
height of 935 m above sea-level. The gently domed upper 
part of the island ends abruptly in roek cliffs up to 335 m 
high along the western side, but to the east it is bounded 
by lower ice cliffs. Except for the steep sea cliffs the entire 
island is covered by ice which has a maximum thickness 
on the coast of about 60 m. 
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Án account of the physiography and structure of 
Bouvetøya by Holtedahl! was based largely on information 
and photographs supplied by the Norvegia expeditions 
1927-28 and 1928-29. Rock specimens collected during 
these expeditions were later described by Broch?, who 
also presented five chemical analyses. 

On January 1, 1958, during an aerial reconnaissance 
made at the request of Rear-Admiral H. H. Biermann, 
observers from U.S.C.G.C. Westwind obtained photographs 
of Bouvetaya showing a low platform at the foot of the 
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Fig. 1. 











Map showing location of Bouveteya on the Mid-Atlantic Ridge 
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Fig.2. Geologicalsketch map of new platform. Inset shows position of platform on the west coast of Bouvetøya 


cliffs on the north-western side of the island, 1 km to the 
south of Kapp Circoncision. Lieut.-Commander A. B. 
Crawford, who afterwards examined the photographs, 
concluded that the platform did not exist in February 
1955 when he landed on Kapp Circoncision with a party 
from S.A.S. Transvaal. This was finally confirmed. on 
December 10, 1959, when Lieut.-Commander Crawford, 
aboard M.V. Polarbjorn, observed the new feature for the 
first time. On March 31 and again on April 2, 1964, 
British Antarctic Survey scientists were landed by 
helicopter from H.M.S. Protector to investigate the new 
platform. On the second occasion they were accompanied 
by scientists from the South African Research Ship 
R.S.A. 

Extending for about 650 m from north to south and for 
365 m at its widest point from east to west, the new 
platform has a hummocky surface rising to an average 
height of 25 m and a maximum of 40 m above sea-level. 
To the oast it is flanked by talus fans derived from tho 
cliffs behind, to the west it terminates in low sea cliffs, and 
to both north and south it is adjoined by broad beaches. 
The feature is evidently the result of a volcanic eruption 
which involved the extrusion of a small volume of new lava 
and the uplift of a considerably larger volume of older lavas 
and pyroclastics: the magma was apparently highly 
viscous at the time of eruption. No crater is visible and 
there are no distinct lava flows. The central part of the 
platform consists of irregular patches of a new block lava 
resting on disturbed older material; the now lava appears 
to be concentrated on the higher ground towards the 
north-east, but it also forms well-developed tumuli 
about 12 m in diameter and 5 m high a short distance to 
the souttf-west of the highest point. Flaggy slabs of lava, 


often showing flow-banding, are breaking away from the 
tumuli along prominent concentric joint surfaces. The 
northern and southern, parts of the new platform appear 
to be composed entirely of upheaved debris including 
boulders and fragments of old lava and hillocks of a 
greenish tuff and ash, similar to that which crops out in 
the cliffs behind. 

Individual blocks of the new lava have reddish-brown 
surfaces but are greenish-grey in the interior. Pyroxene 
phenocrysts are conspicuous in the hand specimen. In 
thin section, phenocrysts of plagioclase, zoned chiefly 
within the andesine range, clinopyroxene, ore and 
occasionally olivine are seen in a fine-grained matrix of 
plagioclase, alkali feldspar, pyroxene and ore. Both 
apatite and calcite are abundant accessory constituents. 
The mineralogy of the new lava suggests a trachyandesite 
composition. 

This small eruption on Bouveteya, which evidently 
occurred between February 1, 1955, and January 1, 1958, 
is another instance of volcanic activity along the Mid- 
Atlantie Ridge within the past decade, other eruptions 
having occurred in the Azores (1957), Tristan da Cunha 
(1961) and Iceland (1961 and 1963). 

We thank tho Norwegian Government for permission 
to land on Bouvetøya; also the captain, officers and 
ship’s company of H.M.S. Protector for their assistance, 
and Lieut.-Commander A. B. Crawford for supplying 
details of the discovery of the new platform. The investiga- 
tion was carried out as part of a British Antarctic Survey 
project and during the tenure of Department of Scien- 
tific and Industrial Research/NATO awards. 


! Holtedahl, O., Det. Norske Videnskaps Akademi, Oslo (1929). 
* Broch, O. A., Det. Norske Videnskaps Akademi, Oslo (1940). 
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PHYSICS 


Distribution of Particle Size in Dust 


* Davies! says that when the power law is used in the 
s form: 





dN/dD= KDY (1) 
the number of particles below diameter D, then 
an arbitrary coneentration factor. He then 
| e smallest particle size (Ds) is a function of K, 
ment that appears to me to be just the opposite of 
real situation. 

practice both Ds and Dr are fixed by factors such as 
the resolution limit of the microscope being used and the 
| largest particle that the sampling instrument can sample, 
and K will be a funetion of both these quantities. 
. Solving for K in equation (3) of Davies's communication 


we get: 

PUT K=Ne(y— [Ds — Du] (2) 
_ From equation (2) it is apparent that K is proportional to 
Nr, but as it also depends on y and Ds it is not, as Davies 
‘pointed out, merely a concentration factor. The depen- 
dence of K on y and Ds is due to the fact that we are 
| dealing with a probability density function and not an 

ordinary regression situation. 

Lhe appropriate probability density function is: 

P(D) s it — 1)D-(Dr-»-— DU) 
for Ds < D x Dz 
, and the cumulative probability for particles of diameter 
less than D is: 










(3) 


=e (Ds — Di /(Dst-* — Dy) (4) 
and hence 
APD 
P(D) = oe) z(y—1)D-Y Ds — Di) (5) 
aN iP(D 
and 5 = NT oF) = KD» (as it should) (6) 


If dP(D)/dD is plotted against D on log-log paper the 
result will be a straight line; however, I do not see why 
PID) (or N per cent) when plotted against D on log- 
probability paper ean be expected to yield a straight line 
¿as we are not dealing with the log normal distribution. 
CoU TÉ Dy is much larger than Ds (Dr = 100p is large). then: 
do P(D) = (DI — Dy) | (Dst — Dr?) 
wy (D/Ds)7 (7) 
and plotting results of equation (7) on log-log paper gives 
o8 linear relationship of slope (1-y). In practice one plots 
1—N/N against D and obtains y from the slope of the 
line. 

A final comment is that when drawing graphs of any 
distribution it is often very misleading to omit parts of 
the graph and, if possible, this should be avoided (for 
example, in Fig. 1 of Davies's paper for K - 10, Ds — Olp, 
and hence the curve for the interval Ds x Dx ly, has been 
omitted although a number of particles would occur in 
this range). 

: A. D. JOFFE 
Department of Statistics, 
University of New South Wales, 
uU Sydney. 
^C Davies, C. N., Nature, 201, 172 (1964). 


Da. Davis! refers to the significance of the multiplier K 
in tne ‘power law’ frequency function dN — KD-» dD 


deseribing the size distribution of particles. His remarks, 
however, could apply to any function of thé general form 
Kf(D). The multiplier K does not in any way define the 
relative frequencies with variation of D; this : 
defined by f(D). If, however, two or more dist: 
were combined, it would be necessary to speci 
values of K in order to define the contributii 
different components: 









K3f,(0)  Kif (D), ete. 
Apart from its use with a multi-term distribution the 
multiplier K could be used to adjust the value of ie 





lur ed tor 


integral to a specific total, although it is rare 
2 total 


this purpose. In the examples shown by Davies the 





is fixed at 100 per cent and the lower limit of the integral 
is indirectly varied by varying K. His curves express the 
cent 





cumulative per cent below size where 100 per 
corresponds to: 


DL 
z| D aD 
Ds 









size limit Ds is not directly specified. but since th 
the integral is fixed at 100 it follows that Ds is 6 
determined by the value of K. The curves, th 
demonstrate only the change of visual shape (that is, not 
mathematical shape) that must result from plotting 807 
given function over a progressively wider range of D 
while maintaining the total unchanged. 

Thus, although the distribution is completely specified 
by D-r, the visual shape of the curves calculated irom i 
can be varied according to the way the results sve calen- 
lated and displayed. 


Of. 





d. CARTPWIIGHY 
Safety in Mines Research Establishment, 
Ministry of Power, Sheffield. 
1 Davies, C. N., Nature, 201, 172 (1964). 


Light from Shocked and Detonating Powders 


Blackburn and Seely! have published evidence that the 
light from strongly shocked granular salt wus largely 
independent of the interstitial gas. ‘They inferred th 
did not (as I had thought?:*) arise from compress 
gas, and assumed that the same conclusion we 
to detonating explosive powders. While this extrapok 
is plausible, it would be advantageous to have it confirmed. 

Tn a recent communication’, however, Blackburn and 
Seely refer to a side-on still photograph taken by Cumming 
in this laboratory*, which shows a marked dependence on 
the included gas (butane, air, argon) for PETN detonating 
in a water-sheathed plastic tube. Against this, they 
present an end-on time-resolved record, in which the first. 
flash of light from the free surface of PETN is equally 
intense in butane, methane and air. As they remark, it 
is difficult to reconcile these results. 

The discrepancy is not due to the fact that Curmming's 
published photograph was a still one. This photo h 
was one of a set of five, the other four time-resols 
al showing the same effect. We have rece 
side-on streak records of a further five PETN detonations 
in polyvinyl chloride, cellulose acetate and ‘Perspex’ 
tubes, with and without water sheaths. Thes ds 
show in general an unmistakable difference won 
butane, air and argon: Fig. 1 is an exaraple. its true 
that our time-resolution is moderate (1 rmumniusse) und. 
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primary light from the detonation front may therefore 
conceivably be masked by later light which would be 
separated under high resolution, However. even if this 
is so, it does not alter the fact that the total light output 
depends very much on the nature of the gas. 

To assess the effect of the confining tubes, and for 
comparison with Blackburn and Seely's end-on free- 
surface photographs, we have taken numerous streak 
records of PETN lying in the lower part of a sealed 
'Perspex' trough, divided into three compartments in 
tandem, through which butane, air and argon were cir- 
ewated. The camera viewed the PETN surface from 
above. The contrast between light intensities in the three 
gases is so great as to present a problem in printing from 
the negative. In Fig. 2 the print exposure has been 
lengthened to accentuate the air line. The argon line is 
still submerged in a cloud of intense scattered and 
secondary light, while the butane line has already almost 
disappeared, although quite distinct on the negative. 
Longer print exposure suppresses the air line also and 
isolates the argon line. 

We have repeated Blackburn and Seely's end-on experi- 
ment, using butane and air only. Although the record 
shows a more intense primary line from the air, the 
difference is much less pronounced than in Fig. 1. Even 
a single free-surface test of this kind can be regarded as 
significant, since the absence of atmospheric shock light 
from the butane proves that the gas was successfully cir- 
culated, which is not so easy to guarantee with confined 
charges. 

It is generally thought that the lateral surface layer of 
a detonating explosive column may react less quickly and 
completely than elsewhere. When poorly confined, the 
surface layer may even survive unreacted. It can there- 
fore be suggested that what we record in a side-on shot 
is a rather muted version of affairs inside the mass of 
explosive. If end-on shots report more extreme conditions, 
the similar behaviour of air and butane in such shots may 
be due to the greater shock intensity. One would then 
expect the differences to reappear with a milder explosive. 
We have carried out a few experiments similar to Black- 
burn and Seely’s with nitroguanidine at loading densities 





Fig. 1. Streak photograph of PETN detonating in a 0°5 in. internal 
diam., 0:625 in. outer diam. polyvinyl chloride tube within a tank of 
water. Butane and argon were passed continuously through the first 
and third sections, while the second contained air. A, initiator 
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TO CAMERA 





Fig. 2 


Streak photograph of PETN detonating in a partially filled 
trough. 


Fhe camera slit image lay along the median line of the powder 
surface. <A, initiator 








ATA — ——» <—200 ATA — 


Fig. 3. Streak photograph of detonations and shocks at 1 atm. and 

200 atm. initial pressure, 1, Plastic explosive: 2, PETN; 3, sodium 

chloride, in 0:275 In. diam. axial holes in square-sectioned ‘Perspex’ 
blocks. A, initiator 


q— 1 








of 0:2, 0-185 and 0-17 g/em?. The charges were 1 in. in 
diameter, 3 in. long, and simultaneous records showed 
steady speeds between 2 and 3 km/s, according to density. 
At 0-20 g/em?, there was rather little difference between 
nir and butane, though the air was somewhat brighter. 
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As density decreased, both primary lines became less 
bright, and the contrast between them increased. At 
0:17 g/em?, the air line was still distinct; but the butane 
line had almost disappeared. One should not attach 
great weight at the moment to this slender evidence; but 
it is at least consistent with the foregoing ideas, which 
may also be relevant in comparing explosive and inert 
powders. 

An important part of the earlier evidence collected by 
Blackburn and Seely was the persistence of light in a 
shocked inert powder which had been highly evacuated. 
We have tried to supplement this by experiments on both 
inert and explosive powders in which the initial pressure 
was raised to 100 or 200 atm. The argument here is that 
one would expect the shock pressure ratio and thus the 
gas pocket temperatures to be much reduced’. Fig. 3 
shows the experimental arrangement and a typical trace. 
The first plastic charge transmitted detonation through 
the ‘Perspex’ barrier to the first PETN primer in the 
l-atm. section, which initiated the second plastic charge, 
and this delivered a standard blow to the sodium chloride. 
The transmitted shock set off the second PETN primer 
and then the third plastic charge, so that the process was 
repeated symmetrically in the high-pressure section. It 
seems therefore permissible to compare the behaviour of 
the first PETN and the sodium chloride charges at 1-atm. 
and at high initial pressure. 

One can see a definite reduction in light output from 
the PETN at 200 atm., and more conspicuously from the 
salt, in which the trace dies out very quickly. Similar, but 
rather less marked, effects were found at 100 atm. How- 
ever, it is perhaps more significant that so much light 
persists at all at these high initial pressures. 

I thank Dr. Seely for sending me advance details of 
his experiments, and for his comments. I thank also Mr. 
Cumming for his advice, and Mr. H. Andrew and Mr. J. 
Logan for assistance in the experiments. 

Stewart PATERSON 
Imperial Chemical Industries, Ltd.. 
Nobel Division, 
Stevenston, Ayrshire. 
1 Blackburn, J. H., and Seely, L. B., Nature, 194, 370 (1962). 
? Paterson, S., Nature, 167, 479 (1951). 
? Paterson, S., Fifth Intern. Symp. Combustion, 672 (Reinhold, 1955). 
* Blackburn, J. H., and Seely, L. B., Nature, 202, 382 (1964). 
^ Taylor, J., Detonation in Condensed Explosives, plate 10 (Oxford, 1952). 


Resistance Inequalities 


It is well known that the electrical resistance tensor * 
is symmetric in the absence of a magnetic field. It is the 
purpose of this communication to point out that this 
implies that certain inequalities exist between the diagonal 
and off-diagonal elements of r. To obtain these we note 
that since r is symmetric it can always be diagonalized 
by a rotation of co-ordinate axes, and the resulting 
diagonal tensor will have all its diagonal elements positive, 
since these will be the resistances along the ‘new’ axes. 
Hence 7, considered as a matrix, is positive-definite and 
this implies that inequalities between its elements must 
exist of the form: 

eal yy > Try 
S. SIMONS 
Queen Mary College. 
University of London, E.1. 


GEOLOGY 


The British Mesozoic Committee 


Last year, a note was published in Nature! which 
summarized the recommendations of an international 
colloquium at Luxemburg on the definition of Jurassic 
stages and added the views of the British Mesozoic Com- 
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mittee on these recommendations. The stated object 
of this note was to give other British Mesozoic specialists 
the opportunity of considering the recommendations and 
of expressing their opinions about them. As a result of 
this and of further recommendations from other national 
committees brought forward at a meeting of the inter- 
national Mediterranean Mesozoic Committee in September 
1963, the British Committee decided that further dis- 
cussions were necessary. A general meeting was, therefore, 
arranged at the Geological Society of London on February 
26. This meeting, which was attended by 65 geologists 
who were specializing in the Mesozoic, was intended to 
guide the Committee in framing its further recommenda- 
tions to the international organization. 

Immediately after the general meeting, the Committee 
agreed on the following recommendations : (1) The British 
Mesozoic Committee considers that, not withstanding 
the Statement of Principles embodied in Part 25 of the 
twenty-first Session of the International Geological 
Congress, Mesozoic stages must in practice be defined 
in terms of faunal zones (that is, “belts of strata, cach of 
which is characterized by an assemblage of organic 
remains, of which one abundant and characteristic form 
is chosen as index” Marr 1898, Arkell 1933). (2) As a 
general principle, only the base of each stage should be 
regarded as fixed, preferably by reference to a specified 
point in a type section for the lowest zone.  ( 3) The 
Rhaetian should be regarded as the topmost stage of 
the Triassic System, and no part of it should be included 
in the Jurassic. (4) The terms Lias, Dogger and Maln 
should be rejected as international stratigraphical units. 
(5) The Jurassic should be divided into Lower. Middle 
and. Upper divisions. (6) The British Committee does 
not recommend the definition of named substages. (7) 
Tho British Committee does not consider that a case 
has been made for the recognition of the Aalenian as a 
separate stage. (8) The Bajocian Stage and the Middle 
Jurassic should be regarded as beginning with the opal- 
inum Zone. (9) There exists a difference of opinion 
among British specialists, but a majority favour thc 
inclusion of the Callovian Stage in the Upper Jurassic. 
(10) In the interests of achieving international stability 
and uniformity of nomenclature, British specialists have 
no objection to the eventual dropping of the term ‘Port- 
landian’ as an international stage name. (11) Many 
British specialists favour the retention of the Kimmer. 
idgian Stage in its broader sense. up to and including the 
pallasioides Zone. However, the British Conminittee 
recommends that only the base of this stage should be 
defined (as the baylei Zone) and are prepared to ucecpt 
the next successive stage as the Volgian, as at present 
defined by the Jurassic Commission of the Stratigraphica! 
Committee of the U.S S.R. (12) The British Committee 
prefers the retention of both the Volgian and Tithonian 
Stages at the top of the Jurassic, and both the Ryazunian 
and Berriasian Stages at the bottom of the Cretaceous 
until such time as the Boreal and Tethyan provinces have 
been adequately correlated. 

Postscript. The above recommendations were presented 
at a meeting of the International Committec near Mar- 
seille in May. They were all accepted, except that a 
majority favoured the retention of the Aalenian as a 
stage and the placing of the Callovian in the Middle 
Jurassic (though the objections of the British and Russian 
committees to this were to be forwarded to the Inter- 
national Congress). Also the Volgian Stage was preferred 
as the top division of the Jurassic, with the Tithonie (sic) 
to be retained only as a facies name, since it contravenes 
the rules of stratigraphical nomenclature. 


D. V. AGER 
Department of Geology, 
Imperial College of Science and Technology, 
London, S.W.7. 


1 Ager, D. V., Nature, 198, 1045 (1963). 
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Marine Levels in South Italy 


AFTER & personal diseussion with Mr. A. E. Gunthor, 
I am writing with his encouragement to comment on his 
communication in Nature! and with reference also to an 
earlier article in the Illustrated London News. 

In those publications Mr. Gunther suggested that the 
supposed presence of Lithodomus borings in the columns 
of the temples at Paestum, and the presence of marine 
erosion terraces at a similar height of about 20 m in various 
parts of Italy and Sicily, combine to indicate an extensive 
rise and fall of relative sea-level in the whole of this area 
between about A.D. 500 and A.D. 1500. 

I feel that it is necessary to comment on this hypothesis 
since the literature shows that geologists and archeologists 
tend to accept uncritically publications on this topic, 
where they would be far more cautious in the mainstream 
of their respective disciplines. In the past this has resulted 
in misleading papers having a long-standing effect on the 
literature. 

This is not the place to produce a massive list of authori- 
ties, but I wish simply to outline a point of view which 
can be checked by reference to recent authors on Pleisto- 
cene sea-levels, and regional archeology. 

First, there has been no eustatic change of sea-level 
greater than 2 m in the past 2,000 years, and probably 
none more than 1 m. During the past million years there 
have been frequent large oscillations of sea-level due to 
glacial control, resulting in the sea passing through the 
present level many times. There are thus many Pleisto- 
cene erosion traces within 20 m of present sea-level, but 
all older than 2,000 years. 

Owing to the seismicity of the west Italian coast it is 
possible for local earth movements, such as those which 
have occurred in the north Bay of Naples, to lower and 
raise archeological remains in such a way that erosion 
marks on the buildings are aligned with nearby Pleisto- 
cene traces of much greater age. 

Many of the terraces at or near 20 m in south Italy 
are of such a nature as to have required hundreds, if not 
thousands, of years of erosion, while a postulated 20 m 
sea-level between a.D. 500 and A.D. 1500 can only have 
remained at its maximum altitude for one century at the 
outside. If such a widespread submersion and uplift 
had occurred, 53 major coastal cities would have been 
inundated at a rate of 5-6 m per century, including Pisa, 
Civitavechia, much of Rome, Naples, Messina and Syra- 
cuse, as well as about 2,300 km? of land. Apart from 
minor references to the spread of malarial swamps, which 
can result from silting with no change of level, there is no 
literary evidence to support such an event, nor does 
archeological evidence support it. 

Most of the sites in the area have been thoroughly 
excavated and there are no signs of general submersion, 
apart from a few scattered sites partly submerged to-day 
as a result of local earth movements. At Civitavechia, 
Rome, Naples, Salerno and Syracuse, there were buildings 
erected during the medieval period at water-level or 
within & few metres of it, and there is no evidence that 
marine sediments overlie these sites. Furthermore, the 
rapid accumulation of sediments at the mouths of many 
small rivers on the west coast of Italy implies a more 
or less constant relative sea-level, while if there had been 
a change much of this sediment would have been deposited 
farther inland and over archzological remains. 

N. C. FLEMMING 

Department of Geography, 

University of Cambridge. 

! Gunther, A. E., Nature, 201, 909 (1964). 


A. E. GUNTHER describes relatively large movements of 
uplift and subsidence of the land with respect to the sea 
in historical times in southern Italy. The Lithodomus 
borings at Paestum indicate a relative subsidence of the 


NATURE 


September 5, 1964 vo. 203 


land, followed by an uplift of 18-5 m, in the time that has 
elapsed since the construction of the temples. If Gunther’s 
contention that the uplift has occurred since the Middle 
Ages is correct, then an average rate of uplift of approxi- 
mately 3-4 cm per annum is implied. In Calabria, how- 
ever, where a number of colleagues and I have recently 
completed a geological survey of the whole province, at a 
scale of 1 : 25,000, for the Cassa per il Mezzogiorno, uplift 
has occurred at an appreciably slower rate. 

A magnificent series of erosional levels occur round the 
coasts of Calabria, the highest reaching a height of 1,000 m 
above present sea-level. There is good evidence that the 
uplift movements, which raised the erosional surfaces to 
their present position, began during the Calabrian Stage 
of the Pleistocene, and, therefore, there has been approxi- 
mately 1,000 m of uplift during the Quaternary. Assuming 
a duration of 10° years for the Quaternary, the average 
rate of uplift during this time was approximately 1 mm 
per annum. 

Variations in the rate of movement can be demonstrated 
by considering the ages of the various levels. The lowest, 
extending to a height of 120 m above sea-level, is of 
Tyrrhenian age, as shown by the Strombus bubonius fauna, 
present in the vicinity of Reggio di Calabria. The next 
higher terrace has been attributed to the Sicilian, and the 
level above that, with a lower limit of about 300 m, is 
probably of Calabrian age. The higher terraces, with the 
probable exception of the highest, 1,000 m level, can also 
be attributed to the Calabrian. It appears, therefore, that 
more than half the Quaternary uplift occurred during 
the Calabrian Stage, and that in post-Calabrian times the 
movement slowed down. Assuming the duration of the 
Calabrian was 3-5 x 10° years, then the average rate of 
uplift during that time was approximately 2 mm per 
annum. Again, assuming an age of 4 x 105 years for the 
Tyrrhenian terrace, the average rate of uplift since that 
time has been about 0-9 mm per annum. 

The variations discussed here are all relatively long-term. 
Geological evidence for shorter-term variations is lacking. 
Coming to modern times, Omori! has estimated that the 
average rate of uplift for the Calabro-Sicilian area, for 
for the period 1900-08, was 2-4 mm per annum. This 
figure is of the same order as those deduced above from the 
total Quaternary, the Calabrian and the post-'Tyrrhenian 
uplifts, and leads one to assume that the rate of uplift in 
Calabria has been fairly constant throughout the Quater- 
nary up to the present day. This rate of movement is 
significantly less than that quoted above for Paestum. 
The probable reason for this difference is that Paestum is 
located in & particularly active geological zone. 

During the survey of Calabria no evidence for a modern 
reversal of the uplift movement was observed. The 
Holocene sediments of the coastal plain, extending into 
the river valleys, indicate that there has been a relative 
subsidence of the land since the end of the last glaciation, 
but this was probably caused by the return of glacial 
melt water to the oceans. In all probability the uplift 
movement continued during the Holocene, but the rise in 
sea-level was greater than the uplift of the land and 
therefore a relative subsidence resulted. The most recent 
evidence, provided by remnants of modern raised beaches, 
indicates that uplift is again dominant. 

Two conclusions can be drawn from the foregoing discus- 
sion. First, modern movements of uplift and subsidence 
in southern Italy have not been uniform over the whole 
region and therefore correlation of levels based on height 
above sea-level cannot be relied on except over relatively 
short distances. Secondly, the hypothesis of & widespread 
18-m historical level cannot be sustained. 


A. N. BURTON 
Hunting Technical Services, Ltd., 
Boreham Wood, 
Herts. 


1 Omori, F., Bull. Imp. Earthquake Comm., Tokyo, 5 (1913). 
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Stream Deposition in the Mediterranean 
Area in Historical Times 


C. VrrA-FINZI! has indicated that stream action during 
the Middle Ages caused rapid changes synchronously 
over large areas in the Mediterranean, producing in the 
valleys a flat-topped alluvial fill into which the present 
river channels were later cut. During field-work in western 
Turkey, I noticed similar deposits in most of the basins 
even as far north as Gordion (Polatli) on the Sakarya. 
Up to now these deposits have not been dated, but a 
detailed examination of the Kügük Menderes delta (near 
Ephesus) showed that accumulation of sediment in the 
delta mainly occurred during the Hellenistic period (about 
300-100 m.c.).. The sequence of events in the delta could 
be dated by historical evidence; for a detailed discussion 
the reader is referred to the original paper. After a decrease 
in accumulation during the Roman period, almost no 
changes occurred from about A.D. 800 up to about 1935, 
when a canal was cut which shortened the river consider- 
ably and caused some new accumulation near the canal 
mouth. There is, of course, always the possibility that 
some time during the Middle Ages accumulation increased 
again and was followed by & period of severe marine erosion 
that obliterated all trace of the medieval accumulation, 
but this possibility seems to bo rather remote, considering 
the regularity of the beach ridges that form the prosent 
coast. 

The findings at the Kügük Menderes delta suggest that 
the river carried much more sediment seaward during the 
Hellenistic period than before and after. To explain the 
increase in sediment load an increase in soil erosion is 
suggested, due to an increase in deforestation and cultiva- 
tion on the hill slopes during Hellenistic times when Asia 
Minor became Hellenized. The decreaso in delta growth 
and the incision of the streams can be due to an after- 
effect of soil erosion: when most of the soil has been 
removed, there is little left on the nearly bare slopes to be 
transported any more, while the process of soil formation 
is far too slow to supply as much sediment to the streams 
as was transported when the old soils were eroded. The 
result is a decrease in sediment transport by the streams 
which leads, presumably, to incision and lowering of the 
stream-bed. 

A certain measure of synchronicity in soil erosion, as 
suggested by Vita-Finzi for the Middle Ages, should not 
be surprising, as soil erosion may have increased more or 
less simultaneously in many regions in the Mediterranean 
due to disorganization and neglect after the break-up 
of the Roman empire. On the other hand, severe soil 
erosion may have occurred much earlier than the Middle 
Ages especially in the eastern Mediterranean. At one 
locality at least accumulation did not occur mainly after 
the Roman period but before. 


D. Ersma 


Netherlands Institute for Sea Research, 
Den Helder, 
Holland. 


1 Vita-Finzi, C., Nature, 202, 1324 (1964). 
? Eisma, D., Tijdschr. Kon. Ned. Aardrk. Gen., 79, 234 (1902). 


MINERALOGY 


An Occurrence of Gorgeyite in Greece 


THE new mineral, górgeyite, was described in 1953 by 
Mayrhofer! from salt beds at Ischl, in Upper Austria, as 
K,5Ca(SO,)s-1-14H,0. In the same year, Mokievsky? 
announced the discovery by Nefedov of a sulphate mineral 
of comparable composition in salt deposits of Lake Inder, 
Kazakhstan S.S.R., to which the name mikheevite was 
given. That the two were identical was suspected by 
Fleischer?, and after Nefedov* published further data on 
mikheevite, Meixner* showed that this was indeed the 


NATURE 


1061 
case. The name górgeyite has priority. We wish to 
record a third occurrence of the mineral. 

A bore-hole, Astakés No. 1, was drilled recently by 
BP Exploration Co. (Greece), Ltd., about 9 km north- 
north-east of the town of Astakés in western Greece 
(approximate co-ordinates of the site: 38° 36’ 30" N., 
21° 07 35" E.; elevation, 250 m). It encountered a thick 
sequence of Triassic evaporites, in which halite and 
anhydrite are dominant minerals, with polyhalite and 
dolomite present in smaller amounts. A sample of drill- 
cuttings from 1,544 m depth yielded a few anhedra, 2--4 
mm in diameter, of a grey-white mineral which broke 
with a hackly fracture to show a glassy, colourless interior 
and one very poor cleavage. Refractive indices in sodium- 
light are: « 1:560, B 1-570, y 1-584. By direct measure- 
ment with a spindle-stage, 2Vy = 81°. One optic axis is 
nearly perpendicular to the poor cleavage. These optic 
data agree closely with Meixner’s values for gérgeyite. 
There was insufficient material for a chemical analysis, 
but X-ray fluorescence indicated sulphur, calcium, 
potassium and small amounts of strontium. 

The X-ray powder pattern agreed only poorly with 
A.S.T.M. card 2-551 for K,5Ca(SO,,.H4,0. Weissenberg 
Wr led initially to the following triclinic unit cell: 
a, 6-822 A, b, 17-134 A, c, 9:390 A, a 90° 36’, B 111" 16%, 
Y 101° 24’, cell volume, 998-4 Ås. The shortest axis 
showed two-fold symmetry in the zero- and upper-layer 
equi-inclination photographs, and oscillation photographs 
indicated a mirror plane perpendicular to it. The diffrac- 
tion symmetry is hence 2/m, and the true monoclinic 
unit cell has twice the volume of the triclinic cell above: 
a, 17-509 A, b, 6-822 A, c, 18:208 A (all + 0-008 A), 
B 118° 16’, a:b :c 2-567: 1: 2-669, cell volume, 1998 As. 
Nefedov’s first choice of unit cell was monoclinic, 
with a, 17-14 A, b, 6-71 A, c, 18-24 A (from his kX values), 
B 114°, but he concluded that the symmetry arose from 
twinning and adopted a triclinic cell. We have secn no 
evidence of twinning. 

Systematic extinctions observed were (h + k) odd for 
the general reflexions Akl and l odd for the kOl zone. The 
space group is therefore either Ce or C2/c, and as Mayr- 
hofer determined the crystal class as 2/m, the centrosym- 
metric space group may be assumed to be the truc onc. 
The statistical N(z) test of Howells®, which was made on 
the AOL intensities, yielded a curve close to the hyper- 
centric distribution and provides support for this choice. 

The specific gravity of several clear fragments of the 
mineral was found by a flotation method to be 2:91 + 
0-01, which is close to the calculated value of 2-901 for 
four molecules of K.5Ca(SO,)s-H,0 in our monoclinic 
cell, and to Nefedov’s value of 2-93. Meixner's figure of 
2-77 can be explained only by the presence of inclusions 
or extensive substitution by light cations. 

The principal discrepancy between our own and the 
published data occurs in the cell dimensions. Although 
Nefedov’s axial ratios are close to ours, we believe that the 
absolute values of the sides of his unit cell are in error, 
as the cell volume, chemical formula, and calculated 
density are discordant. There is some similarity between 
the two triclinie cells which were chosen, and their rela- 
tionship to our monoclinic cell has been determined from 
a stereographic projection: 


6s Nefedov 
Triclinic Monoclinic Triclinic Monociinic 

a [010 a (010) 

b 112 b ( 

c 110] c [112] probably 
100 11 100 10 . 
010 001 010 201 
001 201 001 001 


As & check, particularly on the water-content, the salt 
K,5Ca(S0,) H:O (‘pentasalt’) was synthesized by Hill's" 
method and a thermogravimetric analysis confirmed that 
it contains only one H,O per molecule. The powder 
pattern of the synthetic salt is identical with that of the 
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Astakós górgeyite, and hence the uncertainty in the 
water-content shown in the published data is resolved. 
Further, powder diffraction data were calculated from our 
single-crystal results of the monoclinic and triclinic cells, 
using an Elliott 803 computer with a programme written 
by Mr. D. J. Smith, and excellent agreement with the 
observed sin? 0 values was obtained. Neither of Nefedov’s 
cells fitted our data. We are submitting our findings to 
the A.S.T.M. Powder Data File. 

We thank the Chairman and Directors of British Petrol- 
eum Company, Ltd., for permission to publish this com- 


munication. 
G. W. SMITH 
R. WALLS 
P. E. Wayman 
B.P. Research Centre, 
Sunbury-on-Thames, 
Middlesex. 
1 Mayrhofer, H., Neues Jb. Miner., Mh., 2, 35 (1953). 
* Moklevsky, V. A., Mém. Soc. russe Miner., 82, 311 (1953). 
` Fleischer, M., Amer. Miner., 40, 551 (1955). 
* Nefedov, E. I., Geologie (Berlin), 5, 526 (1955). 
^ Meixner, H., Geologie (Berlin), 6, 576 (1955). 
* Howells, E. R., et al., Acta cryst., 3, 210 (1950). 
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GEOCHEMISTRY 


Relative Distribution of Thorium, Uranium and 
Lead estimated from the Isotopic ‘Composition 
of Lead in Ores 

Ir the isotopic ratios [?°*Pb/?Pb]o, [29?Pb/?*Pb], and 
[7?5Pb/**Pb], of primeval lead are known, the time t of 
formation of ore of lead (the present time — 0) and the 
present-day atomic ratios [99U/?*Pb] and [?*"Th/**Pb] 
which would be observed in the original source of lead 


in ores can be estimatedL? from the measured isotopic 
ratios [?°°Pb/?™Pb], [2°’Pb/?°*Pb] and [?95Pb/***Pb] by: 


['*Pb/?*Pp] — [2°°Pb/2*Pb], _ 138 ofnsTo — ond (1) 

2° PbP*Pb] — [97Pb/?**Pb], 
206p]/204p]] — [206p] /204p] 

EUER] m ! : uds did s (2) 


208p]5/204pp] — [208pp/204p 
[2?Th/*9**Pbp] = eee 





essi T; EL 6 ast 





(3) 


where Aass, Azas and A53; are the decay constants of thorium- 
232 (0-499 x 10-/yr.), uranium-238 (1:54 x 10-}%/yr.) 
and uranium-235 (9-78 x 10-!9/yr.), 138 the isotopic ratio 
of uranium-238 to uranium-235 at present, and T, the 
age of the Earth (4:55 x 10° yr.). However, no attempt 
has been made to use these equations in order to determine 
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the relationship, so far as distribution is concerned, of 
thorium, uranium and lead. 

Inthis communication the values estimated by me were 
used. as the primeval lead, and the same data on common. 
leads as used in the previous paper? were taken up again. 
The result of calculation is shown in Fig. 1. In this 
diagram, both co-ordinates are set on logarithmic scales, 
for a logarithmic scale rather than a direct scale seems to 
be tenable in general with the theoretical consideration*>, 

As exemplified before**, it will be of great value to 
quantitative or theoretical consideration to express the 
abundance relationship in a mathematical form. The 
application of least square method? to Fig. 1 yields the 
empirical formula: 


log [?*U/** Pb] = 0-508 log [*?Th/**Pb] + 0-192 (4) 


If the atomic ratios [55U/?"Pb] and [**Th/?*Pb] are 
reduced to the weight concentration ratios, we get: 


log (Cu/O:4) = 0-503 log (Cyp/Caog) + 0-231 (5) 


where Cy, Cy and C24 stand for the weight concentra- 
tions of uranium, thorium and lead-204. 

The distributional relationship with small deviations as 
seen in Fig. 1 is of much geochemical importance, because 
it appears to suggest that the abundances of minor 
elements in the material in which lead of ores originated 
have simple aspects at large. The empirical formula 
obtained here will be scrutinized in mathematical terms 
separately. 

AxkimasA MASUDA 

Institute for Nuclear Studies, 

University of Tokyo. 
1 Holmes, A., Nature, 157, 680 (1946). 
? Marshall, R. R., Geochim. Cosmochim. Acta, 12, 225 (1957). 
? Masuda, A., Geochim. Cosmochim. Acta, 18, 148 (1958). 
* Matsui, Y., and Masuda, A., Geochim. Cosmochim. Acta, 27, 547 (1963). 
5 Masuda, A., and Matsui, Y., Geochim. Cosmochim. Acta (in the press). 
* Masuda, A., J. Earth Sci., Nagoya Univ., 5, 125 (1957). 


CHEMISTRY 


Fluorescence of Organic Mixed Excimers 


Birks and Christophorou!, examining mixed excimers, 
reported that the sum of the fluorescence intensities from 
two solutions, one containing c moles of pyrene (compon- 
ent A) and the other c moles of 1-methylpyrene (B). is 
equal to the fluorescence intensity from a mixed solution 
containing c moles each of A and B. 

The relation between the fluorescence intensity F of an 
excited dimer end the bulk concentration c is given (in 
the absence of-other quenching processes) by the Stern— 
Volmer relation Fe = F o/(1 + cs[c), where cn is the mean 
self-quenching concentration?. 

If dimers are formed indiscriminately between com- 
pounds A and B, then F should follow the foregoing 
equation where ¢ is now the total concentration of the 
solution. The direct proportionality between the intensity 
and the concentration as reported in ref. 1 is only possible 
when c Kcr For c — 5 x 10- M, this requires cn = 
0-1 M. ' 

In oxygen-free cyclohexane, c» for pyrene is 7-5 x 10-4 
or less”. In the presumably aerated solutions used in 
ref. 1, cn would have been greater’, though an increase to 
0-1 M. would be remarkable. Accordingly, we have 
investigated a similar system (pyrene and 4-methyl- 
pyrene) in aerated solution using the same concentrations 
as in ref. 1. We find the dimer fluorescence intensities 
of the mixed solution (c of A, and c of B) equal the 
average of the intensities of solutions of the pure sub- 
stances at concentration 2c, which in turn equals only 
0:7 times the sum of the intensities of solutions of the 
pure substances at concentration c. 

The inference is that mixed dimers are formed with the 
same probability and quantum efficiency as the pure 
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dimers and that ca in the presence of air is only about 
8 x 103 M. 
B. K. SELINGER 

Department of Physical Chemistry, 

University of Sydney. 
1 Birks, J. B., and Christophorou, L. G., Nature, 196, 33 (1962). 
2 Förster, Th., and Kasper, K., Z. Phys. Chem., NF, 1, 275 (1954). 
3 Kasper, K., Z. Phys. Chem., NF, 12, 52 (1957). 
‘Selinger, B. K., dissertation, Stuttgart (1904). 


Dr. SELINGER has directed attention to an unintentional 
ambiguity in our original communication. In comparing 
tho fluorescence spectrum Z of the mixed solution, con- 
taining equimolar concentrations of A and B, with the 
sum (A + B) of the fluorescence spectra of the two 
separate solutions of A and B, the relative quantum 
intensities of the monomer components of Z and (A + B) 
were normalized. Reference to this standard procedure, 
which has been followed in other reports! of excimer 
fluorescence spectra from these laboratories, was unfor- 
tunately omitted. The ratio of the quantum yield of 
excimer fluorescence Ip to that of monomer fluorescence 
Im is given by?: 

I D. qpe 


lu qmen 


where c is the molar concentration, cs is the *half-value' 
concentration, and gm and qp are the monomer and excimer 
fluorescence quantum efficiencies at c = 0 and c = oo, 
respectively. For the normalized spectra, the excimer 
fluorescence intensity is proportional to Ip/Im and hence 
to c. For the unnormalized spectra, Ip and Im vary 
non-linearly with c, according to the Stern—Volmer rela- 
tions?. Our original data?, prior to normalization, agree 
elosely with those reported by Selinger. They substanti- 
ate the conclusion, implicit in our previous communica- 
tion, that mixed dimers of similar compounds are formed 
with the same probability and fluorescence quantum 
efficiency as the pure dimers. 





J. B. BIRKS 
Physical Laboratories, 
University of Manchester. 

1 Birks, J. B., and Christophorou, L. G., Nature, 194, 442 (1962); Spectrochim. 
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Chemi-luminescence as a Diagnostic Feature 
of Heterolytic Reactions which Produce 
Oxygen 


Tue recent suggestions by Khan and Kasha: and by 
Ogryzlo et al. that the emission of light which oecurs 
during the interaction of hydrogen peroxide and sodium 
hypochlorite might be ascribed to singlet—triplet transi- 
tions of molecular oxygen have led us to examine the 
possibility that among those chemical reactions which 
yield molecular oxygen the heterolytie processes alone 
might prove to be chemi-luminescent. 

By electron-pair movements, for example: 





ioe H 0—O Ht 
H-.-0——0——H - | 
O- Cl- 
E: 
l-> -0—0 


oxygen should initially be formed in a diamagnetic singlet 
state, whereas in reactions involving one-electron move- 
ments, for example: 


{Fe(CN),}?- + (:0—0-H)- —> {Fe(CN)} + -0—0-H 
{Fe(CN),}*- + -O—O-H  —— (Fe(CN)g'- + :0—0- + H* 
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tho oxygon should be formed in a di-radical, or triplet, 
state. Suggestions that hetorolytic reactions might 
initially give activated forms of singlet oxygen, or that 
singlet—triplet transitions of molecular oxygen may necd 
two oxygen molecules, are both irrelevant to this simple 
mechanistic differentiation between the two contrasting 
types of oxygen-producing reactions. 

With the help of Dr. E. J. Bowen, who has put a sensi- 
tive photomultiplier at our disposal, we have found that 
other heterolytic oxygen-producing reactions are indeed 
chemi-luminescent. 

While from the NaOCl—H,0, reaction there is a short- 
lived emission of red light, from admixture of chloramine- 
T with neutral hydrogen peroxide the emitted light has 
both red and blue components. Singlet oxygen is formed 
in the reaction between alkaline hydrogen peroxide and 
nitriles; the mechanism of this? can be represented as: 


R—C=N- R—C- NH 
R—CÆN + -0—0H —— | — | 
—OH 45,0 0- -OH 
li 
RCNH H——O R—O—NH, o 
— oH Ber? o H,O O 
t 


When benzyl cyanide was used with 30 por cent hydrogen 
peroxide in alcoholic potassium hydroxide a bluish light, 
strong enough for visual observation in a darkened room, 
was emitted for 5-10 min. Examination with a photo- 
multiplier and a red filter (Ilford 204) showed that this 
had a small red component. Acrylonitrile also gavo strong 
emission of blue light, but with benzonitrile the emission 
was just detectable with the photomultiplier. A transient 
emission of light wes also observed. during the interaction 
of hydroxylamine with alkaline hydrogen peroxide. 

No emission of radiation could be detected during the 
oxygen-producing reactions between hydrogen peroxide 
and KMnO, MnO, K;Fe(CN), and Ce(SO,); which are 
all one-electron-transfer processes. 

We thank Dr. R. A. Lloyd of the Atomic Energy 
Research Establishment, Wantage, for assistance in some 
of the preliminary work. 

E. McKzown 
W. A. WATERS 


Dyson Perrins Laboratory, 
University of Oxford. 
1 J. Chem. Phys., 89, 2105 (1903). 
2 J. Chem. Phys., 40, 1769 (1964); Proc. Chem. Soc., 117 (1964). 
3 Wiberg, K. B., J. Amer. Chem. Soc., 76, 8961 (1958). 


Temperature Variation of B-Type 
Interlamellar Sorption Complexes of 
Graphitic Acid with Alcohols 


FURTHER investigations have been made of the B-type 
interlamellar sorption complexes formed by graphitic 
acid with normal alcohols!-*. We find that the formation 
of B-complexes (chain perpendicular to layer) or «-com- 
plexes (chain parallel to layer) with any given alcohol 
depends on the method of formation and pretreatment of 
the graphitic acid‘. We have evidence that this statement 
may be true also for the «- and f-complexes of mont- 
morillonite. 

For the work recorded here, we selected one of the ‘best’ 
acids (that is, forming B-complexes most easily). Wo used 
a sample of graphitic acid dried at ambient temperature, 
and the same sample dried at 65° C. The complexes 
formed were examined by X-ray diffraction at ambient 
temperature, at + 70° C and at —50° C. Results, in the 
form of a graph of basal spacing versus chain-length, are 
shown in Fig. 1. 
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Du 1. Graphsofspacing versus chain-length for alcohols with graphitic 
acid. The upper series of graphs (left-hand scale) is for acid dried at 
room temp.; the lower series (right-hand scale) is for acid dried at 65° C. 
The type of plot indicates whether the sorbed alcohol is in the solid or 
liquid state, as indicated by the side-spacing lino at about 4-8 ju 
A, Solid, at —50* 0; ©, solid, at room temperature (189-22? C : 
A, liquid, at —50? C; ©, liquid, at room temperature (18-92? Cj): 
<), partly solid, partly liquid (or mixed), room temperature (18°-22° C): 
@, liquid, at 70° C 





From the presence of a side spacing at about 4-3 A, in 
the form of a line or band, it can be determined whether 
the sorbed alcohol is in the solid or liquid form*. This 
information is indicated in Fig. 1. However, we suspect 
the solid—liquid transition is not a sharp one, and that 
intermediate forms exist. 

It will be seen that at — 50° C, the alcohols are generally 
in the solid form, and the observed spacing corresponds 
to that calculated for a fully extended chain. At +70° C, 
they are liquid, and give a lower spacing, presumably due 
to thermal motion. At ambient temperature a transition 
occurs, which takes different forms depending on the pre- 
treatment of the graphitic acid. The transition occupies 
a range and does not necessarily occur at the solidification, 
point of the free alcohol. The 9-, 10- and 11-C alcohols 
at ambient temperature show anomalous diffuseness of 
the basal spacing, indicating interstratification, or other 
irregularities. We have evidence that at 70° C, the transi- 
tion probably occurs in the region of octadecanol (normal 
m.p. 88-5? C). 

The spacings for the pre-heated graphitic acid are gener- 
ally lower than those for the acid dried at ambient 
temperature. The samples give only fully extended chains- 
at low temperatures. 

The slope of the graph for CHO—NH-—— 
complexes with liquid alcohols I I 
is lower than that for the XN 
solid, presumably due to the 
influence of thermal motion. 
We have evidence (not all 
of which is presented here) 
that the solid-liquid transi- 
tion begomes more marked as 
the temperature increases. 
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It should be noted that the formation of B-complexes is 
never complete, and that a proportion of unchanged 
graphitic acid exists in every case. 
ARACELI RAMÍREZ Garcta 
Jesús Cano-Ruiz 
Doveras M. C. MacEwan 

Departamento de Quimica, Inorgánica, 

Facultad de Ciencias, 
Universidad de Madrid, 
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Structure and Synthesis of Distamycin A 


DisTAMYOIN, à mixture of antibiotic substances exhibit- 
ing predominantly antifungal activity, was obtained by 
Submerged fermentation and butanol extraction of the 
mycelial mass of a Streptomyces sp. An amorphous 
product (fraction A), showing a positive Ehrlich reaction 
and a typical ultra-violet spectrum, was separated from 
the other active components by solvent fractionation and 
chromatography on aluminium oxide!*. Partially purified 
preparations of this fraction, obtained during isolation 
investigations, were found to inhibit in various degrees 
some experimental tumours in mice? and to interfere with 
the process of cell division in vitro‘. The ultra-violet and 
infra-red spectra of these preparations showed some 
similarities with the antibiotic netropsin’ (synonyms are 
antibiotic T-1384 (ref. 6) and congocidin’). Presence of 
the latter antibiotic in fraction A of distamycin could, 
however, be readily excluded by the lack of a positive 
Sakaguchi reaction and by direct chromatographic and 
spectroscopic comparison with an authentic sample. 

The new basic antibiotic distamycin A is obtained in 
good yield as the hydrochloride (white to pale yellow 
crystals) when a few drops of 6 N hydrochloric acid are 
added to an aqueous solution of fraction A. The compound 
inhibits selectively the multiplication of phage T1 in 
E. coli Ky, (ref. 8) and exhibits interesting antiviral and 
antimitotic properties. In this communication it is shown 
that distamycin A is B-{ I-methyl-4-[1-methyl-4-(1-mothyl- 
4-formylaminopyrrole-2 - carboxamido) - pyrrole-2-carbox- 
amido]- pyrrole - 2- carboxamido}-propionamidine, corre- 
sponding to structure I. 

Distamycin A hydrochloride, recrystallized from dilute- 
hydrochloric acid, melts at 184°-187° on the Kofler micro- 
scopic hot stage and is optically inactive. The crystals are 
firmly solvated; their composition, as deduced by 
elemental analyses after exhaustive drying, is 
C,,H,O0,N, HOl The ultra-violet spectrum in 96 per cent 
ethanol has maxima of absorption at 237 mu (e=3 x 101) 
and at 303 mu (e = 3-7 x 104). The infra-red spectrum 
is consistent with the presence of an amidinium oup 
(broad absorption band in the region 2,500-3,500 cm~! and 
peak at 1,690 cm-!) and shows secondary amide bands at 
1,660 and 1,630 cm- indicative of a peptide-type structure. 

Distamycin A was degraded by N hydrochloric acid in 
aqueous methanol to a diacidic base, crystallized as the 
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dihydrochloride OC,,H,,0,N,.2HCl (dec. slowly above 
150°). On treatment with 0-2 N sodium hydroxide at 
room temperature the antibiotic gave one mole of ammonia 
and a neutral compound C,.H.,O;N, (dec. 246°), with 95 
per cent weight yield. Degradation of an amidine to an 
amide group was confirmed by the changes in the infra-red 
spectrum (the neutral compound does not show, inter alia, 
the 1,690 cm- band but exhibits a new amide band at 
1,670 cm-!, in addition to the secondary amide bands). 
Mild acid treatment of this neutral compound afforded a 
monoacidie base C,,H,,O,N,, isolated as its crystalline 
hydrochloride (m.p. 208°-210°). The new base shows an 
ultra-violet spectrum very similar to that of the antibiotic 
itself and to netropsinin (III, R, =NH., R,=CONH,), the 
main degradation product of netropsin*?. The infra-red 
spectrum shows absorption bands indicative of amine 
salt and of amide groups. Hydrolysis of the antibiotic 
with N sodium hydroxide in aqueous methanol gave two 
moles of ammonia and an amphoteric degradation product, 
isolated as its crystalline sulphate C,,H,,O;N,.4H,SO,.- 
2:H,O (dec. 200°). Its infra-red spectrum exhibits absorp- 
tion at 1,710 ecm-!, indicative of a carboxyl group. 

Prolonged treatment of distamycin A with 6 N hydro- 
chloric acid at 120° and paper or thin-layer chromato- 
graphy of the hydrolysate revealed the formation of 
B-alanine together with an unidentified ninhydrin reactive 
component. This component was also obtained when 
1-methyl-4-aminopyrrole-2-carboxylie acid was subjected 
to the same acid treatment. 

The C,,-monoacidie base was immediately related to the 
known netropsinin as follows. When netropsinin, obtained 
either by synthesis! or by degradation of the antibiotic 
netropsin, was condensed with 1-methyl-4-nitropyrrole-2- 
carboxylic acid chloride!* in presence of aqueous sodium 
bicarbonate, and the resulting nitroamide (IV, n— R,— 
NO, R,— CONH;; m.p. 260° dec.) hydrogenated catalyti- 
cally, compound of structure IV where R,=NH,, R:= 
CONH, was obtained and isolated as the hydrochloride, 
identified with the hydrochloride of the C,,-monoacidic 
base (identical melting point, infra-red and ultra-violet 
spectra and chromatographic behaviour). Formylation of 
the latter yielded a compound identical in all respects with 
the neutral degradation product. Therefore this substance 
has structure IV, where R,=CHO—NH, E,—CONH,.. 
Structure IV, where R,=NH., R,=COOH, is consistent 
with the properties of the amphoteric degradation product. 
From these investigations structure I was tentatively 
assigned to the antibiotic distamycin A. The nuclear 
magnetic resonance spectrum in deuterium oxide shows 
20 protons as expected. A singlet at 8=7-76 can be 
associated to the formamide group, a hypothesis in 
agreement with the fact that formic acid is liberated after 
alkaline hydrolysis of the antibiotic. 


ba 


I 
f S Ne. NH—CH,—CH,—R, 


3 
n 


-—— — 


IO, n=0; III, n=1; IV, n=2. 


Structure I has been confirmed by synthesis. 1-Methyl- 
A-nitropyrrole-2-carboxylic acid chloride was allowed to 
react with Q-aminopropionitrile in presence of aqueous 
sodium bicarbonate to give the nitronitrile of structure II, 
R,=NO,, R,-CN (m.p. 135°). This compound was then 
‘hydrogenated with palladium on charcoal in dimethyl- 
formamide to the corresponding aminonitrile which was 
condensed directly with the acid chloride to yield the 
nitronitrile of structure III, R,=NO,, R,=CN (m.p. 
248°-250°). Catalytic hydrogenation to the corresponding 
amino derivative followed by condensation of the latter 
-with the acid chloride gave the nitronitrile of structure TI, 
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n=2, R,=NO,, R,— CN (dec. above 270°). This compound 
was converted through the imidoester hydrochloride to 
the corresponding nitroamidine: 


NH 


"A 
(IV, RF, —NO;, Rao hydrochloride m.p. 200° 2027) 
2 
which, on hydrogenation with Adams catalyst in acetic 
acid, yielded the amino-amidine represented by IV 
where: 
NH 


VA 
R,=NH,, R,=C 


2 

identical in all respects with the C,-diacidic base 
obtained by mild acid treatment of the antibiotic. Formyla- 
tion" of this compound gave the formylaminoamidine I. 
Its hydrochloride was identicalby melting point, infra-red, 
ultra-violet and nuclear magnetic resonance spectra. 
chromatographic and electrophoretic behaviour, and 
degradation products, as well as by the biological proper- 
ties with the antibiotic distamycin A hydrochloride. 

Recently a similar synthesis of the antibiotic congocidin: 


NH 
VA 
III, 2, =H,NCNHCH,CO, R,=C 
A 


NH, 
has been described”. 

All compounds described in this communication gave 
correct elemental analyses and showed satisfactory spec- 
troscopic properties. 

F. ARCAMONE 

S. PENCO 

P. OREZZI 

V. NICOLELLA 
ANNAMARIA PIRELLI 
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BIOCHEMISTRY 


New Chromophoric Reagents for Labelling 
the Thiol Groups of Proteins 


Many methods have been proposed for the determin- 
ation of thiol groups in proteins involving the direct 
attachment of a coloured moiety to the sulphydryl 
groups!-. In one case at least®, such a reaction has been 
used to introduce & coloured label on the SH group of a 
protein in order to facilitate the isolation of cysteine 
peptides and the determination of their amino-acid 
sequence. In this communication we report the synthesis 
and potential usefulness of two new azomercurials, 
4-phenylazo-2-chloromercuriphenol (I) and 4-(f-nitro- 
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phenylazo)-2-chloromercuriphenol (II), which appear 
to offer certain advantages over previously reported 
chromophoric reagents of this type. 

Compound I was prepared as follows. To 1-14 g of 
o-chloromercuriphenol’, dissolved in 30 ml. of 15 per cent 

potassium hydroxide, were added 2-5 g sodium acetate, 
` and the mixture was cooled to — 2°. This was followed 
by the dropwise addition of a solution of diazotized 
aniline composed of 0-32 g of freshly distilled aniline, 
4 g of crushed ice, 1-7 ml. of concentrated hydrochloric 
acid and 0-25 g sodium nitrite. An orange-yellow 
precipitate was collected by filtration, thoroughly 
washed with distilled water, and finally dried over calcium 
chloride (yield 1-18 g). Further purification was achieved 
by passing a hot benzene solution of this product through 
2 column of acid-washed alumina (Morck). After elution 
of a yellow impurity with benzene, compound I could be 
eluted with & mixture of benzene and ethanol (100 : 4). 
After evaporation of the solvent, the residue was re- 
crystallized from hot benzene to give orange-yellow erystals 
(m.p. 146°-147°, uncorr.) anal.: calculated for OHN- 
OCIHg: C 33-2 per cent, H 2-1 per cent, Hg 46-4 per cent; 
found: C 32-3 per cent, H 2-2 per cent, Hg 45-7 per cent. 

Compound II was prepared in essentially the same 
manner as compound I except that p-nitroaniline was used 
in place of aniline. Compound II was isolated in the 
form of orange-red crystals (m.p. 218°-220°) anal.: calcu- 
lated for C,,H,N,0,Hg: C 30-1 per cent, H 1-7 per cent, 
Hg 42-0 per cent; found: C 30-9 per cent, H 1-7 per cent, 
Hg 41-4 per cent. 

Fig. 1 shows the reaction of various lovels of cysteine 
with a constant level of compound I added in excess. 


I/cysteine=0.95 
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Fig. 1l. Reaction of cysteine with compound I. To graded levels of 
cysteine, or a mixture of 18 amino-acids not containing eysteine, in 
4 ml. 0-1 M phosphate buffer, pH 6-2, were added 6 ml. toluene containing 
10 umoles of compound I. After shaking for 1 min, absorbance of 
toluene layer was read at 350 mz. Amount of compound I reacting 
with cysteine was calculated from difference in absorbance from control 
without cysteine and by reference to a standard calibration curve of 
compound I in toluene 
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Molar ratio compound I: Ficin 


Fig. 2. Inhibition of ficin by compound I. To increasing amounts of 

compound I, dissolved in 1 ml. (0-085 M phosphate buffer, pH. 6-2, 

containing 15 p cent ethyl alcohol, was added 1 ml. of the same buffer 

containing 0-08 zmoles of ficin. Activity was measured on easein (ref. 9) 

after incubation for 10 min at 37°. Activity in absence of inhibitor was 
taken as 100 per cent 


0:8 10 


The equivalence or breaking point of this curve indicates 
that compound I had reacted with cysteine in the expected 
molar ratio of 1:1. Similar results were obtained with 
compound II. As shown in Fig. 1, compound I did not 
react with any other amino-acid, thus establishing its 
specificity for the sulphydryl group. 

The inhibitory effect of compound I on the activity of 
the sulphydryl enzyme, ficin’, is shown in Fig. 2, where it 
is evident that the activity of ficin was completely lost 
at a level of 0-86 moles of compound Y per mole of enzyme. 
This value corresponds quite closely to the expected value 
of 1 thiol group per molecule of ficin®1°, A similar experi- 
ment with compound II gave a value of 0-98. The re- 
action mixture from each of these experiments was sub- 
jected to dialysis and gel filtration on ‘Sephadex G-50' in 
order to remove the last traces of the azomercurials, and 
then analysed for mercury". These data showed that 
0:65-0:70 mole of mercury per mole of protein had been 
incorporated, thus providing strong evidence for the 
formation of a mercaptide. ° 

Apart from their ease of preparation, compounds I and 
II would appear to offer several additional advantages over 
the reagent, N. -(4-dimethylamino-3,5-dinitrophenyl) male- 
imide (DDPM), proposed by Witter and Tuppy® for the 
labelling of SH proteins. Unlike DDPM, which is sparingly 
soluble in water, the azomercurials described here are 
quite soluble in aqueous media provided ethanol is present 


Table 1. COMPARISON OF MOLECULAR EXTINCTION COEFFICIENTS (cx) OF 
CHROMOPHORIO REAGENTS FOR SULPHYDRYL PROTEINS 
Compound Solvent Amax 6x 
4-Phenylazo-2-chloromercuri- 1595 ethanol 350 25,900 
phenol (I) 15% ethanol- 
0-05 M NaOH 410 22,800 
15% ethanol- 
6 N HCl 4TO — 40,402 
4-(p-Nitrophenylazo)-2-chloro- 1596 ethanol 385 23,300 
mereuriphenol (II) 15% ethanol- 
0-05 M NaOH 505 30,900 
15% ethanol- 
6N HCl 480 28,200 
N-(4-Dimethylamino-3,5-dinitro- Dichloroethane 425 ^ 2,980* 
phenyl) maleimide (DDPM) a : 
Na 4-(4-Acetoxy mercuriphenylazo)- 01M glycine- 
1,7-Cleve's acid acetate buffer, 
, pH8 , 450 17,8001 


* Determined in this laboratory on compound prepared according to 
Witter and Tuppy (ref. 5). 
T Reported by Nosoh (ref. 7). 
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at a final concentration of 15 per cent, a condition not 
likely to precipitate or denature most proteins. Com- 
pounds I and II are also much more intensely coloured, 
especially in acid or base respectively, than DDPM or 
Nosoh’s water-soluble azomercurial’ (see extinction co- 
efficients in Table 1) and hence should provide a much 
more sensitive indicator of any labelled peptides which 
may be isolated from derivatized proteins. The colour 
of peptides labelled with I or Il separated by paper 
chromatography or electrophoresis could be considerably 
intensified by exposure to the fumes of concentrated 
hydrochloric acid or ammonium hydroxide. 

Work is now in progress to test the applicability of 
compounds I and II for the labelling of SH proteins for 
the purpose of isolating cysteine-containing peptides. 

This investigation was supported in part by research 
grant GM 04616 from the National Institute of General 
Medical Services, U.S. Public Health Service, and grant 
G13965 from the National Science Foundation. 
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L-Cysteine as Inhibitor of Potassium 
Retention by Brain Slices 


L-CYSTEINE, in common with several other amino-acids, 
is able to inhibit the uptake of r-histidine by brain slices, 
but the inhibition which it produces, unlike that produced 
by the other amino-acids, is non-competitive’. It there- 
fore appeared possible that cysteine might also have an 
inhibitory action on other transport phenomena. Its 
effect on the transport system for potassium, as indicated 
by alteration in the level of potassium in brain slices 
(normally maintained well above that of a suitable environ- 
meni?) has therefore been investigated, and compared 
with the effect of other amino-acids. 

The technique used was essentially similar to that 
described elsewhere, with similar precautions taken?. 
Slices of rat brain were incubated with agitation for 1 h 
at 37° C in Krebs's bicarbonate saline which contained 
the amino-acid under investigation. The tissue was then 
treated as described elsewhere? and the potassium estim- 
ated in tissue fluid by means of a flame photometer. 
There was no detectable alteration in the amount of any 
of the amino-acids in the suspending medium during the 
period of incubation, as judged by visual inspection of 
paper chromatograms’. (Reduced glutathione, which 
might be expected from its structure to have effects some- 
what similar to those of cysteine, did show evidence of 
alteration in its nature and so has not been included in the 
series.) Cysteine did not interfere with the estimation of 
potassium when present at ton times the concentration 
of the latter. The pH. of the suspending medium was 
measured at the end of all experiments and lay within the 
range 7:3—7-b. 

The concentration of potassium in isolated tissue sus- 
pended in a suitable medium may be altered by the 
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Table 1. EFFECT OF AMINO-ACIDS ON POTASSIUM IN DRAIN SLICES 


No. of tissue Potassium 
Amino-acid added to samples for soncentration 
suspending medium each in tissue 
amino-acid m.equiv./l. 

None 24 4644 
Glutamic acid 8 50+3* 
Aspartic acid 8 50+ 4° 
Taurine 8 49+2 
Tyrosine 8 4842 
Alanine, glycine, proline, valine 6 47+2to +3 
S-Ethyl-cysteine, histidine hydro- 

chloride, methionine, phenylalanine Gorg 46+1to +5 
S-Methyl-cysteine 10 4444 
B-Alanine, leucine, 2-thiol- 

histidine, ornithine hydrochloride 8 4443 
y-Aminobutyric acid, cystine, 

tryptophan : 8 44+2 
Lysine hydrochloride 10 4344 
Arginine hydrochloride 8 4343 
Cysteic acid 10 43+3* 
Cysteine hydrochloride 16 38x311 


Amino-acids were of the L-form where applicable. Initialconcentration of 
each amino-acid in suspending medium 2 . Figures shown for potassium 
concentration are mean and standard deviation. Incubation 1 h 37? C. 

*P<0-05, tP «0:001: significance of difference from concentration of 
potassium with no added amino-acid. 1P «0-01: significance of difference 
trom concentraston of potassium in the presence of any of the other amino- 
acids used. 


presence of amino-acids®®5, but, as shown in Table 1, 
cysteine produced a greater reduction in the concentra- 
tion of potassium in brain slices than did any of the other 
amino-acids investigated. 

The effect of cysteine appears to be dependent on the 
presence of a free thiol group not attached to a resonating 
system. Those amino-acids containing a blocked thiol 
group (S-ethyl-cysteine, S-methyl-cysteine, cysteic acid, 
cystine and methionine) or in which the thiol group was 
attached to a resonating system (2-thiolhistidine) altered 
the concentration of potassium in the tissue relatively 
slightly or not at all. 

Cysteine has been found to have a toxie effect on the 
intact animal’ and on cultured tissue" and also to alter 
the activity of certain intracellular enzymes 4n vivo?*. 
It is therefore likely, particularly in view of the non- 
competitive nature of its effect on L-histidine uptake, that 
the inhibitory effect of cysteine on the transport of both 
r-histidine and potassium is the result of interference with 
intracellular processes on which both types of transport 
are dependent. 

K. D. NEAME 
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Changes in the Fatty Acid Composition of 
Sebum associated with High Carbohydrate 
Diets 


Excess of carbohydrate in the diet has been considored 
to be of significance in the etiology of certain types of 
skin disorder?. With this in mind the opportunity was 
taken to examine the fatty acid composition of the sebum 
in subjects who were on experimental diets containing a 
relative excess of carbohydrate. 

The subjects, seven adult males, were given an experi- 
mental diet consisting of 500 g of either sucrose or raw 
maize starch daily with ad libitum quantities of lean meat 
and green vegetables with vitamin supplements. The 
experimental diet was given for 25 days followed by 25 
days on a normal free-choice diet, with a final 25 days 
on a diet which contained the alternative carbohydrate. 
Full details of the dietary intake are given elsewh@re?. 
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Samples of sebum were obtained on the 4, 11, 18 and 
25 days of the diet by ‘washing’ the face at the end of a 
day with some cotton wool at the end of a wooden stick. 
The cotton wool was frequently dipped in a solution of 
equal parts of iso-propyl aleohol and petroleum ether 
(b.p. 409-60? C). The lipid was extracted from the solu- 
tion by the method of Hirsch ef al. and the proportion of 
each fatty acid was determined by gas-chromatography. 
Identification of all the peaks in the record was not 
attempted because some difficulty would have arisen in 
obtaining pure samples of each methyl ester. Presump- 
tive identification only was made, based on the knowledge 
that the retention time in the gas-chromatograph is 
related logarithmically to the chain-length for each acid 
of the same degree of unsaturation. 

The results (Table 1) showed first that a high carbo- 
hydrate diet altered the fatty acid pattern of the sebum, 
and secondly, that the nature of this alteration was 
dependent on the type of carbohydrate eaten. This was 
seen in the differences in the response between the starch 
and sucrose diets in the C16 : 0, C16 : 1 and C17 : 0 fatty 
acids in the sebum. 


Table 1. PEROENTAGES OF THE FATTY ACIDS IN THE SEBUM ON CONTROL, 
STARCH AND SuOROSE DIETS 

Fatty Control Starch diet Sucrose diet 
acid Mean S.2.+ Mean b S.E.t Mean S.E. 
12:0 07 0-09 0-7 0:05 0-6 0-07 
14:0 53 028 45 0-25 49 0-24 
14:1 $5 019 3831 0-14 2-0 0:27 
15:0 54 0:26 —(0-09 0:02 —0:07 0-03 
15:1 27 023 —0:08 0-02 -008 0:02 
16:0 22-7 1:20 +015 0:07 24:2 0:95 
18:1 49:2 1-67 40-4 L12 +031 014 
17:0 86 0-87 -0-07 0-03 25 0:32 
18:0 15 0-17 1:3 0-12 1:7 0-22 
18:1 9-4 0-51 8&5 O55 9-4 0-51 
18:2 20 028 2-0 0-31 1:7 0-16 
b, significant (P « 0-25) slope of Mne-percentage of fatty acid against time. 


S.E., standard error. 


It was expected that a relative excess of carbohydrate 
in the diet might be reflected in the composition of the 
sebum, but the finding that the type of dietary carbo- 
hydrate eaten oxerts a qualitative influence on the sebum 
was not expected. 

These changes in the fatty acid pattern of the sebum 
raise one point of biochemical interest, namely, the 
presence in sebum of appreciable amounts of fatty acids 
found only in low concentrations in the serum or adipose 
tissue, and support the findings of Weitkamp et al.*, who 
reported odd-carbon numbered fatty acids in hair. 

I. MAODONALD 
Department of Physiology, 
Guy's Hospital Medical School, 
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Reduction of Dehydroascorbic Acid by Animal 
Tissues 


Ir has long been known that an enzyme catalysing the 
reduction of dehydro-t-ascorbie acid (DHA) by gluta- 
thione to ascorbic acid occurs in plant tissues*-®. It can 
also be shown that DHA. is in part reduced to ascorbic 
acid by animal tissues, although until recently no clear 
evidence was available to suggest that this is an enzymatic 
reaction. Recently, however, it has become clear that the 
reduction of DHA by hamolysates of human erythrocytes 
occurs at a rate greater than can be accounted for in 
terms of a purely chemical reduction by glutathione*’. 

Hemolysates of erythrocytes from different species 
have now been examined for their ability to catalyse the 
reduction. The rate of reaction was measured in terms 
of thet amount of ascorbic acid formed from dehydro- 
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ascorbic acid in the presence of a standard amount of 
carbon monoxide-saturated hæmolysate. The preparation 
of the hæmolysate and the measurement of the ascorbic 
acid formed were carried out as previously described? 9. 
The catalytic effect of erythrocytes from the different 
species examined is given in Table 1, the ug of ascorbic 
acid formed in 30 min at pH 7-0 from 0-5 mg DHA in the 
presence of 1 mg of glutathione being taken as an index 
of the activity. At these concentrations of glutathione 
end DHA the chemical (that is, non-catalysed) reaction 
is virtually non-existent. The increased activity of the 
factor in cases of pernicious anemia is of interest. It is 
now known that the activity of a number of enzymes in 
pernicious anemia erythrocytes is increased in this way 
and to a comparable extent®. 

FORMATION OF ASCORBIC ACID FROM DHA IN THE PRESENCE OF 

DIFFERENT HAEMOLYSATES 


Ascorbic acid formed (ug) 
(mean value for each species) 


Table 1. 


Human, normal (5) 31 
Human, pernicious anawmia (5) 75 
Kitten (2) 12 
Bullock (2) 25 
Sheep (2) 0 
Mouse (4) 75 
Rat (5) 252 
Guinea pig (6) 270 


ug ascorbic acid formed in 30 min at room temperature from 0-5 mg of 
DHA and 1 mg of glutathione in the presence of 12-5 ml. of carbon monoxide- 
saturated hrmolysnte (22-5 ml. erythrocytes). The figures in brackete 
refer to the number of determinations made for each species. 


Extracts of the liver of three species examined (rabbit, 
rat, guinea pig) also catalysed the reaction. Active, par- 
tially purified preparations have been made from guinea - 
pig liver. The fresh liver was ground with acid-washed 
sand in the presence of 0-9 per cent saline containing 
0-001 per cent "Tween 80’ (50 ml. saline to each 20 g 
liver). The extract was centrifuged and the two somi-solid 
lower layers discarded. The reddish-brown upper layer 
was fractionated with ammonium sulphate at 10° C and 
the fraction separating between 52 and 66 per cent 
saturation collected. This was dissolved in the minimal 
quantity of 0-1 M phosphate buffer (pH 6-8) and dialysed 
overnight at 5° C against 0-01 M. phosphate buffer (pH 6-8). 
Any solid matter separating out was removed by centrifu- 
gation and discarded. The preparation was stored at — 20° 
C. In some cases the fractionation was repeated. The 
active fraction was retained by 'CM.Sephadex C50’ (a 
cation exchange material) but not by anion-exchangers 
such as DEAE-‘Sephadex’, thus suggesting its association 
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Formation of product (ug) 
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Time (min) 
Effect of the liver preparation on the formation of L-ascorbic 
d (@) in the presence of glutathione. 
1 ml. (2 mg) of glutathione and 0-6 ml. (1-2 mg) of DHA or DHisoA 
were allowed to react at room temperature in the presence of 2 ml. 


Fig. 1. 
acid (O) and D-isoascorbic ac: 





0-2 M phosphate buffer, pH 8-3. , with 2 ml. of liver preparation; 
— —, with 2 ml. of water in place of the liver preparation 
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with a basic protein. Some preparations were further 
purified by running through DEAE-‘Sephadex’ columns 
buffered to pH 8-0; this removed a certain amount of 
non-active protein. 

The preparation catalysed the reduction of DHA to 
ascorbic acid by glutathione. No reduction occurred in 
the absence of glutathione and the amount of ascorbic 
acid formed was directly proportional to the amount of 
liver preparation added. Dehydro-p-isoascorbie (dehydro- 
p-araboascorbic) acid was reduced more rapidly than 
DHA (Fig. 1). The preparation was inactivo at pH values 
below 6-0 and appeared to have a maximum activity at 
about pH 7-0; activity measurements above pH 7-0 were 
difficult because of the increasing rapidity of the chemical 
(that is, non-catalysed) reaction with increase in pH 
above 7-0. 

Azide, carbon monoxide and fluoride were without 
effect on the reaction at M-* concentration. It was 
difficult to assess the effect of sulphydryl inhibitors 
because of their inhibition of the non-catalysed reaction. 
Dialysis for 20 h against 0-01 M phosphate buffer (pH 6-8) 
at 5? C increased the activity by 20 per cent; 0-1 per cent 
EDTA had a similar activating effect. Heating the pre- 
paration for 6 min at 98° C resulted in a 50 per cent loss 
of activity. 

It would therefore appear that there is present in 
animal tissues a factor catalysing the reduction of DHA 
to ascorbic acid in the presence of glutathione. Its com- 
parative resistance to destruction by heat is in contrast 
with results obtained for the corresponding plant enzyme’; 
it is, of course, known that certain partially-purified 
enzymes are markedly thermostable”. 
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Bone Growth and Uptake of Radiocalcium 
in Tetracycline-treated Rats 


Tue selective localization of tetracyclines in mineral- 
izing tissues has prompted consideration of possible 
untoward skeletal effects associated with their use in 
medical practice. Commanding attention in this respect 
are investigations in human beings showing that exposure 
to these antibiotics during tooth formation produces 
hypoplasia of the dental enamel'-*. It has also been 
reported that tetracycline can interfere with the growth 
of the long bones in infants*". Moreover, there is evidence 
that these agents can impair fracture healing in dogs? and 
can adversely affect mineralization in a wide range of 
animal forms including the larval sand dollar®, a teleost 
fish’, the: chick embryo", a marine mollusc’? and the 
rat/?14, 

This communication reports the results of work designed 
to investigate the effect of graded doses of tetracycline on 
bone growth and on the skeletal and dental uptake of 
radiocalcium in rats. 

Twenty-one day-old male Sprague-Dawley rats were 
randomly assigned to groups (I-IV) and given intra- 
gastrically 1-0 ml. of distilled water (I) or 1-0 ml. of an 
aqueous solution containing either 1:0 mg (ID) 5-0 mg 
(III), oc 20-0 mg (IV) of oxytetracycline hydrochloride 
(courtesy of Chas. Pfizer and Co., Inc., New York) on each 
of ten consecutive days. All received intraperitoneally 
1-0 ml. of a solution (pH 6-8) containing 5 uc. of calcium-45 
and 10 ug of calcium (as the chloride) 1 h after each 
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intubation. The rats were housed individually and fed a 
commercial laboratory chow. 

Four hours after the final injection the rats wero killed 
and one femur, the lower incisors, and the third molars were 
excised from each. This molar was selected since the bulk 
of the enamel and crown dentine is deposited between 
20 and 25 days of age’). The femurs were measured 
proximally-distally with a micrometer, then extracted in 
alcohol (4 h) and in ether (8 h). All samples were incin- 
erated overnight at 550° C and the ash of each dissolved in 
hydrochloric acid and analysed for ealeium-451*. 

Gain in body-weight (mean g + S.H.) was: I, 40-8 + 2-4 
(10 rats); II, 38-6 + 1-9 (11 rats); IIT, 443 + 31 (11 
rats); and IV, 45-5 + 2-9 (10 rats). None of these values 
differs significantly (P > 0-05) from one another. The 
mean length (mm) of the femurs of these same animals at 
termination was: I, 21.76 + 0-21; II, 21-41 + 0-26; 
III, 21.80 + 0-25; and IV, 21.80 + 0-17. Again, these 
values were statistically indistinguishable. The mean 
length of the femur at 21 days of age was 16-99 + 0- llmm 
based on measurements obtained with & group of 15 com- 
parable rats. This lack of effect of tetracycline on 
the growth of long bones in rats is in contrast to the 
results of work on a human being cited earlier’, where 
radiographic estimation of fibular growth in normal 
premature infants receiving tetracycline indicated a 40 per 
cent mean inhibition during the period of administration 
(9-12 days). It is noteworthy that Group IV rats received 
two and a half to five times more tetracycline per kilogram 
of body-weight (approximately 0-50 g/day at the start to 
0-25 g/day at death) than did these same children (0-1 
g/day). 

Comparison of femur ash weights (Table 1) by analysis 
of variance also gives no indication that tetracycline 
affected bone mass or, for that matter, the ash weight of 
the incisor and molar teeth. Indeed, previously unreported 
findings from another experiment!" indicated that the 
femurs of rats fed a diet containing 0-01 per cent of 
oxytetracycline hydrochloride for 100 days weighed more 
(P « 0:01) than those of the controls, namely, 432-5 + 10-1 
mg (13 rats) as compared to 362-7 + 13-6 mg (13 rats) 
expressed on the dry, fat-free basis. The ash content 
(per cent) of these same bones was also higher (P < 0-01), 
being 57-68 + 0-33 and 55-53 + 0-73 for tho tetracycline- 
supplemented and control rats, respectively. Of interest 
in this connexion are reports that the administration of 
chlortetracycline increased skeletal growth in young 
calves!*. In rachitic rats, an ineroased calcification 
response to vitamin D? and a higher bone ash concentra- 
tion?! were reported. In the work recorded here the ash 
per cent of the femurs, incisors, and molars (Table 1) was 
unaffected by tetracycline. Theso different responses to 
tetracycline administration may possibly be related to 
nutritional status since the incorporation of chlortetra- 
cycline into purified diets adequate in all known dietary 
essentials except calcium caused no increase in body- 
calcium retention by growing rats?! 


Table 1. EFFECT OF TETRACYCLINE ON ASH CONTENT AND RADIOCAL II M 
UPTAKE OF RAT FEMURS, INCISORS, AND MOLAR TEETH * 


Tetra- 
cycline No.of Ash weight Ash Caleium-45 
Sample goel samples (mg) (%) (total 9, dose) 
LY, 
Femur 0-0 10 52-20 + 1:88 42:40 + 0:56 2:602 0-034 
1:0 10 56-87 + 1:25 44-04 + 0:38 2-37 + 0:026 
5:0 11 55:82 + 2-17 44:32 + 0-45 2-69 2 0:057 
20:0 10 53-50 + 1:86 43:84 + 0-04 2:412 0:052 
Lower 0-0 10 28-21 + 0:59 006-94 + 0-70 1:06 + 0:044 
incisors 1:0 9 30-16 + 0-60 68-90 + 0:34 0-90 + 0:031 
5-0 11 29-01 + 0-04 67-89 + 0-45 1:02 + 0-061 
20:0 10 27-79 + 0-04 66-72 + 0-41 1:04 + 0-029 
Third 0:0 10 9:59 + 0-38 74-22 + 1:23 0-50 + 0-029 
molars 1:0 10 10-54 + 0:33 73-44 + 0:65 0-45 + 0-046 
5:0 11 9:411 0:37 70°71 + 0°80 0:50 + 0-031 
20:0 11 9-81 + 0:28 75-31 +085 0-48 + 0-011 


* All values expressed as mean + S.E. 


Radiocalecium uptake by the different samples is shown 
in Table 1. (Data are expressed as percentage of total dose 
retained since comparison of total ash weight with total 
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dose showed no correlation within groups.) In each case 
examination of the results by analysis of variance revealed 
no significant differences (P > 0-05) attributable to 
tetracycline administration. There is general agreement 
that the fixation of radiocaleium by the mineral phase of 
calcified tissues occurs through its incorporation in forming 
crystals and by isoionic surface exchange with pre-existent 
crystals; the amount of isotope retained is the result of 
these processes and that of resorption. It has previously 
been shown that, in young growing rats, resorption 
associated with skeletal remodelling of the long bones has 
little or no effect on the retention of previously fixed 
tadiocalcium for a period of time in excess of that used 
here? It would follow from this that the radiocalcium 
content of the femur reflects the processes of mineral 
accretion and exchange and not resorption. Certainly this 
is the caso with the incisor and molar teeth since these 
structures are not subject to resorption. One must conclude 
that under the present experimental conditions, at least, 
tetracycline administration had no effect on the uptake of 
radiocaleium by either bone or teeth. Considering the 
pharmacological importance of these agents there is, we 
believe, an important need for further assessment of their 
role in calcification. 
ROBERT C. Lrxins 
GLORIA A. PAKIS 


Laboratory of Biochemistry, 
National Institute of Dental Research, 
Bethesda, Maryland. 
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Location of Glyceraldehyde-3-phosphate 
Dehydrogenase in Starch-gels 


SPECIFIC staining reactions have been used to locate 
several enzymes in starch-gels after the electrophoresis 
of crude enzyme extracts, and these techniques have been 
used to detect molecular variants of these enzymes!-, 
This communication reports a technique for staining 
glyceraldehyde-3-phosphate dehydrogenase, an important 
enzyme in intermediary metabolism, and some results 
obtained in the electrophoresis of preparations from 
strains of streptococci. 

Tho micro-organisms were grown either in a synthetic 
medium‘, or in & broth containing 1 per cent glucose, 
0:4 per cent sodium chloride, 0-5 per cent yeast extract 
(Difco), and 1 per cent proteose peptone (Oxoid). The 
cultures were incubated at 37° C for 24 h, and the cells 
gathered by centrifugation at 2,000g for 15 min, re-sus- 
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pended in an equal volume of water and re-centrifuged. 
The bacterial pellets were then suspended in distilled water 
(about 200 mg wet weight/ml.) containing 1 mg of cysteine 
hydrochloride. Disintegration of the cell-walls was 
effected by shaking this suspension with an equal volume 
of glass ballotini* (Jencons, grade 11) for 20 min using a 
Griffin flask shaker at its maximum rate of oscillation. 
The beads were filtered using a sintered-glass funnel 
(porosity No. 2), and the slightly opalescent filtrate 
centrifuged at 10,000g at 0° C for 30 min. Electrophoresis 
of this extract was carried out as described by Fildes and 
Parr’, using about 10 V/cm for 1 h, in a gel prepared in 
0-01 M phosphate buffer of pH 7:0. The gels were sliced 
horizontally and stained on the cut surface. The staining 
mixture was prepared by incubating 1 mg of aldolase 
(Sigma Co.) with 50 mg of fructose-l: 6-diphosphate 
disodium salt in 1 ml. of 0-1 M pH 7:5 tris chloride buffer 
for 30 min at 37° C, and then mixing this preparation with 
9 ml of 0-1 M pH 8-5 tris chloride buffer in which was 
dissolved 100 mg of agar, 2 mg of NAD, 2 mg of the 
tetrazolium salt ‘MTT’, 0-4 mg of phenazine metho- 
sulphate, and 15 mg of sodium arsenate. The temperature 
was about 45° C when this mixing was carried out, and 
the whole was immediately poured on to the starch-gel 
when it set as a clear pale yellow layer. After incubation 
at 37° C for about 0-5 h the positions of the enzymes were 
revealed by dark-blue bands. 





Fig. 1. 


Starch-gel electrophoresis of 
dehydrogenase of five Group D Streptococci 


glyceraldehyde-3-phosphate 


Fig. l shows the results of applying this method to 
Streptococcus faecalis HT25 isolated from human dental 
plaque (sample 1), Streptococcus faecalis N.C.T.O. 775 (2), 
N.C.D.O. 580 (3), and N.C.D.O. 582 (4), and Streptococcus 
zymogenes N.C.I.B. 8886 (5). All strains show two 
isoenzyme fractions, those of HT'25 being so close together 
as to appear as one band in some instances. In the other 
four strains the two components are more widely separ- 
ated. The stain is equally intense in both bands of 
N.C.T.C. 775, but the other three strains show a higher 
activity in the faster moving fraction. Hence there are 
strain differences in the isoenzymatic forms of this enzyme 
among the group D Streptococci. 

Similar results have been obtained by using glyceralde- 
hyde-3-phosphate derived from its diethylacetal, and also 
by using a different enzymatic preparation of this material*. 
The method described gave a staining reaction with a 
commercial preparation of glyceraldehyde-3-phosphate 
dehydrogenase. u 

There have been several attempts to subdivide the 
streptococci on the basis of various biochemical reactions, 
but such classifications have evident shortcomings’. 
Recently it has been shown*? that the faecalis group 
comprises a continuous spectrum of biotypes, and that 
the named subdivisions, zymogenes, liquefaciens, ete., 
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are by no means species, but represent types which have 
the more common combinations of the biochemical 
properties used. in the attempted classifications. The 
results reported here, and those of the electrophoresis of 
other enzymes, indicate that besides the variation in 
constitutive enzymes implied above, there is also hetero- 
geneity of isoonzymatic forms among various strains of 
this group of micro-organisms. 

This work was supported by the Medical Research 
Council. 


R. A. D. WILLIAMS 


London Hospital Medical College, 
Dental School, 
London, E.1. 
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PHYSIOLOGY 


Potassium Effects on Casium - Choline 
Interactions in Muscle Membrane 


Iw an earlier paper it was shown that addition of small 
concentrations of choline ion to bathing solutions which 
already contain cesium significantly reduces the resting 
membrane potential of frog sartorius muscles’. The work 
recorded here is an extension of this investigation, and 
is concerned with the following questions : (a) Are the 
combined effects of cæsium and choline on the membrane 
potential reversible ? (b) To what extent does potassium 
affect the cæsium-choline interaction ? (c) Does the entire 
muscle cell surface participate in the cæsium-choline 
interaction ? 

Experimental procedures were similar to those already 
described inref. 2. Sartoriusmuscles from Rana pipiens were 
dissected so as to leave the lower side practically free of 
connective tissue, and the nerves were cut as close to the 
muscle surface as possible. Individual muscles were 
mounted in a 500-ml. ‘Lucite’ chamber at 120 per cent of 
resting length by means of a special holder and micrometer 
system. Bathing solutions were made up by adding 
cesium, potassium or choline chloride in appropriate 
amounts to standard potassium-free Ringer’s formula 
(112 mM NaCl, 1-89 mM CaCl,, 2:5 mM Na.HPO,, 0-5 mM 
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NaH,PO,). In some experiments, 300 units/ml. of 
hyaluronidase were added to the indicated solution. 
All experiments were carried out at 25° C. Twonty pairs 
of muscles were used in each experimental solution. 
Only potentials which developed instantaneously with 
microelectrode penetration were recorded and used in the 
data. Each point shown in Figs. 1 and 2 is the average 
of potential measurements on 180 cells. 

Muscles were scanned by mounting the microelectrode 
assembly in a modified X-Y plotter which laid out a 
pattern of electrode positions in steps of 200p. 

The results are summarized in Figs. 1 and 2. It is 
clear from Fig. 1 that the depolarizing effect of 10 nM 
choline in 2-5 mM cæsium-Ringer is not reversed when 
the muscle is washed with choline-free cesium—Ringer, 
but is reversed when the muscle is washed with normal 
(2-5 mM potassium) Ringer. In the absence of caesium, 
choline produces no depolarization, in agreoment with 
earlier work (Fig. 24). In the presence of both potassium 
and cæsium, the depolarization by choline is less than in 
cesium without potassium (Fig. 3). The fractional 
depolarization (ratio of resting potential boforo addition 
of choline to resting potential in presence of choline) 
produced by 10 mM choline is 1-27 in 2-5 mM exsiuin- 
Ringer, but only 1-15 in Ringer containing both 1:25 mM 
cesium and 1:25 mM potassium. ‘Treatment with 
hyaluronidase does not alter the depolarization produced 
by 10 mM cesium—Ringer, and the fractional depolariza- 
tion produced by 10 mM choline under these conditions 
is still 1-27 (Fig. 2B). Although not shown in each figure, 
all these effects are reversible and repeatable. The lach 
of time dependence of all the potentials over periods of 
several hours is also noteworthy. 

The results of the scanning studies were negative : 
no significant differences were obtained in potential 
measurements from different regions of a single muscle 
fibre. End-plate regions could be identified visually 
under the microscope, and several electrode penctrations 
were achieved in each such region. 

The interactions between cæsium, potassium and choline 
suggest the following working hypothesis. Suppose 
that receptor ‘sites’ or ‘configurations’ to which choline 
can attach in some way are present on the cell surface. 
and that the result of the attachment of choline to these 
sites is a decrease in measured membrane potentional. 
Potassium interferes with this choline-receptor interaction. 
and cæsium enhances it. The stability of the choline 
depolarization in ezsium-Ringer, especially after washing 
off excess choline, indicates that choline reacts in an all- 
or-none fashion when cesium is present. The potassium 
effects also require us to conclude that the sites are on 
the ‘outside’, since choline on the ‘inside’ would be 
prevented from binding by the high levels of intracellular 
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Figs. 1, 2 and 3. Measured membrane potentials in millivolts plotted as a function of time, with the muscles bathed in solutions indicated by 
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potassium. Both cæsium and choline have been shown 
to enter the cell under our experimental conditions’. 
Are the postulated receptors for choline identical 
with the widely accepted acetylcholine receptors 
implicated in motor end-plate function* ? Much more 
work is needed to clarify this situation, but the fact that 
excess external potassium results in liberation of acetyl- 
choline from nerve endings is suggestive*". However, 
the apparent independence of the czsium-choline depolar- 
ization from external sodium concentration, at least over 
the range 56-112 mM sodium chloride’, is puzzling, since 
it prevents us from explaining the measured potential 
decrease as a result simply of increased sodium perme- 
ability. Sensitivity to acetylcholine is normally restricted 
to the motor end-plate region, but spreads over the whole 
muscle surface after denervation*?. This spreading out 
process does not begin for at least 8 h after denervation, 
however (15 h under our laboratory conditions), so it is 
not likely to be involved in these choline effects. The 
scanning results indicate that the ability to react with 
choline is distributed over the entire muscle coll surface, 
including the motor end-plate region, but not limited to it. 
This work was supported in part by grants from Consejo 
Nacional de Investigaciones Cientificas y Tecnicas, 
Argentina, the U.S. Public Health service, AM-07509, 
and U.S. Department of Defense, DA-ARO-49-092-64-G31. 
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Lack of Artificial Acclimatization to Heat in 
Physically Fit Subjects 


DuniwG investigations of artificial acclimatization to 
heat on three physically fit subjects, the usual changes in 
sweat rates, rectal temperatures and, pulse rates were not 
observed. The acclimatization procedure consisted of 
five 2-h walks on an every-other-day sequence. The daily 
protocol was 50 min walking at 6-4 km/h on a level troad- 
mill and 10 min rest each hour. The environmental condi- 
tions were dry bulb weight = 49° C, wet bulb weight = 
28° C, and globe temperature = 49° C. Comparing the 
results of walk 1 with walk 5, the average pulso rate 
decreased 1 beat/min; the sweat rate decreased 66 g/h, 
and the rectal temperature decreased 0-3? C. 

Other workers have shown that the major physiological 
changes occur after four or five exposures! and the 
optimal exposure time was 100 min‘. It was hypothesized 
that the physiological changes induced in the subjects 
as a result of their high level of physical fitness precluded 
any heat effects. Thus the subjects were able to perform 
as though they were acclimatized to heat. 

The question then arises when conducting heat acclimat- 
ization investigations that utilize physical exercise: 
which ehanges are due to environmental stimuli and which 
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are due to the exercise? A further complication is that, 
since exercise also produces heat, what is the relationship 
between exercise heat and environmental heat on the 
response of the subject. Fox et al.° have recognized the 
possible separate effects of environment and exercise and 
commented that “a part of the large decrease in pulse 
rates normally observed when using the conventional 
technique (of heat acclimatization) may be due to the 
improved cardiovascular efficiency consequent on 
the repeated performance of a particular physical 
exercise... .” 

In understanding the mechanisms of heat acclimatiza- 
tion it seems imperative that cognizance be taken of the 
level of physical fitness of the subjects as well as the rela- 
tive contributions of the separate effects of the particular 
exercise and environment. 
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v ; 
*~ Direct Evidence for an Action of Acetylcholine 
on Motor-nerve Terminals 


Some twenty-five years ago Masland and Wigton’ 
showed that antidromic action potentials could be 
recorded from the ventral roots of cats during the muscular 
contraction provoked by the intra-arterial injection of 
acetylcholine. As a result of these experiments they 
suggested that acetylcholine might have an excitant 
effect on motor-nerve terminals. Later work? has shown 
that many other quaternary ammonium compounds have 
the same ability to provoke antidromie action potentials 
in motor nerves. In particular Werner? has shown, by 
ingenious but indirect means, that these drug effects are 
not due to excitation of the terminals by synchronous 
muscle action potentials. Despite these experiments 
which seem most satisfactorily explained by the presence 
of some cholinoceptive sites on the nerve terminals’, it 
has recently been claimed that at the present time there 
is no direct evidence for an action of acetylcholine on 
motor-nerve terminals’. This problem is of special 
interest, for an excitant action of the acetylcholine released 
by nerve impulses on nerve terminals is the central feature 
of a new hypothesis of transmitter release at ganglionic 
and neuromuscular junctions put forward by Koelle*. 
This excitant action is thought to release further acetyl- 
choline in a sort of positive feed-back action. 

In the investigation recorded here the effect of muscle 
activity was eliminated by using rat diaphragm-phrenic 
nerve preparations in vitro, paralysed with either d-tubo- 
curarine (Burroughs Wellcome) or an excess of magnesium 
chloride in the bathing Krebs-Ringer solution. The 
problem of acetylcholine action was attacked directly, 
using the methods developed by Hubbard and Schmidt* 
for stimulating nerve terminals. As in that investigation 
the terminals were located by the preliminary recording 
of extracellular miniature end-plate potentials in mag- 
nesium-poisoned preparations or by the recording of focal 
end-plate potentials in curarized preparations. The 
recording microelectrodes were filled with 4 M. sodium 
chloride and had 1:5~3p tips and 1-3 MQ resistance. 
Stimulating pulses of 0-1 msec duration from a Grass 
isolation unit were then applied through the same elec- 
trodes and the single all-or-nothing antidromic impulses 
set up by the stimulation were recorded in the phrenic 
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Fig. 1. The effect of acetyleholine on the threshold of motor-nerve 
terminalsin a curarized preparation. The dotsindicate threshold, that is 
the amplitude of current puser adeguate to evoke antidromic action 
potentials in 2-4 of six trials when applied in the vicinity of motor-nerve 
terminals. Threshold (ordinate) is expressed as a percentage of the 
average threshold before the introduction of acetylcholine (dotted line, 
100 per cent). At time 0 (abscissz) acetylcholine 1077 g/ml. was intro- 
duced (marked by first arrow and the beginning of the hatched bar). 
After a big fallin threshold the acetylcholine was washed out (arrow and 
end of hatched bar). The threshold then rogressively returned to the 
control value. The temperature was 35° C and all solutions contained 
d-tubocurarine chloride in a concentration of 1-8 x 10-5 g/ml. and 
prostigmine chloride in a concentration of 10-5 g/ml. 


nerve with a pair of platinum electrodes. The threshold 
of tho terminals was assessed by recording the stimulating 
pulses across a 600. resistance in the stimuleting circuit 
and measuring, from filmed records, the pulse amplitude 
necessary for setting up antidromic impulses. Under the 
experimental conditions a 95 per cent exchange of solu- 
tions took 3-4 min. 

Fig. 1 illustrates a typical experiment in which the 
control solution contained d-tubocurarine chloride (1-8 x 
10-9 g/ml.) and prostigmine chloride (10-5 g/ml). The 
average pulse amplitude required to elicit antidromic 
action potentials is shown as 100 per cent and indicated 
by the dotted line in the graph. At the time marked by 
the arrow and the beginning of the hatched bar the per- 
fusing fluid was changed to a solution differing only in 
that it contained acetylcholine chloride (A. G. Fluka) in a 
concentration of 10-? g/ml. Three min later there was an 
abrupt fall in the pulse amplitude required to set up 
antidromic impulses. By 9 min effective pulses were only 
37 per cent of the control strength, and after 9:5 min the 
acetylcholine was washed out with control solution 
(arrow and end of hatched bar). Within 30 sec of the 
change of solution the threshold had risen and after 4-5 
min of washing the threshold had returned to the control 
value. Similar results have been observed in many other 
curarized and magnesium-paralysed preparations. Pre- 
liminary experiments indicate that this fall in threshold 
is the result of the stimulation of & typical cholinoceptive 
system, for the effect of acetylcholine is antagonized by 
curare and increased by prostigmine. 

These results thus provide direct evidence for a depolar- 
izing action’ of acetylcholine on nerve terminals. This 
depolarization could generate action potentials by a 
local circuit action involving nearby nodes of Ranvier. 
At first sight these results also support Koelle’s hypothesis. 
However, the experiments of Ciani and Edwards? indicate 
that perfusion with acetylcholine reduces the number of 
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quanta of transmitter released by nerve stimulation at 
frog neuromuscular junctions in vitro. We have made 
similer observations at junctions in the rat diaphragm. 
This reduction in transmitter output is presumably a 
consequence of the depolarization of the terminals. Action 
potentials in the depolarized terminals would be reduced 
in size and thus have a reduced ability to liberate trans- 
mitter*. It would appear therefore that the physiological 
action of acetylcholine on nerve terminals is a negative 
feed-back on further acetylcholine release rather than the 
positive feed-back postulated in Koelle’s hypothesis. 


Joas I. HUBBARD 
TosHIKATSU YOKOTA 
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Concentration of Ammonia in the Gastric 
Venous Blood of Dogs during Acid Secretion 


AMMONIA has been detected in gastric juice during 
acid secretion in response to parenteral histamine in many 
species, including man and dog!-4. This has been attrib- 
uted to the action of urease in the gastric mucosa on 
endogenous urea‘, Conflicting observations have been 


. made as to whether ammonia is also released into gastric 


venous blood during acid secretion®:”. Turner? found a 
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Fig. 1. Gastric venous ammonia concentration following subcutancous 
histamine. Therange of duplicate estimations of ammonia concentration 
is indicated T 
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Fig. 2. Gastric venous ammonia concentration following subcutaneous 
histamine, The range of duplicate estimations of ammonia concentra- 
tion is indicated 


riso in arterial ammonia concentration 30—60 min after 
histamine in those cirrhotic patients with a previous 
history of hepatic coma or pre-coma, but not in cirrhotic 
patients without such a history. He suggested that the 
origin of this rise might possibly be related to gastric 
secretion. A further attempt has therefore beon made 
to determine whether ammonia is released into the venous 
blood leaving the stomach during, or after, histamine 
stimulated acid socretion in dogs. 

At laparotomy under pentobarbitone anesthesia in 
eight mongrel dogs, a cannula was inserted into the 
splenic vein distal to the entry of the gastric veins, and 
splenectomy was performed. A fine nylon snare was 
passed around the splenic voin proximal to the entry 
of the left gastric vein, so that the venous drainage 
from the stomach could be obstructed temporarily at 
will while blood samples were taken®. A Thomas cannula 
was inserted into the stomach for collection of gastric juice. 
Blood ammonia was measured by a modification of 
Seligson’s method. Gastric juice was titrated using 
Topfer’s solution. 

24-48 h later, control specimens of gastric secretion 
and gastric venous blood were taken, and 0-04 mg/kg 
histamine was injected subcutaneously. Gastric acid 
secretion and gastric venous pH and ammonia con- 
centration were then monitored for 1-5-2 h. 

In nine experiments on eight dogs we observed no in- 
crease in the ammonia-levels in gastric venous blood during 
the first 75 min after histamine (the period of gastric acid 
secretion). There was, however, a rise in the venous 
pH during this period. 

75-150 min after histamine (the period following 
gastric acid secretion), we found a definite increase in 
the ammonia concentration of the gastric venous blood 
in one out of six experiments. Fig. lis a typical example 
of the,findings in five of these animals. Fig. 2 shows 
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details of the experiment in which an increase in tho 
ammonia concentration was observed. 

With this exception, therefore, we have been unable to 
demonstrate a rise in the ammonia concentration of gastric 
venous blood during, or after, histamine induced acid 
secretion. The rise in pH of the venous blood samples 
during acid secretion suggests that these consisted mainly 
of gastric venous effluent. 
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v 
lontophoretic Application of Gamma- 
Aminobutyric Acid on Crayfish Muscie 


IT has been observed that y-aminobutyric acid (GABA) 
mimies the action of inhibitory transmitter in several 
crustacean muscles!c. In these invostigations the action 
of GABA was investigated by perfusing the preparation 
with solutions containing the drug, and iontophoretic 
micro-application of GABA to these preparations was 
not performed. The latter has advantages over the per- 
fusion experiment in providing localized application of 
the drug and more precise control of its duration. 

In the present experiment, single- or double-barrelled 
microcapillaries were loaded with 1 M GABA (pH adjusted 
to about 4 by hydrochloric acid) or with 1 M. L-glutamate 
(pH 8). Under these conditions GABA is cation and 
L-glutamate is anion. Thus GABA was injected by 
cathodic (outward through the capillary) and r-glutamato 
by anodic current. The abductor muscle of the dactyl 
in the 1st or 2nd walking leg of Cambarus clarkii was used. 
The potential changes were recorded intracellularly with 
a capillary filled with 3 M potassium chloride and the 
membrane potential was changed by the current through 
a 3 M. potassium citrate-filled microcapillary. 

One barrel of a double-barrelled capillary was filled 
with GABA and the other with r-glutamaate. Thus GABA 
and r-glutamate could be applied to the same spot. The 
capillary was moved along the surface of a muscle fibre 
while passing a strong cathodic current through a GABA- 
loaded barrel. Several spots were found on a muscle 
fibre where GABA produced a potential change, usually 
in a depolarizing direction at resting potential. Although 
more detailed investigations were undertaken with smaller 
injection currents, both rising and falling phases of the 
GABA-induced potential were found to be several times 
slower than those of the glutamato-induced depolariza- 
tion’, Fig. 1 shows an example of the GABA-induced 
depolarization. The GABA-induced potential was ob- 
tained from a rather broad area, compared with that for 
the glutamate potential and it was rather difficult to 
locate the GABA-sensitive spot critically. This is probably 
due to the rather large dose of GABA required to obtain 
an appreciable potential change and to its slow time 
course. 

When the membrane potential was altered by polarizing 
current through a current electrode inserted in the same 
fibre, the GABA-induced depolarization reversed its 
sign at about —60 mV (Fig. 2). On the other hand, the 
glutamate potential had its reversal potential near zero 
membrane potential. In most cases the GABA-sensitivo 
area overlapped with the glutamate-sensitive spot. How- 
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Fig. 1. Depolarization produced by iontophoretic injection of GABA 
(middle trace); upper trace, monitored injection current; lower trace, 
10 c/s. Calibrations: current, 5 x 10-? amp; potential, 5 mV 





Fig. 2. GABA-induced potentials at varied membrane potentials. 

The bottom trace was obtained at the resting potential (—70 mV). 

Uppermost trace, monitored injection current. Calibrations: current, 
1x10” amp; potential,5 mV; time, 1 sec 


ever, at some spots the injection of GABA produced a 
potential change, but there was no response to the injec- 
tion of r-glutamate and vice versa. Prolonged application 
of GABA produced & maintained potential change, in 
contrast to the glutamate potential which showed marked 
desensitization. It was shown that L-glutamate mimics 
the excitatory transmitter*. Thus, an interaction between 
GABA and r-glutamate might be expected, as is observed 
between the inhibitory and the excitatory transmitters. 
During and after conditioning doses of GABA, injection 
of r-glutsmate produced less depolarization than when 
unconditioned. 
We thank Prof. C. C. Hunt for his advice. 
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Interaction of Glutathione and Epinephrine 
within the Human Red Blood Cell 


REACTION of the sulphydryl group of glutathione with 
oxidation produets of epinephrine, norepinephrino and 
8-3,4-dihydroxyphenyl-1-alanine in vitrol-* suggested & 
search for similar reactions involving the glutathione in 
intact red cells. The importance of such chemical 
behaviour arose from the fact that the fate of epinephrine 
and norepinephrine during the relatively brief period of 
their physiological action remained unknown’. During 
incubation of freshly drawn human blood with & catechol- 
amine in the work recorded here, the total sulphydryl 
group of the glutathione within the red cells rapidly 
decreased. This observation suggested an interrelationship 
between the catecholamines and glutathione én vivo. 

Human blood was obtained in random fashion from 
45 healthy male and female volunteers aged 22-42 years, 
with use of aqueous heparin sodium obtained from the 
Riker Co. of Los Angeles, California, in a concentration of 
5,000 units per ml. ‘The bitartrate forms of the catechol- 
amines were supplied by the Winthrop Co. of New York. 
Separate solutions containing 10 mg of epinephrine or 
norepinephrine or 8 mg of ascorbic acid per ml. of water 
were formed immediately before use. All chemicals were 
of reagent grade. ‘Trichloroacetic acid and sodium 
hydroxide were kept in 5 per cent and 5 N solutions, 
respectively. After solution of 46-6 g of the tetrasodium 
salt of (ethylenedinitrilo)-tetraacetic acid (EDTA), ob- 
tained from the Matheson Co., in 800 ml. of water, 5 ml. 
of glacial acetic acid were added to adjust the pH to 76 
and the volume was adjusted to 1 l. with water to form 
a 0-11 M solution of EDTA. A. 0-0308 per cent solution 
of bis (p-nitrophenyl) disulphide (Eastman Kodak Co.) in 
acetone was formed (PNPD). 

At zero time, the indicated amount of epinephrino in 
0-1 ml. of water was added to 1 ml. of freshly drawn 
blood in a number of test-tubes. Each test-tube was 
incubated for the designated period of time in a water 
bath maintained at 37° C without evidence of hemolysis. 
Then, for deproteinization, 9 ml. of trichloroacetic acid 
were added. Ten minutes later, the solution was filtered 
through Whatman No. 1 filter paper. To 1 ml. of filtrate 
was added a solution containing 4 ml. of EDTA, 4 ml. of 
acetone and 0-5 ml. of PNPD, in compliance with the 
method of Ellman‘ for measurement of sulphydryl groups. 
The absorbancy of the yellow colour was measured within 
1 min thereafter at 412 my in a Beckman DU spectro- 
photometer, with water as the blank. 

The decrease in the blood non-protein sulphydryl group 
which resulted from the presence of epinephrine in two 
different blood specimens is shown in Fig. 1. Essentially 
similar results were obtained in every case. Duplicate 
specimens in 15 experiments yielded results within 9 per 
cent of each other during all the experimental steps. Tho 
absorbancy of the residual sulphydryl group decreased 
rapidly within the first 5 min and reached an essentially 
stable value by 15 min. In the specimens tested, the 
initial absorbancy of the sulphydryl group varied, without 
apparent pattern, between 108 and 165, while tho final 
levels for 1 mg of epinephrine ranged between 60 and 
16 per cent of the initial levels. Increase in epinephrine 
up to 300 ug resulted in & corresponding decrease in the 
plateau level of the —SH group, while increase above 
500 ug had little additional effect. The absence of 
bitartrate in epinephrine U.S.P. did not affect the results. 
Such easily oxidizable substances as 1-norepinephrine 
bitartrate, isoproterenol hydrochloride (Winthrop Co.) 
and 1-dihydroxyphenylalanine yielded essentially the 
game results as l-epinephrine bitartrate. D-Amphetamino 
sulphate (Smith, Kline and French), l-phenylephrine 
hydrochloride (Winthrop Co.) and methoxamine hydro- 
chloride (Burroughs Wellcome) were ineffective. «Uso of 
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Fig. 1l. Absorbancy as a function of time for the sulphydryl group 
remaining in 0-1 ml. of human blood on incubation of 1 ml. of blood 
at 37° C with 1 mg of epinephrine 
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EDTA as an anticoagulant yielded the same results as 
heparin. When 20 ug of glutathione in either 1 ml. of 
trichloroacetic acid or 1 ml. of water was added to Ell- 
man’s reagent, an average net absorbancy reading of 99, 
with & standard deviation of 7, was obtained in six 
determinations, the absorbancy of the PNPD blank 
without glutathione being six. During 30 min of incuba- 
tion at 37° C in the absence of epinephrine, the non-protein 
sulpbydryl group of blood did not change. Plasma did 
not effect the disappearance of the sulphydryl group 
significantly. Indeed, the net absorbancy of the —SH group 
in 1 ml. of the trichloroacetic acid filtrate formed from 
1 ml. of plasma was only six. Furthermore, in contrast 
to the behaviour in blood, half of 200 ug of glutathione 
added to 1 ml. of plasma disappeared in 20 min, and 1 mg 
of epinephrine inhibited the decrease appreciably. 

In investigations concerning the mechanism of the 
glutathione reaction, the epinephrine was added not to 
blood but rather to 1 ml. of blood trichloroacetic acid 
filtrate the pH of which had been adjusted to 7:5 by 
addition of 0-3 ml. of a 1-1 M EDTA solution. The 
results were essentially the same as in Fig. l. Epinephrine 
did not cause disappearance of the —$8H group below pH 5-2 
within 30 min, while at pH 5-8 the disappearance was the 
same as at pH 7:5. The pink colour and the increased 
absorbancy at 480 mu produced by as little as 4 ug of 
adrenochrome failed to appear as the —SH group decreased. 
Ascorbic acid had & marked effect on the disappearance 
of the —SH group in blood and filtrate. Addition of 3 mg 
of ascorbic acid to 1 ml. of blood immediately before 1 mg 
of epinephrine prevented disappearance of the —SH group 
for 30 min. One mg of ascorbic acid prevented the dis- 
appearance for 15 min; but nearly the full decrease in 
the —SH group occurred after 15-30 min. Similar results 
were obtained in the filtrate. 

The non-protein sulphydryl group of the red cell is 
largely glutathione’. The recovery of glutathione added 
to blood was nearly 100 per cent in the Ellman technique, 
while added cysteine and ergothionine were not at all 
recovered’. Since the sulphydryl group of blood is present 
almost solely within the red cell, the progressive 
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decrease in its concentration during incubation with 
epinephrine must have resulted from intracellular 
reactions. Only a small portion of the added epinephrine 
actually affected the sulphydryl group. Use of relatively 
large amounts of epinephrine was necessary to permit 
reasonably large changes in the absorbancy produced from 
the sulphydryl group. Sensitive methods, such as those 
dependent on radioactivity, should enable the results of 
the present investigation to be extended without difficulty 
to physiologically significant levels of epinephrine. 

The inhibitory effect of ascorbic acid suggested that the 
disappearance of the —SH group involved oxidation of 
the epinephrine. Decrease in the —SH group on incuba- 
tion of the protein-free filtrate with epinephrine indicated 
that the oxidizing agent was not a protein. It required a 
pH higher than 5-8 for full effectiveness. Its action was 
rapid but inadequately strong to produce any adreno- 
chrome from the large excess of epinephrine, in contrast 
to manganese dioxide. The disappearance of erythrocyte 
glutathione in the presence of epinephrine in the present 
investigation was compatible with similar behaviour in 
the intact living organism. These observations might 
equally be applicable to the cells of such organs as the 
liver and kidney, in agreement with the finding that 
repeated injection of epinephrine into rats over 4:5 h led 
to a decrease in the glutathione —SH group within these 
organs®. The mechanism of the sulphydry] disappearance, 
including its relationship to the formation of presently 
known metabolic products of the catecholamines, such 
as metanephrine and normetanephrine’, remained to be 
determined. 

This work was supported by grant AM 06525 from the 
National Institutes of Health, U.S. Public Health Service. 
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Panagglutination of Erythrocytes coupled with 
Diazotized p-Nitroaniline 


MODIFICATION of erythrocytes in vitro by various 
enzymatic or chemical treatments renders them agglutin- 
able by normal sera from mature donors. This agglutina- 
tion reaction is called *panagglutination'?. In the course 
of our investigation on the specific reaction of &zohapten- 
erythrocytes with antisera against azohaptens?, we 
observed that after coupling erythrocytes with diazotized 
p-nitroaniline (PNA), they were agglutinated by normal 
rabbit serum absorbed with untreated erythrocytes’. 
This communication deals with the finding of a similar 
phenomenon with human serum. 

PNA-erythrocytes were prepared by adding 0-5 ml. of 
0-005 M. p-nitrobenzenediazonium chloride to a suspension 
of 0-05 ml. three-times washed packed human. erythro- 
cytes in 4-5 ml. phosphate buffer (0-15 M, pH 7-3) with 
immediate mixing. After standing for 15 min at room 
temperature, the coupled cells were washed twice with 
10 ml. physiological saline, containing 1 per cent decomple- 
mented rabbit serum absorbed with untreated human 
red cells, or 0-06 per cent human serum albumin, and then 
resuspended in 2:5 ml. of the same solution. To obtain 
consistent results, the erythrocytes used for coupling 
should be freshly drawn, and tested within 0-5-1 h after 
coupling. Normal and pathological human sera and 
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plasma were obtained by venipuncture and used immedi- 
ately, or stored at — 25? C. The sera used were either 
blood group compatible, or absorbed with a sample of 
the same cells which were afterwards coupled with PNA. 
Titration was performed on a glass plate as already 
deseribed?. Controls with untreated erythrocytes, as 
well as controls of the coupled cells with saline only, were 
always included. Serum titres are expressed as the 
reciprocal of the highest dilution giving agglutination. 

The results obtained with 235 human sera are summar- 
ized in Table 1. From the pattern of agglutination 
observed, it appears that the titre is raised in patients 
with hepatitis and anemia as compared with sera from 
healthy donors. The titre is also raised in pregnant 
women. It is lowered, on the other hand, in patients 
with leukemia. However, the number of sera is too 
limited to allow any definite conclusions. Inhibition 
tests with PNA-tyrosin and absorptions with insoluble 
PNA-y-globulin as described in ref. 3 were performed and 
induced no appreciable reduction of the agglutination 
titres. This indicates that an agglutinin with a specificity 
directed against the hapten PNA is not involved in this 
reaction. Highly active H (O)-substance also failed to show 
an inhibitory effect. The agglutinating factor could be 
absorbed from the sera with PNA-erythrocytes, but not 
with untreated erythrocytes. The activity of this factor 
was not changed by heating the serum to 56° for 30 min; 
it was significantly reduced after 30 min heating at 62°, and 
completely destroyed after 30 min at 65°. All the agglutin- 
ating activity could be precipitated by 45 per cent satura- 
tion of the serum with ammonium sulphate‘. The 
precipitate was dissolved and made up to the original 
volume in physiological saline. Tested against PNA- 
erythrocytes, it gave the same titre as the serum from 
which it was prepared. By paper electrophoresis, it was 
shown to contain 70-80 per cent B- and y-globulins, small 
amounts of «,- and traces of a,-globulin. 


Table 1 
No. of 
Serum donors sera No. of sera having a titre of: 

tested <1 1 2 4 8 10 32 64 128 >128 
Human (healthy) 50 1 4101411 7 2 1 0 0 
Human (pregnant) 78 0 2 9212413 6 2 1 0 
Human (anemic*) 33 1 6 2 i1 4 1 1 1 O0 
Human (leukemic 1) 16 4 2 4 2 0112 0 0 
Human ria 21 0 0 3 1 5 5 1 4 I 1 
Human (various other 

diseases) 0 2 713 6 6 3 00 0 

Guinea-pig (healthy) 10 0.01.6 2 1 0 0 0 0 
Rabbit (healthy) 10 0.1 5 2 2 0000 0 


* Hemolytic, pernicious or iron deficiency antemia. 
t Lymphocytic and myelocytic leukemia, lymphogranulomatosis. | 
_f Including polyarthritis, rheumatic fever, nephritis, nephrosis, liver 
cirrhosis and jaundice, 


Rabbit and guinea-pig sera and erythrocytes, obtained 
by carotic bleeding, were also tested. The animal sera 
were always carefully absorbed with an untreated sample 
of the cells which were afterwards used for coupling with 
PNA. After absorption, these sera did not agglutinato 
the untreated cell control, but did agglutinate human 
PNA-erythrocytes. The titres were somewhat lower 
than for human sera (cf. Table 1). 

All tested human red blood cells could be rendered 
panagglutinable without respect to their blood group. 
When erythrocytes from various donors were tested 
against the same serum, the titres were identical. The 
same titre was also obtained when the serum donor’s 
own red cells were used. The PNA-treated erythrocytes 
are brown in colour and show a high tendency to hemo- 
lyse. When other diazotized amines were used for coup- 
ling, as, for example, p-sulphanilie acid or p-aminobenzoic 
acid, panagglutination titres were significantly lower or 
absent. However, in these casos, th» treated cells did not 
show such an increased tendency to hemolysis. Rabbit 
and guinea-pig PNA-erythrocytes usually gave negative 
results when tested against human, rabbit and guinea- 
pig sera; only in a few cases were low titres obtained. 
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All tested human and animal PNA-erythrocytes gave a 
high titre with a specific rabbit anti-PNA serum. 

Since no serological relation to the coupling agent, to 
H(O)-substance, or to blood group agglutinogens could 
be demonstrated, the agglutination of PNA-erythrocytes 
appears to be a typical panagglutination. As such, it 
would be comparable with the agglutination of erythro- 
cytes treated with the enzymes neuraminidase’ or trypsin‘, 
which is thought to be due to an uncovering of pre-existing 
receptors on the red cell membrane, or with the agglutina- 
tion of erythrocytes treated with the oxidizing agent 
periodate’. 

We thank Prof. Georg F. Springer for a gift of H(0)- 
substance. 
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Appearance of Slow «Globulin during the 
Inflammatory Response of the Rat 


SLow «,-globulin is a protein of large molecular weight 
which becomes demonstrable by vertical starch-gel 
electrophoresis in the serum of the rat under a variety of 
conditions, mostly related to growth. It cannot be 
demonstrated by this means in healthy, non-pregnant 
adult animals but has been demonstrated in connexion 
with normal growth!-, neoplastie growth’ ?45, rogenera- 
tive or compensatory growibh*", pregnancy)’, tight 
abdominal bandaging’, Caesarean section with retention 
of a single placenta, implantation of homologous minced 
kidney tissue’, unilateral kidney ligation’? and in certain 
states resembling mild infectious diseases^*. The appear- 
ance of slow «,-globulin in the last few of these conditions, 
together with the observation that it becomes sporadically 
demonstrable after limb amputation or sham surgery’, 
especially in the presence of obvious wound infection, led 
to the hypothesis that, in addition to growth, the presence 
of an infection and/or an inflammatory condition can 
elicit the appearance of slow «,-globulin in the serum of 
the rat. 

In order to test this hypothesis, rats were subjected to 
various treatments designed to produce a localized or 
generalized inflammatory state. Sera were obtained as 
previously described? from Sprague-Dawley rats, of either 
sex, raised in our laboratory or purchased from the 
Holtzman Co., Madison, Wisconsin. Little difference 
in the responsiveness of the two sexes was noted. Vertical 
starch-gel electrophoresis was performed by the method of 
Smithies*, with minor modifications?. Lipopolysacchar- 
ides (endotoxins) of Salmonella abortus equi, S. typhosa 
and Escherichia coli, produced by the Westphal method? 
and obtained from Difco Laboratories, Detroit, Michigan, 
were administered intraperitoneally in the doses indicated 
in Table 1 as a 1 per cent (w/v) suspension in storile 0-9 
per cent saline. Complete and incomplete Freund's 
adjuvants (Difco Laboratories) were administered intra- 
peritoneally without dilution in the doses shown in 
Table 1. For the evocation of a localized inflammation, 
croton oil (Frank W. Kerr Chemical Co., Detroit, Michigan) 
was administered intradermally into one or two abdeminal 
sites as a 75 per cent (v/v) solution in peanut oil!*. Controls 
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Table 1. APPEARANOE OF SLOW a,GLOBULIN AFTER ADMINISTRATION OF 
VARIOUS SUBSTANOES 


No. of animals in 
each category at 


Substance Vehicle Route* Dose Presence inue No. of 
administered t days after 
administration 
0 2 4 
Endotoxin of 0:995 NaCl i.p. 2-5-4 + 18 15 
S. arbortus equi mg/rat - 0 0 
Endotoxin of 0:995 NaCl i.p 2-5-3-5 + 6 6 
S. typhosa mg/rat - 0 0 
Endotoxin of 09% NaCl ip. “5-4 + 10 6 
mg/rat -— 0 0 
0- d Kio None l.p. 2:0 + 0 0 
ml./rat - 6 6 
Complete Freund's None ip. 2:0 + 6 6 
adjuvant ml./rat - 0 0 
Complete Freund's None ip. 0-35 + 6 6 
adjuvant ml./rat - 0 0 
Incomplete None j.p. 2-0 + 7 6 
Freund’s adjuvant ml./rat - 0 0 
Incomplete None lp. 0°35 + 3t 3t 
Freund’s aajuvant ml./rat - 16 16 
Mineral oil None ip. 2:0 * 0 0 
ml./rat - 6 10 
Mineral oil None lp. 0-834 + 0 0 
i mlfkg  — 8 5 
Croton oil Peanut oil id. 0:3 + 8 6 
: ml./rat = 0 0 
Peanut oil None id. 0-4 + 0 0 
ml./rat - 8 6 
None (untreated None — — + 0 
controls) - 62 


* i.p., intraperitoneal; i.d., intradermal. 

t+, ‘slow a,-globulin demonstrable. 
strable. 

$, very weak slow a,-globulin band. 


—, slow a$-globulin not demon- 


consisted of untreated rats, rats injected intraperitoneally 
with either sterile 0-9 per cent saline or mineral oil or 
intradermally with peanut oil. 

The results obtained are shown in Table 1. Slow «,- 
globulin was demonstrable in every case two and four 
days after the administration of any of the three endo- 
toxins tested. When the endotoxin of S. abortus equi was 
used, slow «,-globulin first became demonstrable about 
12 h after injection, but was no longer demonstrable in 
the majority of rats nine days after administration. In 
none of the control animals injected with sterile saline 
could slow «globulin be demonstrated. The results 
obtained here with respect to the endotoxin of E. coli are 
in general agreement with those of Lawford and White'! 
which came to our attention during the course of the work. 

Since complete Freund’s adjuvant contains killed and 
dried Mycobacterium butyricum and is said to modify the 
cellular reaction about its site of deposition, we investi- 
gated the possibility that its administration might pro- 
voke demonstrable levels of slow «,-globulin. Such was 
the case at both dose-levels tested. However, incomplete 
Freund's adjuvant, lacking the M. butyricum when 
injected at the rate of 2 ml. per rat, also provokes this 
response. At the lower dose-level of 0:35 ml. per rat, the 
incomplete adjuvant, contrary to the action of the 
complete adjuvant, stimulates only an occasional and weak 
response. Control injections of mineral oil at either levels 
proved uniformly negative. The generally superior 
ability of complete adjuvant in enhancing the immune 
response as compared to incomplete adjuvant may perhaps 
be related to the difference in the ability of these two 
mixtures to provoke demonstrable levels of slow œs- 

globulin. 

Since the foregoing seems to show that generalized 
inflammatory responses lead to demonstrable levels of 
slow «,-globulin, the question arose as to whether or not 
a localized inflammation would also do so. The adminis- 
tration of croton oil on to or into the skin provokes a 
localized inflammatory reaction!?, As shown in Table 1, 
the intradermal injection into one or two sites of a total 
of 0-3 ml. of croton oil as a 75 per cent solution in peanut 
oil evokes demonstrable levels of slow «,-globulin in all 
cases tested. Control rats injected with corresponding 
quantities of peanut oil remained uniformly negative. 

The administration of some or all of the foregoing sub- 
stances may provoke some slight tissue synthesis. There 
are, then, at least two proximate mechanisms here which 
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might lead to the production of demonstrable quantities 
of slow «,-globulin: small amounts of tissue synthesis or a 
component of the inflammatory response. The former is 
the less likely as generally no demonstrable slow «,-globulin 
level appears during the healing processes following such 
procedures as limb amputation’ and laparotomy*’ in the 
absence of wound infection. The alternative conclusion, 
that the appearance of demonstrable concentrations of 
slow a,-globulin is, in these experiments, related to a 
component of the inflammatory response, is strengthened 
by the appearance of slow «globulin in conditions of 
frank tissue degeneration as after the intraperitoneal 
implantation of minced homologous kidney tissue or after 
ligation of the blood vessels of one kidney’. 

It may be concluded, then, that slow «,-globulin 
becomes demonstrable, by starch-gel electrophoresis, in 
the serum of the rat, during a localized or generalized 
inflammatory response, as well as during tissue synthesis. 

This work was supported in part by grant GB-347 from 
the U.S. National Science Foundation. 

WERNER G. Hem 
Paura H. LANE 
Department of Biology, 
Wayne State University, 
Detroit, Michigan. 
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PATHOLOGY 


Effect on Leukzmic Cells of Ribonucleic Acid 
extracted from Calf’s Spleen 


Iz has been demonstrated that modifications may be 
produced in the metabolism of certain experimental 
tumours by cultivating them with RNA. 

Cells of ascites tumour of mice have been incubated 
with RNA from a normal liver. An impressive reduction 
was noted in the capacity of these cells to reproduce the 
original tumour when grafted on to the tissue of other 
animals. This loss of malignity was due not to the death 
or diminished vitality of the cells, but to an actual trans- 
formation induced by the RNA with which they had been 
incubated. This was clearly demonstrated by the fact 
that the cells had acquired characteristics typical of 
hepatic cells, such, for example, as the ability to produce 
albumin, tryptophan-pyrrolase and glucose-6-phosphat- 
asel?, 

This phenomenon was observed not only in the case of 
Nelson’s ascites tumour, but also in other cases of neo- 
plasia (Ehrlich’s ascites tumour, Novikoff’s rat’s hepa- 
toma, etc.). That the transformation induced by RNA is 
permanent is seen by the fact that not even after a 
considerable lapse of time do the treated cells regain their 
original characteristics of neoplastic structures. That 
the RNA with which they were cultivated provides the 
essential factor in the transformation of the tumorous 
cells is proved by the fact that after treating with RNase 
the effect of RNA from the liver on the tumorous cells 
ceases completely?. 

On the basis of these observations, we have been, for 
some time past, carrying out a series of experiments to 
determine the effect of RNA extracted from various 
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organs on human neoplasias cultivated im vitro. The 
first obstacle encountered in this work was due to the fact 
that human tumorous tissue is little adapted to cultiva- 
tion in vitro, being constituted of cells presenting, in the 
majority of cases, phenomena of initial necrosis. Secondly, 
in the case of solid tumours it is exceedingly difficult to 
produce a culture of cells similar to each other from a 
morphological point of view; in consequence, the evalua- 
tion of eventual structural or metabolic changes becomes 
problematic. 

Because of these facts I had recourse for the purpose of 
these experiments to the bone marrow of subjects affected 
with acute leukemia or histiocytic medullary reticulosis. 
In these cases it often happens that the cells of bone 
marrow are for the most part of the identical, reticular 
type, which fact notably facilitates the evaluation of 
eventual morphological or metabolic changes. 

Cultivation of leukemic cells of bone marrow with 
RNA extracted from the spleen of calf embryo led to 
the formation of specific structures. At the start of 
the culture phase, the electron-microscopic investiga- 
tions strongly suggested the scarcity of endoplasmic 
reticulum and the abundance of unattached granules 
lying free in the cytoplasm. In the case of cells in the 
culture containing RNA, a change in their morphological 
characteristics was noted in a fairly good percentage 
(40-48 per cent) after the lapse of 10-72 h (increase of 
ergastroplasm; parallel orientation of the membrane 
system; small dense particles studded on the outer 
surface of the membrane)’. 

The results recorded here refer to the metabolic changes 
observed. in the cells obtained from the bone marrow 
of 5 subjects affected with acute leukemia. 

The medullary tissue, obtained by means of biopsy, 
was immediately mixed with sterile Tyrode’s solution 
containing minute quantities of heparin. After having 
been placed in a refrigerator at a temperature of 
+2° C and left for 30 min, the particles of medullary 
matter adhering to the surface of the liquid were removed 
and immersed in a matrass containing the incubation 
mixture! to be used for the culture. By means of gentle 
agitation the medullary matter was dissolved in the liquid. 
The number of cells present in every 1 mm? having been 
counted, a quantity of the incubation mixture sufficient 
to raise the cellular concentration to 6,500 elements/mm? 
was added. One aliquot of this cellular suspension was 
immediately used as the control for starting respiratory 
activity’. One aliquot was transferred to a metabolic 
shaker (control). To the other part was added RNA 
(2 mg/ml.) extracted from the spleen of calf embryo by 
a, technique already described by other research workers; 
then tho suspension was transferred to a metabolic shaker. 
Incubation was carried out under sterile conditions for 
24h at 37? C. Then the respiratory activity of cells was 
examined. 

In the case of the cells in the culture containing RNA, a 
change in their metabolic characteristics was noted; in 
fact the oxygen consumption of RNA-treated cells is 
significantly increased (Table 1). The cells in the control 
culture, where no RNA was present, however, retained 
the same motabolic characteristics as at the beginning of 
the experiment. 

These results demonstrate that cells of acute leukemia 
are affected by the presence in the incubation mixture 
of RNA extracted from the spleen of calf embryo, 


Table 1. OXYGEN CONSUMPTION* OF BONE MARROW CELLS OF 5 SUBJECTS 
AFFECTED WITH ACUTE LEUEÆMTA BEFORE AND AFTER INCUBATION WITH 
NA 


Initial RNA-treated 


No. valuo cells Control 
1 0-16 0:41 0-15 
2 0-14 0:36 0-12 
3 0-14 0:44 0-11 
4 0:21 0-49 0-19 
b. 0:17 0-46 0-16 


* uM[h/10' cells. 
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an organ well known for its high proportion of cells having 
hemopoietic properties. It is important to remember 
that the oxygen consumption of leukzmic cells is con- 
siderably less than that of the normal homologous cells. 
The increase of oxygen consumption in leukzmnic cells 
indieates that information transfer within hsernopoietie 
cells can be effected, possibly by incorporating an RNA 
template containing ‘normal’ information which competes 
with pre-existing ‘pathological’ information systems. 
S. EsPosrro 
Medical Clinic, 
University of Pavia, 
Italy. 
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Relationship of Adrenocortical Insufficiency 
to Spontaneous Regression in Mammary 
Tumours induced in Rats by Oral Adminis- 
tration of Dimethylbenzanthracene 


Ir has been shown that many of the tumours induced in 
rats by the oral administration of 9,10-dimethy1-1,2- 
benzanthracene (DMBA) stop growing and some undergo 
spontaneous regression’. It has also been shown that 
DMBA produces massive adrenocortical necrosis when 
given in doses which would ultimately give rise to 
tumours). It appeared possible that spontaneous regres- 
sion might be due to adrenocortical insufficiency which 
permitted the development of an immunological mechan- 
ism. This communication reports experiments designed 
to test this hypothesis. 

Two hundred and forty rats, descended from stock 
imported from Sprague-Dawley of Madison, Wisconsin, 
and commercially available in Britain, were used. They 
were obtained at 40 days of age and were divided into two 
groups by a formal randomization process. 50 mg of 
DMBA dissolved in 2 ml. of corn oil were given to all 
rats on the 50th day of life by intragastric tube. Starting 
on the day the DMBA was given, Group 2 was given 3 mg 
of cortisone acetate daily for 1 week, 2 mg of cortisone 
acetate daily for a second week and 1 mg of cortisone 
acetate daily for a third week, after which cortisone 
acetate treatment was terminated. This dose of cortisone 
acetate is believed to be adequate to replace the output 
of the damaged adrenal cortex during the 3-week period 
of its regeneration‘. 


Table 1 
No. of tumours 
Days after DMBA Rats with Grow- Regres- Total P 
tumours ing Static sing 
100 DMBA 28/34 11 23 4 38 n.s. 
DMBA + 18/26 10 16 3 29 
cortisone 
150 DMBA 30/34 18 35 10 58 ne 
DMBA + 20/26 14 31 7 52 
cortisone 
200 DMBA 31/34 17 46 13 75 ns 
DMBA + 20/26 15 31 10 56 
cortisone 
Table 2 
Mean induction period 
(days) P 
DMBA 71:186 + 2-760 n.8. 
DMBA + cortisone 79:696 + 4-596 


Twenty-three rats in each group were killed 3 days atter 
giving DMBA. The adrenals were examined histologically 
for evidence of massive necrosis. Rats were cxamined 
twice weekly for tumour production from tho 4th week 
onwards and when tumours had been detected these were 
measured with calipers and their mean diameter recorded. 
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Depending on their ensuing behaviour, tumours were 
allocated to one of the three groups, growing, static or 
spontaneously regressing!. 

Massive adrenal necrosis. was found in 21 out of 23 rats 
examined in Group 1 and in 23 out of 23 rats examined in 
Group 2. The numbers of growing, static and Spontane- 
ously regressing tumours 100, 150 and 200 days after 
DMBA are given in Table 1. The differences between 
the incidence of the three tumour types are not significant 
at these times. It is possible that the induction period of 
tumours might be altered by the effect of adrenocortical 
insufficiency and we have given the induction period of 
all tumours in Table 2. No significant difference exists, 
however, between these two groups. 

It is clear that the replacement dose of cortisone acetate 
has not in any way influenced either the induction period of 
tumours or the occurrence of tumours which ultimately 
fail to grow or regress. 

STRETTON YOUNG 
JANET E. HELFENSTEIN 
RosEMARY A. BAKER 
Pathology Unit, 
Imperial Cancer Research Fund, 
Lincoln’s Inn Fields, London, W.C.2. 
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Renal Immunofluorescence in NZB/NZW 
Mice 

INVESTIGATIONS carried out by Helyer.and Howie on 
a hybrid strain of mice derived by crossing the NZB/BL 
and NZW strains show that these animals died of renal 
failure within 8-10 months!. The renal lesions in these 
animals closely resembled those seen in human lupus 
nephritis. Using conventional microscopical techniques 
marked glomerular changes, including fibrinoid necrosis, 
thickening of the basement membrane and wire-loop 
formation were demonstrated. 

The development of the renal lesions in these animals 
has been examined by immunofluorescent techniques. 
Groups of mice of both sexes were killed at monthly 
intervals and similar groups of CBA/T6 mice were used 
as normal controls. 

A concentrated globulin fraction of a rabbit anti-mouse 
serum was obteined by three precipitations with a half- 
saturated ammonium sulphate solution?. An electro- 
phoretic pattern of this fraction revealed it to comprise 
of mostly y-globulin and some B-globulin. The antiserum 
was conjugated with fluorescein isothiocyanate? and 
purified by dialysis and extraction with charcoal’. Non- 
specific staining materials were absorbed by mouse liver 
powder (Baltimore Biological Laboratory) prior to use!:*. 

Unfixed kidney tissues, which were obtained as soon as 
possible after killing the mice, were rapidly quenched in 
liquid air and 4—5p. sections were cut in a cryostat. The 
sections were transferred to a glass slide, washed in phos- 
phate-buffered saline and covered with the F.I.T.C. 
conjugate together with a bovine albumin-rhodamine 
counter stain (Baltimore Biological Laboratory)’. Staining 
was allowed to proceed for 30 min and the sections mounted 
in buffered glycerol. Tests proving the specificity of the 
conjugated serum have been carried out*:®, 

Up to the age of about 6 months the glomeruli appear 
to be normal and are uniform in size. Although many 
fluoresce the intensity is notably very pale, at times 
ghostly, and is markedly patchy generally only involving 
portions of the tuft. Sharply localized thin areas of 
brighter fluorescence are evident in a few glomeruli. The 
tubular basement membranes show as fine structures, 
with diffuse and moderately bright fluorescence. A similar 
form and degree of fluorescence has been noted in the 
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Fig. 1. Glomerulus showing thickened basement membrane and wire- 
loops. Marked granularity of fluorescence is evident (x 420) 


Sei 


Fig. 2. Large focal lesion with dense and granular fluorescence in a 
glomerulus ( x 420) 


control animals examined up to the age of 12 months; 
this may be explained by the investigations of Tan and 
Kaplan’, who showed that in the normal mouse the base- 
ment membranes of the renal parenchyma and other 
organs fluoresced and that the component associated 
with this staining was related to the p-globulin serum 
fraction. 

Beyond the age of 6 months marked fluorescent changes 
become evident. The glomeruli are generally larger than 
those seen in the control animals and all fluoresce brilli- 
antly. In all cases there is a progressive increase in thick- 
ness of the basement membrane as judged by the areas of 
fluorescence and, particularly in the older animals, this 
becomes greatly increased, often producing the appearance 
of wire-loops (Fig. 1). The fluorescence is irregular, 
patchy and, in many cases, strikingly granular. In 
addition occasional glomeruli present focal areas of dense, 
bright fluorescence involving the whole or part of a lobule 
(Fig. 2). An associated feature seen in some of the older 
animals is an increase in lobulation of the tufts. AN 
these changes become evident sooner and more marked 
in the female animals. 

In the tubules no cellular or basement membrane 
variations have been noted, but in some older animals the 
tubules are dilated and many are seen to contain faintly 
fluorescing granular material. There has been little, if 
any, alteration in the arteries and arterioles in mice 
examined up to the age of 12 months and no fluorescence 
has been seen, as yet, in the lymphoid aggregations that 
form such a striking feature in conventionally stained 
sections. 

The close similarities seen in the renal lesions of human 
lupus nephritis and the NZB/NZW mice have already 
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been indicated. Comparison of the fluorescent patterns 

seen in these cases as well as in other forms of human 

nephritis is possible. It is believed that such investiga- 

tions would be of value in elucidating the nature of the 

lesions. 

I. AARONS 
Department of Pathology, 
University of Otago Medical School, 
Dunedin, New Zealand. 
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IMMUNOLOGY 


Dissociation of Bacterial 0 Antigen from 
Rabbit Erythrocytes 


Ir has been shown! that rabbit erythrocytes modified 
én vitro with 0 antigens (endotoxins) of Salmonella typhi or 
Escherichia coli are rapidly destroyed when injected into 
rabbits previously immunized with the corresponding 
bacterial antigen. In contrast, modified erythrocytes 
administered to non-immune rabbits have a normal life 
span despite the fact that specific antibody appears within 
six days after injection of the modified red blood cells. 
Thus, it becomes important to ascertain whether bacterial 
antigens attached to erythrocytes in vitro remain bound 
to the red blood cells for their entire period of survival 
after they are re-introduced into the animal’s circulation. 

Erythrocyte survival was measured, using autologous 
red blood cells tagged with radioactive sodium chromate 
(chromium-51); the half-life of chromium-51 for normal 
autologous rabbit erythrocytes ranged from 105 to 
17 days'. Autologous rabbit erythrocytes modified with 
sodium hydroxide treated typhoid 0 antigen (6,000 ug/ml. 
of 50 per cent red cell suspension) had a half-life of 
chromium-51 of 10-13 days. 

An experiment was designed to detect the presence of 
antigen-modified erythrocytes in the rabbit’s circulation 
by means of direct differential agglutination*. With this 
technique erythrocytes modified with typhoid 0 antigen 
were readily detected when the proportion of modified to 
normal erythrocytes was as low as one part in 20 (5 per 
cent). Approximately 50-70 ml. blood was obtained 
from each of three rabbits the sera of which contained no 
detectable antibody against typhoid 0 modified erythro- 
cytes. The red blood cells were modified with the typhoid 
0 antigen! and were administered intravenously to the 
original donor animal. Blood samples were obtained 
from the marginal ear vein 15 min after the injection of 
modified cells and twice daily thereafter. The presence 
of modified erythrocytes in each sample was demonstrated 
by direct differential agglutination using potent typhoid 
0 antiserum. 

The results of these experiments (Table 1) show that 
agglutinable red blood cells were not detected 4-6 days 
after administration of modified erythrocytes. These 
observations suggest that the bacterial antigen is removed 
from the erythrocytes in vivo. Alternatively, it is con- 
ceivable that the agglutination of the modified erythro- 
cytes in vitro was ‘blocked’ by the newly formed antibodies 
which appear as early as three days after administration 
of the modified red blood cells. 

To resolve this problem, experiments utilizing endotoxin 
labelled with radioactive chromium were undertaken. 
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Table 1. Disappearance of agglutinable erythrocytes from the circulation 
of rabbits after injection of autologous erythrocytes modified with typhoid 0 


antigen 
Rabbit Percentage of agglutinable erythrocytes 
No. Day 0 Day2 Day 4 Day 6 
98 50 85 25 <5 
95 35 20 «5 <5 
99 50 30 <5 <5 


Sodium-hydroxide-treated E. coli 0111 : B4 lipopoly- 
saccharide (Difco Lot No. 132562) was labelled with 
chromic chloride (chromium-51) according to the method 
of Braude e£ al. Preliminary work with threo rabbits 
disclosed that the life-spans of autologous erythrocytes 
modified with non-radioactive antigen (2,000 pg/ml. 50 
per cent erythrocyte suspension) were within the normal 
range (half-life of chromium-51, 12, 14 and 15 days). 
Approximately 50 ml. blood was obtained from each of 
three rabbits the sera of which contained no detectable 
antibody against E. coli 0111: B4. The erythrocytes 
were coated with the chromium-5l-labelled antigen; 
modification of the red cells was confirmed serologically 
and by demonstrating uptake of radioactivity by erythro- 
cytes. 96 per cent or more of the radioactivity in the 
final cell suspension was bound to erythrocytes. Auto- 
logous red cells were administered intravenously to each 
rabbit and blood samples were obtained 1/4, 1/2, 1, 2, 
24 and 48 h after the injection. The samples were counted 
in a well-type scintillation detector for a period of time 
sufficient to ensure a counting error of less than 10 per 
cent. The results shown in Table 2 support the conclusion 
that bacterial antigen is removed from modified erythro- 
cytes after they are re-introduced into the animal’s 
circulation. 


Table 2. Disappearance of radioactivity from circulation of rabbits after 
injection of autologous erythrocytes modified with chromium-61-labelled 
E. coli 0 antigen 


Rabbit Half-lifeof**Cr ^ Percentage radioactivity 
No. (min) remaining after 24 h 
108 90 25 
171 45 10 
179 90 17 


In view of these results it seemed advisable to re- 
examine in vitro tħe avidity of the binding of bacterial 
antigen to red blood cells*5. Rabbit erythrocytes wero 
modified with the chromium-51-labelled E. coli 0111 : B4 
antigen; the concentration of radioactivity per ml. of 
packed red blood cells was measured before and after 
multiple washings with isotonic sodium chloride solution. 
The results shown in Table 3 demonstrate that radio- 
activity and presumably antigen is removed from erythro- 
cytes by repeated washing. The observation that a 
40 per cent loss of endotoxin from the erythrocytes does 
not alter agglutinability is not surprising because Luderitz 
et al.5 demonstrated that one erythrocyte was able to bind 
approximately 100,000 molecules of an E. col? 0 antigen 
and yet only 5,000 molecules per erythrocyte were neces- 
sary for positive hemagglutination. 


Table 3. Effect of repeated washing on rabbit erythrocytes modified with 
chromium-61-labelled Æ. coli 0 antigen 


No. of Radioactivity Cumulative 
eight- , Hem- c.p.m./ml. of loss of 
vol. agglutination packed radioactivity 
washings titre erythrocytes %) 
0 1/800 8,576 0 
6 1/800 7,705 12 
12 1/800 6,333 28 
18 1/800 5,195 40 


In order to ascertain whether the loss of radioactivity 
was due to & disruption of the bond between erythrocyte 
and antigen, or to & loss of chromium-51 from the antigen 
itself, two further experiments were carried out. Chrom- 
ium-51-labelled antigen was dialysed for a period of 6 h 
with a loss of only 2 per cent of the radioactivity into the 
dialysis bath. A 50 per cent suspension of erythrocytes 
modified with chromium-51-]abelled E. coli antigen was 
dialysed for 6 h in a bath of isotonie sodium chloride 
solution. Despite the fact that many of the red cells were 
hemolysed, less than 2 per cent of the radioactivity was 
lost in the dialysis bath. Therefore, it appears that the 


1082 


bond between the chromium-51 and the antigen is stable 
even after antigen is attached to erythrocytes. 

In conclusion, these observations suggest that 0 antigen, 
or a portion of it, is removed from modified erythrocytes 
by repeated washing and by re-introduction of the modified 
red blood cells into the rabbit’s circulation. 

I thank Dr. Erwin Neter for his advice and Dr. Victor 
Bokkenheuser who kindly supplied the typhoid 0 antigen 
for these investigations. 

This work was supported by U.S. Public Health Service 
research grant A1—03164-04 from the National Institute 
of Allergy and Infectious Diseases. 
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Specific Inhibition of Anti-D by Human Urinary 
{Mucoprotein 


Sratic acid and polymers containing sialic acid!-? have 
been shown to specifically inhibit agglutination of Rho(D) 
red blood cells by specific antiserum. Urinary mucopro- 
tein, which consists of 9-1 per cent sialic acid‘ in terms of 
total mucoprotein, was therefore considered as a possible 
inhibitor of anti-Rh. The other sugars which make up 
the prosthetic group of this molecule have been shown not 
to block specifically Rh agglutination’. 

Two separate preparations of urinary mucoprotein?, 
isolated from pooled human urine and designated as A 
and B, respectively, were tested for their ability to inhibit 
the agglutination of trypsinized Rho(D) red cells by specific 
antiserum. The results are given in Table 1. 


Table 1. INHIBITION OF ANTI-RH BY URINARY MUCOPROTEIN 


ug of 
Urinary Anti-Rh mucoprotein 
mucoprotein control required for 
preparation inhibition 
A 3+ 400 
B 34 450 


Optimal inhibition was obtained when red cells were 
added immediately following the mixing of mucoprotein 
and anti-Rh. Anti-C, anti-E and anti-c were not inhibited 
by the mucoprotein. Also, a maximal agglutinating dose 
of anti-D(4+) was not inhibited by the concentrations 
of the mucoproteins used (400 pg for A, 2,000 ug for B). 
200 ug of preparation A inhibited anti-D after previous 
treatment with a 1 per cent solution of trypsin, a pheno- 
menon somewhat analogous to that of the ‘exposure’ of 
Rh receptors on red cells treated with trypsin. 

This report supports previous work suggesting an anti- 
genic relationship between sialic acid and the D antigen. 

Howarp M. JOHNSON * 
Matrrew C. Dopp 
Department of Microbiology, 
The Ohio State University, 
Columbus 10, Ohio. 

* Present address: Robert A. Taft Sanitary Engineering Center, Public 
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BIOLOGY 


Probable Fertile Region of Asteroxylon 
mackiei K. and L. 


Asteroxylon mackiei was first described from the Rhynie 
Chert by Kidston and Lang’, but the nature of its 
reproductive region has remained uncertain, since the 
peculiar leafless axes and small pear-shaped sporangia, 
which they provisionally assigned to the plant, have never 
been found connected to its leafy stems. 

During a survey of loose block material containing 
abundant remains of Asteroxylon mackiei and the other 
organs referred to above, a few small shoots have been 
discovered bearing sporangia of a quite different type 
interspersed with veinless ‘leaves’. It is the purpose of 
this communication to give a preliminary description of 
these and to suggest that they, rather than the naked 
sporangiophoric axes, may represent the true fertile 
region of the plant. 

The rather large sporangia (up to 7 mm in width when 
empty) are tangentially flattened and are borne laterally 
and independently in the shoots between the leaves. 
Reconstructions based on serial peel sections have shown 
them to be somewhat reniform. Although most of the 
sporangia are empty, a few have been found containing 
spores which are about 50u in diameter, and it is evident 
that these were shed through an extended marginal slit. 

Each sporangium is borne on & short vasculated pedicel 
which expands distally into a pad of tissue over which 
the spore-sac extends. In median radial section no clear 
distinction can be made between these two regions and 
the length of the pedicel thus tends to be exaggerated. 

Fig. 1 shows the appearance of one of the shoots in 
longitudinal section bearing on the right two empty 
sporangia, the lower of which is cut in the median plane. 
Parts of at least three other sporangia are present on the 
left side of the section, but the distal regions of the upper 








Fig. 1. Longitudinal section through leafy fertile shoot (xc. 8). 
s, sporangium; J, leaf; vt, vascular supply to sporangium 
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two have been severed and displaced by & fault in the 
block and lie outside the field of view. 

A. fortunate series of vertical sections through a shoot 
tip has indicated that the sporangia reached maturity 
only & short distance behind the apex. In this region 
the vascular tissue seems to consist largely of sporangial 
traces. Older shoot fragments bearing empty or withered 
sporangia have weakly developed actinosteles the xylem 
of which is composed of angular, fusiform tracheids with 
narrow wall thickenings, closely resembling those of A. 
mackies. No clear evidence of leaf traces has been found, 
although this may be due to the very indifferent preserva- 
tion of the material. 

The provisional assignation of the leafless axes and 
small sporangia to A. mackiei by Kidston and Lang was 
based on evidence of close and constant association in 
the apparent absence of any alternative reproductive 
organs. Some support for this was later seen in the struc- 
ture of the more completely preserved German species, 
Asteroxylon elberfeldense, Krüusel and Weyland’, the leafy 
stems of which were clearly shown to terminate in leafless 
sporangium-bearing branches. It is difficult, however, to 
know how much weight should be attached to this in- 
direct evidence which assumes a close natural relationship 
between the two plants. Although there are several 
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unquestionable points of resemblance, there are likewise | 


a number of well-marked differences the importance of 
which may require re-evaluation. Thus, while both leafy 
and leafless shoots of A. elberfeldense are circinately 
vernate, there is no suggestion of this in the case of A. 
mackiei. Furthermore, the tracheids of A. elberfeldense 
are scalariform or roundly pitted, while those of A. mackies 
have narrow spiral thickenings; and whereas the stele of 
the larger stems of A. elberfeldense is medullated, no pith 
is present in A. mackiei. So far as the Rhynie species is 
concerned there are histological difficulties in the way of 
matching-up the leafy and leafless shoots. In addition 
to marked differences in tracheid size, those in the 
leafless axes have never been found to exhibit any traces 
of wall thickening or pitting although very many examples 
have been carefully examined (cf. Kidston and Lang). 
The tracheids of the leafy stems of A. mackiet, on the 
other hand, frequently show clearly recognizable wall 
thickenings even when preservation, in other respects, is 
extremely poor. While these differences do not preclude 
the possibility that the shoots are closely related parts 
of the same plant, they certainly lend no direct support 
to such an interpretation of their nature. Assuming, as 
seems likely, that either one or the other of the two kinds 
of fertile axis belongs to Asteroxylon mackiei, available 
evidence tends to favour rather strongly the leafy rather 
than the leafless type. Indeed, it can be said that, had 
it not been for the sporangia, the new fossils would have 
been passed over without hesitation as young shoots of 
that plant. While certainty regarding their nature is 
clearly impossible owing to the fragmentary condition of 
the remains, the probability that they represent fertile 
branches of Asterozylon mackiei seems sufficiently high to 
justify provisionally assigning them to the plant in place 
of the leafless sporangiophorie axes. Consequent on this, 
the latter must be re-interpreted as reproductive portions 
of an incompletely known, but quite distinct, type of 
plant for which the name Nothia aphylla gen. et sp. nov 
is proposed. 

In its habit and anatomy A. mackiei has been com- 
pared with Lycopodium, and Scott? ventured to suggest 
that “were it not for the peculiar axes associated with it, 
[it] might be regarded as an early representative, or at 
least & precursor of the lycopod series". While the new 
fertile shoots (if correctly assigned) do not establish the 
plant as a lycopod, they appreciably and perhaps sig- 
nificantly increase its resemblance to one. 

A comparison can also be made, however, between the 
new sporangia and those of the leafless Zosterophyllum 
and it is possible to see in the leafy, fertile shoots a degree 
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of structural complexity which is, in certain respects, 
intermediate between that of & bractless spike of reniform 
sporangia (as, for example, in Zosterophyllum) and a 
typical lycopod strobilus of sporophylls. But in the 
present state of our knowledge it would be facile to 
suppose that these represent a series of evolutionarily 
related forms. 

Although the sporangia of Zosterophyllum are rather 
lycopod-like in their shape and manner of dehiscence (as 
Lang and Cookson! and Bower’ have pointed out), any 
connexion between the Zosterophyllaceae and the Lycop- 
psida, if it exists at all, may well be remote and indirect. 
Furthermore, while A. mackiei exhibits a number of 
morphological features which it would not be altogethor 
surprising to find in a lycopod precursor—particularly if 
conceived in terms of the enation theory—the historical 
record of the group seriously conflicts with such an inter- 
pretation of the plant. It must, therefore, be rejected 
unless the view is taken that at least some of the more 
simply constructed early Devonian plants may havo been 
relict types. 

A. G. Lyon 

Department of Botany, 

University College, 
Cardiff. 
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Thermophilic Fungi associated with Nigerian 
Oii Palm Produce 


Dugme the course of investigations into factors 
affecting the quality of palm kernels (that is, the kernels 
of the oil palm, Elaeis guineensis Jacq.) in Nigoria, it was 
observed that temperatures of the order of 60° C frequently 
developed within the stacks of undecorticated kernels 
that accumulated at oil mills’. It was further noted that 
fungal mycelia appeared to be growing profusely within 
these stacks. 

Routine isolations were made from the interiors of & 
number of such stacks, using a palm oil/peptone/agar 
medium, incubated at 30? C—a temperature near the 
normal Nigerian ambient. These yielded predominantly 
Rhizopus nigricans Ehrenberg and occasionally other 
lipolytic fungi commonly associated with oleaginous 
material in Nigeria’. 

Thermophilic fungi are frequently found in self-heating 
plant materials?*, In view of this, further isolations were 
made, using the’same medium, but incubating the isolation 
plates at 50°C. Under these conditions, an entirely 
different spectrum of fungal species developed. From 
thirty-six samples examined, originating from oil mills 
in various parts of Eastern Nigeria, one or more of three 
fungi were consistently isolated. A Thermomyces species 
(I.M.I. 96473) was found to be present in every case, 
Chaetomium thermophile La Touche (I.M.I. 96472) was 
present in twenty-seven of the thirty-six samples, and an 
ascosporic Penicillium sp. (I.M.I. 96474), similar to P. 
duponti Griffon et Maublanc emend. Emerson, in only 
five: no other fungi developed from any sample, at this 
temperature. 

C. thermophile was originally reported’ in the United 
Kingdom, as occurring on straw compost, and as having 
an optimal growth temperature range of. 40°-55° C. 
This species has also been isolated from coastal grassland 
soils in the United Kingdom*. P. duponti sensu stricto 
has previously been reported from retting guayale in 
California, when it had an optimal growth temperature 
range of 47°-50°C, and from fresh manure and wet 
hay in France’. The third organism appears to bg a now 
Thermomyces species, distinct from any previously re- 
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Table 1 
Temperature (*C) 
Optimum aximum Minimum 
Thermomyces sp. 42-47 60-61 31-35 
C. thermophile 47-52 60-61 26-30 
Penicillium sp. 48-52 58-59 31-35 


ported thermophilic Thermomyces species. A full descrip- 
tion of this species will be published elsewhere. 

The temperature/growth relationships found for the 
Nigerian isolates are as given in Table 1. 

All three organisms were found, by the use of an oil/nile 
blue sulphate agar medium’, to be actively lipolytic, 
and were also found capable of utilizing a variety of 
lipids as carbon sources. When tested on a cellulose- 
containing medium’, C. thermophile was found to be highly 
cellulolytic, while the other species wore not. 

These observations indicate that the three organisms 
are well adapted to growth in the highly specialized 
environment from which they have been isolated. In 
view of their lipolytic nature, these thermophilic fungi 
may play a significant part in the biodeterioration of oil 
palm produce during processing and storage’, which is 
& problem of considerable importance in Nigeria and other 
producer countries. 

H. O. W. Eaers* 
Department of Botany, 
University of Ibadan, 
Nigeria. 
D. G. Courszy Í 
West African Stored Products Research Unit, 
Port Harcourt, Nigeria. 


* Present address: Department of Biology, College of Advanced Tech- 
nology, Birmingham. 
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Influence of Nitrogen Nutrition on Bud 
and Rhizome Development in Agropyron 
repens L. Beauv. 


A PRELIMINARY investigation of the effect of the nitro- 
gen supply on the growth of Agropyron repens L. Beauv. 
showed that reducing the nitrogen level caused an increase 
in the number of rhizomes produced. This increase in 
rhizome production was associated with a marked sup- 
pression of tillering and seemed to have resulted from a 
tendency for buds to develop as rhizomes rather than as 
tillers at the lower nitrogen-levels. A further experiment 
was therefore designed to investigate this effect more 
critically. 

Seeds were germinated on moist filter paper at an 
alternating temperature of 15°-25° C and an 8-h photo- 
period. The seedlings were selected for uniformity when 
the coleoptile was approximately 1 cm in length and were 
planted in 5-in. plastic pots containing 16-mesh quartz 
sand previously washed with distilled water. The sand 
was irrigated with Hoagland’s solution! modified to pro- 
vide a low nitrogen-level of 2-1 p.p.m. and a high level of 
315 p.p.m., these concentrations being obtained by 
equimolar substitution of K,SO, and CaCl, for KNO, 
and Ca(NO;), 4H.O respectively. 

Twenty plants were grown at each of these nitrogen- 
levels throughout the experiment. A third set of plants 
was changed from the low to the high nitrogen-level when 


NATURE 


September 5, 1964 vor. 203 


the bud in the axil of leaf 1 had just emerged. Previous 
observations had established that this bud may develop 
either as a rhizome or as a tiller, being rather variable 
in this respect. In the present experiment the bud 
emerged from the base of the leaf sheath in 18 of the 
20 plants and was clearly developing as a rhizome. These 
plants received the increased nitrogen supply when the 
young rhizomes were still only 1-3 mm in length. In the 
two remaining plants of this treatment the bud developed 
as a tiller and the high nitrogen solution was provided 
when the tiller emerged from the top of the leaf sheath, 

The appropriate nutrient solutions were applied in 
excess at 2-day intervals, evaporation losses being replaced 
with deminoralized water. The experiment was conducted 
in the greenhouse during the autumn of 1963. A bank of 
sixteen 8-ft. ('Gro-lux') fluorescent tubes extended the 
photoperiod to 18 h and provided an additional light 
intensity of 1,500 ft.-candles. The temperature ranged 
from 13° to 40° C during the day and from 10° to 21° C 
at night. 

Final observations on bud development were recorded 
when the sixth leaf of the primary shoot had fully emerged. 
It is clear from the data in Table 1 that the mode of 
development of the bud in the axil of leaf 1 was largely 
determined by the nitrogen supply. At the low nitrogen- 
level, 90 per cent of these buds developed as rhizomes and 
5 per cent as tillers; whereas at the high level of nutrition 
these proportions were approximately reversed, only 
20 per cent developing as rhizomes and 70 per cent as 
tillers. 


Table 1. ExFEOT OP THE NITROGEN-LEVEL ON BUD AND RHIZOME 


DEVELOPMENT IN Agropyron repens L. BRAUY. 
The data refer only to the bud in the axil of leaf 1 
% buds* developing as: 


Rhizomes 
Nitrogen- with 
level Rhizomes terminal Tilers 
shoot 
Low 90 (18) 5 (1) 8 (1) 
High 20 (4) 10 (2) 70 (14) 
Low to hight 42 (8) 47 (9) 11 (2) 


* Number of buds shown in parenthesis, 
T Percentages based on 19 plants, one plant having died. 


Where a change from low to high nitrogen was made at 
the bud emergence stage 47 per cent of the young rhizomes, 
after reaching a length of 1-3 em, were transformed into 
shoots. The upward curvature of the rhizome which 
preceded the transition from rhizome to shoot development 
was first apparent 5-8 days after the nitrogen supply 
had been increased. 

Data on the behaviour of the bud in the axil of leaf 2 
showed a similar effect of the nitrogen supply. At the 
high nitrogen-level all these buds developed as tillers, 
while 45 per cent developed as rhizomes at the lower 
level. 

Subsequent experiments, in which similar nitrogen- 
levels were used, have given essentially the same results 
in spite of large differences in other environmental factors 
such as temperature and light intensity. It is therefore 
apparent that the nitrogen supply is a morphogenetic 
factor of considerable significance in bud development and 
seems likely to play an important part in controlling the 
balance between rhizome and shoot production. 

Rhizome behaviour in this species has also been exam- 
ined by Palmer’, who showed that the formation of a 
terminal shoot can be experimentally induced by orientat- 
ing the rhizome so that the apex points vertically upwards. 
He also showed that isolated rhizomes, which normally 
give rise to a terminal shoot, can be prevented from doing 
so and will continue to grow as rhizomes when rotated on a 
klinostat. This gravitational influence, when considered 
in relation to the well-defined nutritional effect revealed 
by the present experiment, raises the question as to whether 
these two effects are in some way related or whether the 
mechanisms involved are physiologically distinct. 
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It will also be of interest to determine the extent to 
which the results of the present investigation are applicable 
to other rhizomatous species. 

This work (Scientific Paper No. 2762) was conducted 
under Washington Agricultural Experimental Station's 
Project No. 1479. I thank Dr. T. J. Muzik for kindly 
providing the necessary facilities in his department. 

Q. I. Mcinryre* 
Department of Agronomy, 
Washington State University, 
Pullman, Washington. 

* Present address: Canada Department of Agriculture, Research Branch, 
Experimental Farm, Rogina, Saskatchewan, 
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A Semi-quantitative Method of Counting 
Nematode-trapping Fungi in Soil 


TEE usual method of observing nematode-trapping 
fungi in soil, as outlined by Duddington!, consists of 
sprinkling soil in a Petri dish, dispersing in cool but still 
liquid agar medium, and then examining the whole dish 
for the trapping structures of these fungi after several days 
ofineubation. Because of the unevon size and distribution 
of soil particles, and the large area to be examined, this 
method is difficult and unreliable as a means of estimating 
numbers of trapping fungi present. Howevor, as outlined 
here, an adaptation of this method can be used to obtain 
semi-quantitativo estimates. 

As a first step in this method, each soil sample is reduced 
to a slurry or mud of even consistency by mixing in a 
Waring blender with an approximately equal volume of 
water. A 0-5-ml. aliquot of each slurry is then pipetted 
into an empty Petri dish and disporsed in 30 ml. cooled but 
still liquid 3 per cent water agar. Long narrow strips 
(8mm x 60 mmareconvenient) of the hardened soil—agar 
mixtures are cut from these dishes by means of two scalpels 
tied together with blades parallel. These strips are trans- 
forred by spatula to the centres of empty Petri dishes, 
and the plates are then flooded with 30 ml. of ‘Difco’ corn 
meal agar adjusted to 10 per cent of the specified concen- 
tration of nutrients. Finally, l-ml. volumes of a water 
suspension of saprophytic nematodes are pipetted over 
the soil—agar strips. Tho dishes are then set aside to 
incubate. 

Several species of saprophytic nomatodes from soil can 
bo grown in Petri dishes in an agar medium supporting 
good growth of common soil bacteria on which the nema- 
todes feed?. The nematodes can later be extracted from 
this medium by a modified Baermann funnel? and 
standardized to approximately 1,000 nematodes per ml. 
of water. 

After several days of incubation, the soil—agar dishes 
are examined for the presence of trapping structures in 
hyphz which have grown out from the soil—agar strips. 
Provided these examinations are made in areas close by 
and parallel to the soil—agar strips, and before extensive 
branching of hyphe has occurred, it is generally possible 
to distinguish between hyphe originating fromseparate loci 
within the strips. Suchhyphe bearing oneormore trapping 
structures are each given a count of one. The low nutrient 
content of the corn meal agar is a distinct aid in these 
oxaminations, both in reducing the extensiveness of 
branching in hyphæ of trapping fungi, and in reducing 
growth of contaminating fungi. 

By standardizing the procedure described here, counts 
por dish can be converted to counts per gram of soil. They 
are then directly comparable to other microbial counts 
obtained by conventional soil-dilution plating techniques. 

We have obtained estimates of nematode-trapping fungi 
in soil from a replicated field-plot experiment in which 
soil-treatment variables consisting of plant trash incorpora- 
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tion and nematocide fumigation both significantly affected 
populations of these fungi. 
We thank the Director of this Institute for permission 
to publish these results. 
Howarp W. KLEMMER* 
RICHARD Y. Nakano 
Pineapple Research Institute of Hawaii, 
Honolulu, Hawaii. 
* Present address : University of Hawaii, Pacific Biomedical Researc}. 
Centre, Honolulu, Hawaii. 
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Induction of Phototaxis in Chlamydomonas 
snowiae by Indolyl-3-acetic Acid and Ethylene- 
diamine Tetraacetic Acid 


Iw a previous report it was shown that acctic acid 
and certain other substances could prevent a photo- 
tactic response of cells of Chlamydomonas without impair- 
ing their motility!. It was of interest to see whether the 
reverse action could also be obtained, that is, to induce 
phototaxis in motile cells which do not respond to light. 
It will be shown that indolyl-3-acetic acid (IAA) and 
ethylenediamine tetraacetic acid (EDTA) induce such 
responses. 

Tho cultures of Chlamydomonas snowiae were grown and 
handled, and phototaxis was measured as previously de- 
seribed!. The medium containing the algae was 
adjusted to the required pH with hydrochloric acid or 
potassium hydroxide. In the controls phototaxis was 
then assayed while to the experiments a suitable amount oi 
the reagent was added and the pH checked again. 

The effect of LAA on the phototactic response of a fully 
motile culture of Chlamydomonas snowiae is shown in 
Table 1. The response to LAA is seen to be dependent on 
concentration and pH. Clearly IAA is effective in the 
non-ionized form, presumably because it is this form which: 
penetrates into the cell. IAA at concentrations between 
10- and 10-4 M was able to induce phototaxis at pH 6-( 
in about 45 out of 50 replicates of the experiments. Ina 
few cases, about 5-10 per cent of the replicates, it failed 
to induce phototaxis in motile culture, apparently because 
lack of phototactic response was due to other causes 
Analogues of IAA, indole butyric acid and indole pro 
pionic acid as well as naphthalene acetic acid and 2,4 
dichlorophenoxyacetic acids were also effective, bui 
higher concentrations were required and the induction of 
response was less consistent than with IAA. 


Table 1. INDUCTION OF PHOTOTACTIC RESPONSE BY JAA AT VABIOU- 
CONOBNTRATIONS AND VARIOUS pH 

pH 5-4 5-6 58 61 6-3 
IAA 

onc. M 

0 (control) - - - - - 
10+ +++ +++ +++ +++ +47 
2:105 ++ +++ +++ + - 
10> +++ ++ ++ = - 
10-* t £ = = = 


—, no response. 


Not only did IAA induce phototaxis, but it was also 
able to reverse to a considerable extent the inhibitor) 
action of acetic acid on the phototactic response, The 
phototactic response of a culture responding well to light 
was inhibited by the addition of acetic acid at pH values 
between 6:0 and 5:2. Addition of 10-* M IAA did not 
reverse the inhibitory action. However, when the IAA. 
concentration was raised to 10- M, then phototaxis wa~ 
fully restored between pH 5:8 and 5-4 and almost fully at 
pH 6:0 and pH 5-2. IAA did not reverse the action of 
detergents such as "Tween 80’ on phototaxis. Revorsa! 
of inhibitory effects could also not be obtained consis- 
tently by the IAA analogues. 

Other compounds were tested for their ability to induce 
phototaetie response in motile, non-responding cultures of 


+, positive response. +++, very strong response. 


1086 


Chlamydomonas; EDTA at a concentration of 6 x 10-5 M. 
and 10-5 M had the same effect as IAA. At higher con- 
centrations, 10-4 M. and above, EDTA inhibits motility of 
the organism. The action of EDTA was not so sharply 
pH dependent as that of IAA, being equally effective at 
pH 6-0 and 5:6 at a concentration of 5 x 10-5 M. 
It is at present difficult to conjecture about the possible 
mode of action of IAA and EDTA in inducing phototactic 
responses and in reversing the inhibitory action of acetic 
acid. Probably IAA does not act here as a conventional 
hormone. Although both IAA and EDTA can act as 
chelates, for example, of calcium it seems unlikely that 
they do so here, in view of the pH range in which they are 
active and the very weak chelating capacity of IAA. 
However, it must be noted that IAA and EDTA may be 
regarded as derivatives of acetic acid. This, together with 
the interaction of IAA with the latter, makes it possible 
that they compete for some specific site within the 
flagella or cell. This site would determine the correct 
translation of the impulses sent from the light receptor 
into the flagella. Correct translation results in flagellar 
beat such as to orient the organism toward the light; 
prevention of translation also prevents oriented move- 
ment. 
I. CHORIN-KRSH 
A. M. MAYER 
Department of Botany, 
Hebrew University, 
Jerusalem. 

1 Stahl, N., and Mayer, A. M., Science, 141, 1282 (1968). 

* Mayer, A. M., and Poljakoff-Mayber, A., Phys. Plant, 19, 8 (1959). 

` Sachs, T., and Mayer, A. M., PRycologia, 1, 160 (1961). 


4 Actions and Dosage of Chloralose 


Many books recommend chloralose as an anzsthetic 
for laboratory animals and give a dosage rate of 40-80 
mg/kg body-wt.; the drug is considered particularly 
useful for animals in which autonomic reflexes are to be 
preserved. I have recently carried out a series of experi- 
ments in the dog and rabbit, and in no case did surgical 
anesthesia result from intravenous injections of 70 mg/kg 
or less. If chloralose was used after induction with ether 
slight improvement was seen, but surgery was still not 
possible. The heart rate was slowed by 30 per cent in 
these experiments and excessive secretions caused respira- 
tory embarrassment. 

The action of chloralose has not been well understood 
in the past: “The action is a remarkable one, for the 
animal does not appear to pass beyond a stage of narcosis, 
and paddling movements of the legs or nodding of the 
head may appear throughout. . . . It is suggested that the 
condition is possibly one of hypnosis superimposed on 
narcosis, rather than anesthesia’+. Electrocorticographic 
recordings now show that it makes the Betz cells sus- 
ceptible to sensory stimuli?, and that the convulsive 
response to slight stimulus which readily occurs under 
chloralose is a cortical reaction, for ‘‘chloralose, like the 
convulsants, facilitates transmission in & reflex arc includ- 
ing the cortex"?, Grieg described these convulsions as 
"strychnine-like". Shukla e£ al.5, studying its effect on 
autonomie reflexes, found that it slowed the heart rate 
by 50 per cent, while Kochmann?* found that “‘it reinforces 
some actions of epinephrine and acts like atropine in 
reducing vagal activity”. 

In view of the fact that chloralose does not affect the 
electrical activity of the brain in the same way as other 
drugs known to be general anesthetics, and bearing in 
mind that it does not leave autonomic reflexes unaltered, 
it would seem that some substitute should be sought for 
this drug; a great variety of new substances acting on the 
central nervous system have been developed since the 
Secend World War, and traditional procedures may not be 
justified in the light of present knowledge. The fact that 
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chloralose is not used in human medicine casts further 
doubt on the validity of its use as an anesthetic for 
laboratory animals. 
Puyuuis G. CROFT 
Universities Federation for 
Animal Welfare, 
7a Lamb’s Conduit Passage, 
London, W.C.1. 
1 Wright, J. G., and Hall, L. W., Veterinary Anesthesia, fifth ed., 209 
(Bailliére, Tindall and Cox, London, 1961). ^" 
? Adrian, E. D., and Moruzzi, G., J. Physiol., 97, 158 (1939). 


? Hill, D., and Parr, G., Electroencephalography, first ed., 184 (MacDonald, 
London, 1950). 


a Griog, J. R., Hoare's Veterinary Medicine and Therapeutics, fifth ed., 194 
(Baillière, Tindall and Cox, London, 1983). 


5 Shukla, R. C., et al., Indian J. Physiol., 18, 17 (1962). 


€ Kochmann, review quoted in Sollmann’s Manual of Pharmacology (Saunders, 
London, 1936). 


Some Negative Results in the Search for a 
Lethal Effect of Magnetic Fields on 
Biological Materials 


DuRrNG recent years there has been an increasing 
number of reports in the literature of the ability of 
magnetic fields to affect biological systems. Gerencser 
and Barnothy! noted differences from control of cultures 
exposed. to 15,000 gauss, while Butler and Dean? found 
growth inhibition in tissue culture of KB cells exposed to 
4,000-gauss magnetic fields. Maclean’, using intense and 
‘mild’ magnetic fields of unspecified strengths, reported 
various effects on tumour-bearing mice, but since only 12 
animals were used for the entire investigation and these 
were divided into 3 groups, the results can have no 
statistical significance. Negative reports have appeared 
too, and in the most recent of these Halpern and Greene! 
reported that the growth rate of HeLa cells cultured in a 
1,200-gauss magnetic field was not significantly different 
from controls. This communication extends this negative 
finding to much higher magnetic field strengths. Three 
separate experiments were performed, using HeLa cells 
cultured in vitro. 

The cells were cultured by the methods described else- 
whereé. In each experiment 200 cells were inoculated 
into either 50 mm ‘Falcon’ plastic Petri dishes or into 
‘Falcon’ plastic culture flasks. Two containers were 
reserved for controls and two were subjected to a magnetic 
field for various lengths of time as detailed here. The 
cells were afterwards incubated for 10 days at 37° C in an 
incubator continuously flushed with a mixture of 5 per 
cent carbon dioxide and 95 per cent air. At the end of this 
period the cells were fixed with 10 per cent formalin in 
normal saline, stained with crystal violet, and the number 
of macroscopic colonies on each dish or flask counted. The 
following treatment conditions were used. 

(a) A steady field of 5,000-gauss was obtained with a 
permanent magnet having 2-in. diameter pole pieces which 
were just large enough to cover the 50 mm plastic Petri 
dishes. The magnet was mounted inside the incubator 
and the treated plates were subjected to the magnetic field 
throughout the 10-day period of incubation. The control 
plates were kept in the same incubator at approximately 
12 in. from the pole pieces. Approximately 150 colonies 
were counted in each dish, but there was no significant 
difference between the number of colonies counted on the 
treated against the control dishes (Table 1). There was 
no obvious difference in the size of the colonies, or their 
morphology. 

(b, c) To obtain stronger magnetic fields, it was necessary 
to use electromagnets. Consequently it was not possible 
to mount the magnets inside the incubator and, for this 
and other reasons, treatment times were much shorter. 

In one experiment an electromagnet was used which 
had tapered pole pieces, 4-in.—2-in. diameter, with a gap 
between the poles of 15 mm. Two culture flasks were 
exposed to a magnetic field of 27 kilogauss for a period of 
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Table 1 X of this algae were grown in Guillard's medium f (ref. 6) 

o. of No. of s s x . n H s 
Field Time colonies colonies and maintained in a light régime of 12 h of illumination 
Exp. strongia " er a. on control oi end (600 ft.-candles from ‘cool white’ fluorescent tubes) 
S id flask fiask alternating with 12 h of darkness. When the cultures 
(a) 5,000 10 days 150 149 approached the stationary phase of growth, periodic 
Q) 27,000 Ad 1 153 measurements of photosynthesis were commenced. At 
, 180 165 the midpoints of each light and dark period, 3 or 4 10-ml. 
e 77,000 15 min 143 i samples were withdrawn from a parent culture and in- 


l h. In another experiment, two culture flasks were 
placed inside a solenoid, 2-in. diameter, and exposed to a 
magnetic field of 77 kilogauss for a period of 15 min. In 
both cases control cultures were handled in a similer 
manner except that the magnets were not energized. In 
both experiments, approximately 160 colonies were 
counted on both treated and control flasks, there being no 
significant difference between them, either in cell number 
or morphology (Table 1). 

It would seem, therefore, that gross lethal effects on 
mammalian cells are not produced either by powerful 
magnetic fields applied for short periods, or by lower field 
strengths extending over many cell generation times, 
The work recorded here is subject to the same funda- 
mental limitation as previous reports in the literature— 
namely, the necessity of using permanent magnets for long- 
term experiments, with a consequent limit to the field 
strength of 5-15 kilogauss. For fields higher than this, it is 
necessary to use electromagnets which consume such vast 
quantities of electrical power that long-term experiments 
are out of the question. An obvious alternative would be 
to use super-conducting magnets, which can provide fields 
of the order of 50 kilogauss for extended periods at a 
nominal cost. 

We thank Dr. F. Ellis for his advice; Prof. B. Bleaney 
for the use of the facilities in the Clarendon Laboratory; 
Dr. N. Kurti and Mr. M. F. Wood for the use of the high- 
power solenoid; and Mr. J. Good for assistance in the 
high-field experiment. 

Erro J. HALL 
JOEL S8. BEDFORD 
Radiotherapy Department, 
Churchill Hospital, 
Oxford. 

MICHAEL J. M. LEASK 

Clarendon Laboratory, 

University of Oxford. 


1 Gereneser, V. F., and Barnothy, M., Nature, 193, 1248 (1902). 
* Butler, B. C., and Dean, W. W., Nature, 198, 1243 (1962). 

a Maclean, K. S., Obstet. and Gyn., 14, 597 (1059). 

* Halpern, M. H., and Greene, A. E., Nature, 202, 717 (1964). 

5 Hall, E. J., and Bedford, J. S., Rad. Res. (in the press). 


A Persistent Diurnal Rhythm in 
Photosynthetic Capacity 


Iw 1939, Meyer! discovered a daily rhythm in the rate 
of photosynthesis in Ceratophyllum, a fresh-water angio- 
sperm. In 1957, similar rhythms were found in natural 
populations of marine phytoplankton??. Four years later, 
Hastings et al.*, working on the photosynthetic-capacity 
rhythm in the marine dinoflagellate Gonyawlax, demon- 
strated that these rhythms would persist for a few days 
in the laboratory in the absence of day-night environ- 
mental cycles, that is, in continuous dim illumination and 
constant temperature. Negative evidence was presented 
by Blinks and Givan’, who performed experiments which 
suggested the absence of photosynthetic rhythms in 13 
species of marine littoral algae. In view of the different 
results, we have undertaken comparative investigations 
in an attempt to establish the distribution of persistent 
rhythms in marine flora. 

Pure cultures of the marine diatom, Phaeodactylum 
tricornutum, were used in the work reported here. Cultures 


cubated with 1 uc. Na,0110; for 15 min at 600 ft.-cundles. 
Usually, one of these samples served as a ‘dark bottle’ 
control, that is, it was incubated in the dark and used to 
correct for any adsorption of carbon-14 on tho colls, etc. 
At the end of the incubation period the reaction was 
stopped by adding 2-ml. 1 N hydrochloric acid to tho 
sample; the cells were then collected on a ‘Millipore’ 
filter, washed with 5-ml. 0-1 N hydrochloric acid, dried 
in a desiccator, and the uptake of carbon-14 measured. 
Concurrently, aliquots of the culture were extracted with 
methanol and the chlorophyll æ content determined 
spectrophotometrically. Cell counts were also mado at 
each sampling time. 

This method measured the capacity, or the rate, at 
which the algae could maintain photosynthesis under & 
given set of conditions; and, in tho experimental design 
described here, compared the rate at which photosynthesis 
could proceed at night (when, of course, the photo- 
synthetic machinery is normally inactive) with the mid- 
day rate. Fig. 1 shows the results of these measurements ; 
photosynthesis was maximal during the light period and 
minimal during the dark period, the difference being 
more than three-fold. (Using identical methods, we found 
a similar rhythm in the dinoflagellato, Gymnodinium 
nelsoni.) It is clear that some physiological change must 
have taken place in the cells, which resulted in an altered 
capacity of the cells to maintain photosynthesis. This 
change could have been induced in the cells by the 
different light conditions to which they were subjected 
(either 6 h of light or darkness) immediately prior to the 
time at which the rate-measurements were made; or the 
fluctuations could be controlled by a biological clock, 
the oscillations being relatively independent of light— 
dark cycles. By following photosynthesis in cells main- 
tained in continuous illumination—as was dono in the 
next experiment—this problem was resolved. 

Cultures were now first grown in alternating cycles of 
light and darkness for 10 days and then placed in either 
continuous darkness or in various intensities of continuous 
light. On tho 2 days prior to placing the cultures in static 
conditions, periodic photosynthetic-rate measurements 
were made to make sure a rhythm was present; this done, 
the cultures were then placed in continuous light or dark- 
ness at & constant temperature (15° C). As before, and 


c.p.m. x 10* 





12 24 36 48 60 72 34 96 
Time (h) 
Fig.1. Photosynthetic-eapacity rhythm in Phaeodactylum tricornutum. 
Shaded blocks along abscissa represent times of darkness; open blocks 


represent periods of light (600 ft.-candles). Ordinate, amont of 
radioactive carbon assimilated 
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Table 1. CHLOROPHYLL a CONTENT OF 10-ML. SAMPLES OF Phaeodactylum 
tricornutum CULTURES (uG CHLOROPHYLL/ML.) 


Light period Dark period 
Light treatment z S.D. g S.D. 
Constant darkness 1'16 0:05 1:12 0-10 
20 ft.-candles 1:37 0-18 1:54 0-23 
40 ft.-candles 1:52 0-26 1:58 0-29 
80 ft.-candles 1:44 0-21 1-60 0-21 


#, mean of 4-5 ehlorophyll determinations. S.D., standard deviation. 


in exactly the same manner, photosynthetic rates were 
determined at 12-h intervals. The results are seen in 
Fig. 2. In constant darkness the rhythm is not expressed. 
At 20 ft.-candles, one oscillation—about halved in ampli- 
tude—occurs and then all indication of the rhythm dis- 
appears. At 40 and 80 ft.-candles, the rhythm will persist 
for at least three cycles and is characterized by a gradual 
damping out. As is universally the case of biological 
rhythm, continuous bright light (600 ft.-candles in this 
case) inhibits the expression of the rhythm. 

The photosynthetic rhythm could woll be an indirect 
result of an underlying rhythm in photosynthetic-pigment 
content. Mitrakos ef al.” have demonstrated tho presence 
of just this sort of rhythm in the angiosperm Perilla 
ocymoides. They found that the carotenoid and the 
chlorophyll a and b content of this plant fluctuated in a 
diurnal pattern; and that these rhythmic fluctuations 
would persist in constant light and temperature. Yentsch 
and Ryther? also found diurnal variations in chlorophyll 
content and in the rate of chlorophyll synthesis, the 
maxima of which corresponded to the maxima in the 
photosynthetic rhythm they were investigating. On the 
other hand, Hastings et aL*, working on the photo- 
synthetic rhythm in Gonyaulax, found no change in either 
the peridinin (the main carotenoid of this dinoflagellate) 
or the chlorophyll content, which corresponded to the 
rhythm in photosynthesis. Doty and Oguri? report 
similar findings. Table 1 depicts the differences that we 
found in chlorophyll a content in the various points of 
the cycles reported here. It is obvious that these differ- 
ences are not responsible for the photosynthetic rhythm 
in Phaeodactylum; in fact, the day-time chlorophyll values 
were slightly lower than the night-time ones; but, as can 
be seen from the size of the standard deviations, the values 
are not significantly different from one another. 

The data also suggest a rhythm in cell division, for 
virtually all increases in cell number took place during 
the last half of the dark period and the first half of the 


o.p.m. x 10¢ 


48 60 72 84 96 


Time (h) 


Fig. 2. Persistent nature of 
intensities. 

* of illumination (light intensities indicated on figure). 
radioactive carbon assimilated 
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hotosynthetic-capacity rhythm In various light 
Shaded areas are times of darkness; open bars represent periods 
Ordinate, amount of 
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light period. Population increases also continued to 
take place in the same manner in constant conditions. 
Sweeney and Hastings? have reported a similar rhythm 
in Gonyaulaz. 
We thank Dr. R. Guillard for providing the cultures. 
This work was supported by grants from the University 
of Illinois (to J. D. P.) and from the National Institutes 
of Health. 
Jouw D. PALMER 
Department of Biology, 
New York University, 
University Heights, 
New York. 
Lavra LIVINGSTON 
Department of Biochemistry, 
Yale University, 
Now Haven, Connecticut. 
Fr. DENNIS Zusy 
Department of Biology, 
Northwestern University, 
Evanston, Illinois. 
1 Meyer, F. S., Amer. J. Bot., 26, 755 (1989). 
3 Doty, M. S., and Oguri, M., Limnol. Oceanogr., 2, 87 (1057). 
? Yontsch, C. S., and Ryther, J. H., Limnol. Oceanogr., 2, 140 (1957). 


* Hastings, J. W., Astrachan, L., and Sweeney, B. M., J. Gen. Physiol., 45, 
69 (1961). 


* Blinks, L. R., and Givan, C. V., Biol. Bull.,121, 230 (1901). 


* Media for Isolation of Maintenance of Marine Algae. Woods Hole Oceano- 
graphic Institution; Woods Hole, Mass. (1961). 


iuri K., Bünning, E., and Eberhardt, F., Z. Naturforsch., 19b, 813 


* Sweeney, B. M., and Hastings, J. W., J. Protozool., b, 216 (1958). 


VETERINARY SCIENCE 


Enzootic Abortion of Ewes 


Enzootic abortion of ewes (EAE) was originally 
described in Scotland by Stamp ef al. in 19501, and since 
then the disease has been recognized in several other 
countries including the United States. The diseaso has 
recently been observed in California?. A somewhat 
analogous disease of cattle—epizootic bovine abortion 
(EBA)—has been recognized in this State for many years. 
Both diseases are caused by members of the psittacosis 
lymphogranuloma-venereum (PLGV) group of agents. 
The placenta is the primary site of predilection for the 
multiplication of the EAE agent, and the resulting 
placentitis is presumed to lead to abortion. 
In EBA, placentitis, although occasionally 
present, is not so obvious as the changes 
in the foetus itself which include a general- 
ized vasculitis with widely distributed 
petechie and focal, generalized hyperplasia 
of theretieuloendothelialsystem?. The birth 
of premature, weak young, many of which 
fail to survive, is a feature of both diseases. 

During investigations primarily concerned 
with the cattle disease, pregnant ewes were 
inoculated with the agent of EBA. The 
resulting syndrome in these ewes differed 
in no substantial way from that of EAE. 
We did, however, recognize histological 
changes in the aborted ovine fostuses. 
Afterwards, EAE was recognized as a natur- 
ally occurring disease in local sheep and the 
EAE agent was recovered. A group of 
pregnant ewes was inoculated with this 
agent, and when these ewes later aborted 
tissues from their foetuses were also exam- 
ined. It is our purpose here to describe 
briefly the histological changes which have 
been observed in ovine foetuses aborted as a 
result of infection with either EBA or EAE 
agents. 

No gross lesions were observed in the 
aborted foetuses although some, which had 
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Fig. 1. Perivascular accumulation of reticuloendothelial cells in the 
liver of a lamb fœtus infected with epizootic bovine abortion agent. 
The discrete, darkly staining cells are hemopoietic elements 


died and autolysed in uéero, had blood-stained fluid in the 
serous cavities. Microscopically, focal accumulations of 
reticuloendothelial cells were present in the organs and 
tissues of most aborted foetuses. In some foci, particularly 
where necrosis was present, moderate numbers of neutro- 
phils were also present. The foci were always oriented 
around blood vessels, and in the liver these reactive cells 
formed thick cuffs around the vessels of the portal triad. 
Any tissue of the body could be involved in any one foetus, 
but the distribution, size, and incidence of the changes 
were not consistent. The liver was the organ most regu- 
larly involved. The proliferated reticuloendothelial 
elements were often present with the more darkly staining 
hemopoietic cells (Fig. 1). Differentiation was usually 
possible on the basis of distribution and tinctorial quality. 
Among the other organs in which these reactive foci were 
observed were : lung, kidney, spleen, lymph node, heart 
muscle, and skeletal muscle. Occasionally, aborted 
foetuses did not have demonstrable changes in their 
internal organs even though typical elementary bodies 
were observed in placental smears. 

In parallel with the histological examinations, isolation 
of the agent from various foetal tissues in the yolk sacs 
of embryonating hen eggs confirmed the presence of the 
agent in those tissues in which the pathological changes 
‘were occurring. Complement fixation tests on the sera of 
the dams, bacteriological examination of fcetal tissues 
and inoculation of pregnant ewes with normal yolk sac 
material further confirmed that the changes present in 
the aborted fcetuses were in fact the result of invasion by 
either the EBA or the EAE agent. 

It should be emphasized that placentitis is the major 
pathological change seen when pregnant ewes are infected 
with either EAE or EBA agents, but the presence of 
lesions in the internal organs of lambs born to infected 
ewes may be important in the neonatal mortality seen 
in EAE. It is unlikely, however, that these changes are 
& specific response. Indeed, similar changes have been 
described in lamb foetuses aborted as the result of toxo- 
plasmosist In general a period of at least 60 days 
intervenod between experimental inoculation of EAE or 
EBA agents and expulsion of the fetus. It is felt that 
there is an immunological basis for the lesions related to 
the engulfment of antigen by reticuloendothelial cells. 
Because the antigen persists and increases within the cell 
it is not in fact effectively removed by the macrophages. 
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The generalized distribution of the changes in the foetus 
indicates that invasion of the foetal blood stream occurs. 
These observations again direct attention to the very 
close relationships that exist among various members of 
the PLGV group of agents—particularly those that have 
been implicated in various diseases in ruminant animals. 
We thank Dr. D. G. McKercher for his co-operation. 
This work was supported by grants from the U.S. National 
Institutes of Health and the U.S. Department of 
Agriculture. 
M. J. StuppERT 
P. C. KENNEDY 
"University of California, 
School of Veterinary Medicine, 
Davis, California. 
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Inhibitory Effect of Lactation on the Breeding 
Activity of the Ewe 


Iw the course of investigations on the natural breeding 
activity of a flock of ‘Clun’ sheep on the College Farm, 
37 cases have been recorded, over several seasons in which 
entire rams have run continuously with the flock, of ewes 
lambing in one season and conceiving again in the same 
season. Some of these ewes have lambed in the autumn 
and conceived again in the winter, and others have lambed 
in the late winter and conceived again in the spring. 

From results available it is possible to compare the 
inhibitory effects of lactation on renewed breeding activity 
according to time of lambing. This is shown in Fig. 1. 

Of 21 ewes considered to be autumn Jambers, all were 
successfully mated again during the winter with a mean 
number of days from lambing to next conception of 
41-86 + 2-29 days. Moreover, with the exception of one 
ewe which lost its single lamb at birth, all these ewes were 
in full lactation at the time of next conception. The mean 
autumn lambing date was November 2 + 6-72 days. 

Of 16 ewes considered to be late winter lambers, which 
were successfully mated again in the spring, the mean 
number of days from lambing to next conception was 
137-6 + 4-78 days. All the ewes lambed by January 30, 
the mean lambing date being January 13 + 2-25 days, 
and the majority, 13 out of 16, were weaned completcly 
by April 16. In the case of one ewe, partial weaning 
occurred on April 16 by the removal of a larger lamb 
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from a set of twins, allowing & considerably smaller lamb 
to romain for a much longer period extending beyond the 
next conception. In the case of the remaining two ewes, 
which were not weaned until mid-summer, conception 
took place while they were still suckling. The mean 
number of days to weaning of 13 completely weaned ewes 
was 76 + 3:50 days and from weaning to next conception 
61:8 + 3-96 days. 

Twenty-eight flock contemporaries. also lambed in 
January and were weaned by April 16; but they failed to 
breed again in the same season. 75 others either lambed 
later than January 30 or were weaned later than April 16, 
or both. None of these bred again in the same season. 

The difference between the mean ‘concoption periods’ 
(the number of days from lambing to fertile mating) for 
the autumn and late-winter lambing groups is very highly 
significant (P < 0-001) and the change appears to be a 
very abrupt one occurring at about the turn of the year. 

It has not been possible to discriminate between 
accidental failure and physiological inability to breed. 
The measurement of renewed breeding activity in terms 
of actual conception, that is, of effective mating, may thus 
include a component of error in respect of returns to 
servico due to any accidental failure to conceive (or to 
early embryonic loss), On the other hand, simply to 
accept mounting by the ram as an indication of renewed 
ability to breed could be wholly misleading. Some of 
these ewes have been pursued or mounted by the ram 
within 24 h of parturition—others within a few days. In 
fact, one new-born lamb was lost due to the persistent 
interference of a ram. But it is very unlikely that mating 
at such an early stage would be successful and it could 
not be concluded from mating behaviour by itself that 
the inhibitory effect of lactation on further breeding 
ability had ceased. Nevertheless, it is interesting to 
speculate that, in certain cases among the 21 autumn 
lambers, for example, the longer ‘conception periods’ 
might be attributable to accidental failure to conceive at 
an earlier cestrus, since, in the four cases where the time 
to successful mating was 49 days or more, subtraction of 
average cycle lengths would reduce their recorded ‘con- 
coption periods’ to approximately 38, 36, 33 and 31 days, 
bringing them very close to a revised mean of &pprox- 
imately 37 days. 

The effect of ‘lactation ancestrum’ thus appears to be 
markedly different between the two halves of the breeding 
season. During the period of shortoning day-length the 
increasing intensity of breeding activity may be sufficient 
partially to offset the effects of ‘lactation ancestrum’, 
which then reassert: its influence as the days begin to 
lengthen, and breeding intensity declines. 

It is concluded that the pattern of the breeding behavi- 
our of ‘Clun’ ewes is not wholly inflexible but can to 
some extent be manipulated by management practices, 
particularly early lambing coupled with carly weaning, 
which in this case has resulted in a high proportion 
(16/44 or 36:4 per cent) of the ewes so treated conceiving 
again in the same broeding season. 

The genetic aspects of this matter and the possibility 
of selecting for individuals more likely to conceive again 
after lambing have yet to be examined further. 

J. L. LEES 
Department of Agriculture (Animal Husbandry), 
University College of Wales, 


Aberystwyth. 


ENTOMOLOGY 


Secretory Activity in the Corpora Allata of 
Worker Honey-bees (Apis mellifera L.) 
Tue corpora allata are among the endocrine organs in 


insects controlling larval development!. These organs 
are also active in the adult stage, exerting effects on 
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metabolism and in some insects on the reproductive 
organs?. ` 
Volumetric measurements of the corpora allata in adult 
bees have shown them to be almost twice as large 
in worker as in queen bees, but no conclusive evidence of 
secretory activity has been noted?-*. In recent work on 
the salivary glands in worker bees such secretory activity 
of the corpora allata was observed, and is reported here. 


Table 1. RESULTS OF THE EXAMINATION OF THE CORPORA ALLATA OF WORKER 
BEES AFTER VARIOUS FIXATIVES 


No. of bees with secretion 


No. of bees granules in the cells of 
Fixatives examined the corpora allata 
Boutn’s (alcoholic) 84 3 
Formalin (neutral) g 30 2 
Zenker's (acetic acld) 52 4 
. Total 166 9 


Adult worker bees from a normal honey-beo colony were 
fixed at daily intervals in alcoholic Bouin's, neutral 
formalin and Zenker's fixatives. The age of thesə insects 
ranged from 1 to 25 days after emergence. After embedding 
in methacrylate the specimens were sectioned at 8 microns 
by the use of the tape method’. The histological material 
was stained by the standard hematoxylin and eosin 
method or Gomori’s chromium hematoxylin-phloxin 
stain’. From a total of 166 bees examined, 9 animals 
(5-4 per cent) showed phloxinophilie granules within the 
cytoplasm of the cells of the corpora allata. Such granules 
were seen with all fixatives and stains, as reported in 
Table 1, and illustrated in Fig. 1. The granules within 
the cells of the corpora allata were noted principally in 
bees between the ages of 18 and 25 days; in two instances, 
however, the granules appeared in worker bees at 2 and 
5 days following emergence. The phloxinophilic granules 
were observed near the nuclei of the cells. The struc- 
turo of such nuclei was quite different from that of 
nuclei in cells lacking secretory granules. The chromatin 
was concentrated at the marginal portion, leaving the 
central area either ‘empty’ or occupied by one large or 
several small phloxinophilie inclusions (Fig. 1). "These 
inclusions may be nucleoli. 

The secretion grenules appeared to be a product of the 
corpora allata; in no instance was it observed that the 
granules originated from some other source (that is, the- 
brain or the corpora cardiaca). 

It is possible that the granules are released from the 
corpora allata into the blood. The physiological impor- 





Fig. 1. Photomicrograph of a corpus allatum of an adult worker bee 

showing secretion granules (sg), nucleus (n) and nuclear incluslon (nt). 

Thickness of section, 84; fixative, alcoholic Bouin's; stain, Gomorl's. 
chromium hematoxylin 
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tance of this secretion is unknown, &nd since the secretion 
granules were seen in only & few worker bees, it is difficult 
to interpret their significance. However, this communica- 
tion supports the claims of other investigators that the 
corpora allata are secretory organs in adult worker bees. 
J. E. J. HABOWSKY 
Department of Zoology, 
University of Windsor, 
Windsor, Ontario. 
W. E. BECKEL 
Department of Zoology, 
University of Toronto. 
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MICROBIOLOGY 


Antibiotic Sensitivity and Bacterial Numbers 


Ir is known that the size of inoculum affects results in 
tests of bacterial sensitivity to anbibioticst?. This is due 
to individual differences in the bacterial population; the 
greater the number exposed to a certain concentration of 
antibiotic, the greater the likelihood that one organism 
may grow out. 

Experiments were carried out in order to establish a 
quantitative rolationship between size of inoculum and 
inhibiting concentration of antibiotic. Two antibiotics, 
penicillin and streptomycin, and seven strains of Staphylo- 
cocci (epidermidis, aureus, 52A, 79, 80, 81 and MG, a 
clinical isolate), were investigated. The dilution method 
was used. Each test-tube contained 10 ml. ‘Trypticase 
Soy Broth’ (Baltimore Biological Laboratory). So as to 
compensate for the dilution caused by the addition of 
antibiotic, contained in 1 ml. water, and by the addition 
of the inoculum, also contained in 1 ml. fluid, the powder 
was dissolved in 80 per cent of the prescribed amount of 
water. Sixteen to eighteen-hour-old cultures served as 
inoculum. Bacterial numbers were estimated from optical 
densities, obtained at 640 mu®4, and appropriate dilutions 
were prepared. The inocula, per 10 ml., were of the order 
of: 104. 102, 103, 104, 105, 10° and 107. Absence of growth 
was recorded after incubation for 18 h at 37° ©. Pre- 
liminary experiments with varying concentrations of 
antibiotic and varying numbers of bacteria were carried 
out in order to find the range in which inhibition occurs. 
Then 20-22 different concentrations of antibiotic, closely 
spaced, were inoculated with cach of the seven inoculum 
sizes. Each experiment was carried out at least three 
times. 

The mean inhibitive dose, per ml., of penicillin and 
streptomycin, for two inoculum sizes, namely 101 and 10", 
of strains 79, 80, 81 and MG, are shown in Table 1. As 
Staphylococcus epidermidis, aureus, 52A and 79 gave 
similar results, 79 was chosen to represent the group. 

From Table 1 it can be seen that the range of inhibitive 
doses for penicillin-resistant strains is extremely wide. 
The penicillin dose needed to suppress growth with an 
inoculum of 107 is 1,000-4,000 times greater than that 
needed for suppressing growth with an inoculum of 10}. 
On the other hand, the range for penicillin-sensitive 
strains (79) is rather small; the dose is only doubled for 
inocula ranging from 10! to 107. 

As to streptomycin, inoculum size does nob play such a 
decisive part, oven in resistant strains. 

When plotting the logarithms of bacterial numbers 
contained in the inoeula versus the logarithms of the 
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Table 1. MEAN INHIBITING DOSES OF PENICILLIN AND STREPTOMYCIN 
PER ML, FOR INOCULA SIZES OF ORDER OF 10! AND 107 


Penicillin in units, streptomycin in ug 


Inhibiting dose Inoculum per 10 ml. 

Strain per ml. of: 10! 10° 
79 Penicillin 0:033 0-07 
Streptomycin 1:00 6:00 

80 Penicillin 0-60 800 

Streptomycin 40 " 2,000 

81 Penicillin 0-60 650 

Streptomycin 1-75 17 

MG Penicillin 01 400 

Streptomycin 100 1,000 


Table 2. COEFFICIENTS OF CORRELATION BETWEEN LOGARITPES OF 
BACTERIAL NUMBERS AND LOGARITHMS OF INHIBITING DOSES OF PENICILLIN 
AND STREPTOMYCIN 


Coefficient of correlation 


Strain Penicillin Streptomycin 
79 0-792 0-038 
80 0-028 0:894 
81 0:877 0-920 
MG 0-808 0-957 


Table 3. REGRESSION LINES FOR LOGARITHMS OF BACTERIAL NUMBERS (r) 
AND LOGARITHMS OF INHIBITING DOSES (y) 


Strain Penicillin Streptomycin 
79 y=0-07745 2x—1-67159 y=0'16663 z— 020302 
80 y —-0-50300 z—1-18508 y=0°22467 z--1:33105 
81 y=0°46924 z—1-34580 4 —0:19199 z—0-17431 
MG y=0°47270 z— 1:45345 y —0:17550 z4-1:67609 


inhibiting doses of antibiotic, ib became apparent that 
a correlation exists. The coefficients of correlation aro 
shown in Table 2. 

There exists a significant correlation between the 
logarithms of bacterial numbers and the logarithms of 
inhibiting doses. 

When connecting two neighbouring points by a straight 
line, it was noticed that the resulting curves differed in 
slope. Regression lines, therefore, were calculated for all 
strains. Table 3 shows the regression lines. 

The regression lines wero tested for linearity. The 
variance ratios indicated that the curves did not differ 
significantly from straight lines; P values ranged from 
0-003 to « 0-001. 

From the coefficients of regression it can bo seen that in 
strains resistant to penicillin the slopes are similar, corre- 
sponding to angles of 25°-27°. The slopes for penicillin- 
sensitive strains correspond to angles of 4°-5°. For 
streptomycin-resistant strains the slopes correspond to 
angles of 10°-18°, and for streptomycin-sensitive strains, 
the angles vary from 8° to 9°. 

Differences in slopes were tested for significance. It was 
found that slopes of penicillin-resistant and penicillin- 
sensitive strains differ significantly (P<0-001). As to 
streptomycin, there were no significant differonees among 
slopes, irrespective of sensitivity. 

In conclusion it may be said that the sizo of inoculum is 
of particular importance when testing strains resistant 10 
penicillin. Depending on inoculum size (101-107), the 
penicillin dose needed to suppress growth may vary from 
0-1 to 400 units per ml. This phenomenon may not be 
restricted to penicillin. It has been stated: “If 10° 
dilution is used for sulphonamide, no activity can be 
demonstrated", and 10-1! dilution is recommended’. 

DEBORAH KAPLAN 
WALTER KocH 
Department of Mierobiology and Publie Health, 
Chicago Medical School, 
Chicago, 12. 
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Protective Effect of §-Carotene against 
Lethal Photosensitization by Hamato- 
porphyrin 

THE carotenoid pigments of certain bacteria can protect 
the micro-organisms against lethal photosensitization by 
visible light in the presence of the dye, toluidine blue^?, 
Since mice can also be lethally sensitized to visible light by 
the administration of hematoporphyrin intraperitoneally, 
it-seomed likely that injection of the carotenoid pigment, 
B-carotene, would protect against the lethal photosensit- 
ization. 

An acetic acid-sulphurie acid derivative of hemato- 
porphyrin—HCl was prepared by the method of Lipson and 
Baldes*. Suspensions of g-carotene in “Tween 80’ and 
saline were prepared according to the method of 
Forssberg et al.4. Male albino mice of the Charles River 
Laboratories strain, weighing 18-24 g, were anasthetized 
with ether and given 0:2’ ml. of suspensions containing 
3 mg of B-carotene intraperitoneally. The f-carotene was 
given 18-24 h prior to exposure to light, in a volume of 
0:2 ml. Hematoporphyrin (1 mg in 0-2 ml.) was injected 
in a similar manner just prior to exposure to light. The 
mice were exposed unshaven to the light from two General 
Electric blacklight bulbs (maximal emission between 
3,400 and 4,400 A), at a distance of 3-5 in. for 4 h. The 
mice were held in 0-5-in. wire mesh holders placed in 
parallel on a board. 


Table 1. PROTECTIVE EFFECT OF f-OAROTENE ON PHOTOSENSITIZATION OF 
‘Mion BY H#MATOPORPHYRIN AND VISIBLE LIGHT 


Light No. No. No. 
Group exposure animals dead alive 
Hematoporphyrin Yes 27 21 6 
Hematoporphyrin 
and carotene Yes 27 9 18 
Hematoporphyrin and 
‘Tween 80’ saline Yes 8 7 1 
Hematoporphyrin No 8 0 8 
Carotene No 8 0 8 


Table 1 shows that B-carotene, injected intraperi- 
toneally, protects against lethal photosensitization by the 
hsmatoporphyrin. The appropriate controls indicate 
that "Tween'-saline suspensions are non-toxic, and afford no 
protection against photosensitization, and that hemato- 
porphyrin is non-toxic to animals kept in the dark. 

Forssberg ef al.t showed that lycopene, another caro- 
tenoid pigment, protected mice against X-irradiation and 
suggested that the protective action of lycopene might be 
due to its particulate nature, as well as to some inherent 
chemical characteristic of the molecule. They wero also 
able to obtain protection against the X-irradiation syn- 
drome by the injection of zymosan, a polysaccharide 
prepared from yeast cell walls. Experiments were, thero- 
fore, performed to see if zymosan could afford any pro- 
tection against lethal photosensitization of the mice by 
hematoporphyrin and light. Zymosan was injected in 
saline to give 3 mg/mouse in a volume of 0:2 ml. This 
amount was found by Forssberg et al.* to protect against 
X-irradiation. However, when the zymosan was injected 
intraperitoneally into mice 18-24 h before injection with 
hamatoporphyrin followed by exposure to light, zymosan 
offered little or no protection against lethal photosensit- 
ization (Table 2). 


Table 2. RELATIVE LACK OF PROTECTIVE EPFEOT OF ZYMOSAN ON 
PHOTOSENSITIZATION OF MIOE BY HEMATOPORPHYRIN AND VISIBLE LIGHT 


Light No. No. No. 
Group exposure animals dead alive 
Hematoporphyrin Yes 28 20 8 
Hematoporphyrin 
and zymosan Yes 28 17 11 
Zymosan No 8 0 8 
Hematoporphyrin No 8 0 8 


Recent work has shown that the carotenoid pigments 
of bacteria are capable of protecting the cells against 
lethal photosensitization both by endogenous photo- 
sensitizers (hems, chlorophyll) and exogenous photo- 
sensitigers (dyes)!:2.5.8, Carotenoid pigments are invariably 
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found in bacteria that are ‘exposed to light and air’. In 
green plants, carotenoids are closely associated with 
chlorophyll, which is a powerful photosensitizer; it is 
thought that these pigments protect the chlorophyll and 
other plant porphyrins from photodestruction, and. 
prevent the chlorophyll and other porphyrins from 
causing cell damage’. Carotenoid pigments are also found 
in skin’, the cells of which contain potential photosensit- 
izers such as porphyrins and cytochromes. In view of 
these facts, and of the experimental findings presented 
here, it is suggested that carotenoid pigments play a part 
in protecting plant and animal cells against injury from 
exposure to visible light. This exposure to visible light is 
presumably injurious because of the presence of potential 
photosensitizers (such as hems, porphyrins, cytochromes) 
within the cell. : 

The present experiments also suggest that carotenoid 
pigments might also be administered to patients suffering 
from skin diseases attributable to visible light. Caroten- 
oids even in large doses seem to be harmless? ; one success- 
ful attempt at carotenoid therapy for light-sensitivity has 
been reported?®, 

This work was carried out during the tenure of a 
National Science Foundation post-doctoral fellowship, 
1963-64, and supported in part by a grant from the 
Milton Fund of Harvard University. I thank Dr. E. H. 
Kass for the hospitality of his laboratory, and for his 
advice. 

MICHELINE M. MATHEWS 


Channing Laboratory, 
Boston City Hospital and Department of Bacteriology 
and Immunology, 
Harvard Medical School, 
Boston, Mass. 
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Relation of Ribonucleic Acid Composition 
to Growth Rate and Dormancy in Bacillus 
subtilis 


RECENTLY, Kjeldgaard and Kurland! have shown with 
Salmonella typhimurium that the ratio of soluble RNA 
to DNA is constant at all growth rates, and that the 
increase in cell RNA content with increasing growth rates 
results from an increase in the ratio of ribosomal RNA. to 
DNA. Protein synthesis was also directly related to the 
amount of ribosomal RNA present. The results of these 
investigations indicate that the ratio of soluble RNA to 
ribosomal RNA increased at lower growth rates. If this 
relationship between the two major RNA fractions of 
bacterial cells is consistent, one might expect a relatively 
high soluble RNA to ribosomal RNA ratio in spores 
which are a non-growing stage in certain bacterial species. 
An analysis of vegetative cells and spores of Bacillus 
subtilis was undertaken therefore to determine if this 
relationship between RNA composition and growth rate 
was maintained. . 

Bacillus subtilis W23 cells were grown at different rates 
in Difco ‘Penassay’ broth and in synthetic media (0-055 M. 
NH4Cl; 0-170 M NaCl; 0-054M KCl; 0-006 MMgSO,; 
0.0025 M POZ; 0-0006 M FeCl,; 0-050 M tris buffer, 
pH 7-2; 0-0001 M MnCl, ; and 0:0002 M CaCl,), which 
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contained 0-011 M. glucose and 0-2 per cent casein hydro- 
lysate (SOM-1), 0:011 M glucose (SCM-2) or 0:8 per cent 
sodium glutamate (SCM-3) as the energy source. Good 
sporulation was obtained only in the Difco ‘Penassay’ 
broth and the SCM-1 medium. The cells were grown at 
37° C in a water-bath shaker and their growth followed 
spectrophotometrically at 660 my. Table 1 lists the 
growth rates for the cells in each medium. 

All vegetative cells were collected in the log phase of 
growth. Spores were grown and purified as described 
previously? The RNA from the cells and spores was 





0 10 20 80 40 50 60 70 
Fractions 


Fig. 1. Methylated albumin column fractionation of bulk B. subtilis 
RNA. The 48 peak is soluble RNA; the 16s and 28s peaks represent 
Tibosomal RNA 
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Fig. 9. Theratio of soluble RNA to total RNA at various growth rates. 


Tho closei circles represent individual experiments. The open circles 
represent the average values of E various experiments at a given 
gro rate 
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Table 1. GROWTH RATE OF Bacillus subtilis IN VARIOUS MEDIA 
Medium Growth rate 
(ODeo0 doublings/h) 
*Penassay' broth 1:50 
SCM-1* 1:20 
.SCM-2* 0-60 
SCM-3* 0-22 


* See text for description of media. 


purified by the phenol method’. To determine the ratio 
of soluble RNA to ribosomal RNA, the bulk RNA from 
individual cultures was fractionated by a methylated 
albumin column’. The RNA was eluted from the column 
with a linear sodium chloride gradient from 0-3 to 1-2 M. 
A clear separation of the two types of RNA was obtained 
as illustrated in Fig. 1. The total amount of soluble and 
ribosomal RNA from each culture was obtained by 
summing the optical density readings at 260 my of the 
soluble RNA peak (labelled 4s) and the ribosomal RNA 
peaks (labelled 16s and 23s). The percentage soluble 
RNA was determined by dividing the total optical density 
of the soluble RNA peak by the total optical density of 
both the soluble and ribosomal RNA peaks. 

Fig. 2 indicates the relationship found between growth 
rate and the ratio of soluble RNA to ribosomal RNA at 
each of the growth rates listed in Table 1. Each point 
in the figure represents an independent experiment in 
which the RNA from cells grown at a specific growth rate 
was fractionated by column chromatography into the 
soluble and ribosomal RNA fractions. The results in- 
dicate that the ratio of soluble RNA to ribosomal RNA 
increases with decreasing growth rates. The spore which 
has a growth rate of 0 has the highest ratio of soluble 
RNA to ribosomal RNA ; tho ratio of soluble RNA to 
ribosomal RNA in spores is twice that found at the 
highest growth rate examined. When the cells in the 
stationary phase preceding sporangia formation were 
analysed, it was found that they contained 26-4 per cent 
soluble RNA. Since it is difficult to measure growth 
during the stationary phase, these results were omitted 
from Fig. 2 ; however, if the average growth rate is very 
near to 0, then the ratio between soluble RNA and rib- 
osomal RNA follows the relationship illustrated in Fig. 2. 

The transition of the ratio of the two RNA fractions 
at different growth phases is indicated in Table 2. Cells 
grown in ‘Penassay’ broth were examined during the log 
and stationary phases and as spores. Tho cells in the 
stationary phase were obtained 3 h before the appearance 
of sporangia. The increase in the relative amount of 
soluble RNA is clearly discernible. 


Table 2. RIBONUOLEIO AOID COMPOSITION DURING DIFFERENT GROWTH 
PHASES OF Bacillus subtilis 


Growth phase %solubleRNA % ribosomal RNA 
Log phase 16-641-2 83:4 £ 1:2 
Stationary phase 20-5 :- 0:5 73-5405 
Spore 80:0 + 0°3 70:0 x 0-8 


These results support the finding of Kjeldgaard and 
Kurland! in terms of the relationship of RNA com- 
position and growth rate. Although they found that 
soluble RNA could comprise 60 per cent of the total RNA 
of Salmonella typhimurium at low growth rates (0-2 
doublings/h), we found a maximum of about 25 per cent 
at 0-22 doublings/h ; it therefore appears that interspecies 
differences do occur. However, the results do support 
the expectation that bacterial spores contain the highest 
soluble RNA to ribosomal RNA ratio. 

Furthermore, the results show that there is an increase 
in the soluble RNA to ribosomal RNA during the station- 
ary phase accompanied by decreased synthetic activity. 
The ultimate level of soluble RNA is reached then in 
spores which are completely dormant. Although very 
little is known about sporangial metabolic activity, it 
would appear from the conclusions of Kjeldgaard and 
Kurland? and our results that protein synthesis. within 
the sporangium is occurring at a very low rate. Therefore, 
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differentiation into spores may be triggered by ovents 
which lead to the over-all decrease in rate of protein 
synthesis. 

This work was supported by grants from the U.S. 
National Science Foundation and U.S. Atomic Energy 
Commission. 

Roy H. Dor 
RICHARD T. IcARASHI 
Biologieal Research Laboratories, 
Syracuse University, 
Syracuse, New York. 
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GENETICS 


Transferrin Variation in Kangaroos 


INHERITED variation in the electrophoretic mobility 
of the serum protein transferrin (siderophilin) has been 
established for a number of mammalian species!-!? and for 
doves!*, In other mammals':45, several colubrid snakes 
and one amphibian species, variants exist! and, although 
family data are not yet available, it is probable that they 
are also genetically determined. This communication 
reports tho discovery of inherited variation in the trans- 
ferrin of an Australian marsupial, Megaleia rufa 
(= Macropus rufus), commonly known as tho red kangaroo. 

Samples of serum or, in a few cases, heparinized plasma 
were subjected to electrophoresis in starch-gels under 
essentially the same conditions as those described by 
Smithies", with the exception that platinum electrodes 
were used at both terminals in a solution of 0-75 M boric 
acid and 0-125 sodium hydroxide. To several runs, 2-5 uc. 
iron-59 as ferric citrate were added to the serum. An 
autoradiograph was made by placing one-half of the gel 
in a thin sealed polyvinyl chloride bag and leaving it in 
contact with a ‘Kodirex No-Screen’ X-ray plate at — 30° C 
for 24-36 h. The other half was stained with amido black 
10B (Gurr). Two transferrin patterns were observed. The 
first type possesses three iron-binding bands, the second 
four; in both types the fastest and slowest bands are very 
faint. 

The family data are shown in Table 1. Some of them 
are in the form of mother-offspring combinations. The 
certainty with which one can ascribe the parentage of a 
young marsupial to the female in whose pouch it is found 
should be further exploited in the genetical investigation 
of this and other marsupial species. It is proposed that the 
difference between the two types is controlled by a single 
gene pair, Tf! and Tf?. The first pattern is that of the 
homozygote Tf! Tf}, the second that of the heterozygote 
Tf Tf*. Each allele determines three bands in a starch 
gel. The heterozygote on this basis possesses six kinds of 
transferrin, two pairs of which have identical mobilities 
in the electrophoretic system employed here. The expected 
phenotype of the postulated Tf? Tf? homozygote is shown 
in Fig. 1. Attempts are being made to produce an animal 
of this genotype by mating captive heterozygous animals. 
The failure to discover it so far is attributable to its 
low frequency in the two series examined. 

One sample, of 22 individuals, was from a very restricted 
area on Mount Murchison station near Wilcannia, New 
South Wales, and had a frequency of Tf? = 0-04 (95 per 
cent confidence limits = 0-01 — 0-18). 


Table 1. FAMILY DATA ON TRANSFERRIN VARIATION IN THE RED KANGAROO 


Parents Offspring 
Female Male Tf! Tf! Tf! Tf? 
Tf? Tf! ? 7 0 
TP? Tf? 2 1 
Tf? Tf? Tf? Tf! 0 1 
TESTI? Tf? Tf? 1 1 
Tf! Tf? Tf? Tf? 9 0 
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Albumin 
Haptoglobin 
— @ 
Transferrin ==> 
Origin 
1 2 3 4 5 
Fig. 1. 1, 2, Starch gel stained with amido black showing transferrin 


variants in the red kangaroo. 3, 4, Diagram of autoradiograph showing 
positions of iron-binding bands in 1 and 2 respectively. 5, Expected pat- 
tern of tho iron-binding bands in the postulated Tr? Tf? homozygote 


A series of 34 individuals kept in captivity at the 
C.S.I.R.O. Division of Wildlife Research, Canberra, also 
had a frequency of Tf? = 0-04 (95 per cent confidence 
limits = 0-004 — 0-11). These came from various widely 
separated areas of New South Wales and South Australia; 
in some cases, the point of capture was unknown. Data 
from the offspring of these animals are included in Table I. 

In the calculation of geno frequencies and confidence 
limits Cotterman’s method of weighting?! has been used to 
allow for the inclusion of related individuals. The 95 per 
cent confidence limits have been obtained using Steven's 
“Table for the Limits of the Expectation for Binomial and 
Poisson Distributions, 

We thank Dr. H. J. Frith, chief of the C.S.I.R.O. 
Division of Wildlife Research, for the collection of the 
Wilcannia samples and Mr. R. Goodwins of the University 
of Adelaide for preparation of Fig. 1. 


D. COOPER 


Department of Genetics, 
University of Adelaide. 


G. B. SHARMAN 


C.S.I.R.O. Division of Wildlife Research, 
Canberra. 
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ABO Blood Groups in Sarcoidosis 


Tue distribution of the ABO blood groups is interpreted 
by Vogel (1961) as the outcome of a dynamic equilibrium 
between the selective action of epidemic diseases of the 
world-populations and selection through materno-fcetal 
incompatibility. 

The methods were described at the first and especially 
at the sscond Intornational Congress of Human Genctics. 
The results were reported of investigations being conducted 
on tha association of the ABO blood groups with the varial 
diseases. Our own investigations regarding the ABO 
blood groups in sarcoidosis are based on a sample of 518 
patients suffering from these diseases. 


Tablo 1. 
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This second component would cause characteristic response 
curves relating factors which change expression with the 
magnitude of change in expression. It has been supposed 
that the mutants involved in the investigations quoted 
here cause only a decrease in the amount of morpho- 
genetic substance and do not affect the response curve. 
I have found! that in the mutant cubitus interruptus 
dominant («iD) of Drosophila genetic differences, differ- 
ences in environment (temperature) and also differences 
operating within flies, all act according to the same 
characteristic response curvo. If ciD affects only tho level 
of the morphogenetic substance, then the response curve 
for ciD expression would represent the responso curve of 
the developmental pathway to a normal longitudinal wing 


RELATIVE INCIDENCE OF ABO BLOOD GROUPS IN SARCOIDOSIS AND TUBERCULOSIS 











No. of No. Relative 

sample Comparison incidence x P pu 

control Patients Controls ype A (m=1) Probability | Hcterogen ity | 
Sarcoidosis 1 518 81,985 A:0 1:142 15:22 0:0001 = 
Tuberculosis 10 4,505 19,883 A:0 1-1360 12:19 0-0005 0:06 i 





The complete material for ABO blood groups is pre- 
sonted in Table 1. The distribution of ABO blood groups 
in patients affectod with sarcoidosis is compared with the 
distribution of ABO blood groups in the Federal Republic 
of Gormany. These statistically significant results 
demonstrate that the relative incidence of type A is 
1:142 as against 1 in type O. It means that persons 
with the blood group A had a 14:2 per cent more frequent 
probability to acquire a sarcoidosis than persons with 
the blood group O. 

In this connoxion it is very interesting that in basal 
tuberculosis, too, a small preponderance of the blood 
group A exists. In a second investigation we were able 
to evaluate the data in 10 samples of former scientific 
publications. But we could not find a relation of sarcoid- 
osis with the rhesus blood groups and the serum hapto- 
globins. 

So it seems that the gene of the blood group A in the 
multifactorial genetic systems of sarcoidosis is of some 


importance. G. JÓRGENSEN 
K. Wurm 
Instituto of Human Geneties, 
University of Góttingen, Gormany. 


Mutant Expression and Canalization 


EXPERIMENTS in which mutant expression was altered 
by selection have shown that changes in expression are 
more easily brought about over some parts of the range 
than others!-., 

Explanation of this phenomenon, which was interpreted 
as a consequence of the canalization of normal develop- 
ment, implied that the developmental system governing 
the expression of the character has at least two com- 
ponents. 

One component is sometimes represented as a morpho- 
gonotic substance*?. Change of concentration of this 
hypothetical substance (by environmontal factors or 
solection on expression) would cause a chango in mutant 
expression. The amount of this substance is supposed to 
vary in different members of a population in a regular 
and continuous manner. The differences in sensitivity to 
change (canalization) of expression at different levels of 
expression, which sometimes result in irregular frequency 
distributions of the phenotypes’, are a consequence of a 
second component. 

This second component relates the amount of the 
morphogenetic substance in an individual to the pheno- 
typic expression of the mutant in that individual. The 
genetic basis of this component must be—at least in part— 
independent of the genetic basis of the first component’. 





vein (canalization cross-section’). But neither these 
experiments nor similar experiments with other mutants 
could prove that the mutant had no effect on tho response 
curvet, 

If the response curve of ciP represents the canalization 
cross-section of fourth vein development in the normal 
fly, one should expect that similar curves can bo obtained 
with certain other mutants which cause a terminal inter- 
ruption of the fourth vein. 

Therefore, two other mutants were tested in tempora- 
ture experimonts, namely, ciD-G (cubitus interruptus 
dominant of Gloor, 4-0-00) and H (Hairless, 3-69-5; in a 
stock selected for complete penetrance of fourth vein 
expression). 





Fig. 1. Measurement of expression on a ciD-wing. Expression of tl. 
4th vein interruption was measured as the percentage ratio of the length 
of the 4th vein (b) to the length of the 3rd vein (a). Expression of the 
5th vein interruption as the ratio of the 5th (c) and the 3rd vein (a) 


The expression was measured as indicated in Fig. 1. 
At each temporature four vial cultures were reared oach 
stocked with 70 larva. From each culture 20 females 
were measured. 

The resulting response curves are given in Fig. 2 along 
with curves obtained earlier for two ciD stocks with 
different expressions’. 

The response curves both of ciD-@ and H differ basically 
from the ciD curves. In ciD-@ response is almost linear 
over the whole expression range. Thero is no indication 
of a region of non-linearity around the 70 value which is 
characteristic for ciD (ref. 4). Furthermore, there is no 
indication that on approaching wild-type in expression, 
further response is becoming more difficult. 

In the caso of H, change of expression is even facilisated 
as wild-type is approached. 


—23 4 vein complete at ratio 95 





80 


70 


e 
© 


Expression ratio 
e 
e 


40 


10 


22-5? 
Temperature 


16° 17-5° 20? 25° 27:5°  90* 


Fig. 2. Relation between temperature and expression (measured on 

the 4th longitudinal wing vein) of the mutants ciP (2 stocks with different 

expression ratios), ciD-G, and H. From one ciP stock also expression on 
the bth vein is given 


Obviously, then, the shape of the response curve of this 
character (terminal gap in the fourth vein) is dependent 
on the mutant used in the experiments. 

One could reason that nevertheless, in certain cases, 
as, for example, in ciD, the response curve coincides with 
the canalization cross-section and that in other mutants, 
as, for example, in H, the response curve alone is altered, 
instead of the amount of morphogenetic substance. In 
the latter case an occasional fourth vein interruption 
occurring when Hairless is introduced in wild genotypes 
could be explained by weakening of canalization. Reduced 
efficiency of canalization would then allow for a certain 
amount of phenotypic expression of the normal variation 
in morphogenetic substance, while the same variation in 
wild-type cannot reach a threshold value set by normal 
canalization. 

The characteristic bimodal frequency distribution of 
the expression of the mutant deformed recessive of Lüers 
with modes at either side of wild-type®, and other cases 
of ‘polar variation’? of mutant expression in Drosophila, 
can perhaps be explained in this way. 

However, the realization of a morphological character 
involves a sequence of different processes or, more pre- 
cisely, a variety of interconnected sequences. It then 
seems too simple a view to expect that every process in 
such a sequence, not to mention processes in different 
sequences, would show the same response curve for 
sensitivity to environmental and genetic factors. It must 
be expected that the canalization cross-section of a 
character could be different at different stages in the 
realization of the character. The response curves of the 
three mutants tested in these experiments might therefore 
represent the canalization cross-section of the fourth vein 
formation at different times in development. 

This suggestion finds support in the fact that the 
temperature sensitive periods (T.S.P.) for the three 
mutgnts are different. While the T.S.P. for ciD starts 
later than 4 h after pupation, the same period in H 
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begins before pupation and ends before the beginning of 
the ciD period. The T.S.P. for ciD-8 overlaps with both 
the period of H and ciD (refs. 10 and 11). 

Evidence suggesting that the response curves of the 
mutants represent the response curve of æ process in 
normal development comes from selection experiments 
with H and cib. 

Long-term selection for extreme expression of ciD 
(40-50 generations) did not accumulate a system of 
modifiers which had an effect on the fourth vein develop- 
ment independent of the presence of the ciD mutantii, 
On the other hand, selection on Hairless fourth vein 
expression (in populations segregating for H and wild- 
type individuals) showed a rather surprising result. After 
a few generations of selection, some of the non-Hairless 
segregants already showed a fourth vein interruption. 

It is tempting to relate this easy ‘assimilation’ of the 
Hairless fourth vein interruption with the shape of the 
temperature response curve of this mutant. This curve 
indicates that change of expression in the neighbourhood 
of the normal phenotype is-relatively easy, while in the case 
of ciD the opposite is true. Preliminary evidence is available 
which indicates that also in Hairless genetic factors act 
according to the same response curve as temperature. 

As mentioned before, long-term selection on ciD fourth 
vein expression did not lead to & break of the fourth vein 
in individuals without the mutant. But in one line the 
gap on the fifth vein (which is a regular pleiotropic effect 
in standard ciD) was increased by selection for increased 
fourth vein. In this line then, the fifth vein gap appeared 
independently of the presence of ciD and was shown to 
be determined polygenically™. 

Now the response curve of the fifth vein break in ciD 
does not show any indication of canalization (Fig. 2). 
This, too, points to s relation between the shape of the 
response curve of a mutant character and the ease of 
assimilation. The sensitivity to assimilation, of course, is 
an indication of sensitivity of the pertinent developmental 
process in normal development. 

In this train of thought an essential element is the 
assumption that at least part of the modifying genes are 
specifically acting on. the sensitive point in the develop- 
ment of the mutant that is revealed by its temperature 
sensitive period. If this assumption is correct, modifying 
genes acting on the expression of a given character (for 
example, fourth vein gap) in different mutants (for 
example, ciD and H) should be at least partly different. 

That such a specificity of modifiers does indeed exist is 
indicated in the case of ci’ and H, where preliminary 
evidence is available that the modifying genes of ciP have 
only little effect on the expression of H, and vice versa. 

This research was started during tenure of a NATO 
science fellowship awarded to me by the Netherlands 
Organization for the Advancement of Pure Research. I 
thank Prof. C. H. Waddington (Edinburgh) for hos- 
pitality in his Institute and for his advice. I also thank 
Prof. H. J. Gloor (Leiden) and Dr. J. Maynard Smith 
(London) for advice concerning the manuscript. 
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Leiden, 
Holland. 
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Dynamic Distortions of Perceived Form 


IT is becoming increasingly clear that the visual percep- 
tion of form involves the interaction of & number of 
parallel computing or ‘image-processing’ operations. 
Stimuli which preferentially excite one or other of the 
neural computing networks concerned can give rise to 
visual anomalies indicative of the way in which the 
optical information is normally broken down. 

I have recently observed a striking anomaly in this 
class. When two regular patterns such as Figs. la and b 
are superimposed, they form the ‘Moiré pattern’ of Fig. 2. 
If now the second is moved relative to the first, say along 
the vertical axis of the figure, the lobes of Fig. 2 undergo 
a continual displacement in the general direction of the 
arrows, and so long as motion persists the form seen 
presents an asymmetrical appearance. As soon as motion 
ceases, however, symmetry returns, the lobes appearing 
to ‘snap back’ in a fraction of a second to their positions 
in Fig. 2. The transition from dynamic to static form is 
sufficiently striking to evoke incredulity in some subjects. 
Since the static form is seldom exactly symmetrical, it is 
necessary (and proves convincing) to control for residual 
asymmetry by arranging that the figure returns to exactly 
the same rest-position from oppasite directions alternately. 

The problem here is that identical figures of excitation 
on the same retinal area lead successively to different 
perceptions of form. In general terms the explanation is 
obvious, that the form seen under dynamic conditions is 
some kind of running average over the moving figures 
presented; but since this ‘average’ is as sharp as the static 
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form, and since it is asymmetrical, it must be computed 
from a logically dissected representation of the stimulus, 
in which the velocity-components of the retinal image can 
apparently contribute to the computation of contour 
position. With translation of a rigid figure, this ‘abstract 
averaging’ need give rise to no anomalies of form percep- 
tion, though it may be responsible for some illusions of 
displacement?. When, however, the figure is a Moiré 
pattern the components of which have a different ‘phase 
velocity’ from the velocity of the group as a wholo, the 
contributions from contour velocity can grossly bias the 
perceptual estimate. 

The phenomenon seems to ‘be in line with other recent 
evidence?-* suggesting that different neural networks are 
concerned with the signalling of contour direction, contour 
velocity and contour location. 

This work was supported by the Department of Scien- 
tific and Industrial Research. 
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STATISTICS 


Some Properties of Random Variables 


In text-books on probability the following (perhaps 
curious) properties of random variables do not appear to 
have been noticed so far. 

Consider & bi-variate distribution (Z, U) where both Z 
and U are positive finite random variables. There will be 
oceasion to refer to Z as the numerator variate. Then one 
property of positive random variables is that: 


Z = 
cov (v, 2) s (vZ) (1) 
To prove this inequality we have, by definition: 
Z Z 
Cov (U, Z)- zz) E(U) z(£) (2) 


Applying Cauchy's inequality, we find: 


BU) (2) = [10 a eT (3) 


EWU) x(2) > [EWV 


or 


(3-1) 


In equation (3), equality is abtained if, and only if, 
J ZI U is equal to a constant, say 4/c, for all pairs 
(Z, U), leading to the condition 

Z-cU? (4) 


On multiplying each side of (3-1) by — 1 and reversing the 
sign of inequality, and then adding E(Z) to each side, the 
result given by equation (1) wil be obtained. When 
equation (4) holds, Cov (U, cU)= V(Vc U)=c V(U), an 
identity which is to be expected. 

Another property of positive random variables is that 
the correlation with their respective reciprocals, that is, 


of 0, zl <0. The proof of this proposition follows from 


equations (2) and (3-1) by putting Z=1. Condition 
equation (4) shows that this correlation is zero only when 
all the U’s are equal. ° 
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An interesting question arises as to what is the analogue 
of the result given by equation (1), when the signs of all 
the numerator variates are reversed, that is, they now 
assume finite negative values while their corresponding U’s 
remain positive as before. The probabilities for each pair 
remain unchanged. In this situation let (—1)Z=z, where 
Z is positive. Thus the variate value of Vz=V ZIV Z 
will be a complex number without a real part, and since 
this circumstance rules out the use of Cauchy’s inequality, 
we adopt the following stratagem to establish the analogous 
proposition. If the sign of each z is reversed, then 
obviously equation (1) can be applied. Now multiplying 
each side of this inequality by — 1 wo find: 


—Cov| U, Z] = (VZV) (5) 


In equation (5), as it stands, by factoring the coefficient 
— l into the covariance function as a coefficient of Z, and 
wv — 1)? into the variance function as a coefficient of V. Z, 
we obtain: 


Cov v, z] = VV) (6) 
in view of the relation z= — Z. It is interesting to note 


that equation (1) has served as a scaffolding for the 
derivation of equation (6), where equality is attained if, 
and only if, —z=cU?. 

A statistically meaningful intorpretation of the in- 
equality equation (6) hinges on the interpretation of the 
lower bound of its covariance function, namely: 


V(Vz)e VV ZIV Z= — V(V Z) (7) 


That is, the variance of the complex variates V. z, or let us 


say the abstract variance of the Y 2’s, is equal to the 
variance of the square root of their corresponding real 
variates multiplied by — 1. 

The last property of random variables as manifested by 
equation (6) may throw some light on the nature of the 
underlying variables in linear models uscd in the analysis 
of variance in circumstances when their estimates of 
variance are negative. It is hoped to investigate this 
question. 

J. C. Koor 
Department of Experimental Statistics, 
University of North Carolina at Raleigh. 


A Probabilistic Similarity Index 


WILLIAMS e£ al. have recently proposed that, for 
similarity indices used for numerical taxonomy, each 
attribute should be weighted according to the sum of the 
x? values obtained from 2 x 2 tables testing the associa- 
tion of this attribute with all others. This relates the 
measure of similarity to the distance separating the two 
individuals in & multi-dimensional space where each axis 
representing an attribute has a scale depending on the 
importance of that attribute. Though basod on y? 
calculations, the index is not considered to be probabilistic, 
though the authors adumbrate the possibility of develop- 
ing probabilistic methods of similarity analysis. 

A similarity index based directly on probability theory 
is in use in this laboratory, which takos full account of 
ordered and quantitative attributes as well as of thoso 
which in their nature are binary. For each pair of 
individuals in a sample or population, the exact proba- 
bility is computed for each attribute in turn that a random 
sample of two will resemble one another not less closely 
than the two under test. In computing this probability, 
the null hypothesis is that the two individuals in question 
are part of the same population as the rest, while the 
alternative hypothesis is that these two are a sample from 
another population. 
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The phrase “resemble one another not less closely” 
clearly calls for definition; the appropriate: definition 
varies with the type of attribute. 

For purely qualitative attributes, those concordances 
supporting the alternative hypothesis against the null 
hypothesis which are less probable under the latter are 


‘taken to be evidence of closer resemblance (or better 


evidence of resemblance). Thus, if an attribute can take 
three values 2,, 22, and x3, and the probabilities that, for 
any particular individual, the attribute will take these 
values are respectively 0-1, 0-3 and 0-6, agreement in 
having the first value would be considered better evidence 
of resemblance than agreement in having the second or 
third. 

For ordered (but non-metrical) attributes, the degree 
of resemblance is taken as a function of the proportion of 
individuals in the same classes as the two under test, or 
in any intermediate class. Thus, if five ordered classes 
contain the following proportions of the population: 0-1, 
0:2, 0-1, 0-4, 0:2, two individuals in the first and third 
classes are taken as being more similar than two in the 
fourth and fifth. For metrical attributes, the range is 
taken as a criterion of similarity, so that two individuals 
differing by less in the numerical values of this attribute 
are regarded as more similar than another pair in which the 
numerical values are more widely separated. A logarith- 
mic scale might, of course, be used where appropriate. 

The probability of the observed, or any closer, degree of 
resemblance having been computed for each attribute, tho 
problem then remains of combining these probabilities, 
on the assumption of their independence. Where 
the probabilities arise from a continuous distribu- 
tion, the solution has been given by Fisher?. He com- 
puted: 


n 
—2 X lapi 
i-1 


&nd showed that this quantity was & y? variate with 2n 
degrees of freedom. For most types of attributes, this 
provides an acceptable approximation to the true multi- 
nomial distribution. An exception is formed by binary 
attributes—the most common type—for which the 
probability of the observed degree of resemblance between 
the two individuals is limited to three values. Here, 
Fisher’s continuous solution may lead to a large positive 
bias, and the method adopted instead has been to combine 
these probabilities in small groups by the exact multi- 
nomial method (to apply it to any large number of 
attributes would be computationally impracticable), and 
then combine these group probabilities, now quasi- 
continuous, by Fisher’s method. 

When this has been done, the resulting combined 
probability P, provides a satisfactory index of dissimi- 
larity, and its complement (1 — Pe) is an index of similarity 
ranging (like those commonly used) from zero when the 
two individuals are completely dissimiler to near unity 
when they are closely similar. Unity can be attained only 
when the population on which the probability estimates 
are based is infinite. 

The whole procedure outlined in this paper has been 
programmed in Fortran II for the IBM 1620, computer, 
and copies of tho programme are available to enquirers. 
A full account of the technique is being prepared for 
publication. 

I thank Mr. D. W. G. Moore, officer in charge of the 
Computing Centre of the University of Western Australia, 
for the facilities used in this work. 


Davi» W. GoopALL 


C.S.I.R.O. Division of Mathematical Statistics, 
Western Australian Regional Laboratory, 
Nedlands, Western Australia. 
1 Williams, W. T., Dale, M. B., and Macnaughton-Smith, P., Nature, 201, 
426 (1964). 


2? Fisher, R. A., Statistical Methods for Research Workers, thirteenth ed. 
` (Oliver and Boyd, Edinburgh and London, 1903). 
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Y. AND M. SCIENTIFIC EUROPA N.V. (at the School of Pharmacy, 29-39 
Brunswick Square, London, W.C.1), at 7 p.m.—Dr. Charles C. Sweeley 
(University of Pittsburgh): "Advances in Gas Chromatography Techniques 
Applied to, the Analyses of Carbohydrates and Related Polyhydroxy 

ompounds". 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or before 
the dates mentioned: 

DEMONSTRATOR (with B.Sc, honours degree in geography and a special 
interest in cartography and surveying) IN THE DEPARTMENT OF GEOGRAPHY 
—The Registrar, The University, Nottingham (September 10). 

LECTURER IN MATHEMATICS; a LECTURER IN STATISTICS; a SENIOR 
LECTURER IN BIOCHEMISTRY; a SENIOR LECTURER IN CIVIL ENGINEERING; 
and an ASSISTANT LECTURER (Grade B) IN MECHANICAL ENGINEERING— 
The Principal, Nottingham and District Technical College, Burton Street, 
Nottingham (September 10). 

LEOTURER IN ORGANIO CHEMISTRY; a LECTURER IN INORGANIO AND 
PHYSICAL CHEMISTRY; an ASSISTANT LECTURER (Grade '*B") IN INORGANIC 
AND PHYSICAL CHEMISTRY; and an ASSISTANT LECTURER (Grade ‘‘A’’) IN 
GENERAL CHEMISTRY at Birkenhead Technical College—The Director of 
Education, Birkenhead Education Committee, Education Offices, 63 Hamil- 
ton Square, Birkenhead (September 14). 

LECTURER (preferably with a special interest in medical statistics) IN THE 
DEPARTMENT OF STATISTICS—The Secretary, The University, Aberdeen 
(September 14). 

ECTURER Or ASSISTANT LECTURER (preferably with experience or special 
interest in one or more of the following fields: production engineering, 
nuclear engineering, thermodynamics and mechanics of fluids, and preferably 
an interest in design) IN MECHANICAL ENGINEERING—The Registrar, The 
University, Leeds, 2 (September 14). 

SENIOR LECTURER (well qualified academically and considerable experience 
in teaching and/or industry and/or research) IN PHYSICS or APPLIED PHYSIOR 
—tThe Secretary, Welsh College of Advanced Technology, Cathay’s Park, 
Cardiff (September 14). 

LECTURER (preferably with a good honours degree In geography) IN THE 
DEPARTMENT OF GEOGRAPHY, University of Ghana, to teach biogeography or 
climatology as well as the regional geography of North America, Europe 
or Asia—The Assistant Registrar, University of Ghana Overseas Office, 
15 Gordon Square, London, W.C.1 (September 15). 

RESEARCH FELLOW (specializing in water chemistry and bacteriology) to 
undertake research work on the waters of the developing Voita Lake 
(University of Ghana, Volta Basin Research Project)— The Assistant 
Registrar, University of Ghana Overseas Office, 15 Gordon Square, London, 
W.C.1 (September 15). 

SCIENCE LIBRARIAN (professionally qualified graduate or Fellow of the 
Library Association, and experience in a special library or in the science 
section of a university library) IN THE BALME LIBRARY, University of Ghana 
—Tnhe Assistant Registrar, University of Ghana Overseas Office, 15 Gordon 
Square, London, W.C.1 (September 15). 

ASSISTANT LECTURERS (2) (candidates for the one post should have special 
interests in the evolutionary field studies, and for the other in physiology) 
IN ZOOLOGY—The Registrar, The University, Manchester, 13 (September 18). 

RESEAROH ASSOCIATE or SENIOR RESEARCH ASSOCIATE (with an honours 
degrecin engineering and some expericnce in research in the field of structures, 
or alternatively experience in the analysis and design of structures) IN 
ENGINEERING (Civil), for work on the application of computer methods to 
structural analysis and design—The Registrar, The University, Manchester, 
13 (September 18). 

CoLLEGE LECTURER (with an honours degree in agricultural chemistry, 
chemistry or biochemistry, with postgraduate experience in soil chemistry, 
plant biochemistry or other related field) IN THE SOILS Division, Department 
of Agricultural Chemistry and Soil Science—The Professor of Agricultura] 
Chemistry, University College, Glasnevin, Dublin, Republic of Ireland 
(September 19). 

EWTON DREW CHAIR OF FUEL TECHNOLOGY AND CHEMICAL ENGINEERING 
—tThe Registrar, The University, Sheffield, 10 (September 19). 

LECTURER (with experience either in reaction mechanisms or in the appli- 
cation of infra-red spectroscopy) IN ORGANIC CHEMISTRY; an ASSISTANT 
LECTURER (with experience in instrumental and general analysis) IN ANA- 
LYTIOAL CHEMISTRY; and n RESEARCH FELLOW for work involving investi- 
gations into polymer technology—The Assistant Registrar (Science), The 
University of Birmingham, Birmingham, 15 (September 21). 

GRADUATE (with a strong background in physical chemistry) IN THE 
DEPARTMENT OF CHEMISTRY, to engage on research on nuclear magnetic 
resonance of simple nitrogen-15 compounds of biological importance—The 
Registrar, Queen Mary College (University of London), Mile End Road, 
London, E.1 (September 25). 

LECTURER IN THE DEPARTMENT OF PsyoHIATRY— The Registrar, The 
University, Leeds, 2 (September 26). 

READER IN MICROBIAL GENETICS—The Registrar, University of Newcastle 
upon Tyne, 6 Kensington Terrace, Newcastle upon Tyne (September 26). 

ASSISTANT LECTURER (Demonstrator) IN THE DEPARTMENT OF ANATOMY 
(Prof. J. Z. Young), to undertake teaching and research—Tho Secretary, 
University College, Gower Street, London, W.C.1 (September 30). 

CHAIR OF APPLIED MATHEMATICS—The Registrar, The University, 
Manchester, 13 (September 30). 

CHAR OF ELECTRICAL ENGINEERING at the University of Canterbury, 
Christchurch, New Zealand—Tho Secretary, Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, S.W.1 
(New Zealand and London, September 30). 

SENIOR LECTURER or LEOTURER IN CYTOGENETICS AND TAXONOMY 
(including the development of the Herbarium) IN THE DEPARTMENT OF 
Botany, University of Ife, Nigeria—The Secretary, Inter-University Council 
To Higher Education Overseas, 38 Bedford Place, London, W.C.1 (September 


SENIOR LECTURER, LECTURER Or ASSISTANT LECTURER IN BOTANY, 
MATHEMATICS, PHYSICS (2 posts), THE DEPARTMENT OF EDUCATION, AND THE 
INSTITUTE OF EDUCATION, University College of Rhodesia and Nyasaland— 
The Secretary, Inter-University Council for Higher Education Overseas, 33 
Bedford Place, London, W.C.1 (September 80). 

PLANT PHYSIOLOGIST (with a good degree or equivalent in biology, botany 
or horticulture and an interest in physics, and preferably some research 
experience), for work on the use of COs, water and energy by glasshouse 
crops—The Secretary, N.I.A.E., Wrest Park, Silsoe, Bedford (October 1). 
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RESEARCH ASSISTANT IN THE DEPARTMENT OF CHEMISTRY to work on the 
isolation of the glucose transport system from red blood cells—The Registrar, 
The University, Manchester, 13 (October 1). 

LECTURER/SENIOR LECTURER IN BIOMETRY; and a LECTURER/SENIOR 
LECTURER (with special interests in either the physical aspects of geography 
and, in particular, specific qualifications in climatology or in cconomic 
geography and quantitative methods) IN GEOGRAPHY at the University of 
New England, Armidale, New South Wales, Australia—The Secretary, 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pal! Mall, London, 8.W.1 (Australia and London, October 5). 

RESEARCH FELLOW (biochemist or physical chemist) IN THE DEPARTMENT 
OF MICROBIOLOGY, John Curtin School of Medica] Research, Institute of 
Advanced Studies, Australian National University, to work on the nucleic 
acids of animal cells and ani viruses—The Secretary, Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, S.W.1 (Australia and London, October 12). 

CHAIR OF MECHANICAL ENGINEERING IN THE FACULTY OF ENGINEERING, 
University of Malaya, Kuala Lumpur—The Secretary, Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, S.W.1 (Malaya and London, October 15). 

LECTURER IN GEOPHYSICS at the Untversity of Sydney, Australia—The 
Secretary, Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S.W.1 (Australia, October 15). 

RESEARCH FELLOW (graduate with experience in unology) IN THE 
HUGH ADAM DEPARTMENT OF CANOER RESEARCH, University of Otago—- 
(ost Registrar, University of Otago, P.O. Box 56, Dunedin, New Zealand 

ctober 15). 

CERRO. IN THE DEPARTMENT OF MECHANICAL ENGINEERING, Univer- 
sity of Cape Town—The Secretary, Association of Commonwealth Unis er- 
sities (Branch Office), Marlborough House, Pall Mall, London, S.W.1: and 
The Registrar, University of Cape Town, Private Bag, Jtondebosch, Cape 
Town, South Africa (London and Cape Town, October 19). 

CHAIR OF VETERINARY SUEGERY AT THE UNIVERSITY OF SYDNEY, 
Australia—The Secretary, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S.W.i (Australia 
and London, October 23). . 

LECTURER or ASSISTANT LECTURER (with a degree in electrical engineering, 
and an interest or postgraduate experience in the field of electronics, prefer- 
ably microwaves or semi-conductors) IN THE DEPARTMENT OF ELECTRICAL 
ENGINEERING, University of Melbourne, Australia—The Secretary, Asso- 
ciation of Don uae tenen Office), Marlborough House, 
Pall Mall, London, S.W.1 (October 24). 

PROFESSOR OF ORGANIC CHEMISTRY—The Registrar (Room 22, O.R.D.), 
The University, Reading (October 24). — : 

CHAIR OF PATHOLOGY at the University of Tasmania, Australia—The 
Secretary, Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S.W.1 (Australia and London, 
October 30). R E 

DIRECTOR (with an honours degreetn forestry or its equivalent, considerable 
experience of research in several branches of forestry, administrative 
experience, a sound knowledge of two or more modern languages, preferably 
including German, ability to write good concise English, and preferably 
editorial experience) of the Commonwealth Forestry Bureau, Oxford—The 
Secretary, ommonwealth Soe Bureaux, Farnham House, Farnham 
Royal, Bucks (October 31). 

oyal, DUSI OS FELLOWS (2) (physical chemists or physicists) to carry out 
research on atomic reactions—The Registrar, University of Canterbury, 
Private Bag, Christchurch, New Zealand (November 30). 

BIOCHEMIST (interested in studying for a higher degree, and preferably 
with some enzymological experlence) for work on isoenzyme purification and 
properties—Prof. D. N. Baron, Department of Chemical Pathology, Royal 
Free Hospital, Gray's Inn Road, London, W.C.1. : s 

DEMONSTRATOR (Nigerian, with a good first degree in physics), for duties 
which will include the preparation and testing of undergraduate experiments, 
laboratory supervision, and organization of tutorials—The Registrar, 
University of Ife, Ibadan Branch, Ibadan, Nigeria. 

ENTOMOLOGIST (between 23-44 years, with a degree in botany, zoology or 
entomology, and relevant postgraduate experience in applied entomolngical 
research) in Northern Rhodesia, to carry out research into the life history 
and control of pests of agricultural and horticultural importance- ‘Ihe 
Appointments Officer, Room 301, Departmen’ of Technical Co-operation, 
Eland House, Stag Place, London, S.W.1, quoting Ref. RC 213/132/03. 

ENTOMOLOGIST (national of the United Kingdom or the Republie of 
Ireland, with a degree in biology and at least two years’ postgraduate 
research) with the East African Common Services Organtzation, to study 
ways of improving methods of controlling Or eradicating tsetse flles by 
insecticides and chemosterilants including both laboratory and field studies— 
The Appointments Officer, Room 301, Department of Technical Co-operation. 
Eland House, Stag Place, London, S.W.1, quoting Ref. RC 213/214/07. 

HEAD OF THE ELECTRONICS SHOP IN THE NEW YORK MEDICAL COLLEGE, 
to be responsible for the design and maintenance of research and teaching 
equipment—Dr. V. B. Brooks, Professor of Physiology, New York Medical 
College, Fifth Avenue at 106th Street, New York, N.Y., U.S.A. ; 

LECTURER IN THE DEPARTMENT OF ORGANIC CHEMISTRY—The Registrar, 
The University, Liverpool, quoting Rev. CV/266/N. 

LECTURER or ASSISTANT LECTURER IN DAIRY AND FOOD TECHNOLOGY 
with particular reference to quality control—The Registrar (Room 22, 
O.R.B.), The University, Reading. . ; 

LEUKEMIA RESEARCH FELLOW (non-medical graduate with experience 
in cytogenetics) to study the cytogenetics of acute leukemia in children— 
The Secretary, Institute of Child Health, Great Ormond Street, Loudon, 


,C-1. 

Puystcist (with a good honours degree in physics and preferably seme 
experience in medica] physics) to work jointly in the University Department 
of Medical Physics and the Hospital Department of Nuclear Medicine on 
problems associated with applications of radio-isotopes to clinical medicine-— 
The Secretary to the Board, The General Infirmary, Leeds, 1 

PROFESSOR OF ANATOMY and HEAD OF THE DEPARTMENT—The Dean, 
Faculty of Medicine, University of Manitoba, Cor. Bannatyne and Emily 
Streets, Winnipeg, Manitoba, Canada. 

RESEARCH FELLOW or SENIOR RESEARCH FELLOW (with a good honours 
degree in psychology and experience of research in experimenta] psychology 
or ergonomics) IN EXPERIMENTAL PSYCHOLOGY/ERGONOMICS, to assist a 
team working on the effect of variations in job content and design on 
productivity—The Registrar, Bradford Institute of Technology, Brad- 
ford, 7. 

SENIOR RESEAROH ASSISTANT IN PHYSICS to work on electron spin reson- 
ance and relaxation in compoundë which exhibit co-operative magnetism-- 
The Registrar, The University, Sheffield. DE 3 . 

SENIOR TECHNICIAN (preferably with a special interest in microbiology) 
IN THE APPLIED BIOLOGY DEPARTMENT—The Registrar, Brighton Teghnical 
College, Richmond Terrace, Brighton, Sussex. 
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TEOHNIOIAN (with a knowledge of electronics) IN THE DEPARTMENT OF 
CLINIOAL MEASUREMENT—The Secretary, Department of Clinical Measure- 
ment, Westminster Children’s Hospital, Vincent Square, London, S.W.1. 
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. UTILIZATION OF SCIENTIFIC AND ENGINEERING 
MAN-POWER 


HE Committee on Utilization of Scientific and 

Engineering Manpower, of which Mr. J. R. Killian, 
jun., is chairman, was appointed in 1962 by the National 
Academy of Sciences and financed by a grant from the 
Ford Foundation. It has thus something of the status 
of the Committee on Scientific Man-power of the Advisory 
Council on Scientific Policy in Britain, and its report, 
Towards Better Utilization of Scientific and Engineering 
Talent: a Program for Action*, has its place in a series 
of reports dealing with aspects of scientific and engineering 
man-power which have come from the President’s Science 
Advisory Committee during the past two years. It does 
not deal with the problem of dissemination of information, 
which was considered in 1963 in the report from that 
Committee, Science, Government and Information (Nature, 
202, 735; 1964), nor with the support of basic research in 
the universities, which was covered by a report from the 
National Academy of Sciences, Federal Support of Basic 
Research in Institutions of Higher Learning. Similarly, 
graduate training in engineering, mathematics and phys- 
ical sciences is left to the report under that title from 
the President’s Science Advisory Committee, and the 
questions of technicians will be dealt with in an impending 
report from the same Committee. 

Nevertheless, as the title of the present report indicates, 
it is more concerned with action than the reports that 
have so far come from the Committee on Scientifico Man- 
power, or even, on this subject, from the Advisory Council 
on Scientific Policy. It includes & brief and clearly pre- 
sented survey of needs and resources, which is summarized 
on p. 1125 of this issue of Nature, along with the nine 
study papers which form Part 2 of the report. The bulk 
of the first part of the report is contained in three chapters, 
which discuss successively the functions and responsi- 
bilities, in respect of the utilization of scientific and 
engineering man-power, of the Federal Government, 
industry and the universities. It is with these, and the 
brief chapter on research, that we are here concerned; 
the conclusions and recommendations set forth are relevant 
to the position in Britain, both from the point of view of 
the expansion of higher education and from that of the 
reorganization of civil research. 

First, as regards Federal Government  responsi- 
bilities, tt should be noted that although only 11 
per cent of scientists and engineers engaged in research 
and development are employed by the Federal Govern- 
ment, 60 per cent of the expenditure on research and 
development comes from the Government, and 80 per 
cent of this is dispersed by the Department of Defence 
and the National Aeronautics and Space Administration. 
It is scarcely surprising, therefore, that the Committee 
should recommend that before the Government makes a 
decision to undertake a great technological programme, 
such as the lunar landing or the supersonic transport 
projects, it should make a careful assessment of the 

* Towards Better Utilization of Scientific and Engineering Talent: a Program 
for Action. Report of the Committee on Utilization of Scientific and Engin- 
eering Manpower. Publication No. 1191, National Academy of Sciences. 
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impact of the decision on the deployment and utilization 
of scientists and engineers. How this is to be done depends 
on the administrative structure generally, but it is worth 
emphasizing that, in Britain, this appears to have been 
done reasonably well by the Advisory Council for Scientific 
Policy. Any changes in the organization of civil science 
should not be allowed to impair the Council's effectiveness 
in this field. 

In the United States, the Committee on Utilization of 
Scientific and Engineering Manpower recommends that à 
unit within the Executive Office of the President should 
be made responsible for stimulating and co-ordinating 
planning by Federal Departments and agencies with 
respect to scientific and engineering man-power. Its 
responsibilities would also include the promotion of 
research, inside and outside Government, likely to 
facilitate the solution of man-power problems, and the 
initiation of an integrated programme for continuing 
collection and analysis of information on scientific and 
engineering man-power. The Committee suggests that 
such a unit might be placed in the Office of Science and 
Technology. Besides this, however, it recommends firmly 
that each department with major scientific or engineering 
activities should make one of its highest officials respon- 
sible for improving the utilization of civilian scientists 
and engineers, whether employed directly, or by those 
whose work it finances. Specifically, it recommends that 
an official in the Department of Defence be given such 
responsibilities to improve the utilization of civilian 
scientists and engineers working on defence programmes 
within the Department and elsewhere. 

Such an official should: (1) participate in Government- 
wide scientific and engineering man-power planning 
activities and bring to the attention of his colleagues the 
implications, in terms of man-power, of proposed new 
programmes; (2) assess the impact on man-power of 
cancellation, curtailment or alteration of major pro- 
grammes; (3) analyse the influence of man-power prac- 
tices and policies on the effectiveness with which scientific 
and engineering man-power is utilized; (4) provide for 
the collection and analysis of the necessary information. 
While it would seem possible that the new organization 
of the Ministry of Defence could go some way towards 
securing these objectives in Britain, how far they are 
consistent with the control at present exercised by the 
Treasury generally is another matter. Particularly in 
view of comments by the Estimates Committee on tho 
staffing of the new Diplomatic Services, recommended by 
the Plowden Committee in its report on Representational 
Services Overseas (Nature, 203, 439, 797; 1964), the 
exercise of Treasury control might well be worth re- 
examining in the light of the comments in this report- 
Without such an enquiry, the appointment to major 
projects of outstanding managers with technical and 
administrative ability is unlikely to contribute greatly to 
the improvement of such management, nor are the 
managers likely to receive the necessary authority, 
responsibility and resources. > 
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Here the wisdom of assessing these recommendations 
in the British context seems further emphasized by recent 
unhappy experience over the fixed-price contract system 
for guided weapons and the disclosures of the first report 
of the Inquiry into the Pricing of Ministry of Aviation 
Contracts, and the next few recommendations underline 
the same point. Government agencies responsible for 
developing programmes should continue to place emphasis 
on accurate estimates of their cost and feasibility, and on 
the use of multi-phase contracts. In development con- 
tracts the use of fixed-price and incentive contracts 
instead of cost-plus-fixed contracts is recommended. 
Moreover, Government agencies should take great care 
to establish meaningful and realistic criteria of perform- 
ance. The Committee commends the increasing ability 
of Federal contracting agencies in the fields of defence 
and space to cancel, curtail or materially alter at an early 
stage major programmes that do not appear to be worth 
their cost. However, Federal departments and agencies 
should work with industry to develop plans and pro- 
grammes for minimizing any disloeation or wastage of 
scientists end engineers as a result of such cancellation or 
redirection. They would also maintain Federal support 
of contractor-initiated technical programmes at a sub- 
stantial level and develop incentives for encouraging 
corporate managements to emphasize quality and con- 
tinuity, and to orient work towards long-term objectives. 

The three last-mentioned recommendations relating to 
the Federal Government are concerned with its role as 
employer, and the Committee first recommends greater 
emphasis on assuring a high level of professional com- 
petence in the Federal scientific establishments. This is 
directed particularly at Congress, which should enact 
promptly the proposals of the administration for higher 
salaries at the upper levels in the Government Service. 
The Committee also recommends that the U.S. Civil 
Service Commission should take the initiative in im- 
proving the working environment of scientists and 
engineers employed by the Federal Government, and help 
to foster improved forecasting of their future requirements 
for scientific and engineering personnel. This recom- 
mendation is in line with the ideas of the Fabian Society’s 
Committee regarding the functions of the Civil Service 
Commission as expressed in a recent report, The Adminis- 
trator: The Reform of the Civil Service (Nature, 203, 555, 
797; 1964). Finally, the Committee recommends periodic 
reviews by the Department of Defence, the Atomic 
Energy Commission, the National Aeronautics and Space 
Administration and other Government departments of 
the missions and the programmes of the research labor- 
atories they finance, whether directly or under contract. 
This would ensure that their resources served national 
objectives of high priority, that arrangements for their 
management and location provide the maximum oppor- 
tunity to be strong and creative, and that their pro- 
grammés and administrative arrangements are compatible 
with the objectives of institutions with which they may 
be linked. In this, it is suggested, the resources of 
the President’s Science Advisory Committee might be 
used. 

Eight recommendations relate to the utilization of man- 
power by industry, and are concerned primarily with 
engineers and scientists engaged in research and develop- 
ment, and especially in the aircraft and missiles industry 
and in electrical equipment and communications. To- 
gether, these last-mentioned industries received 5,400 
millian ovt of the 6,700 million dollars which the Govern- 
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ment spent in 1962 for research and development per- 
formed by private industry and accounted for 58 per cent 
of private and Federal investment in industrial research 
and development. The recommendations deal first with 
improving the management of research and with the key 
role of management. Corporate managers should identify 
their most promising scientists and engineers and take 
action to enable them fully to develop and apply their 
competence, and they should seek to provide a climate 
for creativity and productivity in keeping with the great 
potential of highly qualified scientists and engineers. 

These have been recurring themes in discussions on the 
management of research in Britain since the Barber 
Report on scientific staff and earlier, and the second and 
third recommendations of the present report reiterate the 
vital importance of effective management. However, no 
guidance is offered concerning the selection of technical 
and administrative talent or on how best such a central 
core should be given the necessary authority. The 
emphasis placed on the responsibility of industry, Govern- 
ment and the universities in training and developing more 
managers and project engineers, who combine thorough 
understanding of the technology they manage with 
mastery of the art of leadership, finds some reflexion in 
the report, and recognition of that responsibility lies to 
some extent behind the present move towards the estab- 
lishment of business schools. Beyond this, the report 
recommends that companies should actively seek to 
assist their most talented man-power to increase and 
replenish its professional competence. Furthermore, it 
advocates more systematic study of the art and science 
of research management, with support from both industry 
and Government. Intensive study of the experience of 
modern corporations that are heavily committed to 
research and innovation is particularly recommended; 
this finds support in the evidence which Sir Ronald 
Holroyd gave to the Sub-Committee of the Estimates 
Committee, which recently reported on the Treasury 
Control of Establishments. Finally, the Committee con- 
siders that wastage of scientific and engineering talent 
would best be minimized by improved management on 
the lines suggested and that no fundamental overhauling 
of Government procurement methods or imposition of 
extreme controls over contractors is required. However, 
it believes that co-ordinated action by industry and 
Government could stimulate more research and develop- 
ment in areas of the economy where the rate of innovation 
has been relatively slow. 

Precisely how this ‘action’ could be stimulated is not 
indicated in the report and it would not appear that the 
United States has yet any real solution to offer to one of 
the most acute problems besetting the research associa- 
tions in Britain, or the utilization of science in backward 
industries generally. The seven recommendations relating 
to the universities and other institutions of higher educa- 
tion are likewise of particular interest in the light of the 
recommendations of the Robbins Committee and em- 
phasize many of the same principles—though without 
offering much further guidance. While the Committee 
stresses the responsibility of the universities in main- 
taining a proper balance between teaching, research and 
public service—with the systematic co-operation of the 
Federal Government—and admits that better ways are 
needed to recognize and reward the distinguished teacher, 
it can only remind the universities and professional 
associations that they have given too little attention to 
this subject. It suggests they might, with the President’s 
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Science Advisory Committce, indicate some more cffective 
means of recognizing great teachers and creative con- 
tributions to teaching. 

One of the recommendations calls for development of 
new centres of educational excellence in science as well as 
further support of the efforts of the present centres and, 
as is now being done in Britain, increased attention to 
and larger support of programmes for the devolopment 
and reform of curricula, particularly programmes which 
involve outstanding scholars in the universities working 
with school teachers. It is also in line with the Robbins 
Report that universities with strength in science should 
accept a responsibility to provide opportunities for study 
and research for members of the faculty of independent 
liberal arts colleges, and that such colleges should 
strengthen the quality of their science teaching by 


increased salaries, research facilities and leave for pro- . 


fessional development. In view of the present discussion 
on engineering education in Britain, it should also 
be noted that the Killian Committee recommends 
strengthening and expanding graduate study in engin- 
eering as well as continued reform of undergraduate 
education in engineering, reducing its rigidity and in- 
creasing its scientific content, and modernization of the 
laboratory facilities of engineering schools. 

The final two recommendations also reflect present-day 
tendencies in Britain. Universities, it is urged, in close 
co-operation with Government and industry, should 
develop a concerted attack on the problem of keeping 
engineering and scientific man-power up to date by 
refresher and like courses. Universities should also take 
the lead in expanding educational research, and the 
Committee rightly argues that reform of curricula, im- 
provements in engineering schools, expansion of teacher 
training, and the establishment of new centres of excel- 
lence all require a sound foundation in research. 

This aspect is further discussed in a separato chapter, 
“The Need for Research”, in which the Committee 
recommends that the Government, industry and the 
universities expand or initiate research efforts that will 
provide the broader perspectives and increased. knowledge 
for dealing more effectively with the issues involved in 
the utilization of scientific and engineering man-power. 
As examples, it instances the economies and dynamics of 
scientific and engineering man-power, the unused potential 
in human resources, technological aids, the organization 
in its operating environment, the scientist or engineer in 
his working environment, and scientific and engineering 
man-power and public policy. Some of these subjects 
are already being investigated in Britain under pro- 
grammes for educational research financed by the 
Ministry for Education and Science. Others fall within 
the scope of the Committee on Scientific Man-power of 
the Advisory Council for Scientific Policy, and there 
should be no reason to fear that such efforts will be 
interrupted by the changes which are being made in the 
organization of Civil science following the recommenda- 
tion of the Trend Report (Nature, 203, 574; 1964). 

The significance for Britain of this report from Dr. 
Killian and his colleagues does not, in fact, lie so much 
in the novelty of its recommendations as in the clarity 
and firmness with which they are related to national 
needs, whether in the United States or in Britain. No 
Government can now mistake the massive influence which 
it exerts on the deployment and utilization of scientists 
and engineers or the concomitant extent of its responsi- 
bility to avoid waste. The balanced allocation of such 
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talent, based on adequate and reliable data, is primarily 
a Government responsibility and, if management also has 
a key part to play, that in itself indicates the Govcm- 
ment’s duty to satisfy itself that adequato means fur 
education and training in management are available. 
Above all, there must be forethought and adaptability to 
change, and in this report standards are set and challenges 
offered which must be accepted at least as much in 
Britain as in the United States. 


A LOOK AT LIFE 


Atlas of Electron Microscopy 


Biological Applications. Compiled by F. Scanga. Pp. 
xxvi + 331. (Amsterdam, London, New York: 
Elsevier Publishing Company, 1964.) 210s. 


HE electron microscope is now firmly established as 

a tool inseparably bound to future progress in biology, 
and no biological laboratory can in the future be 
considered complete without this now essential tool. 
Most biology students at universities, indeed, already 
have direct if somewhat glancing acquaintance with the 
instrument and none can have escaped its influence. So 
much indeed has electron microscopy become part of the 
corpus of common biological tools, and so fundamental 
has been its impact on biological thought, that most sixth 
formers already know a good deal about the instrument 
and its achievements, and electron microscopy at a suitable 
level is about to take its place in the formal curriculum 
at schools. This is perhaps the first time in which current 
biological research, however exciting, has found an 
immediate outlet both in text-books and in school 
curricula. Whatever satisfaction one may find in this 
rapid spread of modern knowledge is tempered by a 
concern that, if the principle is to be maintained that no 
student should be taught matters which he cannot be 
called on himself to experience, however remotely, 
something must be done to bring praetical electron 
microscopy within the ambit of all universities and. of all 
schools dealing with advanced level biology. This has 
been foreshadowed by recommendations made in several 
quarters that schools should arm themselves with a sheaf 
of relevant, informative electron micrographs produced by 
recognized authorities. Steps are already being taken to 
publish sets of electron micrographs collected together 
specifically for this purpose. But steps take time, and 
time may be something the schools are short of. It was 
therefore with the keenest anticipation that I received 
this beautifully presented volume by Prof. Scanga. It 
constitutes a second edition, in English, of an earlier 
volume in Italian by the same author. The first edition 
was chiefly devoted to bacteriology and virology, but this 
second version “has been supplemented by a largo number 
of micrographs of cytological interest. In all, about 25 
per cent of the photographic material is new to the 
present edition". 

The book consists of 482 electron micrographs cach 
briefly annotated together with a “brief but useful 
survey” of the fundamental techniques and principal 
biological applications running over little more than 
eleven pages of text. Some of the micrographs are of 
historic importance and some are excellent—chance alone 
would ensure this—but it is disheartening on looking 
through these pages to see so many which, ‘notable 
achievements of workers throughout the world” though 
they may be, are neither historically important, oxcellent, 
recent nor produced by & recognized authority. Most of 
the micrographs dealing with bacteriology and virology, 
and some other micrographs are Prof. Scanga’s own and 
it is understandable and welcome that an author should 
draw on his own richness. 148 micrographs of bacteria in 
a total of 482 illustrations seems, however, to bo going a 
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little far particularly since many of them show exactly the 
same (few) features. The book would have been greatly 
improved if most of these had been deleted or, preferably, 
replaced by more recent plates on most of the topics 
which are covered in this book and many which are not. 
Scarcely any of Prof. Scanga’s photographs, moreover, 
como from a named published work so that the viewer has 
no possibility of following up any point of interest. Of 
the fewer than 240 items which refer to published papers, 
only two are more recent than 1960 and more than half 
were published during the 10 years preceding 1956. One 
can scarcely believe, therefore, that ‘tho present day 
scope and utility of electron microscopy” has been 
adequately documented. One of the potentially good 
features of the book, the large format ‘‘chosen so that the 
original electron micrographs may bo seen to their best 
advantage”, has unfortunately in many cases, though 
happily not all, gone sadly astray: it has resulted in 
magnification which many of these earlier photographs 
could not stand. 

This having been said, there are still many photographs 
in this book which are excellent and well worth recording 
in this way. It would be invidious to namo names, and 
interested biologists are recommended to leaf through 
the book to look for these highlights. The total effect, 
nevertheless, leaves a doubt in my mind about the public 
for which this book has been prepared. It can scarcely 
appeal to the expert and, taking into account the amount 
of information conveyed, can scarcely appeal to schools at 
this price even though at the same time the prico seems 
moderate for a magnificently produced volume of this 
kind. Electron microscopy is at this time advancing 
more rapidly than almost any other facet of scientific 
endeavour and a collection of photographs is inevitably 
out of date to-day even if culled from yesterday’s efforts. 
It is sad that this book appears to have beon out of dato 
even before it was conceived, for the idea was sound and 
Prof. Scanga appears to have missed a uniquo opportunity. 

R. D. PRESTON 


COPEPODA AND BRANCHIURA 


Parasitic Copepoda and Branchiura of Fishes 

By Satyu Yamaguti. Pp. vii + 1104 (333 plates). 
(New York and London: Interscience Publishers, a 
Division of John Wiley and Sons, 1963.) 563s. 


T number of known species of Copopoda and 
Branchiura, mainly parasitic on fishes, has now passed 
2,500 and keeps rising from month to month. It includes 
a diversity of forms which is as bewildering as it is fasci- 
nating. Many of these forms have become enmeshed in 
the tangle of systematic controversy, many have never 
been properly studied or even sufficiently described. A 
synoptic look at the entire group has been long overdue. 
This book is an attempt to produce a comprehensive 
account of the copepods and branchiurans infosting fishes. 
Its author is a noted helminthologist, well known for his 
magnum opus, Systema Helminthum. By his own admis- 
sion (p. 1), he treats Copepoda as a second string to 
his bow. Closer acquaintance with his book bears him 
out entirely. . 
I began my appraisal of Yamaguti's book by a close 
investigation of its bibliography. Although the author 
himself does not consider it complete, the bibliography is 
surprising by its lack of selectivity. Somo important 
publications are missing. On the other hand, some of the 
included ones sre irrelevant to tho subject discussed. 
Papers by Blake and. Bonnier (p. 346) do not deal with tho 
parasites of fishes. The list could have been better edited. 
Some references are quoted twice under different dates 
(Brian, 1898, 1908) or under different authors (Nunes- 
Ruivo, 1952; Pearse, 1952). There is even one reference 
to a paper never published (p. 362, Kirtisinghe, 1934, in 
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Spolia Zeylanica). These, and many more, create an 
aura of untidiness which does little to inspire confidence. 
The aura is further augmented by fairly numerous 
typographical errors. One is rather taken aback at 
Seeing a proposal to amend Lernaeopodina to . . . Lernae- 
opodina, particularly when there is really no need for 
amendment. Phrixocephalus arboreus is quoted in the 
index twice, the second time as alboreus. (On the other 
hand, Lernaeocera is missing from the index altogether.) 

The book is intended as a complete record of all known 
species but it falls short of its aim. Many species have 
bcon missed out. Even some genera are absent. Anacla- 
vella and Euclavellisa are not mentioned, though the paper 
in which they were first described (Heegaard, 1940) is 
recorded in the bibliography. 

A disagreeable feature of the book is its taxonomic 
confusion with its inovitable consequences. Many 
species are recorded twice under different names (for 
example, Cybicola armatus, p. 135, and Pseudocycnoides 
armatus, p. 172; Chondracanthus horridus, p. 273, and 
Disphaerocephalus horridus, p. 286; Clavella hippoglossi, 
p. 243, and Hatschekia hippoglossi, p. 135). Tho last 
example is particularly glaring: C. hippoglossi was 
validly transferred to the genus Hatschekia in 1902. 
Similarly, the confusion between Lernaeocera and Lernaea 
was resolved in 1915, but it still haunts Yamaguti’s pages. 
The confusion is further increased by the author’s revival 
of long-defunct names. Salmincola, a well-established 
generic name, is replaced by Lamarck’s Entomoda, on the 
ground that Entomoda (later Salmincola) salmonea was 
mentioned first in the account of the genus. Contrary to 
Yagamuti’s view, the International Committee for 
Zoologieal Nomenclature decided some time ago that in 
Lamarck's genera no species will be accepted as type by 
implieation. Equally unfounded, in my opinion, is the 
substitution of Chondracanthoides Oakley, 1930, for 
Chondracanthodes Wilson, 1932. 

One of the penalties of nomenclatural inaccuracies is 
the placing on record of non-existing species such as 
Dissonus intermedius Kurtz, 1932. Kurtz published no 
paper in that year. She did, however, describe Pholidopus 
(Achtheinus) intermedius in 1924, establishing in the same 
paper Dissonus glaber. Yamaguti lists also, on p. 114, 
Achtheinus intermedius as synonymous with Dissonus 
intermedius. The two genera are not even in the same 
family. 

It is not surprising, in view of the foregoing, that one 
tends to approach the author’s systematics with caution. 
Some of it, such as the erection of the new order Andrei- 
nidea (consisting of only one species), seems to me to be of 
questionable valuo. The chondracanthids are a diverse 
lot, biologically as well as morphologically, and the 
isolation of Andreina in a separate order scems scarcely 
justifiable. Why not, for example, Juanettia, with its 
peculiar mandible? In contrast to this innovation is the 
retention of Chondracanthidae and Lernaeopodidae in the 
same order, though it is now known that the two families - 
are not related. 

The phylogeny of the parasitic copepods is still very 
controversial and one cannot expect to find agreement 
with everybody. One must not, however, confuse the 
sides in the dispute. This is what the author does by 
mentioning in the same breath, as it were, Lang and 
Heegaard, on p. 2. 

At tho level of the lower taxa, thirteen new families are 
introduced; it would be a bold man who would give a 
snap judgement on their validity. The author disregards, 
however, Gurney's (1933) Lernaeocoridae. He decides to 
retain Lernaeocerinae and Lernaeinae in the same family, 
in spite of strong evidence, produced during the past two 
decades, that close affinity exists between Lernaea and 
Lamproglena (placed by Yamaguti in Eudactylinidae), and 
in spite of many indications that a careful revision in 
that sector might not come amiss. At the generic level, 
the author retains Leigh-Sharpe’s spurious genus Alella. 
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His new. combination of Isobranchia is an interesting 
effort to clarify the uncertain status of the Brachiella 


| group, but it.does require further investigation. Yama- 


guti's support for Leigh-Sharpe's ‘splitting’ of Clavella, 


2 abundantly rejected many years ago, is not acceptable to 













the credit side of the book is most of all its existence. 
task it seb out to fulfil is an onerous one and its 
to be admired for his eourage and diligence. 
ring together, in 333 plates, of illustrations, 
persed to the point of inaccessibility, is in 
and a tremendous help for anybody working 
In spite of its many and obvious short- 
pite of its uncomfortably high price, the 
ie essential. Those who use it, however, 
in particular, would do well to double- 
ieee of information it provides. 

: Z. KABATA 








IMMUNOLOGICAL REVIEWS 


D : Progress in Allergy 


«Vol 
v Pp 





l 7. Edited by Paul Kallós and Byron H. Waksman. 
Xii 334. (Basle and New York: S. Karger, 1963.) 
w. franes. 

MHE seventh volume of Progress in Allergy fully 
maintains the high standard of its predecessors. 
This series of volumes consists of reviews of immunology 
that are usually comprehensive and therefore provide one 
of the standard sources of reference to the immunological 
literature. This volume is no exception and contains five 





- important review articles. 


In the first article, H. Fudenberg presents a concise 


- review of the “Hereditary Gamma Globulin (Gm) Groups". 


This field involves the investigation of genetically 


determined differences in the antigenic properties of 


human y-globulin, which can be revealed only by 
the use of naturally occurring antibodies in certain human 
šera, It is well known that sera from the majority of 
patients with active rheumatoid disease contain antibodies 


~to human y-globulin; it now appears that these naturally 


occurring antibodies can detect antigenic differences 
between the y-globulins of different human individuals. 


` Fudenberg points out that the antigens (allotypes) are 


; erythrocytes. 


“physicochemical 
“eomponents of the Gm test system itself. 


E 







readily identified by agglutination-inhibition reactions in 
a way analogous to the use of inhibition-reactions in 
investigating the genetically determined antigens of human 
He deseribes the incidence of the allelic 
y-globulin determinants (Gm phenotypes) in various 
ethnological groups; then follows a description of the 
and serological properties of the 


The author describes his own attempts to simplify the 


cumbersome test system and diseusses the implications 
of recent. work relating Gm specificities to the structure 


ulin. It is evident from his review that there is 
need for standardization of nomenclature and 
in this new field. 

"d hylaetie shock has long been considered to involve 
a reaction of the body to pharmacologically active 
substances, released from cells or tissues, by the inter- 
action of antigens and antibodies in the immediate 
vieinity of body tissues. However, little is known of the 
mechanisms underlying these tissue reactions, and 
inereasing attention is now being direeted to the biological 
effects of preformed antigen-antibody complexes. K. 
Ishizaka is a leading worker in this field; the second 
chapter of this volume consists of his review entitled 
“Gamma Globulin and Molecular Mechanisms in Hyper- 
sensitivity Reactions”. 

In the first part of his artiele, Ishizaka brings together 
the biological activity of immune complexes and their 
immunochemical properties. Complexes formed in 
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moderate antigen excess have the greatest biological 


‘activity; they produce acute anaphylaxis in the guinea 


pig or mouse, and cause contraction of smooth musele aa 
well as passive cutaneous anaphylaxis. The author 
discusses the discrepancy between the vascular lesions 
seen in serum sickness, or in the Arthus phenomenon, ard 
the lesions that result from the injection of preformed 
immune complexes; he suggests that greater fixation 
(and hence greater damage) to blood vessels oceurs when 
the immune complexes are actually formed i vivo. 
Both skin reactivity and complement-fixing poteney 
depend on the species of origin of the antibody as well as 
the ratio of antibody to antigen; it appears that two or 
more antibody molecules attached to one antigen are 
required for skin reactivity. 

Ishizaka then suggests that important sirucbural 
changes in antibody molecules may oceur when they sre 
brought together by antigen and that certain molecular 
shapes arise (toxie configurations of the y-globulin) thet 
acquire the capacity to liberate pharmacologically active 
substances from skin and other tissues. lshazaka'sfindi 
relate to present thinking on the co-operative prope 
of large molecules that go beyond the properties of 
sub-units; the author's experimental work is disc 
in some detail and there is a valuable bibliography. 

"Organ specificity with special reference to the lens 
is the title of a well-documented review hy S, P; f 
and W. Manski. They examine the concepts : 
specific and species-specific antigens using their exte 
data on oeular lens antigens as a starting point. Further 
illustrations are drawn from some of the literature on: 
serum proteins and blood cells; heart and skeletal mu I 
spermatozoa and brain; cell nuclei, DNA, enzyme 
hormones. Itis proposed that organ specificity and species 
specificity represent extremes of a spectrum of differentia- 
tion and that the vertebrate lens provides a clnasica 
example of the organ-specific antigens. Antiserato bovine 
and human lens were made in rabbits and ducks: the 
many precipitin cross-reactions with higher *: 
lenses, but only a few with the lower vertebrate 
extracts, while invertebrate lens did not react at ail. 

Serum proteins were once thought to reflect the indi- 
viduality of their species of origin; however, as 
Halbert and Manski point out, considerable. antigenic 
sharing is now evident in serum proteins from a wide 
range of species. It is implied that organ- and species 
specificity are not mutually exclusive properties of tissue 
antigens; though few will disagree with this, there will 
be some differences of opinion concerning the nomen- 
clature used in this review. E 

The literature on auto-antibodies to lens is reviewed 
together with selected examples of other tissue suto- 
antibodies and a critical discussion is given of the stabus 
of auto-allergic lens disease. The authors’ opinion is that 
further work will be needed before it is clear thet wato- 
antibodies can damage the lens in vive, or cause damage 
to cultured lens epithelium in vitro. 

It is concluded that advances in techniques of immuno- 
diffusion will now permit a greater degree of accuracy in 
the application of tissue immunochemistry to problems 
of differentiation and taxonomy. 

In a chapter entitled “Induced Synthesis of Histamine, 
Microcirculatory Regulation and the Mechanism of Action 
of the Adrenal Glucocortoid Hormones”, R. W. Schayer 
cites evidence implicating histamine in the physiological 
regulation of the microcirculatory system. It is explained 
that this view "is in sharp contrast to the usual concept 
of histamine as a nuisance or toxin". In a closely packed 
presentation the author enumerates the evidence that 
regulation of the microcirculation occurs via the proc 
of newly synthesized histamine molecules. This is 
possible by an increase in histidine decarboxylase a 
that occurs after various stimuli; this enzyme acti 
shown to depend on the severity of the stimulus 
correlate with the degree of capillary response.” The 
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(plasma, globulins, 
considers that they are not involved in microcirculatory 
regulation. ^ : Ue T 

Sehayer then diseusses the modes of action of gluco- 

corticoids as. vasoconstrictors of the smooth musele of the 
microcirculation and possible potentiators of catechol- 
amines; thus these two actions of the glucocorticoids 
would combine to inhibit the effects of induced histamine 
on. the microcirculation. The author tabulates the 
response of the microcirculation to various circumstances, 
interpreting the observed changes in terms of a balance 
between induced histamine synthesis on one hand and 
glucocorticoid status on the other. 
„Finally, S. B. Salvin contributes an article entitled 
immunological Aspects of the Mycoses”. He reviews 
the fungal antigens, antibodies and serologieal tests in 
eleven mycotic diseases, while he further discusses delayed 
hypersensitivity, pathogenesis, resistance and immuni- 
zation in these disorders. The mycoses reviewed are as 
follows: Aetinomyoosis, nocardiosis, aspergillosis, candi- 
diasis, eryptococcosis, North American blastomyeosis, 
: eoecidioidomycosis, histoplasmosis, chromoblastomycosis, 
sporotrichosis, and dermatomycosis. This is a monumental 
review, containing nearly 800 references £o the literature, 
though clinical mycologists may notice the absence of data 
concerning Mucor, Rhizopus, and Absidia. The alarming 
. inerease in deep-seated mycotic disease that has oceurred 
during the past ten years makes Salvin’s review most 
timely: its value is thus two-fold, for there is a growing 
increase in the immunology of Fungi in general. 

As can. be seen from the contents, this volume richly 
deserves its place in the reference literature of Immu- 
nology. In an introduction, Waksman summarizes 
recent developments in immunology and makes a plea 
for the recognition of Immunopathology as a special 
discipline, and for the introduction of a journal devoted 
to this speciality. Those who eagerly await the appearance 
of each, now annual, addition to the Progress in. Allergy 
series will agree that these reviews make a great contzibu- 
iion in themselves. D. C. DUMONDE 








= ANALYSIS OF PLANT DISEASE 
E EPIDEMICS 


Plant Diseases 

Epidemies and Control By J. E. van der Plank. Pp. 
XVi--349. (New York: Academic Press, Ine.; London: 
Academic Pross, Inc. (London), Ltd., 1963.) 805. 


/SHOSE who know Dr. van der Plank or are aware of 
A his substantial contributions to the epidemiology of 
plant diseases will not be led astray by the title of this 
book, but others may be. It is not, as one might anticipate, 
& description of plant disease epidemies and how to 
control them, but a dissertation on new methods of 
‘epidemiological analysis based on the rate at which the 
population of the pathogen increases (infection rate) and 
on the relation between the amount of inoeulum and the 
amount of disease the inoculum produces. It also demon- 
strates how this kind of analysis can be applied in the 
control of diseases, whether by the use of resistant 
varieties, by sanitation or by chemicals, all of which 
help to reduce the amount of inoculum, or the infection 
rate, or both. 

Plant Diseases: Epidemics and Control is intended 
primarily for plant pathologists and for plant breeders 
interested in breeding for resistance to diseases, and some 
of it is likely to be heavy going for those without an 
adequate knowledge of mathematics or who lack interest 
or experience in the application of mathematics to 
biology. The author, convinced that training in epidem- 
iologyewill soon become as essential for a plant pathologist 
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as training in mycology, virology or geneties, is clearly 
aware of this difficulty for he goes out of his way to heip 
his readers. The first of tho twenty-three chapters 
explains simply and clearly what the book is about and 
there is a continuous explanatory thread, in part taking 
the form of an introduetion to each chapter, which runs 
through the text, encouraging and maintaining interest 
even through the more difficult parts. Exercises in 
epidemiological analysis are included at the end of each 
of the chapters concerned with methods, and relevant 
mathematical tables are provided in an appendix. "The 
other early chapters deal with analogies drawn between 
rates of interest on money and disease infection rates; 
with methods for plotting the progress of an epidemic; 
and with the breakdown and analysis of infection rates 
to reveal how they may be influenced by various factors, 
such as the time newly infected tissues take to become: 
infectious (latent period) and the time needed for 
symptoms to develop (ineubation period), or by the: 
effects of new host growth, gradual sterility of infeeted 
tissues and so on. PT 

The rest of the book is mainly devoted to tho illustration 
of how the practice of sanitation or the use of resistant 
varieties and fungicides may be related to the analysis 
of control. The effect of sanitation, very loosely defined 
as the process of reducing the inoculum from which an 
epidemic starts, is dealt with in three chapters, with 
special reference to potato blight, black stem rust of 
wheat, bunt of wheat and Fusarium wilt of tomato. 
Then follow seven chapters on types of disease resistance, 
again with potato blight and black stem rust as the 
cardinal examples. A clear distinction is made between 
vertical resistance, which is directed against some races. 
of a pathogen but not others, and horizontal resistance - 
(in potatoes at present called field resistance) whieh 
operates against all races. The need for and intent of 
this new jargon is less apparent. Vertical resistance, the 
usual choice of plant breeders, is preferred by the author. 
only when there is a record of variety stability or when 
the disease multiplies slowly. Horizontal resistance is 
preferred when varietal change is frequently imposed by 
rapid changes in the races of the pathogen or when it is 
desired to improve the performance of fungicides. In 
biological warfare with black stem rust, for example, 
vertical resistanee would, it is thought, leave the wheat 
crop wide open to destruetion, whereas horizontal 
resistance is believed to provide an adequate defence. In 
chemical control of diseases, regarded here at times as a 
form of sanitation, the fungicidal action of the chemical 
is only part of the story. Successful control of an epidemic 
depends almost equally on weather or other environmental 
conditions and could be greatly promoted by better 
horizontal resistance in the host plants. 

The text ends with two chapters on the spread, as 
distinct from the inerease, of disease. In the second of : 
these, the author is highly critical of many field experi- 
ments intended to provide information that can be applied j 
to farming. In his view, experimental plots frequently do: 
not represent accurately the farmer's fields or orchards | 
they are meant to, because of ‘representational’ and 
'eryptie' errors. Such errors arise, for example, when guard 
rows in conventional layouts are not efficient against fast- 
moving pathogens in redueing or preventing plot inter- 
ference, and the extent of the errors may depend on other 
factors, including plot size and shape. Special layouts 
for avoiding interference and reducing representational 
errors are suggested. More than 200 literature references are 
listed, most of them to work published in the past decade. 

This extremely well-written book can be of absorbing 
interest, even to one who finds much of the mathematics 
beyond him. It breaks new ground with new ideas and 
will without doubt lead to much discussion and argument 
among plant pathologists and plant breeders as well as in 
a wider field, for much of it will surely find a place in 
future training courses. W., €. Moors 
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A COMPREHENSIVE GUIDE TO 
TEMPERATURE 


Temperature: Its Measurement and Control in Science 
ind. Industry 
Vol. 3. Editor-in-Chief: Charles M. Herzfeld. Part 1: 
sic Concepts, Standards and Methods. Edited by 
Briekwedde. Pp. xvi--848. 220s. not. Part 2: 
ods and Instruments. Edited by A. I. 
xiv--1094. 236s. net. Part 3: Biology and 
Edited by James D. Hardy. Pp. xii+ 683. 
ew York: Reinhold Publishing Corporation ; 
yman and Hall, Ltd., 1962-63.) 
can Institute of Physies, associated with 
ional Bureau of Standards and other 
has sponsored a series of symposia on 
easurement. So far there have been four 
| 1919, 1939, 1954 and 1961. and the proceed- 
e last three have been published as volumes 1—3 of 
ture: Its Measurement and Control in Science and 






















ES 
"lightly touched on. 


thab it has had to be published in three parts, totalling 
^. 2625 pages, and one can say at once that it is going to be 
fally the equal of the famous Volume 1 as an essential 
- gaference work. Volume 1, however, has lost none of its 
usefulness, for little of its contents has become obsolete, 
bub the new volume introduces much new matter. It 
is clear that many of the recent developments arise from 
‘space research, which has posed many problems, notably in 
Cithe measurement of gas and flame temperatures and in 
the physiological questions involved in space travel. 
The new volume contains 242 papers, ranging from 
accounts of particular instruments or investigations to 
general survey papers. In the field of optical pyrometry, 
Cfor example, we have papers by R. D. Lee of the National 
` Bureau of Standards in Washington and by J. Middlehurst 
and T. P. Jones of the National Standards Laboratory of 
Australia, each describing the photoelectric instruments 
developed in those laboratories, while from Canada D. R. 
'ULevejoy contributes a notable survey paper under the 
title “Recent Advances in Optical Pyrometry'". In this 
- we have an account of work carried out by the author, 
= who also considers the work of many other investigators. 
- References to fifty-three related papers are given. The 
| large number of references is a feature of the book as a 
(whole: there are, on the average, about twenty-five to 
i each paper, and they add greatly to the value of the book 
“asa work of reference. 
o Part 1, Basic Concepts, Standards and Methods, is 
5 le for the contributions from national laboratories 
cam United States, the United Kingdom, the Soviet 
| Union, Germany, the Netherlands, Canada and Australia, 
ith the relationship between the thermodynamic 
and practical scales of temperature. One of the main 
problems in this field at the present time is the method to 
be used for extending the International Practical Scale of 
Temperature below 90° K (the boiling point of oxygen) 
and a group of five papers is devoted to it. Another group 
of eight papers deals with the establishment of the 
“thermodynamic scale by both traditional and novel 
methods. "A Review of Recent Determinations of Thermo- 
Points above 419° C” is 












and discusses possible sources of error. 
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Notable among a group of papers on platinum resistance 
thermometry is “Potentiometric Methods of HK e 
Measurement", by T. M. Dauphinee, of the Nat 
Research Council, Ottawa. Like Lovejoy’s op 
pyrometer paper from the same laboratory, it isav 
survey and incorporates some of the author's recent v 
notably the design of a resistance comparator util ing. 
circuit in which the terms of the quadratic law | 
platinum thermometer can be set so that the bridge r 
directly in temperature with an accuracy of 0-00 
from — 50? to 700? C with a thermometer having a 
mental interval of approximately 10 ohms. 

Part 1 also includes several papers on the measurement 
of plasma temperatures by spectroseopie and other 
methods, on temperature measurement in astrophivsiós 
and in geophysics. 

Nearly all the papers on thermoelectric methods are to 
be found in Part 2, Applied Methods and Insimuncuts. 
The contribution “Thermocouple Materials", by F 
Caldwell, of the National Bureau of Standards, is 
comprehensive, and includes most of the ph 
properties of the metals and alloys which are ever 
thermocouples. This paper gives 124 references, 
there are 24 papers in the sections on thermoelectric 
thermometry, dealing with such matters as couples for 
very high temperatures, e.m.f. stability and. performance 
when exposed to nuclear reaction. There. are, how 
further papers in other sections on the use of t 
couples for special purposes, such as the measurement 
of surface temperatures, gas temperatures, transient 
temperatures, ete. There is also a paper by 8. D. m 
and H. L. Olsen on “The Intermittent Thermore 
New Technique for the Measurement of Extreme 
ture", which discusses the application of a chrome 
thermocouple to the measurement of tempera 
above its melting point by a method of 
e Temperature measurements of a. plas 
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the range of the method. 

Clarence R. Droms reports on an extensive series of 
tests on the stability of thermistors, while other papers 
concerned with semi-conductor devices range from the 
use of thermistors and carbon resistance thermometers at 
low temperatures to the possible use of ceramic elements 
for temperatures above 2,300?.R (1,000* C). 

Radiation thermometry is also well covered. in Part 2. 
There are four papers devoted to both moriochromatie 
and radiation ratio pyrometers, and to their uses in the 
measurement of gas and plasma temperatures. 

Part 3 is concerned with biology and medicine, but 
many of the experimental techniques will find nse in more 
extended fields. There are. for example, papers on 
microcalorimetry by T. H. Benzinger and Charlotte 
Kitzinger and by Robert L. Berger, and a study of the 
conditions required for accurate surface temperature 
measurement with thermocouples by George W. Moinar 
and Joseph C. Rosenbaum, jun. The paper by T. H. 
Benzinger and G. W. Taylor on “Cranial Measurements of 
Internal Temperature in Man” gives an ingenious brush 
design for a thermocouple to maintain light contact on 
the eardrum which could find other uses. The importance 
of the measurement of cranial temperatures is clear from 
the paper on "The Human Thermostat’, by T. H. 
Benzinger, C. Kitzinger and A. W. Pratt. This paper is a 
very thorough investigation of the mechanism of tempera. 
ture eontrol in the human body. Other sections of Part 
3 are devoted to thermal sensation, hypothermia and the 
physiological responses to heat and cold. 

The three parts of Volume III of Temperature. 
Measurement and Control in Science and Industry s 
all find a place in any laboratory in which the prob 
of measuring temperature are encountered. apo 
publishers, editors and contributors are to 
lated on a valuable piece of work. Jo A. 
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THE MYSTERY OF THE COSMIC HELIUM ABUNDANCE 
By Pror. F. HOYLE, F.R.S., and Dr. R. J. TAYLER 
University of Cambridge 


ES usually supposed that the original material of the 
Galaxy was pristine material. Even solar material is 
usually regarded as ‘uncooked’, apart from the small 
concentrations of heavy elements amounting to about 
2 per cent by mass which are believed on good grounds 
to have been produced by nuclear reactions in stars. 
However, the presence of helium, in à ratio by mass to 
hydrogen of about 1:2, shows that this is not Strictly 
the case. Granted this, it is still often assumed in astro- 
physies that the ‘cooking’ has been of a mild degree, 
involving temperatures of less than 10° K, such as occurs 
inside main-sequence stars. However, if present observa- 
tions of a uniformly high helium content in our Galaxy 
and its neighbours are correct, it is difficult to suppose 
that. all the helium has been produced in ordinary stars. 
It is the purpose of this article to suggest that mild 
‘cooking’ is not enough and that most, if not all, of the 
“material of our everyday world, of the Sun, of the stars 
in-our Galaxy and probably of the whole local group of 
galaxies, if not the whole Universe, has been ‘cooked’ 
to a temperature in excess of 10! K, The conclusion is 
reached that: (i) the Universe had a singular origin or is 
oscillatory, or (ii) the occurrence of massive objects has 
been more frequent than has hitherto been supposed. 
The values of the helium to hydrogen number ratio 
determined for various objects are shown in Table 1. 


Table 1 


HejH 
Orion nebula (ref. 1) 0-091 
NGC 604 in M 33 (ref. 2) 102 


Small magellanic cloud (ref. 33 
B stars (ref. 4) 016 


Planetary nebule (ref. 5) 0:09-0-19 
Solar cosmic rays (refs. 6 and 7) 0-001 
Solar evolution (ref. 8) 0-09 


The first five determinations were made by spectro- 
scopic methods. It has been found that the ratios of 
carbon, oxygen, magnesium and silicon in solar cosmic 
‘rays are in good agreement with well-determined spectro- 
scopic values, and it is therefore argued that the com- 
position of the cosmic rays reflects the true solar com- 

position, and hence that the He/O value in the cosmic 
rays refleets the true solar helium/oxygen ratio. Given 
reliable spectroscopic values for all elements other than 
helium, and given accurate opacities within the Sun, it is 
possible to determine He/H from the requirement that 
solar evolution must be such that the present-day lumin- 
osity is arrived at after 4-5-5 x 10? years, the known age 
of the solar system. It is of immediate interest that two 
such different methods as these should arrive at closely 
the same result for the solar He/H value, particularly 
as this result—if accepted—is sufficient to establish that 
the Universe did not have a singular origin, nor can the 
Universe be oscillatory. 

A high helium abundance in some particular star or 
nebula need not be taken as proof of a high primeval 
value, sinee helium may have been produced locally by 
nuclear reactions. For this reason low values of He/H 
are of more interest in relation to the original composition 
of the Galaxy than high values. However, O'Dell's high 
value of 0-18 + 0-03 for the planetary nebula M 15 is 
of special interest because O'Dell also finds a low value 
for the ratio O/H, suggesting that the material of this 
nebula may not have been adulterated by the products 
of nuclear reactions. Adulteration by hydrogen-burning 
could „have occurred; but not adulteration by helium- 
burning. so the situation remains rather uncertain. 


We begin our argument by noticing that helium produe- 
tion in ordinary stars is inadequate to explain the values 
in Table 1, if they are general throughout the Galaxy, 
by a factor of about 10. Multiplying the present-day. 
optical emission of the Galaxy, ~ 4 x 10” ergs see, by the 
age of the Galaxy, ~3 x10" sec, and then dividing by 
the energy production per gram, ~6 x 1028 ergs g-t, for ` 
the process H — He, gives ~ 2 x 10% g (10° Mo). This is 
the mass of hydrogen that must be converted to helium 
in order to supply the present-day optical output of the 
Galaxy for the whole of its lifetime. Allowance for emis- 
sion in the ultra-violet and in the infra-red increases the 
required hydrogen-burning, but probably not by a factor 
more than ~ 3, Since the total mass of the Galaxy is 
^10" Mg the value of the He/H to be expected from 
H — He inside stars is only ~ 0-01. While it is true 
that the Galaxy may have been much more luminous in 
the past than it is now, there is no evidence that this was 
the ease. 

Next, we shift the diseussion to a ‘radiation origin" of 
the Universe, in which the rest mass energy density is less 
than the energy density of radiation. Therelation between 
the temperature 7',,, measured in units of 10 K, and the 
time ¢ in seconds can be worked out from the equations 
of relativistic cosmology and is: 


T, = 152125 a) 


In the theory of Alpher, Bethe and Gamow? the density 
was given by: 
p œ IO T. g em (3) 


a relation obtained from the following considerations. 
The material is taken at ¢ = 0 to be entirely neutrons. At 
im 10? see, T,, ~ 0-05, approximately half the neutrons 
have decayed. If the density is too low the resulting 
protons do not eombine with the remaining neutrons. 
and very little helium is formed. On the other hand; if 
the density is too high there is a complete combination 
of neutrons and protons, and with the further combination 
of the resulting deuterium into helium very little hydrogen 
remains as ¢ increases. Thus only by a rather precise 
adjustment of the density, that is, by (2), can the situation 
be arranged so that hydrogen and helium emerge in 
approximately equal amounts. 

It was pointed out by Hayashi! and Alpher, Follin 
and Herman" that the assumption of material initially 
composed wholly of neutrons is not correct. The radiation 
field generates electron-positron pairs by: 


Y + ye tet (3) 
and the pairs promote the following reactions: 

n+etgp+y (4) 

p+ ezn +y (5) 


The situation evidently depends on the rates of these: 
reactions. It turns out that for suffieiently small t the 
balance of the reactions is thermodynamic. This means 
that not only are protons generated by (4) and (5), but 
also that the energy densities of the pairs and of the 
neutrinos must be included in the cosmological equations. 
At Ty) ~ 105, even p-neutrinos are produced and these 
too should be included. The effect of these new contribu- 
tions to the energy density is to modify (1) to: 


Ty m 1:04 1-1/2 (6) 
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‘The values of ov for (4), (5). read from left to right, are: 


aes yis t Do In 2^ 
» m n me (Fan? 
4he well-known Coulomb factor has been taken as 
d where the symbols have the following signifi- 
lectronie mass; W, the energy, including rest 
positron or electron; Wo, energy difference 
neutron. and proton (2:54 me”); + apply to 
respectively; (fc). the fr-value for free 
(1,175 sec). 
e rates of reactions (4) and (5), read from 
ultiply (7), using the appropriate sign, by 
f positrons/electrons with energies between 
dW and then integrate the product with 
W from zero to infinity. The eorresponding 
he rates of (4) and (5) read from right to left 
be obtained by notieing that in thermo- 





(7) 





















T W, 
- = exp — o (8) 
p PR 


| where n, p represent the densities of neutrons and protons. 
. ^ 1f, however, one is content with accuracy to within a 
| few per cent ib is sufficient simply to write W = me + 
"gk in (7) and to multiply by the total number density of 
"pairs. The value then chosen for q is that which makes 
ac? + gkT equal to the average electron energy at 
temperature T'; this is a slowly varying function of T 
and is given by Chandrasekhar”. The pair density 1s: 
lékTNS/4 mos f mc* 
Ne / Ger) Fr) 9 
|? where K, is the modified Bessel function of the second 
kind and second order. For T,, ~ 1 this expression can 
be closely approximated by the simple form 30 a T*/z*k. 
The number density of neutrino-antineutrino pairs (of 
both kinds) is 15 a Tj nk. 
Adopting this simplified procedure, the reaction rate 
for a + et > p + v is easily seen to be: 
-OOTI Tu. + 0-476 qT,,)* per neutron per sec (10) 
‘Phe effect of n + v — p + e is approximately to double 
the rate at which neutrons are converted to protons. 
Using equation (8), the rates of the inverse reactions are 
obtained by multiplying equation (10) by exp — W,kT = 
exp — 1:506/T,,. Hence the following differential equa- 
tion determines the variation of n/(n + p) with time: 


dí ^ = 01427 9° (1 + 047697 10)? x 
dAn + pe 





Pon — 1-506 — 1-506 
PEDE + exp — T. ) exp —p- ] (11) 
To express this in a form convenient for numerical inte- 
gration use T,, as the independent variable. With the 
aid of equation (6): 
a ( L7) = 9-808(1 + 0-476q7 10) 
din p^ 7 (1 + 04769 T,* x 


[ n € on 711506) — 1:5067 

tom qe) ee Ds 
Equation (12) ean be integrated from a sufficiently high 
temperature, at which the neutrons and protons are 
almost in thermodynamie balance, down to the tempera- 
ture at which the pairs disappear and deuterons are 
formed. Theresults are insensitive to starting temperature 
if it is chosen above Tio = 2-5. When the protons and 
neutrons are in thermodynamie balance the right-hand 
side of (12) is zero and the initial value of n/(n + p) is 
chosen to make this right-hand side zero. 

An important question evidently arises as to the precise 
value of T',, down to which equation (12) should be inte- 
grated. father surprisingly, it appears ihe deuterium 
combines into helium, through D(D,n)He*(n,p)T(p.y)He*, 
at a temperature as high as T,, = 0-3, in spite of the small 





(12) 
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binding energy of deuterium. (The eoncentration of 
deuterium used in establishing this conclusion was just 
that which exists for statistical equilibrium in n + p = 
D +y) Hence, equation (12) must not be integrated 
to T,, below 0-3. We estimate that integration down. to 
T a = 0-5 probably gives the most reliable result, beonuse 
(12) overestimates the rate of conversion of neutrons to 
protons below Tie = 0-5. 

Mr. J. Faulkner has solved the equation for several 
starting temperatures. Provided T, > 25 initially, he 
finds n/(n + p) = 0-18 at Tis = 0-5, giving: 

He * 

H ~ Ap — vn) ae 
a result in good agreement with the calculations of Alpher, 
Follin and Herman". Allowing for the approxi yi 
in our integration procedure we estimate that. this 1e 
is not more uncertain than 0-14 + 0-02. It should be 


(13) 









particularly noted that, unlike the result of Alpher, 
Bethe and Gamow, this value depends only slightly on the 


assumed material density ; essentially this result is 
obtained provided the density is high enough for deut is 
to be formed in a time short compared. to the neutron 
half-life and low enough for the rest mass onergy 
of the nucleons to be neglected in comparison with 
energy density of the radiation field. 

Before comparing this result with observation we note 
that variations of the cosmological conditions which led 
to equation (6) all seem as if they would have the eVect 
of increasing He/H. If the rest mass energy density v 
not less than the sum of the energy densities of radiat 
pairs and neutrinos, the Universe would have to © 
faster at a given temperature in order to overcome ihe 
increased gravity. the time-scale would be shorter and the 
coefficient on the right-hand side of equation (12) would be 
reduced. Similarly, if there were more than two kinds of 
neutrino the expansion would have to be faster in erder 
to overcome the gravitational attraction of the extra 
neutrinos, and the time-scale would again be shorter: 
and the smaller the coefficient on the right-hand side of 
equation (12) the larger the ratio He/H turns out to be. 

We ean now say that if the Universe originated in s 
singular way the He/H ratio cannot be less than about 
0-14. This value is of the same order of magnitude as the 
observed ratios although it is somewhat larger than mosi 
of them. However, if it can be established empiric 
that the ratio is appreciably less than this in any asro- 
nomical object in which diffusive separation is out of the 
question, we can assert that the Universe did not have 
a singular origin. The importance of the value 0:09 
for the Sun is clear; should this value be confirmed by 
further investigations the cosmological implication will be 
profound. (A similar situation arises m the ease of 
an oscillating universe. The maximum temperature. 
achieved at moments of maximum density, must be bigh 
enough for all nuclei to be disrupted, that is, Tad 
Otherwise, after a few oscillations all hydrogen would be 
converted into heavier nuclei, and this is manifestly not 
the caso.) 

It is reasonable, however. to argue in an opposite way. 
The fact that observed He/H values never differ from 0-14 
by more than a factor 2, combined with the fact thet the 
observed values are of necessity subject to some uneer. 
tainty, could be interpreted as evidence that the Uni 
did have a singular origin (or that it is oscillat 
difficulty of explaining the observed values im 
hydrogen-burning in ordinary stars supports this point 
of view. So far as we are aware, there is only one strong 
counter to this argument, namely, that there is r 
really special to cosmology in the foregoing dise 
A similar result for the He/H ratio will always be obt 
if matter is heated above Tho = 1, and if the tur 
of the process is similar to that given by equation 
In this connexion it may well be important that the 
physical conditions inside massive objects or supere d 
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simulate a radiation Universe. Hoyle, 
and Burbidge!* were led. for TOA: 
those: of the present article, to con de 
exactly in the region T,, ~ 1. These authors give the 
following ‘differential equation between the time t and 
the density p. in such a superstar: 
(oA \ de 

l n N34nGp/ e 
and also the following relation for an object of mass M: 


Ma i 
p= 2-8 x 108 Ge Ti? gem 


(14) 


(15) 
Eliminating p and dọ we have: 
exon M 14 dT, 
x da CERO E Trt ue) 
whereas the differential form of equation (6) is: 
oo P dT, 
dí = -— 2-08 Tus (17) 


The difference of sign arises because equation (16) was 
given for a contracting object. For re-expansion of an 
object the sign must be reversed, so that the time-scales 
are identical if M ~ 5 x 10° Mo. It may be significant 
that this is about the largest mass in which the tempera- 
ture T,, ^ 1 ean be reached without the object being 
 fequired to collapse inside the Schwarzschild critical radius. 
TE collapse inside this radius followed by re-emergence be 
permitted, larger masses can be considered. The time- 
-scale is then increased above equation. (17) and this has 
the effect of giving a smaller He/H ratio than that cal- 
‘ulated above. If an object is inside the Schwarzschild 
radius and neutrinos do not escape from it, the conditions 
are closely similar to the cosmological case. On the other 
hand, the calculation must be slightly changed for objects 
that do not enter the Schwarzschild radius, since neutrinos 
are certainly not contained within them. ‘Thus if the same 
time-scale were used, that is, M ~ 105 — 108 M o. absence 
of neutrinos would reduce the right-hand side of equation. 








temperatures 







A corresponding calculation leads 
P) = 0-22, also in reasonable agreement with 
observation, especially as all material need not have passed: 
through massive objects. However, a more detailed 
discussion of massive objects will be required to decide 
whether the required amount of helium cannot only be 
produced but also ejected from them. 
This brings us back to our opening remarks. There has 
always been diffieulty in explaining the high helium 
eontent of cosmic material in terms of ordinary stellar 
processes. The mean luminosities of galaxies come out 
appreciably too high on such a hypothesis. The argu: 
ments presented here make it clear, we believe, that the 
helium was produced in a far more dramatic way. Either 
the Universe has had at least one high-temperature, | 
high-density phase, or massive objects must play (or 
have played) a larger part in astrophysical evolution | 
than has hitherto been supposed. Clearly the approxim- | 
ate calculations of this present article must be repeated. | 
more accurately, but we would stress two general points: | 
(1) the weak interaction cross-sections turn out to be just | 
of the right order of magnitude for interesting effects to 
occur in the time-scale available; (2) for a wide range of 
physical conditions (for example, nucleon density) | 
roughly the observed amount of helium is produced. 
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EXTRACTION OF URANIUM FROM SEA WATER 


By R. V. DAVIES, Dr. J. KENNEDY, R. W. McILROY and Da. R. SPENCE, C.B., F.R.S. 


U.K.A.E.A. Atomic Energy Research Establishment, Harwell 
AND 


K. M. HILL 
U.K.A.E.A. Engineering Group, Risley 


“HERE is now a world surplus of uranium ; tho produe- 
| K tion capacity of mines and ore treatment plants in 
the United States, Canada and South Africa far exceeds 
the present. demand for all civil and military purposes 
.80 that the relatively modest uranium supplies to cover 

British nuclear power requirements seem to be assured 

forsome years. When the work described here was started, 
. more than ten years ago, this situation was far from evid. 
ent. Ibis true that the existence of large reserves in these 
areas was suspected on geological grounds but there was 
little reason to expeet that production capacity could 
overtake demand so rapidly. In Britain, we were about 
to embark on a nuclear power programme which it was 
thought might, lead in eourse of time to dependence on 
uranium for much of our national electricity supply, yet 
no reserves of uranium had been discovered in these 
Islands which were in any way commensurate with require- 
ments. 

The possibility of recovery of uranium from natural 
waters, including sea water, by ion-exchange resins had 
been considered by the late Dr. F. H. Burstall and his 
group at the Chemical Research Laboratory (now the 


National Chemical Laboratory), Teddington, shortly after 
the War, but it was decided that the effort should be 
directed towards exploitation of the then known ores 
overseas. Later some experiments were made at Harwell! : 
on the recovery of uranium from sea water by newly 
developed techniques. of continuous counter-current ^ 
extraction. The solvent —dibutyl phosphate dissolved nc 
butex (dibutoxy diethyl ether) or kerosene—was: con- 
tacted with acidified sea water in a rotary annular column H 
extraction appeared to be quantitative and 60 ug of 
uranium was obtained from 201. It was evident, however, 
that although such a process would be technically feasible 
on a large scale the solvent losses and reagent costs would 
render it economically unattractive. Nevertheless, the 
comparative ease with which uranium could be quantita- 
tively extracted from such an extremely weak solution 
containing high concentrations of other salts gave encour- 
agement to the idea that in the long term some economic: 
ally acceptable method might be found. 

The total volume of the oceans has been estimated? to 
be 1-37 x 10? cubic kilometres and, assuming a uniform 
concentration throughout, the dissolved uranium should 
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Table ld... MOLAR CONCENTRATIONS IN SEA WATER; URANIUM AND 
à ASSOCIATED Ions 


SES HCO; H+ Co; 
i435. AOE 238x10-* 10-75— 10-9: 2-2x 104 * 
Table 15. MOLAR CONCENTRATIONS IN SEA WATER—OTHER MAJOR [ons 
Nat Mg** cr 805, 


: * Calenlated from. the disce omeni for a ion in sea 
, water (Epoo, = 10°). 
D. nount to 416 x 10° metric tons. | Moreover, the 
2 uranium concentration i in sea water is probably stationary ; 
1ount, estimated at 27,000 tonnes annually, 
d by rivers, appears to be balanced by an 
unt carried down with the bottom deposits’. 
concentration (3:34 g/l. ) (ref. 4) is remark- 
only second-order variations occur between 
d from the Atlantic and Pacific oceans 
ie surface to depths of at least 400 m. 
centrations of uranium and of closely 
s in sea water are given in Table 1a, and 
of other major constituents are given in 




















interesting feature is that the uranium occurs 
lution às the tricarbonato complex, UO,(CO,),-*. 
ly established at Harwell’ where it was also 
ess than about 0-1 per. cent of the uranium is 
“with suspended matter. Russian workers* 
; he same conclusion regarding the chemical form 

‘of the uranium independently. Thus the ocean is virtually 
| A limitless reservoir of uranium in solution in a well- 
defined chemical environment. ‘There are, however, two 
major obstacles to using this reservoir as an economic 
source of uranium. First it is in a strongly complexed 
form at extreme dilution in presence of relatively high 
concentrations of other ions; and secondly, to bring any 
extraction agent into contact with the very large volumes 
|^ of sea water that would be involved is not an easy opera- 
tion: To be successful, an extractant must function 
efficiently at the usual pH and ionic.strength of sea water 
and must be virtually insoluble. 



































C Possible Organic and Inorganic Absorbents 


-An obvious step following the successful solvent extrac- 
tion experiments with dibutyl phosphate was to incorpor- 
ate functional groups of similar type in solid insoluble 
organic resin matrices. Extraction could only be expected 
reagents which form a complex with the uranyl ion 
iently strong to compete with the uranyl tricarbonate 
x in sea water for which the stability constant is 
about 2x10, Calculation showed that the stability con- 
stant of the competing uranyl complex would have to 
exceed 109. Although a number of ligands were known to 
form uranyl complexes with stability constants of this 
order, such as f-diketones and 8 -hydroxyquinolines, the 
effective stability constant when the ligand had been incor- 
porated in a resin matrix could not be predicted, so a fairly 
wide range of functional groups was chosen for investiga- 
tion in the first instance. Resins were prepared’ containing 
ono- and di-basie phosphoric and phosphonic acids, 
-hydroxyquinoline, kojie acid, salicylic. acid, amino- 
carboxylic acid and amino-phosphorie acid functional 
"were tested first in a simulated sea water 
enri about 1,000-fold in uranium and afterwards in 
fresh sea water in a small laboratory on the Mole at 
Portland Harbour. Samples of chelating resins available 
p * the Chemical Research Laboratory, Teddington, were 
| jested there by Daborn and Milward? using the enriched 
artificial sea water, and the most promising of them, a 
|. eondensátion product of formaldehyde and resorcinol 
|. arsonie acid, was sent to Harwell for further investigation. 
_ Greater quantities of some of the more promising resins 
"were specially prepared for us by the Permutit Co., Ltd. 
A number of commercially available resins was also tested. 
including the carboxylic acid resin ‘Zeo-Karb 226’ and an 
«-hydroxy phosphonic acid resin supplied by Permutit. 








The Portland tests were with fresh sea water which was 
pumped by a stainless-steel pump through a coarse filter 
into a head tank whence it flowed through a glass-wool 
filter into the test system. The connecting tabing and 
vessels were made of polythene, polyvinyl chloride or 
glass. The resin was held between two sintered gass 
disks 9 in. apart in a column of intemal diameter 1 
and subjected to upward-flowing sea water 
























standard pretreatment die was evolved. Tho 
resins, initially in the damp H+ form, were conve to 
the Na* form by 1:0 M sodium carbonate sohy en 
washed with redistilled water until fully swolle ere 


partieular mesh sizes were required the. fu a en 
resin was wet-sieved through stainless-steel mesh. / 
sizing it was reconverted to the H* form, wi 
hydrochlorie acid, washed with distilled water, | i 
48 h and bottled. Quantities, normally 2 g. ^ 

verted as required to the Na* form with 1-0 
carbonate solution before placing in the column 
Although there was considerably greater 
several of the resins, only one reached values 
to be of practical interest, namely, tho arsor 
The early preparations of this material bot 
weight in flowing sea water and were soluble in i 
carbonate eluant used to remove the uranium. lmprove 
ments in the method of preparation which p 
Jones and Packham’? at Teddington, an 





the uniformity of pronat and enhanced. mati ix st 
and general properties. The uptake of uranium bys 
typical organic materials is shown in Table 2. 





Table 2. UPTAKE OF URANIUM FROM SEA WATER BY ORRE 





ABSORBENTS 
Time of PH ke 
Resin Functional contati 
group tdass) ay um Torm 

‘Deacidite FF’ ~ Ra NEI 84 He 
‘Zeo-Karb 226’ —COONs 86 E 
Polystyrene methylene phos- 

phonie acid -€ dur tA 88 25 
8-hydroxyquinoline ~N= NCHN.ONa 8i is 
Resorcinol arsonic acid resin — AsO(ONa)s 112 i010 


Although the solubility shown by the original ürscnic 
acid resin in sea water was largoly overcome there stih 
remained a steady loss of capacity which was tr o 
slow hydrolytic attack on the carbon-arsé bord! 
This appeared to be an inherent weakness in form of 
arsonie acid resin which seemed to exclude it as an. absor- 
bent for the economie extraction of uranium fron 
water. Fortunately, alternativo possibilities by ud 

Although the concentration of uranium in th & 
far below the saturation level, deposition appears to be 
taking place at a rate equal to the rate of inflow fre 
rivers. The mechanism is not properly unde 
uptake by inorganic material scems to occur. UE 
ment with this, deposition of üranium from: carbonate 
eontaining waters in the Goodsprings Distriet of evada 
has been attributed to absorption by bydra ferric 
oxide and basic zine carbonate. These cons 
coupled with our observation that forraginows deposits 
in the filter on the inlet side of the sea-water plant 
Portland contained some uranium, led us to invest 
a number of inorganic materials as possible absorbents. 
They were precipitated on glass wool and packed into a 
glass column for testing. Sea water flowed upwards 
through the bed at the rate of 2-5 em/min. Basic zine 
carbonate, hydrated titanium hydroxide and certain 
lead compounds were the only materials which exhibited 
an effective uptake (Table 3). 

Several other lead compounds showed comparable 
uptakes (lead naphthalene tetracarboxylate gave 1,074 
ug/g in 35 days), but unfortunately all were š 
either in sea water or in the sodium carbona 
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Table 3. UPTAKE OF URANIUM FROM SEA WATER HY INORGANIC 


ABSORBENTS 
Time of Uptake 
Compound exposure (gi of 
(days) metal base) 

Basic zinc carbonate 23 $12 
Titanium hydroxide 21 268 
Lead sulphide 21 338 
Lead pyrophosphate 21 479 


which led to a low uptake when re-used after elution. 
Moreover, the lead compounds and basic zine carbonate 
dissolved too rapidly in the flowing sea water to be 
economically possible For example, basic zinc carbonate 
loses 0:5 ug zinc/ml. to sea water flowing at 2-5 cm/min 
through the bed. With titanium hydroxide, however, the 
loss under the same conditions was undetectable. 

After appropriate contact with sea water, the arsonic 
acid resin and the inorganic materials listed in Table 3 
‘contain between 0-02 and 0-1 per cent of uranium in terms 
of dry weight ; that is, within the same rangeas theuranium 
content of the ores now being worked in the main uranium- 
producing territories. 

The stoichiometry of the reactions between some of these 
materials and sodium uranyl triearbonate solutions was 
examined. Saturation of the arsonie acid resin occurred 
with an arsenic/uranium atomic ratio of unity. Condue- 
tivity determinations on the arsonic acid monomer 

indicated that the uranyl complex is uncharged, and this 

is borne out by the behaviour of the resin itself which 
exhibits no cation exchange capacity when saturated. 
The structure of the complex is therefore more probably 
‘T than II: 


OH 0—UO, 
: ET ra = Pa NS i 
HOC A80 vo, f A 
E po deu —ÁAs—0- 
9 EON MP! 
i HH 


Analysis of the wet, basic zine carbonate precipitate 
invariably gave a ratio Zn/CO; = 3, implying the formula- 
tion 2Zn(OH),ZnCO,. This ratio is maintained at all 
uranium loadings. When absorption takes place from 
sodium uranyl tricarbonate solution, one mole equivalent 
of carbonate and two of bicarbonate are released into the 
solution for each mole equivalent of uranyl absorbed, so 
that carbonate is not taken up by the absorber. Hydrated 
titanium oxide behaves in the same way. The absorption 
mechanism can therefore be represented as follows: 


M,(OH)y + UO,(CO,);* — M,(OH),..0,.U0, + coz? 
+ 2HCO;! 


Although this equation may be representative of the 
conditions when macro concentrations of sodium uranyl 
tricarbonate are used the absorption reaction in sea water 
may be different. Tracer experiments with uranium-233 
in simulated sea water gave results which, for hydrated 
titanium oxide, were more indicative of the participation 
of a partially neutralized species M;(OHO-),. 

During the course of this work a report was published 
‘describing Russian experiments on the extraction of 
uranium from natural saline waters containing 60 ug 
uranium/l. (that is, about 20 times sea water concentration) 
by absorption or co-precipitation processes". Optimum 
results were obtained with calcium phosphate, alumino- 
gel and ferri-gel; titano-gel was also said to be satisfactory, 
uptakes baing in the range 70-170 ug uranium/ml. of 
absorber. These results, which we have confirmed, indi- 
eate a different order of uptake compared with that from 
solutions with & uranium concentration as low as that in 
sea water. Those reagents which gave the highest uptakes 
from Russian lake-waters absorbed relatively insignificant 
amounts of uranium from sea water. 

Mere recently experiments have been reported by 
Bayer’ on the uptake of copper and uranium from sea 
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water by various organic. chelating agents containing, 
for example, the glyoxal bis-2-hydroxyanil grouping. 
The uptake of uranium from 100 |. of sea water from the 
Gulf of Naples was 50 ug for a bed 2 em diameter and 
30 cm deep, that is, «50 ug/g absorbent. This is of the 
same order of uptake as we obtained with some other 
chelating agents (Table 2). 


Properties of Selected Absorbents 


Titanium hydroxide is an amorphous material the 
properties of which depend on the method of preparation. 
Two forms have been distinguished and designated 
ortho and meta: the first, a fully hydrated form, is obtained. 
at room temperatures and the second, a partially hydrated: 
form, is obtained after long standing in air at room 
temperature or by heating. Although no appreciable 
difference could be detected in the total uptake of uranium 
from sea water, the two forms exhibit considerable 
differences in rate of uptake, Most of the experiments 
described here were made with titanium hydroxide which 
was precipitated by means of caustic soda, but it wasfound; 
later on, that precipitation with ammonia resulted in a. 
more active product. In some experiments, the absorbent 
was supported on glass wool, muslin or pumice; in others 
it was used alone, in the form of granules. The muslin 
was impregnated by soaking it first in titanium tetra- 
chloride solution. (15 per cent titanium tetrachloride in 
15 per cent hydrochloric acid) for 5 min, draining off for 
30 min and then soaking in 8 N caustic soda solution 
(A.R.) for 5 min. Before being put into sea water, it was- 
washed with distilled water. Normally the muslin was 
attached to a frame suspended beneath a vessel in Port- 
land Harbour. The experiments with glass wool were 
made in glass columns 16 in. x 2 in. with filtered sea 
water. Glass wool (60 g) was thoroughly wetted with the 
titanium tetrachloride solution (155 ml.), after which the 
8 N caustic soda solution (250 ml.) was stirred into the 
mixture and stirring continued for 15 min. The treated 
glass wool plug was positioned and protected in the 
column by plugs of untreated glass wool at either end, 
allowed to drain and exposed to flowing sea water without 
further washing. Granular titanium hydroxide was 
made by mixing the same reagents in the ratio 155 ml. 
titanium chloride solution to 250 ml. 8 N sodium hydroxide 
while stirring vigorously to avoid an appreciable rise in 
temperature. The precipitate was washed by decantation 
with distilled water until the pH of the washings was less 
than 8. A slurry of the titanium hydroxide was poured 
on to trays so as to form a layer 0-5 in. thick and allowed 
to dry in air for 21 days. When the dried material was 
placed in distilled water it broke up into granules which 
could then be separated into different size ranges by 
sieving. 

The uptake curves, shown in Fig. 1, are typical of the 
results obtained when the methods of preparation de- 
scribed here were used. The precipitate on muslin 
appeared to be rather finer and more disperse than that on. 
glass wool and the absorption was faster but they both. 
reached the same maximum uptake. Similarly, the smaller 
granules showed a faster initial rate of uptake than larger: 
granules but, with each, absorption levelled off after a time: 
and the larger granules gave a lower apparent saturation 
level. If the granules are assumed to be spherical, the 
ratio of the initial uptake rates proves to be roughly 
proportional to the ratio of the surface areas. On this 
model the outer layers of the particles would appear to be 
progressively saturated until, with the 0-3-mm diameter 
particles, for example, the thickness of the saturated zone 
reaches 0-03 mm in 20 days, whereafter the absorption 
rate falls off rapidly. The irregular shapes of the granules 
and their porous nature allow such a model to be regarded 
only as a crude representation; nevertheless it conforms 
with the idea that the larger the granule the greater is the 
volume which is inaccessible for uranium absorption. 
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The model also implies that granules of diameter less than 
0-06 mm would be completely accessible. 

It has been mentioned that the rate of uptake was 
higher when the titanium hydroxide had been precipitated 
with ammonia instead of caustic soda. Granules (14-24 
mesh, diameter about 0-9 mm) produced by the ammonia 
route gave an uptake of 60 ug/g in one day when exposed to 
flowing sea water. This is more than ten times the initial 
rate obtained with the same size of granules preparcd 
by the caustic soda method. 

Titanium hydroxide is without detectable solubility 
in flowing sea water, but 0-1 ug/ml. was found in sea water 
which had been shaken with the precipitate for 72 h. 
No significant changes in specific uptake occurred after 
prolonged contact with sea water and after clution with 
M sodium carbonate solution. In the experimental work, 
the uranium content was frequently determined after 
complete dissolution of the sample, but for any large-scale 
extraction process selective leaching of the uranium 
would be necessary. Partition coeffieients have been 
determined for a number of alkaline leaching solutions, 
and, in order to obtain results applicable to conditions 
of high dilution, trace concentrations of uranium-233 
were used (Table 4). 

Table 4. PARTITION COEFFICIENTS FOR ELUTION 
Partition coefficients 


U per g Zn or Ti/U per ml. 
s Basic “3 tanium. 


Reagent zine carbonate hydroxide 
0-25 M Na,CO, 168-0 1,311 
0-5 M Na,vO, 960-4 602 
1-0 M NaCO, 49-8 206 
0:25 M ammonium carbonate 45 
0:5 M ammonium carbonate 1 


Elution of uranium from basic zine carbonate supported 
on glass wool is rapid with 1-0 M sodium carbonate, four 
or five bed volumes giving complete separation. But 
with titanium hydroxide, elution is slow; for example, less 
than 60 per cent of the uranium was removed by eight 
bed volumes of 1 M sodium carbonate eluant. A mixture 
of sodium bicarbonate (2 vol.) and sodium carbonate 
(1 vol.) gave 75 per cent elution in eight bed volumes and 
1 M ammonium carbonate gave 65 per cent elution in 
two bed volumes and 93 per cent in eight. Dilute nitric 
acid is also a possible eluant for titanium hydroxide but 
ammonium carbonate appears to give the best results. 
'The results in Table 4, obtained by batch equilibration at 
trace uranium concentration with the uranium initially 
in the aqueous phase, probably represent true equilibrium 
conditions since that for 1 M sodium carbonate was 
confirmed by approaching from the opposite side with 
titanium hydroxide containing natural uranium absorbed 
from sea water. 

The solubility of titanium hydroxide in these cluants 
was determined: (a) by shaking with the precipitated 
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Fig. 1. Uptake of uranium from sea water by titanium hydroxide; typical results 
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Fig. 2. 


Sea-water test equipment at Bincleaves Laboratory, Portland 
Harbour 


floc for three days; (b) by passing the eluant through a 
bed of granular material at a flow rate of 1 em/min. 


Table 5. SOLUBILITY OF TITANIUM HYDROXIDE IN ELUANTS 
(a) Ti(OH), precipitate shaken for 3 days 


Eluant Solubility 
ng Ti/ml. 

1-0 M Na,CO, 0-48 

0-5 M ammonium carbonate 14 

1:0 M ammonium carbonate 141 

(b) THOM), granules in flowing eluant 
1:0 M Na,CO, 01 
1:0 M ammonium carbonate 114 


'The loss of absorbent in the eluant, although appreci- 
able, would therefore not have a serious effect on the life 
of the bed. 


Engineering Aspects 

The engineering problems associated with the large- 
scale extraction of uranium from sea water are formidable 
but do not appear to be insoluble. Clearly 
it is desirable for the extraetion plant to 
be sited so that it can be supplied with 
fresh uranium-bearing water by natural 
transport processes. In many coastal 
areas there is a residual drift superimposed 
on the purely oscillatory tidal motion 
which could maintain an adequate supply 
of uranium provided the rate of extraction 
was not too great. Certain ocean currents 
transport very large amounts of uranium 
The volume of water transported by the 
Norwegian Current, which flows past 
the Orkneys and Shetlands, and along 
the coast of Norway towards the Arctie 
Sea, is about 3x 10* m?/see, which is 
equivalent to about 250,000 tons of 
uranium per annum; much greater quanti- 
ties, carrying in excess of a million tons 
of uranium per annum, pass through the 
Florida Straits and the Japan Strat in 
comparatively narrow channels. 
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Where there is & plentiful supply of fresh uranium- 
bearing water it would be possible to consider the advan- 
tages of means whereby only a small fraction of the 
uranium is extracted. Titanium impregnated muslin 
suspended beneath a vessel in Portland Harbour func- 
tioned in this way, giving very rapid uptake. Large-scale 
application of this technique, though possible in principle, 
would require a great deal of development to make it 
workable even before considering cost. 

Other methods, in which the flow of sea water has to be 
channelled or controlled by engineering works, tend to 
require à high percentage extraetion in an absorber 
system of specifie design. Mass transport calculations 
have been made for different possible geometrie arrange- 
ments of absorber, making the assumption that uptake 
was determined only by transport in the aqueous phase 
and that the diffusion coefficient of uranium species in 
sea water is about 3 x 10-*cm*/sece. We obtained a value 
of 1-8 x 10-* em*/sec in the laboratory using the isotope 
uranium-233. The calculations showed thet absorbers 
consisting of packs of parallel tubes lined with the absor- 
bent placed across a channel would give a comparatively 
low yield unless the tubes were excessively long; for 
optimum absorption a considerable head of water would 
be required. Experiments were carried out in the south mn 
(partially blocked) entrance to Portland Harbour using a 
cubic metre steel-framed cell containing asbestos cloth 
loaded with basic zinc carbonate folded over glass rods 
so as to give 1/8 in. spacing between layers. Uptake was 
slow and the percentage extraction was probably small, 
although this could not be accurately determined; 
saturation was reached after four weeks, yielding 0-25 g 
of uranium *. 

The requirement for a greater head of water than could 
be obtained in a simple tidal channel led to an investiga- 
tion of a fixed bed of absorbent particles operating against 
a head of sea water. Such a system, based on utilizing 
tidal energy in a manner similar to tidal power schemes, 
could be more easily visualized in engineering terms than 
any of the others considered. Two lagoons would be 
created, the s»a water flowing into one on the rising tide, 
forming an upper lagoon, and out of the other, the lower, 
on the falling tide. The plant itself would consist of 
intermediate lagoons containing the packed beds, situated 
between the upper and the lower tidal lagoons. Sea 
water would flow into the plant lagoons from the upper 
lagoon, down through the packed beds and out along 
conduits into the lower lagoon. A difference in head of 
water would exist between the two lagoons which would 
depend on the level of the tide and the pressure drop 
through the bed. The beds would thus be operating 
continuously at all states of the tide, at a rate responding 
to the variations of head. The plant lagoons would be 
equipped with gates so that the flow of water could be 
cut off, enabling the beds to be eluted. The beds themselves 
would be partitioned so that sections could be eluted in a 
counter-current manner with a number of bed volumes of 
eluant, provided from the treatment plant located on the 
adjacent coast. 

In order to obtain some idea of the problems and costs 
involved, a design investigation was made for a hypotheti- 
eal plant operating in the Menai Straits. For this it was 
assumed that there is sufficient north-easterly drift of the 
water of the Irish Sea past Anglesey to maintain adequate 
supplies of fresh uranium-bearing water; there appears 
to be good reason for believing this but experiments were 
not carried out to establish it. The scheme would involve 
the construction of dams and sluice gates across the 


* Mr. N. R. Daly, Atomic Weapons Research Establishment, Aldermaston, 
has kindly determined the isotopic ratios for this oceanic uranium, namely: 


Sample 235/238 230/235 233/235 234/235 
A 0-007255 0:00005 0-00005 0:0077 
+ 0000012 
= B 0007250 0:00007 0-00006 0:0080 
+ 0-000008 
Normal for uranium 0007258 0-0078 
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A 

Fig.3. Cell, 1 sq, metre cross-section, used in south entrance to Portland 

Harbour, showing frame bearing asbestos cloth impregnated with basic 
zino carbonate 


northern entrance between Anglesey and Great Orme's 
Head, and the division of the enclosed area of Beaumaris 
Bay into an upper lagoon and a lower lagoon by means 
of a dam and gates associated with absorber beds running 
in an approximately southerly direction from the neigh- 
bourhood of Puffin Island. A plant providing for the 
associated chemical operations would be located on shore 
at the southern end of the beds. Site investigations were 
not carried out and many assumptions had to be made 
regarding hydrological and geological factors and further 
uncertainty was introduced into the cost estimates by the 
novel engineering problems likely to be encountered. 
Fortunately we were able to make a comparison with 
results from the very thoroughly investigated Passama- 
quody Tidal Power Project through the courtesy of John 
W. Leslie, chief of the Engineering Division, Army 
Engineer Division, New England, U.S. Army Corps of 
Engineers, and this has enabled us to attach considerably 
greater confidence to our estimates of cost, particularly 
of the sea dams and gates. It would appear that the 
Menai site could produce almost 1,000 tonnes of uranium 
(1,300 short tons of U,O,) per annum, assuming adequate 
absorber performance, at a cost of £10,000-£20,000 per 
tonne (11-22 dollars per Ib. U,O,). This is based on a 
twenty-year amortization; a lower unit cost would be 
achieved if the amortization period were extended from 
twenty to forty years. For comparison, the cost of 
extraetion of uranium from shales has been estimated as 
40-50 dollars per Ib. U40, (ref. 14) and from granite as 
100 dollars'*. 


Performance of Titanium Hydroxide Absorber 
compared with Plant Requirements 


The cost and performance of the absorber are, of course, 
key features. In making the estimate it was assumed 
that the active absorbent would be supported on low cost 
inert, material in the form of small particles or granules. 
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Table 6. PERFORMANCE OF BEDS OF SUPPORTED TITANIUM HYDROXIDE 
IN FLOWING SEA WATER 


Bed Bed Ti Flow % 
Support diam. height content rate Uptake Time Extrac- 

(cm) (em) (g) (cm/sec) (mgU) (h) tion 
Muslin T6 33 13 0:3 1:215 24 33 
Glass wool 5 61 12 0-04 0-300 33 93 
Glass wool 5:1 01 13 0-04 1:3 166 79 
Glass wool 51 20 5 0-2 0-821 26-6 62 
Glass wool 51 20 5 0-75 0-926 7:25 70 


A satisfactory bed filling in such a form has not yet been 
produced but data for beds containing titanium hydroxide 
supported on muslin and on glass wool are given in Table 6. 

Although the glass-wool-supported beds give an adequate 

erformance at flow rates within the range expected in the 
plant (0:55-0:79 cm/sec) they would not be suitable for 
large-scale operations both for physical and for economie 
reasons. It has been shown, however, that titanium 
hydroxide granules appear to behavo as composite particles 
containing an, inaccessible and therefore inert core sur- 
rounded by a layer of active absorbent. Beds of those 
granules should perform similarly to the beds of composite 
particles specified for the plant. Adequate flow rates 
were obtained for pressure drops likely to be obtained 
in the plant using comparatively small granules (mean 
diam. 0:1 cm), but a larger size would almost certainly 
be required in practice in order to avoid blocking of the 
bed. 

Tho results in Table 7 show that uptake rates of the 
required order can be obtained with titanium hydroxide 
granules (diam. ~ 0-1 cm) and that a considerable latitude 
exists for optimizing the absorptive activity of the bed. 
If these unsupported titanium hydroxide granules were 
used in the plant instead of the cheaper supported mater- 
ial, the increase in cost would be about £5,000 per tonne 
(5-50 dollars per Ib. U;04). Although preliminary experi- 
ments with pumice particles about 1/8 in. in diameter 
were not very promising, it should be possible to find 
some other low cost support, such as hydrated silica 
granules, which is acceptable. 

It has not been possible to extend the range of these 
experiments on account of the closure of the sea water 
laboratory at Portland, and the present results do no more 
than indicate that a reasonably favourable basis exists for 
further development. This would require a substantial 
effort in bed-meterial development and manufacture, 
elution technology and so on. In the Portland experi- 
ments blockage and contamination of the absorber beds 
were avoided by filtration of the sea water through glass 
wool; the engineering implications of this have not been 
taken into account and other, unforeseen, difficulties 
might arise. If we assume that operational difficulties 
can be overcome there appears to be some hope that the 
ocean can provide a ready supply of medium cost, if 
not low cost, uranium. 

This article summarizes work which will ultimately be 
published in full. The contributions of some of our 
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Table 7. COMPARISON OF EXPERIMENTAL RESULTS USING Ti(OH), GRANULES 
WITH PLANT REQUIREMENTS 


Size range of granules, 14-24 mesh (mean dium. ~ 0-1 em) 


Bed Pressure Flow Ti Uptake 96 
Exp. depth drop rate content mgU in Extrac- 
(in.) (ft.) (ft.?/ft.2/h) (kg) 24h tion 
Experimental results for columns 1 in. in diameter 
A 25 16 180 0-105 0-071 3 
B 1:9 0-25 70 0-008 0:026 3 
C 0:5 0-067 70 0-002 0-12 14 
Extrapolated to plant, per sq. ft. 

A 15-6 40 70 13 8-3 run 
B 15:6 2-0 70 13 38 34 
C 15-6 2-0 70 13 150 ^ 100 

Required in the plant 

2-0 70-100 9:1 125 80 


Notes: (1) The experimental uptake for A represents 1/7 of the uptake 
determined after 7 days. f i 

(2) Absorbents A and B were made by sodium hydroxide precipitation, but 
different batches; C was by ammonia precipitation. 

e Results for B and C are typical of several experiments. | 

4) The extrapolations are on a simple linear basis; in B, it is assumed that 
transport in the aqueous phase is not rate determining. | This seems to be 
approximately correct for therange of conditionsspecified in Table 7 although 
not for Table 6. r 2 

(5). The figures given for plant requirements are typical; satisfactory 
designs for other performances are not excluded. During actual operation 
there would be considerable variation depending on the state of the tide. 

(6) The quantity of titanium given represents that actually used in tho 
experiments with extrapolations according to note 4. The quantity given for 
the plant is the minimum needed for a four-day cycle of exposure followed by 
elution. 
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PAL/EOZOIC FROM PAL/EOMAGNETIC DATA 
By Dr. K. M. CREER 


Department of Physics, University of Newcastle upon Tyne 


T a recent meeting on continental drift, sponsored by 

the Royal Society, I reported! some new palaomag- 

netic results from South American rocks and compared 
these with data from other Gondwanic continents. 

It is my purpose here to describe a later stage of this 

work in which paleomagnetie data from the Gondwanic 

continents of South America, Africa and Australia are 


compared with those from the Laurasian continents of 
North America and Europe. 

Since the preliminary results of my South American 
palzomagnetic work were published?-4, I have carried 
out thermal and alternating-field demagnetizing experi- 
ments in order to determine more precisely the directions 
of the fossil magnetization by selectively destroying 
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Table 1. SUMMARY OF SOUTH AMERICAN PALJOMAGNETIO DATA T 
Ref, Rock unit and Locality Direction of magnetization Pole position Polarity |Treatment 
No. age Lat. Long D I ac Long. a . 
2 | Urucum Form. (Silurian) 19? S. 58? W. 37° +41° 9° 84? N. 16? W. 9° R Thermal 
5 | Devonian Red Beds 1 23° S. 66° W. 56° +51° 8° 9? N. 22° W. 10° R Thermal 
8 | Taiguati Form. (Pennsyl- 
wanian) ( 7 17° S. 65° W. 294° — 72:5? 5? 28? S. 34? W. 9? N and R | Thermal 
14 | Piaui Form. ennsyl- - 

E vanian e 7: 5° g. 43? W, 165° +44° 9° 65° S. 18° W. 10° R Thermal 
15 | Permian Red Beds 30° S. 68° W. 160° + 66° 4° 65° S. 13? W. 6° R Thermal 
26 Serra Geral Form, 5 : 

(Triassic-Jurassic) 22°-32° S. | 46°-56° W. 347° —88 5 78? S. 54° E. 4? N and R | a.c. 























Period S. America Africa Australia W. Europe Russia N. America 
Ordovician 1, 18? N. 74° W. 
Silurian 2, 34° N. 16° W. 3, 50° N. 11° W.| 4, gge S. 10° E 6, 10° N. 40° W. 

Devonian 5, 9° N. 22° W. i 7, 21? N. 73? W. 
Mississippian ET š " 
Pennsylvanian 8, 28^ S. 34? w. 9, 17° S. 23° E. 10, 37° S. 158° E. | 11, 37° S. 34° W. 12, 36° 5. 35° W. 13, 36° S. 49° W. 
14, 65° S. 13° W. 

Permian 15, 65° S. 13° W. 16, 38° S. 65° E 17, 46° S. 127° E. | 18, 44° S. 17° W. 19, 44? S. 13° W. 20, 37° S. 70? W. 
Triassic 21, 68° S. 50° E 22, 52° S. 154? E. | 28, 43° S. 47? W. 24, 50? S. 33? W. 25, 60? S. 74? W. 
Jurassic 20, 78? S. 54? E. 27, 67° S. 98° E 28, 48? S. 151? E. 
Cretaceous 29, 62° S. 79° E " 
Tertiary 30, 67° S. 133° E.| 31, 74° S. 47? W. 
Present geographic 

pole TOUR I II IH IV IV v 


Table 2.. SUMMARY OF PALZOMAGNETIO SOUTH POLE POSITIONS 


|a MM SS oe 




















Note. A reference number is given for each paleomagnetic south pole, followed by the latitude and longitude on the present Iatitude-longitude grid. 


secondary magnetizations. Directions of magnetization 
and paleomagnetie south pole positions, calculated on 
the hypothesis that the geomagnetic field was, on the 
average, axial and dipolar during each geological epoch 
or substantial fraction thereof are listed in Table 1. The 
poles are plotted (8) in Fig. 1 and a polar wandering curve 
drawn. The striking feature of this curve is the pronounced 
shift during the Upper Paleozoic between poles 2 and 14. 
It is shown below that this feature is also present in the 
palzomagnetic records of Africa, and Australia, the only 
other Gondwanic continents for which Paleozoie data are 
available. Furthermore, when the severe and widespread 
Permian remagnetization of Paleozoic red rocks in Europe 
and North America, recently proposed by Chamalaun and 
me, is taken into account this pole shift in the Upper 
Palxozoic is also evident in tho.paleomagnetie records of 
these northern continents. This can be clearly seen in 
Fig. 3, of which a fuller explanation is given later. 
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Fig. 1. Paleomagnetic south poles for South America (@) and Africa 


(4). See Tables 1 and 2 for description of data. The grid represents 
: the present latitude-longitude system 


Table 3. SOUROE OF DATA USED IN THIS ANALYSIS 


Number allotted Ref. Notes 
here 
2,5,8, d 15,26 South American poles 


Table 1 this article 
14 Mean of C37 and C88 


3 15 Calculated from directione 
given in ref. 15 
4 16 and 17 Mean of poles 116 and 120 
in list 1 and poles 64, 65 
and 66 in list 8 
6 5 and 10 Pole of ORS lavas 
7 14 Pole C14 
9 14 Mean of D52 and D54 
10 14 Mean of poles D50 and D51 
11 14 Mean of poles D2, 5, B, 10, 
m 12, 16, 20, 31, 33 and 
12 18 Mean of poles 68-81 
18 14 Mean of poles D88, 40, 43, 
45, 47 and 49 
16 19 — 
17 20 Mean of poles for lower and 
upper marine laterites 
18 14 Mean of poles E4, 6, 8, 10 
i 16, 18, 20, 22, 24 and 
19 18 Mean of poles 59-67 
20 14 Mean of poles E53, 55, 59 
and 60 
21 21 — 
22 22 Mean of poles 1 and 2, 
Table 1 
23 8 Keuper marls and sand- 
stones 
24 18 Mean of poles 47-58 
25 14 Mean of poles F39, 79, ‘91, 
93, 96, 98, 100, 102 and 
105 
27 28 — 
28 22 Mean of poles 3, 4, 6 and 6 
Table 1 ; 
20 24 .— 
30 16 Pole No. 37. 
31 8 


Eocene lavas 


Paleomagnetic south pole positions used in this 
analysis aro listed in Table 2, and notes are given in Table 
3 of the sources of these data. An explanation of why 
certain data are omitted is given later. 

First, let us consider the fit of South America and 
Africa. The shape of the polar wandering curve connecting 


Upper Palæozoic poles relative to Africa is similar to that 2 


for South America’. This means that there was no 
relative movement between these two continents, during 
this interval of geological time, and by superimposing 
these parts of the curves the position of these continents 
relative to one another and to the pole during the Upper 
Paleozoic may be determined. ‘The polar wandering 
curves were fitted together by drawing them on a 50-cm 
globe. One of them was traced on to a transparent 
fibreglass hemispherical shell. This shell was then moved 
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Fig. 2. A palwomagnetic reconstruction of the positions of South 

America and Africa for the Upper Paleozoic. The continents have been 

placed so that their polar wandering curves for the Upper Paleozoic 

coincide. The grid centre has no significance. I @, South American 
poles; II A, African poles; C, present poles 


over the surface of the globe until the Paleozoic portion 
of the curve drawn on it coincided best with the other 
curve drawn on the globe. The latter curve and also the 
outline of its continent were then traced on to the shell. 
Fig. 2 is a projection on a Lambert grid of tracings made 
on the shell. The polar wandering curves were fitted 
together by eye because more sophisticated mathematical 
treatment is not justified yet although it will have an 
important part to play later. At present we are not so 
much concerned with detailed fit but with the general 
overall pattern of distribution of the continents in the 
Paleozoic and of the movement of the pole across this. 
In the Upper Permian the two polar wandering curves 
separate and this indicates that, in the Mesozoic and later, 
South America and Africa no longer occupied the relative 
positions shown in Fig. 2 and that they were then drifting 
apart into their present positions. The fit obtained thus 
from paleomagnetie data is very close indeed to those 
which have been proposed by considering the shape of 
the coastline and from geological reasoning by several 
workers who have, in the past, advocated the hypothesis 
of drift and of whom perhaps the most famous are Wegener 
and du Toit. Recently the goodness of fit of these 
coastlines has been computed? and the best fitting positions 
so determined are barely distinguishable on a diagram the 
size of Fig. 2 from those deduced paleomagnetically. 

The palzomagnetic data for South America and Africa 
are now compared with those from Europe and North 
America. In 1953, I made a paleomagnetic survey of rocks 
from Great Britain and hence deduced the first polar 
wandering curve for Britain’. Later, in collaboration with 
Irving and Runcorn, this curve was slightly modified and 
compared? with a similar curve deduced from North 
American rocks by Runcorn’. The shape of these curves is 
now familiar to most geophysicists and that for Britain is 
indicated by the broken line in Fig. 3, where north poles 
are plotted. 

Let us now consider the data for the Paleozoic. My 
original Devonian pole D lies very close to the Permian 
(Nos. 18 and 19) and Carboniferous (Nos. 11 and 12) poles. 

Last year Chamalaun and I carried out thermal experi- 
ments’ on Old Red Sandstone rocks from the Anglo-Welsh 
cuvette and concluded that the natural remanence, 
although of exceptionally high stability, being unaffected 
by alternating magnetic fields of amplitude 1,000 œ or 
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more, had most probably been acquired in the Pernio- 
Carboniferous. We deduced that a much weaker magnot- 
ization which revealed itself after heating these recks to 
600° C and cooling them in zero magnetic field represented 
the true Devonian paleomagnetic field. This direction 
agreed with one previously obtained by Stubbs! for Old 
Red Sandstone lavas from Scotland. We now consider the 
true Devonian paleomagnetic pole for Britain to be that 
listed in Table 2 and plotted in Fig. 3 (pole No. 6). 

At first we were reluctant to accept this result because 
it implied that many Russian and North American 
Devonian rocks the paleomagnetie directions of which 
agree with my original result for the Devonian froin the 
Anglo-Welsh cuvette had also been remagnetized at theend 
of the Paleozoic. However, most of these Devonian rocks 
are red beds. During the Permian very many red beds 
were also laid down in North America, Western Europe 
and Russia, so that conditions then must also have been 
favourable for deposition of new red cement in older rocks 
which then happened to be near the surface, and thus for 
their remagnetization. To-day, the paleomagnetic record 
in tropical countries such as north-east Brazil where 
laterite is being formed is being slowly masked and even 
obliterated by magnetization in the direction of the 
present geomagnetic field of both old and of newly formed 
iron oxide minerals. During the Permian, the Paleozoic 
palzomagnetic records of the present northern hemisphere 
continents were very likely damaged and any directions 
which are nearly parallel to the Permo-Carboniferous 
palzomagnetic field from pre-Carboniferous red beds 
should be treated as suspect and should not be accepted 
until experiments similar to those described by Chamalaun 
and me have been carried out on them. The Middle 
Paleozoic poles for North America listed in Table 2 and 
used in this analysis have been determined from the 
magnetization of beds which were not appreciably red- 
dened during the Permian. There is some evidence from 
the fold test that these magnetizations are post deposi- 
tional, but even so it is likely that the magnetic age is pre- 
Carboniferous since the folding was pene-contemporaneous. 

For these reasons I now accept that the solid lines in 
Fig. 3 represent polar movement relative to Western 
Europe and North America since the Middle Palwozoic. 
These paths are similar in shape to the path for South 
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Fig. 3. Palssomagnetic north poles for Europe and Russia (B), North 

America (x) and South America (6). The new European Devonian 

pole No. 6 is displaced from the pole (D) used in constructing the original 

polar wandering curve (ref. 7) (- — O-), which connects Pre-Cambrian 

to Devonian poles. In the Mesozoic the originaland new polar wansring 
curves for Europe are the same 
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Fig. 4. Palmogeographic reconstruction obtained by fitting the Upper 
Paleozoic paleomagnetic south poles to the single curve marked by a 
thick line. The order in which the present continents broke away from 
the large landmass is indicated by the order in which the individual polar 
wandering curves separate from the main curve. The numbers are 
taken from Table 2. The symbols are defined by: 


Present pole Ancient poles 


South America I e. 
Africa II A 
Europe and Russia IV H 
North America v x 


The grid centre has no significance 


America, of which the north poles are also plotted in 
Fig. 3 and joined by & dotted line. 

The paleomagnetie south poles for Europe and North 
America were plotted on the 50-cm globe and the Upper 
Paleozoic portions were fitted together by tracing on to 
the transparent hemispherical shell on which the curves 
for South America and Africa had been drawn. The 
outline of each continent was also traced on to the shell 
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and thus a paleogeographie reconstruction of all.these 
continents for the Upper Paleozoic was made. This 
and the common polar wandering curve were trans- 
ferred on to polar and equatorial Lambert grids and 
the resulting diagrams are shown in Figs. 4 and 5. The 
polar wandering curves can be fitted remarkably well for 
the Upper Paleozoic and thus the continents must have 
then been very close to the positions shown, no relative 
movement having occurred during this interval of 
geological time. The fit of Western Europe and North 
America is similar to that proposed by many geologists, 
for example, du Toit, the Tethys sea, occupying the broad 
space between Southern Europe and Gondwanaland. 

In Figs. 5A and B, which are equatorial projections, the 
path of the paleomagnetic north pola is shown as well as 
that of the south pole. In this figure it has been supposed 
that Asia and Western Europe still comprised one single 
continent in the Palsozoic as they do at present. This is 
assumed tentatively in the absence of reliable Middle 
Paleozoic data for Siberia. In Figs. 3 and 4, it can be seen 
that the Russian Triassic, Permian and Carboniferous 
poles lie very close to the Western European for corre- 
sponding epochs. However, only a very small proportion 
of the Russian data are derived from rocks collected east 
of longitude 100° E, so there is really no evidence for or 
against the suggestion that Europe and Asia were then 
one large landmass. 

It thus appears that the paleomagnetic south pole 
drifted across Gondwanaland from a position to the north- 
west of África, across Africa, to a position off the coast of 
south-east Africa between the Silurian and Permian epochs 
with the continents reconstructed as shown in Figs. 4 and 
5. The corresponding palzomagnetic north pole moved up 
the east coast of China and Siberia. 

The disintegration of the Paleozoic landmass appears 
to have commenced in the Pennsylvanian at about the 
time when the Dwyka Tillites were being formed in South 
Africa. The North Atlantic then started to open up, and 
this is revealed in the paleomagnotic record by the 
separation of the North American polar wandering curve 
(V) from the main curve at poles 9 and 13 (Figs. 4 and 5). 
The European polar wandering curve (IV) separates from 
the main curve in the early Permian (poles 18 and 19), and 
this implies that Europe started to move relative to 
Gondwanaland narrowing the Tethys Sea. Later in the 
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*Fig.b. Equatorial projections of the reconstruction illustrated in Fig. 4. The grid and the symbols are the same asin Fig. 4. Paleomagnetic 
south poles are numbered as beforo. The corresponding north poles are also shown but these are left unnumbered to distinguish them 
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Fig. 6. Australian poles 4 and 10 have been fitted to the main curve 
and the outline of Australia constrained by these two points has been 
drawn in. Africa, South America and the polar wandering curves are 
allin the same positions relative to one another asin Fig. 4, but the grid 
centre is different from that of Fig. 4. The Australian paleomagnetic 


curve, for poles younger than 10, is shown by a broken line. Other 


symbols are as given in the key to Fig. 4 


Permian (at pole 16), the South American (I) and African 
(II) polar wandering curves diverge, implying the South 
Atlantic then commenced to open out. 

An attempt is now made to fit the Australian data to 
the pattern of events described hore. Although much 
paleormagnetie work has been done on Australian rocks, 
few data exist for the Paleozoic and these have not been 
cleaned. The abundant Mesozoic and Tertiary data are 
obviously of no use in elucidating the arrangement of the 
continents in the Upper Palzozoic, which happens to be the 
crucial geological period. The two Upper Paleozoic poles, 
Nos. 4 and 10, show the large shift illustrated for the 
other continents (see Figs. 6 and 7) so that it is worth while 
attempting to fit the Australian data to the main curve. 
One possibility is to suppose that the Bilurian-Devonian 
pole 4 is reliable and to fit it between the South American 
Silurian and Devonian poles, Nos. 2 and 5. The trans- 
parent shell on which the data of Fig. 4 had been drawn 
was then moved on the globe so that the pole for the 
Kuttung Series, No. 10, also lay on the main curve. It was 
found to lie between the Pennsylvanian and Permian 
portions (see Fig. 6). The pole path for Australia (III) for 
post-Kuttung time diverges from the main curve, and this 
implies that Australia must have started to drift relative 
to South America and Africa before the South Atlantic 
opened up between Africa and South America, This is 
the first important feature of this reconstruction. The 
second is that Australia is placed adjacent to Africa. 

If the position of Australia is adjusted by making pole 
10 coincide with the other Pennsylvanian poles at the knee 
of the main curve, Australia and Africa are found to 
overlap in regions where the geology is Pre-Cambrian, so 
such & reconstruction is ruled out and is not illustrated 
here. 

Tt is stressed that the fit illustrated in Fig. 6 is based on 
only two not very well dated points and is given here 
principally to point out that at present the data for 
Australia are inadequate to reconstruct its position purely 
from paleomagnetism. Recently another attempt’ has 
been made to reconstruct the Upper Palxozoic positions 
of Africa and Australia omitting to use pole 9 and using 
the antipole of 2 so that it is not surprising that a different 
result from that described here was then obtained. 
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Probably the best solution to the problem is illu-trated 
in Fig. 7, which was made by adding Antarctica and .\us- 
tralia in the positions suggested by du Toit to the drawing 
on the transparent shell from which Fig. 4 was prepared. 
and this reconstruction of Gondwanaland is now compared 
with the Australian paleomagnetic data. The important 
thing to note is that pole 17 for the Permian Marinc 
Latites now coincides with the South American and 
African Permian poles. Furthermore, Australia, Africa 
and South America start to separate and drift into their 
present positions at about the same time. Gondwauslaud 
thus appears to have started to disintegrate in the Upper 
Permian. If we suppose that du Toit’s reconstruction was 
the true one it follows that pole 10 is wrong. Tiis pertinent 
to note that the pole for the Marine Latites lay close to 
pole 10 before cleaning?. The Devonian: Silurian pole 
No. 4 lies on the main polar wandering curve, but rather 
closer to the Pennsylvanian knee than to the other 
Devonian poles (pole 5 is marked). The explanation 
for this might either be that these rocks need cleaning or 
that they are magnetically younger than their quoted 
age. 

(Since this article was written, E. Irving has informed 
me, during a visit to this Department, that he has recent ly 
cleaned his Kuttung collection, and as a result has 
deduced anow palaomagnetic pole to replace polo 10. This 
new pole appears to agree with the reconstruction in Fig. 7.) 

Finally it is necessary to comment on the accuracy of 
the palzomagnetic data used in this analysis. Tho biggest 
uncertainty is in the magnetic age of the rocks. 
Sedimentary rocks are frequently magnetized after 
deposition and their magnetic age may thus be less than 
their physical age. This is probably true in the cuse of 
pole 14 for South America. Fortunately the polar shift 
revealed by the paleomagnetism of Upper Palaeozoic rocks 
is of considerable magnitude, spanning about 100° of arc. 
It persisted in roughly the same direction for about 200 
million years, the average rate of movement boing 0:5? per 
million years. Hence an inaccuracy in age of an individual 
pole does not appreciably affect the definition of a polar 
path. It does, however, mean that there must be somo 
doubt concerning the rate at which the pole moved ulong 
this path. It is possible, for example, that a large part of 
the movement might have occurred much moro rapidly 
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Fig. 7. Australia and Antarctica are placed relative to Africa and South 

America as suggested by du Toit. The positions of the paleomagretic 

south poles for Australia are shown as open circles, Upper Palxozoig 

poles 4 and 19 lie close to the main polar wandering curve, but go! 10 

does not. The pole path between the Mesozoic and the present for 
Australia is shown by a broken line 


1120 


than the sverage rate of 0-5? per million years during & 
fraction of the total time apparently available. In future, 
when more well-dated data have been obtained, thus 
defining the time-scale, it should be possible to determine 
magnetic ages of Upper Paleozoic rocks from the position 
of their poles on the master curve. 

The standard error of each of the poles listed in Table 2 
is less than about 10°. For more details the reader should 
consult the references noted in Table 3, but he should 
beware of placing too much reliance on values of circles of 
confidence given in papers or lists of poles without 
carefully enquiring how they were calculated, since no 
single method of doing this has been generally agreed. 
Frequently the effects of secular variation of the ancient 
geomagnetic field have not been averaged out because 
inadequate thicknesses of rock were sampled. Thus the 
quoted circles of confidence are not realistic because the 
poles quoted are not true paleomagnetic poles in that they 
do not coincide with the ancient geographic pole. 
Sometimes authors have taken nó account of systematic 
errors due to partial remagnetization, and when samples 
have been collected from too small an area the effects of 
tectonic movement have not been properly considered. 

Lower Paleozoic data have not been considered in this 
analysis because few are reliable. I am now carrying out 
more thermal demagnetization experiments on British and 
South American Cambrian formations and I hope to 
extond this analysis back in time to the beginning of the 
Cambrian in the near future. 

The prime purpose of this analysis has not been to 
deduce an exact paleogeographical reconstruction for the 
Upper Paleozoic, but rather to illustrate that when the 
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Science Policy Research in the U.S. Library of Congress : 
Dr. Edward Wenk, jun. 


Dr. EpwarD WENK, JUN., has been appointed chief 
of a newly created Science Policy Research Division in 
the Legislative Reference Service at the Library of 
Congress and will also serve as special adviser to the 
Librarian in Science and Engineering as from September 
28. Dr. Wenk is at present technical assistant to the 
Director of the Office of Science and Technology in the 
Executive Office of the President. He has also been 
serving as Executive Secretary of the Federal Council 
for Science and Technology. In his new post, Dr. Wenk 
will serve in the Legislative Reference Service as a 
Congressional consultant in scientifie and technological 
developments that affect public policy, and he will also 
serve the Library as a whole, in his capacity as special 
adviser to the Librarian and as co-ordinator of science 
information services furnished to the Congress. Dr. Wenk 
served in the Legislative Reference Service of tho Library 
of Congress from 1959 until 1961 as senior specialist in 
science and technology. He resigned in 1961 to join the 
White House staff as assistant to the President’s Science 
Adviser and moved to the President’s Office of Science 
and Technology when it was established in 1962. In 
addition to serving also as the Federal Council’s executive 
officer, he served as staff specialist in scientific man-power, 

. long-range planning, and oceanography. A graduate of 
the Johns Hopkins University, where he gained a B.E. 
degree in civil engineering in 1940, Dr. Wenk holds an 
M.Sc. degree in applied mechanics from Harvard Univer- 
sity (1947), and a D.Eng. degreo in civil engineering from 
Johns Hopkins University (1950). He served in the U.S. 
Navy during the Second World War and received a Navy 
Civilian Meritorious Service Award. From 1942 until 1956 
he was a naval research scientist and research adminis- 
trator gor the David Taylor Model Basin in Washington, 
and from 1956 until his first appointment to the Library 
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reliability of paleomagnetic data is carefully considered, 
those data thought to be the most reliable fit a rather 
simple overall pattern which does not conflict unduly with 
geological evidence. One important result of this analysis 
is that it illustrates the importance of carrying out much 
more palz:iomagnetie work on Paleozoic rocks which have 
been rather neglected in past studies, and of taking great 
pains to detect stable secondary magnetization. 
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of Congress in 1959 he was chairman of the Department 
of Engineering Mechanics at the South-west Research 
Institute in San Antonio, Texas. Dr. Wenk has been a 
special lecturer at the University of Maryland, Harvard 
University, Massachusetts Institute of Technology, Vir- 
ginia Polytechnic Institute, Purdue University, Yale 
University, and the University of Texas. 


Director of the Water Pollution Research Laboratory, 
Stevenage : Dr. B. A. Southgate, C.B.E. 


Dr. B. A. SourEGATE, director of the Department of 
Scientific and Industrial Research Water Pollution 
Research Laboratory at Stevenage, is to retire at the end 
of March 1966. Dr. Southgate first joined the Water 
Pollution Research Organization as a chemist in 1929. 
Before the Second World War he worked on the develop- 
ment of methods for the treatment of industrial effluents 
and conducted two major surveys of estuaries. The 
first, a detailed examination of the effects of pollution 
on the Tees Estuary, set a pattern for many similar surveys 
in various parts of the world; the second, on the Mersey 
Estuary, showed that pollution by untreated sewage was 
not responsible for siltation of the navigable channels. 
In 1940 the first central Water Pollution Research Labor- 
atory was set up—though in temporary premises—and 
in 1943 Dr. Southgate was appointed director. His book 
on Treatment and Disposal of Industrial Waste Waters, 
published in 1948, was an outstanding contribution to the 
literature on the subject, and showed clearly his unrivalled 
knowledge of the field. The activities of the Station 
expanded steadily after the War and in 1954 it was 
transferred to a permanent new laboratory (at Stevenage). 
Under Dr. Southgate’s leadership, early empiricism in 
the research has been replaced by a much more funda- 
mental approach. The benefits are to be seen particularly 
in the successful outcome of a recently completed survey 
of the effects of pollution on the Thames Estuary, in which 
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methods have been worked out for predicting the effects 
on the eondition of the water of any given discharge, 
thus enabling the best way of dealing with the pollution 
problem to be assessed accurately. 


I Mr. A. L. Downing 


Mr. A. L. DowNIsG is to succeed Dr. Southgate as 
director of the Water Polution Research Laboratory. 
Until Dr. Southgate's retirement in 1966 Mr. Downing 
will act as deputy director. Mr. Downing, who is thirty- 
eight, was born at Trentham, Stoke-on-Trent. He was 
educated at Arnold School, Blackpool, and was awarded 
a County scholarship to the University of Cambridge 
where he read natural sciences. Mr. Downing's first 
appointment within the Department of Scientific and 
Industrial Research was to Water Pollution Research in 
October 1946. In October 1947 he was seconded to the 
Ministry of Agriculture, Fisheries and Food for research 
at Lowestoft on the effects of radioactive materials on 
fish. In December 1948 he joined the staff of the Govern- 
ment Chemist in London while studying for an external 
degree at the University of London, returning to the 
Water Pollution Research Laboratory in August 1950. 
Mr. Downing is at present in charge of a large group of 
sections concerned primarily with biochemical engineer- 
ing. 


Neurophysiological Feedback Research in the National 
Physical Laboratory : Dr. Thomas B. Mulholland 


Dr. Tuomas B. MULHOLLAND, JUN., of the Veterans 
Administration Hospital, Bedford, Massachusetts, has 
been awarded a Carnegie Institution fellowship grant of 
12,000 dollars for a year’s research on stimulus-brain 
feedback systems, at the National Physical Laboratory, 
Teddington. Dr. Mulholland graduated from Tufts 
College in 1951 and then studied at Clark University, where 
he received an M.A. in 1952 and a Ph.D. in 1956. He 
became a post-doctoral trainee at the Veterans Administra- 
tion Hospital in Bedford in 1956, and is still associated, 
with that hospital. In addition, he is a lecturer in the 
Division of Continuing Education at Boston University 
and a lecturer at Clark University. Dr. Mulholland’s 
field is psychology. For the past two years he has been 
investigating the development of a stimulus-brain feedback 
system and its application to a variety of psychological 
and neuropsychological problems. 


Mathematics in the University of Strathclyde: 
Prof. W. D. Collins 


Tue University of Strathclyde has announced the 
appointment of Dr. W. D. Collins, at present 
lecturer in applied mathematics in the University of 
Manchester, to a new professorship in mathematics, from 
January 1, 1965. Dr. Collins graduated with first-class 
honours in mathematics at the University of London in 
1953 and was awarded the degree of Ph.D. in 1956. He 
began his career as a scientific officer with the Admiralty 
Research Laboratory, Teddington, in 1956. In 1957 he 
was appointed to a lecturership in applied mathematics at 
King’s College, Newcastle upon Tyne, a post which he held 
until 1961, when he joined tho staff of the University of 
Manchester. For nine months in 1963 he was on leave of 
absence as a research associate in the Division of Electro- 
magnetic Research at the Courant Institute of Mathe- 
matical Sciences, New York University. Dr. Collins’s main 
research interests are in solid mechanics, diffraction theory 
and methods of applied mathematics, in particular the 
investigation of integral equations and their application. 


Veterinary Microbiology and Parasitology in the Royal 
Veterinary College, London : Prof. A. O. Betts 
DR. A. O. BETTS, at present lecturer in animal pathology 


in the University of Cambridge, has been appointed to 
the newly established chair of veterinary microbiology 
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and parasitology in the Department of Pathology at the 
Royal Veterinary College, London. He himself graduated 
from the Royal Veterinary College in 1949. Following 
this he became a research student in the Department of 
Animal Pathology, Cambridge, where he gained his 
Ph.D. in 1953. He was appointed demonstrator in that 
Department in 1952 and became a lecturor in 1956. He 
was awarded a Commonwealth Fund fellowship in 1955 
and studied at the New York State Veterinary School at 
Cornell, and other centres. His research was at first 
centred round respiratory diseases of pigs and lator his 
interests spread to include many virus diseases of animals. 
He has been & pioneer in the study of enteroviruses of 
domestic animals. He is a member of the World Health 
Organizations Committee on the Classification of Veterin- 
ary Viruses and was co-chairman of a conference on 
“Comparative Virology” held in New York in 1962 under 
the auspices of the New York Academy of Sciences. In 
addition to a number of visits to the United States he has 
also lectured at several veterinary research establishments 
on the continent of Europe. 


Recryitment of Graduates to School Teaching 


TEE report of the Sub-Committee on Recruitment to 
School Teaching of the University of Glasgow Appoint- 
ments Committee notes a disturbing decline in the propor- 
tion of men graduates of Glasgow (honours and ordinary) 
and of women with ordinary degrees in arts and science 
entering teaching in 1962 (Pp. 16. Glasgow: The 
University, 1964). The proportion of men graduates 
with ordinary degrees in science who enter teaching has 
decreased by 17-5 per cent since 1959, and that of women 
by 12 per cent since 1960. The Sub-Committee does not 
consider that salary is now an important deterrent. but 
the apparent Jack of good prospects for promotion in 
teaching is a serious deterrent and the very considerable 
change for the better since 1961 is not yet sufficiently 
widely known. It is also critical of the rigidity of present 
regulations on certification and recognition, and tho 
Sub-Committee believes that the postgraduate year in a 
College of Education may also be a deterrent owing to 
misunderstanding of the nature of the courses, doubts 
as to necessity or value of the training, and the prolonged 
dependence on Government grants or parental resources. 
The limitations of day-school teaching can also deter 
some, through fear of losing their specialist knowledge, 
risk of staleness and lack of contact with the adult world. 
'The reporb makes several suggestions for remedying the 
defective information position by better descriptive 
literature and talks to students, but also suggests expori- 
ments with trial runs. The defects in the system itself 
must await Government action, and, while welcoming the 
Ministry of Education’s consultation of the appointments 
officers of the universities and its commissioning of an 
enquiry by the Social Survey into what undergraduates 
know and think about prospects in the teaching profession, 
and what makes school teaching attractive or unattractive 
to them, the Sub-Committee recommends immediate 
attention to three particular defects. First. early con. 
sideration should be given to the advisability of pay 
during training. Secondly, the regulations relating to 
the certification of teachers should be speedily revised to 
bring them up to date and make them moro flexible. 
Thirdly, the problem of promotion should he teekled 
appropriately without delay to create a more uniform 
and smoothly working system with some real incentivo 
to the able young teacher. 


Medical Schools of the World 


Tur third edition of the World Directory of Medical 
Schools will be of great value to everyone who is either 
concerned with medical education or is planning that kind 
of education for himself (Pp. 348. Geneva: World Health 
Organization; London: H.M.S.O., 1963. 20 Sw. fræ 35s.; 
6.75 dollars). It provides detailed information about the 
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salient features of undergraduate medical education in 
87 countries of the world, the material having been pro- 
vided by the health authorities of the countries concerned 
or by the medical schools themselves. To this has been 
2dded information about the admission of foreign students 
to medical schools and about the conditions which govern 
medical practice by nationals with foreign qualifications 
or by foreigners who have qualified in the country con- 
cerned. There is also information about the laws which 
govern medical practico in some countrios which have no 
medical schools. Tables show the number of years of 
medical education required in each country and other 
conditions that must be fulfilled before a licence to 
practice is granted. It is interesting to note that, while 
most countries require a practitioner to complete at least 
one year of experience in a hospital before he may practise, 
some countries, such as China and the Sudan, require him 
to complete two years of such experience; Austria alone 
requires him to complete three. In some countries one 
of the years of postgraduate experience is devoted to 
rural or State service or to specialization and teaching. 
The Directory also supplies data about the population of 
the countries concerned, the number of medical schools 
and, physicians, and the number of students who enrol 
and are admitted and who graduate. An interesting 
appendix compares the numbers of medical, dental and 
veterinary schools. It may surprise some readers to learn 
that whereas the United Kingdom has 6 veterinary 
schools, Japan has 14, the U.S.S.R. 23, the United States 
18 and India 16. A study of these pages will enable the 
reader to obtain what is, in effect, an overall picture of 
medical education all over the world. It is clear that the 
total number of years spent, including primary and 
secondary education, before practice is allowed varies 
little all over the world. In most countries primary and 
secondary education followed by pre-medical, medical 
and hospital experience add up to some 19-20 years 
of training, while in the Lebanon and the United States 
the total is 21 years. The time devoted Specifically to 
medical education varies little, being usually 4-6 years. 


The Registrar General's Quarterly Return for England 
and Wales 


THE Registrar General's return for the first quarter of 
1964 shows that 220,000 live births were registered in that 
quarter as against 222,000 in the corresponding quarter 
of last year (The Registrar General’s Quarterly Return for 
England and Wales: Births, Deaths and Marriages ; 
Infectious Diseases; Weather; Population Estimates, 
Quarter ended 31st March, 1964. Pp. 28 (No. 46, lst 
Quarter, 1964.) (London : H.M.S.O., 1964.) 2s. 6d. net). 
However, Easter fell in the last week of March, and this 
may have delayed some of the registrations. The pre- 
liminary seasonally adjusted figure shows 213,000 births, 
as against 212,000 for the corresponding quarter of 1963; 
this is slightly lower than the figure for the last quarter 
of 1963 (213,300) and below the peak figure for the third 
quarter of 1963 (215,400). The death rate in the quarter 
was low at 13-4, reflecting the relatively mild winter. 
Infant mortality at 22 per 1,000 live births is once again 
a record low figure for the first quarter. It will be inter- 
esting to seo whether the figures for the second quarter 
of 1964 will show a continuation of the decline in the 
number of births and of the birth rate. The report 
contains, as is usual in March, & brief analysis of causes 
of death in 1963. There were only 7 deaths from acute 
poliomyelitis, the lowest number ever recorded, compared 
with 18 in 1962, and an annual average of 262 in 1951-53. 
Deaths from lung cancer increased by 3 per cent for men 
and 5 per cent for women, compared with 1962, whereas 
deaths from all malignant neoplasms increased by only 
0-8 per cent. Motor vehicle accidents accounted for 
6,400 deaths compared with 6,300 in 1962 and 0,600 in 
1961. 
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Radio-isotopes in Hydrology 


Tus report of the panol on the use of isotopes in hydrol- 
ogy which met in Vienna during December 17-21, 1962, 
has now been issued (Technical Report Series, No. 23: 
Isotope Techniques for Hydrology. Pp. 36. Vienna: 
International Atomic Energy Agency; London: H.M.8.O., 
1964. 21 schillings; 6s.; 1 dollar). More detailed discus- 
sions on some of the techniques mentioned by the panel 
were presented at an International Atomic Energy Agency 
symposium in Tokyo during March 5-9, 1963, and are 
published in Radioisotopes in Hydrology (X. A.X.A., Vienna, 
1963). Ground-water dating techniques, including 
carbon-14, silicon-32 and tritium dating, are discussed 
in detail in the report, togethor with short-term ground- 
water tracing by techniques involving stable isotopes and 
activation analysis. It is recommended that the exchange 
of carbon between the liquid and solid phases in ground- 
water be investigated by tracing experiments in which 
tritium in tritiated water and carbon-14 as bicarbonate 
are used simultaneously. There are many unresolved 
questions regarding ground-water recharge rates, which 
depend on climate, season, geography, geochemistry, 
topography and vegetation, and until more is known the 
interpretation of ground-water age from tritium concentra- 
tion data must be treated with caution. One section of 
the report deals with field experiments, covering investiga- 
tions in the Snake River Plain, Idaho; an underground 
connexion in New Mexico; the determination of an 
aquifer by multiple-well tracing; and reservoir leakage, 
and another section with specific ground-water problems 
in Greece, on Kilimanjaro, and in the desert. 

The panel concluded that isotope-technique applica- 
tions to hydrological problems have been somewhat 
useful in the understanding of the nature of the hydrologic 
cycle and in the solution of specific engineering problems. 
However, additional research and development arerequired 
on the part of both hydrologists and isotope specialists, 
preferably’ working together as teams, to ensure the 
proper synthesis of scientific advances in their respective 
fields and the translation of these advances into practical 
technology. In particular, it considered that the present 
International Commission on Radiological Protection 
values, which are used as standards for exposure for large 
populations and which are based on long-term exposure, 
are too restrictive for short-term experiments such as are 
required in hydrological investigations. 


Isotope Dilution Analysis 


Te monograph Radioactive Isotope Dilution Analysis 
is one of the series of occasional publications of the 
Radiochemical Centre, Amersham (Pp. 12. Amersham: 
The Radiochemical Centre, 1964). Classical mothods of 
chemical analysis generally rely either on the quantitative 
isolation of the component to be determined or on the 
measurement of some specific chemical or physical 
property of the component which is not obscured by other 
substances present. These methods often fail with more 
complex mixtures, and then isotope dilution analysis may 
be suitable. The basic principle is that if a radioactive 
tracer is mixed with the corresponding unlabelled com- 
pound the amount of activity per gram of the substance 
will be reduced, and that if the reduction per gram is 
measured the amount of diluting material can be calcu- 
lated. The calculation and method of procedure are 
explained in the monograph and illustrated by an example. 
New developments in the field of dilution analysis, 
particularly derivative dilution where it is necessary to 
determine one component in the presence of several others, 
and saturation analysis which involves the use of a binding 
agent specific for the compound being determined, are 
explained in some detail. The examples discussed are 
mainly of organic substances but, as is shown in the final 
section of the monograph, direct isotope dilution can be 
applied equally well to inorganic substances. The mono- 
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graph is not only an excellent introduction to the subject 
of radioactive isotope dilution analysis but also a valuable 
laboratory guide for those who wish to make use of the 
technique. There is a list of 25 references from which 
additional information can be obtained. 


Solid-state Physics 


Tue Bulletin de la Société Belge de Physique is published 
by the Belgian Physical Society and records the proceed- 
ings of meetings on special topics organized by the 
Society. Regular members of the Society receive the 
Bulletin, but non-members can subscribe at 400 Belgian 
franes per series of six issues. The number of issues por 
annum ranges from four to six. The March 1964 issue 
(Series 4, No. 1) contains the proceedings of the annual 
meeting on “Solid-state Physics”, held in Brussels on 
October 11, 1963. Thero were 21 contributions and these, 
somo in abstract or summary form, are printed in English 
in the issue. 


Albright Magazine 


THE ingredients of a successful house journal of the 
type and quality nowadays sponsored by leading indus- 
trial concerns in Britain and overseas would appear 
to be attractive format and presentation, a nice balance 
between articles of technical and general interest and 
those concerned with the social activities of employees, 
high-quality illustration (sensitive blending of black and 
white and colour), and what may be best described as 
‘extra-mural’ appeal. Circulation of magazines of this 
type, in many long-established and successful ventures, 
goes far beyond the patronage of the employees for whom 
they were primarily instigated, and deservedly so. The 
merits of these periodicals are that by means of informa- 
tive articles, lavishly illustrated by photographs and 
diagrams, and written by administrative and technical 
experts, often outside the organization concerned, business, 
technology, general knowledge, and the social humanities 
are happily blended to the advantage of all concerned. 
As a tangible means of promoting esprit de corps and good 
staff relationships, such projects can scarcely be bettered. 
A comparative newcomer to the library of British 
house journals is the Albright Magazine, a bi-monthly 
periodical published by the well-known Albright and 
Wilson group of companies with a wide field of chemical 
and allied interests. The first number appeared in 
February 1964, to be followed by the April, June and, to 
date, August issues. A survey of these four issues pro- 
claims at once that a high standard of production was 
initially aimed at, and certainly achieved, and that it 
persists. This journal has originality plus all the ingredi- 
ents mentioned here. As it appears to be the policy of 
the editorial board not to publish regular editorials, the 
first issue, likewise the second, was not introduced from 
the ‘chair’; it was as though the Magazine just happened, 
leaving the reader to judge its merits. However, in the 
June issue, the Editor relents and gives the reader a 
glimpse of the policy behind this project, particularly 
information on how the first two numbers had been re- 

_ceived. Generally, the reception of this publication has 
been extremely good, including comments from an inde- 
pendent critic well accustomed to reviewing house journals. 
Two points in presentation, however, have been raised: 
the use of the + sign in place of an ampersand connecting 
Albright and Wilson, and the ‘readability’ of the sans 
serif type so far used in the text. The writer of this 
note frankly considers the former rather ugly and incon- 
gruous; the matter of type, on which the Editor asks for 
comments, is largely a matter of opinion; at first sight it 
appears rather formal, like some government specifica- 
tions, and not so easy to the eyes as many house journals. 
Apart from these queries, it will be surprising if in the 
next National House Journal Competition (one has already 
been held for 1964) the Albright Magazine does not receive 
an award for merit, which it undoubtedly deserves. 
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Mechanizing Library Services 


Tux June-July issue of Science Information Notes (6, 
No. 3; 1964), issued by the National Science Foundation, 
records the commencement of an investigation, under an 
arrangement by the Council on Library Resources, to 
demonstrate that bibliographic information, suitably 
punched into a perforated paper-tape record by a tape- 
producing typewriter, can be reproduced in any form 
required for the records used in library operations. The 
purpose is to lay the basis for seeking general agreement 
on standards in the conversion of such information to 
machine-readable form. The National Science Foundation 
is itself supporting the American Institute of Physics m 
a programme directed towards improving the com- 
munication of scientific information. This will enable the 
Institute to continue its work on creating an adequate 
reference retrieval system for physicists, its collection 
of information from authors using the property--object— 
method scheme of analysis, and its investigation of 
the relations between cited and citing physics papers, 
including an investigation of the reasons why articles are 
cited. An experimental system which can use the data 
already collected will also be tested. Research is con- 
tinuing at the Massachusetts Institute of Technology on 
the development of a realistic test environment for 
evaluating ideas and systems components capable of 
making the flow of scientific information more effective. 
The National Aeronautics and Space Administration has 
established an unusual search tape system which provides 
up-to-date comprehensive search capabilities at individual 
research contres of tho Administration’s entire collection 
of reports. 


The Sarawak Museum 


Tis latest issue of the Sarawak Museum Journal (11, 
Nos. 21-22 (New Series); July-December 1963) main- 
tains the essential regional character of this publication. 
Mrs. Barbara Harrisson records some interesting experi- 
ments in educating orphan young orang-utans for normal 
life in the jungle, and the editor, Mr. Tom Harrisson, 
has several papers on local natural history. Additional 
information regarding the animal bones found in Niah 
Cave are given by Lord Medway and the Earl of Cran- 
brook. In all, there is a total of 31 interesting and well- 
illustrated papers. 


South Australian Museum 


Tug report of the South Australian Museum for the 
year ended June 30, 1963 (Pp. 14 + 1 plate. Adelaide: 
Government Printer, 1964), is the first issued under the 
directorship of Dr. W. P. Croweroft, and records the 
continued anxiety regarding accommodation. The installa- 
tion of & mezzanine floor in the Stirling Gallery provided 
an extra 1,500 ft.? for storage. Several collecting projects 
were undertaken during the year, with the view of 
acquiring detailed field observations in support of material 
collected for research purposes, and the recording of the 
destruction of native habitats. Trips were thus undertaken. 
to the Gulf of Carpentaria, the Simpson Desert, and 
Sturt’s Stony Desert. Some of the records of this work 
are indicated in an impressive list of publications by the 
staff. 


Physics Conference, Gothenberg 


Tag twelfth General Physics Conference arranged by 
the Swedish National Committee for Physics was held in 
the Chalmers Institute of Technology, Gothenberg, during 
June 4-7, 1963. The attendance of some 300 members. 
and particularly the large number of contributed papers, 
required the meetings to be held in three parallel sessions 
in adjacent lecture halls. One general lecture was given 
each day by an invited speaker. Prof. D. Amati (CERN) 
spoke on the present situation in the high-energy theory; 
Dr. J. J. Quinn (Radio Corporation of America) on the 
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properties of a quantum plasma in a uniform magnetic 
field; Prof. G. Ekspong (Stockholm) on experimental 
results concerning elementary particles; and Dr. T. 
Ericson (CERN) on some statistical phenomena in nuclei. 
The members were entertained to a dinner and dance 
by the city council on the evening of June 6, and demon- 
strations were arranged in the physics and electrical 
engineering departments of the Institute. A brief report 
of the proceedings of the Conference, together with 
summaries of the papers presented, is given in Arkiv for 
Physik, 26, 233 (May 22, 1964). 


American Society of Plant Physiologists 


Tux American Society of Plant Physiologists has 
announced the following awards: Stephen Hales Prize, 
to Prof. F. C. Steward, Cornell University, New York, 
in recognition of his work on the salt uptake of plants 
and the nitrogenous constituents of plant tissues, and 
his investigations of growth substances; Charles F. 
Kettering Award, to Dr. L. N. M. Duysens, University of 
Leiden, in recognition of his contributions to photo- 
synthetic research; Charles Reid Barnes Life Membership 
Award, to Prof. W. Z. Hassid, University of California 
at Berkeley, in recognition of his work in the field of sugar 
biochemistry which has led to discoveries in the metabo- 
lism of carbohydrate compounds. Charles A. Shull Life 
Membership Certificates have been presented to the 
following members, who were present at the founding of 
the Society and have retained their interest in its activities: 
Prof. C. H. Arndt, Clemson College, South Carolina; Prof. 
W. M. Atwood, Oregon State University; Prof. A. L. 
Bakke, Iowa State University; Prof. J. P. Bennett, 
University of California; Dr. W. B. Davis, U.S. Depart- 
ment of Agriculture; Dr. R. B. Dustman, University of 
West Virginia; Dr. F. M. Eaton, University of California ; 
Prof. G. R. Johnstone, University of South California; 


>> Dr. J. P. Jones, U.S. Department of Agriculture; Prof. 


À. E. Murneek, University of Missouri; Prof. A. C. Saeger, 
University of Kansas City. 

The following were elected officers of the Society: 
Dr. S. Aronoff, U.S. National Science Foundation (presi- 
dent); Prof. G. G. Laties, University of California (vice- 
president); Prof. H. Beevers, Purdue University, Indiana 
(member of the executive committee); Prof. W. D. Bonner, 
jun., University of Pennsylvania, and Prof. P. J. Kramer, 
Duke University, North Carolina (members of the editorial 
board of Plant Physiology). These elections will take 
effect from October 1. 


The Night Sky in October 


New moon occurs on Oct. 5d 16h 20m V.T. and full 
moon on Oct. 21d 04h 46m. The following conjunctions 
with the Moon occur: Oct. 1d 00h, Mars 2° S.; Oct. 9d 
03h, Venus 5? S.; Oct. 16d 18h, Saturn 3? N.; Oct. 22d 
23h, Jupiter 1? N.; Oct. 29d 09h, Mars 3? 8.; Oct. 31d 23h, 
Venus 4? S. Venus is in conjunction with Regulus on 
Oct. 5d 07h, Venus being 0-4? S. Mercury is too close to 
the Sun for observation. Venus is a morning star, rising 
at 2h 00m, 2h 35m and 3h 15m on October 1, 15 and 31, 
respectively. Its stellar magnitude is — 3-6; its distance 
from the Earth increases during the month from 89 to 108 
million miles and the visible portion of the apparent disk 
from 0-654 to 0-765. Mars rises at 0h 20m, 0h 15m and 0h 
05m at the beginning, middle and end of the month, respec- 
tively. Its stellar magnitude is + 1-5 and its distance from 
the Earth on October 15 is 165 million miles. Mars is in 
Cancer until October 14, when it passes into Leo. Jupiter 
rises at 19h 10m, 18h 10 m and 17h 05m on October l, 
15 and 31, respectively. It is now moving westwards 
near the boundary between Aries and Taurus, its stellar 
magnitude is —2-4 and its distance from the Earth on 
Oetober-15 is 384 million miles. Saturn sets at 2h 15m, 
lh 20m, and 0h 20m at the beginning, middle and end 
of the month, respectively. It is in Aquarius, moving 
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westwards among the stars. Its stellar magnitude is 
+0-8 and its distance from the Earth on October 15 is 
850 million miles. Occultations of stars brighter than 
magnitude 6 are as follows, observations being made at 
Greenwich: Oct. 13d 18h 340m, 51 Sgr. (D); Oct. 13d 
19h 06-3m, 52 Sgr. (D); Oct. 19d Olh 41-2m, 30 Psc. (D); 
Oct. 28d 01h 22-6m, y Cne. (R). D and R refer to dis- 
appearance and reappearance, respectively. The Orionid 
meteors are active during October 15-25, with maximum 
on October 21, but conditions for observation are un- 
favourable. 


Announcements 


PROF. ALEXANDER WEINSTEIN, of the University of 
Maryland Institute for Fluid Dynamies and Applied 
Mathematics, has been elected a foreign member of the 
Accademia Nazionale dei Lincei, Rome. Prof. Weinstein 
is well known for his outstanding contributions to applied 
mathematics, especially to the theory of partial differen- 
tial equations and the calculation of vibrations. 


Tue 1964 symposium of the Technicon Instruments 
Company, Ltd., on “Automation in Analytical Chemistry” 
will be held in London during October 12-14. Further 
information can be obtained from Technicon Instruments 
Co., Ltd., Hanworth Lane, Chertsey, Surrey. 


TRE twenty-seventh annual meeting of the American 
Documentation Institute on “The Parameters of Informa- 
tion Science" will be held in Philadelphia during October 
4-8. Further information can be obtained from A. W. 
Speakman, E. I. du Pont de Nemours and Co., Wilming- 
ton, Delaware. 


An international symposium on "Laser-Physies and 
Applications" will be held in the University of Berne 
during October 12-14. Further information can be 
obtained from R. Dandliker, Institut für Arigewandte 
Physik, Universität Bern, Sidlerstrasse 5, Bern. 


THE annual conference of the British Association for 
Commercial and Industrial Education on “Policy in 
Perspective" will be held in the University of Ni ottingham 
during September 24-26. Further information can be 
obtained from the Conference Secretary, British Associa- 
tion for Commercial and Industrial Edueation, 264 
Buckingham Palace Road, S.W.1. 


A symeosium on “Relation of Measurements of Radio- 
active Contamination in the Working Environment to 
Personal Exposure", arranged by the Society for Radio- 
logical Protection in association with the Joint Health 
Physies Committee, will be held in the Manchester College 
of Science and Technology on October 7. Further 
information can be obtained from Mr. E. T. Wray, 
Radiological Protection Division, U.K. Atomic Energy 
Authority, Harwell, Didcot, Berks. 


Tae annual meeting of the Conference on Electrical 
Insulation of the Division of Engineering and Industrial 
Research, National Academy of Sciences—National Re- 
search Council, will be held in Cleveland, Ohio, during 
October 12-14. Further information can be obtained- 
from D. W. Thornhill, Conference on Electrical Insulation, 
National Academy of Sciences—National Research Council, 
2101 Constitution Avenue, Washington 25, D.C. 


Tue national conference of the Institute of Personnel 
Management on “Economic Growth and Human 
Resources’ will be held in Harrogate during October 
9-11. In conjunction with the conference, five one-day 
courses will be held on October 9 on: evaluation and 
development of the personnel function; organization 
and staffing; staff assessment and counselling; improving 
selection techniques; training as an aspeot of personnel 
management. Further information can be obtained from 
the Institute of Personnel Management, Management 
House, 80 Fetter Lane, London, E.C.4. 
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SCIENTIFIC AND ENGINEERING MANPOWER IN THE UNITED STATES 


HE report of the Committee on the Utilization of 
Scientific and Engineering Manpower in the United 
States*, which is discussed on p. 1101 of this issue of 
Nature, bases its recominendations and conclusions largely 
on the facts set forth in the second chapter of Part 1 of the 
report, "Needs and Resources". Between 1940 and 1960, 
the proportion of scientists and engineers in the working 
population greatly increased, and now, at 1:7 million, 
exceeds 2 per cent. Of this total, about 950,000 are engin- 
eers, 500,000 scientists and 250,000 teachers of science or 
mathematics at the secondary school level. By 1970, the 
total is expected to reach 2-8 per cent of the working popu- 
lation. About 40 per cent are engaged in private industry 
or commerce, 20 per cent in education, and between 20 and 
30 per cent in work affecting national security and its 
position in the exploration of space. No major division 
of science includes more than 7:5 per cent of the scientists 
and no branch of engineering more than 15 per cent of 
engineers. Of those with doctorates, 29-2 per cent are 
scientists, 15-1 per cent being in the physical sciences and 
7-4 per cent in the biological sciences. Secondary school 
teachers account for 14-7 per cent and engineers for 56-1 
percent; 6-7 per cent are psychologists or social scientists. 
Two out of three scientists and two out of five engineers 
are engaged in research and development. It is estimated 
that in 1963, of the total graduates in science and engin- 
* Towards Better Utilization of Scientific and Engineering Talent: a Program 
for Action. Report of the Committee on Utilization of Scientific and Engin- 
eering Manpower. Publication No. 1191, National Academy of Sciences. 
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eering, 57 per cent were employed in industry, 11 per cent 
by the Government, 12 per cent in colleges and univer- 
sities and 15 per cent as secondary school teachers. 

These figures and profiles are supported in Part 2 of 
the report by nine study papers. Mr. F. H. Harbison 
discusses measures towards the development of a com- 
prehensive man-power policy; G. Colm and L. A. Lecht 
outline requirements for scientific and engineering man- 
power in the 1970’s; and A. M. Ross considers how the 
United States uses its engineers and scientists. Proposals 
for development of an improved man-power-related 
information programme are detailed by A. O. Gamble, 
while P. W. Charington considers the impact of Govern- 
ment policy and action on the utilization of scientifie and 
erigineering man-power in the acquisition of weapons and 
space systems in a paper entitled “Systems-Acquisition 
and the Utilization of Scientific and Engineering Man- 
Power (Requirements and Programme-determination, 
Contracts and Grants)”. In a further paper, he submits 
two case studies of the utilization of scientific and 
engineering man-power in the major military systems. 
Titan II and Naval Tactical Data Systems: this 1s sum- 
marized and its principal findings only are presented. In 
the last three papers, A. B. Kinzel presents an industrial 
view of the Government's impact on civilian research and 
development man-power, L. M. Hartman deseribes 
industrial practice affecting the utilization of scientific 
and engineering man-power, and R. H. Bolt takes a look 
ahead at man-machine partnership in intellectual pur- 
suits. 


FILM AND TELEVISION IN THE WORK OF THE UNIVERSITIES 


ONE-DAY conference on the film and television in 
LX the work of the universities was held at tbe Royal 
College of Art, London, on July 21. Mr. Michael Clarke, 
tutor in the Department of Television and Film at the 
College, deserves every praise and admiration for arranging 
the meeting. The interest and enthusiasm shown by his 
audience were a welcome indication that audio visual 
' media may shortly emerge from their adolescence. 

The British Universities Film Council conference at 
Senate House in March, 1963, set out to survey the field 
of closed-circuit television within institutions of higher 
education from the severely practical point of view of 
application, technique, instrumentation and cost. At the 
Royal College of Art, Members of Parliament, university 
vice-chancellors and professors, members of the University 
Grants Committee Sub-committee on Audio Visual Aids 
Facilities in Higher Education, directors and senior 
executives of the independent television companies and 
of the B.B.C., as well as a catholic selection of experts in 
the arts and sciences came together to hear and to discuss 
& wide-ranging and more general search for the present 
and future role of film and television in the universities. 

In opening the morning’s session on "Potential Func- 
tions of Film and Tolevision in Higher Education", 
Mr. Clarke pointed out that the meeting was too large to 
achieve any concrete results and that the main aim should 
be to gain information from each other. The Television 
and Film Department within the Royal College of Art 
would accept up to ten students a year who had completed 
their art-school training. They would go through a three- 
year course on film and closed-circuit television to learn 
how to think in terms of moving pictures. From among 


these students, it was hoped, would come some of the 
producers and directors of the future. A one-year course 
exists for those who are already in industry but wish to 
experiment or enlarge their knowledge. The nucleus of 
an academic film unit has been created and has started to 
make teaching films in collaboration with Imperial College 
of Science and Technology, London. 

Mr. Clarke claimed that film and television should bo 
regarded as modes of communication in their own right. 
If they were to be fully exploited in this way, both users 
and producers would have to rethink and learn how to 
use visual concepts. This should apply not only to the 
professionals but also to the teachers; all should learn to 
think in terms of illustration. 

Prof. Collin Cherry, Department of Telecommunication, 
Imperial College, and author of On Human Communication 
(John Wiley and Sons and Science Editions, Ine., 1961). 
spoke on his experimental use of simple closed-circuit 
television equipment as an enlarging device during his 
lectures on engineering, where this device enabled him to 
use small models to illustrate abstract concepts. He also 
recorded a twenty-minute summary immediately after 
each lecture, so that his students could listen to the tape- 
recording either to supplement their notes or to catch up 
on a lecture they might have missed. 

Prof. Cherry emphasized that the academic lecture 
should impart a basic understanding and interest in the 
subject, not detailed information. He expressed the hope 
that television would cut its traditional cinema apron 
strings and make greater use of its essentially electronic 
genes. Future use of television in the lecture theatre might 
bring outside events and phenomena to the stufient to 
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enrich his understanding and visual experience. A great 
expansion could be envisaged as soon as the restricted 
availability of wave-lengths had been overcome. 

As a complete contrast, Mr. Edgar Anstey of British 
Transport Films and vice-president of the International 
Scientific Film Association recalled that Percy Smith 
produced superb classroom films on biological subjects 
almost fifty years ago. While films had been produced 
ever since, lamentably little effective use had been made 
of them. This might possibly be explained by the lack of 
appreciation of their enormous potential and, particularly, 
by the ignorance of the film language and its ability to 
appeal not only to logie but also to the emotions. 

Prof. David Daiches, Department of English, University 
of Sussex, recounted his experiences in mounting twelve 
experimental television broadcasts on English literature 
and how he attempted, and evidently most successfully, to 
impart a visual understanding of concepts which could not 
be explained by words alone. So, for example, he illus- 
trated the concept of stylization by showing a photograph 
of a real lion followed by a drawing of a heraldic lion. This 
demonstration was followed by the reading of poems on 
Nature, some realistic recounts of what the poet had seen, 
others giving a stylized account of another poct’s experi- 
ences. As a further example, Prof. Daichcs mentioned the 
film of Dublin streets which was usod as background. 
illustration to the reading of part of Joyce’s Dubliners. 

Prof. Eric Crook, Department of Biochemistry and 
Chemistry, St. Bartholomew’s Hospital Medical College, 
London, brought the meeting back from open broadcasting 
to the uses of television and film within the university. 
He outlined the vocational rather than academic nature of 
the medical curriculum and how his college was revising the 
sequence and manner of teaching the preclinical course. 
He emphasized that an effort should be made to exploit 
the visual aspects of the material to be learnod, in order to 
help the student who was very largely visually orientated 
in his method of learning and retention of knowledge. 

Mr. Peter Laslett, Trinity College, Cambridge, bridged 
the transition from the morning to the afternoon sossion 
on "Immediate Problems and Needs" with his account of 
the "Dawn University" experimental broadcasts from 
Cambridge and the television links between Cambridge and 
Norwich, and Cambridge and Imperial College, London. 
Mr. Laslett felt that few students would be able to proceed 
to a degree examination unless they were given a great 
deal of other help and guidance, and that the main 
ier of the viewers would merely look for a “cultural 
up 2 e 

While such broadcasts could well train or retrain 
mothers who wanted to go back to teaching, a degree 
course of the air would require a new central national 
body. Television teaching could not be cheap. At an 
estimated cost of £2,000 per hour a degree course of 
500-600 hours would cost £1,200,000; and yet every 
university offers not just one but many degree courses. 
To be effective each hour of television broadcasting would 
have to be accompanied by something like four hours of 
radio instruction, eight hours of correspondence course 
work and time when the students would actually visit 
the university to which they were attached. 

Mr. Laslett made it clear that the subject was far too 
complex to be discussed satisfactorily in a short space of 
time. An organization had now been set up to discuss 
ways and means, and the University of Cambridge was 
prepared to mount a comparative experiment. Unfortu- 
nately, research into education did not appear to attract 
financial support, and no action could be taken at the 
present time. 

Mr. 8. Pitt Corder, Department of English, University 
of Leeds, gave a stimulating account of the important 
pioneering work now being translated into reality at his 
university. This University Television Centre will assist 
and stimulate the use of closed-circuit television as a visual 
aid and as a tool in research at department level. The 
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central organization will develop television as & medium of 
teaching in its own right, and central studio facilities'have 
been created for the distribution of instructional material 
to departments of the university. The Centre will also 
institute its own researches into educational television. 

The staff is planned to provide a small team to advise on 
departmental uses and to offer a loan and repair service. 
Central activities will be carried out by a bigger team 
equipped with high-quality apparatus. The director, who 
will have an academic background, will probably be 
supported by a studio manager-producer, an assistant 
producer, two technicians, an art director and assistants, 
clerks, drivers and handymen to form a team of some ten 
to fourteen people. Naturally the Centre will wish to lean 
quite heavily on existing university film and photographic 
facilities. It may not prove easy to find suitably qualified 
and experienced personnel, and it is interesting to note that 
school teachers have already asked to be trained, so that 
they may be enabled to use television in their schools. 

Mr. Thorold Dickinson, Slade School of Fine Art, 
University College, London, joined the discussion at this 
point to direct attention to the American and Russian 
trend towards smaller and more portable film cameras for 
more flexible documentary and dramatic recording. He 
advanced the argument that this would make filming 
rather less the preserve of the professional and that the 
teacher could acquire the necessary expertise within a 
short period of two to three months, and that this might 
apply equally to the use of television. 

As a partial reply to the problem of selection, storage and 
availability of films and television recordings (video tapes), 
raised by Mrs. Eirene White, M.P., Mr. Dickinson pointed 
to the enormous amount of documentary film material 
stored by the various television companies. He had been 
able to obtain some interesting and valuable examples 
from the United States and from France on condition that 
these films remained under his supervision. Even with 
this safeguard of copyright it had not yet proved possible 
to secure the same facilities from British companies. 

Mr. R. Postgate, deputy controller of educational 
broadeasting, B.B.C., gave a survey of the Corporation’s 
past, present and future policy. He stated that it had 
always been thought desirable to appoint members of the 
teaching profession to lead educational broadcasting policy. 
Apart from the educational activities which were already ^ 
well known, the Corporation was planning to use its second 
television channel during the day-time for educationàl 
programmes as soon as the channel had achieved widér 
coverage. Some twenty-four broadeasts were planned t 
assist those who were working for the social economie 
diploma of the University of London. On the whole, 
however, it was the policy of the B.B.C. to think in terms 
of a national service, and the main emphasis had to be on 
Schools because of the extreme shortage of teachers. 

Mrs. Mary Adams of the Television Viewers Council and 
the Mental Health Film Council mado a strong plea for a 
national education television channel. She defended the 
point of view that schools and universities should formu- 
late the purpose, nature and contents of educational 
broadcasting, instead of leaving the initiative to the 
broadeasting companies. Mrs. Adams proposed that an 
information centre be created, and that a fellowship might 
be financed to prepare a survey of present activities in 
instructional television. 

The chairman, Sir John Newsom, chairman of the I.T.A. 
Education Council, in summing up the discussion, proposed 
that a further meoting be called early in the new year to 
concentrate on more specific topies. In the meantime, the 
conference on tho use of film in teaching and research, to be 
held at the University of Birmingham in September, will 
serve as & further stimulus. 

The conference at the Royal College of Art proved to be 
a useful forum for the exchange of information and 
opinion. The next meeting may accept the view expressed 
by a number of discussion speakers that film and television 
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should not be considered in isolation but in the wider 
context of all methods of learning and of teaching. 
Almost invariably the appropriate use of several methods 
in combination will produce the best results. 

While film and television can be expressions of art in 
their own right, the primary usefulness will probably be as 
aids in communication. The selection of the most effective 
methods of communication presupposes @ clear under- 
standing of the end product, what the student is supposed 
to be able to do, and how he is expected to think and react 
at the end of his course of studies. An appreciation of the 
teaching situation and the context in which learning is to 
take place will be just as important. Furthermore the 
producer of audio visual aids should base his planning on a 
clear definition of objectives, on existing knowledge of the 
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proposed audience, and on the purpose of the contents. 
Finally, students should be given an opportunity to learn 
how to learn from visual information. Visual literacy, a 
concept cited by Sir Arthur Elton, is essential for the 
effective construction, use and acceptance of information 
in visual terms by producers, teachers and students respec- 
tively. The literature on the effective construction and use 
of audio visual teaching devices, both for mass instruction 
and for individual learning, as well as the literature on 
methods of testing, is considerable and should be made 
more widely available. It is, therefore, a pleasure to learn 
that Lord Robbins will be concerned with a new journal on 
the technology of education, New Education, which is to 
commence publication in November of this year. 
C. E. ENGEL 


OXFORD CHROMOSOME CONFERENCE 


N international conference on chromosomes, attended 

by more than a hundred delegates from twenty 

countries, was held at Magdalen College and the Botany 

School, University of Oxford, during July 28-31. The 

deliberations of the conference were of five kinds: 

dissertations, demonstrations, business meetings, social 
functions, and extra-mural informal gatherings. 

The proceedings began with an address of welcome by 
Prof. Č. D. Darlington in which he recalled for the 
conference the content of Weismann’s classic paper 
published in Nature (36, 607; 1887). This he saw as still 
a charter for those who examine chromosomes. 

Thirty other papers were delivered in four sessions. The 
first, on plants, included a report by Prof. A. Müntzing 
(Sweden) on accessory (B) chromosomes in Poa and Secale. 
The latter was also the subject of an investigation by 
Dr. J. Sybenga (Netherlands) on the possible role of 
interchanges in determining selective pairing in poly- 
somics. Preferential autosyndesis was not observed, 
indicating that interstitial changes in homology have no 
detectable effect on pairing which is localized near the ends. 
The control of pairing was considered also by Dr. R. Riley 
(Great Britain), who described work on wheat undertaken 
jointly with Dr. E. R. Sears (U.S.A.). It revealed a genetic 
condition which determined asynapsis but only under 
certain temperature conditions. Other polyploids were the 
subject of papers by C. J. Marchant (Great Britain) and 
Prof. J. K. Morton (Sierra Leone). A different aspect of 
chromosome mechanies, diplotene repulsion, was discussed 
by Dr. K. Pusa (Finland), who concluded that such a 
force exists. The chairman of this session was Dr. E. R. 
Sears and it also contained a paper by Mrs. E. R. 
Sansome (Nigeria), who presented evidence in favour of 
the diploid condition of the vegetative phase in the 
Odmycetes. 

The second session was concerned with the structure of 
the nucleus and with chromosome abnormalities induced 
by mutagens. Prof. Müntzing acted as the chairman of 
this session, which included papers by Dr. H. Ris (U.S.A.) 
and L. F. La Cour (Great Britain), who considered chromo- 
some organization as revealed by the electron microscope 
and nucleolar structure respectively. There were accounts 
also by Drs. H-G. Keyl (Western Germany) and B. A. 
Kihlman (Sweden), who discussed various aspects of DNA 
synthesis. Papers by Dr. R. C. von Borstel (U.S.A.) and 
Dr. G. R. Lane (Great Britain) reported investigations 
on X-ray chromosome breakage while Mr. C. J. Grant 
(France) discussed the delay in mitosis caused by chemical 
mutagens. This session included a report by Prof. G. 
Östergren (Sweden) on the effects on chromosome be- 
haviour of induced point mutations, and he gave a 
demonstration on the same subject. Of special importance 
were his observations of chromosomes which entered 


pollen grain mitosis although they had not divided into 
chromatids. 

Insects and mammals were the subject of the third 
session, which was chaired by Prof. H. Bauer (Western 
Germany). It began with a beautiful film of meiosis in 
Pales by Dr. R. Dietz (Western Germany), who also 
exhibited three other films at a supernumerary session 
held on the last day of the conference. These showed that 
the spindle could function in a normal way even in the 
absence of centrioles and they threw considerable light on 
the mechanical behaviour of the hereditary sex univalents 
of this genus. Other aspects of chromosome movement 
and their control were described by Dr. I. Geyer- 
Duszynske (Poland), while the effects of «-heterochro- 
matin on crossing-over were considered by Dr. B. E. Wolf 
(Western Germany). Gene action in Drosophila was thc 
subject of two papers, one by Dr. O. Hess (Western 
Germany) and the other by Dr. H. D. Berendes (The 
Netherlands). Chromosome polymorphism in black-flies 
was considered from the taxonomic point of view by Dr. 
R. W. Dunbar (Great Britain), who also gave a demonstra- 
tion, while intra-specific chromosome variation of the 
Robertsonian type was discussed by Dr. C. E. Ford (Great 
Britain) and Dr. J. Wahrman (Israel). 

Prof. E. Battaglia (Italy) was the chairman of the final 
session which contained papers dealing with mammals 
and the recent, far-reaching, discoveries in man. Putative 
Robertsonian-type variation in humans was described by 
Dr. J. L. Hamerton (Great Britain), but there was a 
suggestion that the condition was better regatded as a 
monosomic one following unequal interchange between 
&crocentrie chromosomes. Dr. M. Fraccaro (Italy) 
considered the occurrence of iso-chromosomes and 
deficiencies in the long arm of the X-chromosome in the 
same species. Attempts to identify the chromosomes of 
man individually by different methods were discussed by 
Dr. D. T. Hughes (Great Britain) and by Dr. C. H. Ockey 
(Great Britain), who supported his paper with ademonstra- 
tion. Miss U. Mittwoch (Great Britain) reviewed tho 
problem of the Barr-bodies in human females. This 
session also contained a very interesting account by 
Dr. S. Ohno (U.S.A.), who described a hitherto unique 
condition in mammals, namely, an XO soma as tho 
normal state in females of the creeping vole. It is associated 
with mechanisms leading to the formation of only X- 
carrying eggs and Y- or O-containing sperm. 

The thirty demonstrations included thirteen by members 
of the host department. They covered a wide range of 
organisms from microbes to man and a variety of tech- 
niques including experimental breeding, autoradiography 
and electron microscopy. Giant models of meiosis made at 
the Botany School were exhibited. The spiral structure 
of chromosomes was demonstrated on closed-circuit 
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television by Mr. Canio Vosa (Italy), now of the Botany 
School, Oxford, and visits to the Genetic Garden of this 
School were conducted by Prof. Darlington and Mr. Kenneth 
Burras, the superintendent of the Botanic Garden. This 
garden contains a collection of variegated plants, chimeras 
and chromosomally interesting plants used principally for 
teaching purposes. 

These activities, the demonstrations and the papers, 
served the immediate purpose of the conference which was 
the exchange of information and ideas. Chromosome 
investigations have had a tremendous impact on all 
branches of biology, especially in recent years, and they 
have established connexions, with medicine, agriculture, 
sociology (anthropology) and the physical sciences. But 
the extension and expansion of this technique have led to 
the unforeseen dispersion of chromosome workers them- 
selves and reduced communication between them. 
Enquiries, beginning at Oxford, had suggested that tho 
need for greater contact could best be fulfilled by regular 
meetings organized by an international body. With this 
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in view, the chairmen of the four sessions were asked to 
function as a steering committee and they gave their 
recommendations at the business meetings. 

It was decided that they, by co-option, should increase 
their number to nine with Dr. K. R. Lewis (Great Britain) 
as secretary and that this body should serve as an interna- 
tional committee responsible for the second conference of 
this kind which will be held in Oxford in 1966. At that 
conference the members of the original steering committee 
should be replaced by members elected by the conference. 
Such elected members would then be responsible for the 
organization of later international eonferences every two 
years. The committee would, by rules or example, indicate 
the form of future conferences and suggest other activities 
by which chromosome investigations could be advanced. 

The spirit of this first conference indicated a vigorous 
future for this new venture and anyone interested in it 
is asked to communicate with me (Botany School, Oxford). 
The full proceedings of the conference will be published as a 
supplement to Heredity. K. R. Lewis 


SPECTRAL EVIDENCE ON THE ORIGIN OF TYPE I SOLAR RADIO 
STORMS AND THE CORONAL MAGNETIC FIELD 


By J. P. WILD 
C.S.I.R.O. Radiophysics Laboratory, Sydney, Australia 
AND 
A. TLAMICHA . 


Astronomical Institute, Czeskoslovakian Academy of Science, Ondřejov 


HE dynamic spectrum of metre-wave radiation 

emitted by the Sun during type I storms!-? consists 
of a conglomeration of storm bursts which are scattered 
in the time-frequency plane over periods of hours or days 
and within frequency bands of tens or hundreds of mega- 
cycles per second. Owing to the complexity and lack 
of systematic features in the macroscopic disposition of 
these bursts, spectrographic investigations have yielded 
no real clues about the physical nature of tho storms 
asa whole. The purpose of this article is to direct attention 
to a particular class of systematic macroscopic feature 
which we have found to be repeatedly evident on the 
spectral records taken at Dapto, New South Wales, during 
the last solar cycle. The feature in question is the occur- 
rence of bursts grouped together in tens or hundreds to 
form narrow-band ‘chains’ with durations of the order 
of 1 min or several min and band-widths of the order of 
10 Me/s.~ An isolated example of this phenomenon was 
briefly reported some years ago’. 

The characteristics of the type I burst-chains are 
illustrated by the examples given in Figs. l and 2 and 
the left-hand columns of Table 1; many more examples 
ean be found in the records and indeed it is our subject- 










Table 1. OBSERVED AND DERIVED CHARACTERISTIOS OF CHAINS OF TYPE I Bursts 
Upward 
Date T.T Drift in frequency Duration Movement in height velocity H 
(Mc/s) (min) (105 km) (km/sec) auss) 
April 27, 1958 0018 210 — 185 17 0.9 — 1:15 250 2:5 
0038 230 — 180 4^8 07 —1012 160 1:6 
0045 178 — 161 27 12 —> 1:4 120 1:0 
August 12, 1957 0223 56 — 48 42 43 +49 240 0-6 
0229 50 — 44 39:4 475 > 5:3 260 0-6 
0239 55:5 — 48 41 44 —49 200 0-7 
0449 03 — 58 I8 39 —42 270 0:8 
0458 58 — 51 2:0 42 —47 410 11 
0512 48 — 44 55 49 — 658 110 0-25 
a icd. di IR E o 
47-5 — 45° 0:8 0 >55 : d 
March 29, 1960 0602 — 515 04 45 — 465 500 13 
0610 58 — 52 1:9 42 —46 860 10 
2345 48 — 42 2:1 49 — 5:5 460 1:0 
2352 56 — 44 2-0 43 — 5-3 800 2-0 
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ive impression that the majority of type I radiation may 
be resolved into chains. The chains may apparently 
occur in any part of the metre-wave spectrum (30-300 
Mc/s) and may drift systematically in froquency at a 
rate given by l El < 0-1 per min, the average rate being 
about half that for type II bursts. Although instances 
have been found in which the drift is positive (that is, 
from low to high frequency), the predominant drift is 
negative as in type II bursts. The chains may occur 
insignificantly among other complex storm activity, but 
sometimes dominate the record for periods of up to 1 h 
in which a sequence of chains with negative drift follow 
one another (Fig. 1b). Measurements using the Dapto 
swept-frequency interferometer have shown that varia- 
tions in position on the Sun's disk of several minutes 
of arc may accompany the drift in frequency. 

It is common, as in the lower record of Fig. 2, to find 
a pair of chains running roughly (but not exactly) parallel 
to one another at different frequencies, providing an 
example of the split-band phenomenon described by 
Elgaroy?. It is not elear whether this circumstance is 
always due to two independent sources simultaneously 































Thegheights and velocities are derived assuming the radiation to originate at the plasma levels determined from Newkirk’s model of the solar 
atmosphere above an active region. The column H gives the radial component of the magnetic field derived from the assumption that the velocity is 


equal to the speed of Alfvén waves. 
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Fig. 1. Tracings of dynamic spectra. (a) An individual burst chain, 


960, 2852-4 U.T.); (b) several chains occurring 
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the hatched areas indicating concentrations of type I bursts (March 29, 
in succession (August 12, 1960, 0215-0246 V.T.) 





Time (min) 
Fig. 2. Dynamic spectra of type I burst chains, showing examples of a simple and a double event (August 12, 1957, 0238-0244 and 0512-051% U.T.) 


present or whether it may sometimes be due to the 
excitation of two frequencies by the same source : there 
is often complete lack of detailed correspondence between, 
the two bands though sometimes simultaneous brightness 
variations repeatedly occur in the two; the latter 
condition need not necessarily imply a common source 
but could be due, for example, to two independent sources 
linked by a fluctuating electron stream or magnetic 
field. Differences in position between two bands of a pair 
of up to several minutes of arc have been found. 

We suggest that the two most important characteristics 
of type I chains—their narrow-bandedness and their 
frequency drift—could be due to either (a) effects of 
propagation limiting and varying the frequency range of 
emission from a relatively large, broad-band source, or 
(b) the motion of a localized source passing through regions 
of different electron density or magnetic field. Bearing in 
mind the preponderance of frequency drift in the one 
sense (negative) we strongly favour the latter. Other 
evidence and the majority of present theories support 
the view that type I bursts are generated by plasma 
oscillations in which the frequency is determined by the 
local plasma frequency ; and on this basis, the typical 
chain originates in a localized source moving upwards 
through the solar atmosphere. This hypothesis has been 
used in Table 1 to determine the heights and speeds of the 


events listed, for which purpose the plasma frequency 
is assumed to be determined by Newkirk’s model of the 
solar atmosphere above an active region; the gyro- 
frequency has been assumed negligible in comparison with 
the plasma frequency. The sources are seen to rise through 
a height range of up to 105 km at speeds of several hundrod 
km/sec, and to be capable of existing at heights of up io 
some 5x 105 km. 

The deduced velocities are too small to be identified 
with electron streams, since they are less than tho speed 
of thermal electrons, and they are generally in excess of 
the field-free velocity of sound in the corona by u factor 
of between l and 5. We suggest that their most likely 
identity is that of a magnetohydrodynamic wave or 
shock wave, and that the evidence implies that some 
features, at least, of type I storms originate in such waves 
occurring in succession with predominantly ascending 
motion. The finding of any detailed optical correlation 
with these features would clearly be valuable. und we 
suggest that blue-shifted Ha observations made with 
the necessarily high spatial and time resolution would 
provide the most likely chances of success. 

Tt is important to distinguish between the phenomenon 
reported here and the type II burst: the latter also 
exhibits slowly drifting features and again is be[ieved to 
originate in a magnetohydrodynamic shock wave. The 
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distinction between the two phenomena lies in (i) the 
much greater magnitude and isolation of the type II 
events (which are associated with outstanding flares), (ii) 
the strong circular polarization of the type I (absent in 
the II), (ii) the much greater fluctuation (burstiness) of 
tho type I, and (iv) the generally higher velocity of the 
type II. There thus appears to be a clear distinction in 
the generating mechanisms of the two. If our interpret- 
ation is correct, one may ask what causes a magneto- 
hydrodynamic wave or shock wave sometimes to generate 
type I radiation and at other times type II. We suggest 
two possible distinctions : first the nature of the wave 
itself, whether it be transverse (Alfvén) or longitudinal 
(quasi-acoustic) and whether it be a linear disturbance 
or a shock wave; and secondly whether or not the 
kinetic energy of the disturbance exceeds the magnetic 
energy in the region of the source. 

If it is assumed that the disturbances responsible for 
the type I chains travel at the speed of Alfvén waves, 
which is given in terms of the magnetic field (H gauss) 
and plasma frequency (fp Me/s) by: 

v & 2 x 104 (H/ fp) km/sec 


then one is able to derive a value for the radial component 
of the coronal magnetic field. Such values are given in 
the last column of Table 1 and are seen to range from 
1-2-5 gauss for heights near 105 km and mainly from 
0-2-1 gauss for heights near 6x 105 km. If the disturb- 
ances are actual Alfvén waves, these derived velocities 
are formally appropriate; if they are any other kind of 
magnetohydrodynamie wave or shock wave (other than 
& purely acoustic shock wave travelling along the 
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field), the derived values represent upper limits to. the 
magnetic field. 

The detailed process of radio-wave generation is not 
considered here. It is interesting to note, however, that 
Takakura* has proposed a theory of type I bursts in 
which the radiation is attributed to plasma waves excited 
by superthermal electrons which are accelerated between 
two packets of Alfvén waves travelling in opposite 
directions. In terms of this theory a chain of type I 
bursts might conceivably be attributed to encounters 
between a single, outward-moving wave packet and a 
series of inward-moving packets following one another in 
quick succession. The detailed process proposed by 
Takakura is not, however, qualitatively compatible 
with an application of this hypothesis to the present 
observations, since Takekura requires the Alfvén waves 
to travel at about the mean speed of thermal electrons 
(~ 7,000 km/sec in the corona) and hence the magnetic 
fields to be of very much greater intensity than those 
inferred above. 

We thank Mr. K. V. Sheridan and other colleagues 
who have contributed towards the observational pro- 
gramme of Dapto field station and Mr. S. F. Smerd for 
helpful discussion. This work was carried out at the Radio- 
physics Laboratory, Sydney, while one of us (A. T.) was 
on leave of absence from Ondiejov Observatory during 
the tenure of a C.S.I.R.O. fellowship. 
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ANION ADSORPTION ON PLATINUM BY THE MULTIPULSE 
POTENTIO-DYNAMIC METHOD 


By S. GILMAN 


General Electric Research Laboratory, Schenectady, New York 


An of anions on platinum has previously 
been investigated by a variety of non-voltammetric 
techniques. These methods, most commonly applied to 
platinized platinum, include: (1) observation of the effoct 
of anion adsorption on hydrogen depositioni-5. (2) meas- 
urement of the electrode potential shift resulting on 
addition of the adsorbable ion to a solution of sulphuric 
or perchloric acids‘-*; (3) measurement of the pH. or 
conductivity change of a relatively small volume ‘of 
liquid, caused by displacement of hydrogen ions from the 
ionie double layer by anions?; (4) direct determination 
by quantitative analysis of anions lost from solution$; 
(5) direct determination of anion surface concentration 
by means of radioactive tracers?-11, 

The results reported for any partieular anion vary with 
surface preparation, pH, potential, otc. One fairly clear- 
cub conclusion is that the halide ions specifically adsorb, 
with the extent of adsorption increasing as one descends 
down the series to the higher atomic weights? Perchlorate 
ion is assumed to adsorb very slightly or not at all. 

Recently, Bréiter!'? made measurements of the capacity 
of a smooth platinum wire in perchloric-hydrochlorie acid 
solutions under the conditions of periodically varying 
potential. This method served to bring the electrode to 
a more reproducible surface state than was generally 
accomplished in the non-voltammetric measurements of 
his predecessors. One disadvantage of the method is 
the inability to assign quantitative interpretation to the 
measured capacities. 

The purpose of work recorded here was to develop 
methods for the investigation of ion adsorption along the 
same lines as previously applied to carbon monoxide!-1s 
and oxygen ‘adsorption’!’. A ‘multipulse potentiodynamic’ 


approach, for example, has the advantage, when success- 
fully applied, of providing simple initial boundary con- 
ditions, and allowing for quantitative interpretation 
of data. Two anions of different nature were chosen for 
this investigation. Chloride is highly adsorbed and is 
an oxidizable ion. Phosphate is relatively slightly 
adsorbed and is non-oxidizable. The investigation 
resulted in development of the desired quantitative 
methods for measurement of anion adsorption. These 
methods permit, in principle, the measurement of kinetics 
of adsorption and desorption, and determination of 
equilibrium surface coverages as a function of potential. 

The electronic equipment, glassware and electrodes have 
been described previously. The working electrode was a 
length of C.P. platinum wire of 0-064 cm? geometric area. 
The saturation hydrogen surface coverage, Qsg, determ- 
ined as described previously, was 0-272 mooul./om?, 
suggesting a roughness factor of approximately 1-3. Qsu 
was not found to vary appreciably during the measure- 
ments, suggesting little or no etching of the electrode in 
the dilute hydrochloric acid solutions used, and under 
pulsed conditions. Solutions of hydrochloric acid and of 
phosphoric acid were prepared by addition of the analy- 
tical-reagent grade chemicals to a stock solution of 1 N 
analytical-reagent grade perchloric acid. All measurements 
were made in a thermostatic bath at 30° C. All potentials 
are referred to a reversible hydrogen electrode in 1 N 
perchloric acid. 

The multipulse potentiodynamic method can be used 
to detect extremely small amounts of adsorbed anions 
if proper attention is directed toward the establishment 
of a reproducibly clean initial surface state. The criteria 
previously used for such an initial condition are con- 
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Fig. 1. Signal sequence applied to the working electrode 


stancy of: (1) saturation hydrogen coverage, QsH 
(refs. 15, 17); (2) ‘oxygen adsorption’, Q, (refs. 15, 17); 
(3) differential electrode capacitance". Sequence (a) of 
Fig. 1 consists of electrode pre-treatment steps A 
through C and measurement pulse D. The details 
and significance of each step have been described 
previously!s. Steps A and B serve to cleanse the surface. 
During step C, the surface is reduced and adsorbable 
materials in the solution, including impurities, may be 
adsorbed. The presence of adsorbates on the surface after 
any period of time Tc at step C may be detected by 
examination of the ‘oxygen adsorption’ trace obtained on 
application of linear anodie pulse D (refs. 15-17). If a 
linear cathodic pulse is substituted for D, the resulting 
‘hydrogen adsorption’ trace serves as an indication of sur- 
face cleanliness'®.17. Both these criteria reveal a reproduc- 
ible surface state for 10 msec < Te S10 secifal N 
solution of analytical-reagent grade perchloric acid is used 
as the electrolyte. Longer ‘clean times’ are possible if the 
electrolyte is purified!*. Sequence (b) of Fig. 1 is a modifica- 
tion of sequence a for use in 1 N perchloric acid containing 
hydrochloric acid. This modification is intended to reduce 
the extent of possible chlorine evolution and platinum 
dissolution during steps A and B. Steps C and D are 
chosen so that by the end of step C there are no chloride 
ions adsorbed on the surface and the concentration of 
molecular hydrogen in the adjacent solution is small. 
Steps A and B are of 2- and 15-see duration, respectively. 
Step C, the purpose of which is to eliminate adsorbed 
anions, is of 2-min duration. Paddle-stirring of the 
electrolyte is continued from the beginning of step A to 
the end of the first 0-5 min of step C. By the end of step 
Q the solution is quiescent, but the concentration of 
hydrogen near the surface is excessive. This is reduced 
to a tolerable level by application of step D, which is of 
10-see duration. If the value of U of step E is taken as 





1.0 
Tp, m sec 
Fig.2. ‘Oxygen adsorption’ traces obtained by means of signal sequence 


(b), Fig. 1. Electrolyte composition —10 N hydrochloric acid, 1 N 
perchloric acid 
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0-4 V and the perchloric acid solution contains no added 
adsorbable anion, the ‘oxygen adsorption’ trace measured 
by application of linear anodic sweep F is identical with 
that obtained by means of sequence (2), Fig. 1. If, on the 
other hand, the perchloric acid is made 10-? N in hydro- 
chloric acid, U is taken as 0-7 V and pulse F is set at 
U=1,000 V/sec, the ‘oxygen adsorption’ trace varies 
gradually with time as indicated in Fig. 2. Traco 1 of 
Fig. 2 is the trace obtained in the absence of hydrochloric 
acid, under which conditions the same trace would be 
obtained for values of T'g over 10 sec. The difference in 
area (in mcoul.) between trace 1 and any other traco of 
Fig. 2 is the decrease in ‘oxygen adsorption’ (AQ,) for 
that particular value of the adsorption time, Tg. A plot 
of AQ, versus T$ results in excellent linearity. The 
particular slope obtained is precisely that predicted for ' 
the following conditions: 

(1) The adsorption of one equivalent of chloride ions 
hinders the ‘adsorption’ of two equivalents of oxygen. 

(2) Adsorption of chloride ions is controlled by semi- 
infinite linear diffusion for the short time required to reach 
maximum coverage. 

(3) No reaetion (for example, chlorine evolution. 
platinum dissolution) occurs at an appreciable rate com- 
pared with the rate of adsorption of chloride ions (for this 
particular concentration, and sweep speed, v). Condition 
3 is made possible for any concentration of adsorbable 
anion by choosing v so that the duration of step F is small 
compared with the time required for the diffusion of an 
appreciable amount (compared with a monolayer) of the 
anion to the surface. 

If step E is made sufficiently long, and U is taken as 
0-7 V, the rate of adsorption of chloride ions eventually 
drops to zero when the amount of chloride is still smallor 
than a monolayer. This amount is an equilibrium valuo 
since it can be obtained by adsorbing chloride ions at 
0-8 V, and allowing description to proceed to completion 
at 0-7 V. Equilibrium surface coverages may be measured 
for any value of U up to 0-8 V. The equilibrium surface 
coverage is approximately linear between 0-15 and 0-80 V. 
The equilibrium surface coverage at any fixed potential 
in this range appears to depend approximately on the log 
of concentration. 

Observations on phosphate adsorption are similar to 
those for chloride, except that the equilibrium surfaco 
coverages are approximately 1/5 as large. 

Additional observations suggest that adsorbed chloride 
is not oxidizable at any appreciable rate at potentials 
up to 1-6 V. This is probably related to the fact that the 
surface undergoes a valence change during adsorption 
(starting at a potential no higher than 0-7 V), resulting 
in a species having the stoichiometry (but not the structure) 
of PéCl,-. Evidence for this last statement is obtained by 
measuring the anodic current which flows during chloride 
adsorption at constant potential. 

It is likely that the multipulse potentiodynamic method 
might be applied successfully to the quantitative examina- 
tion of the adsorption of many different anions on platinum 
and other metals. 
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AN ANTIFOULING AND ANTI-CORROSION SYSTEM 


By B. WISELY 
C. S.l. R.O., Marine Laboratory, Cronulla, Sydney 


Es growth of barnacles or other fouling organisms 
on the hulls of modern ships increases residual friction 
and leads to decreased travelling speeds. Although the 
speed losses involved are usually small (less than 2 knots), 
they can cause large increases in fuel consumption ; 
Redfield and Hutchins! indicated that fouling on ships 
of 1,850-35,000 tons (standard displacement) might 
increase their fuel consumption by 35—50 per cent after 
6 months in temperate waters or after 3 months in tropical 
waters. ‘The method commonly used to reduce fouling 
is to apply an antifouling paint, containing cuprous oxide, 
which has a deterrent effect on the establishment of 
fouling growths. Unfortunately such paints can also 
accelerate hull corrosion. As the British Corrosion 
Committee pointed out more than 20 years ago’, anti- 
fouling paint performance can be completely satisfactory 
only when the underlying anticorrosive paint prevents 
any corrosion of the hull surface. For best results the 
antifouling and anticorrosive systems need to be indi- 
vidually effective and mutually compatible. 

The bull protection system proposed here, and now 
under trial, consists of a cuprous oxide antifouling paint 
of the soluble matrix type applied over a solventless 
epoxy resin anticorrosive layer. It is intended for use 
with a conventional cathodic protection system. Anti- 
fouling paints operating on the soluble matrix principle 
have been available for many years, but their potential 
has not been utilized fully, probably because of inade- 
quacies in the underlying anticorrosive paints. The use 
of a solventless epoxy resin as a replacement for conven- 
tional anticorrosive paint systems is a new development. 

Shipfouling and external underwater corrosion arise from 
endemic and interacting processes located in four basic 
strata which are referred to here as the larval, antifouling, 
anticorrosive and hull layers. 

Although 374 shipfouling species have been listed’, 
many of these are not important. Redfield and Deevy’s 
tabulation of datat for 131 ships docked in northern 
hemisphere ports®* and Skerman’s analyses for 89 ships 
docked. in the southern hemisphere? show clearly that the 
important fouling groups involved are- acorn barnacles, 
bryozoans, tubeworms, hydroids, algae, bivalve molluscs 
and tunicates. The shipfouling problem is initiated 
by the larve of these organisms (or the equivalent stages 
in the algae) which have arrived at the hull surface and 
are attempting to attach to it. Antifouling methods 
should prevent this larval layer from colonizing the hull 
successfully and so avoid, from the beginning, the develop- 
ment of bulky adult fouling organisms on the hull. 

The antifouling layer usually consists of a paint con- 
taining cuprous oxide as the toxic agent. Biological 
observations show that such paints can be effective 
against larve of four of the seven important fouling groups 
mentioned earlier, Wisely® suggested that a larva 
approaching an active antifouling paint faces several 
distinct possibilities: (1) it may be repelled and move 
away; (2) it may become moribund before it can attach 
properly; or (3) it may attach, commence metamorphosis 
into & young adult and become moribund at some stage 
during "this process. The terms ‘repellent’, ‘pre-attach- 


ment mortality’ and ‘post-attachment mortality’ have 
been applied to these respective effects, Recently, 


-Crisp and Austin™ showed that cyprids of tho barnacles 


Balanus balanoides (L.) and Elminius modestus Darwin 
were killed during, or. often after, metamorphosis when 
they attempted colonization of a cuprous oxide anti- 
fouling paint (post-attachment mortality). Pre-attach- 
ment mortality resulting from contact with similar 
paints has since been reported for larve of the bryozoans 
Watersipora cucullata (Busk)® and Bugula neritina L. 
and for larvæ of the tubeworms Spirorbis lamellosa 
Lamarck and S. convexis Wisely. A repellent effect 
has now been recorded for larve of the bivalve molluscs 
Mytilus edulis planulatus Lamarck and Lasaea australis 
Lamarck?*. Comparable investigations have yet to be 
made on hydroid and tunicate larvæ, and on the equivalent 
stages of larger marine algae. However, representatives 
of these groups and of other less important groups are 
common in Sydney Harbour, where cuprous oxide paints 
have suecessfully prevented fouling for 1-2 years, so it 
can be assumed that such paints are also capable of 
preventing colonization by these remaining groups. 

The value of cuprous oxide as an antifouling agent has 
been established from biological observations and prac- 
tical experience. It has advantages not possessed by other 
toxic substances so far tested for this purpose. These 
include low cost, suitable solubility and stability, and safe- 
handling characteristics. Organic and other inorganic 
substances tested have not been as effective or have had 
other disadvantages. The solubilities of cupric oxide and 
cupric hydroxide are too low for them to be used in anti- 
fouling paints, whereas the solubility of mercuric oxide is 
excessively high??. Organic toxicants more active than 
cuprous oxide have been found!*'5, but the majority of 
these were unsatisfactory in paint films!*; some of these 
are specific in their action; for example, DDT is toxic to 
barnacles but not to other groups’778; other organic 
toxicants, for example, methyl mercuric chloride, are toxic 
to man as well as fouling organisms”. 

Experimental work has established?" that euprous oxide 
antifouling paints will prevent fouling so long as the 
copper ions continue to leach out at a rate greater than 
10 ug/em?*/day. The difficulty lies in maintaining a leaching 
rate safely, but not wastefully, above this value for long 
periods. Ferry and Ketchum?! described the two main 
types of antifouling paints available in 1952. The con- 
tinuous contact type has a high cuprous oxide loading in 
8 virtually insoluble matrix, which allows the copper ions 
to be extracted only down to a depth of about 50u 
(0-002 in.)?. Consequently, there is no advantage in 
applying the paint layer thicker than this. In contrast, 
paints of the soluble matrix type usually have a lower 
toxie loading, but the leaching rate can be more readily 
controlled by adjusting this loading and the dissolution 
rate of the matrix. The outstanding advantage of tho 
soluble matrix paints is that their effective lives can be 
extended by increasing the thickness of the layers applied. 
Paints of both types, and more recently developed ones, 
have resisted fouling for 1-2 years in Sydney Harbour 
during acceptance testing to Australian Standards 
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Specification K129. These tests include raft evidence of 
12-months’ fouling- and corrosion-free performance, fol- 
lowed, after retouching and re-immersion of the test 
plates, by similar performance for a further 6 months. 
One of these paints afterwards resisted fouling satis- 
factorily for two years when applied to a ship moored 
in reserve’. These encouraging results were obtained 
with thin layers of antifouling paint (0-0015—0-0030 in.); 
it would be of considerable interest to ascertain how 
long thick coats (0-005-0-01 in.) of the cuprous oxide, 
soluble matrix types now available would remain 
effective. 

The function of the anticorrosive layer is to prevent 
sea-water penetrating through to the hull and causing 
corrosion. The use of cuprous oxide for antifouling raises 
an additional problem, since copper compounds can enter 
into galvanic reactions with the iron of the bull. This is 
the main disadvantage with cuprous oxide antifouling 
‘paints and one of the reasons for seeking alternatives 
among the toxic organic compounds. Redfield sug- 
gested that the logical method of overcoming this kind of 
problem was to use an anticorrosive layer with imperme- 
able and electrically insulating properties. Such a layer 
should prevent copper ions from the antifouling layer 
reaching the hull and should also insulate the hull from 
sea-water and thus prevent the completion of local circuits 
through that medium. Wisely* tested a solventless epoxy 
resin as an anticorrosive layer, since those resins were 
reputed to have the qualities stipulated by Redfield, 
together with the very desirable feature of strong adhesion 
to properly prepared metal surfaces. The results of these 
experiments were promising. The steel beneath the epoxy 
resin, was still bright after 44 months’ continuous immersion 
in the sea. Moreover, the antifouling paint applied over 
the resin resisted fouling for nearly 32 months, which was 
longer than could have been expected from previous 
experience in the use of this paint. 

These results suggest that an effective hull protection 
system can be established by appropriately preparing the 
hull surface and then applying a solventless epoxy resin 
to it, followed by a thick layer of cuprous oxide, soluble 
matrix type, antifouling paint (Fig. 1). The thickness of 
the antifouling layer shown in this figure is that estimated 
for a relatively soft and erosion-prone type of paint; this 
might be expected to last several years. However, if one 
of the harder plasticized paints was used the layer could 
be much thinner. Experience in the use of epoxy resin 


Above, scale drawing showing the relative widths of the hulland the rest (anti- 
below, diagrammatic enlargement of the latter 
layers. 1, 2 and 3 represent an approaching barnacle, bryozoan and bivalve mollusc 


grity during prolonged immersion on hulls. 
Ship patch trials would seem to be the most 
satisfactory method for evaluating these 
and related issues. 

A test area of 250 sq. ft. aimed at assessing 
the potential of the foregoing system was 
applied to an Australian ship in September 
1963, using conventional dockyard methods 
and labour. The area was wet sandblasted, 
using a soluble rust inhibitor additive 
(trisodium phosphate/potassium biehromato 
mixture), followed by washing down with 
fresh water containing a trace of additive. 
The area was then allowed to dry thoroughly. 
The epoxy resin applied was ‘Araldite Resin 
714 (now known as ‘Resin MY 752’) supplied 
by Ciba Co. Pty., Ltd., Sydney. This was 
used in the proportions: resin 714, 3-7 kg; 
hardener ‘HY830’, 23 kg; accelerator 
*DY830, 66 g; thixotropie agent (SiO;), 
113 g. Three brushed coats gave an estim- 
ated thickness of 0-025-0:035 in., which 
was thicker than desired. Four coats 
of ‘International Anti Fouling Red 92027’, 
supplied by International Majora Paints Pty.. Ltd., 
Sydney, were then rolled on, giving an estimated 
thickness of 0-004—0-008 in. This particular paint was 
used because after 33 months’ raft immersion testing thero 
was no evidence of a surface residual matrix layer building 
up; this suggested it was not a continuous contact typo 
in the strictest sense, and might have had affinities with 
the plasticized soluble matrix types. It should be noted 
that the thickness applied was much greater than that 
recommended normally by the manufacturers. The per- 
formance of the complete system, though not identical 
with that shown in Fig. 1, should permit an estimate of 
the latter’s potential. Application details will be presented 
later with docking reports. 

This work is part of a programme on the biology of 
fouling organisms carried out in co-operation with the 
Royal Australian Navy. 
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ACTINOMYCIN D AND MESSENGER-RNA TURNOVER 


By Dr. ANTHONY C. TRAKATELLIS, Pror. A. E, AXELROD 


and Dn, M. 


MONTJAR 


Biochemistry Department, School of Medicine, University of Pittsburgh 


RS of metabolic turnover of messenger ribonucleic 
acids (mRNA) from various sources have been 
investigated intensively in recent years. Levinthal et al.) 
observed that mRMA of B. subtilis possessed a rapid 
turnover with an average half-life of 2-5 min. In sharp 
contrast, others have reported that mRNA of reticulo- 
cytes appears to be stable*?. These extreme cases 
emphasize the necessity of investigations on mRNA 
turnover with particular reference to the regulatory 
mechanisms of mRNA synthesis and decay in different 
systems. 

Original investigations with rat liver gave rise to the 
speculation that the template for protein synthesis in this 
tissue may be stablet. However, these results were contra- 
dicted by subsequent findings that inhibition of RNA 
synthesis with actinomycin caused a breakdown of poly- 
somes which, according to the authors, resulted from the 
rapid mRNA turnover*. In recent experiments, Revel 
and Hiatt’, utilizing actinomycin D, have again suggested 
that a stable template exists in rat liver. The stability 
of rat liver mRNA is obviously a subject of present-day 
controversy. In pulse-labelling experiments to be pub- 
lished elsewhere, we have found that, under steady-state 
conditions, the average half-life of mouse liver polysomal 
mRNA is approximately 2 h. It therefore becomes 
important to investigate the decay of mRNA of mouse- 
liver polysomes after inhibition of RNA synthesis by 
actinomycin D. In this situation the metabolism of 
mRNA may differ from that existing in a normal steady 
state and a comparison of turnover rates of mRNA under 
these two conditions may provide information regarding 
the regulatory mechanism of mRNA metabolism. Indeed, 
using actinomycin D, we have found the average half-life 
of mouse liver mRNA to be 8-12 h. 

Male adult mice of the C57Bl/6J strain purchased 
from the Roscoe B. Jackson Memorial Laboratory, Bar 
Harbor, Maine, were used in our experiments. Actino- 
mycin D was a generous gift from Dr. Elmer Alpert of 
Merck Sharp and Dohme, West Point, Pennsylvania. 
Orotie-6-"C acid hydrate (specific activity = 3-45 mo./ 
m.mole) and pu-leucine-1-"C (specific activity = 22-3 
me./m.mole) were obtained from the New England 
Nuclear Corporation, Boston, Mass. Preparation of 
purified ribosomes (p-ribosomes) by centrifugation through 
2 layers of sucrose, and their fractionation by zone centri- 
fugation analysis in a linear sucrose gradient have been 
described previously®. RNA was liberated from p-ribo- 
somes by treatment with sodium dodecyl sulphate? and 
fractionated on a linear sucrose gradient. Radioactivities 
of the various RNA fractions were determined by the 
procedure of Staehelin e£ al.1° with minor modifications as 
follows. 1 ml. of 0-6 N perchloric acid was added to each 
sample after addition of 20 mg of ‘Celite’ (diatomaceous 
silica of John S. Manville Co.) and 0:5 ml. of a bovine 
serum albumin solution (4 mg per ml.) serving as a co- 
precipitant.  Resulting precipitates were collected by 
suction on filter-paper disks (Whatman No. 540) layered 
with 20 mg of ‘Celite’ in a stainless-steel filtration apparatus 
(#-8Byppparatus, Tracerlab) and washed successively with 
6 ml. of 0-5 N perchloric acid, twice with 5 ml. of isopro- 


panol-ethyl ether (1:2) and, finally, with 5 ml. of isopro- 
panol-ethyl ether-chloroform (2:2: 1). Dried precipitates 
were transferred to glass-counting vials and 1 ml. hydrox- 
ide of hyamine (methanol solution of p-(diisobutyl- 
cresoxyethoxy ethyl) dimethyl benzyl ammonium hydrox- 
ide, Packard Instrument Co.) solution added. After 1 h 
at room temperature, 9 ml. of a 0*5 per cent solution of 
2,5-diphenyloxazole in toluene were added and radio- 
activity measured in a Packard ‘Tri-Carb’ scintillation 
counter. 

A typical experiment demonstrating effects of varying 
doses of actinomycin D on pulse-labelled liver RNA is 
shown in Fig. 1. The sedimentation pattern observed 
in the contro] animal (Fig. 1, I) has been analysed exten- 
sively in recent investigations on the sedimentation 
behaviour of pulse-labelled liver RNA!-12, This diagram 
clearly shows 3 peaks, a, b and c, and an area between b 
and c with high radioactivity. The radioactive peaks a 
and b coincide with the 298 and the 18S ribosomal RNA 
(rRNA), respectively. Peak c, which corresponds to an 
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Fig. 1. Sedimentation patterns of pulse-labelled liver RNA from normal 
(I) and actinomycin D-treated ae mice, Mice weighing 25 g were 
injected intraperitoneally with the indicated amounts of actinomycin D. 
After 4 h, each mouse received 15 uc. of orotic-6-"C acid hydrate by 
intraperitoneal injection and was killed 4 h later by decapitation after 
ether anæsthesia. Liver p-ribosomes were prepared and RNA liberated 
by stirring the ribosomal pellet for 8 min at 37° C in 1 ml. of 0-5 per 
cent sodium dodecyl sulphate. The mixture was layered over 30 ml. 
of a cold linear sucrose gradient (0-5—1-0 M) containing 0-005 M tris-HCI, 
pH 7-2, After centrifugation for 40 h at 25,000 I.p.m. and 1° C in the 
SW 25 Spinco rotor, 1 ml. fractions were collected from a needle 
inserted through the bottom of the centrifuge tube and theirabsorbancies 
at 254 my and radioactivities determined. Sedimentation constants of 
RNA fractions were determined by calibrating the sucroselinear gradient 
with the 18S and 29S ribosomal RNA (ref. 10) 
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Fig. 2. Sedimentation patterns of pulse-labelled liver RNA at varying times after adminis- 
Mice welghing 25 g wereinjected intraperitoneally with 15 uc. 
Four hours later, each mouse received intraperitoneally 
A mouse killed immediately after injection of 
actinomycin D served as the zero time control. Other animals were killed as indicated at the 
varying time-intervals after injection of actinomycin D and sedimentation patterns of pulse- 


tration of actinomycin D. 
of orotic-0-*C acid hydrate. 
100 ug of actinomycin D/100 g body-wt. 


labelled RNA determined as in Fig. 1 





0 5 10 15 20 25 
Time after actinomycin D injection (h) 


Fig. 3. Effect of injection of 100 ug of actinomycin D per 100 g of 
body-weight on decay of labelled liver mRNA and capacity of liver 
ribosomes to incorporate DL-leucine-1-*C. Broken line represenís the 
decay curve of labelled mRNA and was plotted from data presented in 
Fig. 2. Incorporation investigations were conducted as follows. Mice 
were injected intraperitoneally with actinomycin D and killed at the 
indicated times. The complete cell-free amino-acid incorporating system 
contained purified ribosomes (derived from 0:6 g of liver and containing 
500 ug of RNA) suspended in 0:4 ml. Hoaglands’s salt buffer (ref. 8), 
3-2 umoles MgCl,, 30 umoles tris-HCI (pH 7-0), 2-0 «moles f-mercapto- 
ethanol, 10 zmoles phosphoenolpyruvic acid, 10 ug pyruvate kinase, 
1 umole ATP, 0:4 moles GTP, 0-1 umoles Dz-leucine-1-*C and 0-1 ml. 
of dialysed post-microsomal supernatant derived from a 25 per cent 
liver homogenate in Hoaglands's medium A (0-005 M tris, 0-025 M KCl, 
0-005 M MgCl, and 0:25 M sucrose) after removal of the microsomal 
fraction (ref. 14) and dialysis at 2? C for 25 h against a 50-fold volume 
of Hoaglands’s salt buffer containing 0-005 M 8-mercaptoethanol. Final 
volume was brought to 1 ml. with Hoaglands's salt buffer. Afterin- 
cubation at 87? C for 30 min, incorporation was stopped by addition 
of 1 ml. of 1 M NaOH. The mixture was kept at room temperature 
for 1 h and the protein then precipitated with HCIO,, filtered, washed, 
solubilized with hyamine and radioactivity measured in a Packard 
‘Tri-Carb’ scintillation counter (ref. 5). Controls utilized in each experi- 
ment were kept at 0? C and 1 M NaOH added at the beginning of incuba- 
tion. A mouse killed immediately after injection of actinomycin D 
served as the zero time control. Degree of incorporation of DI-leucine- 
1-“C (c.p.m. per mg RNA) is expressed as percentage of the zero time 
control value (3,012 c.p.m. per mg RNA) in the unbroken line 
Left: @, incorporation ability expressed as percentage of the control; 
right, O, total c.p.m. of mRNA expressed as percentage of the control 
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RNA component with an approximate 
sedimentation constant of 4:5-55, consists 
of labelled transfer RNA (sRNA). The 
radioactive area b—c possesses a high speci- 
fic activity and is heterogeneous with com- 
ponents possessing sedimentation ratcs 
ranging from approximately 4-5S to 205. 
Accumulated evidence supports the viow 
that this area consists of a spectrum of 
mRNA molecules!93?, Intraperitoneal in- 
jection of 200 ug/100 g body-wt. actino- 
mycin D 4 h prior to administration of 
orotic-6-4C acid hydrate blocked com- 
pletely the synthesis of mRNA and rRNA 
(Fig. 1, IL). In a separate experiment, we 
noted that 9 of 10 mice receiving this dose 
of actinomycin D died within 30h. Philips 
et al? have reported that the LD, of 
actinomycin D for the mouse is approxim- 
ately 76 ug/100 g body-wt. RNA synthesis 
was also blocked completely by administer- 
ing actinomycin D at a dose-level of 100 ug/ 
100 g body-wt. (Fig. 1, III). Doses of 
50, 25 and 5 ug of actinomycin D/100 g 
body wt. produced approximately 85 per 
cent (Fig. 1, IV), 70-75 per cent (Fig. 1, V) 
and 60 per cent (Fig. 1, VI) inhibition of 
RNA synthesis, respectively. Percentage 
inhibition was computed from the total 
c.p.m. recovered, the eontrol values being 
taken as 100 per cent, Similar rosults 
were obtained when actinomycin D was injected 
only 30 min prior to injection of orotic-6-“C acid 
hydrate. 

The decay time of radioactively labelled mRNA was 
determined in the experiment recorded in Fig. 2. Mice 
received an intraperitoneal injection of labelled orotic 
acid followed after 4 h by an intraperitoneal injection 
of actinomycin D. Animals were killed at varying times 
thereafter and radioactivity of RNA components determ- 
ined. Since synthesis of RNA is inhibited completely 
by the dose of actinomycin D used, one can with this 
procedure determine the rate of decay of existing RNA 
molecules which had been labelled by injection of orotic 
acid. Decay of mRNA became apparent 6 h after injection 
of actinomycin D and continued until the experiment 
was terminated at 24h (Fig. 2). Total c.p.m. of mRNA 
were calculated at various times after administration of 
actinomycin D and expressed as percentage of the zero 
time or control value (broken line curve in Fig. 3). 

Capacities of liver ribosomes to incorporate DL-loucine-1- 
“C at varying times after injection of actinomycin D 
were determined and results plotted in Fig. 3 (unbroken 
line). The inhibitory effects of actinomycin D on DL- 
leucine-1-4C incorporation paralleled the rate of decay 
of labelled mRNA subsequent to administration of tho 
same dose of actinomycin D (Fig. 3). It should be noted 
that the addition of actinomycin D (1-2 ug/ml.) in vitro to 
the amino-acid-incorporating system had no effect on 
ability of ribosomes to incorporate pu-leucine-1-“C. In 
other experiments utilizing zone centrifugation analysis 
of purified ribosomes, we observed that 40-60 per cont 
of liver polysomes were de-aggregated to 73S ribosomes 
8 h after injection of 100 ug of actinomycin D/100 g of 
body-wt. These results have been noted previously’ 
and are in agreement with the pulse-labelled and incor- 
poration investigations described here. 

An average half-life for mouse liver mRNA of about 8-12 
h was obtained from our investigations reported hero 
(Fig. 3). This value is considerably greater than that of 
2 h which we observed under steady-state conditions’. 
This apparent decrease in decay of polysomal mRNA 
after inhibition of RNA synthesis by actinomycin may 
be attributed to several factors. We have observed in 
an experiment similar to that described in Fig. 2 that 
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a labelled nuclear RNA fraction with sedimentation 
pattern similar to that of polysomal mRNA can be found 
in nuclei -as long as 4 h after injection of actinomycin D. 
Gradual release of this labelled nuclear RNA fraction, 
presumably mRNA, into the cytoplasm would obscure 
the experimental determination of the true decay time of 
ribosomal] mRNA. An apparent increase in decay time of 
labelled mRNA would be observed and the true metabolic 
turnover of polysomal mRNA could be determined only 
after the labelled nuclear mRNA fraction had been ex- 
hausted. However, we cannot dismiss the possibility 
that mRNA. synthesis may be related to mRNA break- 
down via regulatory mechanism of as yet unknown 
nature. Inhibition of mRNA synthesis by actinomycin D 
would then be expected to influence the rate of mRNA 
breakdown, perhaps, as noted in this article, in the 
direction, of inhibition. 

: This work was supported in part by U.S. Public Health 
Service research grant A-727 from the U.S. National 
Institute of Arthritis and Metabolic Diseases and by the 
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HEAT OF RESPIRATION AS A POSSIBLE CAUSE OF ERROR IN THE 
ESTIMATION BY PSYCHROMETRIC METHODS OF WATER 
.. POTENTIAL IN PLANT TISSUE 


By Dr. H. D. BARRS 
C.S.I.R.O. Irrigation Research Laboratory, Griffith, New South Wales, Australia 


WO types of miniature wet and dry junction 

thermocouple psychrometer have been used for the 
determination of water potentials in plant tissues!-5. 
Spanner* devised a psychrometer in which one junction 
is wetted by the Peltier cooling effect. The quantity of 
water involved is very: small, and the wet junction so 
formed lasts only for a short time, being renewed before 
each reading. Between humidity readings, when the ‘wet’ 
junction is dry, the instrument may be used to compare 
the dry bulb temperature within the chamber with that 
of the bath. In the second type of psychrometer5 the wet 
Junction is permanent, being formed by dipping a silver 
cylinder, which is soldered to the free junction, into water 
before inserting the couple into the chamber. It is not 
possible to observe dry-bulb temperatures within the 
chamber owing to the permanent nature of the wet 
junction. 


This article is a preliminary report of a comparison of. 


results from the two typés of psychrometer when used to 
determine water potentials of leaves of plants. 

The couple design referred to here as due to Spanner 
differs slightly from the original in that chromel-p and 
constantan wires have been substituted for bismuth and 
bismuth-tin’. In other respects the techniques used were 
essentially as described by Spanner*, and Richards and 
Ogata*, the outputs from both types of couple being 
measured with a reflecting galvanometer. The chambers 
were immersed in a controlled temperature water bath 
and the design of the couples ensured the reference junc- 
tions were held at bath temperature soon after immersion. 

Early experiments using Pelargonium zonale indicated 
that the Spanner couple was consistently measuring larger 
water potentials than the Richards couple. A closer 
examination of the results showed that, between humidity 
readings, and while the ‘wet’ junction of the Spanner 
couple was dry, there was still an appreciable output. 
This was in the reverse direction to the output when 
recording humidities with the wet junction present, 
indicating that the ‘wet’ junction was warmer than the 
referenée junction. During calibration when the chamber 


contained filter paper wetted with sodium chloride 
solution, there was no output from the dry couple, sug- 
gesting that the chamber was warmer only when it 
contained plant material. Further information on this 
point was obtained using dry Richards couples (that is, 
silver ring without water). Fig. 1 shows that these also 
measured temperature rises within the chamber when 
living tissue was present. The temperature rise with two 
layers of Pelargonium leaf (curve a) is clearly greater 
and maintained for & shorter time than the rise using a 
single layer (curve b). Conversion of these temperature 
differences to water potentials gives values of approxim- 
ately 7 and 1-8 bars respectively, though the signs of the 
thermocouple outputs are, of course, the reverse of those 
normally obtained when a wet junction is present. It 
seemed likely that this rise was due to the liberation of 
heat accompanying the respiration of the tissue, and 
that the decline to bath temperature occurred when the 
oxygen-level within the chamber had fallen to some 
critical level and respiration at normal rates could no 
longer be maintained. 
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Fig. 1. Effect of two layers (curve a), and one layer (curve b), of 


Pelargonium leaf tissue on temperature within equilibration chambers, 
referred to bath temperature. Set up 10 a.m. with dry Richards couple 
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Fig. 2. Effect of replacing air by nitrogen on temperature within 
chamber referred to bath temperature. Set up 9.60 a.m. with dry 
Richards couple and one layer of Pelargonium leaf 
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Fig. 3. Water potential (6—— €) and chamber temperature referred 
to bath temperature (6 —— —6) using a Spanner couple and water 
potential (O———O) using a Richards couple 


Fig. 2 shows how the rise in temperature within the 
chamber could, in fact, be abolished by substituting 
nitrogen for air; the leaf apparently becoming slightly 
colder than the reference junction for some time before 
thermal equilibrium was finally reached. This latter 
behaviour has frequently been noted although not always. 
The effect of nitrogen in abolishing the temperature rise 
suggests that the rise is largely dependent on continued 
aerobic respiration. Fig. 3 compares water potentials 
estimated by a Richards and a Spanner couple. The 
couples were in separate chambers and each chamber 
contained a double layer of the same Pelargonium leaf. 
Fig. 2 also shows the temperature of one chamber as 
measured by the Spanner couple when dry. These latter 
measurements indicate a very considerable reduction in 
respiration between twelve noon and 1.30 p.m. ; it can be 
seen that at the same time the reading of the Richards 
couple began to rise markedly and by 2.45 p.m. approxim- 
ated closely to the reading of the Spanner couple. Fig. 2 
also shows water potential as rising finally. There is 
evidence, to be described in detail elsewhere, that this is 
associated with the death of the tissue and liberation of 
the cell contents. The difference between the observed 
water potentials before 2.45 p.m. is suggested as being 
largely due to the fact that the Richards couple only 
permits measurement of wet-bulb depression against 
bath temperature (the temperature of the reference 
junction), whereas the Spanner couple permits a measure 
of actual chamber dry-bulb temperature immediately 
before the cooling current is passed and the wet-bulb 
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depression noted. Reference to Fig. 1 curve b shows that 
for one layer of Pelargonium leaf the rise in temperature 
within the ehamber could be maintained for more than 
4 h and in fact one layer has usually been able to 
maintain such an elevation for 8 h or longer. 
Ehligi, working with the Richards couple, reports that 
equilibrium and a steady output are obtained in 2-5-6 h 
for cotton, pepper and trefoil. This has been found to 
apply to Pelargonium. Hence it is quite possible for a 
Richards couple to reach equilibrium in a chamber tho dry- ` 
bulb temperature of which is higher than bath tempera- 
ture. This may lead to an underestimate of the water 
potential of the tissue, here presumably by about 1:8 bars. 

The Spanner couple, on the other hand, would appear, to 
a first approximation at least,not to be affected by moderate 
rises in chamber temperature. This is provided that the 
reference point for its output as a psychrometer is taken 
as its output when the ‘wet’ junction is dry, rather than 
the mechanical zero of the indicating galvanometer. 
An example may clarify this; suppose bath temperature 
to be 25:00? C, chamber temperature to be 25-01? C and 
wet-bulb temperature to be 24-98? C, then the correct 
depression will be 25.01-24.98 = 0-03? C, and ihe 
Spanner couple will approximate to this provided it has 
been used to estimate chamber temperature as well as 
wet-bulb depression. The chamber temperature cannot be 
measured by the Richards couple, owing to the per- 
manent nature of the wet junction, hence the observed 
depression will be 25-00—24-98 = 0-02? C, resulting in a 
33 per cent error. On this basis it should be possible, 
given a sufficient quantity of turgid tissue, to so heat the 
chamber that the wet junction of the Richards couple 
becomes warmer than tho dry junction, reversing the 
output of the couple compared with the normal direction 
found during calibration. As Table 1 shows, this has 
indeed been observed using two layers of Pelargonium 
leaf. The final change in sign of output and rise to a high 
level would be explicable in terms of a marked decline 
in respiration. 


Table 1 
Time 10.45 11.12 12.00 1.18 _ 
BV — 0-46 - 052 — 0:33 +387 
(Set up 9.45 a.m. with dry Richards couple) 
Table 2 
Plent :. Cotton Pepper Pelargonium 
Respiration 10-6, 11:8 10-4, 11-6 31:5, 32-8 


(Respiration as #LO,/15 min/9 cm? leaf) 


The results presented here are perhaps extreme. Table 2 
shows that the respiration rate of the Pelargoniwm was 
three times as high as that of cotton and pepper. It may 
be that errors due to temperature rise in the equilibration 
chamber are less important for many species. This is 
being investigated together with the possibility of prevent- 
ing temperature rise by providing a suitable heat sink 
for the leaf. A more critical evaluation of the performanco 
of the Spanner couple, and in particular the assumption 
that when dry it approximates leaf temperature, is in 
progress. A full account of this work will be published 
shortly. 

I thank Dr. R. O. Slatyer, C.S.I.R.O. Division of Land 
Research and Regional Survey, Canberra, for suggesting 
the problem and for his advice, and Mr. E. R. Hoare, 
officer-in-charge, C.S.I.R.O. Irrigation Research Labora- 
tory, Griffith, New South Wales, for advice and provision 
of facilities. 

1 Barrs, H. D., and Slatyer, R. O., Unesco Conf. on Physiol. Methods, Mont- 
pellier (1962). 

* Brix, H., Physiol. Plant., 15, 10 (1962). 

z Krome P- J., and Brix, H., Unesco Conf. on Physiol. Methods, Montpellier 

* Ehlig, C. F., Plant Physiol., 37, 288 (1962). 

7 Spanner, D. C., J. Exp. Bot., 2, 145 (1951). 

* Richards; L. A., and Ogata, G., Science, 128, 1089 (1958). " 

? Korven, H. C., and Taylor, S. A., Soil Sci., 71, 76 (1959). 


1138 


TRIGONAL OR TETRAGONAL DISTORTIONS AND THE MAGNETIC 


NATURE 


September 12,1964 vou. 203 


PROPERTIES OF TRANSITION METAL IONS WITH TRIPLY 
ORBITALLY DEGENERATE GROUND TERMS 


By Da. B. N. FIGGIS 


Department of Chemistry, University of Western Australia ; 


Pror. J. LEWIS and Dr. F. MABBS 


Department of Chemistry, University of Manchester 


AND 
Dr. G. A. WEBB 
Department of Chemistry, University College, London 


s magnetic properties of transition metal complexes 
have long been of interest in determining stereo- 
chemistry and valency in transition moet] ions!. Recently, 
measurements have been used to differentiate between 
octahedral and tetrahedral stereochemistry in complexes, 
distinction being based on the absolute value of the 
magnetic measurements on complexes with these stereo- 
chemistries*. The temperature variation of the magnetic 
properties of octahedral and tetrahedral complexes of the 
transition elements has been interpreted in terms of the 
splitting of the metal d orbitals by the combined effects 
of the ligand field and spin-orbit eouplingh?:4, In most 
previous treatments the ligand field has been assumed to 
be of cubic symmetry. However, the importance of the 
deviation of the ligand field from cubic symmetry has 
been recognized in certain cases. Most frequently the 
low symmetry has been dealt with for systems with A or 
E ground termss~’ because these terms respond to depart- 
ures from cubic symmetry in a fairly simple manner. 
Systems With T ground terms, however, present a much 
more diffieult problem, and with the exception of the 
"Tag term*? they have been the subject of detailed con- 
sideration in only few instances5.5-19, 

We have reported?! calculations for the effect of a 
trigonal or tetragonal distortion on the configurations 
tog f$, and e*-t5, which give rise to a 2T 49) ground term *. 
These calculations have now been extended to cover con- 
figurations which give rise to Tios Tup and 5T 
ground terms, this covering all the T ground terms possible 
for the transition elements. 

Our results refer only to the average magnetic moments 
as determined on powdered samples, and as pointed out 
previously? they do not give as accurate values of the 
parameters which determine the distribution of the energy 
levels in a T' ground state, as do more sophisticated tech- 
niques such as electron spin resonance or magnetic 
anisotropy. However, they do enable a great deal of 
information to be obtained from the more readily available 
powder data. 

In considering magnetic properties of complexes two 
different classes of T ground terms must be recognized. 
They are, on one hand, the T'4,, terms arising from the 
configuration thy, e*-t2, t5, t$eg and e*-«t$, and on the other 
-hand, the T' terms from the configurations ¢2,, e?-t}, 
tig, tige and e*4$. It is convenient to discuss the two 
classes separately. 

Ta terms. The effect of asymmetric ligand fields on the 
"Ta, ground terms has been considered previously, 
A similar treatment using a tetragonal or trigonal 
distortion has been carried out here for the ST og) terms. 
The asymmetric ligand field component (l.h.s.) and spin- 
orbit coupling (r.h.s.) split the #Tay) term as shown in 
Fig. 1. For an intermediate perturbation by both spin- 
orbit coupling and asymmetric ligand field components the 
splitting is given in the centre of the figure. It is this last 
condition which is the major concern of this discussion. 

We define A as the splitting of the orbital degeneracy 
of the Tyg term by the asymmetric ligand field com- 
ponent, spin-orbit coupling being neglected, and it is 

* The brackets are included in the term symbols, for exam: le, Pag to 


indicate that the results apply to both octahedral and tetrahedral stereo- 
chemistries, 


taken to be positive when the orbital singlet is lowest. 
Fig. 2 shows the behaviour of the magnetic moment for 
the ‘Tag term as a function of the parameter kT'/2. 
Curves are given for various values of v, the ratio of the 
distortion to the spin-orbit coupling constant: that is, 
v = A[X. (Here we use X to denote the value of the spin- 
orbit coupling constant in the complex and A, for the free- 
ion value.) : 

Previous work has indicated that it is also necessary to 
consider a reduction in the orbital part of the magnetic 
moment operator. This reduction has been associated 
with electron delocalization on to the ligand atoms*?2, 
It is normally allowed for by introducing a constant, k, 
into the matrix elements of the orbital angular momentum 
operator. The magnetic moment and spin-orbit coupling 
operators for the Z direction then become: (kL, + 282) 
and kL;S, respectively. 

We have allowed k to vary from 1 to 0-5. The calculated 
curves for two values of k and negative values of the spin- 
orbit coupling constant are shown in Fig. 2. We have 
only provided results for negative values of 2% because 
these apply to the configuration /15e2, as our experimental 
results for the Tam case are confined to compounds of 
octahedral bivalent iron. 7 

As expected, and as observed in the corresponding 
calculations for the ?T xp ground terms, a decrease in the 
value of b reduces the magnetic moment, bringing it 
closer to the ‘spin-only’ value of 4:90 Bohr magnetons. 
For negative values of A (v positive) the overall variation 
of the moment with temperature is reduced as the magni- 
tude of the distortion is increased. On the other hand, for 
positive values of A, a very significant change in the 
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$84. A € = — 0-5. For more general application it is convenient 
56 : n to employ a constant A, which is a measure of the strength 
i = of the ligand field relative to the interelectronie repulsion 

energy, given by A = (1:5 — c?)/(1 + c*). The classifica- 

52 tion of ligand field strengths has been discussed elsewhero?. 

S 50 The variation of the magnetic moments of the "Tip 

x v and T'i terms is given in Fig. 3 as a function of tho 

parameters k, v and kT'/2. These results are applicable to 

£6 systems for which A is negative, for example, e*-/$ (tetra- 

44 hedral Ni?*) and :5, 08 (octahedral Co?*). It is obvious 

$8 from these curves that changes in the parameters make a 

significant difference to the variation of the magnetic 

40 properties of the ions with temperature. As with the 

3-8 574, term, the variation is much more marked for 
54 À positive values of A. 

m luec In considering the data it is important to take into 

B account the relationship between the orbital splitting 

5-0 parameter, A, and the magnitude of the low symmetry 

“8 ligand field component which is responsible for it. A ligand 

S - |B field potential of cubic symmetry with a tetragonal or 

A 46 trigonal component superimposed may be put in the form: 
s V = D(s* + yt + 24 — 8rt/5) + C(e? — v*[3) 
es Conventionally, the matrix elements arising from the first, 
40 cubic, term in this potential are expressed as multiples 
384A of a number, q, and the splittings of the free-ion terms aro 
3-6 then integral multiples of the parameter Dg. Similarly, 

0 0-5 10 15 if we define a parameter Cp for the second, low symmetry, 
= u term in the potential, then the splittings of T' terms by 


Fig. 2. Above, b, 1:0; below, k, 0-5. A, », —3:0; B, », +3-0 


variation of the magnetic properties with temperature 
occurs, the dependence of the moment on temperature 
being much more marked. 

In general, ligand field components of low symmetry 
have comparatively little effect on the magnetic properties 
of the *2'4, ground term unless they raise its orbital 
degeneracy by an amount greater than the spin-orbit 
coupling constant. It is, therefore, important to consider 
the effects of asymmetric ligand fields for the compounds 
of Ist row transition elements rather than for 2nd and 
3rd row elements. For values of v greater than about 10 
our treatment is not satisfactory, as the asymmetric 
component of the ligand field potential is then of the same 
order as the primary cubie ligand field. Under such 
conditions the perturbation methods which we have used 
are no longer applicable. 

Tyg) terms. Any configuration of a transition element 
ion that gives rise to an F ground term, in addition, leads 
to a P term of the same spin multiplicity. This P term 
is separated from the ground F term by an energy which 
depends on the inter-electronic repulsion parameters of 
the system. Under the influence of a cubic ligand field, 
both these terms give rise to T'i) terms which interact. 
The degree of interaction depends on the relative magni- 
tudes of the interelectronic repulsion and the ligand field 
parameters. It is convenient to express the composition 
of the ground Tip term as a linear combination of the 
Tq) terms in the free-ion limit: 

Ug, = (1 + eU rme) + 6U rel 
where: - 
c = 9Da * E 
4Dq 
E is the lower root of the equation: 
H3 - (6Dq-Z)E — 6Z — 16D%q* = 0 


Z is the ratio of the F — P term separation in the complex 
to the cubic ligand field parameter, namely: 


Z = [Em — Ew)/Dq 


The admixture coefficient c, which may often be determ- 
ined with the aid of the optical spectrum of the complex, 
lies between 0 and — 0:5. For the weak field limit (Z — 
œ), € = 0, while for a medium or strong field (Z — 0), 


an asymmetric ligand field component are simple multiples 
of Cp. In the parameter Cp, p is equivalent to q of cubic 
symmetry. In order to express A as & function of Cp 
we must consider tetragonal and trigonal symmetry 
separately. The splitting of the T terms in units of Cp 
&re given in Table 1, as & funetion of both the magnitude 
of the cubic ligand field and symmetry. For a given low 
symmetry ligand field component the splitting of the 
various terms may be greatly different. In the case of 
T yw) ground terms, peg is very dependent on the degree of 
mixing with the higher T,,(P) term. 

By using curve fitting procedures we have applied the 
above theory to magnetic measurements we have per- 
formed on a number of complexes of octahedral divalent 
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Table 1. The relationship between the potential of a tetragonal or trigonal 

ligand field component and the magnitude of the orbital splitting of T 

ground terms. See the text for the definition of Cp. ‘Weak’ and ‘stronger’ 
refer to the cubic ligand field 


Tetragonal Trigonal 
symmetry symmetry 
E(D) d! —80p 0 
TsoX D)d: 6Cp —6Cp 
Pia(F): d? 
Weak field (A =1:5) 2-40p 0-6Cp 
Medium or strong field (A =1) —6Cp 6Cp 


iron, octahedral bivalent cobalt and tetrahedral bivalent 
nickel. Figs. 4-6 show the agreement which may be 
obtained in this way and Table 2 contains results for a 
representative list of the complexes we have investigated. 
It is important to appreciate that the value of A obtained 
by this procedure may, in certain instances, be in error 
by as much as 50 per cent. This uncertainty arises from 
"ambiguity in the curve-fitting process. 

In some instances it is possible to compare A obtained 
from our data with its value assessed by other techniques. 
In the case of Fe(II) comparison may only be made with 
the low-temperature measurements on the fluorsilicato 
complex. From data gathered at liquid helium tempera- 
tures, A has been reported to be 1,200 cm- (ref. 13). 
For Co(II) complexes there may be some ambiguity in 
the interpretation of the experimental results. The data 


often may be interpreted in terms of either a negative or a | 


positive value for the distortion parameter, although one 
of the alternatives usually gives a distinctly better fit. 
The ambiguity arises from the small curvature of the 
susceptibility-temperature plots. 

The electron--spin resonance?!! and low-temperature 
. Magnetic susceptibility investigations!*!* on the complex 
Co(NH,)2(SO,).6H,O give values of A of about — 700 to 
— 1,300 and. approximately —1,100 cm-1 respectively, 
although it was found that in the latter case! A had to be 
varied somewhat with temperature in order to fit the 
results. These estimates are in general agreement with 
the value obtained in this work, that is, —775 em, 
Low-temperature magnetic susceptibility measurements 
on the complex [Co(H;O),Cl;]2H;O have not been inter- 
preted unambiguously, values of A/A of —1-0 or —5-0 
being deduced”, that is, A is approximately +200 or 
+900 cm. The value of A obtained from the present 
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work, 375 cm~, isin reasonable agreement with the lower 
of these estimates. No independent estimation of A in 
the Ni(II) tetrahedral complexes is available. y 

For tetrahedral Ni?* the ground term is ?T,. Table 2 
contains the data for some of the complexes, the tetra- 
hedral stereochemistry of which has been assigned previ- 
ously on the basis of spectral and room-temperature 
megnetic susceptibility data!9*. It has been suggested 
that the reduction in the magnetic moment of the com- 
plexes on the replacement of halogens by phosphine 


No. 4950 September 12, 1964 


Table 2 
Ground Complex k vx 4 4 d A dito x 

term a Ao em" B.M. 
Ta; FeSil,.6H,0 0-6 —20 0608 — +135 5:18 

` 0:5 +30 0-78 - —9225 
Fe(oxalate).2H,0 0:6 —9:8 0-86 - +240 5:36 

Fe qm ?9H,0 0-9 —9:0 10 - +200 
1 5:54 

ò ^ 0-9 + 20 1:0 - — 200 
‘Tg | CoSO,(NH4480,0H,0 0°9 —94 08 l4 +830 £99 

1-0 +45 10 l4 -775 
CoCl6H4,0 0:8 —2:5 O87 14 +375 4:92 

0-9 +60 L0 14 —1,030 
Copys;Ch2H,0 1:0 -25 1:0 1:3 +430 509 

] 1:0 +45 1:0 15 —774 
3T, (Ph;CH5AS)eNiCl, 0-06 —29:4 089 15 +670 3-89 
an sA8)gNiBry 0-95 -32 090 1:5 +855 3'81 
(C4H,JAN]I (Ph; P)NiBr,] 0-80 —2:8 075 T4 +650 3:60 
NICPh; PACl, 0:50 -50 040 16 +650 323 
Ni(PhP).Brg 0-60 -51 055 15 +900 827 


ligands arises from distortions from regular tetrahedral 
symmetry. From Table 2 it appears that the value of 
A is more or less constant, and the reduction in the 
magnetic moment on the replacement is to be associated 
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with reduction in kand X. These observations emphasize 
that it is important when discussing magnetic results to 
consider the effects of distortion, reduction in the spin- 
orbit coupling and orbital reduction parameters together. 
1 Figgis, B. N., and Lewis, J., Modern Co-ordination Chemistry, Chap. 6 
(Interscience, New York, 1960). 
* Lewis, J., Sci. Prog., 50, 419 (1962). 
? Figgis, B. N., Nature, 182, 1568 (1958). 


* Griffith, J. S., Theory of Transition Metal Ions (Cambridge Univ. Press, 
New York, 1961). 


5 Penney, W. G., and Schlapp, R., Phys. Rev., 42, 666 (1932). 

* Polder, D., Physica, 9, 709 (1942). 

1 Figgis, B. N., Trans. Faraday Soc., b6, 1553 (1960). 

* Abragam, A., and Pryce, M.L.H., Proc. Roy. Soc., A, 206, 173 (1951). 
° Figgis, B. N., Trans. Faraday Soc., 57, 198 (1961). 

1 Howard, J. B., J. Chem. Phys., 8, 813 (1935). 

11 Figgis, B. N., Trans. Faraday Soc., 57, 204 (1961). 

12 Stevens, K. W. H., Proc. Roy. Soc., A, 219, 542 (1953). 

13 Palumbo, D., Nuovo Cim., 8, 271 (1958). 

1 Kambe, K., Koide, S., and Usui, T., Prog. Theor. Phys., 7, 15 (1052). 
15 Bethe ce A. S., and Chattergee, R., Proc, Roy. Soc., A, 261, 


16 Uryu, N., J. Phys. Soc. (Japan), 11, 770 (1956). 

17 Haseda, T., J. Phys. Soc. (Japan), 15, 483 (1960). 

15 Venanzi, L. M., J. Chem. Soc., 719 (1958). 

1? Gill, N., and Nyholm, R. S., J. Chem. Soc., 3998 (1969). 


A SENSITIVE DOUBLE ANTIBODY IMMUNOASSAY FOR HUMAN 
GROWTH HORMONE IN PLASMA 
By Dr. DON S. SCHALCH* and Dr. MARY L. PARKER 


Metabolism Division, Department of Medicine, Washington University School of Medicine, St. Louis, Missouri 


ESPITE the successful use of electrophoretic and 
electrochromatographic methods! of assaying 
human growth hormone, many workers have had difficulty 
with these relatively elaborate procedures. This has 
prompted us to re-investigate the double antibody method. 
Non-specific interference from substances in plasma have 
complicated previous use of the double antibody method, 
and extraction procedures proved to be rather laborious*:5. 
A double antibody immunoassay for human growth hor- 
mone, patterned after a similar immunoassay for insulin’, 
using guinea pig anti-human growth hormone serum and 
rabbit anti-guinea pig y-globulin serum has proved to be 
successful. While this method is relatively simple and 
easy to use, it provides a high degree of sensitivity along 
with good reproducibility of results. 

All dilutions were made with 5 per cent bovine serum 
albumin (BSA Armour, 30 per cent solution) in a barbital 
buffer, ionic strength 0-1, pH 8-6. 

Anti-HGH serum was obtained ten days after the 
last of three weekly subcutaneous injections of 1 mg 
human growth hormone (Raben) emulsified in complete 
Freund’s adjuvant. : 

Rabbits were immunized with 1 mg of guinea pig 
y-globulin in complete Freund’s adjuvant injected into 
cach foot pad. Subsequent monthly injections were given 
subcutaneously. Animals were bled by cardiac punc- 
ture 10-14 days after the third or subsequent monthly 
boosters. 

Human growth hormone was labelled with iodine-131 
by the method of Greenwood, Hunter and Glover’ as 
modified by Glick et al.8. Specific activities of 300-350 
mo./mg were obtained. 

Pooled normal guinea pig serum was diluted 1 : 200 with 
5 per cent BSA barbital buffer. 

Duplicate standards of human growth hormone are 
freshly prepared for each assay with the following con- 
centrations: 0, 0-25, 0-5, 1, 2, 4 and 8 myg/ml. 0-5 ml. of 
each standard solution is used in duplicate. Disposable 
glass tubes, 10 mm x 75 mm, have been found to be most 
satisfactory for the incubation tubes. 50 ul. of each 


* U.S. Public Health Service Post-doctoral Research Fellow and trainee in 
metabolism. Present address: University of Rochester, New York. 


Table 1. MEAN DIFFERENCE IN PERCENTAGE PRECIPITATION OF HUMAN 
GROWTH HORMONE BETWEEN DUPLICATE STANDARDS 


Human growth hormone Mean difference in % human growth 
standard concentration — hormonc-iodine-131-labelled precipi- 


(myg/ml.) tation between duplicates + S.D. 
0 0-8 + 0-2 (9)* 
0-25 18-12 m 
0-5 1:741-2 (9 
1 1715 a? 
2 1040-6 (9 
4 0:91 0:8 t 
8 0-7 + 0-8 (9 
Average 1040-7 
*No. of duplicate values in brackets. 


plasma sample is added to 0-45 ml. 5 per cent BSA 
barbital buffer for an initial dilution of 1 : 10. 10-100 ul. of 
plasma in an initial total volume of 0-6 ml. can be used as 
wel. 0-1 ml. of diluted guinea pig antihuman growth 
hormone serum is then added to each tube. The appro- 
priate dilution of antiserum is that which binds approxi- 
mately 35-55 per cent iodine-131-labelled human growth 
hormone added when no competing unlabelled human 
growth hormone is present in the system. After gentle 
shaking of the tubes, 0-1 ml. (0-1-0-2 mug) of iodine-131- 
human growth hormone is added, the tubes are again 
shaken and incubated at 4° C for 72 h. At this time, 
0-1 ml. of appropriately diluted rabbit anti-guinca pig 
y-globulin serum, and finally 0-1 ml. of 1: 200 normal 
guinea pig serum are added, the tubes shaken and incubated 
another 18-24 h at 4° C. The appropriate dilution of 
rabbit anti-guinea pig y-globulin serum is one which will 
completely precipitate all guinea pig y-globulin in the 
system. The tubes are then counted in a well autogamma 
spectrometer. They are then centrifuged at 2,500 r.p.m. 
for 20 min and the supernatants are aspirated and dis- 
carded. The precipitates are washed with cold (4° C) 
distilled water, recentrifuged at 2,500 r.p.m. for 20 min 
and the supernatants again aspirated and discarded. The 
tubes, containing the precipitates, are recounted and the 
percentage iodine-131-labelled human growth hormone 
precipitated is calculated. 

A standard curve is constructed for each assay (Fig. 1) 
and the concentration of human growth hormone in each 
plasma sample is then determined from the ptreentage 
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Fig. 1. Human growth hormone-!*!q (0-1 mpg), guinea pig anti-human 

growth hormone serum (1 : 120,000), rabbit anti-gulnea pig y-globulin 

serum (1:6), First incubation period, 72 h; second incu ation period, 
24h. Each point is the average of 6 determinations. I= TSD, 


iodine-131-labelled human growth hormone precipitated 
by comparison with the standard curve. 

In 9 assays, the mean difference (+ S.D.) in the per- 
centage precipitation of iodine-131-labelled human growth 
hormone in duplicate standards was found to be 1-0 + 
0-7, with a predicted variability at each standard level 
(Table 1). 

When the percentage precipitation of iodine-131- 
labelled human growth hormone is converted into the 
concentration of human growth hormone in plasma 
samples by using the standard curve run in each assay, 
duplicate values in the same assay agree within 20 per 
cent on the average throughout the whole range of values 


THREE DEGREES OF GUANYLIC ACID — INOSINIC ACID 
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Table 2. PLASMA HUMAN GROWTH HORMONE CONCENTRATIONS DURING 
INSULIN TOLERANCE TESTS ° 


Plasma human growth hormone 


Subject concentration (myzg/ml.) Blood glucose (mg%) 

0 20 40 60 90 0 20 40 60 90 
min. min. min. min. min min. min. min. min. min. 

P.B 12 l5 166 440 600 105 28 52 50 66 
1- 10 195 480 62:0 

G.B. 156 350 560 80 940 86 36 45 73 72 
80 32:5 640 100 20:0 

L.C. 25 34 30 80 102 


3:0 113 66 66 94 


Plasma human growth hormone concentrations obtained 
during three insulin tolerance tests are seen in Table 2. 

Excellent agreement has been found in low, medium 
and high ranges between the values of plasma human 
growth hormone obtained by the double antibody method 
and by the chromatoelectrophoretic method of Glick et al.* 
at present in use in our laboratory. The double antibody 
method moreover offers two distinct advantages: greater 
sensitivity can be obtained for a given specific activity of 
iodine-131-labelled human growth hormone and all 
manipulations in this procedure can be carried out at 
room temperature. 

We thank Dr. William H. Daughaday for his advice 
and assistance. 

This work was supported by research grant A-5105 
from the National Institute of Arthritis and Metabolic 
Diseases, U.S. National Institutes of Health. 
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PYROPHOSPHORYLASE DEFICIENCY iN MOUSE FIBROBLASTS 
By Dr. JOHN W. LITTLEFIELD 


John Collins Warren Laboratories, Huntington Memorial Hospital cf Harvard University, 


Massachusetts General Hospital, Boston, 


ls of the enzyme guanylic acid-inosinie acid pyro- 
phosphorylase confers resistance to the analogue 
8-azaguanine in bacteria and mammalian cellst. In the 
latter this loss might be expected to be step-wise, reflecting 
gene dosage, and recently sub-lines of mouse fibroblasts 
(L cells) partially deficient in pyrophosphorylase activity 
and partially resistant to this analogue have been de- 
seribed?. Further investigations now suggest that there 
are three degrees of enzyme deficiency and resistance to 
8-azaguanine in these aneuploid cells. 

Cell culture methods were the same as those used 
previously? except that the medium containined 1Q per 
cent foetal calf serum (Microbiological Associates, Inc.), 
rather than calf serum. Chromosomes were enumerated 
by standard methods? after the cells’ were exposed. for 
16 h to colchicine (5 x 10-¢ M). The pyrophosphorylase 
activity of cell extracts was determined with hypoxan- 
thine-8-“C as before?, except that the reaction mixture 
was incubated at 37° C for 1 h, rather than at room temper- 
ature for 2h. A factor relating these two conditions was 
determined; and to allow comparison with previous 
investigations, all results are expressed as c.p.m./ug of 
cell extract protein per 2 h at room temperature. In 
certain assays, guanine-8-C (1 uc./m.mole; 7 x 10-5 M) 
(Schwarz Bioresearch Inc.) was used in the reaction 
mixture instead of hypoxanthine-8-4C. 

The specific activities of guanylie acid-inosinic acid 
pyrophosphorylase in extracts of 38 sub-lines of L cells 


Mass. 


are shown in Fig. l. The average activity of wild-type 
cells was 332 + S.E. 11 e.p.m./ug protein in 9 extracts 
during a 2-year period. Three clonal derivatives (A19, 
423 and A24) were in the same range. At the bottom of 
Fig. 1 are shown the activities of cloned or uncloned 
lines highly resistant to 8-azaguanine, which were selected - 
with 1:0-2-0 ug of 8-azaguanine/ml. as described previ- 
ously?*. The average enzyme activity in extracts of these 
lines was 1 per cent of wild-type activity. 

Lines of L cells moderately resistant to 8-azaguanine 
were obtained in two ways*. In suspension culture 3 
uncloned populations (A70.M, A100M and A110M) were 
selected with 0-1 ug of 8-azaguanine per ml. In Petri 
dishes 2 clonal lines (441 and. 446) were selected with . 
0-1-0-3 ug of 8-azaguanine/ml.; afterwards one of these 
lines was recloned once (446-3) and again (446-3—6 and 
446-3—7). The average activity of these 8 lines was 
113 + S.E. 8 c.p.m./ug protein. 

The activities of these moderately resistant lines were 
not statistically separable from those of two revertant 
populations (4555 and 463R) and 3 clonal derivatives 
thereof? (average activity 116 + S.E. 11 e.p.m./ug of 
protein) Altogether the activities of these 13 lines 
averaged 35 per cent of wild-type activity. 

When on two occasions wild-type cells in suspension 
culture were exposed to an even lower concentratioh of 
8-azaguanine (0-01 ug/mL.), -cell multiplication was not 
inhibited. However, after growth for approximately 
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Fig. 1. The guanylic acid-inosinic acid pyrophcsphorylase activities of 
38 celllines. As indicated, certain lines were obtained by selection of 
wild-type cells with 0-01, 0-1-0-3 or 1-0-2-0 ug of 8-azaguanine per ml. 
Alllines were clonal except wild-type, A55R and A68R, and those lines 
designated with the suffix M. Cell extracts were prepared and assayed 
as described in the text and previously (ref. 2). The points represent 
the assay in duplicate of a single extract of a line, or the average activity 
of several extracts. For wild-type cells nine extracts assayed over a 
9-year period averaged 382 + S.E. 11 e.p.m./ug protein 


300 400 


2 months with the analogue, the pyrophosphorylase 
activity of cell extracts (A120M and A130M in Fig. 1) 
was decreased in comparison with untreated wild-type 
cells assayed at the same time. It was not possible to 
select lines of this sort as clones in Petri dishes, pre- 
sumably because these cells were almost as sensitive to 
8-azaguanine as wild-type cells. However, one of these 
lines was cloned to exclude the possibility that it was a 
mixture of wild-type and moderately or highly resistant 
cells; extracts of these clonal derivatives (4121, 4122 
and 4123) were again less active than wild-type extracts. 
The average activity of these 5 lines was 221 + S.E. 10 
c.p.m./ug of protein, or 67 per cent of wild-type activity. 
Thus these lines were intermediate in regard to resistance 
and enzyme content between wild-type cells and the 13 
moderately resistant lines described above. 
Furthermore, after continuous growth for a number of 
months, untreated wild-type cells were found to contain 
less enzyme than previously. These cells (A30M) were 
discarded, and a new culture begun from a frozen sample 
of the original common stock which had been maintained 
previously in more complete medium in another labora- 
tory®. The new cells were as active as before, but again 
after several months their activity had declined (490M). 
In neither case had the generation time appreciably short- 
ened. Several clonal derivatives of both 430M and 
A90M (A93, A95, A96, B34, B82 and B84) also contained 
less enzyme activity. The average activity of these 8 
‘unselected’ lines was 197 +-S.H. 10 c.p.m./ug of protein. 
The activities of the 5 lines selected at 0-01 ug of 8- 
azaguanine/ml., and the 8 ‘unselected’ lines, were not 
statistically separable, and together averaged 63 por cont 
of the activity of wild-type cells. This group was 
statistically distinct (Student's t test yields P < 0-001) 
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both from wild-type cells and from the moderately resist- 
ant lines described above. 

In mammalian cells it is likely that guanylie acid and 
inosinie acid are pyrophosphorylated by the same enzyme’, 
although Kalle and Gots* have presented evidence that 
this may not always be the case in Salmonella typhimurium. 
We determined the pyrophosphorylase activity of extracts 
of 12 lines with both guanine-8-MC and hypoxanthine-8- 
uC, The results, calculated for both radioisotopes as 
a percentage of the activity of wild-type cells, are shown in 
Table 1. Although the results with guanine-8-"O are 
consistently slightly higher than those with hypoxanthine- 
1C, both radioisotopes gave the same ordering of lines in 
regard to pyrophosphorylase activity, as if guanylic acid 
and inosinic acid were substrates for the same enzyme 
in L cells. 

Chromosome counts were performed on a number of the 
cell lines described above. The average of all counts was 
53 + S.E. 0-9. More detailed karyotype analyses?" 
have not been carried out. 

It was possible to estimate the frequency of moderately 
or highly resistant cells in various lines from the day of 
appearance and generation times of such cells in cultures 
exposed to 0-1 or 1:0 pg of 8-azaguenine/ml.*. The 
frequency of moderately resistant cells in the wild-type 
culture was approximately 1-6 and 0-4 x 10- on two 
occasions. In single experiments the approximate 
frequency of highly resistant cells was 3 x 10- in a 
moderately resistant culture, 3 x 10-4 in a slightly resist- 
ant culture, and 10-5 in a wild-type culture’. 

These results indicate that in L cells three statistically 
distinct degrees of loss of guanylic acid—inosinic acid 
pyrophosphorylase activity can be distinguished, leaving 
an average of 63, 35 and 1 per cent of wild-type activity. 
Previous investigations suggested that these cells contained 
a decreased amount of active enzyme, rather than an 
unchanged amount of enzyme of altered kinetic proper- 
ties. The synthesis of this enzyme cannot be ‘de- 
repressed’?. Therefore, it might be expected to be present 
in proportion to gene dosage. While the chromosome 
number of normal mouse cells is 40, that for several L 
cell lines averaged 53. It may be that in these cells there 
are usually 3 homologous chromosomes (trisomy) with the 
pyrophosphorylase locus. The 3 degrees of enzyme 
deficiency may reflect the inactivation of 1, 2 or 3 such 
loci, or the loss of 1, 2 or 3 such chromosomes. 

The decreasing frequency of highly resistant cells in 
moderately resistant, slightly resistant and wild-type 
cultures is in accord with this concept. Moreover, the 
frequencies in wild-type cultures of highly resistant (10-5) 
and moderately resistant (10-*) cells suggest that the loss 
of one pyrophosphorylase locus to produce slight resist- 
ance, the frequency of which cannot be determined 
directly, is an even more common event. There are othor 
examples of changes in drug resistance in L cells which are 
frequent and may involve only one chromosome: the 
acquisition of high resistance to puromycin’, reversion 
in 2 lines highly resistant to 8-azaguanine’, and the 
acquisition of partial resistance to 5-bromodeoxyuridine®. 
Similarly frequent changes occurred in an established line 
of human bone marrow cells’. 


Table 1. PYROPHOSPHORYLASE ACTIVITY DETERMINED WITH HYTPOXAN- 
THINE-8-"C AND GUANINE-8-4C 


Wild-type ore activity (per cent) 


Cell line Hypoxanthine-8-*C Guanine-8-*C 
Wild-type 100 (90-110) 100 (89-108) 
A24 109 108 

A90M 68 71 
A120M 67 74 

A41 52 66 
A110 40 61 

A55R7 38 46 

A46 83 40 
41005 31 48 

495M 4 9 

A55 1 3 

43-1 0 1 


e 
The wild-type activity represents the average activity of four extracts. 
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Rather than mutation, these changes probably reflect 
the large number of mitotic abnormalities in aneuploid 
lines*:39:11, including uneven distribution of chromosomes 
to daughter cells as well as intrachromosomal rearrange- 
ments. Indeed, Szybalski has been unable to demonstrate 
mutagenesis in an aneuploid line with a number of agents 
known to be mutagenic in bacteria, and has suggested 
that this may be because of the high frequency of mitotic 
abnormalities??. 

A change in one chromosome with a pyrophosphorylase 
locus seems to have occurred also in the wild-type popula- 
tion during growth under new conditions (the ‘unselected’ 
lines in Fig. 1). This is analogous to the shifts in karyo- 
type observed by Hsu. The new genotype was pre- 
sumably advantageous for cell survival, perhaps due 
not so much to the loss of a pyrophosphorylase locus as 
to the loss of an unknown linked locus. If this genotype 
occurred frequently, as discussed here, it need have 
produced only a slight shortening of the generation time, 
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or other advantage, to replace the original wild-type 
cells during growth for several months. 

This work was supported by U.S. Public Health grant 
CA-04670-05 and U.S. Atomic Energy Commission con- 
tract AT(30—1)2643. 
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BIOSYNTHETIC LABELLING OF MAMMALIAN INSULINS IN VITRO 


By Dr. K. W. TAYLOR and D. G. PARRY 


Department of Medicine and Diabetic Department, 
King's College Hospital, London 


NCORPORATION of labelled amino-acids into insulin 
is now being examined for information it may give on 
the synthesis of a protein of known structure. Attempts 
have been made to label insulin in vivo by Voelker ef al. 
but, because of their greater convenience, most other 
workers have used methods of labelling in vitro, using for 
this purpose ox or calf pancreas?-*, rat pancreas’, or 
giant islet tissue from teleostean fish??. In mammalian 
pancreas, however, a very rapid incorporation of labelled 
amino-acids also takes place into the proteins of acinar 
tissue, and the presence of so much other labelled protein 
makes for great difficulties in isolating insulin in a state 
of radiochemical purity. In the rat, a further difficulty 
is in the presence of two insulins, differing in structure 
and properties’. 

It will be shown here that insulin is labelled by a 
process which is compatible with synthesis, when either 
fresh ox pancreas or rat pancreas is incubated with tritium 
labelled amino-acids. 

Incubation of pancreas and purification of insulin. A 
satisfactory medium for incubation of pancreas with 
amino-acids appeared to be a bicarbonate buffered saline 
solution®, to which glucose had been added to give a 
concentration of 250 mg/100 ml. After incubation, the 
isolation of insulins, or peptides derived from labelled 
insulins, proved to be a major problem and, even after 
very exhaustive extraction procedures, it proved very 
difficult to get rid of radioactive contaminants. Similar 
problems have been reported by Humbel’, in the puri- 
fication of labelled toadfish insulins. In all the isolation 
procedures used, insulins were first extracted by acidified 
ethanol, and a procedure based on that of Best et al.!9. 
After removal of salts, the crude insulin was first purified 
by paper chromatography. This by itself proved in- 
adequate in our hands for isolation of either ox or rat 
insulins in a state of radiochemical purity. With rat 
insulins further purification was achieved after paper 
chromatography, and elution from paper, by repeated 
isoelectric precipitation in the presence of carrier insulin}. 
Some similar considerations also applied to the purifica- 
tion of A- and B-chains derived from rat insulins. It was 
found that purification of these from radioactive con- 
taminants was best achieved by paper electrophoresis at 
pH 2 in 5M formic acid. These difficulties have been 
discussed at length elsewhere". 

One possible way in which the high degree of radio- 
active contamination of insulin labelled in vitro may be 
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avoided is by the use of immunological methods to isolate 
the insulin. After incubation of pancreas with tritiated 
leucine, radioactive insulin was precipitated using anti- 
body by methods which have already been outlined, the 
insulin being regenerated with acid, and then purified by 
paper chromatography’. Such insulin appeared to be 
homogeneous on electrophoresis (Fig. 1). 

Incorporation into insulins. In both rat insulins, leucyl 
residues are present in both A- and B-chains, though 
isoleucine is confined to the A-chain of each (Smith, L. F., 
personal communication). Accordingly, if labelling of the 
insulin proceeds by protein synthesis, both chains should 
be labelled when pancreas ‘is incubated with leucine. 
Rat pancreas was accordingly incubated with tritiated 
leucine or isoleucine, and after addition of carrier ox 
insulin, A- and B-chains were made from it by the method 
of Sanger’™*. After electrophoresis on paper, only B-chain 
which had been derived from pancreases incubated with 
leucine was labelled!!, This suggested that labelling is in 
accord with the structure of the insulins. In addition, 
the distribution of label among amino-acids obtained by 
the hydrolysis of labelled rat insulins suggested that 
neither leucine nor isoleucine was metabolized by rat 
pancreas in such a way as to give rise to significant 
amounts of radioactivity in other amino-acids!!, 
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Fig. 1. 
insulin labelled with tritium and purifled 


extract precipitated with antibody, an appropriate area of paper was 
cut out and sewn on to a second strip of paper for electrophoresis at pH 2, 
informicacid. Radioactivity was determined on strips of paper asshown 
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Table 1. INCORPORATION OF TRITIATED LEUCINE INTO INSULIN AND OTHER 
PROTEINS OF OX PANCREAS in vitro 


Conc. of glucose in medium 


. oo. 25mg/100ml. 250 mg/100 ml. 
* Radioactivity in proteins of 
acid-ethanol extract of pancreas 
(c.p.m./g wet pancreas x 10-4) 2-8 + 0-67 38:4 £ 0:51 
Specific activity ofinsulin 
(c.p.m./ug ofinsulin) 
Exp. 1 0-91 2:10 
0-62 1:91 
3 0-03 0-48 
14 0-14 1:30 


* Mean of four results, + S.E.M, 
Juin purifled by both chro tography and electrophoresis. 
ancreas was incubated with tritiated leucine and after extraction with 
acid ethanol, insulin was precipitated with antibody. Insulin was then 
regenerated from the precipitate and purified by chromatography. Insulin 
was assayed by elution of dyestuff. Concentration of radioactivity was 
different in the two groups of experiments. 


Evidence that ox insulin was being labelled has been 
obtained by differential labelling of the A-.and B-chains. 
Using a mixture of amino-acids of high specific activity 
(4C-leucine, 160 me./m.mol, and tritiated isoleucine, 
315 mo./m.mol), it could be shown that the ratio of leucine 
to isoleucine was obtained for labelled material which was 
compatible with the known distribution of leucine and 
isoleucine in the molecule. Moreover, agents such as 
2,4-dinitrophenol or puromycin, which are agents known 
to inhibit protein synthesis, characteristically reduce 
incorporation into ox insulin in vitro“. Labelling of both 
rat and ox insulin appears, therefore, to be by a bio- 
synthetic mechanism. : 

Effect of glucose concentration on incorporation into 
insulin. Incorporation of leucine into insulin appears to 
be greatly enhanced by increasing the glucose concen- 
tration from 25 mg/100 ml. to 250 mg/100 ml. (Table 1). 
By contrast, only a very small effect of varying the 
glucose concentration on incorporation of leucine into a 
crude acid alcohol extract of ox pancreas was found, 
and it was not statistically significant. A similar lack of 
effect of variations in glucose concentration on incor- 
poration of leucine into toadfish pancreas has also been 
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reported’. It is not at present known whether this effect 
on incorporation is confined to ox insulin or is a wide- 
spread phenomenon in the pancreas of other species. 
If this should be the case, effects of glucose on incor- 
poration into insulin might be of considerable physio- 
logical significance, perhaps as a regulatory mochanism 
for controlling the quantity of insulin stored in pancreas. 
A direct connexion has been suggested by Haist! botwoen 
the blood glucose-level and the amount of insulin which 
is extractable from the pancreas of rats. 

In summary, it is concluded that segments of mam- 
malian pancreas, incubated in vitro, may be used for an. 
investigation of factors which affect incorporation into 
insulin, though special purification methods have to bo 
used to ensure radiochemical purity. A high concentration 
of glucose in the incubating medium appears to be im- 
portant in achieving a rapid rate of incorporation into 
insulin in these experiments. 

We thank the Medical Research Council for a grant to 
one of us (K. W. T.) as well as the British Diabetic 
Association and British Insulin Manufacturers for financial 
assistance towards this work. We also thank Dr. Clifford 
Hoyle and Dr. Wilfrid Oakley for help with facilities as 
well as much encouragement in the course of the work. 
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ENERGY TRANSFER IN PROTEINS 


By LEROY AUGENSTEIN and JAYANT! NAG-CHAUDHURI* 
Biophysics Department, Michigan State University, East Lansing 


NUMBER of workers have reported that when 

proteins or amino-acid mixtures containing trypto- 
phan are excited with ultra-violet light in the range 
250-300 my, the fluorescence emitted has many of the 
properties of that from the constituent tryptophan, 
whereas fluorescence typical of tyrosine arises from those 
proteins which contain tyrosine but no tryptophan (an 
extensive review of the original literature can be found in 
ref. 1). Further, Steele and Szent-Gyórgyi reported that 
the wave-length of maximum phosphorescence from 
tryptophan-containing proteins is the same as that for 
phosphorescence from tryptophan’. On this basis, it has 
often been concluded that in proteins an excited phenyl- 
alanine will transfer its energy to either tyrosine or trypto- 
phan residues nearby and an excited tyrosine will either 
transfor its excitation to a neighbouring tryptophan or be 
quenche without emitting?-*. Evidence that intra- 
protein energy transfer is probably efficient ard occurs 
via a so-called resonance transfer mechanism has been 
. reviewed by various authors'*. However, Weber and 
Teale calculated from the fluorescence excitation spectra 
of many tryptophan-containing proteins that energy 
transfer from tyrosine to tryptophan probably occurred 
with only very low efficiency’. Also, since 1960 several 
workers have reported finding a weak tyrosine fluorescence 
component in proteins containing both tyrosine and 
tryptophan*-. Furthermore, there has been a recent 


* Present address: Department of Biophysics, All India Institute of 
Medical Science, Ausari Nagar, New Delhi 16. 


abstract reporting phosphorescence characteristic of 
tyrosine from some proteins which also contain trypto- 
phan". 

Accordingly, it seems worth while to report here 
experiments which raise further questions about the 
efficiency of transfer from tyrosine to tryptophan as well 
as about the nature of the electronic states of tyrosine 
residues in proteins. That is, in accord with Longworth's 
recent report, phosphorescence characteristic of that from 
tyrosine can be readily detected from tryptophan- 
containing proteins such as trypsin, bovine plasma 
albumin, alcohol dehydrogenase, pepsin and pcpsinogen. 
However, ‘tyrosine’ phosphorescence is not observed from 
all tyrosine-containing proteins—for example, none could 
be detected from either chymotrypsin or chymotrypsinogen. 
Further, only slight evidence of tyrosine fluorescence can 
be found in any of these proteins. This report is concerned 
primarily with the investigations of phophorescence. 

To prepare the solutions for spectroscopy, 10-mg 
portions of either a highly purified crystalline sample of 
tyrosine, or tryptophan, or one of a number of proteins 
was dissolved in 25 ml. of water. To these solutions was 
added sufficient glucose (0-5 per cent) or spectral grade 
ethylene glycol (1:1 by volume) to minimize the forma- 
tion of microcrystals during cooling to liquid nitrogen 
temperature. The phosphorescence spectra shown in Fig. 1, 
obtained at 77° K in an Aminco spectrophosphorimeter!?, 
are representative of the data derived. There it can be 
seen that, on excitation at 280 mu for tryptophan and both 
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the proteins, the maximum phosphorescence is observed 
at 435 mu and there are obvious shoulders at 410 and 460 
mp. However, the shortest wave-length of phosphorescence 
observed from. both proteins (345 my) agrees with that 
from tyrosine: the Short-wave-length portion of the 
alcoho] dehydrogenase phosphorescence spectrum is quite 
obviously unlike that from tryptophan and seems to mimic 
that from tyrosine both in shape and the shortest wave- 
length observed. Further, the decay times measured at 
380 my. agree with those for tyrosine whereas the decay 
observed at 480 my is dominated by a component which 
decreases ab the same rate as tryptophan: at intermediate 
wave-lengths the decay curves appear to be a mixture of 
these two components having respective decay times of 
1-2 and almost 6 sec. (See discussion in ref. 13 of the effect 
a eo ED environments on phosphorescent decay 
imes. 

Assuming that the shapes of the phosphorescence 
emission spectra for constituent tyrosine and tryptophan 
residues are the same as those shown in Fig. 1 for these two 
amino-acids in a glass, it can be estimated that approxi- 
mately 0-5 of the phosphorescence from alcohol dehydro- 
genase and (0-06 of that from trypsin arises from 
constituent tyrosine when excitation is by 280 my light 
(the maximum absorption of both tyrosine and tryptophan 
is near 280 mu). Furthermore, it is estimated that tyrosine 
accounts for almost 0-7 of the phosphorescence emitted 
when alcohol dehydrogenase is excited by 240 my. light 
(that is, primarily excitation of phenylalanine): the 
peak at about 400 my is almost equivalent in intensity 
to tho usual maximum at 435 mu. 

. It seems unlikely that the phosphorescence in the 
interval 350-390 my. arises from tyrosine contamination 
in the protein samples, inasmuch as the crystalline protein 
preparations which were of the highest purity available 
commercially were further purified by passage through a 
15-em ‘Sephadex’ column. Preliminary results with the 
seven proteins listed also indicate that the intensity of 
tyrosine phosphorescence relative to that from tryptophan 
cannot be correlated with the ratio of tyrosine/tryptophan 
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tryptophan residues in the various proteins. 

Unequal distribution of tyrosine and tryptophan 
residues within a given protein could result in large 
yields of emission from tyrosine residues which might 
be sufficiently isolated—either because of distance or 
mutual orientation—from potential acceptor tryptophans 
so that resonance transfer of excitation energy is unlikely. 
However, it would be expected that, if this were an 
important cause of the observed results, then in addition 
to the phosphorescence a significant amount of tyrosine 
fluorescence should be detected also, since a fluorescence/ 
phosphorescence ratio of approximately 1 has been 
recorded from tyrosine in glasses?. Although resolution 
near the peak of tyrosine fluorescence at 300 my is 
made difficult by Rayleigh scattering of the 280 my 
exciting light from the frozen (cracked) solutions, the 
amount of fluorescence which would be expected from 
‘isolated’ tyrosines has not been observed. Further, 
excitation with wave-lengths less than 260 my. permits 
adequate separation of fluorescence and scattered light 
to show that, in fact, only a minimal fraction of the 
fluorescence emitted from alcohol dehydrogenase is 
typical of that from tyrosine. 

The present results indicate that interactions with 
neighbouring residues in proteins so distort the electronic 
properties of tyrosine residues that their normal emissive, 
and thus energy transfer, properties are drastically 
altered. In this regard, previous investigations of the 
wave-length corresponding to maximum phosphorescence, 
the F/P ratio and the kinetics and lifetimes of phosphor- 
escence decay, indicated that approximatoly three of the 
six tyrosines in RNase interact strongly with neighbouring 
residues?. In fact, Weber suggested that the low efficiency 
of tyrosine fluorescence was a result of quenching arising 
from interaction of the phenolic OH groups with neigh- 
bouring carboxylate moieties’. 

The variation in relative tyrosine emission among the 
proteins investigated indicated that either: (æ) all 
tyrosines are sufficiently perturbed so that practically 
all fluorescence is quenched, but the inter- 
actions of some residues are such that phos- 
phorescence can still occur; or (b) most 
tyrosine residues are relatively unperturbed 
but the interactions of a few are sufficiently 
strong so that inter-system crossing from 
singlet to triplet configurations competes 
both with tyrosine fluorescence and with 
resonance transfer to tryptophan. 

Precise measurements of quantum yield 
as a function of exciting wave-length, as well 
as better resolution of emission lifetimes, are 
needed to select among these two possi- 
bilities. Even so, it seems worth while 
considering possibility (b) further since the 
great increase of tyrosine phosphorescence 
relative to that from tryptophan, when 
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Fig. 1. The phosphorescence emission spectra recorded from frozen (77° K) solutions of 

(top), the amino-acids tyrosine and tryptophan and (bottom), the proteins trypsin and 

alcohol dehydrogenase. Except where marked, excitation was with 280 mz light. Both 

plots are*on a common scale, with the frequency in wave numbers shown at the bottom 
and wave-length in A in the centre 


phenylalanine is preferentially excited (by 
240 my light), suggests that, at least in 
alcohol dehydrogenase, perturbations of 
tyrosine inter-system crossing may be very 
important. 

Approximately equal fluorescence and 
phosphorescence are observed when. tyrosine 
is excited at 77° K in an organic glass. Thus, 
in relatively unperturbed tyrosine residues 
the rate constant for intersystem crossing 
must be essentially equivalent to that for 
fluorescence. Accordingly, in a protein in 
which all tyrosines are unperturbed, no 
tyrosine emission would be anticipated, 
since the relative rate constants for energy 
transfer should be about two orders of 
magnitude greater than the rate constant 
for fluorescence emission. -That is, fluores- 
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cence lifetimes are normally about 10-? sec, whereas the 
conditions of resonance required for Férster-type energy 
transfer from tyrosine to tryptophan are presumed to occur 
in 10-12-10-1! sec during vibrational relaxation®. Indeed, 
there are some proteins containing tyrosine in which only 
tryptophan emission is observed. By contrast, in those 
proteins where significant levels of tyrosine phosphores- 
cence are observed, it would be concluded that the inter- 
actions of tyrosine with neighbouring residues are such 
that the rate constant for inter-system crossing is increased 
to a value comparable to that for vibrational relaxation. 
Such a large perturbation could presumably be the result 
^f heavy atom contamination! or perhaps more probably 
the strong interaction between tyrosine and neighbouring 
disulphide groups (spin-orbit coupling and/or charge 
transfer). In this respect, interactions between aromatic 
residues and cystine have been postulated to account for 
the disruption of specific cystine residues during protein 
inactivation by ultra-violet irradiation!*:!7. 

This work was supported in part by research contract 
AT (11-1)1155 between Michigan State University and 
the U.S. Atomic Energy Commission. 
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COMBINATION WITH RED CELLS OF IMMUNE RABBIT 75 ANTIBODY 
AND ITS SUB-UNITS 


By Dr. C. L. GREENBURY, D. H. MOORE and Dr. L. A. C. NUNN 
Department of Pathology, Stoke Mandeville Hospital, Aylesbury, Buckinghamshire 


E have shown!, in the case of immune rabbit anti- 

blood group A antibodies, that 7S y-antibody is a 
much less efficient agglutinating agent than 19S (B.M) 
antibody: that is to say that at the end point of a 
hemagglutination titration with human group A, red 
cells, each cell is carrying 19,500 molecules in the case of 
7S antibody, and only 25 molecules in the case of 19S 
antibody. We have also shown that the mean distance 
separating A-antigen sites on the red cell is only about 
half the length of a 7S molecule. Even supposing uniform 
distribution of A-sites on the cell there must be approxi- 
mately 18 sites within a circle radius 240 A (the length of 
a 7S molecule). In these circumstances, if there were no 
steric impediment, it would seem most likely that the free 
combining site of an antibody molecule already bound to 
a red cell by one of its specific groups would also attach 
itself to the same red cell. Molecules so attached could 
not take part in agglutination; conversely if, as we believe, 
19S antibody is multivalent it is unlikely that all the 
specific groups on one molecule could be attached to a 
single red cell. 

In order to throw further light on this question we have 
investigated the reactions with red cells of fragments 
derived from immune rabbit anti-A 7S antibody by means 
of papain digestion and pepsin digestion followed by 
reduction with cysteine or 2-mercaptoethylamine with 
subsequent blocking of the free —SH groups with iodo- 
acetate. This treatment results in the production from 
each 7S antibody molecule of two univalent fragments 
which retain the antibody specificity of the original 
molecule?-, Wo find that treatment with cysteine and 
iodoacetate is, in the present context, without effect on 
intact 7S antibody. 

The binding constant (K) of the reaction between an 
antibody and antigen can be expressed as the reciprocal 
of the concentration of antigen (red cells in this case) at 
which half the antibody is combined, if the concentration 
of antibody is sufficiently low for the combined antigen 
to be a small fraction of the total antigen. Aliquots of 
iodine-131-labelled antibody preparations pre-absorbed 
with O-cells and diluted in bovine albumen have been 
added to varying quantities of centrifuged A, red cells. 
The red cells have been resuspended and, after allowing 


30 min for the reaction with antibody to take place, the 
supernatant has been removed and the amount of antibody 
adhering to the red cells has been measured in a scintilla- 
tion eounter!. By suitable techniques it has been possible 
to avoid the necessity of washing the red cells, which would 
involve the elution of unavid antibody. Curves, of which 
Fig. 1 is typical, have been constructed from which tho 
concentration of red cells necessary to absorb half the 
antibody has been measured. 

In plotting these curves, the total antibody available has, 
in the case of intact 7S antibody and 5S peptic digest 
(which is bivalent), been taken as that amount absorbed by 
16 per cent cells. It is clear from the asymptotic shape 
of the curves that the error in this assumption is small. It 
has been assumed that reduction of peptic digest has not 
destroyed any antibody and that the reduced preparations 
contain the same proportion of antibody radioactivity as 
the 5S peptic digest from which they were derived. The 
shape of the curves, which are still rising steeply, lends 
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support to this assumption. For papain digest we have 
assumed that the active fragments are the same as those 
produced by reduction of peptic digest? and that the 
proportion of radioactivity absorbable is the same as that 
in the whole (before dialysis) peptic digest of the 7S 
preparation. 

Comparisons have been made of the 7S antibody 
(separated by DEAE-cellulose chromatography) and its 
derivatives from three rabbits, all the derivatives from one 
serum being investigated simultaneously. In each case, the 
curves for "S antibody and peptic digest have been 
almost identical. The curves for univalent fragments, 
however derived, have been very close together and 
parallel. The concentrations of A, cells necessary to 
absorb half the antibody from "S or 5S preparations 
from each of the three rabbits were, respectively, 0-10, 
0:03 and 0-02 per cent; the cell concentrations required 
to absorb half the univalent antibody derived from these 
preparations were, respectively, 19, 10-5 and 6 per cent. 
K bivalent Ab (7S or 5S) 

K univalent Ab fragments BOSE eee 
300 respectively for the three rabbit sera. 

The greatly diminished binding constant of univalent 
antibody fragments could be explained if the process of 
splitting the molecule had distorted the antibody specific 
group; this seems unlikely since, at least for a small 
hapten, K remains unaltered after splitting the antibody 
molecule’; moreover, if the binding constant of antibody 
sites were drastically diminished it seems improbable 
that a comparatively small excess of univalent fragments 
would inhibit precipitation in the ovalbumin —anti-oval- 
bumin system*. Labelling with iodine does not appear 
harmful since labelled anti-ovalbumin fragments which we 
have prepared inhibit precipitation in the same proportion 


as described by Porter. It is possible that reduction in 


That is to say 
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the size per se of the antibody would reduce K by elimina- 
ting some non-specifie binding of the antibody molecule, 
but we find no difference in K between the 7S and the 
bivalent 5S fragment derived therefrom. 

We consider that the great diminution in binding 
constant which accompanies the reduction of antibody 
valency from 2 to 1 gives support to our hypothesis that 
rabbit immune 7S anti-A antibody mostly combines with 
the red cell by both its specific groups. The possibility 
of this type of antigen-antibody attachment does not 
appear to have received consideration and is even excluded 
from his calculations by Goldberg®, although it is not 
necessary to postulate that the bivalent attachment of 
antibody on a red cell is to a single antigen molecule. 
However, Almeida, Cinader and Howatson? have shown 
electron micrographs which may be interpreted as bivalent 
attachment of a single antibody molecule to a wart virus 
particle. 

A final resolution of this point may be possible by the 
examination, which we are about to attempt, of univalent 
fragments recombined to the bivalent 5S form?, where if 
our hypothesis is correct, recombined pure antibody should 
regain its 5S binding constant, whereas 5S recombinants 
made up of one antibody and one non-antibody 3-5S 
fragment would have the binding constant of a univalent 
fragment. 


1 Greenbury, C. L., Moore, D. H., and Nunn, L. A. C., Immunol., 6, 42 (1963). 
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QUINACILLIN : A COMPARISON WITH OTHER PENICILLINASE-RESISTANT 
PENICILLINS 


By Dr. J. T. SMITH, Dr. J. M. T. HAMILTON-MILLER and Pror. R. KNOX 
Department of Bacteriology, Guy's Hospital Medical School, London, S.E.! 


UINACILLIN, 3-carboxy-2-quinoxalinylpenicillin, a 
recently described semi-synthetic penicillin, was 
found? to have ‘unusual properties’, namely, antibacterial 
activity highest against Staphylococcus aureus, enhance- 
ment of antibacterial activity and rate of diffusion in agar 
with decrease in pH of the medium, and poor inducing 
ability for staphylococcal penicillinase. In view of these 
findings, we have examined the interactions of quinacillin 
with various bacteria and their penicillinases, and are able 
to confirm and extend the description of this penicillin 
as possessing ‘‘unusual properties”. 

Quinacillin as a substrate for penicillinase. (a) Gram- 
positive bacteria. The rates of hydrolysis of quinacillin at 
various concentrations in 0-025 M. sodium phosphate 
buffer pH 7:4 were measured using the hydroxylamine 
method*. With staphylococcal penicillinase made, as 
previously deseribed?, from Staph. aureus E3, the 
Michaelis constant (Km) for quinacillin was 61 mM 
(28 mg/ml.) with a Vmax 8 per cent that of benzylpeni- 
cillin; at an initial concentration of 4:3 mM (2 mg/ml.) 
quinacilin was not appreciably hydrolysed by this 
preparation. Richards ef al.1, who used the iodometric 
method of assay at pH. 6:5, found that the Km value for 
staphylococcal penicillinase (Parker strain) was 5 mg/ml. 
and the Vmax was 5 per cent that of benzylpenicillin. 
They also found no appreciable hydrolysis of quinacillin 
at lower concentrations. 

Penicillinase preparations‘ from B. cereus and B. 
licheniforqvis were found to hydrolyse quinacillin (initial 
concentration 4:3 mM) at 11 and 13 per cent, respectively, 


of the rates at which they hydrolysed benzylpenicillin. 
Both these preparations had Km values for quinacillin of 
about 54 mM. 

(b) Gram-negative bacteria. Cell-free preparations made 
from Pr. morgani G (ref. 5), Pr. retigert 410, K. aerogenes 
366 (ref. 6) and E. coli 214T (ref. 7) did not appreciably 
hydrolyse quinacillin (initial concentration 4-3 mM). A 
cell-free extract of A. cloacae 53 (ref. 6) hydrolysed quina- 
cillin (4:3 mM) at about 7 per cent of the rate at which 
it destroyed benzylpenicillin (5-4 mM) and intact cells of 
this organism hydrolysed quinacillin at about one-seventh 
of this rate (Table 1). Disruption of this strain has been 
shown‘ to increase its hydrolytic activity towards berzyl- 
penicillm 25 times. Thus it seems that quinacillin can 
pass the substrate accessibility barrier in this strain more 
readily than benzylpenicillin. 

Quinacillin as an antibacterial agent. Minimum in- 
hibitory concentrations of quinacillin were determined, 
by means of the tube test, for six strains of Staph. aureus, 
E3, 13187, 6637, 5974 (all of which produce penicillinase, 
the last three being resistant to methicillin and cloxa- 
cillin*), E3T' and Oxford (benzylpenicillin-sensitive, peni- 
cillinase-negative strains). Two inoculum sizes were used, 
about 10° and about 10? viable units per tube. The results 


Table 1. DESTRUCTION OF 2 PENICILLINS BY A. cloacae 58 
(rates expressed as ug/min/10? cells /ml.) 
Ratio (to nearest whole number) of 
Intact Disrupted penicillinase activity of disrupted to 
cel ce ntact cells (= ‘permeability factor’) 
Quinacillin 3 20 7 
Benzylpenicillin 12 303 25 
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Table 2. ANTIBACTERIAL ACTIVITY OF QUINACILLIN AGAINST SIX STRAINS OF 
* Staph. aureus 


Minimum inhibitory concentrations (ug/ml.) 


Penicillin Methicillin Cloxacillin Quinacillin 
Tnoculum 10° 10° 10° 10? 10° 10? 

- E3 Tb 3-7 5:0 1-0 6-3 931 
O32 13137 1,000-0 125-0 500-0 5:0 50-0 12:5 
ASS 6637 »1,000.-0 25-0 1,0000 50 400-0 6:3 
S35 6974 500-0 100-0 1,000-0 5-0 25:0 6€:3 
Ba B EST 3-2 1:6 0:8 0-4 6:3 6:3 
Oxford 1:6 0:8 0:4 0:2 6:3 16 


Table 3. MINIMUM INHIBITORY CONCENTRATIONS OF QUINACILLIN, TESTED 
AGAINST GRAM-NEGATIVE BACTERIA BY TUBE DILUTION METHOD 
Inoculum size approximately 10* organisms 
K. aerogenes 88, 370, 415, 418 


K. aerogenes 1, 43, 366, 373, 407, 414 > 8,000 
K. ozaenae 01 > 4,000 
E. coli 214T » 2,000 
Pr. morgani G 680 

5 > 2,000 
Pr. rettgeri 410 500 
Achromobacter 510 4,000 
A. cloacae 53 > 20,000 


Table 4. INDUCING ABILITIES OF FOUR COMPOUNDS FOR PENICILLINASD OF 
Staph. aureus E3 


Concentration Concentration Ratio of induced 
ng/ml. „gjml. to give to basal penicil- 
to give maximal half maximal linase activity 
induction induction at maximum 
Quinacillin 12°5 2:07 178 
6-Aminopenicillanic 
acid * 10-0 3-0 16-3 
Methicillin * 3-0 0-27 36-0 
Cloxacillin T 0:1 0-013 71:3 
* Ref. 3. t ref. 15. 


(Table 2) show that there is cross-resistance between 
cloxacillin, methicillin and quinacillin, but it appears that 
resistant strains are slightly more susceptible to quina- 
cillin than to the other two, at least using large inocula. 
The ‘inoculum size effect’? obtained with this series of 
organisms is probably a reflexion of populations that are 
not homogeneous, in that they contain small proportions 
of highly resistant bacteria’. In common with other 
penicillins, quinacillin was extremely poor at inhibiting 
the growth of B. cereus, the minimum inhibitory concen- 
tration being 5 mg/ml. for an inoculum of 10° organisms. 
Quinacillin was relatively inactive as an antibacterial 
agent against Gram-negative bacteria (Table 3). Richards 
et al. also found that Gram-negative bacteria were 
resistant to quinacillin. 

Quinacillin as an inducing agent for penicillinases. The 
ability of quinacillin to induce penicillinase production in 
Staph. aureus E3 was determined as described previously? 
and the results are shown in Table 4. It can be seen that 
the concentrations for half maximal induction (‘induction 
constants’) with quinacillin, methicillin and cloxacillin 
were 2-07, 0-27 and 0-013 ug/ml., respectively. Thus the 
‘induction constant’ for quinacillin is some eight times 
larger than that for methicillin and 160 times larger than 
that for cloxacillin. In addition, as judged by the con- 
centrations required for maximal induction and by the 
amount of enzyme production at these concentrations, 
quinacillin was a less effective inducing agent than either 
methicillin or cloxacillin. Using the Parker strain of 
Staph. aureus, Richards et al.1 reported a twenty-five-fold 
difference between the ‘induction constants’ for methi- 
cillin and quinacillin, so, allowing for strain differences, it 
seems that quinacillin is a much poorer inducing agent 
than would be expected from its activity against peni- 
cillinase-producing staphylococci. 

It appeared that the figures obtained here for quina- 
cillin in induction experiments were very similar to those 
found for 6-aminopenicillanic acid in an earlier series of 
experiments’. To determine whether quinacillin was 
broken down to 6-aminopenicillanic acid (which could 
explain these similarities) during the process of induction, 
quinacillin was incubated at 37° C with washed cells from 
an overnight culture of H3 in phosphate-buffored saline 
at pH 7-4 for 3h. The cells were centrifuged down, and 
enough of the supernatant fraction to contain approx- 
imately 50 ug quinacillin was applied to Whatman No. 1 
paper and chromatographed in n-butanol 4: acetic acid 
1: water 5, descending overnight; markers of quinacillin, 
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the penicilloic acid derived from it (made by dissolving 
quinacillin in N soda, and neutralizing with N hydro- 
chloric acid after 30 min at room temperature) and 
6-aminopenicillanic acid wero also applied to the chromato- 
gram. When the run had been completed, the paper was 
dipped in 0-2 per cent ninhydrin in acetono’, heated for 
5 min at 100° C and then ‘fixed’ in aleoholie copper nitrate. 
Under these conditions, the quinacillin developed & pale- 
yellow colour, fluorescent in ultra-violet light (this yellow 
fluorescence could also be observed before ninhydrin 
treatment). The penicilloic acid developed a red colour 
which did not fluoresce. The Rp values of these two 
compounds in the solvent used were 0:82 and 0-65, 
respectively. No trace of & spot similar to that derived 
from 6-aminopenicillanie acid (Rr value 0-53—which 
develops a golden-yellow colour, slightly fluorescent?) 
could be observed in the incubation mixture. Nor was 
any evidence of a penicillin acylase obtained when the 
butyl acetate extraction technique’? was used, with. 
benzylpenicillin as substrate, with this strain of Staph. 
aureus. Hence, it appears that the resemblance between 
the values of certain induction parameters of quinacillin 
and 6-aminopenicillanic acid is a mere coincidence. 

Quinacillin, benzylpenicillin, methicillin, cloxacillin and 
6-aminopenicillanie acid were tested for inducing ability 
towards the penicillmase of B. cereus. Various concen- 
trations of each inducing agent were dissolved in broth, 
2 ml. of a 6-h 37? C culture of B. cereus 569 added to cach 
100 ml., and bottles were incubated overnight at 37° C. 
Portions were centrifuged (3,000g for 15 min), after mM 
p-chlormercuribenzoate had been added to prevent 
further induction, and the turbidity measured at 700 mu. 
The supernatant fraction was adjusted to pH. 7-4 with N 
sodium hydroxide and the rate of hydrolysis of benzyl- 
penicillin estimated by the hydroxylamine method. 
Results were expressed in terms of the amount of increase 
in penicillinase activity as compared with a control culture 
grown in broth alone; Table 5 shows the results obtained. 
It is clear that quinacillmn, although a better inducing 
agent than benzylpenicillin (probably due to its greater 
stability to this penicillinase), is not so efficient at the 
higher concentration as methicillin, eloxaeillin or 6-amino- 
penicillanic acid. 

Quinacillin did not cause any increased enzyme pro- 
duction in five strains of Æ. aerogenes—43, 370, 373, 407 
and 414—nor in K. ozaenae 61; this is in common with 
the non-inducibility of these penicillinases by all other 
compounds tested*. When Pr. morgani 185 (ref. 5) ond 
Pr. retigeri 410 were grown overnight at 37° C in the 
presence of half the minimum inhibitory concentration of 
quinacillin, penicillinase was induced. The activitics of 
these cultures after disruption, expressed in terms of ug 
benzylpenicillin hydrolysed/min/10? cells/ml., were 5-6 and 
3-7, respectively. Uninduced preparations of these two 
organisms hydrolysed less than 0-1 ug benzylpenicillin; 
min/10? cell/ml. 

Quinacillin as an inhibitor of benzylpenicillin hydrolysia 
by penicillinases. Penicillins which are only slowly hydro- 
lysed by penicillinases have been shown to inhibit benzyl- 
penicillin hydrolysis by B. cereus, B. licheniformis, 
K. aerogenes, E. colis and Pr. morgani™ penicillinase 
preparations. Mixtures of 1:3 mM (0:5 mg/ml.) benzyl- 
penicillin and mM quinacillin were incubated with enzyme 


Table 5. INDUCING ABILITIES OF FIVE COMPOUNDS FOR PENICILLINASE OF 
B. cereus 569 


Ratio of concentration of inducing agent 
to minimum inhibitory concentration for 
that inducing agent, 


1/10 14 
Benzylpeniollin (1,250) 9 7 
Quinacillin (5,000) 31 89 
Cloxacillin (500) 21 54 
rorya a IPTE acid (10,000) 66 92 
Methicillin (313) 25 140 


Figures in brackets are minimum inhibitory concentrations of drugs for 
B. cereus (large inoculum, in ug/ml.). 

Figures in body of the Table are enzymatic acitivity after induction, taking 
basal level =1. 
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preparations from Staph. aureus E3, B. cereus 569 and 
B. licheniformis, which had been adjusted to hydrolyse 
2 ug benzylpenicillin/min!'!5, The rates of hydrolysis in 
the presence of quinacillin, measured by the hydroxyl- 
amine method, were compared with those obtained in the 
absence of quinacillin but no differences were observed. 
Hence, quinacillin, in contrast to the other poorly hydro- 
lysed penicillins, does not inhibit any of the penicillinase 
preparations from Gram-positive bacteria, examined. 

When cell-free penicillinase preparations of E. coli 2147 
and Pr. morgani G were tested by the modified spectro- 
photometric method", no inhibition of the hydrolysis of 
benzylpenicillin (2-7 mM) could be detected in the 
presence of concentrations of quinacillin as high as 260 uM. 
However, under similar conditions 50 per cent inhibition 
of the penicillinase activities of K. aerogenes 366 and 373 
was observed with 70 uM and 161 uM quinacillin, respec- 

_tively; thus, quinacillin is about as active an inhibitor of 
the Klebsiella penicillinases as oxacillin and BRL 1577 
(ref. 14). The fact that quinacillin does not inhibit the 
E. colt and Proteus penicillinase preparations is in contrast 
to the inhibitory action of other penicillins stable to the 
penicillinases of these bacteria. 

Discussion. Richards ef al. found that quinacillin 
possessed unusual properties. We have confirmed that 
this penicillin is a poor inducing agent for staphylococcal 
penicillinase, and in addition we have shown that it is a 
relatively inefficient inducer of B. cereus penicillinase. 

As a substrate for penicillinases derived from various 
sources, quinacillin shows in general a marked resistance 
to hydrolysis; its affinity for staphylococcal and Bacillus 
penicillinases was uniformly low, but it was hydrolysed 
rather more rapidly by the Bacillus enzymes. Penicillinese 
preparations from K. aerogenes, E. coli and Pr. morgani 
did not detectably destroy the compound, although a 
strain of A. cloacc did hydrolyse quinacillin. An inter- 
esting feature of this penicillin is that it does not inhibit 
penicillinases from B. cereus and B. licheniformis, which 
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is in contrast to the action of other poorly hydrolysed 
penicillins. Similarly, penicillinase preparations from E. 
coli and Pr. morgani were not inhibited by quinacillin, and 
it was found to be only a very weak inhibitor of K. aero- 
genes penicillinases. p 
The discovery that a penicillin which is a poor inducer 
of staphylococcal penicillinase can also be an effective 
antistaphylococcal agent discounts the correlation that 
has been made by some authors'*-8 between inducing 
ability and antibacterial activity for penicillinase-pro- 
ducing staphylococci. Until now penicillins which are 
biologically active against penicillinase-producing Staph. 
aureus, besides being resistant to hydrolysis by this 
enzyme, have also been found to be very- good inducing 
agents and can markedly inhibit various penicillinases. It 
is interesting that although quinacillin does possess the first 
two characteristics it is not a particularly good inducing 
agent nor an efficient inhibitor of penicillinases. 
We thank Boots Pure Drug Company, Ltd., for gifts of 
quinacillin. i 
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A COMPARISON OF EFFECTS OF SOME CHEMOTHERAPEUTIC AGENTS 
AND THOSE OF X-RAYS ON THE REPRODUCTIVE CAPACITY 
l OF MAMMALIAN CELLS 


By Dr. ROGER J. BERRY* 
Radiobiology Laboratory, Radiotherapy Department, Churchill Hospital, Oxford 


Wee chemotherapeutic agents have been exten- 
sively investigated for ability to ‘cure’ a wide range 
of transplanted tumours in vivo! and have less frequently 
been investigated qualitatively in vitro in cultures of mam- 
malian eells?, there has been a paucity of quantitative 
investigation of the effect on cell reproductive capacity 
of agents known to have clinical usefulness in palliation 
of human cancer*4, The technique of clonal cell culture 
described by Puck et al.5 by which macroscopically visible 
colonies can be grown in vitro from single mammalian 
cells has been extensively applied to the examination of 
effects of ionizing radiation (see Porter! for a representa- 
tive list of references). It is only recently, however, that 
this method has been used to investigate the dose-response 
to a chemotherapeutic agent’. 

The present communication reports investigations of 
the dose-response relationship for the reproductive capac- 
ity of two strains of mammalian cells exposed in vitro 
to several commonly used anticancer drugs and compares 
these relationships with that for X-irradiation of the same 
cells. 

The drugs used in these experiments were of the follow- 
ing types: (1) Nitrogen mustard. (a) ‘HN3’ (tri-(2- 
chloroethyl)-amine, "Trillekamin', Crookes). (b) Mannitol 

* Helen Hay Whitney Fellow in Radiobiology, University of Oxford. 


mustard (Mannomustine dihydrochloride, ‘Degranol’, 
Chinon). (2) Ethylene imine (‘Thio-TEPA’, Lederle). 
(3) Epoxide (‘Epodyl’, I.C.1., 32865). (4) Antimetabolite 
(5-fluorouracil, Roche). All drugs were diluted with 
sterile normal saline to desired final concentrations 
immediately prior to addition to the growth medium. 

The mammalian cell lines used were HeLa S-3oxf an 
aneuploid derivative of human cervical carcinoma kindly 
supplied by Dr. C. E. Ford, Medical Research Council, 
Harwell, and re-cloned in this laboratory, and the mouse 
strain Loxf, fibroblast kindly provided by Dr. J. Paul, 
Department of Biochemistry, Glasgow, and re-cloned 
in this laboratory by Dr. A. H. W. Nias. They were 
grown in Medium 199 (Glaxo) supplemented with 5 pg/ml. 
amphotericin B (‘Fungizone’, Squibb), and for HeLa: 
10 or 20 per cent freshly drawn human AB serum; for 
strain L: 2 per cent pooled calf serum (Oxoid) and 0:5 
per cent ‘Bacto-Peptone’ (Difco) for stock growth and 
10 per cent pooled calf serum for clonal growth. 

The technique of clonal culture was modified only 
slightly from that of Puck et al.5; cells were trypsinized 
(‘Bacto-Trypsin’, Difco, 0-25 per cent in 0-3 per cent 
sodium citrate made isotonic with sodium chloride) from 
a stock bottle containing a nearly confluent sheet of cells. 
They were re-suspended in the appropriate medium and 
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Fig. 1. Dose-response to X-rays, fraction of surviving cells (log scale) 
versus dose in rads (linear scale) 


counted electronically (Coulter model D, 140u orifice, 
calibrated previously against hæmacytometer count 
under phase microscopy). Appropriate dilutions were 
made and the cels were finally suspended in medium 
to which the drug under test had just previously been 
added in known concentration and 4 ml. aliquots were 
plated in 60 mm ‘Falcon TC’ polystyrene Petri dishes. 
The dishes were incubated in a humidified 5 per cent 
carbon. dioxide-air environment at 37? C for 14 days to 
allow growth of visible colonies. If the drug given was 
stable for extended periods of time, it could be removed 
at any time by aspirating the medium, gently washing 
the plates with Medium 199 without serum, and then 
adding 4 ml. of the appropriate medium without the 
drug to each Petri dish. When cultures were to be 
irradiated, this was done 12-16 h after plating to allow 
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Fig. 2. Dose-response to nitrogen mustard "HN3', HeLa S-3oxt. fraction 
of surviving cells (log scale) versus dose in mg/ml. (linear scale) 
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the cells to attach firmly to the polystyrene dishes. 
Dishes were individually irradiated from below with 
75 kVp X-rays (no additional filtration) at 15 cm 
FSD at a dose-rate of 140 rads/min; during irradiation 
5 per cent carbon dioxide-air was circulated rapidly over 
each dish. 

In all experiments, the number of cells plated was cal- 
culated so that the number of colonies produced was 
approximately 200 per dish. After 14 days’ incubation, 
all dishes were washed twice with cold normal saline, 
fixed and stained with Leishman’s stain. Colonies con- 
taining more than 50 cells were scored as reproductively 
intact, and the fraction of surviving cells (S.F.) after 
various drug or radiation treatments was calculated from 
the expression: 


(1) S.F. = control colonies 


IE rea EE m 
experimental colonies x dilution factor 
HeLa S-3oxt 


‘Thio-TEPA’ 
100 


10 


% Surviving cells 


0:1 
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0-0005 
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Fig.3. Dose-response to "Thio- TEP A', HeLa S-Soxt., fraction of surviving 
cells (log scale) versus dose in mg/ml. (linear scale) 


0 0-0001 


The dose-response curves obtained in these experiments 
are shown in Figs. 1-6, where S.F. is plotted against the 
dose of the drug used. Each point represents the average 
of at least four independent determinations of surviving 
fraction and most points represent several thousand 
counted clones. Experiments in which control plating 

: No. of colonies reproductively ne) 
efficiency ( No. of cells initially plated Lion 
lower than 30 per cent were rejected, as it was felt that 
surviving clones from these experiments might represent 
an inadequate and potentially biased sample of the cell 
population. 

Dustin! in 1947 coined the term ‘radiomimetic’, 
which has been widely used by many authors, uncritically 
accepted by many clinicians responsible for the care of 
cancer patients, and recently advanced again by Elson’, 
to describe the action of chemotherapeutic agents which 
mimicked effects of total-body X-irradiation. The present 
results allow us to examine at the cellular level whether 
this term is justifiable in any but the most superficial 
evaluation. 

The reproductive survival of mammalian cells of many 
types both in vivo and in vitro to X-irradiation has been 
shown to be of the type illustrated in Fig. 7 (for examples 
see Porter’). When the fraction of cells surviving (on a 
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logarithmic scale) is plotted against dose of radiation (on a 
linear scale), there is a ‘shoulder’ region followed by what 
appears as a simple exponential (straight-line) response. 
When these same data are re-plotted with a ‘logarithmic’ 
dose-scale, the curve has.a continuing downward inflexion, 
as also shown in Fig. 7. This type of dose-response is 
clearly seen in the present results with K-rays (Fig. 1). 
Both *HN3' and -“Thio-TEPA’- produce dose-response 
curves of this ‘X-ray type’, as did the nitrogen mustard 
"HN2' in another cell strain in Levis’s recent studies". 
However, in these curves the ‘shoulder’ region is much 
sharper and more closely resembles a true threshold 
below which no effect of the drug on cell survival is seen 
and above: which survival decreases exponentially «with 
dose (Figs. 2 and 3). The dose-response to *EpodyP is 
of the same general type, but without evidence of a 
‘shoulder’; the curve falls as a simple exponential with 
depression of surviving fraction. at even the smallest doses 
(Fig. 4). In investigations with ionizing radiation, the 
presence or absence of a ‘shoulder’ has been closely corre- 
lated with the ability or failure of cells to recover a certain 
amount of sub-lethal damage when doses are delivered 
as multiple fractions separated by intervals in time”. 
Whether this also applies to fractionated doses of chemo- 
therapeutic agents is at present being investigated in this 
laboratory. 
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‘Epodyl’ (I.0.1., 32865) 
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0 0-000005 0-00001 
ml. of ‘Epody!’ per ml. of medium 
Fig. 4. Dose-response to "Epodyl', HeLA S-3oxt., fraction of surviving 
cells 


(log scale) versus dose in rg ml. of growth medium (linear 
scale 


0-000015 


The dose-response to mannitol mustard (‘Degranol’) in 
both cell types is shown in Fig. 5. In both HeLa and the 
strain L fibroblast, the dose-response curve describes a 
straight line when dose on a logarithmic scale is plotted 
against percentage survival (log). This is typical of the 
response to many drugs!, and its theoretical form is 
called the ‘poison’ type of curve in Fig. 8. Thus, with 
"Degranol' the same percentage increment in dosage 
produces the same (log) decrease in survival, whereas 
with radiation, ‘Thio-TEPA’ and ‘H.N3’ the same absolute 
incremen? in dose produces the same (log) decrease in 
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Fig. 5.  Dose-response to mannitol nitrogen mustard (‘Degranol’). 
Note that fraction of surviving cells og scale) is plotted versus dose in 
mg/ml. on a logarithmic scale 


survival. Clearly, at a cellular level, ‘Degranol’ is not 
radiomimetic, although its biologically active moiety is 
presumably the same as that of the ‘radiomimetic’ 
nitrogen mustard ‘HIN3’. This difference may have 
clinical significance, for an agent which produces an 
‘X-ray’ type dose-response will be far more liable to 
catastrophic over-dosage than an agent showing the 
“Degranol’-type response where the same percentage 
error in dose will produce the same percentage change in 
survival regardless of the absolute dose given, large or small. 

The dose-response to the thymine analogue 5-fluoro- 
uracil (Fig. 6) is of different interest. Although the con- 
tinuous presence of this agent produces a catastrophic 
dose-response curve with minute increments in dose 
producing vast decreases in cell survival once a threshold 
dose is exceeded, the dose-response to 24-h exposure to 
the drug starts similarly steeply above a threshold but 
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Fig. 6. Dose-response to 5-fluorouracil, Hela S-3oxt, fraction of sur- 

viving cells (log scale) versus dose in mg/ml. on a logarithmic scale, 

Note that lor 24 h exposure to the drug, the percentage of surviving cells 
is never decreased below 6 per cent (see text for discussion) 
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New Biochemical Separations 


A. T. JAMES, Unilever Research Laboratory, Sharnbrook, Bedford, and 
L. J. MORRIS, Unilever Research Fellow, Brunel College of Technology, London 


This reference and laboratory handbook for chemists, biochemists, clinical analysts and medical research 
workers presents the most up-to-date account (with extensive bibliography to 1963) of new and important 
methods for the separation of biochemical compounds. All contributors are acknowledged authorities who 
have themselves developed the methods they describe. 
The editors have avoided lengthy treatment of older methods, and have concentrated on full descriptions 
of the newest and most promising techniques. They have included detailed experimental data of applications 
to biochemical problems. The emphasis is on practical details for laboratory use, including modern 
refinements of technique which are not always made clear in research communications. 

September 1964, 154 illus., 6X9, 416 pages, 84s. net 


Biochemistry and Behavior 


S. EIDUSON, Neuropsychiatric Institutes, University of California, Los Angeles, 
E. GELLER and A. YUWILER, Veterans Admin. Centre and Univ. of California, Los Angeles, and 
B. T. EIDUSON, Reiss-Davis Clinic for Child Guidance, Los Angeles 


This book deals with the chemical substances that affect the human mind—both those which cause disturbances 
and are used in studying abnormal conditions, and all the tranquillizers and other drugs which relieve mental 
disease. 
The authors have made over 2,000 pertinent studies of humans and animals from both biochemical and 
behavioural sources, and have submitted them to analysis and evaluation. Thus they have examined 
behavioural studies involving biochemical factors, and related the latter to the larger framework of biochemical 
concepts; similarly they have tried the same methods with biochemical studies having behavioural factors, 
relating the latter to the more general categories of behaviour. 

November 1964, illus., 6X9, 600 pages, £5 16s. net 


Smoking and Health 


This is the complete report of the Advisory Committee to the Surgeon General of the United States Public 

Health Service, which has been so much discussed recently in the press, on radio and television. 

SMOKING AND HEALTH contains full scientific results of the scientific investigation of this human dilemma. 

Many people, who are dissatisfied or unconvinced by the shortened extracts which have been published, 

will wish to study the full text of the report for themselves. 

Buyers will include public and specialist libraries, workers in the fields of medicine, psychology, biochemistry 

and sociology; the tobacco and the other industries, and educational authorities. 

“The book is well produced; there are very few misprints and the tables and diagrams are excellent." Nature. 
387 pages (London bound edn. in cloth boards), 27s. 6d. net 


Biochemical Engineering 


F. C. WEBB, Guinness Lecturer in Biochemical Engineering, University College, London 


“Why has a marriage of biology and engineering become inevitable ? The table of contents of Dr. Webb's 
book gives the answer. Although some of the topics are far from new, others, such as antibiotics, are not 
only comparative newcomers, but may be said to have forced this getting together of biochemistry and 
engineering. Biochemists and microbiologists should be thankful for the union; they are now so much 
concerned with working under sterile conditions with pure cultures in large-scale industrial operations." Nature. 

150 illus., 6x 9, 752 pages. £6 net 
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uantenbiologie 


Einführung in einen neuen Wissenszweig 


Von Friedrich Dessauer 





Zweite Auflage, Inhaltsübersicht : aktive Wasser.—Anwendung der Treffer- 
herausgegeben und ergánzt von theorie in der allgemeinen Strahlenbiologie : 
Kurt Sommermeyer “Friedrich Dessauer zum Gedächtnis.” Direkte Strahlenwirkung auf Enzyme, 

Von B. Rajewsky Viren und Phagen, vorwiegend auf 


trockene Enzyme, Viren und Phagen in 
Erster Teil: Einleitung.—Biologische vitro. Inaktivierung von Enzymen in vivo. 
Quantenphysik. Formalismus der quanten- Inaktivierung von E. Coli. Inaktivierung 
biologischen Depot-(— Treffer) Theorie. der Hefezellen. Chromosomen-Abber- 
Quantenbiologie in der Genetik. Neuere ^ rationen. Mutationen, insbesondere Gen- 


Mit dem Beitrag 
"Friedrich Dessauer zum 
Gedächtnis” 

von Boris Rajewsky 


Ergebnisse und Probleme. Anhang. mutationen (Punktmutationen). EPR- 
Mit 6o Abbildungen und Spektren in bestrahlten biologischen Ob- 
1 Porträt Zweiter Teil: Der heutige Stand der jekten.—Spezielle biologische Reaktionen 
XX, 286 Seiten Gr.-8*. 1964 Quantenbiologie. Von K. Sommermeyet. durch sichtbares Licht: Statistik der 
Ganzleinen DM 39,60 Grundlagen: Allgemeine Treffertheorie. Elementarreaktionen im Auge beim Sehen. 

Energieleitung in festen Substanzen und Physik der Photosynthese—Namen- 
W Bitte Prospekt anfordern ! innerhalb von Makromolekiilen. Das verzeichnis. 
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GLASSWORKERS' 
STRAIN-VIEWING 
POLARISCOPE 


Full wave retardation analyser 
for 5800 A gives most sensitive 
colour indication of strain. 
Field and sight aperture 14” 
dia. Dimensions 64” x 54” x 5*. 
Price: £13 10s. 0d. 


As above but without colour 
analyser showing strains against 
black field. Price: £7 15s. 0d. 


Immediate Delivery 


Price £6, postage 2s. 6d. 
Separate articles are available at 10s. 6d. post free. 


Orders to: 
THE INSTITUTE OF PHYSICS 
AND THE PHYSICAL SOCIETY 
47 Belgrave Square, London, S.W.I. 


or through any bookseller H. S. B. MEAKIN, LTD., 25, Victoria Street, S.W.1 
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CFA DR C F 4 NI 


HIGH PERFORMANCE DOUBLE-BEAM 
RECORDING SPECTROPHOTOMETERS 


Standard Features Include: 


Noted for photometric accuracy, these OPTICA spectro- 
photometers include as standard a number of features 
which distinguish them as outstanding among high- 
performance instruments. 


CF4DR Range 185-750 my 
Price £2,600 
CF4N1 Range 185-3,200 my 
Price £2,800 
These instruments are manufactured completely at our 
Works and are installed free of charge. 


Full details of the CF4DR and CF4N1 and other OPTICA 
spectrophotometers will be forwarded on request. 


Service Centres at London, LARkswood 2603; Manchester, CENtral 0937 and Newcastle, Low Fell 75002 


THE BAIRD & TATLOCK GROUP- OF COMPANIES 


HIGHAM LODGE, BLACKHORSE LANE, WALTHAMSTOW, 


Agents in n Scandinavia, Australia and throughout the world. 


* Grating Monochromator. 


s* Linear Transmittance and 
Absorbance Recording. 


x High Resolution. 

x Photomultiplier Detector. 

* Single Beam Recording. 

* Five Scale Expansion Ranges 
0-10? T, 0-100%T, 75-125%T, 
0-1A, 1-2A. 

Complete range of attachments 

available. 







TED: KINGDOM LTD 
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BLUE-LIGHT/ULTRA ï 





VERTICAL PHOTO CONFERENCE 

Conference microscope for brightfield, darkground, 
phase contrast and fluorescence, with photo-micro- 
graphic attachments, for less than £500. 





BINOCULAR CONFERENCE 


Routine fluorescence microscope with bir 


The Conference microscope is now availab 
cence — yet another addition to the remark: 
the world's most remarkable microscope: 


THE CONFERENCE MICROSCOPE. 
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ər less than £300. 


3e added facility of fluores- . 
je of possibilities with this, 


LLETT & SIBERT 


Dobor ofr ob pob o» 


ore 


Which routine fluorescence microscope with binocular costs less than £300? 
The Gillett & Sibert Conference. 


Which microscope offers you the facilities of brightfield, darkground, phase 
contrast (positive or negative) and fluorescence for less than £500 — with 
photo-micrographic attachments and coupled ultra sensitive light meter 
included within that price ? 


The Gillett & Sibert Conference. 


Which microscope allows you to make colour photographic exposures 
of your fluorescent specimens in two-three minutes without bleaching ? 


The Gillett & Sibert Conference. 


Is there a microscope available which is one neat, compact and portable 
unit, with built-in light source and built-in transformer? 


Yes—the Gillett & Sibert Conference. 


What do you need to adapt a standard research-type Conference micro- 
scope for fluorescence ? 


A set of filters. 


Which is the safest and simplest microscope to set up and use for fluores- 
cence observations and photo-micrography ? 


The Gillett & Sibert Conference. 
Are you yet convinced ? 
No—of course you're not, for only seeing is believing. 


May we have the chance to show you this equipment, and convince you 
of what we say? 


Why not contact us for further information, and at the same 
time, tell us which fluorochromes you are using ? 


GILLETT & SIBERT LIMITED 
417 Battersea Park Road - London SW11 - Telephone: BATtersea 0117 
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Hymatic 
CRYOGENICS 
LABORATORY 







The right environment 


Hymatic are in their element in cryogenics. Research and development, 
early in the field, have led to Hymatic advances in highly specialized 
refrigeration systems to achieve and maintain cryogenic temperatures. 
Hard-won cryogenic ‘know how’ is reflected in the range of Hymatic 
equipment—much of it miniaturised—including air and hydrogen 
liquefiers, cryostats, valves, transfer systems and non-contaminating 
compressors. Development proceeds apace. 

The Hymatic igloo is buzzing with new ideas in cryogenic applications, 
engineering in space and telecommunications and in the 

defence, medical and other exciting fields. 

Things are moving fast in the field of fluid control—and Hymatic are 
the pacemakers. Keep in touch with Hymatic—if you want to keep up to date. 


e 
Hy. 727 e Z e PACEMAKERS IM FLUID CONTROL 
WRITE TO: 


THE HYMATIC ENG:NEERING COMPANY LIMITED REDDITCH WORCESTERSHIRE 


Compressed GasandCryogenicsSystems Engineering-Aircraftand MissileEquipment-PrecisionFluidControl Valves-Researchand DevelopmentContracts 
2 H238 
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Where reliability is paramount 
„men Count on 
Electrothermal quality 


In laboratories, above all, men can only be as effective as their equipment 
allows. With Electrothermal heating equipment and scientific instruments, 
the scientist can get on with the job in the certain knowledge that his equip- 
ment is the finest available and has been subjected to the closest possible 
scrutiny before leaving our factory. For it is our belief that highly skilled men 
are entitled to be released from the delay, frustration and inaccuracies which 
faulty, inefficient equipment brings. | 


Available from laboratory supply houses. For catalogue and leaflets, please 
write or phone Electrothermal Engineering Ltd., London, E.7. GRA 9911. 
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POLYCYCLIC HYDROCARBONS 


By E. Clar 
Published jointly by Academic Press and Springer-Verlag, Germany 

@ presents complete and up-to-date information of 
value to chemists and physicists and to technologists in 
dye, coal, and oil industries 

@ deals with nomenclature, general background data 
and theories regarding spectra and magnetic and electrical 
properties, and interrelations between different types of 
polycyclic systems 


@ gives a survey of general methods, describes linearly 
annelated hydrocarbons, other kata-annelated, peri- 
condensed, those in which one or more polycyclic CH, 
groups are present and those with formally fixed double 
bonds. 

Volume 1, 1964, 488 pp., 126s. 
Volume 2, 1964, 488 pp., 140s. 


NUMERICAL METHODS OF REACTOR 
ANALYSIS 


By Melville Clark, Jr. and Kent F. Hansen 


@ introduces topics of numerical analysis frequently 
used in the nuclear reactor field 


@ provides methods by which machine calculations 
are performed on practical problems in the reactor field, 
with emphasis on those methods specific to the field 


@ gives the rudiments of matrix algebra, difference 
equations, and the methods of solving these equations 


October 1964, about 350 pp., 84s. 


SPECTRA-STRUCTURE CORRELATION 


By John P. Phillips 


@collects in this volume, prominent generalization, 
rules and summaries, both graphical and tabular, of 
spectra of organic functional groups and compound types 


@compares the empirical relationships of structure 
and spectra in all regions from far ultraviolet to far 
infrared 


9 guide to the most suitable regions of the spectrum for 
experimental characterization, and a synopsis and abstract 
of the secondary as well as primary literature 


1964, 172 pp., 48s. 


BRIDGED AROMATIC COMPOUNDS 


By B. H. Smith 


€ covers the chemistry of all bridged aromatic systems. 
Since the study of bridged non-benzenoid aromatics is 
growing rapidly, particularly in the ferrocene area, this 
encyclopedia of cyclophane chemistry will be a primer 
for bridged ferrocenes and other similar compounds 


@explains the chemical ‘and physical behavior of 
many of the bridged aromatics through reference to the 
physical methods of analysis, infrared and ultraviolet 
Spectroscopy, nuclear magnetic and electron para- 
magnetic resonance, and X-ray diffraction 


November 1964, about 525 pp., 100s. 
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CARBENE CHEMISTRY 


By Wolfgang Kirmse 


O comprehensive and critical account of current 
knowledge 

@ exhaustive survey of carbene formation and carbene 
reactions, supplemented by chapters on underlying 
theoretical topics—excess energy effects ; spin states 

@ evaluates present status and stimulates further 
research 
September 1964, 302 pp., 76s. 





REFRACTORY TRANSITION METAL 


COMPOUNDS 
HIGH TEMPERATURE CERMETS 


Edited by G. V. Samsanoy 

Translated by Scripta Technica, Inc. 

Translation edited by G. E. Gurr and D. J. Parker 
@ covers studies of refractory compounds of transition 

metals carried out by both direct and indirect methods 


@ acquaints the technical reader with the state of the 
art in the analysis of properties of refractory compounds, 
as well as with the principles of classification of such 
compounds and the methods for their systematic in- 
vestigation 


O also includes a number of metallographic and 
engineering investigations 


October 1964, 221 pp., 72s. 





CHEMICAL TRANSPORT REACTIONS 


By Harald Scháfer 
Translated from the German by Hans Frankfort 


€ extensive survey of the literature covering such aspects 
as experimental and theoretical principles, the transport 
of solid substances and its special applications, information 
of the reaction process in the gas phase, chemical transport 
processes as an aid in preparative chemistry, and the use 
of transport experiments in the determination of thermo- 
dynamic values 


September 1964, 221 pp., 54s. 








THE CHEMISTRY OF CEMENTS 


Edited by H. F. W. Taylor 


@describes the chemistry of calcium silicates and 
aluminates, both anhydrous and hydrated, and related 
compounds 

@deals with the more important chemical aspects 
of the manufacture and use of cements 

@considers all the main cements used in building 
including Portland, aluminous, slag, expansive cements, 
pozzolanas, and calcium silicate products 
Volume 1, 1964, 460 pp., 100s. 

Volume 2, 1964, 442 pp., 95s. 
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Dose-response curves 
. 1. ‘X-ray’ type 
100 


% Surviving cells (log) 





100 


95 Surviving cells (log) 


Log dose 


Fig.7 


reaches a point at which the percentage of surviving 
cells does not change in the face of increased concentra- 
tions of the drug. This becomes understandable when it is 
realized that in tbe HeLa S-3oxf. line, with its average 
doubling time of 40 h, a certain proportion of cells do not 
enter DNA synthesis within any 24-h period. If tritiated 
thymidine is added to the growth medium for 24 h, the 
cells then fixed, and stained autoradiographic preparations 
made, it is seen that approximately 6 per cent of the cells 
fail to take up the radioactive DNA precursor and remain 
unlabelled?. It is this group of cells which survive a 
24-h exposure to 5-FU because they are never called on 
to make DNA in the presence of the analogue, and no 
reasonable increase in the drug dose when administered 
for only this 24-h period can be expected to alter the 
approximate 6 per cent survival (Fig. 6). This type of 
observation at a cellular level may have great relevance 
to the schedules by which anti-tumour agents are admin- 
istered to the cancer patient. 

I thank the Damon Runyon Memorial Fund for their 
continued support of the cell culture laboratory, and Dr. 
F. Ellis, director, Radiotherapy Department, and Mr. 
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Dose-response curves 
2. ‘Poison’ type 
100 


% Surviving cells (log) 


Dose— 


100 


% Surviving cells (log) 


Log dose 
Fig.8 


R. Oliver, principal physicist, for helpful discussion. 
Misses M. A. Luschen, M. Jackson and J. Restall gave 
invaluable technical assistance.  "Irillekamin' (“HN3’) 
was supplied by the courtesy of Crookes Laboratories, 
Ltd., and 5-fluorouracil by the courtesy of Roche Products, 
Ltd. The Regional Blood Transfusion Centre, Churchill 
Hospital, Oxford, kindly provided the freshly drawn 
human serum used in these experiments. 
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REGULATION OF BACTERIAL ENZYME SYNTHESIS BY INDUCTION 
AND REPRESSION 


By PATRICIA H. CLARKE and W. J. BRAMMAR 


Department of Biochemistry, University College, London 


| en synthesis in bacteria can be induced or 
repressed by changes in the external environment. 
The essential similarity of these two processes was 
explicitly recognized by Jacob and Monod! when they 
put forward the repressor-operator model for the regula- 
tion of enzyme synthesis. In general, enzyme repression 
has been associated with biosynthetic systems and enzyme 


induction with degradative enzyme systems. The common 
feature of these two types of regulation is thought to be 
the possession of one or more regulator genes, responsible 
for producing a regulator molecule termed the cytoplasmic 
repressor. In & typical repressible system the cytoplasmic 
repressor is assumed to be incomplete, and active in repres- 
sing enzyme synthesis only when combined with the low 
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(Rate of amidase synthesis (units/ml./min)) x 10-* 
to 


0 1 2 8 
(Inducer concentration, mM)-! 


Fig. 1. Effect of cyanoacetamide on the rate of amidase induction by 
-N-acetylacetamide. Pseudomonas aeruginosa 8602/A was grown over- 
night at 37° on a mechanical shaker in minimal salt medium with 0-01 M 
succinate (growth limiting concentration) 2-ml.samples wereincubated 
with appropriate concentrations of N-acetylacetamide and cyanoacet- 
amide. (Total volume, 2-5 ml.) 0-25 ml. samples were removed after 
10 and 40 min for enzyme assay by the hydroxamate method (ref. 6). 
A, l4x10- M cyanoacetamide; x, 8:4x10-5 M cyanoacetamide; 
O, No cyanoacetamide 


molecular weight co-repressor molecule. In a typical 
inducible system the cytoplasmic repressor is considered 
to be fully effective, and able to prevent enzyme synthesis, 
until it is rendered inactive by combination with the 
inducer molecule. Inducible enzymes are also subject to 
regulation by other cell metabolites and since many, 
though not all, enzymes are repressed by glucose, this was 
known for a long time as the glucose effect. Magasanik? 
considered that repression by glucose and other carbon 
compounds was a specific effect due to particular cell 
metabolites, and suggested the term ‘catabolite repres- 
sion’. McFall and Mandelstam? showed that glucose 
repression of B-galactosidase, serine deaminase and trypto- 
phanase in Escherichia coli is due not to glucose directly, 
but to metabolites of glucose which are also intermediates 
in the degradative pathway of the substrate inducers of 
these enzymes. These findings suggest that catabolite 
repression is not a general property of cell metabolites 
but can be as specific as end-product repression or enzyme 
induction. McFall and Mandelstam? concluded that 
catabolite repression operated at a site other than the 
cytoplasmic repressor. Among the evidence for this view 
were the findings that strains of E. coli which were either 
i- or 0¢ constitutive for B-galactosidase were still subject 
to catabolite repression, and that increased inducer con- 
centration did not reverse catabolite repression®:‘. 

We have some evidence from studies with Pseudo- 
monas aeruginosa to show that catabolite repression can be 
affected by changes in the inducer concentration. P. 
aeruginosa produces an amidase which hydrolyses a 
number of aliphatic amides and also transfers the acyl 
moiety to hydroxylamine to form the corresponding 
hydroxamate**, The enzyme can be induced by adding 
acetamide, one of its substrates, to exponentially growing 
cultures. A few amides, including N-acetylacetamide, are 
inducers but not substrates. Other substituted amides 
including cyanoacetamide prevent enzyme induction by 
both substrate and non-substrate inducers. We have 
shown that in exponentially growing cells this effect of 
cyanoacetamide can be reversed by increasing the con- 
centration of either acetamide or N-acetylacetamide’. 
The relative concentrations of these amides giving enzyme 
induction or repression under these conditions suggested 
that they all acted at the same site in the cell and that 
the affinities for binding at this site were in the order 
acetamide > cyanoacetamide > N-acetylacetamide. The 
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amidase is also subject to catabolite repression, and we 
examined the effect of increasing the inducer concentration 
under conditions similar to those used for the experiments 
on amide analogue repression. We were able to show that 
with acetamide as inducer, catabolite repression by pro- 
pionate could be partially relieved by increasing the con- 
centration of acetamide. There are serious disadvantages 
in attempting to examine this phenomenon in exponenti- 
ally growing cells. The concentration of carbon com- 
pounds required in the medium to give a rapid growth 
rate is such that there is likely to be a high concentration 
of metabolities in the cells, and in particular, the condi- 
tions are favourable for producing a high concentration 
of catabolite repressor molecules. We have therefore re- 
examined amide analogue and catabolite repression with 
cells the growth of which has been limited by the supply of 
carbon compounds in order to deplete the cell carbon pool. 

Amidase synthesis is induced by acetamide or N- 
acetylacetamide in carbon-starved cells with little or no 
lag and continues for at least 1h. Fig. 1 shows the results 
of experiments to determine the effect of cyanoacetamide 
on the rate of induction by N-acetylacetamide under these 
conditions. The induction rates were measured for 
N-acetylacetamide alone, and at two different concentra- 
tions of cyanoacetamide. The reciprocal of the rate of 
enzyme synthesis is plotted against the reciprocal of the 
inducer concentration. The graph obtained is similar to 
a Lineweaver-Burke plot for competitive inhibition of 
enzyme activity by substrate analogues. These results 
support the conclusions drawn from the experiments with 
exponentially growing cells that amide analogues com- 
pete at the same site in the cell. From the data of Fig. 1a 
Kīnducer (the concentration of inducer giving half-satura- 
tion of the induction system) was calculated. For N- 
acetylacetamide the KInancer was approximately 10-?M. In 
the same way, the ‘inhibitor constant’ for cyanoacetamide 
repression was calculated to be approximately 5 x 10-5M. 

Fig. 2 gives the results of a similar experiment in which 
N-acetylacetamide is used as the inducer and succinate 
as the catabolite repressor. The graph shows that suc- 
cinate repression is also dependent on inducer concentra- 
tion, but the relationship in this case is not that of a 
simple competitive inhibition. It seems reasonable to 
conclude that repression by succinate is different in char- 
acter from that produced by cyanoacetamide. We have 
not yet determined whether there is a single specific 
catabolite repressor for this system. Propionate was 
also examined under these conditions and gave results 
similar to those obtained with succinate. 

One possible site of action of both amide analogue and 
catabolite repressors is at the point of entry of amides into 
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Fig.2. Effect of succinate on the rate of amidaseinduction by N-acetyl- 
acetamide. Experimental conditions as for Fig. 1 with succinate 
replacing cyanoacetamide. O, 10-* M succinate; A, No succinate 
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the cell. This possibility was examined by measuring the 
uptake of N-acetylacetamide labelled with carbon-14 by 
exponentially growing cells under conditions allowing 
enzyme induction in the absence of.added repressors. 
Cyanoacetamide at a concentration of 10-? M completely 
repressed amidase induction by 5 x 10-? M N-acetylacet- 
amide and had no effect on the uptake of labelled N- 
acetylacetamide. Amidase induction by 10-* M. N-acetyl- 
acetamide was almost entirely repressed by 10-? M succinate. 
There was no significant effect on uptake of labelled 
N-acetylacetamide. It seems clear that neither cyano- 
acetamide nor succinate represses the synthesis of this 
enzyme by preventing the entry of inducers into the cell. 

The inducer of an enzyme is thought to react with the 
cytoplasmic repressor molecule and thereby release the 
structural genes from repression. For theoretical reasons 
the cytoplasmic repressor is likely to be a protein and 
there is some experimental support for this view’. 
specificity of the cytoplasmic repressor for its inducer 
would be expected to be similar to the.specificity of an 
enzyme for its substrate. In these terms we have no 
difficulty in accounting for cyanoacetamide repression 
of enzyme induction, by both substrate and non-substrate 
inducers, as direct competition for the inducer site of the 
cytoplasmic repressor. The site of action of catabolite 
repression is more difficult to identify, but it could also 
be the cytoplasmic repressor. One possible interpretation 
of the kinetic results given in Fig. 2 would be that succinate 
represses induction by reacting with the cytoplasmic 
repressor at a site other than the inducer binding site. 
This would be essentially the same phenomenon as the 
allosteric interactions between an enzyme and its sub- 
strate and feed-back inhibitors*. Catabolite repressors 
would then be expected to combine with the cytoplasmic 
repressor in such a way that its repressing activity was 
increased, and the inducer to combine with it in such a 
way that its repressing activity was decreased. This 
could happen if combination of the cytoplasmic repressor 
with the catabolite repressor increased its affinity for the 
operator and combination, with the inducer decreased it. 
On this basis the mechanisms of action of the cytoplasmic 
repressors of inducible and repressible enzymes become 
almost identical. Catabolite repression is widespread 
among inducible enzymes but in & few cases only has the 
possibility of reversal by increased inducer concentration 
been examined®*.°, If conditions had been used in which 
the concentration of compounds in the metabolic pool had 
been severely reduced it might have been possible to 
show some effect of inducer concentration on catabolic 
repression. In this connexion it is perhaps significant 
that the concentration of isopropyl-B-p-thiogalactoside 
required for the maximum rate of induction of B-galactos- 
idase is 1-4 x 10-3 M in glucose medium and only 5 x 
10-* M. when glycerol is used as the carbon source’. The 
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antithesis of catabolite repression of inducible enzymes 
would be metabolite induction of repressible enzyines. 
An example of this is ornithine transcarbamylase which is 
repressed by arginine and induced by glutamic acid’. 

The first recognizable event in enzyme induction is the 
production. of a specific messenger RNA, and this has been 
demonstrated by isolating enzyme specifie DNA RNA 
hybrids from several inducible enzyme systems”. Nakada 
and Magasanik!* have shown that induction of 8-gala«to- 
sidase and catabolite repression by glucose operate at the 
stage of synthesis of the specific messenger RNA. How- 
ever, Loomis and Magasanik!" rejected the hypothesis of 
allosteric interactions of inducer and catabolite repressor 
with the cytoplasmic repressor. They examined catab- 
olite repression by glucose under conditions in which 
it was reasonable to suppose that the cells did not contain 
any i gene product. Since ¢-ge) z* mutants were not avail- 
able they used mutants with a complete Lac region 
deletion, which were i-z-y-, as F- recipients, and examined 
the effect of glucose on the constitutive phase of 3- 
galactosidase synthesis which occurs during the first 
hour after gene transfer™. There was marked repression 
by glucose, but it is by no means certain that 2 gene 
products were absent. The period of constitutive enzyme 
synthesis after i+z+ transfer represents a very complex 
situation. The simple explanation is that tho z gene can 
express itself immediately but the 4 gene can only do so 
after some time. Loomis and Magasanik!? point out that 
the 4 gene product is probably also made immediately. 
and the constitutive enzyme synthesis covers the time 
required for the cytoplasmic repressor to reach an effective 
concentration. If this were the case, then during tho early 
stages, when the concentration of the cytoplasmie repres- 
sor was very low, any factor which increased its repressing 
activity, such as combination with a catabolite repressor 
molecule, would repress enzyme synthesis. We suggest’ 
that to resolve the problem of catabolic repression far 
more quantitative data are required on tho interactions of 
inducers and catabolite repressors. 


1 Jacob, F., and Monod, J., J. Mol. Biol., 3, 318 (1961). 

! Magasanik, B., Cold Spring Harbor Symp. Quant. Biol., 26, 249 (1961). 

3 McFall, E., and Mandelstam, J., Nature, 197, 880 (1963); Biochem. J.. 89. 
391 (1963). 


5! Mandelstam, J., Biochem. J., 82, 489 (1962). 

5 Kelly, M., and Clarke, P. H., J. Gen. Microbiol., 27, 305 (1962). 

* Brammar, W. J., and Clarke, P. H., J. Gen. Microbiol. (in the press). 

7 Garen, A., and Garen, S., J. Mol. Biol., 6, 433 (1963). 

3 Monod, J., Changeux, J. P., and Jacob, F., J. Mol. Biol., 6, 306 (1963). 
? Brown, D., Cold Spring Harbor Symp. Quant. Biol., 90, 254 (1901). 

10 Loomis, W. F., and Magasanik, B., J. Mol. Biol., 8, 417 (1964). 

1 Gorini, L., Bact. Rev., 27, 182 (1963). 


1 Attardi, G., Naono, S., Rouviere, J., Jacob, F., and Gros, F., Cold Spring 
Harbor Symp. Quant. Biol., 28, 303 (1903). 


1? Nakada, D., and Magasanik, B., J. Mol. Biol., 8, 105 (1964). 
14 Pardee, A., Jacob, F., and Monod, J., J. Mol. Biol., 1, 165 (1959). 


EVOKED RESPONSES TO NUMERICAL AND NON-NUMERICAL VISUAL 
STIMULI WHILE PROBLEM SOLVING 


By Dr. ROBERT M. CHAPMAN and HENRY R. BRAGDON 


Institute for Behavioral Research and Walter Reed Army 
Institute of Research, Washington, D.C. 


XPERIMENTS attempting to deal with the relation 
between evoked responses and ‘meaningfulness’ 
may be classified into the following categories: (1) distrac- 
tion procedures where evoked responses to test stimuli 
are compared with and without ‘distraction stimuli’; 
(2) attention procedures where the subject is instructed to 
attend to some stimuli and not to others?; (3) habituation 
and learning procedures’. Experiments using these 


procedures have shared three common difficulties: 
(1) assurance of the ‘meaningfulness’ of the stimuli to the 
subject, (2) separation of effects due to general states of 
the organism, such as activation-level, (3) adequate 
controls for the physical stimulus reaching the receptors’. 

The present experiment introduces a new procedure. 
Subjects were instructed to solve simple problems that re- 
quired the perception of numerical visual stimuli preSented 


075 SEC 
p 


PE 


Fig.1. Evoked responses to numerical (++ = number) and non-numerical 
(B=blank) visual stimuli of various luminances while the subject is 
using the numbers. Positive at the central-parietal electrode is up in 
the evoked response. The photocell average shows the relative energy 
of the number and blank stimuli. Relative luminance of runs indicated 
by neutral filter density; blank at 0-0 filter density was 7-0 ft. lamberts 


in sequence. Other visual stimuli, irrelevant to solving the 
problems, were a regular part of the stimulus sequence. 
Electrical responses evoked by these stimuli and the 
subjects’ performance were recorded. Differences in 
evoked responses wero found that may not be attributed 
to the physical energy of the stimuli but are related to 
their meaningfulness in the sense of their task relevance. 

The stimuli consisted of white luminous figures presented 
every 3/4 sec in sequence, for example, number, blank, 
number, blank. Bina-View decoder display units (Indus- 
trial Electronic Engineers, Inc.) were automatically 
controlled by a paper tape reader driven by a synchronous 
motor through a gear train. Sync pulses also were derived 
from the punched tape. The subject viewed two adjacent 
windows (36 x 33 mm) at a distance of 160 cm. In the 
left window appeared the stimulus sequence. In the right 
window, covered by a green filter, appeared the answer 
stimuli. The blank occurred when no figure mask inter- 
posed between the stimulus light and the window of. the 
display unit and appeared as & bright, blank field. During 
the timo when a number or plus was not being presented, 
the blank was maintained at both windows. For some of 
the data (for example, Fig. 2) a different light source 
made the problem stimuli approximately 1 log unit more 
intense. The maximum luminance of the blank stimulus 
was 76-4 ft. lamberts measured by a MacBeth illumino- 
meter. The subject’s room was dimly illuminated ( < 0-01 
ft. lanfberts). The luminance was controlled by Wratten 
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neutral density filters placed in front of both windows 
(for example, Fig. 1). The subject’s task was to say which 
of the two numbers was numerically smaller, ‘first’ or 
‘second’, or whether they were ‘even’. Then the correct 
answer was presented as a green luminous figure. This 
sequence constituted a trial lasting 7:5 sec. Each stimulus 
was & brief darkening (0-04 sec) followed by the new figure 
whieh was maintained until the next stimulus occurred 
(Fig. 1, photocell trace). Ninety trials constituted an 
uninterrupted run (lli min). During each run the 
numbers (0-9) were randomized and the sequence of 
numerical and non-numerical stimuli was constant. 

The evoked responses were obtained by bipolar recording 
from EEG silver disk electrodes fixed to the scalp on the 
midline 2-5 cm below the vertex and 2:5 cm above the 
inion’ with the ground electrode attached over the mastoid. 
Eye movements were monitored by electrodes placed in 
the external canthis and below one eye. Other kinds of 
activity were recorded on additional channels at various 
times. After suitable amplification the evoked responses 
were revealed by computer averaging of the activity 
during 90 trials. The electrical activity was amplified by 
a Grass Model 6 EEG machine and recorded on FM 
magnetic tape. The computer system was designed by 
W. Kropfl. The sampling rate was 8 msec/sample for 
each channel. The computer (Packard-Bell 250) was 
programmed to average 1536 samples over the 90 trials 
and to graph the average waveforms on an X-Y plotter. 
The low frequencies were limited only by the EEG 
machine which was set to be 20 per cent down at 5 c/s. 
High-frequency muscle activity was scarcely ever obtained 
from the evoked response sites. 

Representative evoked responses from one of the 
subjects are shown in Fig. 1. Each of the stimuli in the 
trial sequence evoked an average response. The evoked 
responses were consistently different to the number and 
to the blank stimuli. Although the physical intensity of 
the blanks was approximately 4 times greater, the 
responses to the numbers were larger. This effect held 
over a considerable range of luminances (2,000 to 1, Fig. 1). 

With all neutral filters from 0:0 down to 3-3 this subject 
answered 100 per cent of the problems correctly. His 
accuracy dropped to 58 per cent correct at a density of 
3-4 and 50 per cent at 3-6. This was the luminance region 
for threshold of number recognition. Appropriately this 
was the luminance region {where the evoked responses 
abruptly reduced in amplitude. In the luminance range 
where the subject performed with 100 per cent accuracy 
(0-0-3-3), the size.and waveform of the evoked responses 
were controlled to some extent by the light luminance. 
Generally as the luminance was decreased the amplitude 
decreased, latency increased and the waveform simplified. 
However, the amplitude of the responses to the number 
stimuli did not decrease appreciably until the recognition 
threshold was reached. In marked contrast, the amplitude 
of the responses to the blank stimuli decreased rapidly 
with lowered luminance. From this comparison it appears 
that the amplitude of the evoked response is only weakly 
controlled by the physical luminance of the visual stimulus. 
The waveforms of the responses to number and blank 
stimuli are different and the differences may not be 
attributed to the stimulus luminance. Data from mono- 
polar recording show that the larger components of these 
evoked responses come from the central-parietal site 
rather than the occipital site. 

The main finding appears to be general. Larger evoked 
responses were obtained to number stimuli than to blank 
stimuli in all persons tested (3, Fig. 2; another, Fig. 1). 

A variety of control runs have been made, some of 
which are illustrated in Fig. 2. The effect of a different 
irrelevant stimulus and different sequences of stimuli are 
illustrated in the top 3 lines. A plus sign (+) was used 
because it was similar to the number stimuli in having 
approximately the same luminance and general meaning 
by virtue of the subject’s language history. When a plus 
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was used in the second position in place of a blank (line 2), 
the response tended to be larger and have a waveform 
more like the number response. Nevertheless, tho response 
to tho irrelevant plus was smaller than the response to 
the relevant number. When a plus was used in the first 
position (line 3), its response was larger. It is suggested 
that its task relevance is increased in this position in that 
it signifies the start of each trial. 

The differences in evoked responses may not be 
attributed to changes in pupil size or accommodation, 
since the middle section of Fig. 2 was recorded with a 
eyolopegie drug. These monocular data also show that 
binocular viewing is not necessary. 

The differences in evoked responses may not be 
attributed to eye movements, which were monitored by 
averaging the electro-oculogram. Eye movements 
occurred but were not consistently correlated with the 
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size or waveform of the evoked responses (compare evoked 
response and eye movement lines at the bottom of Fig. 2). 
Eye movements were reduced during the stimulus 
sequence by training the subjects to fixate the centre of 
the window and to delay their verbal answer after the 
end of the stimulus sequence. 

The differences in evoked responses may not be 
attributed to activation-level as indicated by amount of 
alpha rhythm in the EEG. The electrical activity which 
was averaged to obtain evoked responses was also delivered 
to an electronic scorer of alpha rhythm’. Each alpha burst 
above 15 uV was indicated by a voltage step which was 
averaged to indicate the course of alpha activity across 
the trial. Fig. 2 shows a case where the alpha activity 
was more frequent during the number stimuli than during 
the blank stimuli. Other subjects have shown the 
opposite time pattern of alpha activity and still others 
have had negligible alpha activity. Thus, the pattern of 
alpha activity varied considerably whereas the differences 
between evoked responses to number and blank stimuli 
were quite consistent. The experimental design also makes 
it unlikely that the evoked response differences aro due to 
changes in general activation-level, since the relevant and 
irrelevant stimuli change every 3/4 sec within cach 
stimulus sequence. 

During some control runs the electroretinogram (ERG) 
was recorded with & contact lens electrode’. In contrast 
to the evoked responses, the ERGs were not smaller to 
the bright blank than to the number stimuli. These data 
indicate that the differences in central-evoked responses 
between number and blank stimuli are not due to 
peripheral mechanisms. 

These findings may be explained by a variety of 
hypotheses. 

Several features of this experiment bear emphasizing. 
Control stimuli (blank and plus) were used in every 
averaging run by making them a regular part of each 
stimulus sequence. Since they occurred in temporal 
proximity with the number stimuli, they rule out the 
possible role of any longer term changes, they save experi- 
mental time, and they avoid the problem of what the 
subject should do during control runs. In this procedure, 
the subject is busy with the numbers and presumably 
does not have time for extraneous activity during the 
control stimuli. The subject is required to do something 
with the stimuli and his performance is readily scored. 
Obtaining evoked responses from visual form stimuli 
such as numbers leads to many interesting experiments 
dealing with cognitive processes, perception, learning, etc. 
The use of meaningful stimuli and subject performance 
might also be & useful technique to reduce variability in 
experiments purporting to deal with sensory processes. 

This research was supported in part by U.S. Public 
Health Service grant NB-03590. We thank Marilyn 
Hoffman for her help. 
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.LETTERS TO 


PHYSICS 


The Temperature Scale 


THE proposal made by Prof. J. C. Georgian! is in my 
view unsatisfactory in so far as it involves not only & 
change of unit but a change in the definition of the 
quantity, temperature. Temperature is a macrophysical 
quantity and confusion arises if it be given a pseudo- 
microscopic redefinition. 

It would, however, be possible and unobjectionable 
were there to be defined a new unit of temperature, say 
‘the Georgian’ with the unit symbol Geo, such that the 
molar gas constant became 1 J/kmole Geo. This would 
achieve many of the aims of Prof. Georgian without 
involving a redefinition of the quantity. 

One must, however, note that a system involving a 
new unit of temperature, say, the Boltzmann with a unit 
symbol Bol, such that the molar gas constant became 
1 J/molecule Bol, might prove to be even more attractive. 

In my view, however, a more radical reform should be 
made. It would be appropriate to make entropy a primary 
quantity and temperature a derived quantity. I would 
introduce a unit of entropy, say the carnot with a unit 
symbol Car, such that the molar gas constant became 
1 Car/kmole. The unit of temperature would then be the 
J/Car. . 

This change would lead to relations between tempera- 
ture and entropy which were symmetric relative to the 
relations between pressure and volume or force and 
distance. When considering pressure and volume it has 
long proved convenient to regard thermodynamic pressure 
as defined as minus the derivative of internal energy with 
respect to volume at constant entropy. According to 
my scheme, one would define (thermodynamic) tempera- 
ture as the derivative of internal energy with respect to 
entropy at constant volume. This is indeed used in many 
presentations of thermodynamics, but the traditional 
scheme of units in which temperature is regarded as 
primary and entropy as derived militates against a clear 
understanding of this approach. 

Whatever may eventually be done about changes in 
this field it cannot in my opinion be too strongly stressed 
that these macroscopic quantities should retain definitions 
which do not confuse. them with related but non-identical 
microscopic quantities. It is from such a confusion that 
the controversy about certain electromagnetic quantities 
stemmed. 

E. J. Lg Fevre 
Queen Mary College (University of London), 
Mile End Road, E.1. 
1 Nature, 201, 695 (1904). 


I srnrmve Mr. Le Fevre’s objections are due to the 
long-term habits of considering temperature measured by 
& degree (centigrade, Celsius, Kelvin, Fahrenheit, Rankine, 
ete.); hence, he feels it is necessary that the temperature 
should have some type of unit name. There is, of course, 
nothing wrong with this since, for example, we call the 
unit of energy, newton-metre, & joule, and power a 
newton-metre/second or joule/second, a watt. I am only 
proposing that the temperature be called by what it 
actually represents, that is a joule/kilomole, in the same 
manner that pressure is a newton/square metre. 

While I appreciate Mr. Le Fevre proposing calling the 
new unit in my temperature scale a Georgian, I think 
that, if he feels it necessary to name this new unit, I 
suggest calling it a degree Joule, as it most closely 
names the temperature dimension of joule/kilomole. I 
maintain, however, that the molar gas constant can be 
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THE EDITOR 


dispensed with, as the temperature unit ir the ideal gas 
law is determined from the fundamental w.x.s. units. 

I suspect Mr. Le Fevre is also objecting to the idea 
that temperature has the dimensions of L?/T? and feels 
that temperature needs a separate dimension. The ideal 
gas law shows from a macroscopic or phenomenological 
point of view that temperature is a measure of energy 
and on a specific energy basis has the units of L?/T?. On 
the other hand, from the microscopic or kinetic theory of 
gases it is shown that: 

ce 30 1 
c= M (1) 


where c is the mean square velocity of the molecules; 
M is the molecular mass number (molecular weight) of 
the gas; @ is the-absolute temperature. F 

Equation (1) indicates that the temperature is directly 
proportional to the mean square velocity of the molecules 
in an ideal gas. Consequently, either from the phenomen- 
ological or statistical theory of gases we find that tem- 
perature is indeed an energy unit with the dimensions of 
LT 

Only by understanding clearly that temperature is a 
measure of energy do we see that entropy from its 
definition is nothing but a dimensionless quantity which, 
however, is of great convenience and utility in thermo- 
dynamics. In addition, the probability theory of entropy 
shows clearly that entropy is a dimensionless quantity. 
Entropy is given by the expression: 

s=k loge W-r8, (2) 
where now Boltzmann's constant, k, equals 1:6604 x 10-27 
kilomole in the m.x.s. system with R=1-0, and W is the 
probability. Therefore, Mr. Le Fevre's idea of introducing 
entropy as a primary quantity is extremely objectionable 
as he is attempting to force an essentially dimensionless 
quantity into some type of unit. 

I believe that the real confusion has arisen from the 
fact that temperature has not been clearly defined as the 
energy unit it is, with the consequent proliferation of 
large numbers of extraneous units. Finally, the original 
proposal was to place temperature in the M.K.s. system 
of units and, hence, relieve scientific and engineering 
calculations of the unnecessary burdens of conversion 


factors... J. C. GEORGIAN 
Washington University, 
Saint Louis, Missouri. 


Stress Waves in a Liquid Column 

EXPERIMENTS have been carried out in which stress 
waives are propagated upwards through a vertical liquid 
column. For this purposo the apparatus previously 
described by me! was used except that a piston of shorter 
length (3 cm) was used. 

Briefly, the liquid under test was contained in a vertical 
steel cylindrical tube fitted with a steel piston at its lower 
end and the upper end open. A positive pressure wave 
was generated in the liquid by firing a lead bullet of 0-22. 
in. calibre so as to strike the lower end of the piston 
normally at its centre. When this pressure wave reached 
the upper free surface it was reflected as a wave of tension. 
The pressure changes in the liquid were recorded by means 
of a horizontal steel pressure bar inserted into a ‘porthole’ 
below the liquid surface. . 

Records using ordinary tap water showed that tensions 
of the order of 7 atm. could be generated in the liquid. It 
was then decided to introduce gas nuclei into the water in 
order to examine their effect on the wave propagation. 
This was first done by using fresh ‘soda water’ in the tube; 
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the results were the same as those using tap water, that is, 
a tension wave could be transmitted. Secondly, a number 
of experiments were performed by arranging for a steady 
stream of small nitrogen bubbles to rise in ordinary tap 
water past the inner end of the pressure bar. The rate of 
production of these bubbles could be varied from about 
one bubble per sec to a fast turbulent rate. With a slow 
rate of bubble production the results were like those for 
ordinary water. With a fast bubble rate, however, the 
records showed that no stress wave, either of compression 
or of tension, was propagated. 

In another type of experiment the effects accompanying 
wave propagation across a plane interface between two 
liquids which do not mix were investigated. For this 
purpose water occupied the tube to a level of 5 cm above 
the pressure bar and about 50 cm? of lubricating oil were 
then added. In this way records of events in the water at 
5 cm below the water-oil interface were obtained. One 
would expect the upward wave of compression to be 
transmitted across this interface, but the behaviour of the 
' downward wave of tension is not as predictable. The 
results showed, however, that a tension wave was propa- 
gated downwards. 

It is hoped that further experiments on those lines will 
shed more light on the ‘cavitation threshold’ of liquids, 
that is, on the maximum tension that can be built up 
before cavitation sets in. 

D. H. TREVENA 
Department of Physics, 
University College of Wales, Aberystwyth. 
1 Trevena, D. H., Nature, 203, 291 (1964). 


GEOPHYSICS 


Collision Frequency in the lonosphere and 
Solar Activity 


IN a recent publication, Belrose and Hewitt! have 
produced evidence for a variation in collision frequency 
with solar activity in the lowest ionosphere (at about 60 
km height). In this communication we direct attention to 
similar results which we have obtained for a somewhat 
higher altitude (about 110 km). 

In 1960-62 we carried out a series of vertical incidence 
absorption measurements using pulse signals on frequen- 
cies in the range 1:9—4-0 Me/s. The measurements were 
made near local noon and at this time the absorption on 
1-9 Mc/s was always predominantly ‘non-deviative’ 
(D-region). Simultaneously with those on 1-9 Mc/s, 
absorption measurements were also made on 2 frequencies 
just below, and 2 frequencies just above, the normal 
region E critical frequency (foE). At these latter fre- 
quencies the observed absorption was predominantly of 
the ‘deviative’ type associated with considerable group 
retardation. Expanded seale ionograms were available 
at tbe times of these measurements and from these the 
appropriate E-layer electron density/height profiles were 
calculated. These N(h) profiles and the experimental 
measurements of absorption on the 5 frequencies were 
then used to calculate a best-fit collision frequency/beight 
profile. Reliable results were obtained on 47 days during 
the whole period of the measurements, and it was found 
that theory and experiment could only be satisfactorily 
reconciled if the collisional frequency at H-layer heights 
varied by quite a large factor from day to day. 

Fig. 1 shows the daily values of v at a true height of 110 
km, deduced from this work, plotted against the 10-cm 
solar radio wave flux. It will be seen that there is a fairly 
clear positive correlation between the two parameters. 
The slope of the best line to fit in Fig. 1 represents a 
change of about 1 per cent in v at 110 km per unit change 
in the flux q. We consider that part of this apparent 
change in v with solar activity may be due to a change in 
D-region ionization with solar activity and the true 
change is probably smaller than the figure quoted. 
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Fig. 2. Variation of collision frequency at 59-5 km with the 10-7 em 
solar flux (ref. 1) 

In Fig. 2 the values of v given by Belrose and Hewitt 
for a height of 59-5 km are also plotted against 10 cm 
solar flux. The rate of increase of v at this height is about 
2 per cent per unit change in g. The first published 
evidence for a dependence of v on solar activity was given 
by Schlapp?, and his results indicate that at a height of 
about 110 km v changes by rather less than 1 per cent 
per unit change in 9. 

Some data on collision-frequency measurements made 
in India have been published by Ramana and Rao? and 
provide supporting evidence for this dependence of v on 
solar activity. These workers give values of v at the peak 
of the E layer for each month in the period March 1958- 
November 1959. We have made some first-order correc- 
tions to these results to give estimates of v at a fixed height. 
and find that for an altitude of about 105 km there is 
again evidence for an increase in collision frequency with 
solar activity of the same order of magnitude as that 
deduced here. 

There are thus three independent sets of data showing 
a significant positive dependence of the H-layer electron 
collision frequency on solar activity. Various authors 
have suggested modifications of the usual Appleton— 
Hartree magneto-ionic theory to take account of the 
dependence of the collisional cross-section on the electron 
energy. Consideration of the collision frequencies deduced 
from the present work indicates that at 110 km the electron 
temperature at noon may exceed the neutral gas tem- 
perature by a factor of about two. 

W. J. G. BEYNON 
: E. S. O. JONES 
Department of Physics, 
University College of Wales, Aberystwyth. 
1 Belrose, J. H., and Hewitt, L. W., Nature, 202, 267 (1964). 
2 Schlapp, D. M., J. Atmos. Terr. Phys., 16, 340 (1959). x 
3 Ramana, K. V. V., and Rao, B. R., Proc. of IGY Symp.,1, New Delhi (1902). 
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Disappointing Interim Palzomagnetic Results 
from the Seychelles 


REGENT seismic refraction experiments made-in con- 
nexion with tho International Indian Ocean Expedition 
have confirmed that the shallow Seychelles Bank has 
crustal structure of a continental type and represents an 
isolated continental fragment in the middle of the north- 
west Indian Ocean!*. The late Precambrian granites 
exposed on the central islands of the Seychelles group 
have been shown to be cut by two sets of dolerite dykes 
which are of a Precambrian and early Tertiary age, 
respectively?-4, 
Du Toit and other writers have suggested that the 
Seychelles represent a fragment left behind during tho 
break-up of Gondwanaland’, and it is clear that this 
hypothesis is now in need of testing. Accordingly, in 
November 1963 (ref. 2) we collected 71 orientated speci- 
mens from 40 different dykes, sampling all tho more 
accessible dykes shown on Mr. B. H. Baker’s geological 
map* on the islands of Mahé, Praslin, Cousin, La Digne, 
Felicitó and Marianne. Tho natural remanent magnetiza- 
tion directions of these specimens have been measured 
by one of us (T. A. R.) using an astatic magnotometer in 
Nairobi. The results are widely scattered and strongly 
suggest that the rocks aro unstable. It is to be hoped 
that the a.c. demagnetization and thermal ‘washing’ 
techniques, which are now being tried, will reveal a 
significant grouping of the magnetic vectors. 
This disappointing preliminary result would certainly 
not warrant publication in the normal course of events. 
However, the Seychelles are of current interest in con- 
nexion with the International Indian Ocean Expedition, 
and as this experiment is a particularly obvious one, we 
imagine that other groups aro likely to consider going to 
these remote islands to collect paleomagnetic material. 
We wish them better luck than we have had. 
D. H. MATTHEWS 

Department of Geodesy and Geophysics, 

University of Cambridge. 
T. A. RELY 
Department of Physics, 
University College, 
Nairobi. 
! Davies, D., and Francis, T. J. G., Deep Sea Res. (in the press). 


* Royal Society, International Indian Ocean Expedition R.R.S. Discovery 
Cruise 2 Rep., London (1964). 


* Baker, B. H., and Miller, J. A., Nature, 199, 346 (1968). 
‘ Baker, B. H., Geological Survey of Kenya, Mem. No. 3 (1903). 
* Du Toit, A., Our Wandering Continents, 125 (1937). 


Heights of Central Absorbing Regions for a 
Strong Auroral Absorption Event at Lower 
Latitude 


ABNORMAL ionospherie absorption of cosmie radio 
noise has been investigated at Moscow (46° 44’ N., 117° 
00’ W.), Idaho, U.S.A., since September 1962. Observa- 
tions are being made by three riometers operating at 
the frequencies of 20, 30 and 40-25 Mc/s. 

The majority of abhiormal absorption events obtained 
occurred prior to the International Years of the Quiet 
Sun. Five types of absorption were positively identified. 
They are sudden commencement absorption, sudden 
cosmic noise absorption, auroral absorption, sunset 
absorption and sunrise absorption. 

One phase of the investigations included height determ- 
inations of the central absorbing regions for a strong 
auroral absorption event at lower latitude. This communi- 
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Fig.1. Relaxation time as a function of height 


cation reports the heights of central absorbing regions for 
the strong auroral absorption events of September 22, 
1963, which were deduced by utilizing the relaxation 
time method introduced by Ziauddin!. This method relies 
on the fact that the absorption (expressed in db) suffered 
by & radio wave in the lower ionosphere is proportional 
to the number of electrons encountered in the absorbing 
region and is & function of the collisional frequency of the 
electrons. 

The electronic collisional frequencies, v at various 
heights, were calculated from the following formula given 
by Nicolet?: 

v= 54 x 10-19 «Ti (1) 
Height distributions of n (number density of the atmo- 
spheric constituents) and T' (atmospheric temperature) 
were adopted from the U.S. Standard Atmosphere, 
1962 (ref. 3), which is an idealized, middle-latitude year- 
round mean over the range of solar activity between 
sunspot minimum and maximum. The calculated values 
of v are given in Table 1. 

Following Ziauddin’s assumptions, the effective electron 
densities at various heights for the observing frequencies 
of 30 Me/s and 40-25 Mc/s were determined from the 
following well-known equation: 


A(db) = 0-46 | Ny 


(w + wj? + y de 
The symbols used in equation (2) have usual meanings. 

Tho effective electron densities at various heights were 
then combined with the corresponding recombination 
rates « given by Moler‘ to calculate the ionospheric relaxa- 
tion times (T = 1/2«N sec) at various heights. The 
calculated relaxation times were plotted as a function of 
height in Fig. 1. Figs. 2 and 3 respectively show simul- 
taneous strong auroral absorption events of September 22, 
1963 (120? w.w.T.) observed at the frequencies of 30 
Mc/s and 40-25 Mc/s. Heights deduced from Fig. 1 for 
30 Mc/s events are in the range of 79-86 km, while for 
40-25 Me/s they are in the range of 72-78 km. The 40-25. 
Mc/s waves were absorbed at lower heights than the 
30 Mc/s waves as predicted by magnetoionic theory. 
For 30 Me/s events, heights of central absorbing regions 
are somewhat higher than those reported at higher lati- 
tudes*. For both 30 and 40-25 Mc/s events, there was & 
tendency for successive absorption onsets to progress 
toward lower heights. Ziauddin and Forsyth® also found. 
& similar tendency. 

It should be noted that the relaxation-time method is 
subject to certain criticisms, but for a first approximation 


(2) 








> * The form of N x 107 is given in the form of N7, 
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Fig.2. The 30-Mc/s riometer record during the strong auroral absorption 
event of September 22, 1963 (120? w.M.7.) 
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absorption event of September 22, 1963 (120? w.M.T.) 


it serves to yield information on heights of central absorb- 
ing regions for solected events. 
This work was supported by tho U.S. National Science 
Foundation grant GP-488. 
J. S. Ku 
J. D. KLEINKOPF* 
Department of Physies, 
University of Idaho, Moscow, Idaho. 


* Now at: Flight Research Center, National Aeronautics and Space 
Administration, Edwards, California. 
1 Ziauddin, Syed, Nature, 191, 1084 (1961). 
1 Nicolet, M., J. Atmos. Terr. Phys., 3, 200 (1953). 
? U.S. Standard Atmosphere, 1962 (U.S. Government Printing Office, Washing- 
ton, D.C., 1902). 
* Moler, W. F., J. Geophys. Res., 65, 1459 (1960). 
* Ziauddin, S., and Forsyth, P. A., J. Geophys. Res., 60, 2315 (1901). 


GEOCHEMISTRY 


Content of Lead in the Earth's Initial Chondrite- 
like Oxide Mass and the Partition Coefficient of 
Lead for Crystallization of Silicate Melt 


From the isotopic composition of lead in ores, tho follow- 
ing empirical formula was obtained!: 


log (Cu/Csq4) = 0:503 log (Can/C o4) + 0.231 (1) 
where Cy, Cra and C zoa stand for the weight concentration of 


uranium, thorium and lead-204 in the material of source 
from which common leads of ores were derived. The 


NATURE 


1161 


purpose of this communication is to treat this formula 
from the aspect developed in recent investigations? 
of the geochemistry of lanthanides and to extract. some 
numerical information therefrom. 

The same reasoning and mathematical treatmont 
as presented in discussion?-^ of lanthanide geochemistry 
will lead to the following theoretical formula by analogy. 


log Orn = log Cr, — (1 — krn) log fo (2 
log Cy = log C?g — (1 — ky) log fu (3) 
log Cpp = log Opp — (1 — Epp) log fw (4) 


where Crp, Cy and Cpp are the concentrations of thorium, 
uranium and lead in a liquid-type material such as basalt, 
C%™,, Cy and C?py are the concentrations of thorium, 
uranium and lead in average chondritie oxide mass which 
is assumed to be nearly equal to the source material of 
the Earth's oxide sphere, kth, ky and kpy are the partition 
coefficients for thorium, uranium and lead, and fw the value 
of liquid fraction for the concerned material. These 
equations (2), (3) and (4) are derived from a rather rough, 
but necessary, assumption that the partition coefficients 
of minor elements between the just-formed crystals and 
tho coexisting silicate melt are constant during the w hole 
process of solidification of melt. Therefore, the partition 
coefficients to be obtained from the foregoing equations 
should be regarded as mean values for the overall process. 

From equations (2), (3) and (4), we get: 

log (C'tn/Cpp) = log (C°rn/C°pp) — (kev — Fern) log fe (5) 

log (Cy/Cpp) = log (C*u/O"py) — (Epp — ku) log fe 6) 
Eliminating log fw from equations (5) and (6) leads io: 


log (Cu/Cpy) = b log (Crn/Cpp) + log (C*u/C*pp) ~ 
blog (C"myC?pp) 47) 


b = (kpy — ko)l(kpo — krn) (8) 
Comparison of these theoretical formule (7) and (8) with 
the empirical one (1) provides the equations : 
0:503 = (kpp — ku)/(kpo — rn) (8) 
0-231 = log (C*g/C*,.,) — 0-503 log (O°rh/C"204) (10) 
As the partition coefficients krh and ky have been estim- 
ated’ to be 0-0733 and 0-182, respectively, the partition 
coefficient kpy is calculated to be 0-292 from equation (9). 
On the other hand, since C?y and C*q are 0-0168 (refs. 
5 and 6) and 0-048 p.p.m. (refs. 5 and 7), respectively, 
O24 is estimated to be 0:00199 p.p.m. from equation (10). 
As the present-day isotopic fraction of lead-204 relative to 
the whole lead is about 1/72, and the atomic woight of 
lead is about 207, the concentration of whole lead in the 
Earth’s initial chondrite-like oxide material in reference 
to the present time can be evaluated to be 0-145 p.p.m. 
(= 0-00199 x 72 x 207/204). It is intriguing that this 
value coincides with the average content of lead, 0-15 
p.p.m. (ref. 6), in ordinary hypersthene-bronzito chon- 
drites. But both carbonaceous chondrites and enstatite 
chondrites have much higher concentrations of lead. 
1:5-4-2 p.p.m. (ref. 6). Since carbonaceous chondrites 
are inferred to contain nearly the cosmic abundances** of 
elements excepting highly volatile ones, the abundance 
estimated here will indicate that the major part of lead 
on the Earth has been incorporated into the Earth’s core. 
Tf the initial overall content of lead for the Earth was com- 
parable with that of ordinary chondrites, the foregoing 
result would suggest that any selective enrichment of lead 
in the Earth's metallic core did not occur. 

Finally, a comment can be added in connexion with the 
partition coofficient obtained above, 0:292, for lead. The 
volcanic rocks belonging to the pigeonitie rock series!’ of 
Izu-Hakone area, Japan, were suggested to be tholeiites 
and their immediate derivatives, and the voleanic rocks 
of the hypersthenie rock series!?!! of the same area to be 
the products from high-alumina basalt through contamina- 
tion. At this point let us review the data on isotopic 
ratios and concentration’ of lead in the rocks ef these 
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two series. It is noteworthy (see Fig. 1) that the 
concentration ratio of curve I to curve II for the same 
and smaller isotopic ratios *'"Pb/*"Pb appears to be 
roughly comparable with the partition coefficient estim- 
ated for lead. This suggests that the tholeiite and the 
high-alumina basalt could stand in the conjugate relation 
of solid and liquid (or crystal and melt) to each other, apart 
from the genetic sequence. Accordingly, this might give 
rise to the inference that the high-alumina basalt is a 
product of partial melting of the rock equivalent to tholei- 
ite, or alternatively that the tholeiite is a product which 
was once separated as aggregate of crystals from the 
magma resembling a high-alumina basalt in composition. 
Since the thorium/uranium ratio, 4:0 (ref. 11), estimated 
from the isotopic composition of lead is nearly consistent 
with the ratios, 3-5-3-9 (ref. 12), actually observed in high- 
alumina basalts but in contrast to the corresponding 
ratios, 1-5-1-7 (ref. 12), observed in tholeiite, the latter 
inference gains support. 
Aximasa MASUDA 
Institute for Nuclear Studies, 
University of Tokyo. 


1 Masuda, A., Nature, 203, 1062 (1964). 


* Masuda, A. and Matsui, Y., INSJ-53, Inst. Nucl. Study, Univ. Tokyo 


? Masuda, A., and Matsui, Y., Geochim. Cosmochim. Acta (in the press). 
* Masuda, A., Chigaku-zasshi, 73, 139 (1064). 
* Masuda, A., INSJ-65, Inst. Nucl. Study, Univ. Tokyo (1904). 


* Reed, G. W., Kigoshi, K., and Turkevich, A., Geochim. Cosmochim. Acta, 
20, 122 (1960). 


7 Bate, G. L., Potratz, H. A., and Huizenga, J. R., Geochim. Cosmochim. 
Acta, 16. 88 (1959). 


* Urey, H. C., Nuclear Processes in Geological Settings, 49 (Nat. Res. Counc., 
Washington, D.C., 1953). 


* Greenland, L., J. Geophys. Res., 68, 6507 (1903). 
1° Kuno, H., J. Petrol., 1, 121 (1900). 
u Masuda, A., Geochim. Cosmochim. Acta, 28, 291 (1904). 
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Chlorine-36 produced by Neutron Capture 
in Meteorites 
Tux existence of the long-lived radionuclide chlorine-36 
in iron meteorites, where it is produced by the spallation 
of the metal during its exposure to cosmic rays in space, 
is now well known. The measurements of cosmogenic 
9*Ar afid CIl so produced permit one to calculate the 
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so-called cosmic-ray exposure age of a meteorite. In this 
communication the results of experiments which show 
that in large iron meteorites the production of this nuclide 
also takes place via the reaction *Ol(n,y)*Cl on the 
lawrencite inclusions in the metal are presented. ‘This 
result is of significance in deducing the history of meteo- 
rites from the investigation of cosmic-ray reaction 
products. 

The experiments were carried out on a 2-kg slice of 
Canyon Diablo meteorite (U.S. National Museum No. 676) 
provided by Dr. E. P. Henderson. A 400-g piece from the 
metal was sawed off, cleaned, and dissolved in 8 M nitric 
acid in a closed system. **Cl was measured by techniques 
described earlier, This measurement gave **Cl produced 
by both the spallation and the neutron-capture processes. 
For the next measurement, the main slice was cleaned in 
dilute nitric acid, and some chips were removed from it 
on a mechanical scraper using a tungsten carbide tool. 
These meteorite chips, weighing 248 g, were immersed 
in 1,000 ml. 0-5 M nitric acid and heated to boiling. The 
acid was decanted. Two more similar washings with fresh 
acid were carried out. From the combined washes silver 
chloride was precipitated and the **C] was measured by the 
usual method. 


Table 1. DATA ON CL MEASUREMENTS IN CANYON DIABLO * 


Specimen Intact metal Metal chips 
Mass (g) 399-0 
Natural Cl mass fraction (%) 
Initial counts 
Chemical yield (95) 
Background rate (c.p.m.) 
Net sample rate (c.p.m.) 
S (*Cl) (d.p.m./kg) 
Recycle counts 
Chemical yield (95) 
Background rate (c.p.m.) 0 
Net sample rate (¢.p.m.) 0- 
SC'CI) (d.p.m./kg) 2- 
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Average S(?*CI) (d.p.m./kg) 
Neutron-capture S(**Cl) (d.p.m./kg metal) 
Neutron-capture §7(°°Cl) (d.p.m./g Cl) 
Spallation S(®*C]) (d.p.m./kg metal) 


*S(°°Cl) = specimen specific **Cl activity. 
S7r@*Cl) = target-element specific ?*Cl activity. 
C.p.m. = counts per minute. 

d.p.m. = disintegrations per minute. 
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The experimental results are presented in Table 1. The 
standard deviations of the final results are somewhat 
larger than the statistical errors of counting because of 
various other sources of uncertainty; for example, non- 
uniformity of source deposition, etc. 

The treatment of the metal chips with a total of 1:5 
mol nitric acid should dissolve less than about 20 g of the 
specimen. The **Cl found in the washings of the chips is 
therefore not produced from the spallation of the metal. 
lt is clearly associated with the easily washable natural 
chlorine, and is therefore produced in it by the (n,y) 
process. 

We assume that the production of Cl by both the 
processes—spallation and neutron-capture—is uniform 
throughout our specimen, and calculate that the specimen 
specific activity of *°C] produced by spallation is (2:4 + 0-2) 
d.p.m./kg metal, and that the CI produced by the neutron 
process is (7:3 + 0-8) d.p.m./g Cl. Large variation in the 
301 activity within the slab is not expected, since the low 
specimen specific activity suggests that the specimen 
must have come from the deep interior of the meteoroid 
where the depth distribution of **Cl should be rather ‘flat’?. 

Another radionuclide which is expected to be produced 
by the (n,y) reaction is "Ni. Its target-element specific 


. activity in our specimen is? (0-30 + 0-07) d.p.m./g nickel. 


If both the nuclides **Ni and 3C] were produced by the 
capture of thermal neutrons, a value of 19 would be 
expected for the ratio Sx(5*Cl)/S7(**Ni). The observed 
value is 24-6. The agreement of the two numbers is 
probably accidental, since & complete thermalization of 
neutrons is not expected in even a moderately large 
meteoroid*. Detailed calculations on neutron production 
have been made for stone meteorites by Eberhardt, 
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Geiss and Lutz‘. These authors have also discussed the 
application of such investigations to the question of the 
size of the meteoroid and the problem of space erosion. 

The presence of neutron-capture Cl which can be 
washed away from the chips points to a possible source 
of uncertainty in calculations of the cosmic-ray exposure 
ages of iron meteorites. The experimental results that are 
used for those calculations are the **Ar concentration and 
3801 specific activity in adjacent specimens. Generally the 
latter is measured by dissolving a compact mass and 
includes both the spallation and the neutron-capture **C]. 
The **Ar is measured on a small metal chip after thorough 
cleaning... Any “Ar resulting from the decay of the 
neutron-capture “Ci would reside with the natural 
chlorine and would probably be removed during sample 
preparations. This would result in a low value for the 
55Ar concentration and hence in a low value for the 
apparent cosmic-ray exposure age of the meteorite. 

I thank Prof. Truman P. Kohman for his advice. The 
meteorite was kindly donated by Dr. Edward P. Hender- 
son. This work was supported by the U.S. Atomic 
Energy Commission contract AT(30—1)-844. 
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METALLURGY 


Oxygen Diffusion in Tungsten 


_Iyvormation concerning oxygen diffusion in tungsten 
is technologically valuable for many reasons. One such 
yeason is its important role in the development of the 
structural properties of tungsten for high-temperature 
applications. 

Because. direct measurements are difficult, indirect 
assessments of oxygen diffusion in tungsten have recently 
been made, but the results seem somewhat confusing. For 
example, assuming the frequency factor Do as 10-* em*/sec, 
Stringer and Rosenfield' estimated the activation energy 
for oxygen diffusion in tungsten as 2-7 eV by. using 
Cottrell’s equation which was established on the basis of 
the Portevin-Le Chatelier effect. This value of activation 
energy agrees. with those for oxygen diffusion in some 
transition metals in which the solubility of oxygen is 
smaller than.1 per cent. On the other hand, Jacobs? 
obtained a value of the frequency factor as 1:3 cm?/sec 
and the activation energy as 24,000 cal/mol for oxygen 
diffusion in tungsten by means of internal friction 
measurements. His results agree with those for oxygen 
diffusion in some transition metals in which the solubility 
of oxygen is greater than | per cent. Regardless of the 
empirical relation between diffusion and solubility for 
oxygen in transition metals, the two estimations yield 
serious disagreement on the rates of oxygen diffusion in 
tungsten. 

The purpose of this communication is to deduce a 
diffusion coefficient of oxygen in tungsten at a convenient 
temperature from a direct measurement of the variation 
of oxygen concentration with time of diffusion and to 
compare with the estimations mentioned previously. 

.Examining the effect of the interstitial impurities on the 
recrystallization of tungsten, Allen, Maykuth and Jaffee? 
doped high-purity tungsten crystals with oxygen by means 
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of a diffusion process. In their experiment, the boundary 
condition of the diffusion equation for diffusant from a 
constant surface concentration into an infinite cylinder i 
closely fulfilled. Although the experimental uncertainties 
due to the analytical procedure appeared for single 
crystalline specimens, the variation of the dopant concen- 
tration with time for polyerystalline specimens seems 
meaningful, that is, the average concentration of o n 
in tungsten is 33 p.p.m. for 6 h of diffusión at 1,700" C 
and 39 p.p.m. for 12 h at the same doping condition. 
Should the most reliable value of the solubility of oxygen 
in tungsten at 1,700? C be about 40 p.p.m.*"*, the fractional 
saturation from the doping process is about 88 per cent 
for 6 h and 98 per cent for 12 h. Knowing the dimensions 
of the polycrystalline specimens, the diffusion coefficient 
of oxygen in tungsten can be estimated as 3 x 10-7 cin*igeo 
at 1,700? C. From the results of the single erystallino 
specimens, the diffusivity is calculated to have a value 
between 7 x 10-* em?/sec and 5 x 107 em?/sec at the same 
temperature. 

According to the Arrhenius relation for the temperature 
dependence of diffusivity, the diffusion coefficient of oxvgen 
in tungsten at 1,700? C can also be assessed from the other 
two estimations of the activation energy and the frequency 
factor. The values are 3 x 10-3 em?/sec and 1 x 10-* ern?) 
from the internal-friction measurements and the C 
equation respectively. Because of the serious disagre 
of these two estimations, one should make an appr 
tion based on the observations from the dosing experiment. 
Should 3x 10-2 em?/sec be the expected value, the time for 
saturation with oxygen at 1,700* C would take as short as 
0-5 min. It is obvious that this value is too large for the 
diffusivity at the temperature. On the other hand, 1 x 10-* 
em?/sec would be too small for dosing to about 90 per cent 
of saturation within a few hours. It is therefore our opinion 
that the D value should be of the order of 10-7 en/sec ab 
1,700? C as estimated from the dosing experiment. 
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Decomposition Pressure Hysteresis in the 
Zirconium-Hafnium-Hydrogen System 

A RECENT investigation! of the Zr-Hf-H equilibrium 
system at pressures less than one atmosphere of hydrogen 
gas revealed the presence of hysteresis. Although this 
was not unexpected?, it was somewhat disconcerting and 
demanded further elucidation. Results presented here 
will show that: (1) decomposition pressure hysteresis 
must be considered when dealing with equilibrium 
between gases and multi-component alloy systems; (2) 
hysteresis always involved a region of more than one 
phase and was most prominent at lower temperaturer 
where diffusion was slowest; (3) no evidence for an inter- 
fering surface film was found; (4) internal factors such as 
stress and large surface area accompanying a marti i 
reaction are prominent in the hysteresis reactions oi 
Zr-Hf-H system. 

Hysteresis in metal-hydrogen systems has been fo 
by & number of workers as far back as the early 19095, 
and the subject has been reviewed in recent public 
Most explanations involved internal solid-state pre 
of the hydrided alloys. On a pressure-composition 
different paths were followed on absorbing or desor 
hydrogen when crossing a multi-phased region be o 
either: (1) the two paths represented different statistically 
predictable metastable states of long duratien: or 
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Fig. 1. Hysteresis In the Zr-Hf-H system 


(2) the phase rule had introduced into it another variable, 
such as elastic restraint and long-range ordering; or (3) 
the repositioning of metal atoms particularly by diffusion 
was extremely and unobservably slow; or (4) the barricr 
to nucleation was very great; or (5) the presence of plastic 
deformation caused complicated volume changes which 
were irreversible. In addition, some results have shown 
that a surface film could form during absorption or after- 
wards so as to restrict the subsequent desorption of hydro- 
gen from the metal. For the Zr-Hf-H system, approach to 
oe curves was always rapid at first, tapering 

exponentially, as expected; and, furthermore, no 
structural evidence was found for a limiting film on any 
of the processed specimens. 

Fig. 1 shows the details for the two alloys B-2 (Zr + 
37 w/o Hf) and B-6 (Zr + 73 w/o Hf) at approximately 
the same temperature. The aim of such a detailed 
investigation was to show that some inhomogeneity was 
present in the metal which could not be easily removed 
at the temperature of reaction with hydrogen. Open 
and closed, unmarked circles represent the first tracing 
of the isotherm with the previously unreacted alloy. 





. 2. Structural effects of hydriding. a, Etched sample of annealed, mobgarided B-6 alloy- 
" > - uiii 4 dehydriding Bauen d light (xc. 1 
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Data points were obtained by the use of a high-sensitivity 
microgravimetric apparatus, previously described?*,* 

As seen in Fig. 1 for the B-2 alloy, removal of hysteresis 
was indeed dependent on time, being easier the higher 
the temperature and longer the time of pretreating the 
sample before rehydriding. Hysteresis then was essen- 
tially a memory-sensitive process where the effects of 
previous treatments could remain and influence future 
hydriding. The B-6 isotherm also showed the inability 
to retrace the original isotherm without some intermediate 
annealing treatment. Here, for the only time in the 
investigation, the descending pressure isotherm showed 
a hysteresis plateau. 

Since hysteresis always involved a multiphase region, 
it was reasonable to assume that the larger metal atoms 
could not diffuse back after nucleation of the hydride(s) 
to the equilibrium positions they maintained on the 
ascending pressure curve. Hence, the hydride(s) in the 
p- or y-regions which precipitated with increase in hydrogen 
content lost all their hydrogen on decreasing the pres- 
sure only if the hydride metal atoms redissolved into the 
lattice. The diffusion coefficients of zirconium and 
hafnium in the zirconium-hafnium alloys would then 
govern the appearance of hysteresis. With both hafnium 
and zirconium in solution in the hydride phase, as proved 
by electron microprobe analyses, the interactions between 
the two could well reduce the diffusion coefficients of 
either below that in the pure metal. This would make 
hysteresis more prominent in multiple metal atom-hydro- 
gen alloys. An appreciable rise in temperature (150° C 
for B-2) increased the metal atom diffusion rate more than 
2 orders of magnitude and restored the initial state of the 
lattice. The diffusion coefficient of hydrogen at the 
reactive temperature was already much greater than 
necessary to reach equilibration in the times used. 

In an effort to determine the type of diffusion barriers 
which existed, a structural analysis of a hydrided and 
dehydrided B-6 alloy was conducted. This alloy was 
hydrided to one atmosphere of hydrogen pressure at 
752° C and dehydrided through a hysteresis loop between 
the «- and y-regions. The absorption isotherm was 
similar to B-6 in Fig. 1, but the desorption portion sloped 
with removal of hydrogen. 

Fig. 2 shows the microstructural effects after complete 
dehydriding. The highly fragmented grains in (b) are 
seen as evidence for the previous coexistence of the hexa- 
gonal phases of the a-region and the hydrided colonies 
of the y-region. In fact, not only had grain fragmentation 
occurred, but also a general grain roughenitig resulted as 
shown by the needle-like structure. Such a structure 
is reminiscent of martensitic transformations. The macro 
result was a specimen with a dull matt surface finish. 
Further evidence for a difference in initial and dehydrided 
specimen structures was the following: (1) the afore- 
mentioned dehydrided alloy, which was still reasonably 
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ductile, had a hardness of 150 Vicker’s pyramid number 
compared with 115 Vicker's pyramid number for the 
initial material; (2) an X-ray powder pattern gave five 
lines for a face-centred-cubic of a, = 4:61 A although 
the alloy should have been entirely hexagonal. All 23 
other lines of this pattern did index as hexagonal with 
c/a ratio nearly that of the parent B-6 alloy. Strain in 
the cubic phase was shown by a lattice parameter lower 
than the expected 4-72 A from an equilibrium, fully 
hydrided, cubice B-6 alloy. The volume of the hydride 
with th» smaller parameter was intermediate between 
the hexagonal B-6 lattice and the expected hydride, being 
additional evidence for a slow structural change of the 
hydrides back to the initial material. 

In conclusion, it is seen that decomposition pressure 
hysteresis in the Zr-Hf-H. system is intimately connected 
with a slow-diffusion process controlled by structural 
features, most likely of a martensitic nature. This con- 
nexion has been drawn recently for other than hydrogen 
systems, notably cobalt? and zireonia'?. With an apprecia- 
tion of the hysteresis phenomena, it was then possible to 
dorive meaningful and consistent thermodynamic func- 
tions for the Zr-Hf-H system. 

We thank Dr. E. A. Gulbransen of the Westinghouse 
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CHEMISTRY 


Hydroxyl lons in the Mass Spectrum of 
Water Vapour 


WE have investigated the existence of stable primary 
OH- ions in the negative ion mass spectrum of water 
vapour. Mann, Hustrulid and Tate! specially looked for 
OH- ions in their mass spectrometric investigation of the 
ionization and dissociation of water vapour but found 
none. On the basis of this evidence Laidler? suggested 
extremely stable electronic configurations for the stable 
states of the OH- ion which would be strongly repulsive 
to an approaching hydrogen atom. The hydrogen would 
thus play no part in the electronic excitation. 

However, Cottin? has carried out a similar investigation 
and has found three types of OH- ions; two of these are 
secondary produets and are formed by electrons with 
energies between 5 and 12 eV. The ion which appears at 
16 eV seems to bo a primary ion. Cottin suggests that 
the three types of OH- ions are produced in the following 
way: 

H- + H,O — OH- + H, 
O- + H,O — OH- + OH 
H.O + e-— OH- + Hr + e 
The pressuro of water vapour in Cottin's work was about 
10-? torr in the ion source and the formation of secondary 
ions is readily understood. The prosence of the primary 
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ion could well have been due to collision stabilization of 


- energy-rich states of OH-. 


We have converted an A.E.I. MS2SG mass spectro- 
moter for the investigation of negative ions by reversing 
the appropriate electrical connexions and inerensing the 
sensitivity by using a 100-kMohm grid leak in the electro- 
meter detector instead of the usual 20 kMohin. Source 
pressures were about 10— torı to reduce any contribution 
from energy-rich states. OH- ions appeared at 17-5 eV 
and the OH- : O- ratio at 70 eV was 0-051. The negative 
ion mass spectrum of methanol has been investigated by 
Melton and Rudolph‘, and we repeated this work to check 
the mass spectrometer and aid the identification of the 
OH- ions. The value for the ratio OH- : O- was 0-213 and 
we found 0-235. However, our ratio Or : O- from O, was 
about 280 while theirs was about 43. Thus there sc«ms to 
bo much more discrimination against negative ions m our 
mass spectrometer. This is probably because negative 
ions are generally formed with appreciable kinetic « nergy 
and the mass spectrometer discriminates against them. 
This discrimination varies from instrument to instrument, 
and it may be the reason why Mann et al. were not able to 
detect any OH- ions (particularly with pressures about 
10-4 torr in the analyser). 

The formation of OH- means that the formation of Q- 
in the electron impact dissociation of water can still bo 
due to the dissociation of OH-. For the dissociation: 

OH-— 0- + H 
the appearance potential of O- is given by the relation: 
A(O-) = D(OH-) — HA(O) + Xx 

where D(OH-) is the dissociation energy of OH’. FA(O) 
is the electron affinity of O and Xp is the energy contribu- 
tion from the kinetic and electronic states of O and H. 
Now D(OH-) = D(OH) + HA(OH), where D(OH) is the 
dissociation energy of OH and HA(OH) is its electron 
affinity. Substituting this in the aforementioned relation 
and using the values of D(OH), HA(OH) and HA(Q) given 
in the literature®-’, we get A(O-) = 4-34 + 2-65 — 1:45 + 
Eg = 5:54 + Le. Now A(O-) for one of the O- species 
has been determined to bo 7:4 eV. This leaves 2 not 
unreasonable amount of energy distributed between the 
different kinetic and electronic states of O- and H. 

The appearance of OD- formed as a primary ion has 
been also observed by us. It appears at 18-1 eV and has 
an OD-/O- ratio of 0-065 at 70 eV. 
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M, and 


Disproportionation of Halogenated Alkyl Radicals 


Wuen 1,3-dichlorotetrafluoro acetone is photolysed, 
two CF.C] radicals and a molecule of carbon monoxide 
are formed. The CF.Cl radicals combine to form 1.2-di- 
chlorotetrafluoro ethane, and abstract chlorine atoms from 
the parent ketone to form dichlorodifluoro methane’: but, 
in addition to these products, a significant amount of 
1,3-dichlorohexafluoro propane is found in the photolysis 
mixture. At first ib was considered that this arose fram 
a secondary photolysis of 1,4-dichlorohexafluoro aci tone 
formed as a result of tho chlorine abstraction reaction, 
but quantitative investigations? showed that it could not. 
originate in this way. . 


16 


m 
t$ 


(Peak areas C,F,Cl,/OF,Cl,) x 10° 
oo 


(Peak areas C,F,CI/CF$Cl,) x 10° 


A 





(Peak areas C,F,Cl,/C;F,Cl,) x 10° 
(Peak areas C,F140h/C;F4Cl;) x 10° 





10 20 30 40 50 60 
Time (min) 
Fig. 1. Yields of products against time 


It was suggested instead that the 1,3-dichlorohexfluoro 
propane was formed by the combination of CF,Cl and 
CF,CF,Cl radicals. The CF,CF,Cl radicals were presumed 
to arise from a combination of CF,Cl radicals with CF, 
radicals produced as a result of a disproportionation 
reaction: 

2CF,Cl— CF, + CF,Cl, 
CF, + CF,Cl— CF,CF,Cl 
CF,CF.Cl + CF,Cl — CICF,CF,CF,Cl 


There was little direct experimental evidence to support 
this suggestion other than the demonstration that the 
dichlorodifluoro methane detected in the system was 
formed by two distinct processes and the isolation of small 
quantities of 1,4-dichlorooctafluoro butane as & result of 
the dimerization of CF,CF,Cl radicals. In particular, no 
tetrafluoro ethylene was ever detected in the photolysis 
products, and it would have been expected to occur by 
the dimerization of CF, radicals. 

Some support for the hypothesis was given by the 
demonstration by Gunning? of the occurrence of 1,3-di- 
ehlorohexafluoro propane in the products of the mercury 
photosensitization of dichlorodifluoro methane. In 
addition, the reactions observed by Mastrangelo* with 
CF; radicals could only be satisfactorily explained by 
assuming that CF, radicals also disproportionate. 

Because of the ambiguous nature of the evidence from 
the mercury photosensitized decomposition of CF,Cl,, it 
was investigated in greater detail. The primary act was 
most probably the production of CF,Cl radicals: 

Hg* + CF,Cl, > CF,Cl + HgCl 
since it has been demonstrated that mercury is consumed 
in the reaction. There is a possibility that 1,3-dichloro- 
hexafluoro propane arises as a result of the photodecom- 
position of 1,2-dichlorotetrafluoro ethane produced by the 
combination of CF.Cl radicals. 
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CICF,CF,Cl + Hg*—>C¥,CF;Cl + HgOl . 
2 CF,CF,Cl—> CICF,CF,CF,CF,CI ` 
CF,CF.Cl + CF,C1 — CICF.CF.CF,Cl- 


If this were the case, then it would be anticipated that 
there would be a perceptible induction period. in the 
formation of 1,3-dichlorohexafluoro propane, while suffi- 
cient dichlorotetrafluoro ethane accumulated in the system 
to compete with the CF,Cl, for the quenching of excited 
mercury atoms. In Fig. LA, the yields of 1,2-dichloro- 
tetrafluoro ethane-and 1,3-dichlorohexafluoro propane are 
plotted against irradiation time. It can be seen that there 
is no induction period and this behaviour can be con- 
trasted with that illustrated in Fig. LB. Here, 1,2-di- 
chlorotetrafluoro ethane has been submitted to mereury 
photosensitization alone and the yields of the two main 
products formed are plotted against irradiation time. 


CICF .CF,CF,CF,Cl + Hg* — CF,CF,CF,CF,Cl + HgOl 
CF,CF,CF,CF,Cl + CF,CF,Cl — 
CICF,CF,CF,CF,CF,CF,Cl 


Here there is a long induction period in the formation of 
1,6-diehloroduodecafluoro hexane due to the slow accumu- 
lation of 1,4-dichlorooctafluoro butane in the reaction 
system, s 

This suggests that the 1,3-dichlorohexafluoro propane 
obtained in the mereury photosensitization of CF,Cl, is 
not formed by a secondary photosensitization of 1,2-di- 
chlorotetrafluoro ethane, but arisos as a result of some 
more rapid process such as the disproportionation of 
CF.CI radicals. In order to confirm this observation, 
varying amounts of 1,2-dichlorotetrafluoro ethane were 
added to CF,Cl, before photolysis, and the amounts of 
1,3-dichlorohexafluoro propane formed were measured. 
In Fig. 2, the rate of formation of 1,3-dichlorohexafluoro 
propane is plotted against the amount of 1,2-dichloro- 
tetrafluoro ethane added. It can be seen that substantial 
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amounts must be added before any effect is perceptible, 
and these amounts are more than three times the con- 
centration of 1,2-dichlorotetrafluoro ethane usually 
observed in the mercury photosensitized decomposition 
of OF,Cl.. In Fig. 2B, it is shown that the ratio of 
1,3-dichlorohexafluoro propane to 1,2-dichlorotetrafluoro 
ethane actually decreases when extra amounts of 1,2-di- 
chlorotetrafluoro ethane are added. 

Finally, in Fig. 3, the ratios [C;F,CL]/[C;F,Cl;] and 
[C.F2Cl,]/[C,F,Cl.] are plotted against irradiation time, 
and it can be seen that the induction period, clearly 
visible for O,F,,Cl, formation, is absent for C,F,Cl. 
formation. 

It therefore appears probable that 1,3-dichlorohexa- 
fluoro propane, formed in the mercury photosensitized 
decomposition of CE;Cl, arises by the interaction of 
primary radicals and does not involve a second excited 
mercury atom colliding with initially formed products. 
This does not rule out the possibility that CF, is formed 
in a single step: 

Hg* + CF,Cl, > CF, + HgCl, 


but this appears unlikely in view of the appearance of 
1,3-dichlorohexafluoro propane in the photolysis products 
of 1,3-dichlorotetrafluoro acetone, where such a process 
cannot occur. Further, the ratio [C,;F,Cl.]/[CeF,Cl.] has 
the same value (0-04) in both systems. 
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Reaction of Tetrafluoroethylene with 
Pentacyanocobaltate lons and with Reduced 
Vitamin Bi; 


We have previously shown! that a cobalt-earbon bond 
can be formed in aqueous solution by the interaction of 
acetylene with the pentacyanocobaltate(II) anion, while 
recently? benzyl and alkyl halides have been similarly 
, Shown to give a Co-C bond. 

We have found that tetrafluoroethylene is readily 
absorbed at atmospheric pressure by aqueous solutions of 
the hydridopentacyano-cobaltate(III) ion, [HCo(CN);]*-, 
as well as by the pentacyano-cobalt(II) ion. The well-crys- 
tallized salts analyse correctly for K,{(CN),CoCF,CF,H] 
(A) [for example, Found: C, 20-8; N, 17-4; F, 18-0; Co, 
14-2; K, 29-1. Required: C, 20-6; N, 17:2; F, 18-7; Co, 
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14-5; K, 28-8 per cent] and K4[(CN),Co(CF;),Co(CN),]. 
2,0 (B); the salts are stable in air and thermally up to 
&bout 300? C. 

The nuclear magnetic resonance spectra support theso 
formulations. Thus the H: spectrum for (A) is a triple 
triplet while the fluorine-19 resonance of the B-CF, is 
split into a doublet by the proton and further into a triplet 
by the «-CF, group; all these lines are sharp and well 
resolved. In contrast the «-CF, resonance is a broad single 
line; the broadening is presumably due to incomplete 
averaging of the spin coupling with the cobalt-59 nucleus 
produced by quadrupole relaxation of this nucleus. For 
the same reason, the fluorine-19 spectrum of (B) is only 
a broad single line. 

The interaction of C,F, with the hydrido-spocies is 
interesting in that it can provide a probe for tho detection 
of transition metal to hydrogen bonds in aqueous media 
where detection by the high-field proton resonance line is 
difficult. Thus we have failed to observe such a high-field 
line in saturated aqueous solutions of the grey-green 
reduction product of cyanocobalamin. A search was made 
at 40 Mc/s several years ago*, at the time of our first 
investigations of the hydridic nature of lower oxidation 
states, and, more recently, at 56-45 Mc/s. However, 
the reduced species immediately absorbs tetrafluoroethyl- 
ene, and the resulting red product—dissolved in chloro- 
form-phenol, in which it is much more soluble than in 
water—shows a !?F resonance spectrum in which there is 
a doublet of splitting similar to that observed for tho 
—CF,H group of (4). While this suggests that reduced. 
cyanocobalamin (B,;) is @ hydrido-species, we cannot 
rigorously exclude the possibility that it is a cobalt(I) 
species as recently suggested‘, since such a cobalt(I) 
species could react with C,F, with subsequent hydrogen 
transfer from the solvent. 

M. J. Mays 
G. WILEINSON 
Inorganic Chemistry Research Laboratories, 
Imperial College of Science and Technology, 
Londona, S.W.7. 
1 Griffith, W. P., and Wilkinson, G., J. Chem. Soc., 1629 (1959). 
2 Halpern, J., and Maher, J. P., J. Amer. Chem. Soc., 86, 2311 (1964). 


2 Grifith, W. P., Pratt, L., and Wilkinson, G., Nature, 182, 466 (1958); we 
thank Dr. E. Lester Smith of the Glaxo Laboratories for a gift of the 
cyanocobalamin used at that time. 
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Molecular Structure of Phosphobenzene 


Tae following polyphosphines of formula (C,H4P), 
have been reported in the literature: (.4) m.p. 149°-150° 
(refs. 1-9); (B) m.p. 190° (refs. 2 and 3); (0) m.p. 252°-256° 
(ref. 3); (D) m.p. 2607-285? (ref. 8). Compounds C 
and D are insoluble in organic solvents and have, pre- 
sumably, a polymeric structure. The molecular weights 
of A and B in solution have not been established definitely. 
Several isopiestic, ebullioscopic and cryoscopic methods 
have been used by various workers and tho following 
identities have been proposed. A=B =I; A=], 
B = IL; A = B =I}; A = II+.. Recently it has also 


C,H,—P=P—C,H, C,H,—P—P—C,H, 


C,H,—P—P—C,H; 
I II 


been shown? that compounds A and B are tetraphenyl- 
cyclo-tetraphosphines (II) which differ in both the dis- 
solved and solid states and are stereoconformers. 

We have prepared compound A by the reaction of 
phenylphosphonous dichloride and phenyl phosphinet*-* 
(equation 1): 

nC,H,PCl, 4-nC,H,PH;—(C,H;P)a 4- 2nHCl (1) 


and by a new method which involves the heating of 
phenylphosphine and a stoichiometric amount of phenyl- 
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phosphonous bisdimethylamide at 170? for 1 h (equation 
2); the yield is 83 per cent (ref. 10). This new method 
has also been used successfully for the preparation 


nO,H,P[N(CH;),], + nO,H;PH, > 
(C,H;P)s + 2n(CH;),.NH (2) 


of triphosphines (for example, 1,1,3,3,-tetraphenyl-2- 
methyltriphosphine m.p. 134°, equation 3) and biphos- 
phines" (for example, tetramethylbiphosphine). 


CH,P[N(CH;).]. + 2HP(C,H;). — 
(C;H;)P-P(CH;-P(H;). + 2(CH;).NH (3) 


The identity of the compound 4 prepared according to 
either equations 1 or 2 has been established by melting 
points, mixed melting points, infra-red spectra’? and 
X-ray diffraction spectra. The molecular weight, determ- 
ined eryoscopically in benzene, was found to be 439 +25; 
this corresponds to structure II, theoretical value 432-9: 
analysis C,H,P (108-07): calc., C, 66-67; H, 4-66; P, 28-66 
per cent: found, O, 66-36; H, 4-65; P, 28-87 per cent. 

Crystals of compound A (recrystallized from aceto- 
nitrile, m.p. of a single crystal 154°-156°), which has also 
been called phosphobenzene, are monoclinic, P2,/n. 
The cell dimensions are a = 9-742, b = 10:139, c = 
27-488 A, B = 90-0°. The density, measured by flotation, 
is 1-324 g/c.c.; thus, assuming Z = 4, then M = 541. 
The calculated molecular weight for (C,H,P), is 540. 
In an attempt to throw Some light on this discrepancy 
with solution measuremenis, an X-ray single crystal analy- 
sis has been carried out. The diffracted X-ray intensities 
were measured with the aid of a Hilger and Watts linear 
diffractometer; 2,614 of these intensities wero assigned 
non-zero value, the remainder being ignored. The posi- 
tions of the five phosphorous atoms in the asymmetric 
unit were obtained from a three-dimensional Patterson 
synthesis. From this point, the 860 observed planes with 
sin $/A «0-35 A-* were utilized in the calculations. The 
positions of the carbon atoms were determined from two 
successive three-dimensional electron density maps. 
Seven cycles of least-squares refinement reduced R 
from 0:35 to 0-10. The results show that, in the solid 
state, compound A is a pentamer, (C,H4P),, with structure 
II. 


C,H; 


C,H,—P P—C,H; 
b—f 


A 
CH; "us, 
III 


We have now started to refine the structure with all 
2,614 observed planes; the full results of the analysis will 
be published elsewhere. 

Compound B was prepared according to the directions 
given in the literature*. From 4 identical preparations two 
yielded compound B exclusively whereas one preparation. 
gave compound B in addition to a polymeric material 
melting at 215°-265°, and the other preparation gave 
compound A in addition to a material melting at 240°-275°.- 

A part from the crude compound B, m.p. 180°-185°, was 
recrystallized from benzene containing small amounts of 
acetonitrile. The compound was obtained in well-shaped 
crystals melting at 183°-186° in an open tube and at 
229°-235° in an evacuated tube. The compound resolidified 
very slowly and then melted at 130°155°. Analysis 
indicated that the compound contained one mole of 
benzene per 6 phenyl-phosphorus groups. The benzene 
could not be removed in the vacuum at room temperature; 
analysis (C,.H;P),.CsH,: cale., C, 69-49; H, 4-99; P, 25-58 
per cent, found, C, 69-48; H, 5-09; P, 25:21 per cent. 
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Another part of crude B, recrystallized from tetra- 
hydrofuran, was obtained in small needles melting at 
1897-193? in an open tube and at 194°-198° in an evacuated 
tube. 

Crystals of compound B recrystallized from benzene 
are rhombohedral, space group R3 or R3. The cell dimen- 
sions are a = 10-12 A, « = 77-574° or, when referred. to 
hexagonal axes, a = 12-68, c = 20-96 A. The density, 
measured by flotation, is 1:257 g/c.c.; thus, assuming 
Z = 1, the molecular weight is 737. The calculated 
molecular weight for (C,H,P),.C,H, is 726. The required 
molecular symmetry for (C,H,P), is 3 in the space group 
R3 or 8 in the space group R3. 

When recrystallized from tetrahydrofuran, crystals of 
compound B are monoclinic, space group P2,/c. The cell 
dimensions are a = 12-31, b = 6-16, c = 24:86 A, B 
117-64°. The symmetry of the AOL reciprocal net is almost 
hexagonal, plane group p6m. The density, measured by 
flotation, is 1-275 g/e.c.; thus, assuming Z = 2, the 
molecular weight is 642. The calculated molecular weight 
for (C.H, P), is 649, and the required molecular symmetry 
for (C,H,P), is T. 

The cell dimensions are very similar to those found! 
for (C,H;As), which has a = 12-16, b = 6-22, c = 24-10 Á, 
B = 110-235, space group P2,/c. 

Thus, although the possibility that compound B is a 
dimer or trimer cannot be excluded, it seems very probable 
that, in the solid state, it is & hexamer. 

We thank Dr. H. H. Zeiss for his advice.. 


J. J. DALY 
L. MAIER 
Monsanto Research S.A., ° 
Zurich 3/45, 
Switzerland. 
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A New Polymorph of Oxamide 


Iw his investigations at high pressure, Bridgman! found 
evidence of four polymorphs of oxamide, but he did not 
identify them. Two forms of oxamide have been obtained 
in an exploration of methods of preparation of the com- 
pound; either form may be prepared from the other by 
recrystallization. 

Oxamide that is stable at room temperature is triclinic, 
and this form was described by Ayerst and Duke?; it is 
prepared by the hydrolysis of cyanogen by concentrated 
hydrochloric acid? or by thermal dehydration of ammon- 
ium oxalate*. An orthorhombic form of oxamide that 
is metastable at room temperature was obtained when 
oxamide was prepared by glow-discharge electrolysis of 
formamide* or when oxamide was crystallized rapidly 
from its solution in formamide. Only the triclinic form 
was obtained at any cooling rate from a hot aqueous 
solution of either form. Crystallization from 1,4-dioxane, 
dimethyl formamide, glycerol, or ethylene glycol also 
yielded only the triclinic form. 

The orthorhombic form is obtained by rapidly cooling 
from 70°C to room temperature a solution of either form 
of oxamide in formamide. If the solution is cooled 
slowly (5° C/h), the triclinic form is obtained; at inter- 
mediate cooling rates, orthorhombic seed crystals develop 
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Table 1. POWDER X-RAY DIFFRACTION PATTERNS OF OXAMIDE 
i Orthorhombic form Triclinic form 


d, Å I d, Å I 
5:57 8 Eas 5 
5:15 22 5-15 35 
4-72, 17 4-72 65 
3-60 22 3-62 11 
3-36 11 3-35 17 
3-22 6 3-99 15 
3:04 100 3-02 100 
2:55 49 2-57 44 
-— — 2-53 29 
2-98 18 2-40 10 
— — 2-35 17 
— — 2-18 6 
— — 2-16 3 
2-01 5 2-01 5 
181 14 1:81 8 
— — 171 2 
1:67 4 1-67 6 
1-64 5 1:05 8 
— — -81 4 
1-55 4 1:57 4 


Spectra obtained by J. P. Smith with a Norelco high-angle goniometer and 
copper Kg radiation (A= 1:5405 A); intensities were read from X-ray gonio- 
meter tracings. 


epitaxial overgrowths of the triclinic form or develop into 
monocrystal pseudomorphs of the triclinic form. At 
temperatures below 0° C, however, only triclinic oxamide 
is obtained at any rate of cooling. 

Triclinic oxamide crystals in a saturated formamide 
solution showed no alteration after 4 weeks at 25° or 40° C. 
Orthorhombic crystals in a saturated formamide solution 
at room temperature developed a grainy texture from the 
growth of triclinic crystallites on the surface. In a satu- 
rated aqueous solution at 25° or 40° C, mixtures of the two 
forms showed a gradual decrease in the proportion of the 
orthorhombic form. Orthorhombic crystals that were 
crystallized from formamide, washed with acetone, air- 
dried, and stored in stoppered containers altered similarly 
and slowly formed triclinic monocrystal or oriented 
polycrystalline pseudomorphs. 

Orthorhombic oxamide crystallizes as bipyramids 
flattened along N, and elongated along Na, but more 
frequently as bevelled plates resulting from greater growth 
distortions along Na and N,. Plate crystals, which result 
from rapid crystallization, commonly show penetration 
twinning. There is a moderately good cleavage plane 
parallel to Ng-N, in the plates. The crystals have class 
mmm symmetry and extinction positions are either parallel 
or symmetrical on principal views, in accord with ortho- 
rhombic symmetry. Refractive indices are Na = 1:430, 
Nj = 1-685, N, = 1:605. The crystals are biaxial (-) 
with small £V, as shown by diffuse conoscopie figures; 
calculated 2V is 20°. 

The X-ray diffraction spectra of the two modifications, 
Table 1, have many reflexions in common, suggesting a 
close structural similarity. The infra-red spectra of the 
triclinic’ and orthorhombic forms are identical. Attempts 
to determine the unit-cell parameters of the orthorhombic 
dimorph were unsuccessful, however, because untwinned 
crystals of this dimorph large enough for single-crystal 
investigation could not be prepared. Satisfactory Weis- 
senberg photographs were not obtained from even the 
largest twinned crystals. Further attempts will be made 
to determine the space-group symmetry of the ortho- 
rhombic dimorph. 


James R. LEHR 
EARL H. Brown 


Division of Chemical Development, 
Tennessee Valley Authority, 
Wilson Dam, 
Alabama. 
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BIOPHYSICS 


Use of Microwave Techniques for the 
Determination of Bound Water 


Axy information about changes in the structure of 
molecular arrays which are reflected in changes of the 
water substance is useful to form a guideline for future 
work that tries to investigate the actual atomic and mole- 
culaf basis of life. An accurate and relatively fast method 
has been developed which can assess the occurrence of a 
quantity called bound water. These bound-water mole- 
cules are defined by the fact that they are unable to 
follow the changing electric field of an applied microwave 
signal, indicating thereby that they are either bound to 
3 or 4 other molecules of the same kind, or to various other 
types of molecules. The remaining water molecules 
(those bound to 2, 1 or no other water molecules) that are 
free to rotate with the impressed electromagnetic field 
absorb energy from the incident microwave signal. The 
difference between the two microwave signals can be 
interpreted to be an indication of the amount of water 
bound to a particular molecule. : 

Since water molecules have an appreciable dipole 
moment, they will tend to follow an applied electrio field 
if not impeded by their environment. During this 
process of molecular re-alignment energy is expended 
and subtracted from the incident energy. 

The sample, an aqueous solution of the substance to be 
investigated, is located at a certain point in a cavity the 
resonant frequency of which is in the microwave X band. 
In that frequency range most energy is absorbed by the 
water and only a negligible amount by the ‘contaminat- 
ing’ substance. The response of the cavity to incoming 
microwave signals is then displayed as a function of their 
frequency on an oscilloscope or X-Y plotter and from 
that picture the dielectric constant of the sample material 
can be obtained. From the dielectric constant at micro- 
wave frequencies one may obtain in turn the static 
dielectric constant and plot that as a function of concen- 
tration of the solute. The initial slope of that graph then 
gives a quantity that is linearly related to the amount of 
water irrotationally bound to the solute molecules. 
Changes in that quantity can be recorded conveniently 
by photographing the oscilloscope trace (for fast changes) 
or by reduction of the response curve data to the desired 
quantity by means of an electronic computing device. 

The rectangular cavity operates in the TE yo, mode. 
The sample is contained in the glass tube which is located 
near a minimum of the electric field existing in the cavity. 
If one assumes that the change in the cavity characteris- 
tics due to the introduction of the sample is small, one 
may use the perturbation analysis developed by Slater? 
and applied to measurements of low loss dielectrics by 
Birnbaum and Franeau?. Our modifications change the 
expressions given by the latter authors to give the values 
of the dielectric constants in the form: 


At’ = te — = = (fe de) a) 
P a” r NR 1 I 1 
Ac" = Ey” — gj" = os. om (3) 


where Ac’ or Ae” signifies the relative change in the 
dielectric constant of the material contained in the glass 
tube; the subscript (s) denotes properties pertaining to 
the solution and (w) to pure water. (fs—fw) is the shift in 
the resonant frequency of the cavity due to replacement 
of the pure water by an equal volume of solution, f, is the 
resonant frequency of the empty cavity, and C is a con- 
stant derived from cavity dimensions, given by: 


C=V,/4AVr (3) 
where V, is the volume of the empty cavity, Vr the volume 


of the total dielectric material, and A is a correction factor 
for the position of the glass tube relative to E max. * 
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Fig. 1. Block diagram for dielectric constant measurement of aqueous solutions of mierowave frequencies 


The graph of es, the static dielectric constant, as a 
function of concentration, is then used for further com- 
putations. The reason for the use of the static dielectric 
constant as an indicator of the amount of bound water can 
be explained by the following argument. 

At the high electromagnetic frequencies used in the 
present method the protein or large solute molecule 
together with its shell of bound water may be considered 
as one unit, a cavity in the surrounding medium that has 
a relatively low dielectric constant; the bound water can 
only contribute to the static dielectric constant by virtue 
of its electronic and atomic polarization, which is small. 

At low solute concentrations we assume with Haggis, 
Hasted, and Buchanan? that e, depends linearly on the 
concentration of solute so that: 





Es = €water — ò ° C (4) 
and: 
y kJ 
s= (Ewater — £«oprot)" + (Ewater — & owater) 5 
ck 100 (5) 


where c is the concentration in g protein/100 ml. solution, 
v the partial specific volume of protein, caprot the high- 
frequency dielectric constant of protein, cawater is the 
high-frequency dielectric constant of water, w is the weight 
of water irrotationally bound to 1 g of protein, and f is a 
parameter depending on the axial ratio of the spheroidal 
macromolecule. 

Because of the uncertainty in estimates of some of the 
parameters in the foregoing equation, we only use the tech- 
nique to measure relative changes in the water of hydra- 
tion, either as a function of time during a given reaction, 
or as a function of concentration of some other substance 
that reacts with the given solute molecules. 

Fig. 1 shows the schematic diagram of the experi- 
mental arrangement of the instruments. The Laboratory 
for Electronics Ultrastable X-band generator is used as a 
microwave source. The output is frequency-modulated 
by means of a potentiometer-monitored drive that pro- 
duces & concurrent voltage signal to serve as the X signal 
on the X—Y plotter. Over the frequency range used 
(9-450-9-470 Ge/s) the output of the generator is ampli- 
tude-modulated to keep the intrinsic power variation of the 
klystron at less than 0-01 db. The amplitude modula- 
tion is accomplished by superimposing a lossy cavity 
characteristic and then taking a sample of the power, 
which ig detected by a crystal, amplified, and fed back into 


a gyrator. A wavemeter, precision attenuator and phase- 
shifter precede the sample cavity and the detector crystal: 
The sample cavity is immersed in a constant température 
bath and the waveguide section containing it is kept at 
constant temperature and humidity by dried- and tem- 
perature-controlled air. Samples of solution aré drawn 
into the cavity by gravity flow after the capillary section 
in the cavity is evacuated. 

The foregoing outlined technique has been used‘ to 
determine changes in the water bound to hemoglobin as 
xenon is introduced into the solution. Further experi- 
ments involving hemoglobin, other proteins, and enzymes 
are in progress. ` 

This research was supported by contract Nonr 222(92), 
between the U.S. Office of Naval Research, Department 
of the Navy, and the University of California. 
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BIOCHEMISTRY 


A Suggested Role of Amino-acids in 
Deoxyribonucleic Acid 


SEVERAL investigators have found amino-acids among 
the hydrolysis products of DNA’s from many sources and 
some have suggested that small peptides may play a part 
in DNA structure and/or function. These have been 
reviewed by Bendich and Rosenkranz}. We have con- 
sidered the possibility that such small peptides are con- 
cerned with the regulation of enzyme synthesis. For this 
reason we have examined the amino-acid residues found in 
samples of DNA. from Escherichia coli grown in ‘minimal’ 
and in ‘complete’ media. Bacteria grown in minimal media 
must synthesize large numbers of compounds not made by 
those grown in complete media. Therefore, more enzymes 
should be formed and more DNA should be functional in 
bacteria grown in minimal media. If control of DNA 
function is exerted through firmly bound amino-acids 
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, Table 1. AMINO-ACID RESIDUES IN SEVERAL E. coli DNA's 
(ug amino-acid résidus 1n mg DNA) 


Minimal media nriched media 
No.i* No. 2t No. 3t No. 4* No. 51 No. 6* No. 71 

Aspartic acid 212 116 150 27 27 32 31 
Threonine q7 129 76 18 8 20 17 
Serine 80 123 110 24 27 44 28 
Glutamic acid 201 91 177 52 40 36 43 
Proline 58 — 57 15 — 7 6 
Alanino 129 78 56 19 19 16 13 
Valine 116 54 86 13 — 20 22 
Methionine 37 16 109 13 8 5 5 
Isoleucine 82 44 111 9 7 13 12 
Leucine 136 58 40 22 2 20 21 
Tyrosine 85 37 46 18 4 14 15 
Phenylalanine 77 38 38 12 4 13 12 

ysine 169 76 
Histidine 49 11 
Arginine 138 47 
Basic amino-acids 356 184 
Neutral and acidic 

amino-acids 1,288 778 1,066 230 146 241 225 


* DNA was extracted from washed log phase E. coli B cells by the pro- 
cedure of Kirby (ref. 2). An extra deproteinlzing step was carried out just 
prior to dialysis. The DNA was dissolved in 10 per cent sodium chloride, 
deprótelned twice with CHCl-i-AmOH, and reprecipitated with cold 


+ DNA was extracted as described by Marmur (ref. 3). Samples of bac- 
teria, 1-5, were kindly supplied by Dr. L. Kaplan, of this Institute. Samples 
6 and 7 were purchased from General Bioc! emicals, Chagrin Falls, Ohio, 
and were in late log phase; all others were in mid-log. 

No. 1: grown in an American Sterilized Co. Biogen, Davis (ref. 11) salt 
medium without citrate and 1 per cent glucose. Nos. 2 and 3: grown in 
Davis salt medium (ref. 11) and 1 per cent glucose in two independent 
batches. No. 4: grown in a biogen as No. 1 but with addition of 0-6 per cent 
yeast extract. No. 5: grown in 2-5 per cent Difco heart infusion broth. 
Nos. 6 and 7: batch grown with 4 per cent yeast extract, 2 per cent dextrose, 
0:3 per cent KH,PO,, 0-1 per cent K,HPO,. No. 7 was treated with 50 mg/l. 
proflavine and irradiated with a 750-W lamp at 8in.for 60 min. No. 6 was 
an untreated control for No. 7. 


and peptides, then DNA from bacteria grown under these 
two sets of conditions should contain different amounts 
of amino-acids. 

The bacteria were gathered and the DNA’s were ex- 
tracted by the use of either phenol? or sodium dodecyl- 
sulphate*. All samples were treated with RNase and then 
with chloroform and iso-amyl alcohol until no further 
protein was removed. The DNA’s were characterized 
by the diphenylamine reaction and by spectral shifts 
after treatment with DNase®. The DNA’s were hydrolysed 
at 110? in vacuo with 6 N hydrochloric acid. The amino- 
acids were then determined with a Spinco Stein-Mooro 
amino-acid analyser?. 

The results in Table 1 show that the total of the neutral 
and acidic amino-acid residues in the DNA from E. col 
grown in minimal media ranged from about 8 to 12 
hundred ug/100 mg DNA, while those from the bacteria 
grown in rich media were about 200 ug/100 mg DNA. 
The relative proportions of the individual amino-acids 
were about the same in each group. In one sample of 
each group, the basic amino-acids were determined. 
Essentially the same differences were observed as were 
seen with the neutral and acidic amino-acids. In one 
sample (No. 7), obtained from bacteria irradiated in the 
presence of proflavine, only 15 per cent of the DNA was 
extractable. In investigations with acridine orange, 
similar results were obtained by Smith’, who postulated 
that the rest of the DNA was linked to protein. In view 
of the foregoing, it is interesting that this sample of DNA 
has the same amount of residual amino-acids as the 
unirradiated control (No. 6). 

The possible significance of the bound amino-acids is 
emphasized by the finding that the same differences were 
observed in DNA samples prepared by the two quite 
different methods. Three different enriched and two 
minimal media were used. Despite these variations, the 
DNA from bacteria grown in minimal medium retained 
a much greater amount of bound amino-acids than the 
DNA from cells grown in enriched media. These differ- 
ences support the suggestion that amino-acids may play 
& part in repression-derepression of enzyme synthesis, 
in addition to any structural function they may have?. 

Tf, as in the schemes of Jacob and Monod’, a regulator 
gene in essence can act only to repress a structural 
gene (whether directly or indirectly), then blocking such 
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action would lead to derepression. The data presented 
here are consistent with such a mechanism, that is, small 
peptides acting as rather firmly bound derepressors. (In 
this regard it is interesting to note that Gallant and 
Stapleton” have published data supporting the suggestion 
that repressors also are peptides.) Thus, we should expect 
bacteria grown in minimal medium to need many enzymes. 
and, therefore, their DNA to contain large amounts of 
derepressors. Such a mechanism of derepression might 
also explain control of enzyme function in differentiated 
tissue and in such dedifferentiated tissues as tumours. 

We thank Dr. George B. Brown for his advice. 
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Inhibition of Glycolysis by Pyruvate in 
Relation to the Accumulation of Citric Acid 
Cycle Intermediates in the Perfused Rat 
Heart 


REcENT investigations have established that tho 
addition of metabolic fuels such as acetoacetate, fatty 
acids, lactate or pyruvate to hearts perfused with glucose 
and insulin inhibits the rate of glucose uptake and 
oxidation}. It has been proposed that during respira- 
tion of these substrates, glycolysis is inhibited by a 
common mechanism; namely, an indirect inhibition of 
phosphofructokinase as indicated by increased levels of 
hexose monophosphates and decreased levels of fructoso- 
1,6-diphosphates. Furthermore, phosphofructokinase 
activity has been shown to be depressed in hearts from 
diabetic rats which also have a decreased rate of glucose 
utilization®. It has recently been reported that citrate not 
only inhibits phosphofructokinase activity in cell-free 
system, but also accumulates in hearts from diabotic 
rats, and in isolated hearts perfused with long- and short- 
chain fatty acids’~*. These results have led to the sug- 
gestion that the rate of glycolysis may in somo measure 
be controlled by the activity of the citric acid cycle. 
Williamson? has reported that the rate-limiting step of 
glycolysis in perfused hearts with pyruvate as substrate 
occurred not at the phosphofructokinasoe step, as proposed 
by Newsholme eż al.5, but at a site located between glycer- 
aldehyde-3-phosphate and pyruvate. It was therefore 
considered of interest to examine the kinetics of the 
changes of the glycolytic intermediates after addition of 
pyruvate, in conjunction with the levels of certain citric 
acid cycle intermediates in both the intact heart and 
isolated heart mitochondria. 
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acceptor, «-oxoglutarate, after a 1-min lag, 
was formed at the rate of 7:5 pmoles/g 
protein/min over a 12-min period. The 
initial level of «-oxoglutarate was 2 umoles/ 
g protein. The citrate content of the incu- 
bation medium remained constant at the 
initial value of 7 umoles/g protein. Citrate 
also remained constant if the incubation 
with pyruvate and fumarate was carried 
out in the absence of phosphate acceptor. 
- Addition of pyruvate (with or without 
fumarate) produced & rapid increase of 
reduced pyridine nucleotides, which was 
reversed by arsenite (an inhibitor of 
pyruvate oxidase) but not by malonate. 
Similar effecte have been obtained with the 
intact beating heart, and NADH was 
found to be the major form of reduced 
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Fig.1. The effect of pyruvate on the level of g 
rat heart. Hearts were perfused for the state 
and 10 mM pyruvate. 


initial control values. 
dry wt. and are shown in brackets at the bottom of the figure. 
"accounted for 83 per cent of the triose phosphate 


Hearts from fed, male, Wistar rats were perfused as 
previously described’. All hearts were pre-perfused for 
15 min with medium containing 5 mM glucose and 
2 mv/ml. insulin before transference to recirculation 
circuits containing 15 ml. of the same medium plus 
10 mM pyruvate. After different times of perfusion, the 
hearts were rapidly frozen by means of.tongs cooled in 
liquid nitrogen, powdered, and extracted with perchloric 
acid. The glycolytic intermediates, citrate, «-oxoglutarate 
and malate, were estimated in an Eppendorf fluorimeter 
by minor modifications of standard enzymatic procedures, 
Rat heart mitochondria were prepared and incubated as 
described by Chance and Hagihara!?. The redox state of 
the mitochondrial pyridine nucleotides was investigated 
using the fluorescence techniques of Chance and Balt- 
scheffsky1, 


The changes of the glycolytic intermediates in hearts at^ 


different times after exposure to pyruvate are shown in 
Fig. 1. It may be seen that glucose-6-phosphate and 
fructose-6-phosphate levels were elevated within 1 min 
after addition of pyruvate and remained elevated for the 
15-min perfusion period. Fructose-1,6-diphosphate and 
triose-phosphate levels decreased within the first minute, 
but afterwards increased greatly above the control 
values, with fructose diphosphate lagging behind the 
triose phosphates. The intermediates between 3-phospho- 
glyceric acid and pyruvate also increased, but to a 
lesser extent than the triose-phosphates.- The levels of 
&-glycero-P decreased by 75 per cent immediately after 
pyruvate addition and afterwards increased to the same 
values as those of the control hearts. The ratio of 
«-glycero-P to dihydroxyacetone-P decreased from an 
initial value of 2-2 to a plateau value of 0:5-0-6 2 min 
after the addition of pyruvate, indicating a change of the 
cytoplasmic pyridine nucleotides towards a more oxidized 
state. 

The amounts of citrate, «-oxoglutarate and malate 
determined in the same experiment are shown in Fig. 2. 
All three compounds increased after 1 min, with citrate 
showing the most rapid initial increase, and after 15 min 
the values were, respectively, 15, 5 and 34 times the 
controls. 

Experiments were performed with rat heart mito- 
chondria to obtain information on the mechanism of 
citrate accumulation. With 5 mM pyruvate and 2 mM 
fumarate as substrate, the mitochondria respired rapidly 
and shqwed good respiratory control. On aerobic in- 
cubation with these substrates in the presence of phosphate 


lycolytic intermediates in isolated, perfused 
times with 5 mM glucose, 2 mu/ml. insulin, 
Control hearts were perfused with similar medium in the absence 
ofpyruvate. Values for the glycolyticintermediates represent the mean of determinations 
on two hearts for each perfusion time, and results are expressed as a percentage of the 
ontrol values for each intermediate are uer in umoles/kg 
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cence increase, although NADPH also 
increased by 50 per cent. ‘ 
The changes in the levels of the glyco- 
lytic intermediates after pyruvate addition 
illustrate the development of -several 
. different blocks along the glycolytic 
pathway. The addition of pyruvate 
is followed -by an immediate rise of 
hexose monopbhosphates, citrate and  «-oxoglutarate, 
and a fall of fructose-1,6-diphosphate and triose-phos- 
phates. These changes are consistent with an initial 
inhibition of phosphofructokinase by citrate. The 
subsequent rise of triose-phosphates prior to fructose-1,6- 
diphosphate suggests the development of a more powerful 
inhibition at an enzymatic site between glyceraldehyde- 
3-P and 3-P-glyceric acid, even though citrate-levels 
continue to increase. However, the presence of a further 
block between 3-P-glyceric acid and pyruvate is indicated 
by the slow rise of the former intermediate immediately 
after pyruvate addition. The most feasible explanation 
for the observed changes of the glycolytic intermediates, 
therefore, involves primary inhibition of pyruvate kinase 
by the high concentration of pyruvate, and secondary 
inhibition of triose-P dehydrogenase by the build-up of 
its inhibitory product, 1,3-di-P-glyceric acid!9. It is clear 
from these results that, under the special conditions of a 
high pyruvate concentration, phosphofruetokinase is not 
the major rate-limiting enzyme of the glycolytic pathway 
and that there is no correlation between the citrate 
content of hearts and the levels of hexose mono- or 
di-phosphates. Some degree of inhibition of phospho- 
fructokinase is indicated, however, by the increased levels 
of hexose monophosphates, and this could be mediated 
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Fig. 2. The effect of pyruvate on the levels of malate, citrate and 
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by citrate. Possibly, initial inhibition of phosphofructo- 
kinage is reversed by the build-up of fructose-1,6-diphos- 
phate, which has been shown to be & potent antagonist 
of citrate inhibition?. 

The lack of citrate formation in isolated mitochondrie, 
despite its accumulation in the intact tissue, suggests the 
possibility that much of the citrate found in the intact 
tissue may be formed in the cytoplasm. This may be 
accomplished either by reversal of the isocitrate dehydro- 
genase reaction"", or by the extramitochondrial condensa- 
tion of oxaloacetate and acetyl coenzyme A (ref. 18). The 
increased formation of reduced pyridine nucleotides after 
pyruvate addition in both the intact heart and isolated 
mitochondria, and the reversal of this effect by arsenite, 
indicate that pyruvate is readily converted to acetyl 
coenzyme A, while the accumulation of «-oxoglutarate 
suggests that «-oxoglutarate oxidation may be limited 
by the availability of free coenzyme A. Isocitric dehydro- 
genase does not appear to be a rate-limiting enzyme 
under the conditions of these experiments. 

We thank Dr. Britton Chance for his advice. This work 
was supported by a grant from the Public Health Service 
(122-02—01). 
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Staphylococcal Teichoic Acid Antibody in 
the Sera of Patients with Burns 


Tue sera of patients suffering from extensive burns 
have been. found by one of us (J. K.) to contain precipitat- 
ing antibodies to components of Staphylococcus aureus 
extracts. The presence of the antibodies was demon- 
strated by immunodiffusion methods from about two 
weeks after the first isolation of Staphylococci from the 
burned area. The more discriminating technique of 
immunoelectrophoresis showed that one of these numerous 
staphylococcal cell-components migrated rapidly towards 
the anode (its mobility similar to that of a phenol red 
marker). We have called this rapidly migrating compon- 
ent ‘fast anodic antigen’ (FAA); the antibody to it has 
only occasionally been found in normal human sera by the 
usual immunodiffusion methods. FAA is not an exotoxin 
but corresponds to a component of the cell wall. 

Extracts containing FAA could be prepared by boiling 
or by autoclaving cells and also by perchloric acid or 
formamide extraction of whole cells. This suggested that 
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FAA was probably a polysaccharide. For most of the 
present work, however, aqueous extracts were obtained 
from staphylococci (Glaxo strain 663) broken up m a 
modified Hughes press and subjected to brief ultrasonic 
treatment. i 

An antibody similar to FAA. had been observed in the 
sera of rabbits immunized with whole-killed staphylococ- 
cal cells by a lengthy procedure (2 x 0-25 ml., 2 x 0:5 ml., 
19 x 1:0 ml. doses intraperitoneally at 3-day intervals, 
20,000 x 10° cells per ml.) designed to produce antisera 
to somatic antigens. Such antisera, often showed by 
immunodiffusion in agar and on cellulose acetate the 
presence of at least eight distinct antibodies against whole- 
cell extracts, but by immunoelectrophoresis the onc fast 
anodic are could be clearly distinguished. f 

During immunochemical investigations of various 
staphylococcal cell fractions, ` we had observed that, 
among the active fractions, teichoic acid appeared to have 
an electrophoretic mobility similar to that of FAA when 
run on paper in barbitone buffer at pH 8:6. The tcichoic 
acid extraction procedure of Baddiley et al.’ from highly 
purified cell walls was used, although with our strains 
longer extraction times with trichloracetic acid (1 week) 
were required. The teichoic acid was finally freeze-dried, 
its identity being checked by chromatographic examina- 
tion of acid and alkali hydrolysates. 

We could confirm. the observations of other workers** 
that teichoic acid can react with a specific serum antibody. 
We found teichoic acid to precipitate with antibody in 
antiserum from rabbits hyperimmunized with whole- 
killed staphylococcal cells. In spite of repeated attempts, 
however, we have been unable to immunize rabbits with 
pure teichoic acid and have concluded that it is not itself 
immunogenic and should therefore be designated as a 
haptene. The fact that whole-killed Staphylococci cells 
elicit a teichoic acid antibody response in rabbits points 
to some kind of structural association, involving teichoic 
acid within the cell wall, either as a higher polymer of 
teichoic acid than can be extracted with trichloracetic 
acid or as part of a moiety in which teichoic acid functions 
as haptenie determinant groups. In all probability the 
complex between teichoic acid and mucopeptide would 
fall into the latter class. 

After these observations, we could demonstrate that 
teichoic acid on immunoelectrophoresis against both our 
potent rabbit antiserum and human burn serum gave a 
fast arc, suggesting that teichoic acid is serologically 
similar to FAA (Fig. 1). A further experiment—a 
linking immunoelectrophoresis run—showed confluent 
ares, establishing beyond all doubt the identity of FAA 
and teichoic acid (Fig. 2). To the best of our knowledge 
this is the first time that a precipitating antibody to 
teichoic acid has been reported in human serum. Its 
presence was not surprising, as burn slough is almost 
invariably found to be heavily infected with Staphylococct, 
as well as with other organisms‘. 

Recently, Mudd et al. have produced evidence of the part 
played by teichoic acid in inhibiting phagocytosis of 
Staphylococci’. They showed that normal human sera 
absorbed with teichoic acid had a reduced power to 
promote phagocytosis, presumably owing to combination 
of the teichoic acid with phagocytosis-promoting antibody. 
A precipitating antibody to teichoic acid would fit this 
picture reasonably well; the teichoic acid antibody would 
combine withthe teichoic acid from the Staphylococci, 
leaving the phagocytosis unimpaired. 

Work is in progress at present to determine the part 
played by teichoic acid in conferring immunity by examin- 
ing various pathological human sera for the presence of 
antibody to teichoic acid. We are also extending the work 
on serum from burned patients; but it seems likely from 
our experience so far that high levels of this antibody can 
be attained in laboratory animals only after numerous 
injections over a long period and in man in special circum- 
stances, such as those existing in burned patients.” 
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Fig. 1l. Immunoelectrophoresis of staphylococcal fractions against 

serum from & burned patient and rabbit whole staphylococcal cell anti- 

serum (30/5). T.A represents wall ribito] telchoic acid. Adaptation of 

agar immunoelectrophoretie method (1 per cent washed 'Ionagar' on 

3 in. x 2 in. slides, barbitone VES pH 8-6. #=0°5, voltage 10-12 
vjem 





Fig. 2. Immunoelectrophoresis plate showing serological identity 
between the teichoic acid antibodies in serum from a burned patient 
*. and in rabbit whole-cell antiserum 
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An Anomalous Effect of Ethionine on Ribonucleic 
Acid Synthesis 


BrsipEs giving rise to liver tumours!, ethionine 
administration causes inhibition of protein synthesis? and 
also, in common with actinomycin D and puromycin, can 
reduce the extra synthesis of certain enzymes occurring 
in liver under the influence of ‘inducing’ agents?. Actino- 
mycin D is known to suppress the synthesis of ribonucleic 
acid (RNA) possibly including ‘messenger’ RNA, in vivo or 
in vitro, and puromycin likewise suppresses RNA synthesis 
at least when administered to partially hepatectomized 
rats‘. A fall in the incorporation of labelled precursors 
into RNA has been briefly reported to occur in liver after 
acute treatment with ethionine in large dosage?5, in 
accordance with the inhibiting effect on protein synthesis. 
Surprisingly, however, we have now encountered a con- 
verse effect on RNA synthesis in rats fed ethionine. 

The rats were young male albinos, kept on a 20 per 
cent protein diet which, for the experimental rats, con- 
tained 0-25 per cent pr-ethionine (usually omitted on the 
day before killing). From the livers, excised after an 
overnight fast, there were prepared both a DNA-con- 
taining ‘enzyme aggregate’ and, with the use of 2:2 M 
sucrose, highly purified nuclei’. Both types of preparation 
were assayed for the DNA-dependent RNA-nucleotidyl 
transferase (“RNA transcriptase’, ‘RNA polymerase’; 
Enzyme Commission 2.7.7.6)°, with no addition of DNA 
but sometimes with addition of ammonium sulphate (to 
0-4 M; cf. ref. 8). 

In calculating in vitro results for the purpose of Fig. 1, 
activities were expressed on the basis of the actual 
amount of DNA. in the sample assayed. For the controls, 
the mean values for uumoles of ATP incorporated per 
mg DNA per min without (or with) ammonium sulphate 
were 2-9 (or 9-5) for enzyme aggregate and 13 (unchanged 
by ammonium sulphate) for purified nuclei; the values 
for UTP were similar. Whereas ethionine treatment has 
led in other laboratories to bile-duct proliferation and a 
rise in DNA/g liver, no such changes have now been found, 
the mean value for DNA being 1-75 mg/g both in control 
and in ethionine-fed rats. It may also be pointed out 
that for ethionine-fed rats the recovery of tissue DNA. was 
similar to that in controls, both for enzyme aggregate 
(about 60 per cent) and for nuclei (about 40 per cent), 
and the total liver weight characteristically fell to 80 per 
cent of that in controls. 

Both enzyme aggregate and nuclei, assayed in the 
absence of ammonium sulphate, showed a marked rise in 
activity in ethionine-fed rats, some rise being evident 
even with one day of feeding (Fig. 1). If ammonium 
sulphate were added to the enzyme aggregate system, 
and the comparison made with control preparations to 
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Fig. 1. RNA synthesis In rats fed ethionine (for the No. of days indi- 
cated on the axis), relative to that in controls (— 100); see text for basis 
of calculation. Note log scale. In vitro results refer to the activity of 
RNA transcriptase, assayed on an ‘enzyme aggregate’ (top graph) or on 
purified nuclei (middle graph) as explained in the text. In one series of 
ozporimenta (upright triangles) the precursor was ATP-8-"C, and in a 
different series (inverted triangles) it was UTP-6-“C. Assays without 
ammonium sulphate (solid triangles) and assays with ammonium sulphate 
added to 0-4 M (open triangles) were run side-by-side. In vivo results 
in the bottom graph refer to the recovery of radioactivity in whole-tissue 
RNA at different times after injection of orotate-6-!C (solid symbols), 
and to the specific (not total) radioactivity of the uridine-nucleotide 
precursor pool (open symbols) Squares, circles and diamonds denote 
post-injection times of 30, 75 and 150 min respectively 


which ammonium sulphate had likewise been added, the 
rise was reduced or abolished in some of the experiments 
with feeding periods of 16 days or less, but little reduced 
in most experiments (Fig. 1). 

Measurements were also made of RNA labelling in vivo 
after injection of orotate-6-4C (Fig. 1, bottom graph). 
With ethionine feeding the recovery of radioactivity in 
RNA. was definitely enhanced, although less markedly 
than the incorporation in vitro. The enhanced recovery 
can validly be regarded as representing a rise in rate of 
RNA. synthesis, since precursor measurements on the 
tissue suggested & fall rather than a rise in specific radio- 
activity (Fig. 1). Analyses on purified nuclei and on sub- 
fractions from the cytoplasm indicated that all cellular 
loci shared in the increase. Such analyses further showed 
that with ethionine feeding the amounts of RNA in 
purified nuclei and in the supernatant fraction were 
increased by up to 50 per cent. 

There is, then, stimulation of RNA synthesis by feeding 
of ethionine, in contrast with the result obtained in acute 
experiments?:5, Preliminary experiments indicate that the 
stimulation found 4n vitro is not consistently, if at all, 
reduced by administration of actinomycin D or puro- 
mycin, but that (if account is taken of a tendency for 
precursor specific-activity to rise) the stimulation in vivo 
may be reduced by these agents or by adenine (the trial 
of which was prompted by its reported effect in reversing 
ethionine effects such as ATP depletion??). The tendency 
' for the stimulation by ammonium sulphate to be reduced 
by ethionine, if fed for 16 days or less, suggests that there 
may be some increase in the availability of ‘primer’ DNA; 
but such a mechanism could evidently not account for 
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the effect of ethionine when given for more than 16 days. 
Possibly the microsomal block in protein synthesis?, while 
itself overcome with continued ethionine treatment’, leads 
secondarily to a ‘compensatory’ increase in the output of 
messenger RNA, or else to a selective impairment of the 
formation of a ‘repressor’ governing the synthesis of 
RNA-synthesizing enzymes. 

It should be emphasized that the qualitative agreement 
between the in vitro and the in vivo changes does not 
imply that RNA transcriptase is the sole enzymatic determ- 
inant of RNA synthesis. From the values for recovery 
of radioactivity in RNA in vivo and for precursor radio- 
activity, it would appear that the normal rate of RNA 
synthesis in liver is of the order of 3-8 mymoles of UTP 
incorporated per mg DNA per min—a rate enormously 
greater than the in vitro rates already mentioned. More- 
over, the turnover of RNA may also be governed by 
ribonuclease activity; in this connexion it is of interost 
that the acid-ribonuclease activity of supernatant frac- 
tions has been found in this laboratory to increase 
markedly in ethionine-féd rats. 

In relation to the possibility that a rise in RNA syn- 
thesis is an important early step in heptocarcinogenesis, 
it should be pointed out that for carcinogenic azo dyes 
there is evidence of a rise in acute experiments’, but with 
2-5 weeks of feeding there is, in our experience, little 
change in RNA synthesis in vivo or in vitro. Moreover, 
there seems to be a striking rise in the rate of synthesis 
after prolonged feeding of oanaphthylisothiocyanate, 
which is non-carcinogenic but which (unlike ethionine as 
now given) causes bile-duct proliferation; but on addition 
of ammonium sulphate the activity in vitro, unlike that 
found after prolonged feeding of ethionine, becomes 
almost identical with that of controls likewise assayed in 
the presence of ammonium sulphate. In future work on 
the control of RNA synthesis, ethionine will evidently be 
a particularly useful tool. 
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A Proposed Pathway for the Biosynthesis 
of Pectin and Methylated Uronic Acid Residues 


Mvorwosrron is readily converted into uronosyl and 
pentosyl monomers of pectin and related polysaccharides 
in higher plants^?. -During this conversion, myoinositol 
is cleaved between carbon atoms 1 and 6 and is oxidized 
at carbon 1 to yield p-glucuronic acid. The latter is 
further converted by the plant to a number of metabolio 
products including pectin and hemicellulose. It remains 
undetermined whether this conversion is an oblfgstory 


1176 


pathway of polysaccharide biosynthesis during cell 
wall formation, but certain theories may be advanced 
about the role of this process as a source of methylated 
uronosyl and pentosyl residues. 

Four monomethyl ethers of myoinositol occur naturally?. 
They are r-bornesito] (1-O-methyl myoinositol) I, D- 
bornesitol (3-O-methyl myoinositol) II, p-ononitol (4-0- 
methyl myoinositol) III, and sequoyitol (5-O-methyl 
myoinositol) IV. (Hydrogen-carbon bonds are omitted 
in formule I, II, III, and IV.) If cleavage of the cyclitol 
ring occurs between carbon atoms 1 and 6 accompanied 
by oxidation of earbon 1 as observed in myoinositol, 
the product of 3-, 4-, or 5-O-methyl myoinositol will be 
4-, 3-, or 2-O-methyl-p-glucuronic acid (V, VI, or VII). 


Y 








H, OH HL JOH 
ç ¢ 
H-G-OH «on | 
HO-C-H 0 7 HO-C-H 0 
pe wo] 
H-G H-C 
g C=0 6-0 
OCHs OCHs 
H, OH 
ç 
+[o], H-C-OH 
HO-C-H 0 
H-G-OCHs 
E 
c=0 
OH 
I T 


4-0-Methyl-D-glucuronic acid is a common constituent 
of acidic polysaccharides found in hemicellulose’, gums*.* 
and mucilages*’. Characteristically, 4-O-methyl-p- 
glucuronosyl units occupy terminal, non-reducing posi- 
tions, usually in short side-chains where they are attached 
to D-galactose or L-arabinose units or as single residues 
attached directly to the main chain of xylan. Presence 
of a 4-O-methyl group could control further chain en- 
largement and so have important consequences during 
polysaccharide biosynthesis*. Similarly, a 4-O-methyl 
group might also prevent decarboxylation® and so account 
for the widespread occurrence -of 4-O-methyl-p-gluc- 
uronosyl units associated with pentosans. 3-O-Methyl-p- 
glucuronic acid has been reported in jute fibre hemicellu- 
lose’. No reports of naturally-occurring 2-O-methyl-p- 
glucuronic acid or its derivatives could be found although 
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its decarboxylation product, 2-O-methyl-p-xylose VIII, 
has been isolated from plum leaf hemicellulose". 

Now consider L-bornesitol. If this cyclitol is cleaved 
between carbon atoms 1 and 6 and carbon 1 oxidized, 
the product will be the methyl ester of p-glucuronic acid 
IX. This cleavage resembles an enzymatic reaction found 
in the microbial oxidation of camphor!?. In the plant, 
the methyl p-glucuronate would have to be epimerized 
to methyl p-galacturonate X prior to its incorporation 
into pectin. Enzymatic steps that will catalyse this con- 
version as uronic acid nucleotides have been described”, 
but the analogous conversion as methyl uronate nucleotides 
has not been explored. Incorporation of methyl D-galact- 
uronate-U-“C (methyl group unlabelled) into pectin 
has been demonstrated", but additional experiments are 
now needed to show that the methyl group accompanies 
uronic acid residues into polysaccharide during biosyn- 
thesis. Albersheim!5 has presented evidence that the rate 
of incorporation of myoinositol into pectin parallels the 
rate of incorporation of D-glucose and that in Avena 
coleoptile sections the effect of indolyl-3-acotie acid on 
incorporation of D-glucose and myoinositol into Dp- 
galacturonic acid residues and of methyl from methionine 
into methyl ester groups of pectin is similar. 

The biosynthesis of myoinositol in plants proceeds 
from D-glucose without fragmentation of the carbon 
chain!" by a cyclizing mechanism still not fully under- 
stood. Scholda, Billek, and Hoffmann-Ostenhof!5 have 
recently shown that myoinositol is the precursor of 
sequoyitol, D-inositol, and pinitol in leaves of Trifolium 
incarnatum infused with myoinositol-MC. If so, it appears 
quite likely that r-bornesitolis also derived directly from 
D-glucose via myoinositol. : f 

With considerations discussed here as a base, a hypo- 
thetical pathway of pectin biosynthesis is presented as 
follows: 


D-glucose—-—-myoinositol—-—-r-bornesitol——- 
methyl D-glucuronate—>methyl p-glucuronate 
nucleotide——-methyl p-galacturonate nucleotide——- 
pectin. 


Arrows between proposed intermediates do not necessarily 
indicate single step conversions. Indeed, in the plant all 
these conversions might well involve phosphorylated 
intermediates. The most important aspects of this new 
scheme are: (1) cyclization of hexose to a cyclitol; 
(2) methylation of the cyelitol; (3) oxidative cleavage 
of the cyclitol to the uronic acid methyl ester precursor 
of pectin, or the O-methyl glucuronic acid precursor of 
hemicellulose. 
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Time-dependent Inhibition of Myogenesis by 
Actinomycin D 


MUSOLE owes its morphological and biochemical identity 
to proteins such as actin, myosin, tropomyosin, etc., 
and it is reasonable to suspect that these molecules are 
somehow represented in the genome. Until rather recently, 
it was generally believed that all new proteins are manu- 
factured by freshly made messenger RNA’s of exceedingly 
short half-lives. However, recently it has become rather 
evident that there are at least a few systems in which 
genetic messages are sent many generations before they 
are used?. Is this the case with myogenesis, or is the 
necessary information for muscle differentiation sent 
shortly before it is called into play? 

Actinomycin D seemed to provide an experimental 
approach to the question. The antibiotic complexes with 
DNA and thereby prevents synthesis of RNA. At the 
same time, already-formed templates continue in the 
manufacture of proteins and DNA replication occurs’. 
The myogenic system selected for investigation was 
regenerating mouse skeletal muscle. This choice was 
dictated primarily by the fact that there is a great deal 
of synchrony attending the reaction: during the second 
to third day after muscle injury a class of highly prolifera- 
tive mononucleated cells appears in the wound**, and on 
the fourth day newly developing muscle fibres are in 
abundance. If the mononucleated cells are arrested by 
colchicine new muscle fibres fail to appear on schedule’. 
Moreover, if the mononucleated cells incorporate tritiated 
thymidine, differentiating muscle fibre nuclei show 
radioactivity after autoradiography^". Thus, it would 





Fig. 1. 


_ Newly differentiating muscle fibres in five-day wound from 

animal injected with ME 200) h following muscle transection 
x . 

Fig. 2. Five-day wound’ coagulum from animal injected with actino- 


mycin D 72 h after muscle transection. This representative field is 

devoid of newly differentiating muscle fibres. In normal regeneration 

and in casesinjected with actinomycin D at 24,48 and 100 h such sections 
exhibited scores of differentiating muscle fibres. (x 100) 
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seem that in the 3-4-day interval after wounding many 
presumptive muscle cells are achieving the differentiated 
state. 

Transections were inflicted in tibialis anterior muscle 
of female Swiss-Webster mice, weighing 25-30 g, under 
light methoxyflurane anesthesia. Animals received a 
single intraperitoneal dose of 0-99 micrograms of actino- 
mycin D (kindly donated by Merck and Co.) at 24, 48, 72 or 
100 h after transection. Tissues were fixed for histological 
investigation five days after wounding. Day five was 
chosen because at this time there normally are scores of 
regenerating fibres in each section through the wound'!-*. 

Large numbers of typical five-day regenerating myo- 
tubes were encountered in all sections of the 24, 48 and 
100 h series (Fig. 1). In five of five specimens given 
actinomycin at 72 b, regeneration was severely depressed 
(Fig. 2) and was represented by only an occasional, single, 
immature muscle fibre. Although few in numbers, these 
fibres were normal morphologically. 

The findings indicate that myogenesis depends on a new 
round of RNA. synthesis (presumably messenger) in the 
interval immediately preceding the histological advent 
of muscle as a tissue. This, in turn, suggests that muscle 
is specifically represented in the genome and that the 
information for making it is communicated shortly before 
it is used. Along this same line, it may be noted that 
muscle regeneration can be prevented by X-irradiation, 
but sensitivity to the effective dose is lost somewhere on 
the third day; that is, after the genetic messages seem to 
have been sent’. 
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Occurrence of Homoserine in the Liver of 
Ethionine- or Methionine-treated Rats 


INTRAPERITONEAL administration of L-methionine! as 
well as incorporation of DL-methionine? and pnL-ethionine? 
in the purified diets of rats resulted in increased activity of 
rat liver cystathionase (‘soluble’ cysteine desulphydrase). 
Recently, I have also observed‘ that one injection of 
L-ethionine likewise caused, in 4 h, significant increase in 
the activity of the enzyme in rat liver. In an effort to 
determine the chemical basis for the effects of these 
amino-acids, analyses of the free amino-acids of the liver 
of control (non-treated) as well as of ethionine and 
methionine-treated rats were carried out. 

For this purpose, male Wistar rats, weighing 90-100 g, 
were fed for 7 days a purified diót previously described?, 
containing 18 per cent casein. The control animals were 
killed without any treatment; the ethionine- and methio- 
nine-treated animals were injected respectively with 54 mg 
L-ethionine and 48 mg 1-methionine per 100 g body weight, 
by intraperitoneal route, 4 h before death. Another group 
was fed the purified diet containing 1-5 per cent DL-ethionine 
for a week. Free amino-acids were extracted from repre- 
sentative samples of 1 g of liver according to the procedure 
described by Áwapara*. Chromatographic analyses of the 
extracts were performed on Whatman paper‘ (descending 
method), solvents: butanol/acetic acid/water (50:25:25) 
and phenol/water (80:20), on thin-layer silica gel 
(ascending method) using the same solvents, and in a 
Technicon autoanalyser after passing the extract through 
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8 column of “Dowex 50’, according to the method of Piez 
and Morris? as modified by Hamilton’. 

Presence of homoserine in the livers of ethionine or 
methionine-treated rats was indicated by paper chroma- 
tography and thin-layer silica gel chromatography. 
Furthermore, examination of the amino-acid profile 
obtained by the automatic recording apparatus revealed 
a peak in the position for homoserine, before that of 
glutamic acid, in the extracts of the ethionine- or methio- 
nine-treated rat livers. This peak was absent in the 
extracts of non-treated control animals’ livers. Addition 
of DL-homoserine to the extract from control rat livers 
yielded a new peak located at the position identical with 
that occupied by the characteristic peak of the extracts 
from treated rats. 

Demonstration of the accumulation of homoserine in the 
livers of ethionine- or methionine-treated rats is of particu- 
lar importance, since administration of pu-homoserine 
itself!, a substrate for cystathionase®, induced an increase 
in rat liver cystathionase like methionine or ethionine. 
Matsuo and Greenberg? also reported the formation of 
radioactive homoserine in mice when injected with DL- 
methionine-2-C; however, the mechanism for the con- 
version of methionine to homoserine is not elucidated. 
According to Stekol ef al.1°, methionine and ethionine 
follow the same metabolic pathway in the rat, but in the 
known pathway of the degradation of r-moethionine!, 
namely: 

L-methionine —- n-homocysteine —- L-cystathionine > 
L-cysteine, the formation of homoserine could not be 
demonstrated, since the cleavage of L-cystathionine, the 
intermediate metabolite from which homoserine could be 
expected, gave rise only to a-ketobutyrie acid and 
cysteine®. : 

The elucidation of the mechanism of formation of 
homoserine in rat liver is under investigátion. 

This work was supported by U.S. National Institutes 
of Health grant AM-—07-249. 
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Presence of Imidazoleacetic Acid Riboside 
and Ribotide in Rat Tissues 


THE products of histamine metabolism in vivo have been 
catalogued in investigations of the urine’, but relatively 
little work has been done on metabolites present in tissues. 
Since excreted metabolites reflect only the composite 
outflow of terminal products and need not represent the 
metabolites present in a tissue, it seemed of interest to 
examine the radioactive compounds present in some tissues 
after the injection of labelled histamine and histidine. 
A special effort was made to demonstrate the presence of 
histamine adenine dinucleotide (HAD) and histamine 
adenine dinucleotide phosphate (HADP)*4. 

Male rats (300-350 g) were injected intraperitoneally 
with (2-™C)histamine (18 uc./umole) or uniformly labelled 
(24C)-L-histidine (240 gpe./umole) and decapitated after 
specified intervals. Organs were homogenized in 5 per 
cent trichloroacetic acid (TCA), centrifuged, and the 
supernatant solution extracted with ether. Each of the 
aqueous extracts was added to a ‘Dow 1-Cl2 column and 
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Radioactivity 





———— 
0:13 0-22 1:0 
Rr 
Fig. 1. Radioactive scan of chromatogram of TCA extract of Kidney. 
The solvent system was isopropanol-CHCl;-NH,—H,O 


eluted with water (fraction 1-1), 0-001 N hydrochloric acid 
(fraction 1-II), 0-0025 N hydrochloric acid (fraction 1-III) 
and 4 N hydrochloric acid (fraction 1-IV). Fraction 1-III 
was then chromatographed on ‘Dow 50-H^ and eluted 
with increasing concentrations of hydrochloric acid. 
Aliquots of various fractions were chromatographed on 
Whatman 3 MM paper in ascending systems containing 
ethanol-0-1 N acetic acid (50:50) and isopropanol- 
0-5 N hydrochloric acid (65:35) and descending in iso- 
propanol-chloroform-ammonium hydroxide—water (55 : 
25:10:10). These solvent systems separate the known 
metabolites of histamine, although some uncertainty 
exists in differentiating between methylated and non- 
methylated compounds. 

Histamine riboside, imidazoleacetio acid riboside, and 
imidazoleacetic acid ribotide were gifts of Drs. H. 
Tabor, H. Bauer and G. M. Crowley; histamine adenine 
dinucleotide phosphate (HADP) was a gift of Dr. S. G. A. 
Alivisatos. Labelled histamine adenine dinucleotide 
(HAD) and HADP were synthesized*4 with a pig brain 
DPNase®. 

Since kidney had the highest concentrations of radio- 
activity from injected histamine (Table 1), primary 
attention was given to that organ. Three major radio- 
active fractions were present on paper chromatography of 
the TCA extract (Fig. 1 and Table 2) of kidney from rats, 
each of which received a total of 35 ue. histamine (650 
ug/kg) in three equal injections 120, 75 and 30 min before 
decapitation. On chromatography of the TCA extract 
on a ‘Dow 1-Cl~ column, material that corresponded in all 
solvent systems with the radioactive peak at Rr 0-13 of 
Fig. 1 was eluted in fraction 1-I (Table 2), and radioactiv- 
ity that chromatographed in all solvent systems as the 
peak at the origin of Fig. 1 was eluted in fraction l-III 
(Table 2). All the radioactivity was eluted with water 
on chromatography of fraction l-IIY on ‘Dow 50-H?’ 
(Table 2). The Rr values of the radioactivity in the 
chromatograms of these eluates corresponded with known 
imidazoleacetic acid riboside (fraction 1-I) and ribotide 
(fraction 1-ITI, 50-I) (Table 2). This identification was 
supported by hydrolysis of both ‘Dow 1’ eluates in 6 N 
hydrochloric acid for 64 b at 150° (ref. 6): chromatography . 
of the hydrolysates showed that the radioactivity migrated. 
in all systems with hydrolysed imidazoleacetic acid ribo- 
tide and with authentic imidazoleacetic acid. The third 
major peak in the chromatogram of the TCA extract 
(Fig. 1) did not correspond with any known metabolite 
tested (Table 2); hydrolysis of this material after elution 
from the chromatogram did not alter its Rr on chromato- 
graphy. Similar chromatographic techniques showed the 
presence of imidazoleacetie acid ribotide in liver. 

Since little radioactivity could be found in brain after 
the administration of labelled histamine (Table 1), it was 
necessary to inject labelled histidine to attain workeble 


Table 1. 


0-00 


CONCENTRATION OF RADIOACTIVITY IN RAT TISSUES AFTER 
INJECTION OF LABELLED HISTAMINE AND HISTIDINE 


Timeafter Radioactivity in TCA extract of organs 
Isotope infection (c.p.m./g tissue) 
Injected (min) Kidney Liver Lung Spleen Brain 
“C-histamine 10 uo 30 280,000 73,000 16,000 16,000 1,000 
120 160,000 34,000 6,400 8,200 630 
H C-histidine 10 uc 30 32,000 58,000 6,400 16,000 7,80 
120 17,000 11,000 4,000 5,400 6,900 
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"able 2. Rp VALUES OF CHROMATOGRAPHIC STANDARDS AND OF 
TISSUES 





















A RADIOACTIVE MATERIAL FROM 
X Ethanol- Ry values HOO: 
Compound or fraction acetic isopro- /HCh- 
: acid panol- NH,-H,O 
0-74 0-43 0-62 
0-78 0-50 0-71 
0-83 0-67 077 
O77 0-64 0-26 
077 0:64 0-30 
iboside 074 0-57 0-13 
idi ribotide 0-67 0-54 0-00 
'oHistami 0-86 — 0:24 
^ JMistidine 0-58 0:34 0-16 
;a-Methylhistidine 0-65 0-47 0-22 
1-Methylhistidine 0-57 0:87 0-19 
3 y idine 0-62 941 0-20 
s Du 0:66 0:26 
: — 0:66 0-32 
0:51 0:45 0-16 
€ 0-69 0-06 
0-65 0-62 0-04 
0-60 0-39 017 
0:36 0:08 9-03 
0-60 0-42 0-31 
0:63 054 0-00 
0:66 0:57 0-13 
0:73 0-22 
0:73 0-57 0-13 
0-67 0-54 0-00 
0-87 — 0-00 
0-63 0-57 0-22 
0-52 0:35 013 
073 0-42 0:16 
10 0:57 0-58 
10 0-79 
0-65 0-55 0-00 
0-82 9-89 0:34 
TM 0-75 
EN 0-79 
iwe 052 03 0-16 
PROS 0-76 0-64 0-34 
` 9:8 


levels of radioactivity. After the injection of 10 ye. of 
5 histidine both 120 and 30 min before decapitation (total 
vs histidine: 30 pg/kg), at least 80 per cent of the radioactivity 
— migrated as histidine on chromatography of the TCA 
extract of brain. After chromatography on “Dow 1-Cl-’, 
eluate I.T contained a small fraction of the total radio- 
. aetivity that chromatographed in all solvent systems as 


| OAmidazoleacetié acid riboside (Table 2) and which on 


"hydrolysis with hydrochloric acid at 150? gave a product 
that migrated as imidazoleacetie acid. In addition, paper 
chromatography of fraction 1-III showed a radioactive 
peak corresponding to imidazoleacetic acid ribotide in all 
solvent systems (Table 2). The radioactivity incorporated 
into both the riboside and ribotide was less than 1 per 
cent of that in the total TCA extract, and of the same 
order of magnitude as the radioactivity identified as hista- 
mine and as imidazoleacetic acid. The radioactivity in 
these compounds was a function of the time between 
injeetion and decapitation and of the amount of isotope 
administered. Thus, when 30 ye. of histidine (45 ug 
histidine/kg) was injected into rats 120 min before 
| .deeapitation, more than 5 per cent of the total radio- 
| aetivity in the TCA extract was identified as imidazole- 
acetic acid ribotide on paper chromatography of fraction 
IIE 







| No evidence for the incorporation of radioactivity into 
HAD or HADP (histamine analogues of the nicotinamide 

; ade eotides) could be found after injection of 
tamine or histidine into rats or guinea pigs 


^. 80 or 120 min before decapitation. To escape detection, 
less than 0-02 per cent of the total radioactivity in rat 
kidney or liver and less than 0-3 per cent in the rat brain 
^ (from histidine) could represent HAD or HADP. The 
= dinucleotides may turn over too rapidly to be detected 
by these methods’. 

Although these experiments are only roughly quantita- 
tive.and. were not designed to measure steady-state levels 
in tissues, it is clear that tissue metabolites differ from 
urin etabolites*, which are imidazoleacetic acid 
riboside, 60-70 per cent; methylimidazoleacetic acid, 
5 per cent; imidazoleacetic acid, 2 per cent; and acetyl- 
histamine, 4 per cent. These results were obtained after 
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a dose of histamine of 10 mg/kg, considerably higher than 
that used in the work recorded here. In kidney, multiple 
injections of histamine resulted in about half the label 
appearing in imidazoleacetie acid riboside with nearly as 
much in imidazoleacetic acid ribotide, not previously 
reported as a metabolite in vivo, and a smaller fraction in a 
third spot not coinciding with any of the urinary mets- 
bolites. In brain, after injection of labelled histidine, 
chromatographic data indicated the presence of inudazole- 
acetic acid riboside and ribotide, representing smell 
fractions of the total tissue radioactivity, together with 
histamine, imidazoleacetic acid, and higher levels of 
unidentified metabolites. 

The most likely pathway for synthesis of the ribotide is 
through condensation of imidazoleacetic acid with phos- 
phoribosyl pyrophosphate a reaction demonstrated ik 
vitro®:?; the riboside would then arise by dephosphoryla- 
tion’. 

This work was supported by U.S. Public Health Service 
research grant GM-—10313-02, research career award 
2K3-GM-2459-06, and research training grant 5—T1- 
GM--59-05. 
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PHYSIOLOGY 


“Acetylcholine Receptors in Muscle Membrane 


Czsrom depolarization of muscle membrane is farther 
increased when choline is added to the bathing emsiim— 
Ringer solutionb?. This cesium-choline depolarization 
remains constant in the continued presence of omsinm, 
even when choline is removed from the Ringer: When 
cesium is replaced by potassium following removal of 
choline, the cssium-choline effect is reversed and the 
normal resting membrane potential is recovered". | Ti 
appears that choline reacts in specific fashion with 
membrane 'receptors', the result of this reaction depending 
on cæsium and potassium ions; in the presence of emsinm, 
a depolarization results; in the presence of potassiim, 
none. Scanning data show that when muscles are troated 
with cesium—Ringer, the entire muscle surface. becomes 
sensitive to choline. The work presented here was 
designed to elucidate the action. of acetylcholine (ACH) 
on the cesium-treated muscle membrane, in coraiparison 
with the action of choline (Ch) previously described, and 
to determine whether: (1) an additional depolarization is 
evoked only when cesium is added before acetylcholine ; 
(2) n-tubocurarine and eserine have any effect om the 
additional depolarization produced by ACh. 

The experimental work was carried out under conditions 
identical to those previously deseribed'?. Highteen pairs 
of sartorius muscles from Rana pipiens were used mi each 
experimental solution. Each point in the figures is ihe 
average of potential measurements on 170 
S.E.M. for membrane potential measurements is le 
1 mV. Bathing solutions were made up by 
cæsium, potassium, choline, acetylcholine, esewne or 
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Fig. 1. Frog sartorius muscle membrane potential versus time after 

dissection. Bathing solutions indicated as follows:. R.Cs=2-6 mM 

ewestum-Binger; R.Ch=10 mM choline-Ringer: #.ACh=10 mM 
acetyicholine-Ringer; R.K = normal (2-5 mM K) Ringer 


D-tubocurarine in appropriate amounts to standard 
potassium-free Ringer (112 mM NaCl, 1-89 mM CaCl, 
2-5 mM Na, HPO, 0-5 mM NaH,PO,). Experiments with 
eserine were carried out in bicarbonate. buffer. All 
experiments were performed at 25? C. The effects on the 
resting membrane potential of the various treatments are 
summarized in Figs. 1-3. s 
Fig. LA indicates that 10 mM ACh or Ch evokes an 
additional depolarization in -muscle fibres previously 
soaked in cæsium-Ringer. This additional depolarization 
is not reversed when muscles are washed with cæsium- 
Ringer free of Ch or ACh, but is reversed after washing 
with normal (25 mM potassium) Ringer. Equivalent 
amounts of either ACh or Ch evoke the same fractional 
depolarization, approximately 1-3 for 10 mM ACh or Ch. 
"Neither substance produces this fractional depolarization 
in the absence of cæsium, or in normal Ringer (Fig. 1B). 
Addition of cæsium to cxsium-free Ringer containing 
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Fig. 2. Same as Fig. 1; R.DTOC-D-tuboeurarine-Cs-Ringer (1-4 x 
* 107 M) 
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ACh or Ch does not evoke the additional depolarization | 
(Fig. 1B); the exsium-choline or cesium—acetylcholine 

effect is only observed when muscles are first equilibrated 

with cæsium. 

Fig. 2 shows that addition of n-tubocurarine to muscles 
previously soaked in exsium-Ringer blocks the depolariz- 
ing effect of ACh or Ch added later. The depolar- 
ization produced by ACh or Ch added before p-tubocurar- 
ine is not altered when the muscles are afterwards 
washed with p-tubocurarine-essium-Ringer, but it is- 
reversed when they are washed with normal Ringer, just 
as in Fig. LA. 
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Fig. 3. Same as Fig. 1; R.Es=eserine-0s-Ringer (1 x 10-* M) 
Fig. 3 demonstrates that the cholinesterase inhibitor; 
eserine, has no effect on the exsium-ACh or ossium-Ch 
depolarization, nor on its reversal by normal Ringer. 
Results of scanning investigations under each of these 
experimental conditions showed no statistically significant 
regional differences in the average resting potential 
throughout the entire muscle cell surface, including end- 
plate regions’. 3 
The results obtained indicate that the stable depolarizing 
effect of Ch or ACh is only evoked when the membrane 
receptors are first ‘sensitized’ by cæsium ions. Cæsium 
does not sensitize these receptors if they have already been 
occupied by Ch or ACh. Evidence has been obtained 
that these receptors are located in the external surface 
of the muscle membrane*. Recent work has demonstrated 
that ACh reacts only at the external surface of the motor 
end-plate membrane of muscles fibre soaked in normal 
(25 mM K) Ringer?. The whole Ch-cxesium or ACh- 
cxsium-recepter complex is needed to produce the ob- 
served depolarization. It also appears that cæsium and © 
potassium ions evoke different configurations in the: 
receptor system, and consequently change its molecular 
complementarity to ACh or Ch in a different way. The. 
restoration of the normal resting membrane potential by 


washing with normal Ringer after ez:sium-ACh or cæsium 


Ch depolarization suggests that potassium either releases . 


ACh or Ch bound to receptors, or it restores the original - 


configuration of the ACh- and Ch-receptor complex. 
(Experiments are in progress to determine differences in 
the rate of release of “C-labelled choline from muscles 
bathed in cæsium or potassium Ringer.) It has also been 
shown that the additional depolarization produced by 
ACh or Ch in ezsium-Ringer bears no relation to the 
external sodium ion concentration down to approxi- 
mately one-third of the normal 112 mM sodiumbht. A 
direct and specific exchange between sodium and either 
Ch or ACh therefore seems most unlikely, as does the 
hypothesis that the depolarization is due only to a specific 
inerease in sodium permeability. 
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p-Tuboeurarine presumably prevented Ch or ACh 
from reacting with the exsium-sensitized receptors, and 
consequently blocked their depolarizing effects. On the 
other hand, inactivation of acetylcholinesterase by eserine 
did not significantly affect the Ch or ACh depolarizations. 
is suggests that cholinesterase is not directly involved 
hese effects. It also suggests, but does not establish, 
sium may inhibit cholinesterase under these 

tal conditions. 

together, the p-tubocurarine and eserine effects, 
sversal of depolarization by washing with normal 
lead us to conclude that Ch and ACh react similarly 
-sensitized receptors, and that the depolariza- 
ting from this reaction does not require esterase 
© activity for its reversal. p-Tubocurarine combines with 
| the receptors in a way which prevents ACh or Ch from 
-« reacting, regardless of the presence of cesium, but cannot 
* displace ACh or Ch from prior combination with the 
receptors. ACh and Ch appear to react with the receptors 
in normal Ringer, but no depolarization results, and the 
receptor reaction with cesium is blocked. On the other 
hand, the depolarizing effect of the ACh- and Ch-receptor 
; reaction after receptor sensitization by cæsium is reversed 


















py removing the cæsium. All these results together sug- 
gest very strongly an allosteric type of effect’; if one 
ege ite on the receptor molecule reacts with ACh, 


D fubocurarine, and another region or site reacts 
OW Psium and potassium, and if a change at either site 

changes the reactivity of the other, our results can easily 
be explained. Work in progress is aimed at testing this 
hypothesis. 

The absence of any detectable localization of the 
essium-Ch. and cxsium-ACh depolarization indicates 
. that these receptors must be distributed over the entire 
> musele cell surface, not restricted to the motor end-plate 
"region. It is well established that in the absence of 
cesium, externally applied p-tuboeurarine blocks ACh 
~ depolarization at the only place it occurs, the motor end- 

platet: Our results suggest that receptors similar to 

those normally active in the motor end-plate are in fact 
present all over the surface, but are kept in a configuration 
which does not allow ACh-receptor reaction to lead to 
depolarization. The data presented lend new support 
to the view of the presence of the ACh system in conduct- 
ing fibres*'*. This configuration is changed by the effect of 
cesium so that depolarization does result from the ACh 
réaction. The nature of the substance(s) or mechanisms 
| by which the ACh-receptors outside the motor end-plate 

: regions are normally maintained in a configuration not 
_ permitting depolarization remains to be elucidated. 

C^ This work was supported in part by the U.S. Public 
Health Service grant AM-07509; Consejo Nacional de 
* Investigaciones Cientificas y Técnicas de la República 
_ Argentina and U.S. Defense Department, contract 
C DA-ARO-49-092-64-G31. 












B 


A. PORTELA 
J. C. PÉREZ 
M. LUCHELLI 
P. STEWART 
E. STRAJMAN 





Cátedra de Física Biológica, 
Universidad de Buenos Aires, 
TS and 
Division of Basic Health Sciences, 
Emory University, Atlanta. 


i5 1 Portela; A., Pérez, J. C., and Stewart, P., Nature, 199, 815 (1963). 


? Portela, A., Pérez, J. C., Stewart, P., Luchelli, M., and Strajman, E., Nature, 
203, 1071 (1964). 

o 3 Castillo, V. del, and Katz, B., J. Physiol, 198, 157 (1955). 

* Portela A> Pérez, J. C., Luchelli, M., and Hayduk, Tadeo (unpublished 
FesuMsh o. 

|o * Rosenberg, P., and Podleski, T. B., Biochim, Biophys, Acta, 78, 104 (1963). 

> * Nachmansohn, in Handbuch der Experinentellen Pharmakologie Ergansungs- 
werk, edit. by Bichler, O., and Farah, A., 15, 701 (Heidelberg, 1963). 

' Monod, Ja Changeux, P., and Jacob, E., J. Mol. Biol., 6, 306 (1963). 








NATURE 


Lisi 


Evidence for Sorption as a Mechanism of the 
Olfactory Analysis of Vapours 

Tur physiological basis for olfactory diseriminabion 
may involve at least two basie meehanisms which need 
not be mutually exclusive : (a) the receptors themselves 
may be more or less selectively sensitive to d b 
groups of ehemieals ; (b) the receptor sheet as a whole 
might separate chemical vapours by adsorption or ab- 
sorption in & manner analogous to gas chromatography 
columns. There has been some supporting evidence for 
the first mechanism, and suggestive evidence for the 
second has recently been reported?. The evidence suggest- 
ing the second mechanism depends, in part, on sampling 
the activity from different regions of the frog olfactory 
mucosa by recording the discharges from two olfactory 
nerve branches (a lateral one and a medial one), which 
under a dissecting microscope appear to subserve different 
mucosal regions. That these branches do indeed subserve 
different mucosal regions is supported by recent electrical 
stimulation experiments. The antidromically conducted 
discharges in response to individual stimulation of the 
lateral and modial nerve branches were recorded án 
electrode placed at several points on the epithe 
The discharge tracts for the two branches were quite 
separate and localized (Fig. 1). 




























Fig. 1. 
aspect of the olfactory sac of Rana 
recorded at nine loci when the lateral nerve branch is stimulat: 
and when the medial nerve branch is stimulated (right). Hai 
represent major olfactory nerve branches. The insert shon 1 
tion in response when the recording electrode is moved by 0/5 min steps 
from the locus designated. Width of mucosa at the widest pointis about 
8 mm. Electrodes: bipolar, stainless-steel, 68a diameter enamel! 

wire. Stimulator: Grass S4 with SI U4A isolation unit set für co 
suprathreshold stimuli. This experiment was repeated in three uni 

with no appreciable difference in the results 


Schematic diagram of the olfactory epithelium on the di 
catesbeiana showing the res 












I have observed? that the ratio computed by dividing 
the amplitude of the summated discharge recorded from 
the lateral nerve braneh by that recorded from the medial 
nerve branch differed for different stimuli. In addition, 
the time lapse between the lateral nerve response and the 
medial nerve response (the latency difference) differed 
for different stimuli. These data demonstrated a space- 
time neural encoding of the analysis of the incoming 
vapours by the mucosa. In addition, since the latency 
differences could not easily be explained by selectively 
sensitive receptors, it was suggested that sorption along 
the mueosal sheet might also be involved in the stimulus 
analysis. Evidence to be reported here further supports 
this suggestion. This depends on the supposition that 
if sorption along the mucosal sheet played no part in 
the analysis and if selectively sensitive reactors were 
the only operative mechanism, the response ampli 













would not be appreciably changed in relation to € 
other by changing the direction of air flow throug 
nasal passageway. This would still hold even. 
receptors were regionally grouped according to 
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selective sensitivity. If, on the other hand, the spatial 
separation of vapours by sorption were an important 
part of the analysis, the neural discharge pattern for 
any given stimulus would be considerably dependent on 
the direction of flow just as the region of greatest con- 
centration at any given time in a physical sorption column 
is dependent on the point of entry of the gas. 

These alternatives were tested by comparing the dis- 
charge magnitude of the lateral nerve branch to that of 
the medial nerve branch for several chemical stimuli 
under two conditions : (a) puffing the odorant into the 
external naris of the frog ; (b) puffing the odorant into 
the internal naris of the frog. The recording techniques, 
stimulating techniques, and data treatment have been 
described previously?, 

In all animals external naris stimulation with citral 
and geraniol yielded considerably larger responses on 
the medial nerve branch than on the lateral nerve branch, 
whereas internal naris stimulation with citral and geraniol 
yielded considerably larger responses on the lateral nerve 
branch and smaller responses or none at all on the medial 
nerve branch (Fig. 2). The shifts in response to d-limonene 
and octane were quantitatively much less but still in 
the same direction, although octane did occasionally 
show a slight shift in the opposite direction like that shown 
in Fig. 2. Thus, for citral, geraniol, and, to a lesser 
exient, d-limonene, the neural discharge patterns do 
indeed depend on the direction of air flow through 
the olfactory sac. Therefore, there is strong indication 
that sorption along the mucosal sheet is involved in the 
olfactory analysis of vapours. 

It was also observed that internal naris stimulation 
yielded a shorter latency on the lateral nerve and a 
longer latency on the medial nerve than external naris 
stimulation, but this probably merely reflects the prox- 
imity of the mucosal regions supplied by these branches 
to each naris. However, no matter whieh branch 
responded first, when the chemicals were ranked aecording 
to the magnitude of the latency differences between their 
evoked responses on the two nerves, they fell into the 


External naris 


4 


E 


Internal naris 


= 


aS 


Geraniol Citral d-Limonene 


Fig. 2. Typical summated response records showing the differences in the response on 
the medial nerve branch (M) and lateral nerve branch (L) for different chemicals presented 
via the internal naris and via the external naris. The stimulus markers show only the 
stimulus onset. Frequency of the vertical time lines is 1/sec, In any given animal each 
The total experiment was 
repeated fivo times in four different animals (in one animal both sides of the nose were 
used). The results stated in the text did not differ significantly from experiment to 


stimulus was presented at least three times via each naris. 


* experiment except as stated 
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same order regardless of the direction of air flow. , This 
is not inconsistent with mucosal sheet sorption since the 
velocity of molecular movement through the olfactory 
passageway for each stimulus should not be expected to 
change with the direction of air flow per se. 

It should be noted that because of vapour pressure 
differences, the stimulation with air bubbled through 
citral and geraniol was at a lower concentration than 
that with air bubbled through d-limonene and octane. 
Therefore the sorption mechanism and the resultant 
differential neural discharge may be analysing and en- 
coding stimulus intensity rather than stimulus quality. 
This possibility is now being investigated. 

This work was supported by U.S. National Institutes 
of Health grant NB 03904-03. 
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H/EMATOLOGY 
Slow Alpha,-Globulin of Rat Serum 


Bv immunologieal techniques, Darey! has shown, in 
rats bearing à Walker's tumour, the appearance of a serum 
protein absent in normal rat serum. 

Recently, several authors have demonstrated by starch- 
gel electrophoresis the appearance under certain con- 
ditions of a slow a«,globulin in rat serum. This slow 
a,globulin has been found during certain periods of 
physiological activity : neo-natal period, gestation»? 
and in animals submitted to various experimental con- 
ditions such as tumoral growth, surgical exeresis?**, 

We tried to get some information concern- 
ing the biologieal significance of this protein 
by studying the variations of the level of the 
slow «,globulin during different states of 
normal growth, tissue regeneration and 
tumoral proliferation. 

So, the level of rat slow «globulin seems 
to reflect physiological and pathological 
growth processes. On the other hand, 
several authors have shown an increase of 
the hepatic mitotie index during different 
kinds of growth processes*-5. 

Since the liver seems to play the most 
important part in the synthesis of serum 
proteins, we thought that it might be inter- 
esting to compare the appearance of slow 
«y-globulin with the variations of the 
hepatie mitotie index. 

Two different strains of ascitic hepatoma 
have been examined in rats—C and D 
zajdela hepatoma (Institut du Radium)*-!*, 
Sera and ascitic fluids of these rats have 
very high levels of slow a«,-globulin on the 
7th day after grafting of the tumour. 

In starch-gel electrophoresis"! using con- 
tinuous as well as discontinuous buffer 
system? slow «,-globulin moves as a narrow 
band which has a more cathodic position 
than o,-M (ref. 13) of rat serum (Fig. 1). 
This «,-macroglobulin has a sedimentation 
rate of 18-3 S and it is found in the first 
fraction during filtration on ‘Sephadex 
G 20055, By repeated freezing and 
thawing as well as by ageing this protein 
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41. Starch-gel electrophoresis, naphthalene black staining. A, discontinuous 
i (2) normal rat serum. 
B; Borate buffer: (1) normal rat serum ; (2) serum of hepatoma -bearing rat 


buffer system: (1) serum of hepatoma-bearing rat; 


_ undergoes transformation in two constituents as revealed 
b pel electrophoresis. The same behaviour was 
€ ^ th the slow «,globulin. However, antigenic 
erminants of the two proteins under consideration 
re different. 
< Blow @,-globulin is absent from normal rat serum as 
revealed by starch-gel electrophoresis. Furthermore, 
normal rat serum submitted to immunoelectrophoresis!* 
using a specifie rabbit anti-rat slow ‘«,-globulin serum! 
shows no trace of this protein. However, we always 
found this protein in the sera of rats bearing zajdela 
hepatoma {C and D strains) as well as in the sera of hepa- 
tectomized rats performed by the technique of Higgins 
and Anderson!5, as after nephrectomy or after laparotomy. 
Finally, we identified slow «,-globulin in new-born rats 
during fifteen days after birth. The identity of slow 
a,globulin observed during the neo-natal period with 
the protein observed in the various experimental con- 
ditions described here has been proved by double diffusion 
testing. 

The growth of young rats is quite regular during the 
first forty days of life and their body weight is generally 
doubled in intervals of nine days (Fig. 2). Liver weight 
increases following the same rhythm. The hepatic 
mitotic index of animals aged from one week to one 
month has been evaluated to 1-5-2 parts per thousand. 
This experimental work has been done on 5y liver slices 
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Fig. 2. Comparative diagrams showing the evolution of body weight and 


liver growth in rats. A, body weight of animals (g); B, liver weight (dg) 
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fixed in neutral, salted formol, included in 
paraffin and coloured by h:smatin-eosm- 
saffranin. 
1 After the first month of life, the hepatic 
mitotic index decreases progressiv ju 
A it reaches 0-05 parts per thousand i e 
adult animal. Slow o,-globulin is present 
at a high level at birth time; it is then de- 
creasing progressively and this protein is 
no more detectable under out experimental 
conditions around the fifteenth day of post. 
natal period. 
i Partial hepatectomy has been earried out 
. jn rats aged 6-10 weeks. A few hours later 
B the cells of the remaining hepatic fragment 
show nuclear swelling and hypertrophy of 
the nucleoli. This is followed by a marked 
increase of mitosis. The mitotic reaction 
starts earlier in animals hepateetorized 
after six weeks of life (12-24 h) than in rats 
already ten weeks old (24-48 h). The 
highest level (10-15 parts per thousand) is 
reached after about 48 h. Jè returns to 
normal 7-10 days after hepatectomy. So far 
as slow a,-globulin is concerned, it can be 
detected about 12 h after hepatectomy in animals 6 weeks 
of age and after 24 h in animals 10 weeks old. The titre of 
the slow «,-globulin is highest after about 48 h; it then 
decreases and this protein is no longer detectable 10 days 
after hepatectomy. 

The serum of rats hepatectomized three days after 
the grafting of ascitie hepatoma shows & very high level 
of slow «,-globulin. 

If unilateral nephrectomy is performed in rats 10 weeks 
old, the weight of the remaining kidney increases by 
about 60 per cent 10 days later. Practically no mitosis 
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is seen in the removed kidney. Only a few mitoses are 
seen in the hypertrophic remaining kidney. However, 


slow x,globulin is present about 12 h after the removal 
of one kidney, but its level remains rather low. Hepatic 
mitotic index in these animals increases weakly to 
about 0-16 parts per thousand. 

Simple laparotomy gives rise to the transient appearance 
of slow a,globulin between the 24th and the 48th 
hours. 

Slow «,-globulin appearing in rat serum during various 
states of physiological and induced growth, as well as 
after transplantation of ascitic hepatoma, has proved 
to be identical by immunological methods. So it became 
sure that this protein is not exclusively related to tumoral 
processes. 

The existence of a very small quantity of slow o 
globulin in adult male rats cannot be excluded. Indeed, 
we observed that certain sera of apparently healthy 
animals may absorb rabbit anti-slow x,-globalin 
serum. 

The results of our experiments do not corroborate the 
theory of direct interrelationship between hepatic mitotic 
index and the rate of synthesis of slow s,globulin. 
Indeed, the slow «,-globulin appears before the elevation 
of the mitosis rate in hepatectomized animals. This 
protein is present after laparotomy and after nephrectonmy 
in spite of a low mitotic index (0-16 parts per thousand). 
Slow a,-globulin is absent in rats one month old whereas 
these animals show a ten-fold increase of the hepatic 
mitotic index as compared with the preceding cases. 
Although this protein is found during pregnancy, tumoral 
proliferation as well as during tissue regeneration and in 
the post-natal period, it is not in direct connexion with 
general tissue growth processes. Indeed, the evolution of 
slow «,-globulin is not proportional to the variations of the 
hepatic mitotic index. l 

The real physiological meaning of the slow: o, globulin 
remains unknown. Work is in progress, based jon the 
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use of fluorescent antibodies, to localize the cellular site 
of protein production. 


G. A. BorFA 
€. NADAL 
F. ZAJDELA 
d. M. Fine 


Centre National de Transfusion Sanguine 
et Institut du Radium, 
Paris 15°, 
1 Darcy; D. A., Nature, 176, 643 (1955). 
* Beaton, G. H., Selby, A. E., Veen, M. J., and Wright, A. M., J. Biol. Chem., 
2005 (1961). 
* Heim, W. G., Nature, 193, 491 (1962). 
‘ Bott $ A. Fine, J. M., and Zajdela, F., C. R. Acad. Sci., Paris, 255, 802 


id Heim, W. G., and Kerrigan, J. M., Nature, 199, 1100 (1963). 
* Annan, E., Manginelli, A., and Roth, A., Cancer Res., 11, 304 (1951). 
* Duplan, J. F., C. R. Soc. Biol., Paris, 150, 1764 (1956). 
* Malmgren, R. A., Cancer Res., 16, 232 (1956). 
ae Zajdela, F., Chaix, P., and Petit, J. F., Cancer Res., 19, 927 
: o9), 
1Zajdela, F., Quelques problèmes posés par la cellule cancéreuse. Colloque 
Franco-sovidlique (Gauthier-Villars, 1962). 
? Smithies, O., Biochem., J., 61, 629 (1955). 
`: Poulik, M. D., Nature, 180, 1477 (1957). 
^ Born 3 A., and Fine, J. M., Rev. Franc. Etudes Clin. Biol, 7, 818, 822 
^ Jacquot-Armand, Y., Boffa, G. A., and Fine, J. M., C. R. Acad. Sei., Paris, 
255, 590 (1962). 
? Boffa, GA: Jaequot, Y., and Fine, J. M., Biochim. Biophys. Acta, 88, 
511 (1964). 
ie Grabar, P,, and Williams, C. A., Biochim. Biophys. Acta, 10, 193 (1953). 
ir Fine T M, Boffa, G. A., and Zajdela, F., C. R. Acad. Sei., Paris, 255, 1045 


{ 
?* Higgins, G, M., and Anderson, R. M., Areh. Path.,19, 188 (1931). 


Inhibition of Thrombin and of Fibrin 
Polymerization, Two Activities derived from 
Plasmin-digested Fibrinogen 


AS. was previously shown in our laboratory! the clot- 
ting of fibrinogen initiated by one proteolytid enzyme 
(thrombin) is specifically inhibited by the products 
resulting from the action of another proteolytic enzyme 
(plasmin)-on the same substrate. 

Although this phenomenon has aroused considerable 
interest, the exaet mechanism of the inhibitory action of 
these fibrinogen degradation products is still the subject 
of controversy. Some results indicated that fibrinogen 
degradation products affect mainly the first enzymatic 
step of the fibrinogen-fibrin conversion’, another showed 
their predominant influence on polymerization-gelation 
steps of this conversion*. Recently, evidence has been 
presented that fibrinogen degradation produets act solely 
as an inhibitor of the polymerization-gelation phase 
leading to the formation of a defective fibrin clot*-*, 

The results of the experiments described here indicate 

that in the course of plasmin-catalysed fibrinogen proteo- 
lysis at least two distinctly different activities can be 
found among a variety of degradation products. 
Phe effect on the overall fibrinogen-fibrin conversion 
of fibrinogen degradation produets formed at various 
times of fibrinogen digestion with plasmin is shown in 
Fig. 1. As can be seen from this graph, the prolongation 
of the thrombin time in the presence of fibrinogen degrada- 
tion products reaches a maximum and then decreases to a 
constant. level A sharp decrease of the peak of the 
inhibitory activity to a constant level indicates that at 
least two active fragments may be derived from fibrinogen, 
activity of the first (‘early’ products) being, in contra- 
distinction to the second ('late' products), destroyed by 
plasmin. It is not possible, however, to say now whether 
the second active fragment is the degradation product of 
the first or whether it is formed independently. Moreover, 
it should be pointed out that the activity of ‘late’ 
product(s) remains on a constant level, although the 
proteolytic reaction still proceeds. 
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Table 1. INFLUENCE OF "EARLY' AND ‘LATE’ FIBRINOGEN DEGRADATION 
PRODUCTS: (FDP) oN THE CLOTTING TIME OF FIBRIN Monomer (4) AND ^ 
FIBRINOGEN WITH THROMBIN (B) 


Clotting time (sec) 
A B 
With saline 5 16 
With ‘early’ FDP 20 80 
With ‘late’ FDP 38 40 


0-1 ml. (1-4 mg) of fibrinogen or fibrin monomer solution (both in 1 M 
sodium bromide pH 5-3) was mixed with 0-05 ml. of saline or FDP (0-25 ng 
and immediately afterwards clotted by the addition of 0-7 mi. of 005 X 
phosphate buffer pH 7-6 to (A) or the same buffer containing 25 units of 
thrombin to (H). . 


Table2. AMOUNTOF TCA-SOLUBLE PEPTIDES RELEASED FROM FIBRINOGRN, 
FDP, oR MIXTURES OF BOTH INCUBATED FOR 5 MIN AT pH=7-8 WITH 
0-024 N.LH. UNITS OF THROMBIN 


After addition of TCA up to 7-5 per cent final concentraron, peptides in the 
. (ri 


supernatant were determined according to Lowry et ef, 11) 
Reaction mixture TCA soluble 
(4 mal.) peptides in ug 
(1) Fibrinogen (16-0 mg) 17-2 
(2) ‘Early’ FDP (16-0 mg) 8-0 
(3) Fibrinogen (16 mg) 
+ ‘early’ FDP (0-8 mg) 14-7 
(4) Fibrinogen (4-0 mg) 63 
(5) Fibrinogen (4-0 mg) 
+ ‘early’ FDP (0-8 mg) 43 


It should also be noted that the difference in the effect 
of ‘early’ and ‘late’ fibrinogen degradation products on 
the thrombin time disappears at pH below 7. This 
problem will be discussed elsewhere’. 

Since the assay of the thrombin time does not enable 
us to decide which step of the fibrinogen-fibrin conversion 
is affected by fibrinogen degradation products, the com- 
parison between the clotting time of a thrombin-fibrinogen : 
mixture and fibrin monomer was made. The latter system 
makes it possible to measure the polymerization-gelation - 
step alone, excluding the first enzymatic step. The resulte 
shown in Table 1 indicate that the ‘late’ fibrinogen 
degradation products affect the clotting time of both 
systems to the same degree. By contrast, a very distinet 
prolongation of the clotting time by the ‘early’ fibrinogen 
degradation products is observed in the system containing 
the thrombin-fibrinogen mixture, while the polymer- 
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Fig. 1. Clotting time of fibrinogen by thrombin, in the presence. of 
¥ DP formed in the course of fibrinogen proteolysis by plasmin. Bovine 
fibrinogen (96 per cent clottable) was incubated with human plasmin 
(90 cas. units/mg. protein), the ratio being 100:3 respectively, The 
reaction was carried out at 37° C in pH-stat and pH 7:8 was main- 
tained with 01 N NaOH. To stop further action of plasmin, soybean 
trypsin inhibitor was added to the samples of the incubation mixture 
withdrawn at various time intervals. 0'5 mg of fibrinogen was mixed 
with 03 mg of FDP and clotted with 1 NEA. unit of thrombin at 
pH 7-6. Abscissa, time of fibrinogen digestion by plasmin (min); 
ordinate, clotting time (sec) 
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Fig. 2. - Influence of ‘early’ and "late' FDP on optical density changes 
‘during clotting of fibrin monomer (a) and fibrinogen with thrombin (6). 
—Ordinates give absorbance at 350 ma and absciss# time (min), Final 
concentrations of fibrin monomer and fibrinogen were 0-45 mg/ml, and 
0-55 mg/ml. respectively; concentrations of both ‘early’ and ‘late’ FDP 
were 0-12 mg/ml. Reaction pH = 7-5, phosphate buffer molarity 0-05; 
temperature 20° C, For experiments with fibrinogen 0-02 N.I.H. u./ml. 
of thrombin was used, Readings were performed every 15 sec. Upper 
dotted line-—control (without FDP), solid line—with ‘early’ FDP, and 
broken line—-with ‘late’ FDP 


ization-gelation step, as tested by fibrin monomer clot- 
ting time, is much less affected. 
Inthe experiment presented in Fig. 2 the effect of 
fibrinogen: degradation products on both systems was 
-followed by the previously described spectrophotometric 
y. The results presented in Fig. 2 are compatible 
ose of the experiments shown in Table 1. As can 
from Fig. 2a, ‘early’ fibrinogen degradation 






tion-gelation step. Additional evidence for antithrombin 
activity of 'early" fibrinogen degradation products is pro- 
vided by the assay of the amount of TCA-soluble peptides 
released by thrombin from fibrinogen in the presence of 
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these products. The results displayed in Table 2 indicate 
that thrombin splits off less peptide materiel from the 
mixture of ‘early’ fibrinogen degradation products with 





fibrinogen as compared with the equivalent amount of 
fibrinogen alone. 

All this indicates that among a variety of fragments 
released from the fibrinogen molecule after plasmin 
digestion two definitely different activities can be dis- 
tinguished. One of them contained in ‘early’ products 


a 


interferes with the enzymatic step of the fibrinogen-fibrin 
conversion and is plasmin susceptible. The other activity 
bound with ‘late’ products is plasmin resistant and inter- 
feres with the polymerization of fibrin monomer. Tt is 
not known whether the observed inhibition of the poly- 
merization-gelation step by the ‘early’ fibrinogen de- 
gradation products is due to the action of the 'eurh" 
fibrinogen degradation products themselves or to the 
presence of the concurrently formed ‘late’ fibrinogen 
degradation products. Nevertheless, the originally pro- 
posed term ‘antithrombin VI’ seems to be appropriate 
for the ‘early’ fibrinogen degradation products activity, 
whereas the term inhibitor of fibrin polymerization should 
be reserved for the ‘late’ fibrinogen degradation products 
activity. 

The significance of the biologically active products of 
plasmin-catalysed fibrinogen degradation in the patho- 
genesis of acute fibrinolytic stages has been well recog- 
nized. Recently, the appearance of a. severe hemorrhagie 
diathesis in such cases has been ascribed mainly to the 

d from 











defect. 
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Lack of Anti-A Haemagglutinin Response to 
Influenza infection 


McDonald and Zuckerman have reported? an excess of 
blood group O and a corresponding deficieney of group A 
among patients with influenza A, infection. Blood group 
A-like antigens have been found in commercial influenza 
vaccines’, and injection of non-dialysable material from 
such vaccines has given 4- to 15-fold increases in anti-A 
titres’. 

It is not known whether influenza virus per se contains 
A-like antigens capable of affecting the isoagglatinins; 
the reported increase in anti-A might be due to stimulation 
by antigens acquired from the chicken eggs in which the 
virus is grown. Investigations of the isoagglutinint during 
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Table 1, ISOAGGLUTININ CHANGES DURING ÍNFLUENZA INFECTION 
Influenza As 


Anti-A 
No. of two-fold dilution steps --3 +2 44 0 ^—1 -2 -3 
No, of cases ü 2 8i 51 18 5 9 
Anti-B 
No. of two-fold dilution steps +3 +2 +1 9. i -£ .-8 
Xo. of cases H 4 36 104 48 4 1 
Influenza B 
Anti-A 
No. of two-fold dilution stepe +3 +2 +1 0 —-1 -2 +8 
No. of cases 1 0 7 16 18 0 0 
Anti-B 
No, of two-fold dilution steps +3 +2 +] 0 -1 -2 -3 
No. of cases 1 1 10 26 23 2 0 
Table 2, DISTRIBUTION OF ABO BLOOD GROUPS 
A 0 B AB Total 
Influenza 4, Observed 105 93 15 8 221 
. ] Expected 106 88 18 9 221 
Influenza B Observed 28 87 7 2 74 
Expected 36 30 6 2 74 


influenza. infection might therefore shed light on the 
antigenic content of this virus. 

We have followed the isoagglutinin titres in paired 
sera collected from 221 patients with influenza A, and 
74 patients with influenza B during 1961-64. The diagnos- 
tic eriteria have been clinical symptoms aecompanied by 
a 4-fold or greater increase in influenza antibody titres 
(complement fixation and/or hemagglutination inhibition 
testis). 

Our observations are summarized in Tables 1 and 2. 
Sixteen paired sera showing two or more titre-step 
difference from first to second sample have been retitrated. 
By this check only 3 showed the same difference, namely 
a 4-fold decrease in anti-A in one case and 4-fold decreases 
in anti-B in two cases. 

It seems therefore justified to conclude that influenza 
infection does not produce any change in isoagglutinin 
titres. | 

The distribution of ABO blood groups among our 
patients with influenza A, corresponds to that of a normal 
control population, whereas the number of influenza B 
patients is too small for definite conclusions. 
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PATHOLOGY 


Effects of Adenine and Guanine on Hepatic 
Glucose Release and on the Action of Insulin 
on the Liver 


We. have recently obtained information from work on 
normal subjects and mild and severe diabeties indicating 
that insulin has an increasing effect on hepatic glucose 
metabolism in untreated diabetics with progressively 
elevated fasting blood sugar-levels and glycosuria implying 
greater degrees of catabolism and gluconeogenesis!. There 
is also evidence of a hepatic action of insulin when 
diabetic patients are treated with phenethylbiguanide?. 
In view of the similarity between the ethylbiguanide side- 
chain and the nucleotides adenine and guanine, we wished 
to test the effect of these compounds on hepatic carbo- 
hydrate metabolism and on the action of insulin on the 
liver. 

Using the rat liver perfusion technique developed by 
one of us*!, the release of glucose over two successive 
periods of 1 h has been investigated. Control levels were 
measured during perfusions with glucose-free tyrode 
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solution and the effects of added adenine (in two concen- 
trations, designated as Adenine, 0-25 y/ml, or adenine, 
0-025 y/ml.), guanine (designated as Guanine, 0-25 y/ml., 
or guanine, 0-025 y/ml.) alone or with insulin (in two 
concentrations designated as Insulin, 20 milliunits/ml., 
or insulin, 0-2 milliunits/ml.) on hepatie glueose release 
expressed. in mg/h have been examined so far. 


Table 1 
Hepatic glucose release 
Perfusion No. of (mean + S.D.) 
expts. Ist h 2nd h 

Control 2 47 (1:2) 47 (2-9) 
Insulin 8 $7 (1-0) 3-0 (1-2) 
adenine 8 5:5 (1-8) 51 (10) 
Adenine 10 10-4 (2-7) 8:8 (4:0) 
Adenine 

+ Insulin 8 8:3 (1-8) 2:5 (1:1) 
Adenine 

insulin 8 3-6 (1-2) 3-9 (1:6) 
guanine 8 44 (2-7) 2-7 (1-8) 
Guanine 10 83 (1-7) $3 (2-0) 
guanine 

+ Insulin 8 42 (2-6) 17 (0:9) 
Guanine 

+ insulin 8 46 (2:5) 31 (2:3) 


The nucleotides guanine and adenine caused statistically 
signifieant increases in hepatie glucose release. Insulin, in 
concentrations which in previous work? failed to reveal a 
statistically significant action in controlled circum- 
stances, suppressed the glucose-releasing action of the 
nucleotides, even at the lower dose-levels, suggesting that 
its action is hormonal rather than stoichiometric. 

The results (Table 1) appear to be in close harmony 
with, and provide some degree of explanation for, the 
clinical findings here. If we consider the state of affairs 
in the fasting untreated diabetic, increasing demands for 


: gluconeogenesis to offset losses through glycosuria will 


be associated with increasing protein catabolism. Ti seems 
probable that the concentrations of nucleotides, no longer 
involved in protein synthesis, might increase in the 
tissues, diffuse into the blood stream and perfuse the liver 
as well as accumulating locally from the cells in that 
organ. From the present evidence, it would appear that 
in low concentrations nucleotides may increase hepatic 
glucose release and that, in such circumstances, insulin, 
in levels which approach the physiological for the portal 
circulation, has a powerful action restraining hepatic 
glucose release. 
Further work on the role of these phenomena on glucose 
homeostasis is being carried out. 
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Preparation of Antigens Specific of Human 
Breast Carcinoma by an Immunochromato- 
graphic Method 


In spite of a rapidly mounting literature on the problem 
of specifie antigens in human neoplasms, there have been 
few attempts to separate these antigens in amounts 
permitting biochemical and immunological analyses of the 
same. Such analyses not only would shed light on car- 
cinogenic mechanisms, ineluding possibly the serological 
back-tracking of eventual biological agents, but would 
make possible a much-desired immunological classification 
of tumours. Work from this laboratory has been con- 
centrated on such offorts. 
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In previous reports we have described methods to 
extract potential antigenic proteins from human tissues, 
both normal and neoplastic!. Even though immuno- 
diffusion and direct cytotoxicity tests have indicated 
amply the existence of specific precipitinogens and cyto- 
toxinogens in neoplastic cells, the antibodies hitherto 
produced on a large scale in large animals were not always 
totally devoid of activity against normal antigens from 
normal cells. 

The production of large amounts of hyperimmune 
y-globulins required the use of large animals and hence the 
need for increasing amounts of antigens. These require- 
ments automatically limited the possibilities of inoculating 
separate animals with separate tumours and compelled 
us to work with large pools of different tumours and of 
normal tissues. 

Departing now from antibodies produced against pooled 
tumour antigens and pooled normal tissue antigens, we 
investigated a more homogeneous pool consisting of 4 
adenocarcinomas of the breast. 

As reported previcusly*, a major step introduced by this 
laboratory in the separation of tumour-specific antigens 
is the elimination of normal antigenic components from 
the tumour antigen complement by absorption with anti- 
bodies produced against a large pool of normal tissues 
obtained from a pool of serum from four different horses. 

The dynamics of this absorption in a system of soluble 
antigens and soluble antibodies was previously described 
and all the inherent difficulties of this totally unknown 
system discussed. The recent introduction in our methodo- 
logy of a form of insolubilized immune y-globulin‘ greatly 
simplified and improved the absorption of normal com- 
ponents from the tumour antigen complement, free of 
residual horse y-globulin. 

Diazotization of horse hyperimmune  anti-normal 
human tissue y-globulin results in cross-linking of the 
globulin to an insoluble form (polyglobulin) which can 
be used as a chromatographic column bed***, This com- 
munication describes the use of such a column for the sep- 
aration of tumour-specific antigens from breast carcinoma. 

Sources of breast carcinoma: 1, 2 and 3: 60 g each of 
tumour tissue (adenocarcinoma of the breast, grade IT) 
obtained from surgical specimens (mastectomies); 4: 
60 g of a liver totally and diffusely infiltrated by cells of 
adenocarcinoma of the breast. 

A total of 240 g of clean tumour tissue was homogenized 
in glycine buffered saline, pH 10-4, and fluorocarbon as 
described elsewhere! and a solution containing 3-5 g per 
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cent of protein obtained. This will here be referred to as 
unabsorbed breast antigen. 

Equine hyperimmune anti-tumour y-globulin (HTU 
GG, Lot. No. 27 GG33) with a precipitin titre, m single-gel 
diffusion, of 2-* against the inoculating antigen. This 
antigen was obtained by fluorocarbon treatment of a large 
pool of solid tumours in which breast adenocarcinomas 
were largely represented*. 

Equine hyperimmune anti-normal y-globulin (NHGG, 
Lot. No. 4,5 GG21) with a precipitin titre of 2-* against 
the inoculating antigen whieh was obtained by fluoro- 
carbon treatment of a pool of nearly every normal tissue 
in the human body?. 

Copolymerized NHGG: Insolubilization of the anti- 
normal y-globulin by eross-linkage with tetrazobenzidine 
bridges was obtained as described elsewhere*. 

A chromatographic column of this insoluble NHGG 
was prepared with 30 g of y-globulin. This column was 
equilibrated with 0-1 M phosphate buffered saline, pH 7-2, 
at 2? C. This temperature is maintained by a jacket of 
crushed ice surrounding the column. 

An aliquot of 180 ml. of unabsorbed breast tumour 
antigen containing 6-3 g of protein in glycine buffered 
saline pH 10-4 was placed over the column and allowed to 
soak through by removing 180 ml. of phosphate buffered 
saline (fraction 0). The column was then incubated for 
l h at 2° C and several fractions of 100 ml. each collected. 
Phosphate buffered saline was added in amounts of 100 
ml. to promote descent of each new fraction. 

The size of the y-globulin column was calculated to 
exceed five times the weight/weight ratio of the preeipitin 
titre previously obtained in single-gel diffusion hematocrit 
tubes®. 

Each fraction was tested in single gel diffusion for 
quantitative precipitation against HTUGG and NHGG 
and in double gel-diffusion for identification of reactants. 
Protein concentrations were determined by the absorption 
at 280 my wave-length. 

Table 1 and Fig. 1 summarize the results obtained. In 
them it is apparent that: (1) The unabsorbed tumour 
antigen complement consists of 8 antigens, 2 of whieh 
are in common with normal tissues (Fig. 1, No. 1). (2 
Antigens reacting against anti-normal y-globulin do not 
appear in any of the collected fractions. (3) Increase in 
protein concentration results in increase in the number of 
tumour antigens while normal antigens remain undetected. 
(4) The largest number of tumour antigens (that is, 6) 
equals the number of antigens in the unabsorbed original 





Fig. 1. 
anti-tumour y-globulin at 16 per cent concentration. 
against A, the last identical with 2 against B; 2, fraction 1 (see Table 1), only one line against B is shown; 3, fraction 2, only one line against 8 
is shown; 4, fraction 3, a faint line which could be seen in the plate did not reproduce in the photograph; 5, fraction 4, two lines against 2, only 


Double gel-diffusion plate. 


6, fraction 5, six lines may be seen against B, none against A; 7, fraction 6, at least 4 lines may be counted against B, none against 4 
numbers are not relevant to the context of this communication 


A, equine hyperimmune anti-normal y-globulin at 16 per cent concentration; B, equine hyperimmune 
1, unabsorbed fluorocarbon extract of 


reast carcinoma showing 8 lines against # and 2 


oy r 
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Table 1. IMMUNOCHROMATOGRAPHIC SEPARATION OF BREAST CARCINOMA 
ANTIGENS ON A COLUMN OF CROSS-LINKED HORSE ANTI-NORMAL (HUMAN) 
y: GLOBULIN 
Titre in single gel- Protein ^ No, of lines in double 
diffusion concen- gel diffusion (Fig. 1) 
Fraction Against Against tration “Against Against 
NHGG  HTUGG g% NHGG HTUGG 
Unabsorbed 
tumour antigens 2-1 2s 8-5 2 8 
0 (1st 100 ml.) 0 0-0 0 0 
1 iind 100 mi.) 0 2-* 0:070 0 1 
2 (8rd 100 mL) 0 23 0-062 0 1 
3. (4th 100 mi.) 0 2-3 0:051 0 1 
4 (5th 100 ml.) 0 2 0-480 0 2 
5 (6th 100 mL) 0 24 1:680 ð 6 
8 (7th 100 ml.) 0 2-5 0-600 0 4 


NHGG, equine hyperimmune anti-normal b-globulin; HTUGG, equine 
hyperimmune anti-tumour y-globulin. 
extract (that is, 8) which react with anti-tumour globulin 
(Fig. 1, No. 1 and B) minus the antigens in the same 
(that is, 2) reacting with antinormal globulin (Fig. 1, No. 1 
and A). Analysis of the protein complement of breast 
tumour tissue reveals only antigenic acquisition but no 
antigenic deletion or deviation, 70 per cent of the protein 
being of normal antigenic nature. 

These results seem to indicate that this method resulted 
in the resolution and large-scale preparation of specific 
antigens from human adenocarcinoma of the breast. 
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Effect of Early Thymectomy on Development 
of Mammary Tumours in Mice 


It is now well established that the thymus plays an 
important part in the development of immunological 
competence in mammals. For example, in the mouse, 
removal of the thymus within the first 24 h after birth 
results in a serious impairment of the capacity to produce 
circulating antibody and the ability to reject allogeneic 
grafts of normal or neoplastic tissues. In addition, these 
mice also develop a wasting syndrome ending in early 
death!—. Surgical ablation of the thymus at 6 and up to 
35 days of age also produces a state of immunological 
impairment, which is more severe when thymectomy is 
performed earlier in life. These animals do not develop 
the wasting syndrome and have a life-span comparable 
with that of non-thymectomized controls®-», 

Since development of mammary tumours in susceptible 
strains of mice depends at least in part on the presence of 
an infectious agent transmitted by the mother to the 
progeny via the milk (Bittner's virus), it was considered 
of ‘interest to ascertain whether or not thymectomy 
performed at 6 days of age in mice of a high cancerous 
strain would affect the spontaneous development of 
mammary tumours in these animals. 

"Two groups of female mice of the C3H/Bi strain were 
used, One group of animals was thymectomized 6 days 
after birth by the technique routinely used in this labora- 
tory™, and the other left as non-thymectomized controls. 
After surgery, mice were raised by theirown mothers and 
weaned at 30 days of age, at which time the thymectom- 
ized and non-thymectomized mice were housed in plastic 
cages in groups of 4-5 female mice per cage. One normal 
male of the same strain was introduced into each cage 
and the mice were allowed to breed. Breeding behaviour 
was assessed by the number of litters born from each 
mother in both groups (Table 1). The mice at all times had 
free access to ‘Purina Laboratory Chow’ and tap water. 

The incidence of spontaneous mammary tumours in 
both groups was determined by weekly inspection of each 
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Table 1. INCIDENCE OF SPONTANEOUS MAMMARY ADENOCARCINOMA IN 
THYMECTOMIZED AND NON-THYMECTOMIZED FEMALE MICE OF THE C3H/Bi 
STRAIN KEPT AS HREEDERS 


Breeding No. of Mean 
No.of behaviour. mice cancer 
Group mice  No.oflitters with 95 age (days 
born (mean) cancer i S.D) 
C3H normal 73 44 69 945 276 55:04 
C3H thymect, 5 s 
at6 daysof age 26 46 15 576 335162 


individual mouse. The age of the mouse was recorded 
at the time a tumour appeared. 

The results of these experiments (Table 1) demonstrate 
that, in the group of C3H mice thymectomized at 6 days of 
age, 57-6 per cent of the females developed spontaneous 
mammary tumours as compared to 94-5 per cent in the 
group of non-thymectomized controls. ‘This difference 
is statistically significant at the 1 per cent level. Further- 
more, thymectomized mice developed tumours signifi- 
cantly later than non-thymectomized controls, In the 
former group the average cancer age was 335 + 16-2 and 
in the latter 276 + 5-04 days. 

Although the interpretation of these results must 
remain a matter of conjecture at the present time, a few 
pertinent comments are in order. According to Bittner! 
development of breast cancer in mice is dependent on the 
concurrent effect of three factors, namely, inherited sus- 
ceptibility, proper hormonal stimulation, and the presence 
of the mammary tumour ‘agent’ or virus which is trans- 
mitted from the mother to the offspring by the milk. 
Since the inherited susceptibility for tumour development 
is genetically controlled and presumably does not change 
after thymectomy, it might be that the mechanism operat- 
ing in cancer prevention by early thymectomy, as reported 
herein, could be related to an alteration of the hormonal 
stimulation for tumour development. Another possibility 
is that the thymus may be essential early in life for 
proper growth and multiplication of the mammary 
tumour virus. Finally, the development of mammary 
tumours could be related to the immunological responsive- 
ness of the host animal to the virus. It has been shown 
recently that neonatal thymectomy in mice greatly 
reduces the mortality resulting from inoculation with 
lymphocytic choriomeningitis virus (LCM), and this 
reduction in mortality is the result of decreasing the host 
response to the virus!*, Perhaps the development of 
spontaneous mammary tumours in mice is also in part 
dependent on a similar mechanism. 

Experiments designed to investigate these and other 
possibilities are in progress. 
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RADIOBIOLOGY 


A Cellular Component of Thymic Function 


TuyMECTOMY i in the new-born’? or in the adult irradi- 
-ated mouse? leads to a long- -lasting suppression of the 
E ability to respond to primary antigenic challenge. It 
shown in both instances that thymus grafting is 
5 effectiv: in restoring immunological competence?:*5 and, 
fart when using a cytologically marked thymic 
vg on possible to detect cells derived from the 
leen and lymph nodes. Tt has, therefore, 
ted? that it may be these donor cella which are 
'onsible for the recovery of the primary 
è in thymus- -grafted animals. 
ost this possibility, six CB.A male miee were 
t, irradiated (850 r.) and given 5 million 
marrow cells. On the day of irradiation, 
grafted under the kidney capsule with a 
be from a 1--3-day-old CB.A/T6T6 mouse. 
A/T6T'6 mice are characterized by a pair 
chromosomes.) Twenty-eight days later 
ere given an injection of sheep red cells 
0 per cent suspension in Alsever’s solution). 
fter challenge the animals were killed and 
parabions were made following the methods 
 Hamerton" and Rothfels and Siminovitch’. 
-were analysed and the results are shown in 

























Table 1. 





Dense ANALYSIS OF SPLEENS FROM CBA MICE BEARING A 
CYTOLOGICALLY MARKED (CBA/T6TS) THYMUS GRAFT 
Uninjeeted mice Mice injected with sheep cells 
E No. of No.of 
Mouse. cells 96 95 Mouse celis 6 96 
No. scored CBA CBA/T6TS No. scored CBA CBA/T6T6 
1 38 BOS 10-8 4 50 66-0 340 
9877740 100 o 5 50 80-0 20-0 
3 a 93-6 64 8 50 86-6 i40 












; There i isa significant increase (P < 0:05) in the number 
of marked donor cells found in the spleens of the injected 
- This would indicate that cells, presumably derived 
thymic graft, are capable of dividing in response 
stiraulation. Ttis not, therefore, unreasonable 


x least-in part, by itself providing appropriate 
; . The implications of this preliminary finding are 
the subject of further investigation. 
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Removal of Radiocesium from Beef 


Two of the long half-life nuclides of major interest in 
food and feedstuffs which result from fall-out are radio- 
strontium and radiocesium. Cæsium is almost always 
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associated with the other alkali metals and particularly 
resembles potassium. Hood and Comar! demonstrated 
that !"Cs is absorbed and distributed rapidly in the soft 
tissues and the body fluids, including milk. In distribution 
investigations, these authors found that the greatest 
accumulation of radioessium occurred in the muscles as 
compared with other body tissues. Ekman? reported that 
radiccasium accumulated more rapidly in the physio: 
logically active muscles than in inactive muscles; | f; 
ultimately the inactive muscles were reported to have & 
higher content. 

Using four human subjects, Richmond, Furchner &nd 
Langham? found that radiocesium had a biological half. 
life of about 135 days. Other workers have Te ted 
half-lives varying from 100 to 150 days. Combined 
the fact that radioezsium has a considerable biol 
half-life in man and that the two most important nuclide 
"Cs and !*Cs, have physical half-lives of apy roximately 
2-8-30 years, respectively, it becomes mcreas 
important to consider the significance of radioc 
intake from the point of view of health. ; 

In the inland arctic regions, caribou and reindeer are 
the main sources of meat and milk for the Es : 
the Lapland tribes. In the aretie these | 
animals subsist essentially on lichens which are known to 
concentrate radiocesium from fall-out. Meat from 
areas has been reported to contain signifie 
radiocesium. Whole-body counting inves’ 
human beings by Palmer et al.*5 and Liden an: 
jn Aleska, Finland and Sweden have demor 
these arctic inhabitants have high radices 
burdens as compared to other peoples. Tn nói 
of the world, some uncomplicated treatments for removing 
Cs and Cs from muscle may now be of value 
the temperate zones also, if cattle and other dc 
animals grazed on pasture contaminated 
amounts of fallout and then had to be x 
human eonsumption, knowledge of some removal tech- 
niques would be valuable. Meyer et.al.’ reported that the 
loss of !*Cs from cooked beef muscle was re e 
amcunt of water used and the exposed suriace 3 
Average activity removed was 19 per cent from 
reasts, 43 per cent from braised steaks. and 53 per c 
from stew. Additional treatments prior to cooking may 
be of value to reduce the level of radioewsitum in the 
tissue. Data are reported here on the removal of radio- 
cæsium from raw beef muscle from a heavy steer which 
had received intravenously a 10-mc. dose of Cs, 

Since radiocæsium accumulates in the soft tissue, it 
must be to a degree associated with the muscle and plasma 
proteins in a manner similar to the relationship sodiwm. 
and potassium ions have with these proteins. Tf vadio- 
cesium associates with proteins, then the degree of 
association might be affected by changes im gH. 
Cæsium-134 was more easily leached from cubed sgrap. 
of longissimus dorsi (L.D.) at the isoelectric pomi 
rigor, pH. 5-5, than from samples at pH 6:& anc 
removed from the steer carcass at earlier posia 
times. After subjecting the leaching solutions to ul ra- 
filtration? and eounting portions of the filtrate and residue, 
it-was found that the soluble protein fraction had the same 
c.p.m./ml. as did the filtrate; thus this experiment: failed 
to demonstrate any association between "Cs aud the 
leachable protein. 

Variable volumes of leaching solution (0-85 per cont 
sodium chloride) had little effect on the total amount of 
activity removed from meat cubes over a given period. of 
time. The most effective removal treatments ineorporsted 
agitation and replacement of the leaching solution. In 
four changes of saline solution and a total of? 2 hag itai on. 
63 per cent of the Cs was removed from 2-5-e: 
L.D. muscle. Twenty-eight per cent of th 
removed from the steaks during the first 30-mi 
of agitation (Fig. 1). When ground chuck was t ; 
similarly, 75 per cent of 1Cs was leached from thé moat 
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Fig. 1. Removal of '*'Cs from steak and ground beef during successive 


30-mín periods 


in the initial 30-min period of agitation. The ground chuck 
lost 33 per cent of its total nitrogen in three 30-min 
treatments. The steaks lost 6 per cent total nitrogen when 
given. 4 half-hour periods of agitation and salt solution 
changes. 

The resulting ground beef had a very pale greyish-tan 
colour. The surface of the slices of L.D. had some faint 
pink areas while their interior had a red though faded 
colour increasing in intensity towards the centre. Steaks 
and ground beef from animals not dosed with Cs and 
given the same agitation-leaching treatment were edible. 
After grilling. ground-beef patties had little flavour and 
were very light in colour; however, the steaks retained 
some of the delicate beef flavour and had a light colour 
similar to that of cooked pork. 

In tests with flowing tap-water, approximately 81 per 
cent of the ‘Cs was removed from oné-inch cubes of 
round in 12 h and over 99 per cent in 60 h. Freezing had 
little effect on the !*!Cs content of chuck. After accounting 
for drip loss and sampling, the average c.p.m./g were the 
same in thawed chuck roasts as in fresh. 

In contrast to cæsium, strontium nuclides concentrate 
in the skeletal tissue. Strontium-89 and “Sr can be 
eliminated almost completely by boning the animal carcass’, 
Cesium: radionuclides can be removed in part from beef 
by cooking if the drippings and juices are discarded and 
by the treatments described in this communication. In 
areas of the world where cooked meat is eaten, a series of 
treatments including boning, a precooking treatment of 
leaching and agitation, and cooking would result in 
edible meat with reduced protein content and with 
approximately a 90 per cent reduction in radiostrontium 


and radioewsium. 
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Department of Food Technology, 
University of Tennessee, Knoxville. 
M. C. BELL 
Agricultural Research Laboratory *, 
University of Tennessee, Oak Ridge. 
* Operated by the Tennessee Agricultural Experiment Station for the U.S, 
Atomie Energy Commission under contract 47~40-1-GEN-242, 
! Hood, S. L., and Comar, C. L., Arch. Biochem. Biophys., 45, 423 (1953). 
* Ekman, L., Acta Veterinaria Scandinavica, 2 (Supp. 4). 
* Richmond, C. R., Furchner, J. E., and Langham, W. H., Health Phys., 8, 
201 (1962). 
i Palmer, H. E., Hanson, W. C., Griffin, B. L, and Roesch, W, C., Science, 
142, 64 (1963). 
? Palmer, H, E., and Perkins, R. V., Setence, 142, 66 (1963). 
* Liden, K., and Andersson, I. O., Nature, 195, 1040 (1962). 
* Meyer, B., Forrester, J., and Bell, M. C., Food Technol., 16, 110 (1962). 
5 Prasad, A., and Flink, E. B., J. App. Physiol., 10, 102 (1957). 
* Bell, M. C., and Buescher, R. G., J. Amer. Diat. Assoc., 88, 567 (1961). 


NATURE 


September 12, 1964  vo..20s 
BIOLOGY A 


Mechanism of Apical Dominance in Plants 


TuE phenomenon of apical dominance in plants has 
been the subjeet of considerable research over the past 
thirty years (reviewed by Audus!), yet there is still no 
general agreement as to the nature of the mechanism 
involved. Much of the work on this problem has been 
based on the assumption that the inhibiting influence of 
the apex is mediated either directly or indirectly by auxin. 
There is, however, considerable evidence that nutritional 
factors are also involved and that the expression of apical 
dominance is at least partly determined by the nutritional. 
status of the plant. 

This effect of nutrition was well illustrated in a recent. - 
investigation of the influence of the nitrogen supply on. 
the growth and development of Agropyron repens (L.) 
Beauv. In this investigation, which is deseribed more 
fully elsewhere’, it was found that the inhibiting influence 
of the rhizome apex on the growth of the lateral buds 
could be quite precisely controlled by varying the nitrogen 
level. At low nitrogen levels bud growth was completely 
inhibited but could be induced to occur by removing the 
rhizome apex; whereas, at a high level of nutrition, the 
onset of dormancy was eliminated, all the buds developing 
as lateral rhizome branches on the intact plant. 

This nutritional effect is similar to that reported by 
Gregory and Veale*, who showed, in experiments with 
flax, that the degree of apical dominance was largely 
dependent on the nitrogen and carbohydrate nutrition of 
the plant. While these workers concluded that nutrition 
was the main factor in apical dominance they also. postul- 
ated, on the basis of anatomical observations, that 
auxin produced in the stem apex may inhibit the buds 
indirectly by preventing the formation of their vaseular 
connexions with the main axis, thus depriving them. of 
an adequate nutrient supply. This hypothesis is but à 
slight modification of that proposed earlier by van 
Overbeek*, who suggested that auxin may impede the 
flow of nutrients to the buds by causing some kind of 
blockage of the vascular supply. 

Neither of these hypotheses, however, can claim any 
direct experimental support. Indeed, there is now 
considerable evidence that auxin plays an essential part 
in the differentiation of vascular tissue, and may, at 
least in certain species, be a limiting factor in its formation®. 
When this function of auxin is considered in relation to 
Gregory and Veale’s hypothesis, it would seem that the 
development of vascular connexions to the buds is more 
likely to be limited by the supply of auxin from the bud 
itself, rather than to be suppressed by auxin from the 
stem apex. 'Thus, the variation observed by these workers 
in the development of the bud vascular connexions at 
different nodes of the stem may well reflect differences 
in the amount of auxin produced by the buds prior to 
the onset of dormancy. It is, therefore, suggested. ` 
merely as a working hypothesis, that the initial stimul- 
ation of bud activity when the stem apex is removed is 
due directly to the increased availability of nutrients. | 
This stimulation of growth and metabolic activity might 
be expected to result in an increase in auxin production: 
which, in turn, may enhance the flow of nutrients to the 
bud by promoting a greater development of the vascular 
connexions. 

This hypothesis is supported, first, by van Overbeek's* 
observation that, in Pisum sativum, decapitation of the 
stem is followed within 12 h by a rise in the auxin content 
of the axillary buds; and, secondly, by the work of 
Moreland’, who noted in experiments with Phaseolus 
vulgaris. that within 48 h of removing the stem apex, 
and before the eotyledonary buds had increased appreci- 
ably in size, the vascular supply to the buds had been 
strengthened. Moreover, the cyclical nature of this 
postulated mechanism, in which nutrient supply, growth, 
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auxin production and vascular tissue formation are 
regarded as interdependent, and the role attributed to 
irreversible anatomical changes agree well with the 
observation that bud growth. once established, cannot 
easily be arrested'+*. 

It is also assumed, on this hypothesis, that the auxin 
produced by the stem apex performs a similar function 
and thus, by controlling the differentiation of the vascular 
tissue in the stem, may determine, at least to some extent, 
the capacity of the apex to monopolize the nutrient supply. 
While such a mechanism may serve to maintain the domin- 
ance of the apex, the fact that the stem apex is initiated 
before the lateral meristems in the ontogeny of the plant 
may well provide it with a sufficient initial advantage in 
competing for nutrients to account for the dominance 
which it later achieves as the pattern of growth is 
established. 

GORDON I. MCINTYRE 
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Secretion Masses in the Nuclei of the Caudal 
Neurosecretory Cells of the Teleost Albula vulpes 


'NUGLEAR secretion’ has been reported by a number of 
students of neurosecretory cells, especially in fish hypo- 
thalamic neurones!. Neurones exhibiting 
similar characteristics have been deseribed 
in the caudal neurosecretory system of 
two isospondylous teleosts: Albula vulpes 
and Elops hawaiensis**. The caudal 
neurones of many teleosts may possess 
various kinds of nuclear inclusions, gener- 
ally less prominent than those of Albula 
and Elops, and not necessarily considered 
as 'seeretion'/?-??, Inasmuch as the actual 
production of proteinaceous secretory pro- 
duet within the nucleus is not consonant 
with the present conception of the protein- 
secretory cell, we undertook a re-examina- 
tion of the caudal neurosecretory neurones 
in Albula vulpes, the Hawaiian ‘oio’ or 
bonefish, with the electron microscope. 

The nuclei of the caudal neurosecretory 
neurones of Albula are highly polymorphic. 
In light-mieroseope preparations stained 
with acid violet™ densely staining ‘inclu- 
sions’ are seen in many nuclei (Fig. LA); 
the axon terminals around capillaries in the 
neurohemal organ of this system—the 
urophysis—are also intensely coloured. 
Other cells show cytoplasmic invaginations, 
some of which appear to be surrounded 
completely by the nucleus. Although 
some of the inelusions are not obviously 
connected with the perinuclear cytoplasm, 
a canal is probably present. If the canal 
happens to be in the plane of section, it 
would be indiscernible (see Fridberg"). 

On the ultrastructural level, the nature 
of the nuclear ‘inclusions’ previously inter- 
preted as secretion masses soon became 
apparent (Fig. 2). The masses are intra- 


Fig. 2. 


NATURE 


nuclear cytoplasmic invaginations (C1). 
with concentration of neurosecretory granules (NG); ER, endoplasmic reticulum; 6t 
Golgi centre; L, possible lysosomes; M, mitochondria; MS, myelin shgath 





Fig. 1. A, caudal neurosecretory neurone with two intensely stained 

intranuclear cytoplasmic invaginations from a ‘pond’ Albula. B, Large 

caudal neurosecretory neurone with a multilobate nucleus from an open 
sea Albula. Acid violet stain. Scales = 10" 


nuclear cytoplasmic invaginations (JCJ) and are character 

ized by the presence of the usual cytoplasmic organelles : 
rich endoplasmic reticulum with dilated cistern, 
mitochondria, Golgi membranes, and ovoid lysosome-like 
bodies. Elementary neurosecretory granules were also 
present, occasionally associated here, as in the perinuclear 
cytoplasm, with Golgi membranes*-". The elementary 
granules were present in higher coneentration in the 
‘intranuclear’ cytoplasm than in the more peripheral 





Electron micrograph of portion of caudal neurosecretory neurone with two intra 


Inset: intranuclear cytoplasmic invagination 
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cytoplasm (Fig. 2); this might account for the intense 
staining with acid violet. ea ee i 
Whether. all varieties of previously described intra- 
nuclear materials, especially the colloid droplets" in 
hypothalamic neurosecretory neurones, are intranuclear 
cytoplasmic invaginations is still uncertain. Colloid 
droplets are seen extracellularly in the caudal neurosecre- 
tory system of various fishes (for example, Paralichthys 
californicus} and may represent products of cell degenera- 
tion. |... 
The intranuclear cytoplasmic invaginations were most 
prevalent in animals taken from sea-water ‘ponds’. Fish 
caught in the open sea had fewer intranuclear cytoplasmic 
invaginations, generally located in small cells close to the 
- urophysis. The more anteriorly located large cells usually 


.' possessed extensively multilobate nuclei (Fig. LB). Some 

“nuclei were obviously intermediate stages between those 

with intranuclear eytoplasmie invaginations and the 
multilobate types. The cytoplasmic regions bordering on 
intermediate nuclei stained strongly with acid violet. 
One group of adult females taken from the open sea showed 
no sign of intranuclear cytoplasmic invaginations, but all 
caudal neurosecretory cells contained complexly lobate 
nuclei... The variable nuclear morphology in Albula may be 
correlated with habitat, but also possibly with age and/or 
sexual maturity. The open sea fish were larger and had 
better developed gonads than the ‘pond’ fishes. 

In view of the still elusive functions of the caudal 
neurosecretory system and the urophysis*!* the cyto- 
logical alterations seen in Albula may be indicative of 
actions unrelated to its suggested ionoregulatory role! 
and merit further investigation. 

This work was supported by U.S. National Science 
Foundation grant GB 1173 and U.S. Public Health Service 
grant AM 07896. We thank Mr. Lester Zukeran of the 
Hawaii Marine Laboratory for aid in collecting the 
Albula. 
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| Synchronization of Hatching in American 
Bobwhite Quail (Colinus virginianus) 


Iris known that chicken embryos show great variation 
in their rate of development. This is due to three main 
factors: variations in the latent period, variations in the 
environmental factors of ineubation and the inherent 
variations. of the embryos themselves. Some, or 
possibly all, of these factors are likely to oceur under 
natural conditions within a single clutch of eggs, and 
particularly in species which incubate large clutches. 

xiven these variations, it seems remarkable that the 
young W many species of birds hatch at the same time. 
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Among British game birds this is reported for the common 
quail (Coturniz coturnix); the common partridge (Perdix 
perdix), the pheasant (Phasianus colehicus) and the red 
grouse (Lagopus scolicus). Similarly it has been found 
here that when a clutch of the American bobwhite quail 
(Colinus virginianus) is incubated artificially, the eggs 
will hatch within an hour or two of each other. This 
synchronization of hatching (emergence of the chick from 
the shell) occurs in spite of considerable variability in 
the previous easily detectable stage of ‘pipping’; that is, 
the appearance of one small hole in the shell indicating. ' 
that pulmonary respiration has already begun. In the - 
bobwhite quail eggs normally pip about two days before. 
hatching. 

The experiment described here shows that it is | 
possible not only to shorten the normal incubation period. 
(23 days) by incubating embryos in contact with others. 
24 h older, but also, by doing so, to synchronize the final © 
stages of development so that all embryos hatch at the- 
same time. 

Eggs were taken from two pairs of quail, each one 
being removed from the parents soon after laying and 
stored at a temperature of approximately 18? O for up. 
to 14 days. Clutches were incubated in a ‘Curfew’ 
observation incubator run at 40:5? C. The eggs were 
ineubated in elutches of 2, 3, 4, 5, 10 and 11 eggs, progeny 
from the two pairs being kept separate. Seven eggs 
were incubated singly. Inside the incubator clutches 
were separated by distances of at least 4 in., but within 
each clutch eggs were in contact with each other. In all 
clutches one unincubated egg was placed within the 
clutch 24 h late. The eggs were observed regularly from 
the 20th day onwards and notes were made of the approx- 
imate times of pipping and hatching of each egg. 
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Results are given in Fig. 1. Fig. L4 shows the time- 
interval between the pipping of the first and last eggs in 
each of the nine clutches observed. The last egg to pip . 
was, in all cases except one, the delayed egg. This time 
interval varied from 18 to 52 h, suggesting that each egg. : 
pipped at approximately its ‘normal’ time, that is, on the. | 
21st or 22nd day of incubation. Fig. 1B shows, however, 
that the time-interval between the hatching of the first 
and last. eggs in these same nine clutches was never more 
than 6 h. The mean number of hours between pipping 
and hatching was 23 for the nine delayed eggs and 44 for 
the seven eggs incubated singly. This, considered. in 
conjunction with Fig. 1, suggests, therefore, that the 
delayed embryos accelerated their development between 
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HEXAFLUOROBENZENE 


74 compounds now available 


These compounds are being made available world-wide for the first time, 
following the discovery by Imperial Smelting Corporation Limited and at the 
University of Birmingham, of a new and attractive synthetic route, They open 
up exciting possibilities in such fields as polymers, pharmaceuticals, dye- 
stuffs and agricultural chemicals, where the presence of a fluorinated 
aromatic ring may lead to novel properties. Many companies and university 
research departments are taking experimental quantities of these fluoro- 
carbon compounds and carrying out their own programmes of investigation. 
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FOR EDUCATION RESEARCH AND 
ACTIVATION ANALYSIS 


Pulsed 10° neutrons per second generator is easily 
transportable, requires no special shielding, may be 
operated in a laboratory or lecture theatre, is ideal for 
demonstrating most neutron reactions and the prin- 
ciples of activation analysis. 

Elliott Ltype generator for continuous output of10"° 
neutrons per second, fitted with long life sealed off 
source tube. No vacuum pumps or target replacements; 
constant output of neutrons; small, compact tube 
minimises shielding costs. Complete equipment with 
pneumatic sample transfer system available for activa- 
tion analysis. For full details write or telephone: 
ELLIOTT ELECTRONIC TUBES LIMITED 
ELSTREE WAY :* BOREHAMWOOD : HERTS 
TELEPHONE: ELSTREE 2040 (EXTENSION 459) 


EY ^ Member of the Elliott-Automation Group 


^ Re ES OC E RENE ee 


‘EHS 


No. 4950 September 12, 1964 


pippimg and hatching, and that this shortening of the 
incubation period is due to the proximity of the more 
advanced eggs in each clutch. 

These results are consistent with the view that there is, 
in this species, a mechanism acting between eggs which 
tends to synchronize the embryos’ development towards 
the time of hatching, by speeding up the retarded ones. 
The nature of this mechanism is under consideration. 


MARGARET A. VINCE 
Psychological Laboratory, 
University of Cambridge. 
i Lillie, F. R., The Development of the Chick, revised by Hamilton, H. L. 
(New York, 1952). 
* McNally, E. H., and Byerly, T. C., Poult, Sci., 15, 280 (1930). 


s hele vy H. F., Jourdain, F. C. R., Ticehurst, N. F., and Tucker, B. W., 
The Handbook of British Birds, § (London, 1949). 


/ Mammalian Intrafusal Muscle Fibres 


Recent histological investigations of cat muscle 
spindles'-* have established the presence of two types of 
muscle fibre, the large nuclear-bag fibres and the smaller 
and more numerous nuclear-chain fibres (Fig. 1A). Boyd* 
maintains that each type of muscle fibre receives its own 
pattern of innervation, there being, in particular, a segre- 
gation in the size distribution of the fusimotor supply. 
However, earlier work by one of us* described spindles in 
the quadriceps femoris of the rabbit which did not show 
this structural duality, since they were composed of 
nuclear-bag fibres only. We wished to ascertain the 
validity of this observation, and to determine the extent 
to which the muscle-fibre content of cat spindles repre- 
sents the typical mammalian condition. 
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Cooper and Daniel? found chain fibres to be the most 
numerous in the majority of human spindles sampled from 
neck and lumbrical muscles, but a few contained bag fibres 
only. 

Nuclear-bag fibres are therefore a basie component of 
the mammalian spindle, whereas nuclear-chain fibres, 
though usually present in various proportions, may be 
lacking. A ‘chain only’ composition has been observed* 
in part of a cat tandem spindle, but this condition is 
probably aberrant. Evidently most spindles in a particular 
mammal possess a similar type of fibre composition, though 
other types may occur. Thus the lagomorph spindle is 
typically ‘bag only’, but combinations with chain fibres 
also occur; human spindles may lack chain fibres, though 
typically they are present in excess. 

In the eat spindle the secondary endings lie predomi- 
nantly on the nuclear-chain fibres*; in the rabbit spindle 
they lie on the nuclear-bag fibres mainly in the myotube 
regions* (hence the descriptive term *myotube ending’ 
suggested by Granit*). Both myotube and nuclear chain 
offer a similar substratum for the ending, and it is signifi- 
cant that the myotube regions in the rabbit are typically 
three to four times longer than those in the cat. The 
‘chain dominant’ human spindle resembles the cat spindle 
in these respects’. As observed at or near the level of 
spindle entry, the motor innervation of the “bag only 
rabbit spindle is derived from both large and small 
fusimotor fibres (Barker*; Barker and Cope’; Ip, unpub- 
lished observations) as in the cat*?, Matthews" has 
suggested that in the cat spindle these large and small 
motor fibres may represent functionally distinct types 
controlling the dynamic and static responses of the primary 
ending, respectively. The same correlation applied to the 





Fig. 1. Transverse sections through the equatorial region of spindles from cat soleus (A), rat rectus femoris (B), and rabbit vastus 
intermedius (C) muscles. Nuclear-chain muscle fibres (c) outnumber nuclear-bag muscle fibres (b) in the cat (2 bag : 5 chain fibres); are 


present in equa 


proportion in the rat (2 bag : 2 chain fibres); and are absent in the rabbit (4 bag fibres only). (10x paraffin sections stained 


with hematoxylin and eosin; x c. 410) 


Fourteen spindles from rabbit hind-limb muscles were 
traced from end to end in serial transverse section, 3 from 
vastus intermedius, 3 from tenuissimus, and 8 from soleus. 
All spindles nuclear-bag fibres only, the most 
frequent number being 4 (Fig. 1C). This was also the case 
in 3 spindles from the vastus intermedius of a hare, and 
in 3 out of 6 spindles from a rabbit fore-limb muscle 
(extensor digitorum communis). The other spindles in 
this sample, however, possessed 3 bag fibres accompanied 
by 1 or 2 chain fibres. 

The typical fibre content of the rat spindle proved to be 
2 bag and 2 chain fibres (Fig. 1B); 8 spindles from rectus 
femoris and 6 from soleus had this composition In a 
further 3 spindles from soleus the proportion of bag to 
chain fibres was 2 : 1, 3: 1, and 2 : 3. Samples of 3 spindles 
taken from a thigh flexor muscle of a hedgehog, a tree 
shrew, and an armadillo had bag-to-chain fibre ratios of 
2:2, 2:2, and 2: 4 or 5, respectively. 


typical rabbit spindle would necessitate postulating s 
mechanism whereby this control could be achieved through 
the contraction of bag fibres only. 

This work was supported in part by research grant 
NB-04149-01 from the National Institute of Neurological 
Diseases and Blindness, U.S. Public Health Service. 
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? Boyd, I. A., Phil. Trans. Roy. Soc., B, 245, 81 (1962). 
* Barker, D., Quart. J. Micro. Sei., 89, 143 (1948). 
* Cooper, S., and Daniel, P. M., Brain, 86, 563 (1963). 
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Dry Matter Production by Detached Ears 
of Wheat 


CEREAL yields have been shown to depend more on 
assimilation in the ears and flag leaves than on trans- 
location into the grain of compounds manufactured or 
stored in other green parts of the plant! Quantitative 
estimates of the relative contributions from the ears, the 
flag leaves or other green parts have been made by shading 
and defoliation methods?-*, by enclosing ears in a trans- 
parent chamber supplied with “CO, (ref. 7), or by follow- 
ing changes in the carbon dioxide content of air-streams 
entering and leaving such a chamber?. Such methods 
have been criticized for various reasons*?, Buttrose and 
May* claimed that their technique with regulated floret 
numbers is free of many of these disadvantages, but 
: "Thorne? has shown that one of the assumptions on which 
'; the method is based is not valid and Lupton! has demon- 
strated that different results can be obtained if different 
numbers of florets are left on the ear. Obviously, this 
method of measuring net assimilation of cereal ears is also 
open to criticism. 

;. Where it is necessary to measure the absolute rate of net 
assimilation by a cereal ear it is difficult to suggest any 
method better than those previously mentioned. In some 
situations, however, it may be enough to demonstrate that 
the net assimilation in the ears and flag leaves of one 
variety is relatively greater than in another. For this 
purpose the changes in dry weight of detached ears have 
been followed. The ears are taken shortly after anthesis 
from plants lifted and removed to the laboratory early in 
the morning while still fully turgid. ‘The stems are cut 
several inches below the flag leaf node and trimmed under 
water to leave one inch of stem below this node. 'The 
experiments have been conducted out of doors with the 
-ear preparations placed in batches of 72 in polythene-lined 
boxes (12 in. x 18 in. x 6 in.) covered with a hardboard 
lid pierced by holes 0-25 in. in diameter through which the 
stems pass. The boxes are filled with quarter-strength 
Long Ashton complete nutrient solution which is changed 
at three-day intervals. Since ear size accounts for much 
of the varietal differences in grain yield in wheat, conscious 
selection for uniformity of ear size in the detached ear 
preparations may, unwittingly, remove any varietal 
differences in ear assimilation that do exist. In these 
investigations the detached ear samples of each variety 
were, therefore, sorted into several size grades and equiva- 
lent numbers of each size grade were included in each 
sampling unit in the same proportion às that found to be 
typical of each variety. 

Five experiments have been carried out with detached 
ear preparations from three winter and six spring wheat 
varieties in 1961 and 1962. The results of a 1962 experi- 
ment with the three winter wheat varieties ‘Cappelle’, 
"Professeur Marchal’ and 'Milfast? are given here. The 
detached ear preparations were made on July 11, 16 days 
after ear emergence. Twenty-four preparations from each 
variety were placed. in each of four boxes and the flag 
leaf laminæ removed from twelve of them. This arrange- 
ment. gives four replicates of a 3 x 2 split plot design. 
Two, gatherings, each of six ears, were taken after 10 and 33 


odaya om July 22 and August 13. In addition, an initial 


-> sample of thirty ears of each variety was taken, and at the 
close of the experiment a further sample of thirty ears was 
collected from. intact plants growing at the original sites 
in the field. 

After 33 days it was found that the ear dry weights of 
the detached ear preparations with flag leaves were 1,508 
mg for "Professeur Marchal’, 1,334 mg for ‘Cappelle’ and 
1,164 mg for *Milfast" (L.S.D. 129, P - 0-05). Ears of the 
same varieties from plants grown in the field weighed 2,067 
mg, 1,600 mg and 1,483 mg, respectively, at the same 
date. Detached ear preparations have, therefore, pro- 
duced 50 per cent less ear dry weight, an average incre- 
ment Šf 491 mg, than field grown ears, average increment 
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Table 1. Contributions fo ear dry weight (mg) from flag leaves«(F) and 
ears plus peduncles (E + P) of detached ear preparations of 8 winter wheat 
i varieties, Upperwood Farm, Reading, 1962 


Period Period Period 
0-10 days 11-38 days 0-33 days 
F EXP F E-P F EXP 
"Professeur 
Marchal’ 191 107 36 273 227 378 
Cap He’ 137 114 62 198 199 318 
‘Milfast’ 126 66 30 141 150 207 
Mean of all 
varieties 149 96 43 204 192 299 
Period 
0-11 11-83 0-33 
L.S.D. (P= 0-05) days days days 
(a) Between means of all varieties 11 18 20 
(6) Between sub-treatment means within 
varieties (horizontal comparisons) 28 41 50 
(e) Between treatment means between i 
varieties (vertical comparisons) 20 29 35, 


863 mg, but still show varietal differences of the same 
size as those found for field grown ears. Similar results < 
have been found in the other experiments. The dry 
weight contributions attributable to the flag leaf or to tho 
ear plus peduncle have been calculated and these figures 
are given in Table 1 for the two sampling intervals and for 
the full 33-day period of the experiment. uus 
Over the 33-day period the flag leaf contributions. (192 
mg) averaged only 64 per cent as much as the ear plus 
peduncle contributions (299. mg). Differences. between — 
these contributions were significant in each variety. 
Between varieties the flag leaf contribution of 'Milfast' (150. 
mg) was significantly lower than those of ‘Cappelle’ and- 
"Professeur Marchal’ (199 and 227 mg respectively), which 
were not significantly different. The ear plus peduncle 
contribution of “Professeur Marchal’ (378 mg) was sig- 
nificantly greater than that of ‘Cappelle’ (312 mg), which 
in turn was significantly greater than that of 'Milfast? 
(207 mg). During the first 11 days of this period the flag 
leaf contributions (149 mg) averaged 155 per cent more 
than the ear contributions (96 mg), a trend evident in all 
varieties, but the difference between the contributions in 
"Cappelle' was not significant. During this period the flag 
leaf contribution from ‘Professeur Marchal’ (191 mg) was 
significantly greater than those from ‘Cappelle’ and 
"Milfast/, which were similar (137 and 126 mg respectively), . 
while the ear plus peduncle contributions of "Professeur 
Marchal and 'Cappelle' were similar (107 and 114 mg 
respectively) and both significantly greater than that of ' 
*"Milfast/ (66 mg). 
Over the 11--33-day period the flag leaf contributions | 
were much reduced (43 mg), averaging only 21 per cent of 
the ear plus peduncle contributions (204 mg), the differ- 
ences between the contributions being significant in each 
case. Observations at the time bear out the suggestion > 
from these figures that flag leaves began senescing shortly 
after the eleventh day and were completely dried out: by 
about the eighteenth day. Differences in the flag leaf 
contributions of the three varieties were slight, but the. 
ear plus peduncle contribution of ‘Professeur Marchal’ 
(273 mg) was significantly greater than that of ‘Cappelle : 
Desprez’ (198 mg), whieh, in turn. significantly exceeded .. 
that of ‘Milfast’ (141 mg). It may thus be concluded that _ 
the flag leaf contributes some 13-5 mg/day during the — 
earlier part of the ear growth period, falling after the . 
eleventh day to a value of 2-0 mg/day. The ear contribution 


was less than that of the flag leaf to begin with, averaging. 


8-7 mg/day, and, on the figures available, this was-main- 
tained at 9:3 mg/day during the last 22 days. Observa- . 
tions suggest that the actual rates would be higher than - 
this for the first half of this period and lower for the last 
half as ear senescence became marked. 

It is obvious that much of the physiology of these 
detached ear preparations requires to be investigated 
before it will be possible to consider them physio- 
logically comparable to ears growing on an entire plant. 
The results of these investigations suggest, however, that 
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such preparations may prove a convenient means of com- 
paring the assimilatory capacity of the flag leaves and 
ears of different varieties and species of cereals. In addi- 
tion they may prove a useful research tool in other 
subjee | of physiological interest such as grain dormancy, 
| ral requirements and water relations of the 
-eereal ear and biochemical factors determining quality 
factors i in a wheat grains. 
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ENTOMOLOGY 


` Danger of Spraying Wooden Insect Cages 
with Melamine Resins 


Tue original cages used by us for rearing Glossina 
_ austeni were made of deal (coniferoussoftwood) by the local 
carpenter; the wood was left untreated. A precision 
_ wood-working firm was commissioned to. make similar 
cages in large numbers. On their advice, mahogany 
_ plywood, exterior grade, was used, and the cages surface- 
| sprayed with a melamine resin which would seal the wood 
against absorption of fæces and facilitate the washing of 
_ dirty boxes. 
—. Twenty new, melamine-sprayed cages were first kept 
_ for three days in a room at 33° C so as to expel any 
o residual solvent. Batches of about 25, 4-day-old, newly 
_ fertilized females were housed alternately in melamine- 
sprayed or deal cages; survival rates were recorded at 
days 14, 30 and 60 after fertilization (Table 1). 


Table 1. TOXICITY OF MELAMINE RESINS 


Á comparison of survival rates among female G. austeni at days 14, 30 and 60 
E after mating when 3-4 days old 


‘Total Day 14 Day 30 Day 60 
Survival No. 






ead tore No.of No. usy ival No. "Sutyi ival 
" t ieee : flies survived % survived % survived — 94 
ote : 
Su Maal caper 484 380 Bl 310 64 198 41 
Melamine- 
: ‘sprayed ply- 
OO cages 470 363 76 262 55 140 29 








The survival rate was lower in the new, melamine- 
rayed cages, and, further, the differences at each age 
e progressively greater at 5, 9 and 12 per cent, 
it the melamine resin has slow-acting toxic 
he difference at day 14 is not significant 
12 P201). The difference at day 30 is 
signi =81; P«001) as is the difference at day 
(060 = 134 9: P «0 001). 
. -Melarnine resin is a condensation product of melamine 
and formaldehyde, so presumably the formaldehyde is the 
| toxie component. Since all surfaces of tho mahogany 
| plywood. had been thoroughly sprayed with melamine 
resim, there can be no question of harmful emanations from 
either the mahogany or the bonding material used in 
plywood eonstruetion. 
_ Since phenol-formaldehyde resins are now used as the 
* bond for plywood, a small test was undertaken to 
| See if val in untreated mahogany plywood boxes 
is worse than in deal boxes. The results suggest that 
| survival is worse in the mahogany plywood boxes for the 
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first seven weeks after manufacture, but not thereafte 
whereas the melamine-sprayed cages are still toxic after 
10 weeks. 
T. A. M. NAH 
R. J. Korr SORAN 
Tsətse Research Laboratory, 
Sehool of Veterinary Science 
(University of Bristol), 
Langford. 


Y Effects of Brain and Corpus Cardiacum 
Extracts on Hzmolymph Trehaiose of the 
Cockroach, Periplaneta americana 


Tn first report relating hormonal factors in insectes to 
the regulation of a particular hemolymph sugar was that 
of Steele’. He demonstrated that saline extracts of tke 
corpus cardiacum of the cockroach Periplaneta merde 
(L.) cause about a 100 per cent increase in hemolymph 
trehalose within 1 h after injection and the effect persists 
for several hours. The level of reducing sugar (glucose } 
was generally lowered in these animals. Later, Steele 
reported that the extract accelerated the release. of in- 
organic phosphate and that as hemolymph trehalose was 
elevated fat-body glycogen declined? Nerve cord glycogen 
also declined, but gut and muscle glycogen were uriaftec- 
ted. The interpretation is that the hormone sppears to 
inerease the activity of phosphorylase and ul 
a glycogenolic effect. More recently: Bowers and | 
man? reported finding that in the South 
cockroach, Blaberus discoidalis (Serville), adminisive 
of aqueous extracts of the corpus cardiacum significant) 
elevate both trehalose and glucose in the heriolyraph. 
They also found a decrease in fat-body glycogen 51 
injection and extracts of the corpus allatum were 
tested and found to be without effeet. They note 
that animals with heads tied off respond to the acne 
extract, indicating that the effect is not mediated thr ough 
other cephalic glandular material. 

We wish to report here our observations which generally 
confirm and supplement these reports. A portion of this 
work has been briefly reported on elsewhere’, Adult 
male and female cockroaches, Periplaneta americana (L 
were examined. Tissue extracts were prepared from c 
roaches that were rapidly anesthetized by carbon dios 
gas and then chilled. The heads were removed and dissec- 
ted in cold Hoyle's solution*. The corpus. alatum (O4 



























were dedi in Hoyle's pe eg one tisque der 


ml. Recipient animals were deprived of food for at least 
18 h prior to injection. Six to ten animals constituted 
experimental groups and each animal received 9: 3 






Control animals received Hoyle's solution only. After 1 i 
the animals were quickly immobilized by carbon dioxide, 
thoroughly chilled in a freezer, and their hemolymph 
extracted (as a group) by the centrifugal method’. A 
0-1 ml. portion of hemolymph was then analysed for 
glucose (glucose oxidase-peroxidase method") and trehalose 
(anthrone method of Wyatt and Kalf*). 

Some of the results obtained during this work are shown 
in Tables 1 and 2. For analysis, only experiments in which 
all four tissues were tested simultaneously are shown hore. 
A total of 25 experiments were conducted, but in the 


Table 1. EFFECTS OF TISSUE EXTRACTS ON HAMOLYMPH STARS: 
Donors AND MALE RECIPIENTS 


(Values are in mg per cent) 


MAIR 


Glucose " Trehalose 
Extract CC B CA S Control CC B CA. UR. ontot 
a I 82 30 80 101 43 2,007 1,145 948 L SE 
zz II 564 236 47 281 36 3,008 797 YOUR BAT 
SS IH 126 156 121 64 205 2,386 940 O77 009 0 
ee IV 325 143 64 3383 M 956 894 . 402 . 288. 
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DONORS AND FEMALE RECIPIENTS 
(Values are in mg per cent) 


Glucose ‘Trehalose 
a Extract CO B CA S Control CC B CA S Control 
22 I 73 134 68 19 80 1,080 408 127 454 569 
oS IL 106 71 62 37 117 1,082 783. 404 660 824 
me II 2 142 145 491 334 1,190 650 506 426 260 


inajority of them only two or three tissues were tested. 
"The results from all of them tend to fit the same general 
patterns as discussed here. 

The significant elevation of trehalose following cardia- 
cum. administration confirms the observations of both 
Steele! and Bowers and Friedman’. The results in Table 1 
for trehalose values were subjected to non-parametric 
analysis using rank order and yielded a coefficient of 
concordance of 0:75. After a continuity correction was 
applied, the order: CC > B» CA » S control, was signifi- 
eant (P«0-01). The comparable data of Table 2 show a 
rank order starting with CC and then B, but it is just 
significant at the 10 per cent level. The observation that 
the brain extract was generally effective also in elevating 
trehalose levels is noteworthy. Steele! tested the effects of 
brain, among other tissues, for this effect in 2 experiments 
and.dismissed the slight increase in trehalose he found 
as probably due to traces of cardiaca tissue remaining 
attached to the brain. In our dissections the brains were 
carefully cleaned of any cardiaca tissue and we believe 
the hyperglycemic effect observed is real. This could be 
interpreted to mean that the active factor of the cardiacum 
is produced by neurosecretory cells of the brain, if the 
result is viewed in the framework of the anatomical 
studies which suggest such a neuroendocrine relationship?. 

The results of glucose determination are too variable for 
statistical analysis so it is impossible to know if the 
cardiaca extracts tended to elevate glucose, as was the 
case in the results of Bowers and Friedman’, but generally 
it was not depressed, as suggested by Steele’. 

Males given cardiacum extract usually had more 
hemolymph trehalose than females. In 10 experiments 
in which males were tested with cardiaca extract, 7 
groups had trehalose-levels greater than 1,000 mg per 
cent, whereas only 3 out of 9 groups of females had so 
high a level. Both groups were given extracts from male 
tissue. Thus, there may be a sex difference in responsive- 
ness to the cardiaca factor. 

A series of five experiments on the effects of starvation 
on the response to cardiacal extract showed that male 
animals starved for 8 days prior to injection fail to make 
any response to the hormone. Allatal extracts are also 
without effect. Furthermore, the levels of circulating 
trehalose in the control and experimental groups all were 
about 400 mg per cent, that is, about two-thirds the normal 
value. 

The glucose values found in this work were higher than 
Steele's! and the trehalose values generally lower. The 
reason for these differences is probably relatable to strain 
differences and diet factors. 

This work was supported by the U.S. Public Health 
Service (grant NB-3602) and by the U.S. National Science 
Foundation (grant GB-51). 

CHARLES L. RALPH 
ROSEMARY MCCARTHY * 
Department of Biological Sciences, 
University of Pittsburgh, 
Pittsburgh 13, Pennsylvania. 

* Present address: Department of Biology, Mount Merey College, Pitis- 

burgh 13, Pennsylvania, 

‘Steele, J. E., Nature, 192, 680 (1961). 

* Steele, F. E., Gen. Comp. Endocrinol., 8, 46 (1963). 

* Bowers, W, S., and Friedman, 8., Nature, 198, 685 (1963). 

* McCarthy, R., and Ralph, O. L., Amer. Zool., 2, 429 (1962). 

* Hoyle, G., J. Eup. Biol, 30, 121 (1953). 

* Sternburg, J., and Corrigan, J., J. Econ., Entomol., 52, 538 (1959). 

? Glucostat, Worthington Biochemical Corporation, Freehold, New Jersey. 
* Wyatt G. R., and Kalf, G. F., J. Gen. Physiol., 40, 833 (1957). 

* Scharrer, B., Biol. Bull, 102, 261 (1952). 


Table 2. EFFECTS OF TISSUE EXTRACTS ON HLEMOLYMPH SUGARS; MALE - 


September 12, 1964 VoL, 203 
| VIROLOGY ; 


Inactivation of MHV-3 Virus by Intestinal 
Content and Intestine of Normal Mice 


Iw previous work we reported on certain biochemical 
changes in experimental (MH V-3 virus)! and in human 
viral hepatitis’. This communication deals with the 
behaviour of MH V.3 virust, eliminated with bile in the 
intestine of infected mice. Because of evidence of virus 
inactivation in the intestine, experiments were also carried 
out on the effect of intestinal content and intestine from 
normal mice on MH V-3 virus. 

Twenty mice of NM RI-stock, weighing about 10 g and ` 
fed on 'Altromin' diet, were inoculated intraperitoneally 
with 100 LD,,of MHV.3 virus. From mice killed 72 h 
after inoculation, samples were taken of the liver, gall- 
bladder bile, intestinal content of the first 5 em of the small 
intestine as well as of the last 5 em, fecal content of the 
last section of the colon and, finally, feces expelled. After 
addition of antibiotics the LD,, of the aforementioned 
materials was determined by the method of Reed and 
Muench’. 

The results given in Table 1 show a gradual decrease in 
the level of the virus from liver to expelled fæces. A 
striking differenco in virus-levels can be observed, par- 
ticularly between the bile and the first portion of small 
intestine and between the first and last portions of the 
small intestine. This finding, suggesting a possible inacti- 
vation of the virus during its pathway in the intestinal 
lumen. led us to perform the following experiments. 


Table 1. LEVELS OF VIRUS IN DIFFERENT MATERIALS FROM MICE INFECTED 
WITH 100 LD,, OF MHV-3 Vines 


Materials LD 
Liver 10-5 
Pile ipti 
Smallintestine content (first 5 em) io 
Smallintestine content (last 5 em) «103* 
Colon content (last section) x107t 
Expelled fæces <10"t 


* At 10^ dilution 4 mice of 10 used died. 
+ At 107 dilution 2 mice of 10 died. 
$ At 107 dilution no mortality was observed. 


Mice were injected intraperitoneally (0-1 ml.) with 10-fold dilution of each 
material from 10- to 107° (10 mice for each dilution). The experiment 
reported in Table 1 is one of three which gave similar results, 


Six mice of the N M RI-strain were used. From four of 
them, killed by decapitation, the whole intestinal content 
was taken and the intestine itself was thoroughly washed 
to remove any fecal debris. From the two remaining 
mice the intestine was taken together with its content. 
These three materials (intestine, intestinal content and the 
two together) were carefully homogenized and tested for 
their inactivation power against MH V.3 virus. The virus, 
stored at — 70? C as a 10 per cent suspension (LD,,-- 
10-75), was used in 10-fold dilution from 10- to 10-*. 
Three series of these dilutions were prepared to contain a 
homogenate of the three different, materials in final con- 
centrations of 10 per cent. A fourth series was the control 
one (no homogenate added). All samples were incubated 
for 90 min at 37? C and frequently shaken. After incuba- 
tion, virus-levels were determined in each sample as 
already indicated above’. 

The results presented in Table 2 show that virus-levels 
are much higher in the control series than in the presence 
of the different materials tested. This seems to show that 
virus can be highly inactivated by intestinal content and 
intestine. Liver and brain tissues from normal mice were 
used in the same experimental conditions to test whether 





Table 2. ErFECT oF INTESTINE AND INTESTINAL CONTENT ON WHYF-8 
VIRUS INFECTIVITY 
Materials LD go 
Virus — J 10t 
Virus + intestinal content 10-** 
Virus + intestine 10-** 


Virus + intestinal content and intestine 
For details see text and Table 1. 
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they. too, had an inactivating power against MHV.3 
virus ; no effect was found. 

ur results a certain ability to inactivate MH V-3 
be attributed to intestinal content and intestine 
mice. Investigations on the mechanism of this 
on and on the nature of the compound or com- 
involved are now in progress. 

MARCELLO Piazza 
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tion of Localized Virus Lesions by 
Dimethylaminosuccinamic Acid 

nvestigations have shown that the applica- 
iéhlorophenoxyacetie acid or its salts or 
xyacetie acid analogues greatly altered the 
mun rus lesions or the amount of virus present in 
toba ringspot (TRSV) inoculated plants!?. This con- 
firmed the findings of several other workers*-*. 

* Applieations of solutions containing the growth sup- 
pressant (2-chloroethyl)-trimethylammonium chloride 
(CCC) reduced the amount of tobacco mosaic virus in 





inoculation when the inoculated leaves had dried. In 
some cases it was mixed with the inoculum. Charac- 





_ teristic, large, susceptible-type, localized lesions (typically 
| preceding systemic necrosis) appeared and were counted 
8-5. days after inoculation. 

` The results of four experiments are illustrated in Fig. 1. 
plication of an aqueous solution of 5,000 p.p.m. of 
MAS to leaves of Vigna sinensis 45 min after inoculation 
duced: the virus local lesions by 90-1-92-9 per cent 
able 1). The solution containing 2,500 p.p.m. of DMAS 
was almost as effective as the stronger solution, and that 
otaining 1,250 p.p.m. reduced lesions 66-4-83-6 per 
nt. Progressively less inhibition of virus lesions was 
eaused by solutions eontaining 625, 312 and 156 p.p.m. 
of DMAS. 

















Table d. ISHIBPMON oF TRSV LESIONS ON BLACK COWPEA (Vigna sinensis) 
e Cn poco BY N-DIMETHYLAMINOSUCCINAMIO ACID 





p. 1 Exp. 2. | Exp. 3 Exp. 4 
Inbibi- Lesion Inhibi- Lesion Inhibi- Lesion Inhibi- 
tion ~ No. tion No, tion No. tion 
id (956 (%) (99) 
[6 109-2 0 
47 ran 
38:5 mE em 
52-1 528 5r7 
83-6 20-4 81-3 
89-7 094 99-6 
90-1 0-0 1000 


NATURE 


20 i0 


i5 





5 


Lesions exps. 1, 2, 3 


ie 


e 





4.000 


1,000 2,000 3,000 5,006 


DMAS (p.pau.) m 
Fig.1. Reduction of local infection of tobacco ringspot virtus 
on black cowpea (Vigna sinensis). Follar application of D 


after inoculation or water spray (control, no DMA : 
Application simultaneously with inoculation (ex 






Extrapolated values for zero concentration Yall remerk- 
ably close to the actual values for the non-treated (water 
spray only) control. Lesion inhibition is eor 
related to concentration of DMAS over s wi 
concentration. In some cases plants treated wit 
containing 2,500 p.p.m. or more of DMAS had irregular 
small, necrotic patches. These patches probably do not 
represent the interference with lesion formatio ported 
herein since they were also observed on leaves of non- 
inoculated plants and on non-inoculated. parts of in- 
oculated leaves. Inhibition of lesions was pronounced on 
many leaves with no evidence of chemical injury 

The observed response may be the result of moculum 
inactivation, cell injury due to DMAS, altered host sux 
eeptibility, or viricidal action. Elucidation of the mech- 
anism of action, however, must await the outcome of 
further more definitive research now in progre Other 
methods and sites of application, the effects. of relate: 
chemicals, and analysis of treated plants are being 
investigated. d . 

This work was supported in part by U.S. National 
Institutes of Health grant E-4581. 
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PSYCHIATRY —— 


Variations of Urinary Creatinine and its 
Correlation to Tryptamine Excretion in 
Schizophrenic Patients 

Ix the course of investigating the effect of diet on 
behaviour and exeretion of urinary constituents in schizo- 
phrenic patients a remarkably wide variation in the 
daily output of creatinine was found in several subjects. 
'We also observed a high degroe of correlation between tho 
excretion of creatinine and urinary tryptamine. Both 
. phenomena are shown in Fig. 1, where the daily excretions 
of creatinine and tryptamine along with urine volume 
and daily tryptophan intake are plotted over 18 consecu- 
tive days for the patient who showed the greatest associa- 
tion of these two variables. During the period of observa- 


ms tion the creatinine excretion varied from 0-90 to 1-78 


g/24 h with a corresponding range of tryptamine excretion 
of 45-182 ug/24 h. The correlation coefficients between 
“urinary tryptamine and creatinine as well as that of 
_ tryptophan intake are presented in Table 1. Both Fig. ! 
and Table 1 show that the variations of tryptamine in the 

urine are not related to the tryptophan intake, which was 
maintained between 0-53 and 1-04 g/24 h. A highly 
significant positive correlation is, however, associated 
with the exeretions of tryptamine and ereatinine. During 
the observation period, the patient received a standardized 
diet containing 1-0-1-5 g of tryptophan/24 h. Exact 
records were kept of uneaten food and the actual daily 
intake of each major food constituent caleulated by 
difference. The same standardized diet was given for 
two months prior to the collection. period in order to 
stabilize the tryptamine excretion in regard to tryptophan 
intake. No psychotropic medication had been given 
during 8 months previous to the experiment. 

- Also shown in Fig. 1 are the close relationships between 
-the excretions of creatinine and tryptamine and the total 
daily urine volume. The association of urine volume 
_with creatinine and tryptamine was observed only in this 
patient, while positive creatinine-tryptamine correlations 

were also found in other instances without large daily 

fluctuations in urine volume. Although it may appear 
that this patient was unable to concentrate urine, specific 
 gravities ranging from. 1-003 to 1-028 were found which 
varied inversely to urine volume. Repeated determina- 
tions of blood urea, non-protein nitrogen and serum 
creatinine were consistently found within normal limits. 

These data therefore rule out gross failures of kidney 

function. It may rather indicate that other humoral 

changes occur along with the variations of creatinine 
and tryptamine excretion to alter the daily urine 
volume. 

The association of creatinine and tryptamine excretions 
was observed in this patient on another occasion of 16 
consecutive days (r = + 0-64) and twice in another patient 
for periods of 20 days each (r = +0-56 and +0-33, 
respectively). In addition, suggestive positive correla- 
tions were observed in a larger group of 9 patients on 
whom 5-day pooled urine collections were made over a 
&-month period of continuously controlled tryptophan 
intake. For two other indole derivatives, total indolyl-3- 
acetie acid and 5-hydroxyindoleacetic acid, weaker but 
still positive eorrelations were obtained. 

Since the classical studies by Folin’? on creatinine 
excretion in man it has generally been accepted that the 
daily urinary excretion of creatinine in a given individual 
is quite constant and rather independent of variations of 
other physiological measures such as urine volume, 
exercise or diet*. Later reports, however, have indicated 
that considerable spontaneous variations in creatinine 
excretion are encountered in certain individuals*. Our 
findings dernonstrate that the daily creatinine excretions 
need not remain constant but can fluctuate markedly in 
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Tryptamine 
ug|24h - 


Creatinine 
g/24h 


Urine volume 
ml./24h 


Tryptophan intake 
g/24 h 





Days 


Fig. 1. Daily exeretions of tryptamine, creatinine and urine volume in 
a schizophrenic patient for 18 consecutive days 


schizophrenic patients who are otherwise in good health 
and are receiving an adequate diet. 

Vestergaard and Leverett? have stressed the point that 
creatinine exeretion over short periods of time should not 
be used to calculate excretion ratios for other uri 
constituents. We should like to extend this to include the 
use of 24-h creatinine exeretions in the case of schizo- 
phrenie patients. Numerous investigators have attempted 
to associate abnormalities of tryptophan metabolism 
with schizophrenia. Many of the reports are negative 
or conflicting. Some of the apparent discrepancies in the 
literature may be related to the fact that the creatinine 
excretion is usually assumed to be constant in this disease 
and biochemical findings are often reported as amount 
of substance excreted per mg or g of creatinine, Our 
results show that this assumption is not warranted 
in certain schizophrenic patients and that the excretion 
of tryptamine and possibly other indoles may be linked 
in some manner to the exeretion of creatinine. 

The association of tryptamine excretion with ereatinine 
output is remarkable and may represent a metabolic 
finding of importance for this disease. This is indicated 
by the fact that the most marked daily fluctuations of 
creatinine and tryptamine occurred when the. patient 
showed worsening of his psychotic symptoms, such as 
thought disturbances as well as delusional experiences 
accompanied by hyperactivity and hostility’. 


Table 1. CORRELATION (r) BETWEEN THE DAILY EXCRETION OF TRYPTAMINE, 
CREATININE AND DAILY TRYPTOPHAN INTAKE E 


Correlation coefficient * Correlation between 


No. of between urinary urinary tryptamine 
daily tryptamine t and ps and tryptophan p 
colleetions ereatininef intake 
18 40-60 0-005 -0:32 n.s. 


* r Correlation coefficient aceording to the formula by Pearson for a 
linear regression. 
T Tryptamine was determined by the method of Sjoerdsma et al. (ref. 0). 
1 Creatinine was determined by the alkaline picrate method (ref. 10). 
is given for t = 4/72. 612). 
$p is gi ort A (i-r) 


ki Tryptophan was Calculated on the basis of protein content of the food 
as total nitrogen. 
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'These episodes were occasionally preceded by a reduced 
food intake accompanied by losses of weight. In this 
patient the increased creatinine output appears to be 
related to weight fluctuations brought about by self- 
imposed starvation. This observation contrasts with 
the literature that creatinine excretion decreases 
longed starvation in man and animals**. The 
possible. implications of this complex clinical and bio- 
„chemical pattern in relation to mechanism of periodic 

beh ral exacerbations in schizophrenic subjects has 

cussed previously". Complete. details of the 
association of creatinine and tryptamine excretions will 
be. ie elsewhere. 
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PSYCHOLOGY 


Effects of Different Terminal Sounds on 
Short-term Memory for Initial Consonant 
; Sounds 


more items are presented than are to be recalled, 
ional items produce a large amount of ‘stimulus 
ce’ in the recall of the remaining items!. This 
der conditions where subjects have complete 
: knowledge of the items that are not to be recalled, this 
knowledge being possessed by the subjects before, during, 
and after presentation of the list. Even though subjects 
now which items to ignore, they cannot ignore them 
ompletely, and therefore the extra presented items inter- 
re with the memory trace for the items to be recalled. 
‘The: purpose of the present experiment is to investigate 
mulus interference in short-term recall under conditions 
here the number of items presented is constant, but the 
ems in some lists contain more phonemes or ‘longer’ 
_ phonemes than the items in other lists. As in the previous 
_ experiment, it is important to control for response inter- 
ference by holding constant the amount to be recalled. 
In. this experiment subjects are to recall the six initial 
consonant phonemes of a list of six artificial items, each 
item consisting of a consonant followed by a vowel (CV) 
ora consonant followed by a vowel and another consonant 
(CVC). Within any one list the terminal vowel or terminal 
"vowel and consonant are the same for each item in the 
di me of the terminal vowels and consonants are 
an others in temporal duration in ordinary 
: speech. The experiment deseribed here is designed 
to determine: (1) whether items that consist of three 
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phonemes (CVC items) produce more stimulus interference 
in the recall of the initial consonant of the items than 
items that consist of two phonemes (CV items); (2) 
whether temporally longer terminal phonemes produce 
more stimulus interference in the recall of initial consonants 
than shorter terminal phonemes. 

Subjects listened to a ‘ready’ signal, followed after 1 see 
by a list of six artificial items, followed immediately by 
recall of the six initial consonant phonemes. Correct 
recall consisted of filling-in six boxes with the correct 
consonants in the correct order. Presentation of the 
artificial items was at a rate of two items/sec, and 15 scc 
was provided for recall There were six conditions, 
each with four sub-conditions. The six conditions are 
six different types of lists, each type of list being a list 
consisting of one type of item: (8V) consonant. followed 
by a short vowel (‘a’ as in father, ‘e° as in let, “i as in bit. 
or ‘u’ as in but), (LV) consonant followed by a long vowel 
(‘a as in made, ‘@’ as in eat, T as in bite, or ‘6° as in hope). 
(SV+k) consonant followed by a short vowel followed 
by the short consonant ‘k’, (LV + k) consonant followed 
by a long vowel followed by the short consonant ‘k’. 
(SV + z) consonant followed by short vowel followed by 
the long consonant ‘z’, (LV + 2) consonant followed. by 
long vowel followed by the long consonant 'z'. A typies 
list of items in condition (SV + k) was as Follows: pe 
dak, gak, vak, bak, kak. The four subconditions im exch 
condition are the four possible vowels that ean be used in 
each condition. The order of presenting the 6 x 4 = 24 
conditions was randomin blocks of 24, and there were 
5 blocks in the experiment, making a total of 120 experi- 
mentallists. Each experimentallist contained six different 
initial consonante chosen from the following set of 13 
consonants: b, d, f, g, k, l, m. n; p, 8, t, v, z Beattered at 
random through the experimental lists were 15 lista with 














in the list: 5 with one item aa once, 5 Wit 


once. The purpose of this was to prevenit any strategy 
based on a belief that no initial consonant was ever 
repeated. Subjects were 39 M.I.T. undergraduates taking 
psychology courses who participated in the exper irent 
as a part of their ccurse requirements. 

As given by Fletcher? the duration of the different short 
and long vowels and consonants is as follows: à (0/308 
sec), e (0-219 sec), i (0-211 sec), u (0-280 sec) à (0305 
sec), 6 (0-341 sec), i (not given), 5 (0-325 see), k (0075 
seo), z (0-230 sec). The average duration for these short 
vowels is 0-254 sec and for the long vowels is 0-324 sec. 
Obviously, the absolute duration of each sound dep: & 
on the rate of talking; what is important for our purpose 
is the relative durations of the sounds. f 

Scoring each item in each list as one opportunity for 
error yielded the ordered recall error rates for each 
condition that are reported in Table 1. The results are 
quite clear. Neither terminal vowel duration nor teeminal 
consonant duration had any effect on recall. Increasing 
the number of terminal phonemes from two to three by 
adding a single terminal consonant consistently increased 
the error rate for initial consonants. The error rate for 
each condition was computed for each subject, srul 
differences between any two conditions were tested using 
the Wilcoxon Matched-Pairs Signed-Ranks test applied 
to the 39 difference scores. The error rate in condition SY 
was significantly less than that in SV + k (P «0-05) and 
less than that in SV+z (P«0-02). The error rato in 
condition LV was significantly less than that in LY +k 
(P « 0-001) and less than that in LV+2(P<0-001). The 












Table 1. ERRORS IN ORDERED RECALL OF INITIAL CONSONANTS (94) 

Type of terminal Terminai phonemes ; 
Vowel (V) v Vtk Vite Mean 
Short en 4r5 442 45:3 AET 
Long (LV 39-2 ATH 45:8 444} 
Mean 40-3 45-8 45- E 


1200 





Table2, KAND Z INTRUSIONS (% OF OPPORTUNITIES FOR ÉRROR) - 


Type of , ; Terminal phonemes 

intrusion. SV - LV SV Ek OEVek o SV-zro LV4z 
"kt 28 $2 26 $I 27 3:5 
ug D7 id 22.0. BB 25 16 


overall difference between conditions with and without 
a terminal consonant was significant at well beyond the 
0-001 level. 

"One possible explanation of the foregoing result might be 
that in the lists with terminal consonants the terminal 
‘k’ or ‘z’ keeps ‘popping into mind’ during recall of the 
initial consonants and greatly increases the frequency of 
‘k’ or ‘z” intrusions in ‘k’ or ‘z’ lists, respectively. Table 2 
shows that this is definitely not the case. The tiny 
increase in the rate of ‘k’ and ‘z’ intrusions from SV and 
LV to SV+k, LV+k, SV-rz, and LV +z amounts to 
about 0-8 per cent, whereas the total error rate increases 
by about 5-2 per cent. Furthermore, the increase in ‘k’ 
and ‘a’ intrusions is not specifie to ‘k’ and ‘z’ conditions. 
respectively. There is no significant difference in the ‘k’ 
or the ‘z’ intrusion rate between 'k' and ‘z’ conditions. 
It is clear that the stimulus interference of the terminal 
‘eonsonant is not reflected primarily in intrusions of that 
consonant. 

Even though subjects know they are to ignore the 
terminal consonant, they cannot do so completely. The 
terminal consonant may weaken the memory traces for 
tho initial consonants, or it may establish its own memory 
trace which competes with the traces for the initial con- 
sonants at the time of recall, or both. Tt is not possible 
to decide between these possibilities at the present time. 
However, it is clear that it is the presence of an extra 
consonant phoneme, not its temporal duration, that 
produces the interference, 

‘This work was supported by grants MH 08890-01 and 
MH 05673-03 from the U.S. National Institute of Mental 
‘Health. 
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Perception of Pattern and Colour in the 
Stabilized Retinal Image 


OBSERVATIONS of coloured areas using the stabilized 
retinal image (an image which remains stationary on the 
retina despite eye movements) have produced reports of 
gradual desaturation of colours!, or of colour fusion if 
bipartite coloured fields are used?. When black and white 
geometrical shapes are examined, a marked loss of con- 
trast occurs, with ultimate failure of perception over parts 
or the whole of the visual field’. The examination of 
targets in which colour gradations and major pattern 
variations occur simultaneously has, however, not been 
reported; and it is not easy to predict the phenomena 
which might be oxpected to occur in these conditions. 

Plates of the Ishihara test for colour blindness have been 
used as targets for this investigation. They were photo- 
graphed as colour transparencies and viewed through 
two types of stabilizing apparatus; either that described 
by Pritchard’, in which a miniature collimator is mounted 
directly on the contact lens, or through the equipment 
described by Clowes*. In this the target is viewed using 
a complex optical system, which, although cumbersome, 
permits rather more versatility in the manipulation of the 
target material. 

In normal usage at the recommended viewing distance, 
Ishihara charts subtend a minimum angle of 6-5°; when 
viewed through the collimator they subtend 10° on a 








September 12, 1964 vou. 203 ? 


homogeneous: buff background extending to 33, and 
- through the optical. system. they subtend 2? on a 10° 
background. In stabilized vision the targets were sym- 


metrically disposed about the fovea and were in sharp: 
focus. Ishihara charts provide only a crude test of colour 
vision, suitable for rapid screening of major defects; 
but they are ideally suited for the purposes of this experi- 
ment, which is to explore the gross changes of form and: 
colour perception in stabilized vision. 2 

Eight subjects, all of whom had previously observed 
black and white targets in stabilized vision, reported their. 
subjective experiences when viewing the Ishihara charts. 
The following observations were made reliably and. 
repeatedly by all subjects. d 

(1) In normal vision no abnormalities of colour pereeps.- 
tion were detected in any of the subjects. EE, 

(2) Fade-out of perception seemed less marked, and.’ 
was certainly slower in oceurring than with simple blaek 
and white material. P 

(3) The coloured numerals or convoluted lines desatur-.: 
ated and ultimately vanished as patterns, merging with a 
neutral-coloured background. The apparent colour of the 
residual image varied somewhat with the target used, 
and ranged from grey to dull brown or green. 7 

(4) The background detail itself, that is, the series: of 
tiny circles of which the target is composed, was highly 
stable and rarely faded out. Desaturation of colour was 
always more prevalent than loss of contour and the 
Ishihara plates often appeared as a set of uniformly 
bright monochromatic circles. 

(5) Interruption of the light source for periods as short 
as 0-5 see produced regeneration of the colours, though 
these quickly seemed to fade out again. 

The following observations were made repeatedly by 
two subjects, who were the only ones to experience the 
experimental conditions deseribed. 

(6) Continuously flickered illumination in the frequency 
range 4—8 ejs (which has previously been shown to be 
beneficial in maintaining the visibility of a stabilized 
rotinal image) did not prevent the colour desaturation 
effects described here except in the case of red lines on à 
grey background in which good visibility of the target 
and freedom from colour fusion were obtained over 
extended viewing periods. 

(7) Side-to-side oscillation of the target through 2 min 
are at frequencies in the range 4-8 c/s prevented colour 
fusion in targets having orange lines on & blue ground 
but otherwise produced no major effects. 

The results of these experiments indicate that hue 
discrimination and form perception are mediated by 
separate mechanisms, for in these tests the two types of 
pereeption fail independently; disappearance of the 
form of the background circles was never observed to 
oceur before colour desaturation had taken place, how- 
ever. 

It should be noted that failure of colour perception 
always produced characteristic effects which could not be 
confused with diehromatie vision, such as might be 
engendered by precise foveal fixation. 

G. W. BEELER 
D. H. FENDER 
P. S. NOBEL 


California Institute of Technology, 
Pasadena, California. 
C, R. Evans * 
Department of Physics, 
University of Reading. 
* Present address: National Physical Laboratory, Teddington, Middlesex. 


! Ditchburn, R. W., Research, 9, 466 (1956). 

* Clowes, M. B., Opt. Acta, 9, 65 (1962), 

id PHA: R. M., Heron, W., and Hebb, D. O., Canad. J. Psychol., 14, 67 
960). 


Pritchard, R. M, J. Exp. Psychol., 10, 77 (1958). 
* Clowes, M. B., Opt. Acta, 8, 81 (1961), 


No. 4950 September 12, 1964 


„An Auditory Illusion of Distance 


WE have previously described experiments showing 
that the apparent position of a sound source in space can 
be moved about the horizontal plane if sound is addi- 
tionally fed by a single headphone to one ear! ; the magni- 
iude of this apparent movement depends largely on the 
frequency and intensity relations between the loud- 
speaker and headphone sounds. As we investigated this 
phenomenon, which we regard as an example of binaural 
interaction, we noticed that if two headphones were used 
instead of one a single sound image was perceived the 
apparent distance of which from the listener could be 
zontrolled by changing loudspeaker-to-headphone loud- 
ness relations. The work recorded here examines this 
llusion of distance more closely. 

A diagram of the experimental situation is shown in 
Fig. 1. A listener, wearing headphones, sat in a semi- 
reclining position facing a loudspeaker 320 cm away at the 
and of a cloth-covered are 26 cm wide. Four red lights 
were spaced along the arc at a distance of 320, 250, 150 
and 50 cm from the listener’s head. Ten msec bursts of 
band-pass filtered noise (1-5-6 ke/s) were delivered at a 
sepetition rate of 6 per sec to both loudspeaker and head- 
phones. The headphone stimulus was delayed electroni- 
sally so that the speaker and headphone pulses would 
reach the listener simultancously. 
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Table 1. MEDIAN PER CENT CORRECT IDENTIFICATIONS OF ILLUSORY AND 


REAL DISTANCES 
Light positions 


Distances 1 2 3 4 
Illusory 84 77 85 07 
Real 48 55 S1 aS 


of speaker/headphone sensation-levels. Order of presen- 
tation was varied from day to day. 

Table 1 shows the median per cent ‘correct’ idontifica- 
tions for all test sessions. No significant improvement in 
performance could be detected as testing progressed, 
suggesting that listeners were not learning to recognize 
apparent sound sources on the basis of any qualitative 
differences between sounds. Several persons who took no 
part in these formal tests nevertheless listened to the 
stimulus combinations; nearly all voluntcered that the 
distance illusion was striking. 

We were interested in finding out how well a listener 
would perform if the sound was actually emanating from 
one or the other light position; in other words, using ‘real’ 
rather than ‘illusory’ distance. Five additional sessions 
were conducted with a small loudspeaker placed next to 
each light. No headphones were worn on these occasions. 
Thresholds were taken for the loudspeaker at ight position 
No. 1 and the auditory stimuli delivered by each of the 
speakers was set to 15, 20, or 25 db above this threshold. 
Median per cent ‘correct’ identifications for this condition 

are also shown in Table 1. A comparison 











„= 





Fig. 1. Diagram of listening situation showing relation between loud-speaker, light positions 


os. 1-4 and listener 


Six listeners participated. The tests were conducted in 
à sound-treated room the only illumination of which was 
that provided by the lights mounted on the arc. Head- 
phones were placed on the listener and thresholds were 
then determined for the speaker and for the headphone 
stimuli. Next, with the speaker stimulus presented at 
15, 20 or 25 db above threshold, the listener was instructed 
to adjust an attenuator controlling the headphone stimulus 
(2 db steps) until the perceived auditory image was coin- 
zident with a previously specified light. As soon as the 
listener had accomplished this, his attenuator reading was 
recorded. The listener was then asked to bring the sound 
image to coincide with a different light and the new 
attenuator reading was recorded. This scaling procedure 
was repeated six times, and median attenuator settings 
were calculated for each of the four lights at each of the 
three sensation-levels of the speaker stimulus. 

To recapitulate: in this first or scaling session the 
listener was given control over one of the attenuators and 
was asked to adjust it so as to move the sound image to 
particular locations. In the next five sessions the listener 
had no control over the stimuli; the attenuator settings he 
had previously arrived at were reproduced and he was 
asked to identify the light positions from which the 
sounds appeared to be originating. As soon as be respon- 
led the ‘correct light’ was brightened briefly to tell him 
whether his choice was consistent with judgements made 
luring his sealing session. Listeners were given six trials 
per session with each of the twelve possible combinations 


| 


of these figures with those obtained earher 
clearly shows that over-all porformazces 
were superior when listeners were asked to 
judge illusory rather than real distances. 

When other cues for distance are minii, 
a listener judges the distance of u sound 
primarily by its loudness; that which 1s 
louder appears nearer*. Our listeners prr- 
formed poorly in judging real distances pro- 
sumably because there was an overlap of 
loudness between adjacent speakers und 
hence the loudness cues were ambiguons. 
There was also loudness overlap between 
many of the combination stimuli used in 
the illusory distance test; but listeners per- 
formed reliably and were able, in the 1najor- 
ity of instances, to identify illusory distance 
correctly. In fact, the illusion of dis- 
tance can be compelling even when the normal loudness 
cues are reversed ; thus we have observed that as the 
intensity of the loudspeaker is increased (increasing 
the total perceived loudness) a sound image previously 
located in the head can be moved away. These observ- 
ations indicate that whatever the basis for this illusion 
of distance it certainly concerns more than loudness. 
In the experiments so far described the intonsities at 
the two ears have been equal; however, if a right -leit 
intensity differential is introduced and suitably varied, 
the apparent sound source in space now moves laterally. 

In these types of listening situations, the two auditory 
inputs (loudspeaker and headphones) each acting alone 
produce an auditory image; one is externalized while the 
other appears to be in the head. When the two inputs are 
presented simultaneously only a single image is perecived. 
Our results suggest that the apparent location of this 
fused image is determined by the relative dominance of the 
two separate images. 

This work was supported by funds provided under 
contracts NB 04508-01 and NB 03815--03 with the U.S. 
Department of Health, Education and Welfare of the 
National Institutes of Health. R. A. BUTLER 


R. F. NATUNTON 





Department of Surgery, 
University of Chicago. 
1 Butler, R. A., and Naunton, R. F., J. Acoust. Soc. Amer., 84, 1100 (1962). 


* Bele G. von, Erperiments in Hearing, 302 (McGraw-Hill, New York, 
. * 
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MATHEMATICS 


Gravitational Collapse 


Iw a recent letter! Prof. H. Bondi states that it is 
impossible to determine the number of particles contained 
in a static distribution of matter and radiation by means 
of an integral over that configuration. In so doing he 
denies to a local observer the capability of measuring the 
number of particles contained in a small but finite volume, 
and thereby denies the possibility of assigning a physically 
meaningful particle density at every point in the con- 
figuration. 

If, on the other hand, one asserts that an observer can 
determine a local number density, it is easy to show that 
the total particle content of any configuration is a well- 
defined invariant quantity. 

The infinitesimal integral: 


f y — g da! dx? da? dat 
^ 


is a known invariant?. It is always possible to choose the 
co-ordinate system in such a way that gu4—g4u— 841. 
Hence: 


[ A‘ 4/ —g di! da? da 
A 


where A‘ is the fourth component of an arbitrary vector, 
is also an invariant. In a local Cartesian frame of refor- 
ence, 911 = 23 — gas = — 1, g4,— 1 and dx! dæ? dx? represents 
an infinitesimal proper volume element. If A‘ is chosen 
as the local proper particle density, g, then: 


aN-[ a da diz? dz? 


represents the invariant number of particles contained in 
the ehosen volume element. "Transforming to a co-ordinate 








system commonly used for spherically symmetric 
systems :? 
, _ ay’, Olas)’ 
(AtY = 7g» A” = -gp A 
= eg 
A/—g = 0/2 eÀ? f? sin 0 
and, finally: 


N= [ q e^"? r? sin 0 d0 do dr 
entire system 


gives the total invariant particle content of the system. 
In this same co-ordinate system: 
M = [ p 7? dr sin 0 d0 do 
entire system 


where p is the proper energy density, represents the total 
gravitational mass of the system. It is clear that N and 
M sre linearly independent unless very stringent and 
non-physical limitations are placed on the relationship 
between the particle density, energy density, and pressuro 
distributions. 

The particular choice of q (as well as of p and pressure), 
which has physical meaning, must, of course, involve 
further considerations. If the static configurations are to 
represent stages in the evolution of a real body losing 
energy, then considerations of energy flow within the body 
place restrictions on the relation between the pressure and 
temperature distributions which, in addition to a physically 
reasonable choice of equation of state, serve to specify 
uniquely the relation between the p, g, and pressure 
distributions at different stages in the evolution of the 
System. 
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Bondi appears to confuse the meaning of indistjnguish- 
ability owing perhaps to his failure to recognize the 
distinction between energy density and particle density. 
Two static configurations with identical energy density 
and pressure distributions may certainly contain different 
numbers of particles, as Bondi himself states. But if we 
can attribute different nucleonic content to the two 
configurations, we have clearly distinguished them from 
one another, despite the fact that they may possess the 
same gravitational mass (that is, total energy content). 

In the example which Bondi cites, the two systems 
initially have total mass M,(0) and M,(0) and particle 
number N,(0) and N,(0). Let m, and m, represent the 
rest masses of particles contained in 1 and 2. Since, in 
the chosen initial states, energy density and (particle-mass 
x particle-density) are identical, m,N,(0)=M,(0) and 
m,N,(0)=M,(0). Bondi demands that, after a time 
t, M,(t)=M,(t), M,(t)=M,(0), and M,.(t)<M,(0). In so 
doing he has simply assigned different physical properties 
to the matter-radiation field in the two cases. His par- 
ticular choice of the relationship between energy density, 
pressure and particle density is such that, since M,(0) 
> M0), N2(é)m2=N2(0)m, > N,(t)m, — N,(0)m,. This con- 
clusion, to which Bondi also subscribes, does not demon- 
strate the impossibility of determining particle number 
from a relativistic integral over a static configuration; on 
the contrary, it is reached only by considerations, implicit 
or otherwise, based on the existence of such an integral. 


Icko IBEN, JON. 


California Institute of Technology, 
Pasadena. 
1 Bondi, H., Nature, 202, 275 (1964). 
* Einstein, A., Ann. d. Phys., 49 (1910). 
3 Iben, I., Astrophys. J., 138, 1090 (1963). 


I am afraid Dr. Iben and I have been misunderstanding 
each other. In my communication I pointed out that an 
integral involving only the density and pressure of the 
material could not reveal the particle number. I correctly 
referred to a contrary statement by Eddington; but I 
mistakenly also referred to Dr. Iben’s paper, which I had 
misunderstood. I now appreciate that no such error docs 
in fact occur in his paper. On the other hand, Dr. Iben 
has misunderstood my communication. I stressed at the 
beginning that I was discussing integrals involving only 
the density and pressure of the material, and used the 
words ‘relativistic integral’ further on merely as a short- 
hand for this. In particular, I was thinking of Eddington’s 
identification of the energy invariant as particle number 
density. 

I trust that Dr. Iben agrees fully with me that no term 
or combination of terms of the energy tensor has any 
connexion with the particle number. The particle number 
may be put into the theory as is done in Dr. Iben’s own 
work, but in no way can it be deduced from the metric. 


H. Bonpr 
Department of Mathematics, 
King’s College 
(University of London), 
Strand, W.C.2. 


I AGREE with Prof. Bondi that only energy density and 
pressure are included explicitly in the energy tensor. 
However, both energy density and pressure are related to 
particle density and any application of relativistic theory 
to a physically realistic description of a massive body in 
a highly condensed state requires a choice as to this 
relationship. 

Icxo IBEN, JUN. 


California Institute of Technology, 
Pasadena. 


: No. 4950 September 12, 1964 
. FORTHCOMING EVENTS 


Wednesday, September 16 


Bonz AND TOOTH SOCIETY (at the Royal National Orthopaedic Hospital, 
'84 Great Portland Street, London, W.1), at 4.30 p.m.—Annual General 
feeting followed by Casual Communications. 


ROYAL AERONAUTIOAL SOCIETY, GRADUATES’ AND STUDENTS’ SECTION 
at 4 Hamilton Place, London, W.1), at 7.30 p.m.—Film Show. 


Thursday, September 17 


MINERALOGICAL SOCIETY (in the Geology Department of Bristol Univer- 
ity, Queen’s Building, University Walk, Bristol), at 2.30 p.m.—Scientific 
apers. 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society’ 
Burlington House, Piccadilly, London, W.1), at b p.m.—Mr. A, W. Fletcher, 
Dr. D. S. Flett and Mr. J. C. Wilson: “Solvent Extraction of Ferric Iron by 
1 Carboxylic Acid"; Mr. R. Healey and Mr. V. E. Clifton: “Some Recent 
Developments in the Construction of Vertical Zinc Retorts at Avonmouth”’, 


Friday, September 18 


ASSOCIATION OF CLINICAL BIOCHESISTS, SourH REGION (at the Middlesex 
Hospital Medical School, London, W.1), at 7 p.m.—Discussion Meeting on 
‘Hospital Laboratories in Denmark and Sweden”. Speakers: Mr. P. M. G. 
Broughton, Dr. A. B. Anderson and Dr. Clifford Riley. 


TELEVISION SOCIETY (in the Conference Suite, I.T.A., 70 Brompton Road, 
London, S.W.3), at 7 p.m.—Mr. E. J. Gargini: “Colour Television by 
Wire". 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: 

SENIOR LEOTURER or LEOTURER IN SOIL SCIENOE IN THE DEPARTMENT OF 
CROP HUSBANDRY AND HORTIOULTURE, University of Ghana—The Assistant 
Registrar, University of Ghana Overseas Office, 15 Gordon Square, London, 
W.C.1 (September 15). . 

ASSISTANT LECTURER or DEMONSTRATOR (with medical qualifications 
registrable in the United Kingdom) IN ANATOMY— Tbe Registrar, The 
University, Manchester 18 (September 19). 

LECTURER or ASSISTANT LECTURER (preferably with an interest and 
research experience in electrical and magnetic ceramics) IN CERAMICS, 
in the Division of Ceramics, Houldsworth School of Applied Science—The 
Registrar, The University, Leeds, 2 (September 19). 

CHAIR IN BREWING AND APPLIED BIOCHEMISTRY ; and CHAIR IN CIVIL 
ENGINEERING—The Principal, Heriot-Watt College, Edinburgh (September 


1). 

kasana ASSISTANT (honours graduate in zoology, biochemistry or 
genetics) IN GENETICS, to participate in investigations into the physiological 
genetics of melanotic tumours in the fruit-fly Drosophila—The Registrar, 
The University, Leeds 2 (September 21). 

RESEARCH ASSISTANT IN THE DEPARTMENT OF GEOGRAPHY-—The Regis- 
trar, The University, Leeds, 2 (September 21). 

SENIOR LECTURER IN EDUCATION; 2 SENIOR LECTURER IN PHYSICS; 
LEOTURERS (2) IN CHEMISTRY; a LEOTURER IN EDUCATION, a LECTURER IN 
ELECTRICAL ENGINEERING; a LECTURER IN GEOGRAPHY; à LECTURER IN 
PHYSICS; a LECTURER IN PSYCHOLOGY; and LECTURERS (2) IN ZOOLOGY 
at the University of Canterbury, Christchurch, New Zealand—The Secretary, 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (September 21). 

SPEOIAL RESEARCH ASSISTANT TO PROFESSOR M. M. COLE IN THE DEPART- 
MENT OF GEOGRAPHY—The ‘Secretary, Bedford College (University of 
Lonpon), Regent’s Park, London, N.W.1 (September 21). 

CHAIR OF MATHEMATIOAL ECONOMICS OR ECONOMETRIOS—The Registrar, 
The University of Warwick, Coventry (September 25). 

CHAIR OF PSYCHOLOGY IN THE FACULTY OF SCIENCE—The Registrar, 
University of Birmingham, Birmingham 15 (September 25). 

VETERINARY SURGEON (man or woman aged 35 or over, M.R.C.V.S., with 
considerable professional experience, including experience of care of labora- 
tory animals) in London, for duties which include inspection of premises 
registered for experiments, and advising on applications for licences or 
certificates—The Civil Service Commission, Savile Row, London, W.1, 
quoting Ref. 5956/64 (September 25). 

LECTURER or ASSISTANT LECTURER (with a good honours degree in chemis- 
try or pharmacy) IN PHARMACY —T'he Registrar, The University, Manchester, 
18 (September 26). : ; 

READER IN MICROBIAL GENETIOS—The Registrar, University of Newcastle 
upon Tyne, 6 Kensington Terrace, Newcastle upon Tyne, 2 (September 26). 

RESEARCH FELLOW or ASSISTANT IN PSYCHOLOGY at Queen's College, 
Dundee, to work on a research project on the bisensory presentation of 
information—The Secretary, University of St. Andrews, Queen's College, 
Dundee, Scotland (September 26). f 

ASSISTANT CURATOR (with a degree and experience in medieval and later 
archeology, including excavation supervision) IN ARCHAEOLOGY—The 
Director, City Museum, Bristol (September 28). 

SOIENTIFIO OFFICER (with a first- or good second-class honours degree 
in physics, or alternatively in engineering, and preferably some research 
experience in a branch of classical physics)—The Director, Agricultural 
Research Council Unit of Soil Physics, School of Agriculture, The University, 
Cambridge (September 28). 5 

PFIZER RESEAROH FELLOW for work in the Department of Pharmacy 
under the direction of Prof. J. B. Stenlake on the metabolism of drugs— 
The Registrar, The University of Strathelyde, George Street, Glasgow, G1 
(September 30). 

LECTURER IN ORAL PATHOLOGY IN THE SCHOOL OF DENTAL SURGERY— 
The Registrar, The University, Liverpool, quoting Ref. CV/261 (October 8). 

TECHNICAL OFFICER (with a university degree or an equivalent technical 
qualification) IN THE COMPUTING LABORATORY, Department of Mathematics, 
Queen's College The Secretary, University of St. Andrews, Queen’s College, 
Dundee, Scotland (October 3). 

ASSISTANT LEOTURER (with an honours degree in sociology) IN SOCIOLOGY 
at the University of Canterbury, Christchurch, New Zealand—The Secretary, 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (New Zealand and London, October 5). 

LECTURER or ASSISTANT LECTURER IN THE BIOCHEMISTRY DEPARTMENT, 
University of the West Indies—The Secretary, Senate Committee on Higher 
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Education Overseas, University of L y 
(October Bx : y ondon, Senate House, London, W.C.1 
SSISTANT LECTURER IN THE CHEMISTRY DEPARTMENT—The Secretar 
Royal Free Hospital! School of Medicine (Universi 4 
Street, london, Ot (October B) (University of London), Hunter 
HAIR OF ELECTRICAL ENGINEERING—The Secret; 's U - 
sity, Belfast, Korthern Trelana «October 10). SP REO Queen's Univer 

LECTURER (graduate in science or medicine) IN PHARMACOLOGY 

University or a Australin The Sooretary, Association of Conan 
i ranc. ce), Marlborough Hi 5 
BREL (Australia and London, Oe bie 10). ER A E AU Moll, London, 
NIOR LECTURER or LECTURER (preferably with interest in 
or, physiology) ur. porany at Ahmadu Bello University, N orthern. bim d 
nter-University Council for her Ei 
93 ea T Loñdon, W.C.1 (October 10). z ducstion: Overscas, 
ER IN DIOAL PHYSICS at the Postgraduate Medical School of 
London—The Academic Registrar, University of L 
London. Voi October 12, y ondon, Senate House, 
ENIOR LECTURER IN MATHEMATICS at the University of Western Austr. 
—tThe Secretary, Association of Commonwealth Universities (Branch EN 
ord House, Pall Mall, London, S.W.1 (Australia and London, 
HAIR OF NUMERIOAL ANALYSIS— The Registrar, ive 
(Ostober 2h : gis The University, Liverpool 
ABORATORY STEWARD IN THE DEPARTMENT OF PHYysIOS, The Victoria 
University of Wellington, New Zealand, to be responsible for the general 
care and efficient operation of the laboratories and equipment—The secre- 
tary, Association of Commonwealth Universities (Branch Office), Marl- 
borough ne Pall n Tondon, 8.W.1 (November 6). y 
DVISER (honours graduate between 30 and 50, national of the Unit 
Kingdom or the Republic of Ireland, with experience in cocoa SRL 
genetics, breeding and agronomy) ON COCOA RESEARCH, Colombia, to be 
responsible for cacao research with special regard to obtaining improved 
varieties or hybrids, and efficient methods of cultivation—Appointments 
Officer, Department of Technical Co-operation, Room 301, Eland House 
Stag Place, London, S.W.1, quoting Ref. RC 2138/43/02. / 

AGRONOMIST (with a degree in agriculture, and preferably field expcri- 
mental experience) in Swaziland, to conduct field experimentation into soil 
Torty and fertiliser probiers a appointments Officer, Room 301, 

epartment of Technical Co-operation, Eland House, St 
8. W.1, quoting Ref. RC213/169/07. Sag Tipos, rave, 

USBANDRY OFFICER (national of the United Kingd th 
Republic of Ireland, with a degree in agriculture, and extensive experience 
in practicalanimal husbandry, preferably with tropicallivestock)in Sarawak, 
to. develop the Hvestock mausti enin ĄProintments Officer, Department 
of Technical Co-operation, Room , Eland House, 
S-W.1, quoting Ref. RC 218/155/08. to Grag dap Dondon, 

ASSISTANT LECTURER or LECTURER IN EXPERIMENTAL Puysics—The 
Registrar, University of Sussex, Stanmer House, Stanmer, Brighton, Sussex 
marking envelope sin ea : i 

IOCHEMIST, Basic Grade (graduate in chemistry, biochemistry, chemistry 
with physiology or biology or Grad.R.I.C.) for the Biochemistry Section of 
the Pathology Department—The Secretary, Hope Hospital, Salford, 6. 

BIOCHEMIST (with interest in the central nervous system) for work on 
biochemical and electron cytochemical aepects of demyelinating diseases— 
The Director, M.R.C. Research Group of Demyelinating Diseases, 13 Fram- 
lington Place, Newcastle upon Tyne, 2. ý 

HAIR OF PLASMA PHYSICS—TIhe Registrar, University of Sussex, Stanmer 
House, Stanmer, Brighton, Sussex, marking envelope '*Confidential". 

FIELD ASSISTANT (with a degree in zoology, or zoology and botany, a 
strong interest in ecology and conservation, and fit enough for continuous 
m work)—The Warden, Slapton Ley Field Centre, Slapton, Kingsbridge, 

evon. 

ISOTOPE TECHNICIAN to join a team engaged in investigating and treating 
thyroid disorders with radioactive iodine—The Hospi "t 
End Hospital, London N.W.3. ospita.: Beorstary, New 

UNIOR RESEARCH ASSOCIATE (with a good physics h q 
Puysics, for research work on microwave Lees dence o add be 
carried out under the direction of Dr. E. E. Schneider, Reader in Solid State 
Physics—The Registrar, The University, Newcastle upon Tyne, 1. 

LABORATORY Teoman for workin the medical application of radio- 
active isotopes—The Secretary, Institute o uch ici i Sex 
Hospital Medical School, London, W.1. ieaz as eines MIAME 

THEMATIOIAN to teach mathematics to all levels—' i 
Manchester Grammar School, Manchester, 18 Nei High Master, 

MIOROBIOLOGIST (with at least a B.Sc. degree with microbiology as a 
major subject or the equivalent, and severa] years experience) in the Micro- 
biological Section of the South African Bureau of Standards, Pretoria, to 
assist in an actively developing microbiological section, whose functions are 
coneerned mainly with industrial microbiology, for example, testing of 
germicides, food products, antibiotic potencies, maintenance of stock cul- 

ures, conducting microbiological factory surveys of food processing plants, 
etc.—The Attaché (SABM), South African Embassy, South Africa House 
Trafalgar Square, London, i W.C.2. ’ 

MEDICAL ORATORY TECHNICIAN (A.I.M.L.T. or equivalent); and a 
SOIENTIFIO OFFICER (with a science degree) for interesting work of M 
nature—The Administrative Officer, North London Blood Transfusion 
centies Drank oroo aoad, uH deje mladlesex. 

HYSICIST, Basic Grade a good degree) FOR THE PHYSICS LAB 
—The Secretary, Lambeth Hospital, Brook Drive, London sei o 
. READER (preferably with a higher degree and actively engaged in research 
in fluid mechanics and thermodynamics) IN THE DEPARTMENT OF AERO- 
pP pun DE Er 

and Technology, Ashley Down, i 
Ret oe rr o je Ey, y Down, Bristol, 7, quoting 

ESEARCH ASSISTANT a good honours degree or diplo: i 
archeology) IN ARCHJEOLOGY at the University of Ibadan, Nigeria, to 
assist the Research Prof. of Archæology—The Secretary, Inter-University 
Counet for Higher Education Overseas, 33 Bedford Place, London, 

RESEARCH ASSISTANT for an investigation involving histochemistry and 
tissue culture—The Secretary, Pathology Department, St. i 
Medical Schook ipee SA. gy Department, $t. George's Hospital 

ESEARCH ASSISTANTS (2) (science graduates) IN THE DEPARTMENT 
PISTONO AnD UR EON Stronoscdey——the, School Secretary, Royal 
ental Hospital of London, ool of Dental S 1j 
Tondon, DA xA ntal Surgery, Leicester Square, 

ESEARCH STUDENT for the development of new techni E 
determination by use of brittle lacquer and strain panne E dg WI ^. 
Tuplin, Applied Mechanies Department, The University, Sheffield. 

RESEARCH STUDENTS IN ORGANIC AND ORGANOMETALLIC CHEMISTR Y— Ile 
Professor of Chemistry, University of Sussex, Brighton, Sussex. e 
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. SCIENTIFIC OFFICER (young graduate physicist or physical chemist, 
ireferably with two or three years research experience) IN THE PHYSICS 
LABORATORY, for work concerned with the application of physical measure- 
ments to baking problems—The Secretary, British Baking Industries 
Research Association, Baking Research Station, Chorleywood, Rickmans- 
worth, Hertfordshire. 

SENIOR PHYSICIST (Senior Grade); and.an ASSISTANT PHYSICIST (Basic 
Grade) IN THE COUNTY MEDICAL PHYSICS DEPARTMENT, St. George's Hos- 
pital, Lincola—The Group Secretary, Lincoln No. 1 Hospital Management 
Committee, County Hospital, Sewell Road, Lincoln. 

SENIOR PHYSICIST to be in charge of a group concerned with the application 
of electronics in medicine—The Chief Physicist, Regional Medical Physics 
Department, Sheffield Regional Hospital Board, 21 Claremont Crescent, 

e; , 10. 

SENIOR TECHNICIAN I (with experience in biochemistry) to work under 
the direction of the Biochemist—The Consultant Pathologist, Hereford 
County Hospital, Hereford. 

SENIOR TECHNICIAN (with good general histological experience and 
appropriate qualifications) to take charge of a histological research laboratory 
T r. W. P. Dallas Ross, The Medical School, The University, Birmingham, 


TECHNICIAN for clinical research in the Respiratory Function Laboratory 
—The Assistant Secretary, University College Hospital, Gower Street, 
London, W.C.1. 

VETERINARY OFFICERS (male, M.R.C.V.S. or equivalent) in Northern 
Rhodesia, for general veterinary work, including control and prevention of 
livestock disease, supervision of vaccinatien campaigns and mass treatments 
—The Appointments Officer, Department of Technical Co-operation, Room 
301, Eland House, Stag Place, London, S.W.1, quoting Ref. RC 217/132/02. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Philosophical Transactions of the Royal Society of London. Series B: 
Biological Sciences. No. 741, Vol. 247 (16 July 1964): The Middle Pleistocene 
of North Birmingham. By M. R. Kelly. Pp. 583-592+plate 9. (London: 
The Royal Society, 1964.) 245.; 3.60 dollars. [148 

Department of Scientifle and Industrial Research: National Chemical 
Laboratory. The Chemistry of Complex Cyanides: a Literature Survey. 
Pp. vi+93. (London: H.M. Stationery Office, 1964.) 278. 6d. net. [148 

The Fifteenth Annual Report of the Wildfowl Trust. Edited by Hugh 
Boyd. Illustrated by Peter Scott. Pp. 150+45 photographs. (Slimbridge: 
The Wildfowl Trust, 1964.) 17s. Gd. 148 

The Institute of Science Technology. The Care, Handling and Disposal 
of Dangerous Chemicals. By P. J. Gaston. Pp. 103. (Aberdeen: Institute 
of Science Technology, 1964. Obtainable from Northern Publishers (Aber- 
deen), Ltd., 11 Albyn Terrace, 1904.) 75. 0d. [148 

Scottish Society for Research in Plant Breeding: Scottish Plant Breeding 
Station. Record 1964. Pp. 139. (Pentlandfleld, Roslin: Scottish Society 
for Research in Plant Breeding, 1964.) [148 

The Royal Institute of Chemistry. Lecture Series 1004. No. 1: The 
Discovery of Polythene. By Dr. R. O. Gibson. Pp. 30+6 plates. 6s. 
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BRITAIN'S CONTRIBUTION TO EDUCATION 
OVERSEAS 


OLLOWING the memorandum relating to tho 

Commonwealth Education Conference meeting at 
Ottawa during August-September, issued in June by 
the Council for Education in the Commonwealth, Political 
and Economic Planning has published & valuable broad- 
sheet, Teachers for the Commonwealth—the British Con- 
iribution*. That contribution is appraised and critic- 
ized in the light of the wider context of education in the 
developing countries generally. Written by M. Elphick 
and R. Manley, the Broadsheet, like Mr. Guy Hunter’s 
Education for a Developing Region (see Nature, 203, 
677 ; 1964), centres largely on a study of East African 
problems. In this case, however, the research on which 
it is based was concerned with East African students in 
Britain. Both studies were assisted by grants from the 
Ford Foundation, and, like Mr. Hunter in his introduction 
and that part of the book which discusses policy issues, 
the Broadsheet illumines the way in which Common- 
wealth problems are related to wider issues and emphasizes 
the real dangers and difficulties which confront African 
Governments to-day in dealing with educational issues. 

It is somewhat curious, therefore, that neither Mr. 
Hunter nor the Broadsheet refers to Dr. S. Dedijer's 
pereipient article “Underdeveloped Science in Under- 
developed Countries", published in Minerva last autumn 
(see Nature, 201, 1153; 1964). Both seek, within the 
specific but scarcely more limited field of education, 
to stress the basis of education policy, the dangers which 
the Governments of developing countries should seek to 
avoid, and the points to which countries providing 
educational assistance should give particular care and 
attention. The memorandum from the Council for 
Education in the Commonwealth was particularly con- 
cerned that full use should be made of the opportunity 
afforded by the Ottawa Conference and that principles 
underlying the existing schemes for Commonwealth 
exchanges of teachers and students should be viewed in 
their wider context and also in relation to such questions 
ag: (1) whether the training given in Britain and other 
advanced countries actually constitutes a serious drain 
on the developing countries because their scholars never 
return; (2) whether their own universities and post- 
graduate schools are losing their best talent; (3) whether 
the courses for overseas students are designed to make the 
maximum contribution to the economic and social 
development of these countries. The form in which 
educational aid can most usefully be given calls for 
consideration, as well as the manner in which liaison should 
be achieved between Commonwealth programmes and 
those of international organizations, like Unesco, which 
are attempting to co-ordinate educational development 
in the developing countries as a whole. 

The Commonwealth Prime Ministers’ Meeting in July 
took note of the scope which exists for co-operation 
between the Governments and peoples of the Common- 
wealth in social as well as economie development. It 
expressed warm wishes for the success of the Ottawa 


* Planning, 30, No. 482 (August 17, 1964). Teachers for the Common- 
wealth—the British Contribution. By Michael Elphick and Roy Manley. 
Pp. 243-282, (London: Political and Economic Planning, 1964.) 5s. 


Conference and made known its appreciation of tho 
British Government’s offer to increase to an average 
of £5 million a year, over the 5 years starting in 1955-56, 
the capital assistance which it already provides fur higher 
education in developing Commonwealth countries. How- 
ever, the communiqué issued by the Meoting on July 
15 did not reflect the imagination for which tho Council 
for Education in the Commonwealth is looking, nor did 
the debate on the communiqué in the Houso of Lords 
on July 29—though the significance of Voluntary Sorvice 
Overseas was recognized by the Bishop of Chester and 
the Duke of Devonshire. In all fairness, it should be 
noted that the communiqué refers to the Prime Ministers’ 
belief that it might be valuable to supplement the existing 
arrangements for promoting the study of administration 
and development planning throughout the Commonwealth. 
It should also be recorded that the Prime Ministers 
considered that there might be advantages in making 
arrangements which could include the formation of a 
new institute to provide facilities for specialized training 
and research for senior administrators concerned with 
development problems in relation to the needs of new 
countries. Moreover, they agreed that arrangements 
for additional training should include the strengthening 
of existing institutions. The context of this section of 
the communiqué indicates that to some extent the 
Prime Ministers were aware of the implications of Dr. 
Dedijer’s argument about the planning and execution 
of development projects. The reference to the desir- 
ability of establishing a Commonwealth Foundation to 
increase interchange between Commonwealth organiz- 
ations in professional fields certainly shows some imagina- 
tion, but it may well require more generous contributions 
from Commonwealth Governments than is visualized in 
the communiqué, and support from both public and 
private quarters may also be desirable. 

At Ottawa this year the agenda included three new 
items for discussion: adult illiteracy ; mass media ; 
and co-operative arrangements for the planning and 
development of educational institutes. Those wore 
welcomed by the Council for Education in the Common- 
wealth, though its memorandum, in the main, is limited 
to reviewing the existing schemes. It urges the need 
for some shift in emphasis in co-operation towards building 
up institutions in the developing countries of the Common- 
wealth. The representations of the Council in this 
memorandum generally follow the pattern of the report 
on the second Commonwealth Education Conference at 
Dublin. The Council urges that under the Common- 
wealth Scholarship and Fellowship Plan there should 
be a substantial programme of new awards, particularly 
in professional and technical subjects, and emphasizes 
the importance of more students from Britain and the 
other advanced countries -taking up the scholarships 
now being offered in the developing countries. It is 
seriously concerned over the training of teachers. Because 
only about 3 per cent of overseas students in Britain 
are training to be teachers, it is also concerned to ensure 
that the teachers when trained return home to serve as 
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teachers in their own countries. The justification for the 
whole Commonwealth bursary scheme would largely 
disappear if a high proportion of those being trained 
as teachers took up other jobs on their return home. 
The Council also suggests that the Commonwealth Educa- 
tion Liaison Committee should supply an annual report on 
training awards similar to that provided by the Common- 
wealth Scholarship and Fellowship Plan, and it recom- 
mends co-operative Commonwealth planning for develop- 
ing teacher training institutions in the developing 
countries, especially in finding staff. 

Another important recommendation is that the Con- 
ference should, in future, re-assess the long-term needs of 
the developing countries and propose plans for satisfying 
these needs. It is in this connexion that the memorandum 
refers to Unesco projects such as the Addis Ababa Plan, 
which revealed future needs far beyond those discussed 
at the first two Commonwealth Education Conferences. 
Only in such a context is it reasonable to expect that 
recruitment difficulties will be minimized, if not elimin- 
ated, and the foundations laid for a career service mutually 
satisfactory to the teacher and the developing country. 
It would also help to disclose the attitude of the develop- 
ing countries to any fresh proposals for the development 
of a non-Commonwealth career service as visualized by 
Political and Economic Planning. The memorandum 
also recommends that the Conference should consider 
how the establishment of regional English language 
centres, as recommended at Delhi, could be accelerated, 
and the Council is even more concerned about the poor 
response to Britain’s offer of bursaries for overseas 
students training to become technical teachers. This, 
and difficulties in the way of obtaining industrial experi- 
ence, call for investigation both by the Conference and 
by the British Government. 

Other recommendations addressed to the Ottawa 
Conference are concerned with the place of Governments 
and voluntary bodies in social education and the place 
of social education in Commonwealth co-operation. 
The British Government is asked to consider, in con- 
sultation with British publishers, how best to help 
establish indigenous publishers, printers and booksellers 
in the developing Commonwealth countries where they 
do not already exist. It is also asked to look into ways of 
giving financial assistance to voluntary organizations in 
Britain which help with training programmes for Common- 
wealth countries in university education. Clearly, too, 
the Commonwealth Education Liaison Committee can 
scarcely be expected to undertake the new duties en- 
visaged in the memorandum, or even to implement 
really effectively thoseplaced on it by the Delhi Conforence, 
unless it is more adequately staffed and financed, with 
wider terms of reference. 

This is recognized by the Council for Education in the 
Commonwealth, and the appropriate action recom- 
mended in its memorandum is in line with the concern 
of the Prime Ministers’ Conference to strengthen a 
Commonwealth Secretariat, and with the criticism that 
the complexity and diversity of Britain’s present ad- 
ministrative structure is a hindrance to educational 
co-operation which is expressed in the Broadsheet from 
Political and Economie Planning. Equally in line 
with the findings in that Broadsheet is the conclusion, 
in the Council’s memorandum, that the main gap in 
Britain’s present financial arrangements is the lack of 
regular provision to help independent Commonwealth 
countgies in building up their institutions. Moreover, 
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the funds devoted specifically to schemes of Common- 
wealth educational co-operation at Oxford and Delhi 
have not been large, and a substantial part of Britain's 
own allocation of £6 million is unlikely to have been 
spent by 1965; actual money transfers for educational 


„purposes have not been made under the Commonwealth 


Educational Co-operation arrangements. 

The Broadsheet is concerned essentially with only one 
aspect of educational co-operation—that of the British 
contribution to training teachers. However, it derives 
much of its value from the way in which Commonwealth 
co-operation in this field is seen in the light of the three 
massive Unesco plans for educational development, in 
Asia (the Karachi Plan of 1960), in Africa (the Addis 
Ababa Plan of 1961, followed by the Tananarive Con- 
ference in 1962, dealing with higher education, for which 
Sir Alexander Carr-Saunders directed a study Staging 
African Universities 1) and in South America (the Santi- 
ago Plan of 1962). All three of these plans stress the 
necessity for co-ordination and planning, both in general 
educational development and in the provision and 
acceptance of external assistance. A meeting in Tokyo 
in 1962, following up the Karachi Conference, also asked 
for a substantial increase in external assistance. A 
White Paper on the progress of the Department of 
Technical Co-operation, in 1962, stressed the importance 
of international co-ordination, and the Chairman of the 
Development Assistance Committee of the Organization 
for Economic Co-operation and Development emphasized 
the increasing complexity of the flow of assistance to 
developing countries. 

Britain’s contribution to educational assistance has 
recently been described independently in a survey by 
Peter Williams for the Overseas Development Institute 
(see Nature, 203, 439 ; 1964) and it is unnecessary here 
to recapitulate the detail, but Mr. Williams’s reflexions 
anticipate some of the comments and conclusions of the 
Broadsheet. Although developing countries all over the 
world are gravely short of teachers, the Broadsheet 
recognizes that it is logical that Britain’s help should go 
mainly to the Commonwealth, within the framework of 
& wider international effort. This is especially so since 
the Commonwealth has a special place in Britain's 
educational technical assistance and the member 
countries share & common administrative background 
and educational history and are in a particularly favour- 
able position to help each other. It is recognized, too, 
that Britain's administrative arrangements in this 
field are necessarily affected by her present educational 
structure, and the consequent voluntary nature of the 
procedure in recruiting teachers with a, constant emphasis 
on short-term secondments. Further, these circumstances 
have led to grave problems in the receiving countries 
and in the recruiting agencies. These problems, impeding 
harmonious and efficient co-operation, have lowered 
Britain’s ability to supply enough teachers to meet the 
demand. 

The Broadsheet makes three main criticisms of Britain’s 
contribution: it is ad hoc and short-term in nature; 
attempts at long-term planning seem to have been 
neglected, and executive procedures in recruitment need 
simplifying. Another impediment lies in the belief that 
the future demand is unlikely to be sustained, and a 
third is the shortage of teachers at all levels in Britain 
and the consequent reluctance of universities, and 


t Staffing African Universities. By Sir Alexander Carr-Saunders. Pp. 26. 
(London: The Overseas Development Institute, 160 Piccadilly, W.1, 1903.) 
28. 6d. See also Nature, 198, 1024 (1963). 
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of local education authorities, which have a statutory 
obligátion to provide adequate educational services in 
their areas, to make matters worse for themselves by 
sending their teachers overseas. 

An obvious first step, as the Council for Education in 
the Commonwealth recognizes, is to obtain more accurate 
estimates of future needs for teachers. Countries such as 
Nigeria and Tanganyika are already beginning to attempt 
such forecasts, and Britain could help by building up her 
technical and advisory staff in the overseas High Com- 
missions and by a greater emphasis on detailed planning 
on the spot. To meet requirements over a long period, 
however, calls for an all-out planned effort by British 
agencies and for co-ordination by the Government, 
whether through the present Department of Technical 
Co-operation and the Foreign, Colonial and Common- 
wealth Relations Offices, or through a Ministry of Over- 
seas Development, as envisaged by the Labour Party. 
In any event, the Government must revise its entire 
approach to technical assistance in education, and must 
recognize that long-term demands, as well as more im- 
mediate needs, have to be met. 

The Broadsheet stresses the importance of securing 
the closer co-operation of the various bodies interested 
in this field. It recommends that the Commonwealth 
Education Liaison Committee and its Unit should be 
strengthened and its authority increased as an instrument 
for channelling education assistance to Commonwealth 
countries in collaboration with international agencies 
and with other donor countries. Beyond this the Broad- 
sheet criticizes the Department of Technical Co-operation 
for rejecting the recommendation of the Select Com- 
mittee on Estimates for the establishment of a Common- 
wealth Advisory and Technical Service, based on & pool 
of officers in the permanent employ of Britain and 
seconded to overseas Governments. On the contrary, 
it finds powerful arguments for a small Commonwealth 
Education Service, which the authors of the Broadsheet 
believe would attract teachers of high calibre. The demand 
would guarantee employment for its members in a variety 
of posts for a long time to come, and the periods spent 
in Britain between postings would provide opportunities 
for professional refreshment through secondment to 
local education authorities, schools, colleges and univer- 
sities. ‘The Service could have its own internal structure 
and its members could be assured of increasing emol- 
uments, with prospect of eventual absorption into the 
administrative and educational offices of the Ministry 
or into Britain's teaching service. The Broadsheet 
questions whether a supply of teachers from Britain 
can be guaranteed, unless there is a regular service from 
which teachers can be posted, and it recommends that the 
Government should urgently consider forming such a 
Commonwealth Education Service. In the meantime, 
the Government should materially encourage education 
authorities at all levels to be fully aware of the part which 
they can play in Britain’s contribution to Common- 
wealth education. 

Mr. Williams’s survey of educational assistance for 
the Overseas Development Institute convinced him also 
that Britain’s administrative arrangements were too 
complicated and that her aid was not always deployed 
to the best advantage. While specifically recommending 
the setting up of a Commonwealth Educational Service, 
he does not suggest that all decisions and making of 
policy could be concentrated in a single functional de- 
partment. He, too, emphasizes the need for fresh and 
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imaginative thinking on administration and finance by 
the Government—this should not be a matter of party 
politics. This is also underlined by Mr. Guy Hunter. 
who is at some pains to stress not merely the oppor- 
tunities of educational aid and the vital importance for 
Britain herself that she should take a full part in this 
work, but also the way her capacity to participato is 
affected by the structure and character of her own 
educational institutions. His preoccupation with East 
Africa does not lead him to overlook the needs of Africa 
and Asia generally. 

All these appraisals of Britain's effort in educational 
assistance and of the opportunities which confronted 
the Ottawa Conference are fair and well balanced, nor 
do they forget that education is only one aspect of tech 
nical assistance, though perhaps the most vital. Never- 
theless, those other aspects sometimes require special 
consideration in the context of education, and alone 
among the surveys mentioned here Sir Alexander Carr- 
Saunders’s paper touches on the question of research. This 
is a factor which can be as important in attracting univer- 
sity teachers from Britain to teach in overseas institutions 
as promoting the development of flourishing academic 
institutions in the developing countries. Here Britain 
has much to give and there has so far been lamentably 
little evidence that the British Government is alive to 
the opportunities or the importance of the issues. 
The decision to dissolve the Overseas Research Council 
is only the latest evidence of an indifference that verges 
on folly. It would seem probable that the Government's 
attitude is responsible for so few scholarships offered in 
developing countries being taken up at present from 
Britain. Moreover, this accusation could well be levelled 
at other developed Commonwealth countries. No 
Commonwealth Educational Service which covers uni- 
versity teachers should be allowed to neglect the relation 
between teaching and research. It is to be hoped that 
some searching enquiries will be brought to bear in tho 
near future on research opportunities overseas, especially 
on the functioning of the Commonwealth Scholarship and 
Fellowship Plan and the supply of teachers overseas. 


FUEL CELLS 


Fuel Cells 

Edited by Will Mitchell, jun. (Chemical Technology: a 
Series of Monographs, Vol. 1.) Pp. xv+442. (New York: 
Academic Press, Inc.; London: Academic Press, Inc. 
(London), Ltd., 1963.) 107s. 6d. 


OR more than a hundred years a practical solution to 
the problem of obtaining electrical energy directly 
from oxidizable fuels has been the subject of many 
enquiries. These have, of recent years, become more 
active under the stimulus of various national intercsts, 
and the problems which have to be solved before a 
satisfactory economic ‘fuel’ cell can be constructed have 
in consequence become more clearly defined. 

It is fitting that the important subject should bo dealt 
with in the first volume of a new series of monographs on 
Chemical Technology, and Mr. Will Mitchell, jun., is to bo 
congratulated on his success in collecting together the 
views and work of no less than fifteen of the more active 
workers in this field, nearly all being citizens of the United 
States. There is included, however, a good deal of the 
work of the committee on fuel cells of the English Electrical 
Research Association, for the investigations of this 
committee included not only the hydrogen oxygen cell 
which culminated in the development of porous elegtrod.s 
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and the Bacon cell, but also the fused salt hydrocarbon 
air cell made operative at Sondes Place by the utilization 
of effective silver zinc electrodes as well as suitable 
membranes and eutectic salt mixtures. In addition, less 
successful cells were developed ón the utilization of 
Nernst type solid electrolytes at Birmingham and oxy- 
redox cells, some of which showed promise, in London. 
While the electronic mechanism of a hydrogen electrode 
is now well understood, the mechanism of ensuring a high 
rate of transfer of gaseous hydrogen to the chemisorbed 
state at the catalytic electrode electrolyte interface so as 
to ensuro a high current density is not readily solved while 
the oxygen electrode mechanism is still a matter of 
controversy. The relatively high cost of hydrogen renders 
the hydrocarbon and particularly the carbon monoxide 
cell especially attractive, and it may be that a technical 
battery along these lines may be the ultimate solution. 
The book contains a wealth of information which will 
save future investigators much labour. It suffers, one 
supposes, unavoidably by the fact that as each chapter is 
written by a different author, there is a great deal of 
repetition both in historical as well as theoretical material. 
This is compensated for in part at least by the somewhat 
different points of view adopted. It is said that an ill 
wind blows nobody any good, but the interest in the fuel 
cell cannot fail to stimulate electrochemists who have at 
their disposal readily available supplies of free radicals 
generated, at will at the electrodes to venture more 
daringly into the field of preparative organic chemistry. 
Erro K. RrpEAL 


SYMPOSIUM ON PERSONNEL 
DOSIMETRY 


Personnel Dosimetry Techniques for External Radiation 
Their Application in Nuclear Installations. (Proceedings 
of the Madrid Symposium, 1-5 April, 1963.) Pp. 510. 
(Paris: Organization for Economie Co-operation and 
Development, European Nuclear Energy Agency; 
London: H.M. Stationery Office, 1963.) 32 F.; 47s. 6d.; 
8 dollars. 


HIS record of the symposium on ‘‘Personnel Dosi- 

metry Techniques for External Radiation” contains 
28 papers, 20 in English and 8 in French with abstracts in 
both languages, presented at 7 scientific sessions. The 
symposium. was introduced by Dr. A. 8. McLean, of the 
U.K. Atomic Energy Authority, with an address entitled 
“Perspectives in Radiation Dosimetry”. 

The first scientific session, with Prof. R. M. Sievert 
(Sweden) as chairman, dealt with protection norms and 
photographic emulsions. H. Jammet (France) compared 
the biological aspects of radiation protection with health 
requirements for protection against occupational diseases. 
L. S. Taylor (United States) considered social and legal 
problems in applying norms and the inflexibility of 
numerical values in legally binding codes. Margarete 
Ehrlich (United States) spoke on physical considerations 
of film dosimetry including side effects, and evaluation 
procedures. 

Film dosimetry was continued in the second session, 
under the chairmanship of Dr. A. S. McLean. F. Duhamel 
and G. Soudain (France) reviewed the present-day practice 
of the Commissariat à l'Energie Atomique. Radiation 
workers in Britain will be particularly interested in the 
description, by M. J. Heard and B. E. Jones (United 
Kingdom), of the new film holder with six filtered and one 
unfiltered areas developed by the Atomic Energy Authority 
and the Radiological Protection Service. The third paper, 
which is not listed in the table of contents, was by H. 
Dresel (Germany) and described the universal film holder 
for neutrons and mixed y-, B-, and X-rays designed at the 
Radidlogisches Institut der Universität, Freiburg i. Br. 
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The session concluded with an interesting paper on 
biological methods in personnel dosimetry by Prof. E. H. 
Graul (Germany). Electronic instruments have been used 
for the counting and size measurement of formed blood 
elements before and after ultrasonic resistance tests 
and for rapid resistance measurements on erythrocytes 
and leucocytes. Results obtained after various radiation 
exposures were presented. 

The third session, under the chairmanship of Dr. C. 
Polvani (Italy), dealt with physical methods of dosimetry 
and dosimetry of neutrons. W. Hanle and A. Scharmann 
(Germany) described solid-state dosimeters. Prof. R. M. 
Sievert emphasized the importance of dose-rate in 
addition to integrated dose and gave details of personal 
dose-rate meters. J. A. Dennis (United Kingdom), and 
A. H. W. Aten, jun., G. Samson, G. A. Brinkman, and 
J. W. Dalenberg (The Netherlands) presented papers on 
activation techniques for neutron dosimeters, considering 
in particular the use of phosphorus-31, sulphur-32, gold- 
197 and indium-115. 

Neutron dosimetry was continued in Session 4, under 
the chairmanship of Prof. E. H. Graul, when three papers 
were read on recoil proton emulsions. G. Portal (France) 
discussed the problems of rapid analysis in mass employ- 
ment of track films. Absolute spectrometry was described 
by P. Amadesi, A. Cavallini and O. Rimandi (Italy), and 
V. Mejdahl and Miss C. R. McCarthy (Denmark) reported 
on the use of induced fading to reduce the y-ray blackening 
without seriously affecting the density of the proton 
tracks. Two papers followed on dosimetry of very high- 
energy radiations with F. P. Cowan (United States) 
reporting on the experience at the Brookhaven National 
Laboratory and J. Baarli and J. Dutrannois on that at 
CERN. 

Session 5, with Dr. L. S. Taylor (United States) as 
chairman, was devoted to new developments. D. H. 
Peirson (United Kingdom) described the semi-automatic 
densitometer and track-counting equipment at Harwell. 
The densitometer gives an immediate print-out of the 
equivalent y-ray dose, and provides a punched tape for 
subsequent automatic computation of the true dose. 
The track counter has been developed with glass-backed 
emulsions and detects track-lengths down to 5 um, which 
is equivalent to a neutron energy of 0-5 MeV. 

J. H. Schulman, F. H. Attix, E. J. West and R. J. 
Ginther (United States) dealt with thermo-luminescent 
dosimeters as attractive replacements for film badges. 
They are linear in response from 10-? to 105 rads, dose-rate 
independent from 10 mr./min to at least 7,000 r./min, and, 
with appropriate filtration, independent of y-ray energy 
from 40 keV to more than 1 MeV. M. Ladu, M. Pelliccioni, 
and E. Rotondi (Italy) then described a y-insensitive fast 
neutron detector with good angular response and the 
ability to measure 1/10 m.p.l. G. Cowper (Canadian not 
American, p. 364) reviewed advances in dosimetry at 
Chalk River. The session concluded with remarks (not 
listed in the table of contents and with ‘mrad’ instead of 
‘Mrad’ in the last equation, p. 367) by W. Minder 
(Switzerland) on chemical dosimeters which are not yet 
sufficiently sensitive for personnel dosimetry. 

In Session 6, under the chairmanship of Prof. L. 
Bugnard (France), H. Joffre (France) and K. Becker 
(Germany) spoke on some of the problems, capabilities, 
and limitations of methods of personnel dosimetry. A 
number of spelling and other mistakes appear in the latter 
paper. N. Adams (United Kingdom) then presented an 
important paper (with an error in the ordinate scale of 
Fig. 1) directly relating absorbed dose in an organ to the 
apparent exposure dose given by the quick assessment of a 
film badge. A. Lafontaine (Belgium) made a plea for an 
interpretation of the biological and medical significance 
to accompany each statement of the physical dose. 

The final session of the symposium, under the chairman- 
ship of Dr. S. Halter (Belgium), heard four reviews of 
dosimetry practices of the national atomic energy 
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organizations of the United States (D. M. Ross), Britain 
(W. À. Langmead), France (P. Candes, J. M. Lavie, and 
M. Brieka), and Spain (E. R. Rodriguez and R. G. del 
Campo). 

The book is a useful collection of papers and its value 
is increased by the adequate reporting of the discussion 
which followed each presentation. D. Hveuzss 


PROGRESS IN OCEANOGRAPHY 


Progress in Oceanography 

Vol. l. Edited by Dr. M. Sears. Pp. vii+383. (Oxford, 
London, New York and Paris: Pergamon Press, 1963.) 
100s. 


P sra in Oceanography is intended to be the first 
of an annual series of volumes with which it is hoped 
to keep oceanographers, and others interested in the sea, 
up to date with the rapidly expanding field of 
oceanography. The approach of the publishers is two- 
fold; to present reviews of the present status of currently 
important fundamental aspects of the subject, and to 
provide a medium for the publication of papers on 
original research of wide interest, particularly those 
which are longer than those generally published in 
scientific journals. In addition, it is hoped to publish 
preliminary accounts of work in which new methods or 
approaches are used. Chapters lying within each of 
these headings are included in the present volume. 

In the first chapter, E. Seibold describes recent work 
carried out at the University of Kiel on the transport of 
near-shore sand. A well-documented review of the 
methods which have been used in the investigation of 
this problem is presented. An outline is also given of the 
procedures developed at Kiel for the study of sand 
transport; these include the examination of the structures 
and internal structures of the sediments and their 
petrology. The results obtained by the application of 
these new techniques to the Baltic and North Seas will 
be of interest to both geologists and those engaged 
in coastal engineering. 

The longest chapter in the book (124 pages) is essentially 
the Ph.D. thesis presented by D. C. Blanchard at the 
Massachusetts Institute of Technology. It is devoted to 
a rather lengthy and highly speculative quantitative 
study of the electric charge separating at the surface of 
the sea, and seems out of place in a book of this type. 

The total suspended organic matter in the upper layers 
of the sea (in terms of carbon) appears to average about 
one-tenth of the total dissolved organic carbon.  Zoo- 
plankton and fish represent only a small proportion of 
it (c. 2 per cent and 0-2 per cent respectively). The 
major part of the suspended matter (80 per cent) consists 
of detritus mainly derived from dead phytoplankton, 
together with lesser amounts of fecal pellets and organic 
material derived from the land. Phytoplankton constitutes 
the remaining 20 per cent, amounting to an annual 
production of organic carbon in the hydrosphere of 
c. 3x10% tons. The importance of the role of the 
suspended matter in the sea in the marine food chain is 
only now being appreciated. Since much of the recent 
work on this subject has been carried out at the Nanaimo 
Biological Station of the Fisheries Research Bureau of 
Canada, the excellent review of this topic by T. R. 
Parsons is particularly timely. A very useful and thorough 
account is presented of the determination and chemical 
composition of both phytoplankton and detritus. In a 
further section the geographical distribution of these 
types of particulate matter and of bacteria, fungi and 
yeasts is described. The chapter ends with a summary 
of the literature on the utilization of all these organic 
materials as sources of food for secondary producers. 
Our knowledge of this important topic is at present very 
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fragmentary but is rapidly expanding, and it is to be 
hoped that the publishers will persuade Dr. Parsons to 
review the subject again in a few years timo. 

In a chapter entitled “The Salinity Problem", Cox has 
given an authoritative and critical, but rather irritat- 
ingly chatty, account of methods for the determination 
of chlorinity and salinity which will be of intcrest to all 
oceanographers. The section on conductivity salinometers 
is of particular value as it embodies an account of the 
author’s personal experience with many types of these 
instruments, and gives a useful assessment of their 
precision. 

The final chapter of the book is by F. C. Fuglister; it 
describes a comprehensive investigation of the Gulf 
Stream system undertaken in 1960 by the Woods Hole 
Oceanographic Institution. The larger part of the chapter 
is taken up with diagrams of sections and with tables of 
oceanographic station data which seem rather out of 
place in a book of this type. 

The book is attractively produced and stoutly bound 
and should be in the library of every oceanographic 
institution. However, its contents are so varied in subject 
that it is doubtful whether any individual would wish to 
spend £5 on it for the one or two chapters which may be 
of interest to him. The appearance of other volumes in 
this series will be awaited with interest. J. P. ROEY 


DEVELOPMENT OF MODERN 
DIURETICS 


Diuretics 
Chemistry and Pharmacology. By George deStevens. 
(Medicinal Chemistry: a Series of Monographs, Vol. 1.) 
Pp. xiii + 186. (New York: Academic Press, Inc.; 
London: Academie Press, Inc. (London), Ltd., 1963.) 
7 dollars. 


VER the past seven years important advances in 
medicinal chemistry have made available for 
clinical use a number of diuretics which are well tolerated 
and effective when given orally. In the previous thirty-five 
years, the mainstay of diuretic therapy had been the group 
of organic mercurial compounds of which mersalyl was 
probably the most popular in this country. Chance observa- 
tion by Vogl, a third-year medical student in Vienna, had 
directed attention in 1919 to the diuretic potential of a 
mercurial drug which was being used for the treatment of 
syphilis. In spite of extended investigations, only a limited 
number of organic mercurials came into clinical use and 
among them none was entirely satisfactory when given 
other than by injection. While there were many misccllan- 
eous medicinal substances which could provoke a diuresis 
and some were active by mouth, there was no drug avail- 
able other than an injectable organic mercurial that 
could be relied on for a potent and sustained diuretic 
action without more or less serious undesirable effects. 
The discovery of the inhibitory action of sulphanilamide 
on carbonic anhydrase and the rational explanation of its 
acidotie effect led to the clinical testing of its diuretic 
activity in 1949. Krebs had meanwhile published an 
account of the carbonic anhydrase inhibiting activity of a 
number of cyclic sulphonamide derivatives. Further 
extensive work in several laboratories resulted in the 
marketing of acetazolamide, which deStevens calls “‘the 
first clinically effective, non-mercurial, orally active diur- 
etic drug”. Until about 1958, this drug was used as a 
reasonably satisfactory substitute for organic mercurial 
compounds, when a moderate diuresis was required. Its 
use was subject to the limitations that its effectiveness 
waned as the metabolic acidosis developed and that 
excessive potassium loss might occur during its use. . 
Other sulphonamides were investigated by Sprague and 
Beyer and their colleagues. This work led to the m-Benzcne 
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disulphonamides including dichlorophenamide and 
5-chloro-2,4-disulphamylaniline, which had diuretic 
properties closer to those of the mercurials and differing 
from acetazolamide. Their action in man is characterized 
by a greater loss of chloride rather than bicarbonate ions 
and a significantly lower incidence of acidosis and 
refractoriness. Novello and Sprague then described the 
preparation of chlorothiazide by ring closure of 5-chloro- 
2,4-disulphamylaniline. At about the same time, hydro- 
chlorothiazide was synthesized by deStevens and his 
colleagues. These were the forerunners of a series of 
thiazides of which several have found extensive clinical 
application. 

The major part of this monograph is devoted to the 
sulphonamide and boenzothiadiazine series of diuretics. 
The historical background of developments in these series 
of drugs makes interesting reading. The account of 
structure-activity relationships is of special value. Another 
important chapter is that dealing with substances which 
either antagonize the action of aldosterone or interfere 
with its synthesis. Other substances which have been used 
as diuretics are dealt with briefly, as befits their relative 
unimportance in therapeutics. 

This is a valuable review which emphasizes particularly 
the chemical aspects of the subject. The treatment of the 
physiology of renal function is starkly simple and some 
errors have crept in. Thus, on p. 48, sodium carbonate is 
said to be formed by the union of bicarbonate ions with 
sodium ions in the tubular cells. There is also a very brief 
account of the pharmacological evaluation of diuretic 
action. Chapter 9 includes an assessment of the place of 
diuretics in the treatment of hypertension. The coverage 
of the biological activities of the diuretics is not compre- 
hensive. The actions of thiazides—and of more recently 
introduced, drugs such as triamterene—on urea, uric acid 
and glucose metabolism, are not mentioned. However, 
since the main emphasis of the monograph is on chemical 
aspects, especially structure-activity relationships, of 
diuretic drugs, these deficiencies are less serious. There is 
an adequate index and the book is well produced. The 
titles announced for further volumes in this series of 
monographs (some have already appeared) suggest that it 
will be & very valuable venture. D. R. Woop 


PSYCHOLOGIST'S BEDSIDE 
BOOK 


Readings in Psychology 
Edited by Prof. John Cohen. Pp. 414. (London: George 
Allen and Unwin, Ltd., 1964.) 52s. 6d. net. 


HE collection, under one cover, of papers previously 

published elsewhere can be justified on the grounds 
either that it gives access to papers of historical merit, 
or that it brings together the contribution of experts in 
a particular field. But when the chapters are not classics 
and when the spread of specialities is broad, justification 
is harder to find. That is the situation with Readings in 
Psychology. Of its twenty-three chapters, only six appear 
to have been written especially for the book. The 
remainder are reprints of papers, chapters in text- 
books, and presidential addresses to various learned 
societies. 

The best indication of the book’s coverage can be 
obtained from a list of its chapters: Cohen, a perspective 
for psychology; Oldfield, experiment in psychology—& 
centenary and an outlook; Burt, Francis Galton and his 
contributions to psychology; Meredith, models, meanings 
and men; Inhelder, some aspects of Piaget’s genetic 
approach to cognition; Mace, homeostasis, needs and 

. values; Zangwill, physiological and experimental psy- 
chology; Steinberg, aspects of psychopharmacology: 
drug-induced changes in emotion and personality; 
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Vernon, attention and visual perception; Drever, 
perceptual organization and action; Humphrey, ‘fifty 
years’ experiment on thinking; Bowden, thought and 
machine processes; Mackay, information theory in the 
study of man; Summerfield and Legge, information theory 
and perception; Cohen, contact between minds; Hunter, 
the organization of memory; Vernon, the psychology of 
intelligence and g; Fraisse, the sources of emotion; 
Broadbent, response to stress in military and other 
situations; Hearnshaw, temporal integration and 
behaviour; Glover, research techniques in psycho- 
analysis and in general psychology : an essay in contrasts; 
Rodger, the effective use of man-power; Thorpe, some 
concepts of ethology. 

Is there a hidden thread of continuity under this 
apparent hotch-potch? Prof. Cohen, in his foreword, 
points out that the sequence of chapters is methodical, 
but by this he appears to mean merely that the first couple of 
chapters are concerned with historical issues, the next 
few are theoretical, the next physiological and so on— 
a clump of chapters dealing with one set of topics is 
followed by another clump dealing with another set, but 
the ordering of these clumps is arbitrary and could be 
altered without affecting the merit of the book. Such a 
minimal degree of ordering gives no sense of continuity 
to the reader, who, if a non-psychologist, would be well 
advised to go elsewhere if he is seeking general information 
about the subject; from this volume he will only obtain 
an impression of an enormously wide, fragmented discip- 
line, if discipline at all. 

What then is the object of such a book? In view of the 
choice of authors—all except two are British—it would 
seem that one purpose is to publicize the contributions of 
modern British psychologists. As a corrective to tho 
parochialism of much American writing, such a step is to 
be welcomed, but it is unfortunate that it had to 
take this form. How much better if these same con- 
tributors would combine forces to write a general text- 
book. 

Readings in Psychology has to be dipped into, and, 
approached in this manner, it could be both instructive 
and enjoyable. Many of the chapters are clearly written— 
possibly a result of their earlier delivery as spoken papers. 
Some report recent research but one or two are quite out 
of date although written within the past ten years. It is 
equally irritating to be confronted with a chapter which 
has not been revised at all as with one which has a post- 
script pointing out its present-day inadequacies. The 
authors of these chapters should have been asked to 
contribute new articles or at least to remedy the defici- 
encies in the originals. 

Perhaps the book can best serve psychologists as a 
bedside book. D. W. FORREST 


DIAGNOSTIC FEATURES OF THE 
DIGENETIC TREMATODES 


Keys to the Trematodes of Animals and Man. 

By K. I. Skrjabin and others. Translated by Raymond 
W. Dooley. Translation edited by Hisao P. Arai. Pp. 
xvi--351. (Urbana, Ill.: University of Illinois Press, 
1964.) 10 dollars. 


OR more than fifteen years (1947—62), Academician 

K. I. Skrjabin and his staff at the Helminthological 
Laboratory of the Academy of Sciences of the U.S.S.R. 
laboured to produce twenty volumes with a total of 
14,000 pages entitled T'rematody Zhivotnykh è Cheloveka 
(Trematodes of Animals and Man), an enormous compi- 
lation of taxonomic data on digenetic trematodes which 
still requires four volumes for completion. Skrjabin’s 
initial idea of producing eight to ten volumes of 
information about genera became an ambition to define 
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by means of keys and descriptions all the known species 
of Digenea and to include lists of hosts, data on distribu- 
tion and some information about life histories. 

Helminthologists unable to read Russian cannot 
utilize this fund of information and, because a complete 
translation could not be envisaged, the decision was made 
in certain quarters to do the next best thing and translate 
abstracted essentials for presentation in the compendium 
under review here. The book is divided into nearly equal 
halves, one containing keys to taxonomic groups and 
lists of references and the other more than nine hundred 
line diagrams and & subject index. The selection and 
translation of essential data made a formidable task for 
Hisao P. Arai and Raymond W. Dooley of the University 
of Illinois, who used Whitfield’s (1958) transliterated 
form of the Cyrillic alphabet and worked to a rigorous 
discipline. We have to remember that many descriptions 
of species are excluded and that only those citations to 
the original literature which are rendered in Cyrillic in 
the major work are presented, which means that readers 
refer to the twenty volumes for particulars about numerous 
non-Russian references. 

The constituent compilations of the original volumes 
were published as they became available, so that they are 
not in any conventional order, and this disorder has been 
emphasized by abridgment. Moreover, the taxonomic 
scheme is incomplete, so that the reader cannot examine 
the classification of the Digenea as a whole and, indeed, 
is irritated and frustrated in his efforts to do so. On p. 3 
the major groups are indicated. The Digenea is divided 
into the sub-subclasses Gasterostomatoinei and Prosostom- 
atoinei and the former group is not mentioned again, 
relevant subsequent references being to the subfamilies 
of Bucephalidae and literature concerning an order named 
as Bucephalida (pp. 178-179). Similarly, the Prosostom- 
atoinei is divided into the superorders Aspidogasteri- 
formes and Fascioliformes, but the former receives no 
further mention, although the suborder Aspidogastrata is 
divided into its two families on p. 50. The Fascioliformes 
is divided into ten orders (the Alcicornata, Didymozoata, 
Fasciolata,  Faustulata, Heronimata, Notocotylata, 
Paramphistomatata, Sanguinicolata, Schistosomatata and 
Strigeata), but only two of these (Notocotylata and Param- 
phistomatata) are completely resolved into families. On 
p. 44 the Schistosomatata is named as a suborder and 
divided into two superfamilies Sanguinicoloidea (already 
designated as an order) and Schistosomatoidea, which 
receives no further mention, the following key referring 
to subfamilies of the family Schistosomatidae (p. 47). 
The reader will be disappointed often in this way and may 
conclude that the entire taxonomic scheme was established 
with pre-ordained classes, subclasses, sub-subclasses, 
superorders, orders, suborders, superfamilies, families and 
lower groups some of which remained unresolved. 

In conjunction with the primary disarray, this lack of 
finality gives the impression of bewildering muddle where 
clarity might have prevailed. Some dissatisfaction may 
be felt also about the use of keys which were soon out- 
moded because of subsequent revision or outdated by the 
appearance of new species. One great drawback of keys 
is that they become unusable when new species appear 
and must be completely redrafted. The Russian keys are 
often very detailed but, like others, are not infallible. 
They have been duplicated for both subfamilies and 
genera of Echinostomatidae (pp. 8-10 and 101—102) and 
then remade (pp. 102-103) with new inclusions, as also 
for Dinuridae (pp. 81 and 150), Lecithasteridae (pp. 82 
and 118) and Lecithochiridae (pp. 87 and 140). The 
reader is somewhat bewildered by the apparently belated 
promotions and, sometimes, unexplained omissions. 

When examined carefully, the book indicates clearly 
the somewhat alarming impression of a rapidly expanding 
classification of the Digenea, alarming because promotion 
to family rank is sometimes from the status of genus, 
where taxonomic characters used often fail to receive 
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universal acceptance. We realise how difficult trematodes 
are to classify only when we take into consideration 
certain facts: they exist, when alive, in a semi-liquid 
state with a minimum of skeletal structure, are very 
extensile and contractile, continue to grow and sometimes 
alter their bodily proportions long after attaining sexual 
maturity and, indeed, throughout life, show variability 
according to various phases of sexual life, appear sporadi- 
cally and often in small numbers and, above all, are 
liable to show morphological artefacts on account of 
preservation and mounting for microscopical inspection. 
In reviewing the recent taxonomic scheme of Yamaguti!, 
my analysis showod that out of 102 families, fifty-nine 
contained no more than four genera and thirty-one only 
a single genus. Skrjabin recognizes 125 families, but the 
discrepancy between the two schemes is much greater 
than these figures indicate. Forty-two families named by 
Skrjabin are not recognized by Yamaguti, although one 
(Elytrophallidae) is mentioned in a footnote and another 
(Megasolenidae) is regarded as a synonym. ‘Two other 
families (Aerobiotrematidae and Stichocotylidae) are not 
even represented by genera in Yamaguti’s scheme, and 
seven others (Faustulidae, Lecithochiriidae, Liocercidae, 
Microscaphiidae, Opisthoporidae, Ratziidao and Xeno- 
peridae) are represented only by genera. The remaining 
thirty-one families are represented by Yamaguti as 
subfamilies: seven are promotions from the Allocreadi- 
idae, six from the Paramphistomatidae, three from the 
Hemiuridae, two from the Opisthorchiidae, two from the 
Troglotrematidae and eleven respectively from the families 
Acanthocolpidae, Brachycoeliidae, Callodistomatidac, 
Cyathocotylidae, Diplostomatidae, Heterophyidae, Micro- 
phallidae, Plagiorchiidae, Pronocephalidae, Protorodiplo- 
stomatidae and Strigeidae. 

On the other hand, twenty-one families (six of them 
new) which are named by Yamaguti do not appear in 
Skrjebin’s scheme. Three of them (Allocreadiidae, 
Bhaleraoidae and Mesometridae) are unrepresented by 
genera, nine of them (Anenterotrematidae, Aporocotylidae, 
Botulidae, Brahamputrotrematidae, Eumegacetidae, 
Ommatobrephidae, Pachypsolidae, Paragonimidae and 
Rhopaliasidae) are represented only by genera, and nino 
of them (Apocreadiidae, Brachycoeliidae, Hasstilesiidae, 
Leucochloridiidae, Moreauiidae, Nasitrematidae, Pleorchi- 
idae, Telorchiidae and Waretrematidae) are represented by 
subfamilies. Readers may rightly infer that in the four 
Russian volumes still to appear some of these families 
and possibly others will be named. 

Another source of bewilderment for the reader is 
provided by the lists of literature which are introduced 
frequently into the text. Innumerable references which 
have value in the series of original volumes are uscless 
in this book because they have no bearing on the diagnosis 
of digenetic trematodes. Altogether, these references 
take up about one-fifth of the text. On pp. 17-20, the 
first five of a long list of papers on fascioliasis concern 
liver fluke in an eleven-yesr-old girl, distomatiases of 
children in Turkestan, methods of ‘de-helminthization’ of 
manure, the treatment of sheep with carbon tetrachloride 
and methods of introducing medicinal substances into 
small animals. Even more incongruous are references to 
allergic skin reactions (p. 50), heredity and variability 
(p. 58), anoplocephalid tapeworms (p. 59), migrations of 
fishes (p. 77) and nematodes of poultry (p. 157), as well 
as many items cited "no title given". Space has been far 
better spent on figures, which are miniatures of those in 
the Russian volumes and might have been augmented, 
but indications of size are not consistently given in either 
illustrations or text and would have been of great 
advantage to the diagnostician. The book will not be 
popular but will have many dour users, who will peruse 
it just as grimly as I did, until I noticed the misprinted 
reference to “the helminth fauna of sand-papers". 

Bren Dawes 


1 Dawes, B., Nature, 189, 957 (1959). 
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International Review of Connective Tissue Research 
Vol. 1. Edited by David A. Hall Pp. xiii--401. (New 
York and London: Academic Press, 1963.) 14.00 dollars. 


HE first volume of International Review of Connective 

Tissue Research, a new periddical, contains eight 
review articles. It is not idly called ‘international’ since 
the authors come from seven different countries— 
Scotland, Holland, Denmark, Hungary, India, Australia 
and England. 

The past decade has seen a great increase in real 
knowledge of connective tissues and their components, 
and any method of assembling this is potentially valuable. 
There are now a number of examples of this type of 
reviewing periodical, which would be most valuable if 
it could give a reasonably complete running account of 
the subject. However, in practice they usually contain 
a heterogeneous collection of articles of variable interest 
and value. For every one you want you must buy and 
carry perhaps two or three others, and often more. 
This seems to be inevitable, and judgment must therefore 
be based on the best articles. In this volume there are 
certainly two which should be of wide interest and value, 
on the structure of collagen by G. N. Ramachandran and 
its metabolism by D. A. Lowther. The articles are com- 
plementary and have tables in common. There is a useful 
article on calcification of skeletal tissues by S. M. 
Weidmann. I also found J. Balo’s article on athero- 
sclerosis fresh and interesting. 

In short, there is useful material in this volume, mainly 
for the specialist who is already familiar with some aspect 
of the subject. It would be more generally useful if the 
bibliographies gave titles, even if some of the articles 
had to be shortened and 17 pages of author index left 
out. There is a subject index, but it is only 5 pages long. 


The Mushroom Hunter’s Field Guide 

By Prof. Alexander H. Smith. Revised and enlarged 
edition. Pp. 264 (188 figures). (Ann Arbor: University 
of Michigan Press; London: The Cresset Press, Ltd., 
1963.) 45s. net. 


IKE its predecessor, The Mushroom Hunter’s Field 
Guide is written for the amateur in non-technical 
style and has been considerably enlarged to include 
accounts of 188 species as against 124 in the original 
book. However, since Prof. A. H. Smith has altered the 
selection of species described in the first edition by 
deleting some 8nd adding others, it follows that the 
book, as revised, covers an appreciably different range of 
fungi. The text has been modified, although the format 
remains much the same, with data grouped under the 
headings ''Identification marks", ''Edibility" and ‘When 
and where to find it". Furthermore, while each species is 
illustrated with black-and-white photographs of an 
extremely high standard, many of those previously used 
have been replaced. Another innovation is that 89 
species are also illustrated in colour. Here one should 
note that the numbers of the captions refer to the species 
number in the text and are not in a running sequence. 

In general the descriptions of the species, although of 
necessity brief, are adequate. However, just occasionally 
brevity has resulted in omission of important information. 
Thus I would have expected some reference to the fact 
that Agaricus placomyces becomes bright yellow on 
bruising, especially as this reaction clearly separates it 
from A. silvaticus—a species with which it is liable to 
be confused according to Prof. Smith (p. 197). 

As to the addition of coloured plates, these will un- 
doubtedly help to increase the appeal of this book. In 
the preface Prof. Smith writes: “Illustrations in color, 
however, are the most difficult aspect of a publication 
on mushrooms. To be of help rather than to be mis- 
leading, the color work must be accurate". I sharo 
these sentiments, but I’m not sure that Prof. Smith has 
altogether succeeded in his aim; although a number of 
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the coloured photographs are very good, others are bad. 
Thus on Plate 124a Amanita muscaria is shown ab blue, 
whereas it must be assumed that the plate represents the 
white form of the species. Likewise Lactarius rufus is 
depicted as bright pink, whereas this fungus should be 
rieh reddish-brown. Similarly the illustrations of Lyco- 
perdon pyriforme and Armillaria mellea are so poor as to 
be scarcely recognizable. Nevertheless, taken as & whole, 
the coloured plates are superior to many which have been 
used to illustrate mycologieal works in recent years. 
Apart from these relatively minor criticisms, I have 
no hesitation in recommending this excellent book to 
those living in North America who wish to obtain & know- 
ledge of the larger fleshy fungi, be it for general interest 
or from the point of view of gastronomy. Furthermore, 
those who have used The Mushroom Hunters Pield 
Guide will want to purchase the revised edition since it 
covers an appreciably increased range of species. For 
those with an interest in mycology outside North America, 
this work will naturally have a more restricted appeal, 
but since it is attractively produced, reasonably priced, 
and of very good value, they too may wish to add it to 
their bookshelves. D. A. RED 


Les Maladies des Plantes Maraichéres 

Vol. 1. By C.M. Messiaen et R. Lafon. Pp. 153. (Paris: 
Institut National de la Recherche Agronomique, 1963.) 
21 F. 


Tor practical little manual of vegetable crop diseases 
is largely based on the experience of the authors in 
southern France. After brief but adequate introductory 
chapters, describing the agents of disease in plants and 
the principles of plant disease control, come chapters 
devoted to diseases of the following crops: tomato; 
egg-plant and capsicum; cucurbits; haricot beans; 
peas and broad beans; celery; and parsley. Symptoms 
are illustrated by simple but effective line drawings, 
supplemented by a few photographs. 
R. W. Q. DENNIS 


Underwater Acoustics 

Proceedings of an Institute sponsored by the Scientific 
Affairs Committee of tho North Atlantic Treaty Organiza- 
tion and conducted by the Pennsylvania State University 
at the Imperial College of Science and Technology of the 
University of London, July 31-August 11, 1961. Edited 
by V. M. Albers. Pp. xiii 4 354. (New York: Plenum 
Press, 1963.) 12.50 dollars. 


TNF ORTUNATELY the main title of this book, and 
the one it is likely to be known by, is a little mislead- 
ing. It does not pretend to bo a text-book on underwater 
acoustics but is a compilation of the papers presented at a 
symposium, sponsored by the North Atlantic Treaty 
Organization, in London in 1961. Nevertheless, the stan- 
dard of the papers given is high and the book may be used 
for specialized reference in certain fields of underwater 
acoustics. 

Papers include work on piezoelectric transducers, 
explosive sources, directivity and scanning, internal waves, 
scattering, ambient noise, flow noise and model propaga- 
tion studies. Certain important areas of the field are not 
covered, notably: controlled propagation experiments in 
the sea and their theoretical interpretation, non-piezo- 
electric transducers, and the design of transducer arrays 
including reference to the interaction problem betweon 
elements. 

It is clear that this is a difficult subject to present 
adequately since the scientific and engineering matter 
covered by the title Underwater Acoustics is very large; 
and the problem is complicated by the various grades of 
security imposed by national and international organiza- 
tions. The organizers of this symposium are to be con- 
gratulated on pioneering such a meeting in the United 
Kingdom. J. S. M. Russy 
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OBSERVATION OF THOMSON AND CO-OPERATIVE SCATTERING OF 
RUBY LASER LIGHT BY A PLASMA 


By A. W. DeSILVA*, D. E. EVANS and M. J. FORREST 
Culham Laboratory, U.K. Atomic Energy Authority, Abingdon, Berks 


WVA monochromatic light is directed on to a plasma, 
a fraction of tho light undergoes scattering on the 
free electrons, the motion of which introduces Doppler 
broadening. A number of theoretical papers, for example, 
Dougherty and Farley!, Fejer? and Salpeter?, have dealt 
with the problem of the resulting wave-length spectrum 
and have shown that it can be characterized by a single 
parameter: 


A 
* = 4nD sin 0/2 


where A is the wave-length of the incident light, D the 
plasma Debye length and 0 the angle to the incident 
beam at which the light is scattered. Theory shows that 
for «< «1 the spectrum takes the form of a gaussian 
the width of which is given by the average velocity of 
electrons at a temperature Te, decreased by a geometrical 
factor, sin 0/2. This has been called incoherent or 
Thomson scattering. For «>1 the electrons behave 
collectively and their motion is determined in part by 
the motion of the ions. The spectrum is expected to 
consist of a central feature the width of which depends 
on the sound velocity in the plasma, together with two 
peaks shifted on either side of the centre by an amount 
given by the electron plasma wave velocity. 


170 
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Schematic diagram of experimental arrangement 


Fig. 1. 


We have designed an experiment in which tho correct 
choice of plasma parameters allows us to detect both the 
(«< <1) mode and the collective (« > 1) mode in the samo 
plasma merely by altering the directions from which 
scattered light is observed. The upper part of Fig. 1 
illustrates the experimental arrangement for observation 
of the «< «1 feature. A Q-switched ruby laser produces 
a 2-5-MW pulse of light at 6935-5 A having a spectral 
width of 0-05 A (ref. 4) which is introduced into the plasma 
through a suitably baffled entry tube and is carried away 
through an exit tube which terminates in an efficient 
light trap. 

The plasma is a pulsed hydrogen arc formed in 200 
m torr of hydrogen between a pair of stainless steel clec- 
trodes 50 cm apart. An axial magnetic field of 5 k.gauss 
maintains the plasma for about 350 usecs during which a 
peak current of about 20 k.amp flows. Stark broadening 
measurements of the Hp line have given an electron 
density of 9 x 1014 cm~ and subsequent measurements of 
the width of the «< <1 feature gave an electron tem- 
perature kT',— 2-2 eV. This means «<1 for §>16°. 
Observations were made at 170° + 1:5? and 10° + 1-5? for 
which «=0-15 and «— 1-7 respectively. In both cases the 
detection optics were based on a conical lens, placed con- 
centric about the laser beam, which accepted all the light 
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scattered ab the preselected angle from the plasma. In the 
back-scatter experiment, spectral resolution was obtained 
by tilting a nominally 3 A band pass interference filter 
centred at 6943 A. An E.M.I. 95584 photomultiplier with 
an Ss (trialkali cathode) response detected the light trans- 
mitted by the filter. The lower part of Fig. 1 shows the 
experimental arrangements adopted for forward scattering 
measurements. The optical train and detector are essen- 


tially the same as before, but since the acoustic feature . 


was expected to have a width of about 0-2 A, the tilting 
filter was abandoned in favour of a scanning Fabry-Perot 
interferometer. 

Fig. 2 shows the results of the scattering experiment at 
170°, and displays the total scattered signal as a function 
of wave-length. It therefore includes stray scattering of 
the main beam from the walls of the vessel, etc., and this 
appears as an anomalous peak at the centre of the dis- 
tribution. Measurements made in the absence of plasma 
(black circles) indicate that the stray light has been 
reduced to a manageably low level. The stray light 
spectrum, which is simply the instrumental shape of the 
filter and the detection optics, has been subtracted from 
the total signal and a Gaussian curve (half half-width 
35 A) has been fitted, from which it appears that the 
electron temperature kT', = 2-2 eV. 

Fig. 3 displays the signal observed in the forward 
scatter position as a function of wave-length. In this caso 
no correction for stray light was required since an ob- 
servation made without plasma in the vessel showed that 
stray light and Rayleigh scattering on neutral hydrogen 
were undetectable. The spectral resolution of the system 
is restricted by the absolute light intensity available 
which has set a practical limit of 2 A on the setting of the 
interferometer. The experimental points are consistent 
with an instrumental profile 2 A wide, and one can rogard 
this as an upper limit to the width of the feature being 
observed. 

Nitrogen at a pressure of 0-25 atmosphere was sub- 
stituted for plasma in the chamber and the intensity of 
light at the detector dué to Rayleigh scattering was 
measured. The ratio of intensities of Rayleigh scattered 
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Fig. 2. Spectrum of light scattered at 170°. Laser wave-length 6935-5 A. 
O, Scattered + stray light; @,stray light alone; x,scattered light alone 
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Fig. 3. Spectrum of light scattered at 10°. Laser centred at 6935°5 A. 
Ion resonance a=1-7; - - -, instrumental line shape; stray light negligible 


light and light scattered by the plasma was S;/S;= 8:8. 
The expected value of this ratio was calculated assuming 
the plasma-scattered light to be associated with a cross- 
section equal to about 0-5 the Thomson cross-section, as 
predicted by the theory of co-operative scattering. 
Rayleigh cross-sections were taken from George et al.*. 
The theoretical Rayleigh cross-section led to S,/S:=9-0 
and the experimentally determined cross-section gave 
S,/St=21. We conclude that the intensity of the signal 
observed in the forward scatter experiment is consistent 
with scattering by the acoustic wave. 

The width (<2 A) is also consistent with acoustic wave: 
scattering, and at the same time rules out the possibility 
that the light scattered at 10° is due simply to Thomson 
scattering, for if this were so a width of NES x 70À 
— 6 À would be expected. 

It remains possible that there is a contribution to the 
observed forward intensity due to some effect apart from 
co-operative scattering.  Photo-ionization of neutral 
hydrogen followed by immediate radiative recombination 
could produce spurious photons, but there are unlikely 
to be many, owing to the very short relaxation time 
(103 sec) compared with both the laser pulse length 
(2x 10-8 sec) and the recombination time (10-? sec). 
The intense electromagnetic field of the laser light in the 
plasma will produce photons at the laser frequency 
through stimulated emission of radiation. These will, 
however, be in phase with the stimulating field, and so 
will travel in the same direction as the principal laser 
beam. Again, only a negligible number are expected to 
reach the detector. 

Work is proceeding to improve the strength of the 
forward scattered signal with the aims of measuring the 
width of the central peak and of detecting the satellites at 
the plasma frequency. 

We thank Dr. R. Wilson and Dr. D. J. Bradley for 
their help and advice. One of us (A. W. DeS.) gratefully 
acknowledges the support of the National Science Found- 
ation during a major part of the work. 


* Present address: Physics Department, University of Maryland. 
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EVOLUTION AND PREVENTION OF DRUG-RESISTANCE 
By Pror. M. G. SEVAG and BARBARA ASHTON 


Department of Microbiology, School of Medicine, University of Pennsylvania, Philadelphia 


HE capacity exhibited by all organisms to develop 

tolerance for new environmental conditions bas been. 
2n important factor in the continuing existence of life on 
Earth. It has also had adverse effects on some craatures. 
To man, one of the most disturbing of these effects is 
being manifested through the resistance certain microbes 
develop for the ‘wonder’ drugs he uses to counteract 
microbial discases. 

The peculiar capacity of pathogenic micro-organisms 
to develop strains which are resistant to drugs which 
on initial application are lethal to most individuals— 
and eventually to thrive on those drugs—did not como 
into clear focus until Paul Ehrlich et al. made their famous 
chemotherapeutic researches during the first decade of 
this century. Over the years, concern for these effects 
intensified as a greater varicty of drugs was produced 
and wider use was made of them. With the advanco of 
modern chemotherapy, microbial resistance to sulphon- 
amides and antibiotics became a frustrating medical and 
scientific problem. More recently we havo learned that 
similar adaptability occurs among the cells causing 
cancerous growth during treatment by radiation and 
chemicals, and that viruses may also develop this same 
kind of tolerance and thereby interfere with the therapy 
of viral infections. 

Because of the danger of these effects, a large research 
effort is being made to understand and control them. 
Experiments are proceeding with a wide variety of anti- 
bioties, individually and in combination; investigations 
are in progress on the mode of action of antibiotics; and 
comparisons are being made of the biochemical and 
genetic differences between normal and resistant strains. 
These investigations have not yet produced sure-fire 
measures for preventing the emergence of microbes or 
other micro-organisms that are resistant to antibiotics. 
The synergistic combination of antibiotics or drugs, by 
trial and error, is beset with uncertainties or may result 
in an antagonistic action. These trials have not produced 
& guiding principle to cope with the phenomenon of drug- 
resistance. 


Prevention of the Emergence of Drug-resistant 
Strains* 


In previous communications!? it was reported that 
spermine in a combination with an antibiotic prevented 
the emergence of drug-resistant strains from Staph. aureus, 
Escherichia coli and Aerobacter aerogenes. In the work 
recorded here the antimalarial drug atabrine (‘Quinacrine’) 
is used as a substitute for spermine. In using atabrine 
we were guided by the fact that, like spermine and strepto- 
mycin, it complexes stably with nucleic acids and DNA 
is known? to be the carrier of the code for the resistance 
character. 

We therefore entertained the idea that atabrine com- 
plexing with DNA could prevent the resistance-inducing 
action of an antibiotic on normal bacteria. This working 
hypothesis is supplemented by the following results. 

The results with atabrine and various antibiotics are 
presented in Table 1. It is to be seen that chloromycetin, 
tetracycline, erythromycin, novobiocin, penicillin, sulpha- 
thiazole and streptomycin, each together with atabrine, 
exercise bactericidal action; in the absence of atabrine 


* The experimental procedures used ‘throughout this investigation were 
the same n8 those used in the previous investigntions!-*, 


a staphylococcal strain of greater resistance emerges. 
Likewise, as shown in Tables 2 and 4, no resistant strain. of 
E. coli emerges in the combined presence of streptomycin 
or sulphathiazole and atabrine. In Table 3, the results 
show that E. coli resistant to streptomycin arc not pre- 
vented from growing in a combination of streptomycin 
and 250 ug of atabrine. On the other hand, the same 
resistant strain is killed by a combination of as little as 
1 ug of sulphathiazole and 100 ug of atabrine; the contents 
of the system plated out on nutrient agar showed no 
colony growth. : 

Of special consideration is the effect of p-aminobenzoic 
acid (PABA) on sulphathiazole inhibition with and with- 
out atabrine (Table 1, systems 27-29). In the absence of 
atabrine sulphathiazole inhibition is cither absent or 
readily antagonized by PABA. In the slower rate of 
antagonism by PABA of the sulphathiazole inhibition 
in the presence of atabrine, the specific preventive effect 
on bacteria of the latter two substances is oventually 
nullified. 

A bacterial strain which had been sub-cultured once in 
streptomycin grew readily in tho combination of this 
antibiotic and spermine or atabrine. In other words, 
once the resistance character is acquired by a strain a 
combination of atabrine or spermine and the antibiotic is 
ineffective. Indeed, two cells from a population which 
had grown for the first time in 100 ug streptomycin,ml., 
added to 100 million sensitive normal cells, grew freely in 
the presence of both streptomycin and spermine or 
atabrine. The results show that our system sclectively 
eliminates all the 100 million sensitive cells and permits 
the multiplication of as few as two actually resistant oxo- 
genous cells. Had there been, therefore, as few as only 
two naturally occurring resistant cells in the inoculum 
of 100 million normal cells, our system would have 
selectively permitted their multiplication in a combina- 
tion of the antibiotic and spermine or atabrine. On the 
other hand, we must take note of the fact that a resistant 
strain emerges from 100 million normal bacteria uscd 
alone as inoculum in a growth medium containing only 
the antibiotic. One may conclude, therefore, that these 
normal bacteria must have contained certain mutants 
which, possessing the potentiality of becoming resistant, 
were catalysed by the antibiotic to take on the resistant 
character. This mediation by an antibiotic is prevented 
from becoming an actuality in a combination of atabrino 
or spermine and the antibiotic. 


Determination and Prevention of the Emergence of 
Cross-resistant Strains 


As already discussed here, atabrine or spermine is 
ineffective in combinations with an antibiotic to which a 
bacterial strain has become resistant by one or more 
previous sub-cultures. However, atabrine or spermine is 
highly effective in combination with another antibiotic 
to which the bacterial strain has not been exposed before. 
In the absence of spermine or atabrine, a strain resistant 
to an antibiotic can become resistant also to a second or 
third antibiotic. Customarily, the ability of the penicillin- 
resistant strain to grow in streptomycin would be attribu- 
ted to an unspecific cross-resistance against the latter 
antibiotic. On the basis of the current ‘selection theory’ 
of antibiotic resistant strains, the above facts may be 
interpreted to indicate that, either the penicillin-resistant 
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Table 1. PREYENTION OF THE EMERGENCE OF ANTIBIOTIO-RESISTANT STRAINS FROM THE SENSITIVE POPULATION OY Staphylococcus aureus 3A 

















Growth system —— uaa] 
(additions ug/ml.) s 0 14-18 
1. None 3 276 
2. Atabrine 80 8 230 
9. Atabrine 160 5 194 
4. Chloromycetin 7 8 26 
5. Chloromycetin 8 3 17 
6. Chloromycetin 7 + atabrine 160 0 16 
7. Chloromycetin 8 + atabrine 160 - 6 21 
8. Tetracycline 1:0 5 18 
9. * Tetracycline 2:5 E 3 16 
10. Tetracycline 1:0 4- atabrine 160 2 16 
11. Tetracycline 2-5 -+ atabrine 160 8 16 
12. Erythromycin 2-5 : 2 15 
-13. Erythromycin 2-5 + atabrine 80 0 18 
14. Erythromycin 2:5 + atabrine 160 8 26 
16. Novobiocin 5 7 14 
16. —— Atabrine 100 8 216 
17. Novobiocin 5+ atabrine 100 9 18 
18. Penicillin 0-2 units (inoculum 0-5 x 10*/6 ml.) 7 163 
19. Penicillin 0-5 units 9 62 
20. Atabrine 100 7 218 
21. Penicillin 0-2 units + atabrine 100 3 — 
22. Penicillin 0:5 units + atabrine 100 0 E 
Smphathiazole (inoculum 25 cells/5 ml.) 

23. — — PABA 5-40 0 32 
24. — — Atabrine 100 0 0 
25. ——— Atabrine 100 + PABA 5-40 0 0 
26. Sulphathiazole 100 0 0 
27. Sulphathiazole 100+ PABA 5 0 47 
28. Sulphathiazole 100+ atabrine 100 0 0 
29. Sulphathiazole 100 + atabrine 100--PABA 5 0 3 


Growth turbidity readings at hours of: 






209-312 








43-46 65-90 | 114-118 | 138-148 | 168-186 
248 = = — — = 
214 = — m = m 
204 = — = = = 
38 37 — 232 — — 
22 19 — 20 150 — 
23 23 - 24 31 — 
23 25 = 27 33 = 
16 16 a= 235 232 = 
18 18 I 21 29 250 
20* 17 — 20 24 20 
21 20 — 26 28 30 
13 98 — 226 = — 
14 14 = 20 = 25 
26 26 = 26 26 26 
20, 214 
220 — = EE — — 
28 27 — 25 24 = 
132 = — ais E = 
152 — = — = = 
216 — — = — — 
— 5 5 5 — 1l 
= 2 2 4 53 8 
256 — — =e = an 
0 5 = 27 180 — 
0 3 = 167 158 — 
37 157 215 — e — 
236 — — — = n 
1 8 a 1 22 es 
8 72 — 185 193 = 








Growth medium: Salts-glucose +1 per cent casein hydrolysate + tryptophan 20 #g+1 ug thiamine +1 pg nicotinamide/ml. 
Inoculum: 1 x 10° cells/5 ml. medium collected from a growth in 0-5 per cent glucose broth (Sevag and Barbara Ashton). 


cells used as inoeulum were double mutants, or they con- 
tained a certain number of double mutants, which were 
selected by streptomycin, yielding a population of cocci 
resistant to both antibiotics. However, because of the 
fact that the streptomycin-resistant cells are not sus- 
ceptible to the combined action of streptomycin and 
spermine or atabrine, and because of the fact also that the 
penicillin-resistant cells were killed by the combination of 
streptomycin and spermine or atabrine, it would be 
reasonable to conclude that the penicillin-resistant strain 
was neither a doubly resistant mutant, nor possessed an 
unspecific cross-resistance to streptomycin prior to 
exposure to it. On the basis of the above facts, one may 
therefore be permitted to assume that the gradual emerg- 
ence of a streptomycin-resistant strain from a penicillin- 
resistant strain results from an acquisition of a new 
resistance character. This acquisition also is prevented 
in the presence of spermine or atabrime!. 


Table 2. PREVENTION OF THE EMERGENCE OFA DRUG-RESISTANT STRAIN 
FROM THE NORMAL STRAIN OF Escherichia coli STRAIN B IN THE COMBINED 
PRESENCE OF STREPTOMYCIN AND ATABRINE 


Growth turbidity readings at hours of: 
Growth system (additions ug/ml.) 0 21 45 117 


1. None 7 167 — — 
2. Streptomycin 10 18 143 — — 
8. Streptomycin 30 8 23 162 

4. — — Atabrine 40 11 98 156 — 
5. Streptomycin 10-ratabrine 40 9 6 6 4 
6. Streptomycin 30+ atabrine 40 15 14 16 15 


Inoculum: 2x 10? cells/5 ml. of salts-glucose 1 percent casein hydrolysate 
medium. Growth in glucose broth is one-half of the above control values. 
The effects of the drugs on the growth are, however, of the same degree 
(Sevag and Barbara Ashton). 


Table 3. FAILURE TO PREVENT THE GROWTH OF THE DRUG-RESISTANT 
STRAIN OY Escherichia coli STRAIN B IN THE COMBINED PRESENCE OF 
STREPTOMYOIN AND ATABRINE 


Growth turbidity readings 
Growth system (additions ug/ml.) Ü Pas hours of: 


118 

1. None 0 41 61 67 74 
2. Streptomycin 1,000 5 38 61 68 78 
8. —— Atabrine 250 10 33 74 91 100 
e4. Streptomycin 100+ atabrine 250 8 27 57 61 70 


Inoculum: 1-0 x 10° cells/5 ml. of 0-5 per cent glucose-nutrient broth (Sevag 
sand Barbafa Ashton). 


In hospital laboratories, this system offers a dependable 
and practical method to determine whether or not a strain 
carries cross-resistance to other antibiotics. By the use 
of this system one can also determine which antibiotic 
together with spermine or atabrine is the most effective 
to prevent the emergence of a strain with additional 
resistance characters from an already resistant strain. 


Prevention of the Emergence of Resistant Strains 
in Systems Excluding ‘Selection’ 


A direct experimental illustration of the specific effects 
of a drug and atabrine on the sensitive strain of Staphylo- 
coccus aureus is provided by the results presented in Fig. 1. 
In these experiments the possibility of selecting mutants 
as resistant strains assumed to occur naturally by the 
‘selection theory’ is excluded. The growth rate was 
determined by colony counts. As inoculum 20-25 cells/ 
5 ml. medium were used. Colony counts of the growth 
in the liquid medium were made at 0, 18, 24, 42 and 72 h. 
In the system with 100 ug sulphathiazole or 100 ug of 
atabrine, at no period was there a decrease in the number 
of cells. In sulphathiazole together with atabrine, the 
cell number remained, constant during the first 24 h, then 
decreased gradually, and no colony grew at the 72-h period. 

The fact that in sulphathiazole alone, or atabrine alone, 
the cell numbers remained constant for several hours 
before they began to multiply shows clearly that none 
was killed and there were no selections of the assumed 
‘naturally occurring mutants’ from the initial inoculum 
of 4-5 cells/ml. Such a possibility is excluded also by the 
fact that all the cells were killed in the combined presence 
of sulphathiazole and atabrine, as would be expected if 
all were normal sensitive cells. The fact, however, that 
the normal cells grew in sulphathiazole after a short 
delay indicates that the drug exercised an action on the 
metabolism of the cells whereby the bacteriostatic action 
of sulphathiazole was nullified. The conclusions from 
these investigations are corroborated by ‘the results ‘of 
our previous work with Drs. Ishii!? and Yokota!!, showing 
that in sub-lethal concentrations of sulphathiazole in 
which the cells survive from 50 to 82 per cent (determined 
by colony count), the mass of cells experience an incre- 
ment of the folic acid synthesizing enzymes; thereby the 
inhibitory action of the drug is counteracted. 
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(ACADEMIC PRESS 
THE RED BLOOD CELL 


edited by C. W. Bishop and D. M. Surgenor 





e covers the red cell from the viewpoint of basic cell biology. 
e includes: red cell shape and structure, electrolyte equili- 
bria and active transport, metabolic pathways, red cell 
interactions with antibodies, isoagglutinins, oxygen and 

carbon dioxide transport, and cryobiology. 
(B356) Oct., 1964, 566 pp., 121s. 6d. 


THE EPIDERMIS 


edited -by William Montagna and Walter C. Lobitz, Jr. 


e details the developmental sequences and enzymic proper- 
ties of the epidermis, protein synthesis, and the nature of 
the proteins. 

e covers the ultrastructure of the epidermis in normal and 
pathological states. 

e emphasizes functional ultrastructure. 

(M816) Oct., 1964, 649 pp., 107s. 6d. 


SELENIUM 


GEOBOTANY, BIOCHEMISTRY, TOXICITY 
AND NUTRITION 


by Irene Rosenfeld and Orville A. Beath 


e investigates seleniferous geological formations, soils and 
pens as they relate to livestock poisoning and public 
ealth. 


e evaluates the role of selenium in nutrition, particularly as 
to vitamin E deficiency diseases in animals. 


e offers material of great value to specialists or graduate 
students in geology, soil science, botany, biology, 
veterinary science, industrial and human medicine, 
nutrition, and research workers in biochemistry. 


(R686) Sept., 1964, 411 pp., 107s. 6d. 


THE HORMONES 


PHYSIOLOGY, CHEMISTRY AND APPLICATIONS 
edited by G. Pincus, K. V. Thimann and E. B. Astwood 


REVIEWS: 


Volumes 1 and 2—" These . . . volumes are of classic propor- 
tions. They contain twenty-five chapters of rich material, 
ranging from botany through marine zoology to clinical 
medicine. In the best sections a most important goal is 
achieved ; basic evidence is presented. Too many volumes in 
the past have been no more than annotated bibliographies. 
These are balanced, discursive and well written." 

—THE NEW YORK TIMES. 


Volume 2—“. . . will prove most valuable to the serious student 
of endocrinology and those interested in experimentation in 
the fiéld. The intent of the editors is a complete presentation 
of the subject at the research level. They have succeeded 
remarkably well in attaining this goal." —JOURNAL OF 
THE AMERICAN MEDICAL ASSOCIATION. 


(P328) Vol. 5, Oct., 1964, about 875 pp., 200s. 
Detailed information available upon request 






111 Fifth Avenue, New York 10003 





INTERNATIONAL SYMPOSIUM ON PHYSICAL 
PROCESSES IN RADIATION BIOLOGY 


edited by L. Augenstein, R. Mason and B. Rosenberg 


e discusses the core problem of radiation biology: How 
high energy packets (protons or particles) are absorbed, 
distributed and utilized in biological systems. 


e emphasizes the nature of exciton processes, the mechan- 
isms of charge transport in biological materials, the 
interactions of fast and slow electrons with model systems, 
the importance of liquid structures in determining the 
development of radiation damage, and the nature of the 
metastable species formed. 


(A997) Oct., 1964, 377 pp. 


METHODS OF ANIMAL EXPERIMENTATION 


edited by W. I. Gay 

e provides information on the most common methods for 
using animals as tools in the search for new biological 
knowledge. 


e describes techniques to facilitate the most efficient use of 
research animals, and provides guidelines for their 
comfort and welfare. 


e gives fundamental and well-developed techniques which 
will be useful to graduate students and experienced 
Scientists who must consider variations in research 
approaches. 


(G310) Vol. 1, Nov., 1964, about 375 pp., 96s. 6d. 


EXPERIMENTAL ENDOCRINOLOGY 


A SOURCEBOOK OF BASIC TECHNIQUES 
by M. X. Zarrow, J. M. Yochim and J. L. McCarthy 


e includes material designed to give the student an appre- 
ciation of the whole animal. 


e provides a text on the physiology and biochemistry of 
vertebrate and invertebrate endocrine systems. 


e covers the source, nature, physiology, assay and mechan- 
ism of action of a hormone or related group of hormones, 
along with a section of experiments, procedures and 
techniques related to the gland under discussion. 


(Z020) Sept., 1964, 516 pp., 107s. 6d. 


THE MICROSCOPICAL CHARACTERS OF 
ARTIFICIAL INORGANIC SOLID SUBSTANCES 


OPTICAL PROPERTIES OF ARTIFICIAL MINERALS 

Third Edition 

by A. N. Winchell and Horace Winchell 

e provides the chemist or crystallographer with a means to 
identify optically characterized substances. 


e offers a. convenient, versatile, graphic summary of optical 
properties keyed directly to the full descriptions of the 
substances. 

e facilitates the joint use of powder-diffraction data and 
optical properties by references to X-ray Powder Data, 
as well as to speed the confirmation of an identification. 

(W610) Sept., 1964, 431 pp., 103s. 6d. 
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Inoculum: about 1 x 10° cells/5 ml. of salts- 
* SM - streptomyeln; ST — sulphathiazole. 


Another more recent unexpected observation, to be 
reported elsewhere, is the profound change staphylococci 
experienco by one or two sub-cultures in sulphathiazole 
alone. This experience renders staphylococci mortally 
sensitive to atabrine per se. As shown in Fig. 1, normal 
cells without such an experience survive atabrine with no 
difficulty. 


Discussion 


It has been variously reported that DNA is the genetic 
seat of the drug-resistant character of bacteria’. We 
thought, therefore, that an agent capable of complexing 
stably with DNA should in some manner influence the 
development of resistance behaviour of bacteria. Strepto- 
mycin‘, spermine’, and atabrine (‘Quinacrine’)*, and 
diamino acridines, such as acridine orange’, complex 
with nucleic acids. DNA possesses acidic phosphate 
groups; spermine contains two secondary and two primary 
amino groups; atabrino contains, in addition to the 
acridine nucleus, one secondary and one tertiary basic 
amino groups in the aliphatic side-chain of the molecule, 
and streptomycin contains two guanido and one tertiary 
basic amino groups. The acidic groups of DNA and the 
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No. of cells/ml. by colony count 





18 24 36 48 60 72 


Growth period (h) 


0 6 12 


Fig. 1. Staphylococcus aureus, 34. Growth ratesin liquid media determ- 

ined by colony eounts by plating out aliquots at varlous periods of 

growth. Inoculum size at 0 h: 4-5 cells/ml. liquid medium. Curve a, 

control; curve b, in 100 ug[ml. sulphathiazole; curve €, in 100 ug/ml. 

atabrine; curve d, in the combined presence of 100 gg of sulphathiazole 
+100 gg/ml. atabrine 


Sensitive strain B Resistant to 1,000 ug SM */ml. 
Growth system Growth turbidity readings a4 hours of: 
(additions pg/ml.) - — t 

0 18 42 71 137 160 0 18 42 71 137 | 160 
1. None 10 101 197 — — — 4 160 144 — — | — 
2. ST1 1 85 140 — — — 4 160 124 — ty 
3. ST 10 E 4 8 7 6 — 157 8 12 15 112 222 = 
4. —— Atabrine 50 9 | 13 | 174 —] =|% 8 | 105 | 127 — | — | = 
5. —— Atabrine 100 2 61 184 — — — 0 0 17 87 154 — 
6. ST 10+ Atabrine 50 0 0 0 0 — 4 0 1 1 0 6 7 
7. ST 1-4 Atabrine 100 1 2 2 2 — 13 0 2 1 1 8 11 


glucose +1 per cent casein hydrolysate medium (Sevag and Barbara Ashton). 


basic groups of the other substances interact, yielding, 
various complexes of different stability. Streptomycin- 
DNA and spermine-DNA and atabrine-DNA complexes 
form precipitates. Spermine and streptomycin complexed 
with DNA are non-dialysable® through a ‘Cellophane’ 
dialysis membrane, indicating that these complexes 
are not readily dissociable. 

Chemical nature of competition among the reactants. 
In view of the common basic groups in spermine, atabrine 
and streptomycin, competition among them for tho acidic 
groups in DNA and in bacterial structure must be held in 
view. In the ribosomal system of E. coli, the incorpora- 
tion of “C-valine is inhibited competitively by spermino 
and streptomycin®. The incorporation of “C-valine is 
inhibited 36 per cent by 100 pg of spermine and 92 per 
cent by 100 ug of streptomycin. The inhibition by strepto- 
mycin per se is reduced to 44 per cent if spermine is also 
present. This reduction of inhibition is independent of 
the order of the addition of the two competitors. The 
results may, perhaps, be interpreted to indicato that 
spermine has sufficient affinity for the common reactive 
sites of the system to be capable of reducing the inhibition 
by streptomycin to the level of its own inhibition. Relat- 
ing this observation to the effect of their combincd 
action on sensitive bacteria, one would ask the question 
whether or not streptomycin could displace spermine 
competitively from its complex with bacterial DNA and 
thereby nullify their combined action in the prevention 
of the emergonce of resistant strains. Such an event, 
which would be expected to occur if streptomycin could 
have displaced spermine from its reaction sites in bacteria, 
was not observed. 

Spermine with two secondary and two primary basic 
amino groups is very active. Spermidine with one second- 
ary and two primary basic amino groups is less active. 
In contrast, putrescine and cadavarine with only two 
primary amino groups and agmatine with one guanido 
and one primary amino group are inactive. Generally, 
the basic property of the alkylamines is greater than that 
of ammonia and inereases with the number of alkyls 
introduced. On this basis, the tertiary amino group 
will combine with the acidie groups of DNA. more tightly 
than the secondary, and the latter more tightly than the 
primary, alkyl-amino groups. The inactivity of put- 
rescine, cadaverine and agmatine is possibly due to their 
weaker binding and they are therefore roadily displaceable 
by streptomycin. Supporting evidence is provided by 
Felsenfeld and Huang?, who found that spermine binds 
more tightly to nucleic acids than putrescine. 

The reports regarding tho competitive displacement by 
streptomycin of acriflavine and acridine orange, from their 
combination with DNA’, are of limited relevanco to the 
results obtained with atabrine. Since the two primary 
amino groups in acriflavine and the two dimethylamino 
groups in acridine orange are attached directly to tho 
aromatic nucleus, they may be considered as weaker 
bases than the primary, secondary and tertiary aliphatic 
amines. This difference arises from the basic character 
of the aliphatic radicals in contrast to the acidic character 
of the aromatic radicals. Their degree of Nffinities 
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fos DNA would, hence, be expected to be of different 
order. Streptomycin would readily displace aromatic 
amines but fail to displace the aliphatic amines or displace 
them with~greater difficulty. Acriflavine or acridine 
orange would therefore compare to putrescine, cadav- 
erine and agmatine in their failure to prevent the 
emergence of resistance. In contrast, atabrine, like 
spermine, because of its secondary and tertiary amino 
groups in the branched aliphatic side-chain, would be 
expected to complex DNA more tightly. In both the 
salts-glucose-casein hydrolysate or glucose broth medium 
no evidence of atabrine displacement by streptomycin 
with E. coli was observed. Nor were any observed with 
staphylococci growing in glucose broth. Occasionally, 
however, staphylococci grew in the salts-glucose-casein 
hydrolysate medium containing streptomycin and atabrine 
and 3 per cent phosphate salts. On reducing the phos- 
phate concentration of the medium from 3 to 1 per cent 
growth failed to occur in the presence of streptomycin 
and atabrine during an incubation period of 163 h. Thus, 
Streptomyoin fails to displace atabrine in these systems. 

An examination of the structures of tho other anti- 
biotics listed in Table 1 shows that none of them possesses 
amino groups comparable with those of streptomycin. 
They are therefore not expected to displace atabrine 
competitively. In fact, each of them together with 
atabrine prevented the emergence of resistant strains 
from the sensitive population of staphylococci. 

"When we consider DNA as the site of streptomycin 
action. for the mediation of the resistance phenomenon we 
must consider also the question of whether or not the other 
drugs listed in the Tables function in a manner comparable 
with streptomycin. At present we do not have a direct 
answer to this question. However, on whatever site in the 
bacterial structure these drugs exercise an antibacterial 
effect, the fact remains that their resistance-inducing 
effects are registered lastingly in DNA. One may there- 
fore conclude that the structural parts of a cell are in 
close communication with each other and exchange 
effects with DNA. (For supporting experimental data, 
see refs. 10 and 11.) 

As stated previously on the possible role of spermine?, 
atabrine by complexing with DNA prevents the resistance- 
inducing catalytic function of the drugs since neither 
spermine nor atabrine has any effect on the resistant 
state once it has come about. 

Reduction of bacteria to a ‘common status’ by atabrine 
or spermine and the double role of a drug. Spermine or 
atabrine acting on various species of bacteria reduces 
them to a ‘common status’ with respect to the two major 
roles of drugs; first, as a positive catalyst, a drug mediates 
the emergence of the resistant strains from individual cells 
which possess potentiality for acquiring a resistance 
character; secondly, as a negative catalyst, a drug exer- 
cises an antibacterial role according to its specific mode of 
action. Spermine or atabrine, responsible for the produc- 
tion of the ‘common status’, prevents the first role of a 
drug. The abolition of the first role by atabrine or sperm- 
ine lays open the normal cells and those with the potential- 
ity to become resistant to the antibacterial action of drugs. 
This relationship may be better understood if we note 
the fact that when sulphathiazole was antagonized by 
PABA (Table 1, systems 28 and 29) its bacteriostatic or 
its atabrine dependent antibacterial role (Fig. 1) was 
eliminated, whereby a strain more resistant to sulpha- 
thiazole than the parent bacteria failed to emerge. 

The above interpretation appears to find support in 
the fact that once an antibiotic, such as streptomycin, 
mediates the establishment of the resistance phenomenon 
in the atabrine- or spermine-free system, afterwards, the 
action of an antibiotic together with atabrine or spermine 
is no longer effective. In other words, the resistance- 
inducing role of an antibiotic must be blocked by atabrine 
or spermine before the bactericidal action of the anti- 
biotic can take full effect on all the bacterial cells. 
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In the situations considered here, the role of spermine 
or atabrine may perhaps be compared with the inhibition 
of DNase action on DNA by atabrine, blocking the 
substrate regions to the active sites of the specific enzyme*. 
Thus, atabrine, by combining with DNA, renders it 
unyielding to changes by its specific enzyme. It may 
therefore be postulated that atabrine combining with 
bacterial DNA renders it unyielding to changes by an 
antibiotic, whereby the first role of the antibiotic fails to 
materialize and the second, the bactericidal role, takes full 
control of the situation, preventing the emergence of a 
resistant strain. 


Conclusion 


Three pertinent facts follow from the results reported 
here: (a) at the concentrations of drugs used, resistant 
strains emerge from an inoculum of 100 million normal 
cells; (b) the emergence of resistant strains from such an 
inoculum is prevented from occurring in the combination 
of a drug and spermine or atabrine; (c) the growth of the 
strains which are sub-cultured once in a drug per se is 
not inhibited by the combination of atabrine or spermine 
and that drug. 

According to the tenets of the ‘selection theory’, a drug 
has no function in the catalysis of normal cells, or in 
causing them to experience the phenomenon of drug-resist- 
ance; it is said, also, not to have any action on the resistant 
cells which are assumed to be present in a norma] popula- 
tion. The cells which have multiplied for the first time 
in the presence of a low dose of a drug must therefore 
have the same resistance character as those assumed to 
be present to begin with in an inoculum of normal bacterial 
population. On these bases the combination of a drug and 
atabrine, being incapable of preventing the multiplication 
of resistant bacteria, should permit the multiplication of 
the drug-resistant cells assumed to be present. The 
experimental data presented in the previous? and present 
investigations do not support these teachings of the 
‘selection theory’. Hundreds of inocula, each containing 
100 million normal cells and capable of yielding resistant 
strains in the presence of drugs alone, failed to yield 
resistant strains in the combined presence of drugs and 
spermine or atabrine. On the basis of these facts, in the 
absence of spermine or atabrine, the drugs must have 
selectively catalysed the cells possessing potentiality 
into the resistant state. Furthermore, the results reported 
previously?? show that sulphathiazole brings about mass 
transformation in the enzymatic composition of bacteria. 
The results with 25-50 cells as inoculum show also that 
this drug produces the resistant phenomenon (Fig. 1) in 
the absence of a selective process. 

Atabrine has previously been shown to be an anti- 
malarial agent, and, since its very recent clinical trials in 
combination with antibiotics did not produce any un- 
desirable effocts, it is hoped that we are, perhaps, on the 
road to being able to cope with the medical aspect of 
the drug-resistance problems. It is also suggested that the 
principle outlined in this investigation may find applica- 
tion to non-bacterial systems, such as cancerous and viral 
systems. 

This work was aided by a contract between the Office of 
Naval Research, U.S. Department of the Navy, and the 
University of Pennsylvania. 
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MORE FOSSIL PRIMATES AND OTHER MIOCENE MAMMALS FROM 
NORTH-EAST UGANDA 


By Dr. W. W. BISHOP 


Curator, Uganda Museum, Kampala 


"bos existence of fossiliferous Miocene strata in Uganda 
was first recorded in 1958. Since that year various 
investigations have been carried out and short accounts 
of the fossiliferous sediments and their contained fauna 
have appeared in Nature! and elsewhere*. 

In December 1963 and January 1964, with financial 
assistance from the Boise Fund of the University of 
Oxford, an expedition was organized, based on the 
Uganda Museum, Kampala. The aim was to carry out 
further detailed investigations of various sites at the two 
prineipal fossiliferous localities associated with the extinct 
and eroded volcanoes of Napak (34? 17’ E., 2° 5' N.) and 
Moroto (34° 45' E., 2? 32’ N.) in Karamoja District, 
north-east Uganda. 

The expedition was fortunate to have the services for 
three weeks in January 1964 of Mrs. Sonia Cole. Dr. 
René Lavocat, Directeur de l'École des Hautes Etudes, 
Paris, also joined the field party for the same period. 
His experienced field identifications and enthusias- 
tic pursuit of fossil rodents and primates contributed 
greatly to the success of the expedition. Field assistance 
was given by Mr. J. Nzabonimpa and other staff of the 
Museum and by Mr. F. Onyi and Mr. S. Rhemtulla, 
students at Makerere University College. I thank all 
these people, the Commissioner of the Uganda Geological 
Survey, Mr. and Mrs. Stevenson of Iriri, Karamoja, and 
others, for their assistance. 

The following is a brief statement of the results of the 
expedition, placing on record a note of the fossils recovered, 
based on preliminary field identifications. A considerable 
fauna and a large corpus of stratigraphical information 
are now available in the Museum on the Uganda Miocene, 
and a monograph is in preparation which will include full 
details of the 1963-64 expedition and of earlier work. 





Sediments 


Table 1 records all the finds of fossils made by the 
expedition at the two main groups of localities which wero 
investigated. 

Group A embraces the sites: Napak I, IV, V, IX and X, 
from which the bulk of the mammalian fauna was ro- 
covered. As suggested previously’, the excollent state of 
preservation of the fossils at these sites is the result of 
burial in calcareous, sub-aerial pyroclastic deposits, which 
are usually medium to fine tuff in grade. 

Group B includes the sites Napak II and Moroto I and 
II. Here, owing to the deposits consisting primarily of 
gritty sediment resting on or near a surface of Pre-Cam- 
brian rocks, the preservation is much less perfect. ‘Small 
fauna’ is virtually absent and a rather different ecological 
setting from that of Group A is suggested by those species 
which are preserved as identifiable fossils. 

One of the aims of the expedition, in addition to adding 
to the faunas from different sites, was to relate the fossils 
as clearly as possible to their parent deposits by undor- 
taking archeological-type excavations. From these, 
details of the lithologies and the mode of occurrence of 
the fossils were obtained with the view of reconstructing 
from the stratigraphical and paleontological evidence 
the nature of the local environment at each of the faunal 
sites. 

As an adjunct to such paleo-ecological investigations 
it was hoped to establish a reason for the ‘fossiliferous 
patches’ which occur within the tuffs. Three such bone 
concentrations were noted during the 1961 expedition?, 
and a further ‘patch’, Napak IX, was located in 1962 by 
the Brathay Exploration Group expedition to Uganda‘. 
Again during the present expedition the bulk of the 
pieces of mammalia collected came from the four Group 














































Table 1. DETAILS OF FOSSILS FOUND BY EXPEDITION, 1963-64 
| Group A Group B 
Napak Napak Napak Napak Napak Totals Totals Napak Moroto Moroto 

g I v I X Group A | Group B II I II 
Total mammalia 345 1,410 522 205 1 2,483 1,021 565 198 258 
Indeterminate bones 162 1,009 379 144 — 1,094 919 520 183 216 
Better bones 139 188 85 35 — 447 27 11 6 10 
Skulls, teeth and jaws 44 213 58 26 1 342 75 84 9 32 

Skulls, teeth and jaws 
Rodent 33 158 23 4 — 218 2 1 — 1 
Proboscidea 2 1 — 16 — 19 33 16 1 16 
Artiodactyl 6 14 18 4 1 43 6 1 2 3 
Perissodactyl — 5 — — — 5 3 3 = = 
Carnivore — 6 3 — — 9 2 1 1 — 
Insectivore — 2 — — — 2 — 
Primate — 18 7 1 — 26 2 — 2* 
Unidentified 3 9 7. 1 — 20 27 12 5 10 
Non-mammalian fossils 

Reptile 10 65 85 2 = 112 684 359 | 316 9 
Bird — 4 1 2 — 7 1 eux = 1 
Fish — — — — — mE 3 8 mE = 
Millipede 1 4 =a — 1 6 m — — -— 
Gastropod 5 74 49 29 5 162 1 1 — = 
Fruit — — 2 — 22 24 — — — = 
Coprolite — — — — — — 147 90 57 — 


























* Two individuals represented by 56 fragments. 
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A sites, Napak I, IV, V and IX, which range from 50 ft. 
to 150 ft. in diameter. Few fossils were found from the 
outcrops of the tuffs which are the lateral equivalent of 
those at the fossil sites, despite deliberate and caroful 
search over the mile or more of expdsure revealing appar- 
ently identical lithologies. The problem was to try to 
establish whether the concentrations represented a bio- 
eoenosis, or life association, of the animals recorded by 
the fossil evidence, or a death assemblage (thanato- 
coenosis). 

In a pyroclastic deposit it is tempting to invoke some 
occurrence recalling the destruction of Pompeii or suggest- 
ing the former existence of a fumarole emitting poisonous 
gas. However, the virtual absence of complete skeletons 
or partially articulated limbs as revealed by excavation 
makes this unlikely. In addition the occurrence of signs 
of gnawing and chewing on many of the fossil bone frag- 
ments, together with the very high proportion of skulls, 
teeth and jaws in relation to post-cranial fragments (an 
average of 14 per cent of total finds for all the Group A 
sites (Table 1), suggests the action of predators in 
devouring the carcases and scattering the inedible rem- 
nants prior to their gentle stratification by ash from the 
next explosive phase of volcanic activity. 

The life association might possibly have arisen from 
concentration of animals as dictated by the presence of 
some necessity such as a water-hole or salt-lick. With 
& high percentage of primates it was just conceivable 
that, even in rocks as early as Miocene, the fossil con- 
centrations represented bone accumulation following a 
successful hunt. The results obtained have shown 
that although the fossils originate as part of natural death 
assemblages their secondary concentration in patches 
arises from different causes. 

The method of approach was to clear surface vegetation 
and then to rake and brush all loose detritus on the fossil 
sites into small heaps. This unconsolidated material was 
then passed through one or more of three grades of large 
sieve. The meshes used were 1 mm, 2 mm and 4 mm. 
The yield of fossils from the sieves reflected the richest 
parts of a site much as in geochemical prospecting. 

Trenches were then opened at the most promising locali- 
ties, to expose the sediments and fossils in situ. The 
excavations revealed that the fossils in the rich patches 
were not derived from a single ‘bone bed’ but in every case 
from several thin and sparsely fossiliferous layers separ- 
ated from each other by a few feet of barren tuff. These 
breaks in deposition showed various degrees of soil forma- 
tion and frequently had casts of horizontally ramifying 
roots of fossil vegetation. At Napak I six such horizons 
occurred within 35 ft. of tuff. Although the yield of fossils 
from each horizon was small, identifiable and apparently 
identical rodents were recorded from all the levels. 
Again, at Napak IV, where the most extensive excavations 
were carried out, three similar discrete horizons, which 
yielded fossils consistently yet sparingly, were located 
within 25 ft. of sediment. 

An important factor contributing to tho patches 
appeared to be the presence of a suitable present-day 
catchment area in association with the fossiliferous layers 
to enable a secondary concentration of fossils to be built 
up through gradual etching-out by processes of weather- 
ing and erosion acting over a long period of time. 

At Napak IV the catchment area is provided by a basin- 
like dry valley with a restricted outlet. At Napak I, V 
and IX (and also at X where few Mammalia but num- 
erous fruits wero obtained) the catchment area is pro- 
vided by flat benches or berms, underlain by horizontal 
resistant strata, occurring on the ends of spurs. The 
specimens derived from tbe thin fossiliferous horizons on 
the steep slopes are concentrated on the ‘flats’ at their 
bases. 

One other variable which seems to contribute to the 
resistance of the fossils to weathering, which is essential 
for the*’natural but gradual etching-out of well-preserved 
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specimens, is the immediate chemical environment or 
sedimentary matrix of the fossil. ` 

In thin section the tuffaceous matrix in which the 
fossils are embedded can be seen to possess a calcite 
cement. Because of recrystallization it is virtually impos- 
sible to be certain of the initial composition of the ash 
which blanketed the original bones. However, chemical 
analyses show that at present the fossil bones, tusks and 
teeth have a CaO content ranging from 44 to 49 per cent, 
while the tuffs forming the matrix range from 37 to 40 
per cent. A thin layer of calcite frequently encrusts the 
fossils and binds them together as coherent specimens 
even when the bone or tooth enamel itself exhibits 
numerous cracks. 

At all the fossiliferous localities veins of secondary 
calcite occur and in places the tuffs have been sufficiently 
calcified to warrant their being referred to loosely as 
‘limestones’. Some joint planes are marked for short 
distances by bands of calcareous tufa up to three-quarters 
of an inch in thickness. At Napak IV immediately above 
the fossil site and centrally situated in relation to the 
fossiliferous area, a former spring-eye is marked by a 
‘motor tyre’ structure of travertine. There seems little 
doubt from the nature of the upper surface of the traver- 
tine that the spring was a recent feature. However, as a 
result of movement of calcium-rich surface and ground 
water near the spring-eye, the tuffs are intensely calcified 
and all joints and cracks are filled with calcium carbon- 
ate. 

It seems probable that the deposition of travertine 
at Napak IV and possibly the action which gave rise to 
the bands of tufa at other localities, although of com- 
paratively recent age, gave to tho fossils that extra dura- 
bility which enabled them to survive on erosion to become 
secondarily concentrated in their respective catchments. A 
few of the fossils which were recovered by excavation had 
escaped secondary calcification. When this was the caso 
the bones were exceptionally fragile and required very 
careful removal and preservation owing to their cracked 
condition. Such fragile specimens would become com- 
minuted while in the soil instead of surviving to lie on 
the surface. 

It is suggested that, in the absence of secondary caleifi- 
cation plus a suitable catchment, the tuffs would appear 
to be largely unfossiliforous. The fossiliferous patches 
reflect not only a suitable medium for burial and initial 
fossilization but also a suitable chemical environment 
and physical catchment to ensure the re-emergence and 
concentration of recognizable specimens for the palæon- 
tologist. 


Fauna 


Mammalia. During six weeks’ field work a total of 
3,504 mammalian specimens was collected, of which 417 
pieces were parts of skulls, teeth and jaws. Although 
many of the post-cranial pieces recorded as ‘better’ bones 
in Table 1 are well preserved, the extent to which they 
are assignable to genera or species is variable. Thus 
comparison of numbers of different groups present at each 
site has been limited to the more readily and consistently 
identifiable skulls, teeth and jaws. 

Although 1,021 mammalian specimens were recovered 
from the Group B basal grits, only 75, or 7 per cent, were 
fragments of skulls, teeth and jaws. Of these, broken-up 
fragmonts of molars and tusks of Proboscidea, chiefly 
representing T'rilophodon angustidens with a few fragments 
of Dinothertum, account for almost 50 per cent. Teeth 
of other mammals occur only sparingly at these sites, but 
the presence of rhinocerotids and anthracotheres is of 
interest as both are rare at Group A sites. Carnivore 
remains have not been recorded previously from the 
Group B localities, but & tooth from Napak II recovered 
during the recent work appears attributable to Pterodon, 
which in the form of Pterodon africanus has been recorded 
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from Napak I. The small fauna of primates, insectivores 
and rodents is virtually absent from Group B although 
single rodent incisors were recorded for the first timo at 
Napak II and Moroto II. The remains of large primates 
recovered from Moroto II are diseussed below. 

In sharp contrast to the assemblages at the Group B 
Sites is the overwhelming abundance of rodents at the 
Group A sites where they comprise 218, or 64 per cent, 
of the total of 342 skulls, teeth and jaws collected. How- 
ever, there is considerable individual variation in the 
percentages of rodents from site to site. At Napak IV 
the 158 rodents represent 74 per cent of the total, and at 
Napak I 75 per cent, but at Napak V the percent- 
age drops to 40 per cent and again to 16 per cent at 
Napak IX. 

Artiodactyls also show considerable variation in relative 
abundance with 32 per cent of the total at Napak V 
falling to 16 per cent at Napak IX, 14 per cent at Napak I 
and 7 per cent at Napak IV. Where the total number of 
skulls, teeth and jaws collected at a site is small, some 
doubt may exist as to whether the observed differences 
are significant. However, if reference is made to the 1961 
colleetions from the same sites a remarkably similar 
picture is presented. At that time rodent percentages 
were also highest at Napak IV with 84 per cent and artio- 
dactyls at Napak V with 34 per cent of the total. 

Proboscidea are more difficult to assess, as both tusks 
and molars are easily fragmented on exposure to weather- 
ing. Thus a single individual may be represented in the 
collections by numerous fragments. This appeared to be 
the case at Napak IX, where 16 fragments of proboscidean 
teeth were collected in a total of 26 pieces. At Napak I, 
where numerous fragments of Proboscidea have been 
eollected previously, only two more were found in a total 
of 44 pieces. By contrast another 33 rodents were re- 
covered, presumably because the smaller rodent fragments 
are more difficult to see. Rodents as a whole are so 
numerous that they offer the best basis for comparison 
between. localities differing slightly in age or ecological 
setting, with histograms illustrating the nature of each 
fauna as in micropaleontology. 

Primates, which are normally reticent candidates for 
fossilization, have beon consistently present at four of the 
Group A sites. At Napak IV they were next in abundance 
to rodents and the 18 specimens constituted 8 per cent of 
the total. At Napak V, 7 more specimens were recovered 
comprising 12 per cent of the total compared with 14 
per cent in 1961. The primate finds are dealt with in 
more detail below. . 

The mammalian fauna, so far identified from all the 
Group A sites at Napak, bears a remarkable similarity 
to the genera and species occurring in the assemblages 
from Rusinga and Songhor in Kenya, although the relative 
abundance of many of the species may later be shown to 
differ. 

Lower Vertebrates and Invertebrates. A total of 1,147 
non-mammalian fossils was collected comprising reptiles, 
birds, fish, millipedes, gastropods, fruits and coprolites. 
The numbers in each group vary tremendously as shown 
in Table 1, with reptiles by far the most numerous with 
796 pieces and land snails next in importance with 163 
individuals. The non-mammalian fossils help to emphas- 
ize differences in the nature of the assemblages and in the 
type of preservation at the two groups of sites. Reptiles 
are most abundant at the Group B sites, where they con- 
sist chiefly of chelonian scutes, while the land snails are 
entirely restricted to Group A. : : 

At the Group A sites reptiles are comparatively irisignifi- 
cant in numbers compared with mammals (a total of 
112 pieces compared with 2,482). At these sites the 
principal reptile remains are snake vertebre, lizard 
scutes and chelonian fragments. The millipedes and fruits 
are few in number and restricted entirely to Group A, as 
for the most part are the bird remains, while fish and 
coprolites have been recorded only from Group B. 
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There seems little doubt from the Group 4 faunal 
evidence of the sub-aerial nature of the tuff environment. 
The Group B fauna suggests a waterside setting. 

Primates. Between 1958 and 1963 ninoteen fossil 
fragments identifiable as primate were recovered from the 
Napak Group A localities and eight fragments from 
Moroto II:-?. The success of the 1963—64 expedition 
in this field can be seen from the fact that another 
28 individual specimens representing primates (26 parts 
of skulls, teeth and jaws (Table 1)) were collected at 
Napak. At Moroto II, 56 fragments were recovered 
representing parts of probably not more than two indi- 
viduals. 

The majority of the finds at Napak wero from site IV, 
which yielded a total of 18 pieces of skulls, teeth and jaws. 
With the exception of UM.P. 64-01, a right upper M! of 
Proconsul major, the majority of the finds were of small 


, primates®. 


The most complete specimen from this site UM.P. 
64-02 is an undeformed palate and snout which seems 
attributable to a small species of the hylobatine genus 
Limnopithecus or Pliopithecus (Simons has recently 
proposed that the genera Limnopithecus and Pliopithecus 
can no longer be considered distinguishable’). f 

The specimen UM.P. 64-02 is the most complete single 
specimen so far recovered of a small representative of 
this genus. Although still not fully developod from its 
block of matrix it can be seen to retain on the left side 
M, M? and M? and the root of the canine, and on the 
right side, P3, Pt, M!, M? and M?. The face is prosent as 
far as the lower portion of the left orbit. The remaining 
site IV finds are a variety of small fragments and isolated 
primate molars, canines and incisors of varying sizes. 
Some are larger and some smaller than appropriate teeth 
of the Limnopithecus specimen UM P. 64-02 referred to 
here. 

Although most of these specimens were recovored by 
sieving the surface detritus, seven specimens were found 
in situ in two small excavations. The density of primato 
remains is remarkable as the whole of Napak. site IV 
measures only 45 ft. by 50 ft., while the excavations are 
4 ft. by 9 ft. and 5 ft. by 8 ft., respectively, and wero 
dug into bends of tuff less than 1 ft. in thickness. 

Napak V yielded seven specimens all from the surface 
detritus, including five single teeth of small primates, tv 
lower premolar of Proconsul, and an upper right lateral 
incisor with broken crown, which is also ascribed te 
Proconsul. Napak TX yielded two specimens, a fragment 
of right mandibular ramus of Limnopithecus containing 
M, and M,, and the head of a femur possibly of the same 
genus. The four Napak sites have now yielded in 6 years 
a total of 45 parts of primate skulls, teeth and jaws 
representing fossil Pongidae, Hylobatinae, Galagidae and 
possibly Cercopithecidae. 

By contrast with the variety of forms and the number of 
individuals recovered from Napak, the site at Moroto II 
is remarkable for the fact that although 64 primate 
fragments have been recovered they probably represent 
not more than three individuals of the single species 
Proconsul major. 

A brief history of the finds at Moroto II is as follows: 
In August 1961 at the end of an expedition to Uganda from 
the University of Glasgow, Bishop and Whyte found 
the new site Moroto II which yielded, following only 
a brief investigation, two primate fossils. These were 
part of a left maxilla without teeth (U.M.P. 62-11). and 
a fragment of a massive right mandibular ramus (U M.P. 
62-10). 

ln December 1961 Prof. D. B. Albrook was able to 
visit the new Moroto site with a party of students from thé 
Department of Anatomy, Makerere University College. 
They found a large piece of the right maxilla and two 
adjoining fragments of the original specimen U.M.P. 62-11, * 
together with a single left upper canine (UM.P. 62-12), 
and two small mandibular fragments probably part of 
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DE 1. The new palate UM.P. 62—11.from Moroto II. 
view; (5 palatal view 


(a) Lateral 
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UM.P. 62-10. All this Moroto II primate material and 
another ‘seven pieces found between 1958 and 1962 at 
Napak (UM.P. 62-03 to UM.P. 62-09) have been 
attributed by Allbrook and Bishop to the species Procon- 
sul major’. 

Despite a time-lag of 2-5 years since the discovery of 
the first primate fossil at Moroto II the recent expedition 
has.now recovered, by sieving and excavation at the 
original ‘site, 56 additional pieces, of which 49 seem to 
belong to the palate UM.P. 62-11 and a further 7 with 
the fragmentary mandible UM.P. 62-10. 

- It is not proposed to describe the new material in any 

detail here as a full account of all the Uganda primate 
fossils is in preparation. However, as the palate UM.P. 
62-11 is the most complete upper dentition known of a 
‘Lower’ Miocene ape, apart from the classic Rusinga 
skull of Proconsul africanus discovered by Dr. L. S. B. 
and Mrs. Leakey, & preliminary account of the Moroto II 
specimen is given here. 

When originally described, the specimen only had the 
crowns of three teeth, right Pt and M! and left M? (ref. 3, 
Fig. 1). An additional 14 pieces have now yielded at 
en parts of the crowns of another 12 teeth. 

Details of the teeth are given in Table 2. The molar- 
premolar series is now complete on both sides of the 
palate although a small chip of enamel is missing from the 


Table 2. TEETH OF SPECIMEN UM.P. 02-11 


Left Bight 

A.P. Tr. A.P. 
(mm) (mm) Ind. (mm) (nui) Ind. 
AM 12-7 18:5 106 13-0 13-7 105 
Me 12-9 13-3 108 18:0 18-4 103 
An 11:7 12-0 108 11:0 12-0 109 
P: TY 14-3 186 T5 140 187 
P? 9:8 - 18:90 142, 9:9 13-9 140 
C 19-0 16:6 82 18:0 15:0 83 
IL 97 8-2 85 97 81 84 
IM £7 10:3 : 118 — — — 


NATURE 


September 26, 1964 vor 203 


anterior/lingual corner of the right M? and another chip 
from the lingual portion of left P?. The left canine is 
broken off and missing just above the base of the enamel, 
but the right canine is almost complete although recon- 
structed for about 7-0 mm above the alveolus and lacking 
the tip of the crown (Fig. la). Both left incisors are entire, 
but the right lateral incisor although complete in the crown 
is lacking a portion of the root for 3-0 mm above the 
alveolus. The sixteenth tooth, the right medial incisor, 
was lost during the life of the creature and the alveolus 
in the fossil is partially filled with bone. Both lateral 
incisors show elliptical wear facets from contact with the 
lower canines. 

Eleven more fragments of the palate and lower face 
have been added to the specimen, while another seven 
fragments comprising the nasal area as far as the base of 
the orbit have been reconstructed into one piece. This 
specimen joins on to the reconstructed snout and palate 
at one point but is not included in Fig. la. The complete 
specimen has been reconstructed from a total of 36 
fragments. Another 17 pieces undoubtedly belong to the 
same specimen but cannot be fitted into place. 

Although the specimen has been reconstructed from so 
many fragments the bones are massive and all the breaks 
are sharp and unabraded, which suggests that the specimen 
had only just eroded out and that it broke up immediately 
on doing so. The jagged edges of adjoining pieces fit 
together with a perfection which prevents errors in recon- 
struction. As the specimen is free from post-mortem 
deformation the profile of the muzzle and the morphology 
of the palate can be seen perfectly and recall strongly 
those of maxillary specimens of Proconsul africanus from 
Kenya, although the Moroto II specimen is much larger. 
(Average length of cheek teeth row in P. africanus 35 mm, 
and in UM.P. 62-11, 54-6 mm.) 

Specimen UM.P. 62-10 is now represented by ten frag- 
ments although only two can be joined together. There 
is little hesitation in associating them as originally part 
of one individual, as the bone has a characteristic purple- 
brown patination and the fragments were all recovered 
from a surface area 8 ft. in diameter. This location is 40 
ft. away across an erosion gully from the spot at which 
the parts of UM.P. 62-11 were found but lies on the same 
stratigraphical horizon. 

Four of the specimens are only broken pieces of bone and 
three others retaining parts of the roots of teeth are too 
fragmentary and abraded to warrant further comment 
here. One piece shows the broken-off root of a large canine 
tooth still surrounded by massive but rather worn bone. 
The portion of canine is 27-0 mm in length and measures 
17-0 mm by 13-0-- mm at its widest part. 

The fragment of massive right mandibular ramus 
UM.P. 62-10, described by Allbrook and Bishop’, has 
now been joined to another mandibular fragment con- 
taining the very broken crown of M, and completing the 
anterior portion of M, The measurements of the shat- 
tered crown of M, are A.P. 10:0 mm, Tr. 10.0 mm, and 
of the root of M, A.P. 11:4 mm, Tr. 127 mm. ` 

Although the identifiable fragments of UM.P. 62-10 
and 62-11 represent lower and upper dentitions respec- 
tively of a large fossil ape, the separation of the two finds 
into two subsites in the same gully, their different pre- 
servation, and the fragmentary nature of UM.P. 62-10 
make it doubtful if they represent parts of one individual. 
It is suggested that two individuals are possibly involved 
with the isolated upper -canine U.M.P. 62-12 probably 
representing @ third. 

Throughout this paper the Moroto II specimens have 
been assigned to the species Proconsul major as defined 
by Le Gros Clark and Leakey*. The reasons for the 
original designation of U.M.P. 62-11 as belonging to this 
species were set out at some length by Allbrook and 
Bishop’. : 

However, it may be added that Simons? has recently 
directed attention to the proliferation of genera in Miocene 
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primates and has suggested that the existing material 
should be assigned to only three or four genera. Proconsul 
and Dryopithecus are included in these four, but it is 
worthy of note that Simoris makes reference to ‘the 
probability that Proconsul cannot be separated generically 
from Dryopithecus’’. 

In the face of such views, together with such considera- 
tions as the variability of dentition and skull morphology 
in living pongids, and the range of variation in fossil 
specimens owing to sexual dimorphism, it seems premature 
to do more than refer the specimen to the existing species 
P. major at this stage. It is unfortunate that the bulk 
of the Kenya specimens of P. major are mandibular frag- 
ments or from lower dentitions, with the exception of two 
isolated upper second molars, while the majority of the 
Uganda specimens are by an odd coincidence maxillary 
fragments or upper teeth. The similarities between the 
two upper second molars from Kenya (5:381'49 and 
CMH. 35(5) and the relevant teeth from Napak end 
Moroto have been referred to previously’. 

The mandible fragment (OM.P. 62-10) from Moroto II 
is remarkably similar to the relevant fragment of Proconsul 
major recovered from Songhor in Kenya. Although it 
has already been shown that the upper and lower 
dentitions from Moroto IT cannot safely be considered 
as belonging to the same individual, their general 
similarity in size makes it probable that they belong 
to the same species. Until it can be shown beyond 
doubt that two apes of almost identical size and similar 
morphology which lived and died close together at 
Moroto II nevertheless belonged to separate species, it 
seems preferable to apply Occam’s Razor and assume 
that they were two individuals of the same species. 

A similar argument can be applied at Napak, as molars 
morphologically identical to those of UM.P. 62-11 from 
Moroto II have been recovered from Napak I, Napak IV 
and Napak V. Table 3 compares details of the upper 
first and second molars recovered from Napak and Moroto. 
The additional fragments of the canines from the palate 
UM.P. 62-11 confirm in size and morphological similarity 
the comparison which was made by Allbrook and Bishop? 
between the six upper canines from Uganda. These are 
UM.P. 62-11 and 62-12 from Moroto II and from 
Napak I (UM.P. 62-03) and Napak V (U.M.P. 62-04 and 
05). The broken right lateral incisor from Napak V has 
dimensions A.P. 9-8 mm, Tr. 7-0 mm and an index of 
81 which compares closely with the lateral incisors of the 
Moroto IT specimen. It also has a similar elliptical wear 
facet. 


Table 3. VARIOUS UPPER FIRST AND SECOND MOLARS FROM UGANDA 


AP. Tr. 
Details (mm) (mm) Index 
Moroto IY UM.P.62-11 Left IP 11-7 12-0 103 
MorotoI[ UM.P.62-11 Right M! 11-0 12:0 109 
Napak V | UM,P.62-07 Right M! 11-6 13-0 112 
Napak IV  UM.P.64-01 Right Af! 117 19:5 115 
Moroto II UM.P. 62-11 Left M? 12-9 13-3 103 
Moroto Yl UM.P. 62-11 Right 37? 13-0 13:4 103 
Napak V UM.P. 62-08 Left M* 15:2 17-2 113 
Napak I UM.P. 62-09 Left? M? 15:0 — — 


Conclusion. Fossil remains of Proconsul major, an ape 
exhibiting slight variations in dentition and morphology, 
similar in range to those to be observed in the modern 
gorilla, have now been recovered from four separate sites 
in Uganda. "These are Moroto II (2 or 3 individuals), 
Napak I (2 or more individuals), Napak IV (1 individual) 
and Napak V (at least 2 individuals). From Kenya the 
species is known from Songhor and Rusinga, and the 
general faunal similarity of the Napak assemblage to the 
faunas of these two sites has already been commented on. 

Simons suggests that detailed comparisons may show 
material virtually identical with the species Proconsul 
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major of East Africa to occur among the Miocene ‘Siwalik’ 
apes of India and Pakistan. 

In ending this article on the new material from Uganda 
perhaps one cannot do better than to echo part of a 
sentence from the pen of Prof. T. N. George. It is to be 
hoped that more new genera and species of Miocene 
primates will not be established which are based on fossils 
“differing morphologically in only minor ways from 
specimens already described"*. 

Thus the Moroto II palate is ascribed to Proconsul 
major. With the other new finds from Uganda it should 
greatly assist comparative investigations of East African, 
European and Siwalik material. Until these are carried 
out, Dryopithécus and Proconsul seem best viewed, again 
as suggested by Prof. George, as variable “collateral 
representatives of the generalized radical from which 
both the pongids and hominids sprang". 


Radiometric Dating 


During the 1961 expedition a series of specimens col- 
lected from Napak and Moroto was sent for #K/*Axr 
dating to Drs. J. F. Evernden and G. H. Curtis, of the 
University of California, Berkeley, and Dr. P. Damon, of 
the University of Tueson, Arizona. 

Ithank Dr. Damon for details of the first determination. 
This is for biotite from a sample of tuff within the fossili- 
ferous sediments at Napak I. The apparent age obtained 
was 19 + 2 million years. (Full details of this determina- 
tion together with results for other samples will be given 
as soon as available.) 

Dr. Damon writes: “The potassium content indicates 
that the biotite has not been seriously perturbed by ion 
exchange and the retentivity should be good in the 
absence of subsequent reheating. The biotite flakes and 
books were ragged in some cases, rounded in others and 
of different sizes. The possibility has to be borne in mind 
of contamination by older biotite from basement rock. 
A large error is assigned because there was only enough 
biotite for a single analysis and the air correction was 
two-thirds of the total argon”. 

The age of 19 + 2 million years would fall within the 
Burdigalian which agrees with the generally accopted 
faunal age of the East African ‘Lower Miocene’. It 
would also be in keeping with the *°K/#°Ar age of 14 
million years quoted for the Fort Ternan fauna!". How- 
ever, an age of 15:3 + 1:5 million years has been recorded 
by Evernden and Curtis as their best date for tuffs on 
Rusinga Island’. As this date refers to horizons older 
than those which yielded the ‘Burdigalian’ fauna from 
Rusinga a problem is raised by the short period of time 
available for the development of a virtually new serios of 
forms at Fort Ternan in all the faunal groups, compared 
with those occurring in the ‘Lower Miocene’ at Rusinga, 
Koru and Songhor and at Napak. 

All the differences between the typical ‘Lower Miocene’ 
fauna and the contrasting assemblage at Fort Ternan are 
unlikely to be ecological, and it would seem that the 
Napak date appears more realistic at present from the 
palzontological evidence. However, it must be emphas- 
ized that these are merely the first results from radio- 
metric dating of fossiliferous Tertiary strata in East 
Africa, while faunal correlations between Europo and 
Africa, based on land mammals, are somewhat speculative. 
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NATURAL RUBBER RESEARCH 


CONFERENCE to mark the silver jubileo of the 

Natural Rubber Producers’ Research Association 
(NRPRA) was held at St. John’s College, Cambridge, 
during April 7-9, and was attended by more than 150 
delegates from the universities and industries of many 
countries. 

The Association was formed in 1938 to meet the need 
for research into the nature and properties of natural 
rubber. Together with its sister organization, the Rubber 
Research Institute of Malaya, it is financed by and oper- 
ates under the xgis of the Malayan Rubber Fund Board 
in Kuala Lumpur. it thus represents an unusual, if not 
a unique, variation in the present pattern of technical 
assistance, being a scientific foundation supported by a 
developing member of the Commonwealth in the territory 
of an industrial member—to the reciprocal benefit of 
both. In setting up the Association it was recognized 
that rubber technology needed to be based on a firmer 
scientific foundation and that the time had come 
when it was necessary to do something about it. These 
times were recalled by Sir Harry Melville in a plenary 
address in which he traced the achievements of the 
Association over the past twenty-five years. Sir Harry 
pointed out that doubts existed in the 1930's as to 
whether rubber was really a high molecular weight 
polymer at all and that then there were still supporters 
of the ‘micellar’ or association theory of natural polymers, 
according to which the polymers consisted of small 
molecules associated by unusually strong residual valency 
forces into aggregates or micelles. 

The problem that faced the British Rubber Producers’ 
Research Association, as it was then, was the introduetion 
of a rationale into the technology of making satisfactory 
rubber materials end components. To achieve this end 
it set out on investigations which were to bring clearly 
into focus the molecular make-up of natural rubber and 
similar polymers and the physical background of their 
unique mechanical properties. In describing the prom- 
inent contribution of NRPRA to the development of 
polymer science, Sir Harry directed particular attention 
to the mechanism of vulcanization, oxidative degrad- 
ation and rubber elasticity. 

Stimulating plenary addresses were also given by 
Prof. Herman Mark (Brooklyn) and Prof. James Bonner 
(California). Prof. Mark described recent advances in 
polymer chemistry with special reference to new types 
of co-polymers, including ‘ladder’ polymers. He stated 
that the recent advent and commercial production of 
so-called ‘stereo’ rubbers had led to great interest in, and 
fuller understanding of, the mechanism of ionie poly- 
merization. The use of ionic catalysts offered the possi- 
bility of producing a much wider range of materials than 
could be made with free radical catalysts and unusual 
combinations of monomers had now become possible. 
Of special interest were co-polymers which exhibit flexi- 
bility and stability at extremely high temperatures, and 
Prof. Mark demonstrated the outstanding high-tempera- 
ture properties which could be achieved with ladder 
polymers. 

Prof. Bonner discussed some of the problems likely to 
arise in future investigations of the control mechanisms 
in rubber biosynthesis. When latex was withdrawn from 
the tree, enzymes and co-factors essential for the regener- 
ation of rubber were also removed. This drastic disturb- 
ance in the physiological balance of the laticiferous tissue 

might mean that the rate of enzyme synthesis was of 
particular importance in determining the yield of rubber 
from a tree. 


The conference sessions were devoted to twc 
topics: the ultrastructure and metabolism of 
latex, and the chemical structure and mechanic 
perties of vulcanized rubber. Great interest was si 
work on the mechanism of rubber biosynthesis. 
rubber is but one member of a large family of comp 
the terpencids—all of which appear to be formed 
common precursor, isopentenyl pyrophosphate 
distinctive molecular features of natural rubber 
extremely high molecular weight and the fact 
possesses a uniformly cis-geometrical config 
Other papers presented showed that encouraging | 
had now been made in understanding the det: 
subtlety of the structure of cross-linked rubber n 
and the relationship between these featur 
mechanical and physical properties of the vu. 
rubber. 

In an introductory lecture to the symposium 
first topic, Prof. G. E. Blackman (Oxford) discus 
reasons for the unique position of the species 
brasiliensis as a commercial source of natural 
One of the most important factors is that this 
possesses an anastomosing system of latex vessel 
allows a considerable area of bark to be drained | 
at each tapping, and the regeneration of latex is sufi 
rapid for the tapping to be repeated every two da; 
without injury to the tree. Breeding and s 
work at the Rubber Research Institute of Malays 
the past forty years has increased the yield of 
per tree more than three-fold. Further increases 
obtained by applying to the bark growth regulat 
as 2,4-dichlorophenoxyacetic acid or the 2,4,5-t 
analogue. The use of these materials results 
withdrawal of latex from a larger area of bark per t. 

Electron microscope studies of the ultrestruc 
Hevea brasiliensis latex vessels were described 
P. B. Dickenson (NRPRA). The vessels reta 
late stage of maturation the recognized ultrast 
features of a plant cytoplasm, but with some 
features. Rubber particles and two main types 
rubber particle are present at an early stage in the 
ment of the vessel and, as maturation procex 
became increasingly predominant while the pe 
cytoplasm progressively degenerates. Howev 
Dickenson emphasized that both structural a 
chemical characteristics indicated that tappec 
latex is part of a specialized cytoplasm. 

The commonest non-rubber particle is the 
which in young latex vessels passes through a tr 
phase characterized by inclusions of proteinaceou 
fibrils which have a soluble helix structure. Th 
fibrils disappear from the particles as the ves: 
A vigorous discussion took place concerning tk 
of these particles. 

The less-frequently-oceurring Frey-Wyssling | 
composed of lipids and often containing cari 
originate as inclusions in larger organized pa 
structures. Within these, there is also a separat 
elle containing & complex of ramifying tubules c 
ordered structure. The lecturer suggested that 
stant association of the lipid particles with this | 
implied a possible functional role of the latter 
carotenoid synthesis. 

The composition and stability of the lutoi 
fibrils were discussed in a paper by Dr. B. G. 
(NRPRA). One of their most interesting fei 
the reversible break-down and re-formation of tl 
fibrils under suitable conditions of temperature 
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Temperatures below 0°C and pH values close to the iso- 
electric point of the protein favour the reassembly of 
the fragments into long microfibrils. The mechanism 
of this process aroused considerable discussion, centring 
mainly on the question whether separation of the double 
helix into single strands was a necessary preliminary to 
both break-down and re-formation of the microfibrils. 
Dr. Audley stated that the metabolic function of the 
microfibrils and the lutoid particles themselves was not 
known, but that neither contained ribonucleic acid. 

Three papers were presented dealing with different 
aspects of rubber biosynthesis. Dr. R. G. O. Kekwick 
(Birmingham) discussed some of the earlier stages in the 
biosynthesis, with particular reference to the roles of 
acetate and mevalonate and the influence of ATP on their 
incorporation into rubber. An unexpected finding was 
that ATP at moderately high concentrations retarded the 
incorporation, of acetate but not of mevalonate, suggesting 
that ATP-dependent side reactions might be taking 
place involving, as substrate, one of the intermediates 
between acetate and mevalonate. 

Dr. D. Barnard (NRPRA) recalled that the work of 
Bloch, Lynen and others had established that the ‘active 
isoprene’ derivative utilized in the build-up of terpenoid 
chains is isopentenyl pyrophosphate. For terpenoids 
containing an isopropylidene end group the chains are 
initiated by dimethylallyl pyrophosphate, formed from 
isopentenyl pyrophosphate by an isomerase enzyme. 
So far, this enzyme has not been detected in rubber latex. 
However, Dr. Barnard described experiments showing 
that incubation of a mixture of dimethylallyl pyrophos- 
phate and isopentenyl pyrophosphate with the (rubber- 
free) aqueous phase of latex resulted in the formation 
not of rubber but of trans-trans-farnesyl pyrophosphate. 
This product was shown to have a marked inhibitory 
effect on the incorporation of isopentenyl pyrophosphate 
into rubber. Dr. Barnard pointed out that the presence 
in the aqueous phase of latex of enzymes capable of 
forming low-molecular-weight trans-terpenoid compounds 
suggested a likely control mechanism for the utilization 
of isopentenyl pyrophosphate in latex. 

Dr. B. L. Archer (NRPRA) described recent work on 
the biosynthesis of rubber (cis-1,4-polyisoprene) in whole 
latex. The incorporation of isopentenyl pyrophosphate 
into rubber in vitro appears to occur exclusively at the 
surface of existing rubber particles, at a rate proportional 
to the surface concentration of enzyme as calculated 
from the Langmuir adsorption isotherm. The addition 
of dimethylallyl pyrophosphate increased the rate of 
incorporation of isopentenyl pyrophosphate into rubber, 
provided that the farnesyl pyrophosphate synthesizing 
enzyme in the aqueous phase of the latex was first re- 
moved, thus indicating that rubber molecules can be 
formed de novo from dimethylallyl pyrophosphate in the 
presence of a rubber surface. Dr. Archer also described 
work carried out in collaboration with Dr. G. Popjak 
and his colleagues, in which the incorporation of 
2-(*C)-4-(*H)-mevalonate into rubber had been studied. 
The availability of this material in two stereoisomeric 
forms had enabled the authors to prove that in the 
formation of rubber the olimination of a proton from the 
a-carbon atom of isopentenyl pyrophosphate was com- 
pletely stereospecific. Furthermore, stereospecificity 
was in the opposite sense to that previously found by 
Popjak for the formation of trans-trans-farnesyl pyro- 
phosphate in liver systems. 

A speculative, but stimulating, paper on the role of 
rubber in plant metabolism was given by Dr. F. J. Bealing 
(NRPRA), whose thesis in essence was that rubber 
formation provides a mechanism for the anaerobic re- 
oxidation of the TPNH produced (mainly) by operation 
of the pentose cycle. This reoxidation occurs during the 
reduction of pB-hydroxy-B-methylglutaryl-coenzyme A to 
mevalonic acid, and the subsequent formation of rubber 
was considered by Dr. Bealing to be the means of con- 
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verting relatively large quantities of the soluble acid to a 
metabolically inert product. However, this transform- 
ation requires the consumption of three molecules of 
ATP per molecule of mevalonate, and a lively discussion 
was held on the sources and availability of ATP in rubber 
latex. 

The symposium on the chemical structure and mechan- 
ical properties of vuleanized rubber was opened by Prof. 
G. Gee (Manchester), who discussed some recent develop- 
ments in the field of rubber elasticity. The main features 
of rubber elasticity are accounted for by & model con- 
sisting of a set of random flight chains linked together 
into & network. Corrections are needed for the small 
volume change which accompanies elongation and results 
in an increase of energy. Recently, account has also been 
taken of the effect of the energy difference between 
rotational isomers in the main chain. Separation of these 
two factors has been achieved experimentally by thermo- 
elastic measurements at constant volume. There still 
remain small discrepancies between theory and experi- 
ment; these may arise from the excluded volume problein 
in a real chain. 

In a paper dealing with the strength of rubbers, Mr. 
A. G. Thomas (NRPRA) pointed out that many appar- 
ently different types of mechanical failure were based 
ultimately on a common physical process, namely, 
the propagation of a tear in the rubber. This had led 
to the development of a unifying way of describing the 
strength of rubber in which the energy required to creato 
unit area of new surface (the ‘tearing energy’) was a 
parameter of fundamental significance. The tearing 
energy was generally much higher than ordinary surfaco 
energies because, in the case of rubber, the energy associ- 
ated with stress concentration at the tip of a flaw could bo 
readily dissipated throughout the surrounding volume. 
By means of the tearing energy, cut growth could be 
theoretically related to fatigue and flex-cracking behaviour; 
the theory postulated flaws of ascertainable size as in- 
itiating this type of failure. 

Dr. A. Schallamach (NRPRA), talking on tyre wear, 
first stressed the importance of the elastic properties 
of tyres on the amount of sliding, and therefore abrasion, 
in the area of contact with the road. These effects aro 
as relevant to wear as the abrasion resistance of the tyre 
tread. The mechanism of abrasion depends on the nature 
of the road, and at least two processes can be distinguished. 
On a sharp pointed surface, tensile failure predominates; 
on smoother surfaces, fatigue governs the rate of wear. 
In practice, both processes come into operation, and 
relative ratings depend on the severity of service. 

The chemistry of vulcanization was considered in a 
paper by Dr. C. G. Moore (NRPRA), who first outlined 
the different experimental approaches to this complex 
subject, including the use of model olefins and of ‘chemical 
probes’ to detect specific groups in the vulcanizatcs. 
Such methods had led to a much better understanding, 
in recent years, of the chemistry underlying tho vulcan- 
ization process. As a result, an explanation could now 
be given of the way in which the naturo of the vulcaniz- 
ing agent affected the structure of the initially formed 
cross-links between the rubber chains, and of how these 
cross-links influenced the subsequent chemical reactions 
occurring during vulcanization and in service. Dr. 
Moore pointed out that this knowledge represented an 
important advance in our ability to design the typo of 
vulcanizate best suited to particular industrial applica- 
tions. 

Dr. Cunneen stated that the chemistry of the oxid- 
ative ageing of natural rubber vulcanizates had been 
studied at the NRPRA ever since its formation. The work 
was initially carried out by Dr. Bateman, Dr. Bolland, 
Dr. Farmer and Prof. Gee. Their researches led to 
explenations for the characteristic features of olefine 
autoxidation, and showed that oxidation proceeded via 
a free radical chain mechanism that is now well*known. 
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These studies were later extended to simple organic 
sulphur compounds which structurally resemble the 
sulphurated groups present in vulcanizates, and to 
mixtures of sulphur compounds and olefines. The chemical 
results, in conjunction with those obtained directly on the 
ageing of vulcanizates by the technique of stress relax- 
ution, have explained many of the hitherto puzzling 
features of ageing. Dr. Cunneen indicated that attention 
is now concentrated on the scission reactions which occur 
during ageing, and which must be primarily responsible 
for the loss of physical properties. 

In a final lecture, Dr. L. Mullins (NRPRA) drew to- 
gether the work which had been described in previous 
lectures on both the determination of detailed differences 
in vulcanizate structure and the understanding of mechan- 
ical properties, and he attempted to establish the present 
position with regard to relationships between structure 
and properties. He traced how the mechanical behaviour 
of vulcanized rubber depends not only on the chemical 
constitution of the baso rubber and the density of cross- 
links introduced by vulcanization, but also on the type 
and distribution of cross-links and on changes produced 
in the base polymer during vulcanization. He showed 
how at least a qualitative explanation for the effects of 
each of these factors on the elastic and strength properties 
could now be advanced and how detailed differences in 
vulcanizate structure had important effects on chemical 
properties as reflected by ageing. 


NATURE 


September 26, 1964 vo. 203, 


Closing the conference, Dr. Bateman (Malayan Rubber 
Fund Board) said that the rubber treo was one of the 
supreme agricultural colonists of all time. Unknown in 
the Far East eighty years ago, it now covered ten million 
acres and produced more than two million tons of rubber 
worth £400 million & year and supported, directly or 
indirectly, millions of people. Referring to the past work 
of the NRPRA, he applauded the decision of their first 
Board to concentrate on laying bare the underlying 
science of rubber technology. The immense impact of 
this course of attack and the transformation in thought 
and knowledge that ensued were widely recognized and 
were reflected in the papers presented at the conference. 

Delegates wore accommodated in St. John’s College, 
so that after the formal sessions there was ample oppor- 
tunity for further discussion and interchange of ideas. 
A jubilee dinner was held at the college, at which the 
guest of honour was Y. T. M. Tunku Ya’acob, the High 
Commissioner for Malaysia in the United Kingdom. 
The conference also provided the opportunity of paying 
tribute to Sir Erie Ridoal for his long and valued service 
to the Association. The chairman read a letter from the 
Minister of Commerce and Industry, Federation of Malay- 
sia, conveying deep appreciation of the service which Sir 
Eric had rendered, and presented to him an inscribed 
silver salver and a specially bound copy of NRPRA's 
new publication, The Chemisiry and Physics of Rubber-like 
Substances. 


NEWS and VIEWS 


The John Fritz Medal, 1965 : Dr. F. R. Kappel 


Da. Freperick R. KAPPEL, chairman of the board of 
the American Telephone and Telegraph Company, has 
been awarded the 1965 John Fritz Medal, one of the 
highest honours to be bestowed by the American engincer- 
ing profession. The award was announced by the United 
Engineering Trustees, Inc., custodian of the award, which 
is presented not more than once annually for "scientific 
or industrial achievement in any field of pure or applied 
science" by a special board appointed from the membership 
of five professional enginecring societies. Dr. Kappel was 
born in Minnesota in 1902. He has had an outstanding 
career as an industrialist sinco he graduated in the 
University of Minnesota in 1924 as an electrical engineer 
with a B.S.E. degree. He began his carcer with the 
Northwestern Bell Telephone Company in Minnesota and 
joined the American Telephone and Telegraph Company 
in 1949; he was elected chairman of the board of directors 
in 1961. Dr. Kappel also serves as a director of the Chase 
Manhattan Bank in New York, and on many public 
bodies. He has honorary doctors’ degrees from Lehigh 
University, Knox College, Union Colloge, Ohio Wesleyan 
University, Rensselaer Polytechnic Institute, Columbia 
University, Williams College, the University of New 
Hampshire, and Michigan State University. The John 
Fritz Medal was established in 1902 by professional 
associates and frionds of the noted industrialist and 
engineer. Among the previous holders have been Lord 
Kelvin, Alexander Graham Bell, Thomas A. Edison, 
Orville Wright, Charles F. Kottcring, Vannevar Bush, 
Herbert Hoover, George Westinghouse, Guglielmo Marconi, 
and Benjamin Fairless. 


Horticulture at Wye College: Prof. H. W. Miles 


Pror. H. W. Mires, who will be retiring from the chair 
of horticulture at Wye College (University of London) at 
the end of the academic year 1964-65, graduated at the 
University of Bristol in 1923 and obtained his Master’s 
degree in 1925. After a short period as biologist at the 
Kirton ‘Agricultural Institute, he was appointed adviser 


and lecturer in agricultural entomology in the Zoology 
Department at the University of Manchester. There 
he made a special investigation of the sawflies of impor- 
tance in Britain and was awarded a Ph.D. He obtained 
a D.Sc.(Manchester) in 1936. Then followed a series of 
investigations into the losses caused by wireworms to 
market-garden crops in Lancashire and Cheshire and the 
initiation of some of the techniques for the assessment of 
soil insect populations in relation to crop injury that were 
to prove of great value to the official advisory services 
from 1939 onwards. In 1942 Dr. Miles transferred to the 
Bristol province as advisory entomologist centred on the 
Long Ashton Research Station. When the National 
Agricultural Advisory Service was established in 1946 he 
was promoted to deputy provincial director in the West 
Midland Province, the post he was holding when appointed 
to the chair of horticulture at Wye College in 1947. At 
Wye his policy has been to ensure that equal attention 
should be paid to the three main sections of horticulture 
(fruit culture, market gardening and decorative gardening) 
and, with the full support of colleagues, he has secured 
the steady improvement in the science content of the 
degree course. Under Prof. Miles’s guidance, the Depart- 
ment has developed research into fruit tree nutrition 
and orchard sward management, the problems of vegetable 
seed crop production and, latterly, the use of intermittent 
mist and supplementary lighting in the propagation of 
difficult ornamental plants. Post-graduate workers who 
have taken part in these investigations have now pro- 
gressed to positions of responsibility in research stations 
at home and overseas. The demand for horticultural 
graduates of high calibre is likely to continue and Dr. 
Schwabe, who succeeds Prof. Miles, may well be called on 
to extend and diversify the Department’s research facili- 
ties still more to meet this need. 


Dr. W. Schwabe 
Dr. W. SogmwAsBE, who has been appointed to succeed 
Prof. H. W. Miles as professor of horticulture at Wye 


College (University of London), was born in 1920. He took 
first-class honours at Imperial College, London, in 1945, 
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and then joined the research staff of the Institute of Plant 
Physiology at that College under the directorship of the 
late Prof. F. G. Gregory. Working on the mineral nutri- 
tion of plants in the group stationed at Rothamsted, and 
headed by Dr. F. J. Richards, he was awarded & Ph.D. in 
1949. Later, his research was centred mainly on the 
physiology of flowering and the analysis of growth and 
morphogenesis in plants, and.included a period of work at 
the Arctic research station of the Swedish Royal Academy. 
These researches have elucidated the action of environ- 
mental factors controlling flowering in the chrysanthemum 
and other plants, and have also revealed the dual control 
of flowering by internal inhibition and promotion. For 
these investigations he designed a new type of plant 
growth cabinet with natural illumination which has since 
been used extensively in other phytotrons. For this work 
Dr. Schwabe was awarded the D.Sc. degree in 1957 and 
the Huxley Medal of Imperial College in 1958. On the 
dissolution of the Institute of Plant Physiology at Imperial 
College he remained with Dr. Richards’s research group, 
which was later transferred to Wye College as the 
Agricultural Research Council Unit of Plant Morpho- 
genesis and Nutrition. 


New Research Building for Pfizer, Ltd. 


PFIZER, LTD., is increasing its research facilities at 
Sandwich, Kent. The new building, costing £370,000, is 
planned to be completed by the end of next year, but this 
is only the first stage of a three-stage programme which 
when completed will house most of the pharmaceutical 
research departments. This will enable the research work 
being conducted in various locations at Sandwich to be 
centralized and, at the same time, allow the Group to 
move into new areas of research such as tropical medicine. 
The major fields in which the group is already heavily 
engaged and which will be given even greater emphasis 
are those of the cardio-vascular diseases and virology. 
The first stage, of 30,000 ft.*, will house the chemical and 
clinical research departments plus a lecture theatre with a 
seating capacity of 75, a library and research head- 
quarters. The library, on the ground floor, will contain a 
fire-proof vault for storing research data and other irre- 
placeable documents. Four chemical research laboratories 
will be situated on the first story together with the 
research headquarters and micro-analytical and chroma- 
tography laboratories, and space for nuclear magnetic 
resonance investigations. On the second story will be 
six chemical research laboratories, a conference room, 
wash-up area and workshop. Special features will be a 
‘safe’ laboratory where overnight and long-term experi- 
ments can be conducted in isolation and a large-scale 
laboratory for producing intermediates and compounds 
required in more than normal bench quantities. On 
the roof will be hydrogenation and isotope laboratories. 
The isotope laboratory will be used for ‘tagging’ certain 
new therapeutic compounds with radio isotopes so 
that their activity in the body can be accurately 
measured. 


Representational Services Overseas 


IN opening a debate in the House of Commons on 
July 29 on the Plowden Report on Representational 
Services Overseas (Nature, 202, 1039; 1964), Mr. H. 
Berkeley challenged the retention of the Commonwealth 
Relations Office and the Foreign Office as separate 
Ministries and argued cogently for a Department of 
External Affairs, covering both Commonwealth and non- 
Commonwealth countries, with a ministerial structure 
based on geographical areas. He also suggested a Cabinet 
Minister for Overseas Development, with much wider 
responsibilities than the Secretary for Technical Co- 
operation. Mr. C. P. Mayhew, who followed, questioned 
the wisdom of any such fusion and was inclined to support 
the recommendation of the Plowden Committee, and in 
this he was also supported by Sir Charles Mott-Radclyffe. 
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The Under-Secretary of State for Commonwealth Relations 
and for the Colonies, Mr. N. Fisher, who replied on the 
debate, admitted that there might be disadvantages in 
having two departments, but thought that these dis- 
advantages were exaggerated and that the balance of 
argument in practice was in favour of two departments. 
He did not deal with the point about development aid 
and the Department of Technical .Co-operation, but 
discussed the question of recruitment at some length, 
particularly with regard to widening the basis of recruit- 
ment. He agreed that it was important to oncourage 
university graduates to compete for entry into the 
executive branch as well as the administrativo branch, 
but was silent as to the desirability of a larger recruit- 
ment of those with a scientific background urged by Mr. 
Mayhew. No speaker referred to the point at issue 
between the Estimates Committee and the Plowden 
Committee on the margin of staffing tho Service (sco 
Nature, 203, 797; 1964). 


Industrial Training Boards 


In a short debate on the industrial training boards in 
the House of Commons on July 22, opened by Mr. R. E. 
Prentice, the Minister of Labour, Mr. J. B. Godber, said 
that the first four training boards established under the 
Act, for the construction, the wool, the engineering and 
the iron and steel industries, had all met at least once. 
In the light of the advice of the Central Training Council, 
he had selected shipbuilding, cotton, construction materials 
and public utilities (gas, water and electricity) as the next 
four industries for which training boards should be estab- 
lished. At its meeting on July 23, the Central Training 
Council would consider its own committee structure, with 
the view of dealing effectively with its varied tasks on a 
regional and functional basis. The Ministry now had two 
branches, each under an Assistant Secretary, dealing 
with the implementation of the Act: one was concerned 
with preparations for establishing further boards, and the 
other with relations with those already established. There 
was also at present a technical staff, under the chief 
technical adviser, with two assistant technical advisers, 
to advise on technical aspects of training; a deputy was 
shortly to be appointed. Grants of up to £10,000 had 
been made to assist the boards until they could raise their 
own funds from a levy, and they were also being assisted 
in compiling a register of firms in each industry. "The 
Construetion Board and the Wool Industry Board each 
had a deputy chairman, as well as & chairman, but the 
other two boards, which had chairmen from within the 
industries concerned, had not. 


Public Libraries and Museums 


IN moving the second reading of the Publie Libraries 
and Museums Bill in the House of Lords on June 30, tho 
Minister of State for Education and Science, Lord Newton, 
explained that museums and art galleries had recently been 
surveyed by the Standing Commission under the chairman- 
Ship of Lord Rosse, and when the Bill was introduced into 
the House of Commons in February it was the Govern- 
ment’s intention to make no substantial change until the 
Survey had been further studied. It had been represented, 
however, that certain changes would command a wide 
measure of support and should be made without waiting 
for further legislation on museums. It also appeared that 
the existing law regarding charges for admission to 
museums and art galleries was full of anomalies and could 
not be re-enacted. For these two reasons, Clauses 12-15 
dealing with museums and art galleries had been extens- 
ively revised. 

Under the revised Clause 12 all library authorities would 
continue to have powers to provide and maintain museums, 
and any other authority which now maintained a museum 
would be able to do so. In addition, any local authority ° 
would be able to provide a museum or art gallgry if it 
obtained the consent of the Secretary of Stato. The 
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amended Clause 13 removes the original prohibition on 
charges for admission, but requires local authorities to 
take into account the need to ensure that the museum or 
gallery plays its full part in promoting education in the 
area, and to have particular regard to the interests of 
children and students. Lord Newton added that it was not 
the Government’s intention to encourage local authorities 
to impose charges. Clause 14 allowed library authorities 
or authorities maintaining a museum or art gallery to 
contribute to the expenses incurred by any person, 
either in providing or maintaining a museum or art gallery, 
or in providing advisory or other services, or financial 
assistance, for it. The second power had been inserted 
with the needs of regional museum organizations particu- 
larly in mind. Clause 15 gave effect to the recommendation 
of the Standing Commission that the power taken by some 
authorities under private Acts to establish a fund for the 
purchase of exhibits should be made general. 

Apart from some discussion of the clause relating to 
admission charges which, as Lord Newton anticipated, 
was not regarded as entirely satisfactory, the debate 
centred mainly on three points. First, on finance: Earl 
Attlee argued that there was need for some kind of Govern- 
ment grant to the large regional centres which served 
wide areas, although it was accepted that it would be 
easier to wait for the present review of central and local 
Government finance to be completed before changing the 
finance of the library service. The need for some immediate 
contribution from the central Government was urged by 
Viscount Eccles and by Lord Shackleton, who challenged 
in particular the Government's treatment of the National 
Central Library, for which he urged further consideration 
andsupport. Secondly, the question of theneeds ofstudents 
was urged by Earl Attlee as well as other speakers, and the 
importance of every library having a chief librarian and 
fully qualified staff with adequate remuneration and stetus 
was repeatedly emphasized. Thirdly, Viscount Eccles and 
others emphasized the importance of adequate research, 
and Lord Newton, in replying on the debate, said that 
under Clause 1 the Secretary of State would be able to 
commission research and also to draw on the services of 
the Architects and Buildings branch of his Department, 
both for research and for development work on public 
library buildings. He assured the House that this question 
would be considered when the Act came into operation. 
Earlier he had estimated that the improvement of stan- 
dards of service might involve an increase of perhaps 50 
per cent in the present cost of about £23 million, though 
this increase would be spread over several years. 


South African Museum 


THE annual report of the South African Museum for 
the year ended March 31, 1963, breaks with a 105-year- 
old tradition and provides, in an attractive format, a 
general account of the present main activities and future 
plans (Pp. v+23. Capetown: South African Museum, 
1964). This replaces a record of accession data, donors, 
etc., which in future will be prepared but not printed. 
The policy of the Museum is to maintain a balance 
between funds allocated for research and educational 
activities. In the year under review, 25 major field trips 
were undertaken in addition to numerous short ones. 
Major extensions to the buildings are in hand and the 
new library and administrative block has been com- 
pleted. A new exhibition of South African birds, a diorama 
to show bird life at Rondevlei and a display of Cape birds 
have been prepared. During the next two or three years 
it has been decided to concentrate on research in marine 
biology, paleontology and entomology by teams of 
workers on the staff. 


Transvaal Museum, Pretoria 

As usual, this Museum’s report is printed in English 
and Afyikaans (Transvaal Museum. Report for the year 
ending March 31, 1963. Pp. 31. Pretoria: Transvaal 
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Museum, 1964). The study collections, which form the 
basic material for research, continued to be augmented 
through selective collecting by members of the staff, and 
by donations. Further accommodation is urgently needed 
for the storage of these collections. A number of short 
collecting and survey trips have been undertaken to areas 
of particular scientifie interest. Five new large mammal 
habitat cases have been installed. In the Cultural 
History section an interesting exhibition, “Old Cape 
Silver and Furniture”, has been arranged. 


Science in the Less-well-known Languages 


In the April (1964) issue of Science Hast to .West, Mr. 
J. Garrido, deputy director of the Documentation Centre 
of the National Centre for Scientific Research, Paris, 
contributes an article on scientific and technical publica- 
tions in the lesser-known languages. His analysis of 
articles published in 1962 indicates that English (66 per 
cent), Russian (13 per cent), French (11 per cent) and 
German (8 per cent) account for all but 2 per cent of 
published work in nuclear physics. In applied chemistry, 
the agricultural sciences and geology, other languages 
account for 14-18 per cent, the proportion varying 
slightly in the different subjects. Among these other 
languages, Japanese and Italian come first, each with 
about 20 per cent of the total in languages other than 
English, Russian, French and German. Polish, Romanian, 
Czech, Spanish and Ukrainian come next with 10-5 per 
cent, followed by Hungarian, Serbo-Croat, Bulgarian, 
Duich, Swedish and Portuguese with 5-1 per cent. The 
most surprising result is the place of Chinese, which in 
M. Garrido’s figures only stands first among 30 languages 
with less than 1 per cent of the output of the scientific 
literature in languages other than English, Russian, 
French and German. In applied chemistry, the proportion 
in English is 39 per cent, in the agricultural sciences 
42 per cent, and in geology 33 per cent; for German the 
corresponding percentages are 20, 11 and 8 respectively ; 
for Russian, 17, 19 and 35; and for French, 8, 10 
and 10. 


New Approach to National Health Service 


Oxe in ten of the adult population is probably suffering 
from a potentially serious illness which is unknown to his 
or her doctor. Not all these need medical attention; but 
many do, and delay in starting treatment is frequently 
responsible for unnecessary deaths and disablement. 
2,500 deaths from cancer of the cervix and about 4,000 
cases of blindness from cataract and glaucoma each year 
might be prevented if treatment had been started sooner. 
These facts are brought out in & report issued by the 
Offico of Health Economics entitled New Frontiers in 
Health: a Review of the Incidence, Impact and Implications 
of Minor and Unrecognized Illness in the Community (Pp. 
32. London: Office of Health Economics, 1964. 2s.). 
The report criticizes former delays in introducing measures 
which could demonstrably improve the health of the 
nation. During the 1930’s about 20,000 child deaths from 
diphtheria could have been prevented had Britain started 
an immunization campaign at the same time as the 
Canadians. ‘It seems clear", says the report, "that 
powerful advocacy is sometimes required before even the 
most obvious advances in the health field are put into 
practice’. It also directs attention to the amount of 
minor ill-health which is untreated. For every person 
who visits a doctor, there are probably three more who 
suffer from a minor illness without consulting him. It 
is estimated that minor illnesses cause the loss of about 
25 million working days each year. Much of it is among 
women, for whom short sicknesses cause about two and 
a half days’ absence a year. For men, short sicknesses 
on average are responsible for less than one day off work 
each year. The report concludes: “It is unrealistic to 
expect that everyone should enjoy ‘perfect’ health, and 
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it would be unreasonable to strive for it. Man will 
always be faced with more or less important diseases 
and disorders caused by the environment in which he 
exists, and which, to a large extent, he has created. 
On the other hand, there is very much that could be 
done to correct disorders, to control diseases, and to 
raise the present general level of health. The costs which 
this would involve should be seen in perspective against 
the benefits in having as healthy a community as possible". 


Bausch and Lomb Metallographs 


Tum ‘Dynazoom’ series of metallographs recently 
introduced by Bausch and Lomb consists of a versatile 
set of bench-type models suitable for general metallur- 
gical work both in industry and in schools and colleges. 
The instrument is based on the inverted microscope 
principle and there are models for both visual and photo- 
graphic work, using bright field, dark field or polarized 
light illumination. The exclusive “Dynazoom’ system 
permits extended continuous magnification ranging from 
x 25 to x 800, at a twist of a dial. With accessory optical 
components the range can be extended to x 3,750. The 
optical elements are enclosed in a ‘Power Pod’ housing 
for protection against dirt and dust. The housing can be 
removed from the main body of the instrument and a 
different ‘Pod’ (monocular or binocular) substituted. The 
‘Power Pod’ bodies are inclined, providing a comfortable 
viewing angle for prolonged examination and can be 
rotated through a full 360°. A unique feature of the 
metallograph is a built-in rotating reticle turret with six 
apertures to accommodate a variety of measuring reticles 
which can be quickly and easily inserted or removed 
through a door in the bottom of the instrument. Photo- 
micrography is a simple procedure. The photobinocular 
zoom body can be obtained separately and is directly 
interchangeable with any other zoom body. Four cameras 
are at present available: 35 mm, 2} in. x 3} in. ‘Polaroid’, 
and the Bausch and Lomb ‘Z’ and ‘N’ models. A green 
filter with a peak at 500 my. is standard on all instruments. 
There are provisions for both black-and-white and colour 
reproduction of metallic structure, and colour-compensat- 
ing, colour-balancing and neutral-density filters are also 
available. 


Lalor Foundation Grants for 1965 


Tut Lalor Foundation has announced the programme 
of awards for 1965, which it is offering for support of 
research on the fundamental biochemical and physio- 
logical mechanisms concerned with fertility and the early 
stages of reproduction in various forms of life. The 
objectives are to further the knowledge and understanding 
of the basic phenomena involved and to extend and 
develop the possibilities for effective regulation and 
control. The awards are open to all nationalities, and may 
range up to 8,000 dollars a year, depending on the scope 
and duration of the projects approved. Preference will 
be given to younger members of university and college 
faculties and staff, with an upper age-limit of forty-one 
years. The work may be carried on at the applicant’s 
own institution or elsewhere. The Foundation will also 
grant post-doctorate summer or short-term research 
awards at the Marine Biological Laboratory at Woods 
Hole, Mass., or elsewhere for appropriate projects in the 
fields specified. These awards will normally not exceed 
1,150 dollars for a single man or a woman, 1,350 dollars 
for a married man working at his home institution, and 
1,500 dollars for a married man with principal programme 
at another institution. Further information and applica- 
tion forms can be obtained from the Lalor Foundation, 
4400 Lancaster Pike, Wilkington, Delaware, 19805. The 
final date for receipt of executed application forms, 
complete with supporting data, is January 15, 1965. 
Notification of appointment will be on or before 
March 15. 
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North of England Soils Discussion Group 


A. DISCUSSION group is being formed covering broadly 
the North of England to further the investigation of ull 
aspects of the soil. Membership is invited from individuals 
or educational and vocational bodies that have an intercst 
in the soil. It is intended to embrace all aspects of the 
investigation of the soil, including the biological, cultural, 
physical and economic, as well as the purely pedalogical, 
and its bearing on land use. An annual meeting will be 
held, to include a field excursion, and a papor-reading 
session with discussion, probably in September. A specific 
topic will be the main feature of each meoting, and will 
largely determine the locality to be visited. Further 
information concerning membership and meetings can be 
obtained from: Dr. V. B. Proudfoot, Department of 
Geography, University of Durham; Mr. G. D. Ashley, 


' Soil Survey of England and Wales, Kenton Bar, New- 


castle upon Tyno; Mr. P. J. A. Howard, Nature Con- 
servancy, Grange-over-Sands, Lancashire; or from the 
secretary, Mr. H. T. Davies, Soil Chemistry Department, 
National Agricultural Advisory Service, Government 
Buildings, Lawnswood, Leeds, 16. 

The first meeting of the North of England Soils Discus- 
sion Group on “Soils and Land Use Problems in the 
Marginal Farming Areas of the Pennine Foothills” will 
be held in Lancashire during September 28-30. Further 
information can be obtained from Mr. H. T. Davies. 


Announcements 


Tur President's Lecture of the Institution of Elec- 
tronics, entitled “The Vanishing Electron", will be 
delivered by Dr. R. C. Jennison at the Manchester College 
of Science and Technology on October 3. Further in- 
formation and tickets can be obtained from the General 
Secretary, Institution of Electronics, 78 Shaw Road, 
Rochdale, Lanes. 


Tue fourth annual meeting of the American Society 
for Cell Biology will be held in Cleveland, Ohio, during 
November 11-13. The programme will include a sympos- 
ium on “The Structure, Function and Origin of Biological 
Membranes”. Further information can be obtained from 
Dr. D. Green, Institute for Enzyme Research, 1,170 
University Avenue, Madison 6, Wisconsin. 


A SYMPOSIUM on ‘‘Models for the Perception of Speech 
and Visual Form", sponsored by the Data Scionces 
Laboratory of the Air Force Cambridge Research Labora- 
tory, will be held in Boston during November 11-14. 
Further information can be obtained from Mr. G. A. 
Cushman, Wentworth Institute, 550 Huntington Avenue, 
Boston, Massachusetts 02115. . 


A SYMPOSIUM on “The Use of Radioisotopes in Animal 
Nutrition and Physiology”, sponsored by the Inter- 
national Atomic Energy Agency and the Food and 
Agriculture Organization, will be held in Prague during 
November 23-27. Topics under discussion will include: 
physiology and biochemistry of milk secretion; metabol- 
ism and requirement of trace elements including mag- 
nesium; the influence of environmental factors on animal 
production and reproduction. Further information can 
be obtained from IAEA/FAO Symposium Secretariat, 
Kürntnerring 11, Vienna I. 


A SHORT course on “Solution Properties of Polymers”, 
arranged by the Department of Chemical Technology of 
the Bradford Institute of Technology, will be held in the 
Institute during November 13-14. The course, which is 
intended primarily for graduates, will include lecturcs on: 


viscosities of dilute solutions; fractionation;  detorm- 
ination of molecular weight distribution; solution 
properties in relation to polymer properties;  nower 
methods of molecular weight determination. Further 


information and forms of application can be obtained” 
from the Registrar, Bradford Institute of Technology, 
Bradford 7. 
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THE U.K. ATOMIC ENERGY AUTHORITY 


HE tenth annual report of the Atomic Energy 

Authority * covers the year ended March 31, 1964, 
in which the Authority’s staff was reduced by about 5 
per cent because production of uranium-235 for military 
purposes at Capenhurst ceased and most of the capital 
works programme has been completed. Of the £45 million 
expended on civil research and development, £36 million 
was current expenditure and £9 million on capital facilities ; 
research, development and design contracts with industry, 
universities, etc., amounted to £4,612,000 compared with 
an estimated £4,223,000 in 1964-65; contributions towards 
International Atomic Energy Agency projects were £2:48 
million and grants to the National Institute for Research 
in Nuclear Science £8,998,000, compared with an estimated 
£1:36 million and £9,648,000, respectively, in 1964-65. 
Of 2,830 engineers and scientists employed at March 31, 
1964, 180 were doing work for other organizations on 
repayment, 1,900 were engaged on the reactor develop- 
ment programme and reactor systems research, on which 
current expenditure is estimated at £26 million, 470 on 
general research (£6 million), 200 on plasma physics and 
fusion research (£3 million), and 80 on isotopes research 
(£1 million). Attention is directed to a reduction in the 
balance sheet of £50 million in the value of work in pro- 
gress, which is due mainly to the transfer of nearly £30 
million to “‘loss on revaluation of fissile material", repre- 
senting a writing-down of the value of material held for 
research purposes to bring the valuation in line with world 
prices. Uranium ore, no longer required for military 
purposes, other than supplies purchased for the nuclear 
power programme, will form a national stockpile in 
the custody of the Authority as agent for the Secretary 
of State for Education and Science, and the cost of the 
uranium in this stockpile will in future be excluded from 
the Authority’s balance sheet. Of the £52-5 million 
received from the Authority’s trading and other com- 
mercial activities during the year, £39-5 million was from 
sale of reactor fuel, fuel services, etc., £7-9 million from 
sales of electricity, £1-6 million from sales of isotopes 
and £2-7 million from sales of reactor-grade graphite. 

On the production side development work on the gas 
centrifuge as an alternative to gaseous diffusion continued 
satisfactorily and productivity in the magnox fuel 
manufacturing process continued to increase, while the 
anticipated peak in production of magnox fuel at Spring- 
fields was reached. A separate chapter devoted to the 
reactor development programme estimates that at March 
31, 1964, 19 per cent of the scientists and engineers in the 
Reactor Research and Weapons Group were engaged in 
work on the advanced gas reactor, 17 per cent on the 
steam-generating heavy-water reactor system, which 
has the advantage of lower enrichment than the advanced 
gas reactor and the potentiality of producing superheated 
steam, 38 per cent on the fast reactor, 14 per cent on the 
civil marine reactor and 12 per cent on the high-tempera- 
ture gas-cooled reactor for the Dragon project at Winfrith. 
In the advanced gas reactor encouraging progress is reported 
in protecting the graphite moderator from corrosion by 
the carbon dioxide coolant under irradiation and much 
information was also obtained on the dimensional changes 
in graphite caused by irradiation from irradiation experi- 
ments. The operational availability of the Windscale 
advanced gas reactor during its first year of power 
operation was 87 per cent and compares favourably 
with any other nuclear reactor built solely as a nuclear 
power station or otherwise. With fast reactors the out- 


* United Kingdom Atomic Energy Authority. Tenth Annual Report for 
the period dst April, 1963-31st March, 1964. Pp.ix+89+8plates. (London: 
H.M.S.0., 1964.) 6s. 6d. net. 
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standing achievement was to get the Dounreay fast 
reactor operating at full power and to continue at full 
power for the maximum time to build up irradiation 
experience of fast reactor fuels. General predictions of 
the kinetics of a high-power fast reactor have been shown 
to be substantially accurate and steps taken in design of 
the core to eliminate a positive power coefficient were 
successful. On marine reactors little is added to what was 
said in the Padmore Report (Nature, 202, 1248; 1964); 
work on the integral boiling reactor was mainly confined 
to physics of burnable poison cores and to fuel element 
and core design investigations; work also continued on 
burnable poison cores and experimental physics studies 
were made of the characteristics of regular fuel element 
clusters, as well as investigations of the use of plutonium 
as a nuclear fuel for marine reactors. 

A further chapter dealing with research on reactor 
systems records that, in the programme of nuclear 
measurements to provide data for calculating the physics 
characteristics of proposed reactors, the emphasis con- 
tinues to be on measurements for fast reactors. A general 
investigation continued into the mechanism by which 
neutrons transfer their energy to liquids and solids and 
are thus brought into equilibrium with the atoms of a 
moderator, and a major advance in the established tech- 
nique of transfer-function analysis for measuring the 
dynamic response of a nuclear power plant has been 
linked with the development of a neutron generating tube 
of high output capable of being modulated at frequencies 
up to 1,000 e/s. Work on fuels has included studies of 
solid solutions of plutonium dioxide in uranium dioxide to 
determine the chemical (phase) stability under various 
conditions, and in work on carbide fuels reactor-grade 
material has been obtained by heating granules of fissile 
oxides with carbon in a stream of argon. Other work has 
been concerned with canning and structural materials, 
moderators and coolants and the design of biological 
shields for power reactors. 

Among examples selected to illustrate the Authority’s 
programme of general research in this report may be 
mentioned work which is directed at devising mathe- 
matical methods by which computers can be used more 
efficiently and applied to a wider range of problems. Ina 
programme of basic research on solid-state physics the 
emphasis is now moving to non-metallic solids such as 
oxides and carbides. The fundamental causes of changes 
in solids induced by radiation are also being investigated, 
while basic information bearing on steam-cooled systems is 
being sought in studies of the radiolysis of water-vapour, 
in which first results indicate that the net radiolytio 
decomposition of puro water is negligible, but with vapour 
containing ammonia or oxygen the primary decomposition 
is comparable with that of pure water. Other long-term 
research is concerned with the physical and chemical 
properties, and the fabrication behaviour, of the oxides, 
carbides, nitrides, sulphides and phosphides of fissile 
and fertile elements, especially the carbides. Some work 
also continues on fissile metals, and protactinium oxide 
has been investigated in detail for comparison with the 
oxide systems of the other actinide elements from thorium 
to plutonium. A major effort is devoted to improving 
existing methods of analysis and applying new ones, 
while an increase in the resolution with which chemists 
ean measure the energies of «-particles has led to a ten- 
fold improvement in the sensitivity of certain measure- 
ments in health physics. The utility of y-ray spectra for 
identifying the radionuclides present in various materials 
has been increased by the development of an automatic 
method of analysing complicated spectra and an absolute 


No.4952 September 26, 1964 


hygrometer has been developed for measuring the humidity 
of the stratosphere in investigations on fall-out. 

In plasma physics and fusion research the main prob- 
lems are stil to identify, understand and control the 
many instabilities which prevent magnetic fields from 
confining extremely hot ions and electrons for more 
than a relatively brief moment. While these instabilities 
remain as a potential source of trouble in closed systems, 
there are now indications that they can be overcome in 
the open-ended magnetic traps. The programme also 
includes two experiments in ‘Minimum B’ geometry 
designed to see if the same freedom from interchange 
instabilities noted by Ioffe at the Kurchatov Institute 
will apply at higher plasma densities and with different 
methods of plasma injection. Besides investigations with 
a cusped field trap and a theatron trap, containment with 
closed lines of force has been investigated and basic 
investigations made on plasma, itself, particularly the 
propagation characteristics of the wide variety of wave 
motions which & magnetized plasma can support, and also 
the processes which can arise from collision between its 
constituent particles. At the Wantage Research Labora- 
tory the feasibility of radioisotope X-ray fluorescence 
analysis for on-stream assay of zinc in zine-lead ores has 
been investigated in co-operation with the Department of 
Scientific and Industrial Research, while investigations 
bearing on health and safety have led to the development 
and manufacture of & personal neutron dosimeter. Studies 
of radioactivity in the human body continued using 
whole-body monitors and bioassay methods to determine 
the metabolic behaviour of nuclides, and continued 
physico-chemical study of chelating agents confirmed that 
diethylenetriamine pentacetic acid and triethylene- 
tetramine hexacetic acid assist the removal of plutonium 
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from the human body, but more effective and less toxic 
compounds are being sought. 

The Reactor School programme at the Postgraduate 
Education Centre set up at Harwell on April 1, 1963, has 
been revised, and, after transfer of four of the more 
elementary courses, three new courses have been added: 
physics for engineers; language and technical writing; and 
a refresher course for senior technical executives. In 
collaboration with the European Nuclear Energy Agency 
8 one-week residential course was given on health and 
safety aspects of radiation in industry for Trade Union 
officials. Of 379 students attending these courses, 340 
were British and 39 from overseas, while 490 students 
attended a new series of postgraduate courses, and another 
300 the 14 courses held in the Isotope School. 

While the non-industrial staff fell over the year from 
20,008 to 18,864 and industrial employees from 18,350 
to 17,098, the Authority made it clear to their staff that 
there is a large and continuing volume of work for tho 
Authority, including civil research and development as 
well as production and processing. Some recruitment 
continued and the level will be raised in 1964, the necd for 
young scientific and engineering graduates for rescarch, 
design and development, and for training as future 
managers being mentioned, while 202 apprentices were 
recruited compared with 230 in the previous year. 

The Authority has also published the tenth anniversary 
issue of Atomt including both an illustrated summary 
of the tenth annual report and an illustrated review of the 
developments during 1954-64. 


f United Kingdom Atomic Energy Authority. Alom 1954/1964: an 
Illustrated Summary of the Tenth Annual Report of the United Kingdom 
Atomic Energy Authority from April Ist, 1963, to March 31st, 1964. «Tenth 
Anniversary Issue.) Pp. 48. (London: H.M.S.O., 1904.) 2s. 6d. 


THE SOUTH AFRICAN ATOMIC ENERGY BOARD 


HE South African Atomic Energy Board was set up 

in March 1949, and at first confined its operations 
almost exclusively to administrative procedures related 
to the mining, extraction and sale of uranium concentrates, 
the distribution and control of radioisotopes, mineral 
investigations, and the study of the production of heavy 
water. During 1957 detailed planning of an atomic 
energy research and development programme for South 
Africa was started, and on September 5, 1959, the then 
Minister of Mines, Mr. J. de Klerk, announced the Govern- 
ment’s acceptance of the proposed programme. This 
covered an initial period of five years. The Way to 
Pelindaba is an illustrated description of the main activi- 
ties during that period 1959-04 *. 

The programme called for both electric power produc- 
tion by nuclear fission, and for radioisotope and radiation 
applications, and necessitated the provision of a nuclear 
reactor for research and a suitably located research centre. 
It was decided, in 1960, to construct a 20-MW high-flux 
light water moderated and cooled reactor of the Oak 
Ridge type, suitable for materials testing and for operation 
initially at about 5 MW. A contract for the supply of 
SAFARI-1 (South African Fundamental Atomic Reactor 
Installation) was signed with the authorities of the 
United States. A site, on a farm formerly known as 
Wilgegund, was chosen for the nuclear research centre, 
and named Pelindaba, from the Bantu pelila indaba, 
meaning ‘the discussions are finished’. Construction 
commenced in July 1961, and two years later, in July 
1963, tho administration building and part of the reactor 
building were occupied. The chemistry building, the 
Van de Graaff accelerator building, the water purification 


* South African Atomic Energy Board. Brochure No. 1: The Way to 
Pelindaba. Pp. 28. Brochure No. 2: Pelindaba—National Nuclear Research 
Centre of the South African Atomic Energy Board. Pp. 31. (Pretoria: South 
African Atomic Energy Board, 1964.) 


works and & portion of the reactor engineoring building 
were completed by the end of 1963. Unfortunately, 
accidental damage to the reactor vessel of SAFARI 
in the United States during test delayed its delivery to 
South Africa, but the repaired vessel eventually arrived 
on Christmas Day 1963 and by March 1964 it was installed, 
together with most of its heavy concrete shield, within 
the reactor building. The Van de Graaff accelerator- 
a 3-MeV high-intensity beam type—which provides u 
source of mono-energetic neutrons, with pulsing if required 
for the time-of-flight method, has also been erected and is 
now in commission. A detailed description of the sito and 
layout of the nuclear research centre, together with 
diagrams of the site buildings, the accelerator and reactor, 
is given in the companion booklet Pelindaba (Brochure 
No. 2). 

It is well known that South Africa contains some of 
the world’s largest reserves of uranium and has beon one 
of its largest producers. Indeed, until recently, 17 
uranium extraction plants handling about 20 million 
tons of residue slimes from 26 mines, eight contact-process 
sulphuric acid plants, and a factory for tho conversion 
of the custard-yellow cream emanating from the extraction 
plants were in continuous operation. All forms of refined 
uranium are produced in substantial quantities, the 
products including uranium metal, its carbide, trioxide 
and tetrafluoride, and small quantities of hexafluoride. 
A pilot plant has been constructed to investigato tho 
production of a nuclear-grade uranium product, containing 
only a few parts per million of impurity, from the uranium 
extraction plants at the gold mines at Bufflesfontoin. 
This is known as the Bufflex Project and was started in 
October 1963. 

The research staff of the Atomic Energy Board, soma 
eighty of whom have been trained or are still training at 
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nuclear research establishments in some ten countries 
outside Africa, belong to eight divisions. The Geology 
Division, though of primary importance, is small, because 
many of its activities are covered by the Geological Survey 
Office of the Government. The Extraction Metallurgy 
Division, which is housed at the Government Metallurgical 
Laboratory, makes use of the services provided there. 
The third division which relies on external facilities is the 
Life Sciences Division, and the number of its staff at 
Pelindaba is accordingly limited. The remaining five 
Divisions—Reactor Engineering, Chemistry, Physics, 
Physical Metallurgy, and Isotopes and Radiation (Protec- 
tion and Applieation)—comprise the bulk of the research 
staff stationed at or attached to tho National Nuclear 
Research Centre at Pelindaba, and at present three 
laboratory blocks are at their disposal. There are in 
addition three technical divisions. The Research Reactor 
Division will operate the reactor SAFARI for the research 
scientists; the Technical Services Division undertakes 
the provision of services such as power, water, compressed 
air and workshop facilities; and the Liaison and Informa- 
tion Division is responsible for external relations and the 
provision of information to the staff and outside bodies. 
The final section of the report deals with future activi- 
ties. In the late 1970’s the world demand for uranium 
may exceed its availability and consideration may have 


PRESERVATION OF 


d us dominant impression left by the thirty-cighth 
annual report of the Council for the Preservation of 
Rural England for the year 1963-64 * is the magnitudo of 
tho scope there still is for such independent voluntary 
effort, and. the vigilanee and vision, as well as the balance 
and fairmindedness, with which the Council, through its 
Executive Committee, diligently strives to ensure that 
harmful development is never allowed without question. 
Wherever possible, the needs of the countryside as a 
whole are balanced against what are often private or 
temporary ends. While the year has brought some 
evidence of increasing official awareness of the need to 
look well ahead in planning matters, and in estimating 
future demands on land and natural resources, the report 
notes that amendment of the National Parks Act, 1949, is 
still long overdue, the findings of the Royal Commission on 
Common Land in 1958 have still to be implemented, and 
the coast is still subject to piecemeal development and 
divided control. The circular issued to local authorities 
by the Ministry of Housing and Local Government in 
September 1963 emphasized the need for positive planning 
of coastal areas. It is welcomed, but it is regarded as 
being too local in scope. What is needed is a national 
policy for the preservation of the countryside based 
on a Land Budget, allotting land used according to definite 
patterns of priority. 

The Council is sympathetic to the difficulties of the 
Central Electricity Generating Board and recognizes that 
sites for power stations are hard to find, and that there is 
still a formidable gap between the cost of overhead and 
underground transmission. The generation, transmission 
and distribution of electricity present the Council and the 
planning authorities with difficult problems, and the 
concern. expressed in this report, especially with regard to 
overhead lines, will not be diminished by the subsequent 
decision of the Minister of Power to disregard the recom- 
mendations of his own inspectors and the objections of 
all the local authorities concerned and allow the Central 
Electricity Generating Board to run a supergrid power 
line in 160-ft. pylons over the Sussex Downs. The timing 


* * Council for the Preservation of Rural England. Thirty-cighth Annual 


Report 1963-64. Pp. 56+10 photographs. Vol. 17, No. 6. 
Council for fhe Preservation of Rural England, 1964.) 
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to be given to low-grade sources of uranium. Rapid 
developments in enriched uranium reactors have directed 
attention to enrichment processes in which uranium 
hexafluoride is of importance, and the production of this 
particular compound is being investigated, together with 
that of zirconium, hafnium, thorium and the rare earths. 
The recovery of beryllium, niobium, tantalum and lithium 
from deposits of pegmatites is also being investigated. 
The power reactor project is to be pushed ahead and this 
will require the evaluation and testing of fuel, materials 
and components, together with the development of 
fabrication techniques. Solid-state investigations of 
irradiation effects and neutron diffraction investigations 
will be needed, and in order that this work may proceed 
before the neutron flux from SAFARI becomes available, 
a large y-radiation source will be installed. The Van de 
Graaff building is to be extended to accommodate the 
whole of the expanded Physics Division, and a new library 
building is to be provided to relieve congestion in the 
administration building. For the second five-year 
programme to reach the target figure of expenditure of 
&.3 million per year the Government has trebled its 
contribution and the Electricity Supply Company its 
share five-fold. Heavy industry, too, has pledged an 
amount totalling more than twice its contribution during 
1959-64. S. WEINTROUB 


RURAL ENGLAND 


of the announcement to coincide with the parliamentary 
recess may well have justified the Council in thinking 
that the scales are weighted against amenity and that 
there is substance in Lord Chorley’s suggestion that the 
replacement of the Ministry of Town and Country Planning 
by one of Housing and Local Government represents more 
than a change of name and results in a situation in which 
decisions against amenity are taken by one who judges 
his own cause. On water undertakings the Council is 
convinced that traditional sources of water are likely to 
prove inadequate before long and that a national water 
grid will be needed. Major reliance will eventually be 
placed on the distillation of sea-water and the re-use of 
water. It points out that the Minister of Housing and 
Local Government himself agrees that the Conference on 
Water Supplies in the north-west dismissed the distillation 
of sea-water too lightly. 

The Council has made constructive proposals concerning 
many road projects. It welcomes the Buchanan Report 
and the South-East Study, as well as the proposals put 
forward towards the end of 1963 by the Standing Confer- 
ence on London Regional Planning under the title 
Population, Employment and Transport in the London 
Region: Meeting the Situation, but the report stresses 
the need for research into every aspect of life in towns, 
of movement between towns, and of their relations with 
one another. This involves the consideration of regional 
groupings and, beyond these, of national problems. 
Concern is expressed at the shortage of qualified planning 
staff, and the Council is profoundly disturbed as to the 
future of the ‘Green Belts’, on which it finds the Minister’s 
attitude disturbing, in spite of an explicit statement that 
the Government has no intention of abandoning the 
Green. Belt policy. 

Inevitably, much of the report is concerned with 
comments on particular topics, but the broad subjects 
covered—including rural housing, litter and refuse dis- 
posal, commons and open spaces, nature conservation, 
trees, national parks, preservation of buildings, the siting 
of radio and television stations, caravan and camping 
sites, oil pollution of the sea, mineral undertakings— 
illustrate its wider range of interests and the many 
spheres in which it has been called on for advice or action. 
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MODERN GLASS TECHNOLOGY 


OTTLES of skin, gourd or calabash (tree or climbing 
f plant, the fruit-shell of which has been emptied and 

dried), alabaster, ivory and even beaten gold, have been 
in use down the centuries, things both of beauty and 
utility; many relics are with us to-day, in museums and 
elsewhere, all over the world. But for several millennia 
the most favoured. bottle material has been ordinary glass, 
starting with the craftsman glass-blower (still with us in 
many specialized pursuits, particularly concerning appar- 
atus for scientific laboratories), graduating by moulding 
processes ultimately to the fully automatic bottle-making 
machines operating to-day. It may not be generally 
realized that glass as such is unique matter. It is not & 
true solid, but, according to C. L. Boltz in an interesting 
article in Catalyst, Vol. 12 (Industrial Journal of Shell 
Chemical Co., Ltd., London, Spring 1964), “ . . . scientific- 
ally . . . a super-cooled solution that still flows over a 
long period of time . . . it is not crystalline in the sense 
that atoms are arranged in regular geometrical patterns 
. . . it is mainly amorphous, shapeless, and shatters 
randomly when it is abruptly broken". 

In the early days glass products were usually coloured 
green, amber, blue or ruby, due to impurities such as 
iron, manganese, etc. It was not until 1908 that the first 
colourless glass bottles were produced in London. ''The 
first university department in the world for the scientific 
investigation of glass technology was formed at Shefficld 
under Prof. W. E. S. Turner and has achieved international 
recognition. The use of polarized light for the detection 
of stress-lines in bottles and the importance of the glass 
surface in the retaining of strength are just two of the 
developments that have led to to-day’s industrial glass 


technology.” Apart from Sheffield, glass technology is 
now also the concern of the British Glass Industry Re- 
search Association (formed as recently as 1955) and the 
Glass Manufacturers’ Federation. 

Such has been the phenomenal advance in research 
and manufacturing techniques in recent years that 
it is estimated that, in Britain alone, some 4,500 million 
glass containers are manufactured per annum. Col- 
laterally there has been the challenge of tin in re- 
placing glass containers and more recently some of the 
thermoplastics, notably polyethylene. But in quite a 
different and perhaps more refined sphere of glass tech- 
nology comes the highly skilled and expert precision 
operations of those firms concerned with manufacture of 
optical glass. 

The word ‘Jena’ conjures up many memories, past 
and present, of lenses, microscopes and other optical 
instruments, and the bi-monthly Jena Review (VEB 
Carl Zeiss Jena, English translations available), now 
in its ninth year, makes available much technical in- 
formation of present-day value to optical physicists 
and others concerned with precision optical equipment in 
this and allied fields. The issue No. 2, 1964, contains. 
inter alia, informative articles on synthetic crystals of 
fluorite and salt from melts, alum and quartz from solu- 
tions made in Jena; on objective photo-electronic testing 
or precision glass scales; preparation of fibre surfaces for 
electron microscopic examinations; spectrophotometry 
in the near infra-red with the ‘UR 10 Spectrophoto- 
meter, and linearity tests of other infra-red instruments. 
This review is an attractive publication and yet another 
example of a high-quality house journal. 


KARMAN VORTEX-STREETS IN EARTH’S ATMOSPHERE 


By Dr. K. P. CHOPRA 
Melpar Inc., Falls Church, Virginia 
AND 


L. F. HUBERT 
U.S. Weather Bureau, Washington, D.C. 


HE mechanism for the production of eddies on the 

planetary scale (cyclones) and those on the microscale 
(turbulent eddies) have been extensively investigated. The 
recent weather satellite results! have revealed the existence 
of the mesoscale eddies which are on an intermediate scale 
that is too small to be delineated by the standard weather 
observation network and are too large to be seen by an 
observer on the ground or even pictured from a high- 
flying aircraft. These eddies, shown in Fig. 1, are formed 
in the wakes of islands and have been observed to persist 
at downstream distances of a few hundred miles. They are 
made visible by patterns in the stratocumulus clouds 
lying beneath a strong inversion about 0-5-1 mile above 
the ocean surface. These eddies have a band-width of the 
order of the cross-stream diameter of the island, and bear 
a certain resemblance to the classical von Kármán vortex- 
street pattern shown in Fig. 2 and observed in the labora- 
tory investigations of wakes behind obstacles to fluid flow. 
The purpose of this communication is to examine the 
properties of these eddies in the light of this apparent 
resemblance. 


Viscosity plays two parts in the flow pattern of a 
Kármán vortex-street. First, it leads to the formation 
of the boundary layer in which vorticity is generated and 
the vortex-pairs are formed, the vortices being shed 
alternately near each edge of the obstacle. Secondly, the 
strength of the eddies is dissipated by the mechanism of 
diffusion; the size of an eddy increases and its strength 
decreases as it propagates downstream, until its region 
of influence overlaps that of & neighbouring eddy of 
opposite circulation. In all other respects, the fluid may 
be regarded as perfect (inviscid). 

The rate N of shedding of the eddy pairs is given by: 


N=ueja (1) 
where 
Ue = Uy + (k/2a) tanh (mh/a) (2) 


is the speed of propagation downstream of the eddies in 
a co-ordinate system fixed to the obstacle, o is the speed 
of the undisturbed flow, « is the longitudinal spacing 
(pitch) between two eddies of similar circulation of 
strength k. 
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The drag per unit length on the obstacle, being equal 
to the rate at which momentum is transferred to the wake 
of the obstaole, is given by: 


D = 2phu, (uy — Ue) coth(xh[a) (3) 
where p is the density of the fluid, and h is the lateral 
spacing (band-width) between the two vortex-rows, 
approximately related? to d as: 


Cp = DK odis & h[dsz 1-25 (4) 


for circular cylinders. Here Cp is the coefficient of drag. 
Àn alternative method of computing drag which takes 


into account the difference between the upstream and 
downstream mean pressure yields: 


pho, pkh 


D = Ona + v (2u, - Up) (5) 
Equations (3) and (5) are identical if: 
coth rh/a = mh] a (6) 


The diffusive decay of vorticity € is governed by the 
well-known diffusion equation (also called the heat- 
conduction equation): 

dera 
dr 


wt (7) 


which has a solution 
€ = CQ) exp (—r?/4vė) (8) 


The last equation reveals that (1) the vorticity C(t) — k[2vt 
at the centre of the vortex decreases inversely with time 
t, and (2) vorticity spreads, in an interval of time ?, over 
a radius r given by: 

T? = 4vt 


(9) 


At an instant of time t=n/N after it is shed, a vortex 
would have traversed a downstream distance ng and it 
would have acquired a radius: 
r = 2(us[ N) (Bn)! (10) 
where 
B = Nh (11) 


is the Lin parameter? and equals the ratio of the Strouhal 
number S—Nd/w, and the Reynolds number R-wd]v. 
The parameter f is independent of the sizo of the obstacle 
and' depends only on the parameters v, N, and uo and 
hence it is an inherent property of the vortex-street. 

A vortex would be perceptible until r=h/2. This yields 
for the eddy life-time: 


1 hN? tey 
a 169. Uy (12) 
and the length of the wake: 
L = Tue (13) 


In the laboratory investigations on vortex-streets, the 
various parameters have the following values: 


0.28 < h/a < 0-52 Uefuo ~ 0-85 S ~ 0-2) (14) 
35 < R < 2,500 103 < B < 2-5x 10 } 
We will now apply the above considerations to the 


meteorological eddies of Fig. 1. We have selected this 
particular photograph because it exhibits strong and 
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Fig.1. Complex eddy CAMERA downstream from Canary Islands 1400 
G.M.T, July 2, 1902, Tiros V pass 187 


distinct eddies in a pattern that is more complex than a 
single two-row vortex-street. A careful inspection of the 
eddy pattern in the light of the surface analysis 2 h before 
picture time reveals that there are indeed two vortex- 
streets generated by the interaction of the airflow with 
the Tenerife and Gran Canaria islands, respectively. 

It appears from Fig. 1 that the easterly vortex-street 
is caused by the Gran Canaria Island with a cross-stream 
diameter da;35 mi. The estimated value of the cross- 
diagonal distance | between two vortices of opposite 
eirculations is 70 mi. Treating the Island. as & cylindrical 
obstacle, it follows from equation (4) that: 


he 4dmi. a= 2(02 — A2)? ~ 109 mi. hjam 0-4 (15) 
Again equations (3) and (6) lead to the relation 


«(9G - 2-1 


(16) 
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Fig. 2. Schematic diagram of a Kármán vortex-street pattern 
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which, with the adoption of uy 17 m.p.h. and substitu- 
tion for h/a from equation (15), yields: 
Ue = 0-73 uy = 12-4 m.p.h. (17) 
Hence, the frequency of shedding of the eddy-pairs is 
given by: 
N es 0-114/h (18) 


The observed maximum length L~435 mi. of the 
perceptible wake corresponds to n«4, which leads to a 
life-time 735 h. These eddies are not always observable 
during their entire life-time, because certain favourable 
meteorological conditions, for example, low inversion 
layer, are essential for making the eddies visible. There- 
fore, it is of interest to estimate the minimum interval 
of time the pattern of Fig. 1 would have been discernible 
to an observer viewing the same area. Since an eddy 
passed from the upstream edge of the discernible portion 
of the vortex-street to its downstream edge—a length 
of approximately 0-437 L—the pattern must have existed 
for at least an interval of time: 


^diso ~ 0-437 x 35 & 15-3 h (19) 


Finally, the estimates of the characteristic parameters B, 
S, and E, and the coefficient of viscosity v, are: 


1 h 2 e 2 
Be Ns er qul 2) ze) m L3 x 10-8 
0 
S = Ndjuy ~ 0-235 
R = S/B ~ 178 (20) 
and 


v = Pu?/N e 3-36 mi.?/h ~ 2-35 x 10? om?/sec 
Similarly the westerly vortex-street appears to have 
been caused by the Tenerife and La Palma islands jointly 
Offering a cross-stream diameter dœ36 mi. with 165 mi. 
On carrying out an analysis similar to that for the easterly 
vortex-street, we obtain the following set of values for 
the various parameters: 


h ws 45 mi. a a 94 mi. hla & 0-48 

Uef œ% 0-8 ue © 19-6 m.p.h. N & 0-145/h 

La bax 470mi. v55345h Tdiso ^7 16-7 h+ (21) 
p œ 1:82 x 10> R170 S œ 0:31 


v & 9-6 mi.?/h re 2-55 x 107 em?/sec 
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The foregoing estimates of the spacing ratio Ajo, 
velocity ratio e/t amd the parameters-S, R, and 6 ard 
of the correct orders of magnitude for the stable vortex- 
Street patterns observed in the laboratory (equation (14)). 
The estimate of the eddy viscosity -also compares well 
with other independent estimates made, for example, from 
experiments on diffusion’. - 

The foregoing considerations lead to the following con- 
clusions: 

(1) The mesoscale eddy pattern of Fig. 1 is an atinos- 
pheric analogue of the Kármán vortex-street observed in 
the laboratory. 

(2) The eddies shown in Fig. 1 are caused by the Canary 
Islands. 

(3) The considerations of the appropriate diinensionless 
parameters? indicate that the eddy viscosity in the 
atmosphere may be used in the dynamical equations in 
the same sense as the molecular viscosity is used in the 
laboratory model experiments to investigate atmospheric 
phenomena. 

(4) The estimate of the eddy viscosity from the above 
analysis is in agreement with other independent estimates. 

(5) A consideration of some practical consequence follows 
from the observed and expected persistence times of the 
eddy pattern. If the Canary eddies exist for at least 16 h, 
the meteorological conditions must also have been steady 
for that period. This would immediately suggest that if 
an Earth-synchronous satellite observed such an area 
continuously, the time-changes of the vortex-pattern would 
provide a very sensitive indicator of the changing meteoro- 
logieal conditions. 

If the foregoing indications (1) and (4) are valid, the 
loss of momentum to the ocean surface would be smaller 
than that assumed by Hubert and Krueger!, and, thore- 
fore, ib may not be necessary to postulate an instability 
mechanism to account for the observed long life of tho 
mesoscale eddies. 

1 Hubert, L. F., and Krueger, A. F., Mon. Weather Rev., 90, 457 (1962). 

? Birkhoff, G., and Zarantonello, E. H., Jets, Wakes and Cavities (Academic 
Press, 1957). 

3 Lin, C. C., Studies in Fluid Mechanics presented to R. ron Mises (Academic 
Press, 1959). 


* Heffter, G. L., J. App. Meteor. (submitted). 
* Long, R. R., in The Rossby Memorial Volume (Amer. Meteor. Soe., 1950). 


ICE NUCLEATION AND GROWTH IN SUPERCOOLED WATER FILMS 
CONDENSED ON A HYDROPHOBIC SURFACE 


By Da. HENRY M. PAPÉE, Dr. ALBERTO C. MONTEFINALE and Dr. T. W. ZAWIDZKI* 


Centre for Aerosol Nucleation, National Research Council of Italy, Via Vettore 4, Monte Sacro, Rome 


HE mechanism through which a substance may 
induce a transition of phase from supercooled water 
to ice? is still not fully understood, since, although 
hundreds of compounds have so far been investigated in 
cloud chambers, conditions at their surfaces seldom appear 
to have been rigorously monitored. In particular, some 
aspects of the action of silver iodide still seem to arouse 
great interest?; thus, both the size effect of silver iodide 
particles on ice-nucleation* and the sintering of silver 
iodide surfaces* were investigated in detail, and effects of 
some surface contaminants on the nucleability of silver 
iodide were evaluated®?. It was shown, on the other 
hand, that silver iodide is de-activated by light in its 
properties of acting as an ice-forming nucleus, and there- 
fore means of protecting the activity of the substance 
were experimentally sought??. 
Photolysis of a surface of silver iodide crystal will 
result in dissociation of the compound into elements and, 


* Present address: Department of Atmospheric Sciences, Stanford Research 
Institute, Menlo Park, California. 


what follows, in a progressive collapse of the catalysing 
surface structure®. Although this process will ultimately 
lead to the de-activation of silver iodide, it was thought? 
that formation of strains and lattice defects during the 
first moments of irradiation of the surface with light of 
suitable wave-length will initially activate the compound, 
because of enhancement of catalysis, due to surface 
defects and dislocations!'-?. In order to confirm this 
hypothesis, we have carried out a series of measurcinents 
of ice-nucleability and related lag-times of nucleation, 
using both ice and silver iodide nuclei which were sup- 
ported on smooth plates made of an anticorrosive elum- 
inium alloy, 15-0 cm x 16-0 em and 1 mm thick. The 
top of the plates was uniformly coated with a layer of 
‘High Vacuum, Apiezon L’ stopcock grease. The plates 
were made to adhere to a copper block, 25 cm x 30 cm 
of surface, which was hollow and cooled inside to the 
required temperature, + 0-2? C, by a fast-flowing stream 
of ‘Antifreeze’, which, in turn, was thermo-controlled by 
means of a standard refrigeration unit. Temperatures of the 
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aluminium plates were obtained, on the basis of suitable 
calibrations, directly from an electric thermometer placed 
in the copper block. Only the upper surface of the copper 
block was exposed and not insulated; a stability of about 
0:3? C could have therefore been achieved there, since the 
room in which the apparatus was mounted was kept at 
20 + 1° C and fluctuations in relative humidity wero 
low (70 + 10 per cent). Since temperatures at which 
the experiments were carried out were relatively high 
(> —12° C) the work was not appreciably affected by 
side-effects due to foreign matter nuclei in the air; such 
aerosol was, however, kept at a low level by means of an 
improvised electrostatic precipitator, which operated 
continuously in the laboratory. : 
The development of an ice-spot on an ‘Apiezon’-coated 
aluminium plate from water which condensed there from 
laboratory air could be satisfactorily monitored from a suit- 
able angle if the plate were properly illuminated. Illum- 
ination was provided by a 30-W 6-V microscope lamp, 
which was situated obliquely to the plate at about 1m 
distance and was switched on only for photography, or 
els? by an ultra-violet ‘HBO-200’ Zeiss high-pressure- 
mercury lamp of 600-W input power, which was provided. 
with a quartz.collimator and fritted-disk homogenizer, 
without filters, and which illuminated the plate con- 
tinuously from the same distance. The experimental 
procedure was initiated by making a coated plate adhere 
to the block, after which the plate was fogged by breathing 
on it, and then allowed to reach thermal equilibrium for 
about 5 min. Nine groups of nucleation spots were there- 
after symmetrically induced on the plates by placing, 
with a spatula, small mounds of the substance examined 
on the coated surface, while the procedure was timed. 
Photography of the growing ice-spot was carried out, 
using a 16-mm automatic Ga-M camera, red standard 
filter and fine-grain 20 ASA film; the dimensions of the 
growing spots were thereafter evaluated by direct exam- 
ination of the developed film under an enlarger. Fig. 1 











Tig: 1. Ice-spots on 'Aplezon'-coated metal plate, at —2-5° C and at 
different, stages of growth. Timing is about: 600, 1,000, 1,400, 1,800, 
2,200, 2,600 sec, respectively, from moment of seeding 
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Fig. 2. Plots of times of growth versus 0-5 times diameter (as horizon- 

tally ‘seen’ by camera) of ice-spots shown in Fig. 1. Diagrams emphasize 

lag-times of nucleation of silver iodide; the experiment was carried out 

under ultra-violet illumination. Cumulative linear regression on all 
lines assumes common gradient!* 


shows part of the photographic results of a typical run, 
while Fig. 2 gives the results obtained on the basis of 
photographs partly quoted in Fig. 1 and shows the 
increase of radii in the icing groups, with time. 

Freshly ground, commorcial silver iodide, 99 per cont 
pure, which was desiccated 24 h at 110° C in a stove and 
afterwards ground to pass through an A.S.T.M. screen of 
140 mesh/in., or, alternatively, ice which condensed 
on the copper block, were used under conditions of illum- 
ination described here for the ‘seeding’ of plates. 

The spread of icing after nucleation appears to be 
approximately linear with time in our experimental 
conditions; hence its rate can be obtained from the 
gradients of the plots, such as shown in Fig. 2, while the 
lag-time of nucleation inherent to the substance examined 
may be evaluated from the intercepts. The rates were 
calculated from gradients common to the lines obtained 
at the same conditions and were plotted against the tem- 
perature of operation in order to evaluate the change of 
the rates of growth with temperature (deg. C). The plots 
obtained from experiments where ice-growth was initiated 


Table 1. TEMPERATURE DEPENDENCE OF RATES OF GROWTH OF ICE ON 
'APIEZON', UNDER TWO DIFFERENT CONDITIONS OF ILLUMINATION AND WITH 
Two DIFFERENT SEEDING AGENTS 


Nuclei Illumination Rate of ice-growth 
(em/see/?C x 104) 

AgI Tungsten 2:46 +004 

Ice Tungsten 2:52 +007 

Cumulative Tungsten 2-48 + 0-04 

AgI Ultra-violet $:97 101 

Ice Ultra-violet 371402 

Cumulative Ultra-violet 9:54: 0-1 
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either with ice or with silver iodide nuclei are shown in 
Fig. 3, and the results are summarized in Table 1. 

While the time of lag in nucleation appeared to be 
approximately nil in the case of freézing initiated with 
ice, as substantiated by a symmetrical distribution, with 
a standard deviation of 50 sec, of extrapolated values 
about the r axis, the behaviour of silver iodide is quite 
different, as shown in Fig. 4. The experimental values 
appear to follow here a monotonic increase with tem- 
perature; the plot can satisfactorily be fitted (see later) 
with a function of the type: 


(1) 


where t = lag-time of nucleation (sec); this quantity is 
taken as an average of individual lag-times of n spots 
which nucleated out of the total of nine spots, multiplied 
by 9:n; AT = the difference (deg. C) between T, the 
highest temperature at which the substance will nucleate 
ice, and the temperature of operation, T; « and B = con- 
stants, which can be estimated by linear regression if 
AT is known. 

We are aware that the experimental method, such as 
described here, of estimating ice-nucleating power and 
lag-time of action of different substances may be subject 
to several refinements. However, although this work was 
carried out mainly with the object of finding and testing 
fast and reliable means of evaluating ice-nucleating pro- 
perties of diverse compounds without having to disperse 
them as aerosols, some preliminary observations of a more 
fundamental nature can already be made at this time. 
The rates of growth of nucleated ice-layers appear, in 
our oxperimental conditions, to be in fair agreement with 


m 
eo 


Rate of growth (cm x sec! x 10*) 


to 
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TUNGSTEN. 





-10 “ce 
Temperature (deg. C) 


Fig. 3. Growth of nucleated ice-spots on ‘Apiezon’ substrate, as function 

of temperature. Full and empty circles stand for experiments where 

silver iodide and ice, respectively, were used for ‘seeding’ of plates. 
Regression was made to force lines through origin 
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Fig. 4. Lag-times of nucleation of ice on ‘Apiezon’, for identical silver 

lodide product, under tungsten and ultra-violet light; experimental 

points were fitted with function of type given in equation (1); parameters 
are given in Table 2 


the order of magnitude of values derived by Burton, 
Cabrera and Franck, as discussed by Mason"; they differ, 
however, from values proposed by Hilig and 'Tunbull'5, 
probably due to the effects of the substrate on which such 
growth occurs" and to the strueture of the growing 
ice-surface!*:? and related effects? as substantiated by 
faster rates of growth under ultra-violet radiation. Tho 
lag-time of ice nucleation of a substance may, in our 
experimental conditions, be expressed in terms of the 
difference between the temperature at which the substance 
nucleates, and the temperature of operation. lf equation 
(1) is resolved in series for small values of AT, there is 
approximate proportionality between f- and AT, and 
hence the value of Ta, the highest temperature at which 
a substance will act as a freezing nucleus, may be obtained 
by extrapolation (Table 2). 


Table 2. CONSTANTS OBTAINED FROM CURVE-FITTING PROCEDURE ACCORDING 
To EQUATION (1), AND HIGHEST EXPERIMENTAL TEMPERATURES OF 
NUCLEATION OF SILVER IODIDE, FOR BOTH TYPES OF ILLUMINATION 


Correlation T, (°C) 
iumin- coeficient, Used for Highest 
ation i-! versus Calculated curve experi- a B 
T(—6-0?C) fitting mental 
Tungsten —0-97 —3:940-2 -3-9 —40 726 0-260 
Uitra-violet —0:97 +0405 0-0 —0-4 2,763 0-168 


Both Fig. 4 and Table 2 reveal an effect of ultra-violet 
radiation on the nucleating power of freshly ground and 
desiccated silver iodide, indicating, in agreement with 
what was stated in ref. 9, that the activity of a crystal of 
silver iodide may first be enhanced by short-wave light, 
and only afterwards destroyed by photolysis. 

We thank Piof. V. Caglioti for advice. This work was 
supported in part by ‘Cassa per il Mezzogiorno’. 
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SEGRE-SILBERBERG ANNULUS FORMATION: A POSSIBLE 
l EXPLANATION . 


By R. V. REPETTI and Pror. E. F. LEONARD 


Department of Chemical Engineering, Columbia University, New York 


GunE and Silberberg, working with a neutrally 
buoyant dilute suspension of rigid spheres, wore first 
to report the formation of an annulus of spheres concentric 
with the tube axis during laminar flow through a vertical 
duct of circular cross-section}. Their result, described in 
detail elsewhere”, was unexpected because prior investiga- 
tions of radial particle displacements in Poiseuille flow had 
suggested only the possibility that particles could move 
radially inward, that is, from the wall toward the tube 
axis. 

We are at present examining the radial motion of single 
rigid spheres in a laminar flow contained in a vertical duct 
and have observed particles that drifted all the way from 
the wall to the tube axis while others have done the reverse. 
Still others have exhibited no radial drift or have drifted 
either a short distance in from the wall or a short distance 
out from the axis, a condition analogous to that required 
by the Segré-Silberberg effect. 

We believe these phenomena can be explained as 
follows: Rubinow and Keller? have shown that a rotating 
sphere moving with velocity V through a viscous 
unbounded fluid is acted on by a lift force F given by: 

F= Ta prQ xV (1) 
where æ is the sphere radius, p; is the fluid density, Q is 
the angular velocity, V is the difference between the 
transverse velocities of the fluid and particle and F is 
the lift force perpendicular to the plane of Q and V. 
This equation was not derived for a Poiseuille flow, but, 
as Rubinow and Keller point out, there is reason to believe 
that it yields a force of the correct order of magnitude for 
such a flow. This assumption was supported by the results 
of a test we applied to the data of Goldsmith and Mason* 
for rigid spheres in a Poiseuille flow at very low Reynolds 
numbers. (Equations (1), (2) and (5) of this article were 
combined to give another describing the radial lift force 
on the sphere. Radial acceleration was neglected and the 
differential equation describing radial motion of the sphere 
was obtained by equating the lift force to the Stokes drag, 
6xya(dr/dt). Simultaneous solution of the differential 
equations of radial and axial motion resulted in predictions 
of particle trajectories which for the small radial migrations 
reported by Goldsmith and Mason resulted in predicted 
axial travels greater than those observed by a factor of 
5:2 at most, and by a factor of 2-7 on the average. Similar 
results are obtained for particles in the system wo are 
investigating (described elsewhere in this article), a system 
considerably different from that of Goldsmith and Mason.) 
Accordingly we apply equation (1) here, bearing in mind 
the reservations associated with its use. The required 
rotational and transverse velocities are consequences of the 
parabolic velocity distribution as is shown below for the 
case of a neutrally buoyant system. 

The gradient of the velocity profile is responsible for the 
angular velocity of the particle. If one restricts considera- 
tion to spheres the diameter of which is small compared 
with the radius of curvature of the velocity profile, Q 
can be approximated by a relationship given by Jefferys: 
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where v, is the maximum (centre-line) velocity within the 


tube, 7 is the distance from the axis to the sphere centre 
and R js the tube radius. 
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Goldsmith and Mason’ have presented evidence showing 
that for rigid spheres the difference between actual particle 
velocity and the fluid velocity that would prevail at the 


location of the sphere centre increases as M increases, with 
the sphere lagging behind for all E Their results, obtained 


from several systems, when put in non-dimensional form, 
Bive & general curve, which we have approximated by: 
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where vy is the fluid velocity that would prevail at the 
sphere centre were the sphere not there, vp is the actual 
axial particle velocity, and the constants A, B and C have 
the values 3-04, 1-58 and 1-00. Dr. Mason has kindly 
furnished additional data points? which fall slightly 
above this curve, and he points out that one would expect 
factors such as the Reynolds number to affect the position 
of the curve. However, we shall see that the important 


feature of equation (3) is its dependence on > and Dr. 


Mason’s additional results also exhibit this dependence. 

With the above means of approximating the particle 
velocity, a decision is now required as to what fluid velocity 
to compare it with in order to obtain V. Since the fluid 
velocity is different at various points surrounding the 
sphere, some form of average velocity is suggested. 
Consider the moving particle to sweep out a tube of fluid 
within the paraboloid describing the velocity distribution 
in the duct. The presence of the sphere will influence the , 
fluid to some distance 3 past the sphere surface. If one 
computes the average velocity vay of the fluid within this 
tube of radius (a+ 8) for any position of the tube within 
the duct, the result is : 
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The following considerations apply in the selection of a 
x In terms 
of a co-ordinate system fixed on the duct centre-line in 
which the positive axial direction is with the flow, a 
positive V together with the negative value of Q from 
equation (2) would give a negative, or inward-directed 
force on the sphere as determined by the vector cross- 


product of equation (1). If 8 is assigned increasingly larger 
values (as defined, 8 cannot be negative) the value of V 


value for 8: when 8 — 0, V is positive for all 


" 
for any E is decreased from its 8 = 0 value until at 8 = 1-15a 


V becomes zero. Further increases in 8 result in negative 
V near the tube axis and & corresponding shift in the 
V=0 point toward the tube wall. Negative values of V 
are associated with particle drift away from the tube axis, 
again as dictated by the vector cross-product of Q and V. 
Thus, if 8 were in fact greater than 1-15a, one would predict 
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the existence of & region near the tube axis in which 
particles would seek to move away from the axis and to 
accumulate at the value of $ for which V —0. Similarly, 
particles near the wall (where V is positive) would move 
inward, also seeking tho position for which V —0. When 
V=0 the radial force is zero and this consideration 
determines the site of the Segré-Silberberg annulus. 

The choice of 8 therefore influences the prediction of 
where the annular zone would form. (The accumulation 
site is also influenced by the fluid velocity distribution. 
In a two-dimensional parabolic field (as ideally between 
broad flat plates or as approximated by a duct of rectangu- 
lar cross-section of large aspect ratio) the coefficient of 
(a+8)/R? in equation (4) is 1/4 instead of 1/2. This 
produces the result that, for a given value of 8, the accumu- 
lation site would occur, if at all, closer to the axis than 
it does within a duct of circular cross-section.) In actuality 


8 is possibly even a function of 22 but is here assumed 


constant for simplicity. Dr. Mason’s results, which 
demonstrated drift in either direction’, were best correlated 


by assuming 5=a/2. When V is plotted against Z for 


8—a[2 a curve such as Fig. 1 is obtained where V=0 
corresponds to Z —0-53. This value agrees reasonably well 
with that reported by Segré and Silberberg. 

Our observation that particles could move in either 
direction over the entire distance between the wall and the 
tube axis has a similar explanation. The density of these 
particles was about 0-1 per cent different from that of the 
fluid. Consequently a buoyancy term, independent of 
position within the duct and approximated by the Stokes 
settling velocity, must be added to the value of V. A 
particle less dense than the fluid could therefore be 
described by a curve similar to Fig. 1, only shifted upward 
in its entirety by an amount equal to the Stokes velocity. 
A sufficiently large buoyant velocity could make the curve 
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Fig. 1. ical plot of velocity difference between sphere and fiuid 


versus radia aa ee Where V is negative, particle moves faster than 
surrounding fluid and drifts outward, whereas for positive V the reverse 
is true. V =0 represents stable equilibrium point 
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everywhere positive and thereby give a force directing 
the particle toward the tube axis for all values of 


E Similarly, a sphere more dense than fluid in downtlow 


through a vertical tube could be driven out to tho duct 
wall. 

Experimentally we have readily produced these 
phenomena in a system of single nylon spheres within a 
flowing aqueous sodium chloride solution. The small 
density differences required to change the drift direction 
are obtained either by changing the system temperature 
(usually less than 5° C) degrees for a given sphere density, 
or by the addition of either more salt or water to the fluid. 

A. typical result with three spheres of 0-476 cm diameter 
and only slightly different densities released at diffcrent 
T 


times from a position of g-92 within a long vertical duct 


of rectangular cross-section showed the following: after 
66-cm axial tiavel a nearly neutrally buoyant sphere had 


drifted to $ 


dense than the first had drifted to 5 = 0:66 and a third 


0-06 per cent less dense than the first had drifted to 
r 


ET 0-25 These values do not represent equilibrium 


positions and are cited for the purpose of illustrating 
the effect of small density differences. (Cross-section 
dimensions are 2-54 cmx 10-16 cm and duct-length is 
2-5 m, the lower 66 cm of which are used for experimontal 
observations. Drift is examined between the narrowly 
separated walls and is confined to the mid-plane between 
the other walls. In the example cited, R therefore equalled 
1-27 em and the fluid flow rate was 50 cm?/sec.) 

Oliver? has reported similar experimental results and 
furthermore has concluded that particle rotation causes 
movement to the wall while the absence of rotation 
causes motion away from the wall. Equation (1) here 
appears to require that both particle rotation and slip be 
present simultaneously in order that a lift force may exist. 
Oliver observed drift with no rotation, however, and we 
have found that non-rotating particles could drift either 
toward or away from the duct wall. (Spheres were drilled 
with small shallow holes which were then filled with wax 
so that the particle remained spherical in shape, but with 
a displaced centre of gravity. The fluid density was then 
adjusted so that it either equalled or was slightly different 
from that of the particle.) The explanation of the apparent 
discrepancy between equation (1) and observation is that 
the equation is of the same type as the morc general 
Kutta-Joukowski equation for infinitely long cylinders in 
which the lift is related to the cross-product of the fluid 
circulation and the transverse velocity difference. As 
Tollert? points out, circulation can arise with a translating 
sphere either by sphere rotation or by unsymmetrical 
streaming about the non-rotating sphere. The Rubinow- 
Keller stationary viscous fluid required that the particle 
rotate in order that the circulation be non-zoro, with the 
circulation in effect being approximated by a function of 
the particle angular velocity. In a Poiseuille low, however, 
the velocity distribution produces a non-zero circulation 
by virtue of the unsymmetrical streaming about the sphere. 
(This was demonstrated by filling several small shallow 
holes in a non-rotating sphere with potassium permangan- 
ate. As the sphere was carried along by tho fluid, two 
easily visible permanganate streams emanated from it: 
one leading the sphere and which left its surface on the 
duct axis side of the sphere centre and ono trailing the 
sphere and which left the surface on the wall side of the 
sphere centre.) Hence one would expect particle drift to 
be possible in either direction anywhere in the tube except 
at the axis where, because of symmetry, the circulation 
vanishes to zero. This requirement confirms the intuitive 
feeling regarding the importance of particle shape as a 


= 0-47, a second sphere 0:04 per cent morc 
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factor in influencing drift rate, because of the way in 
which streaming around the body and hence circulation 
is shape-dependent. Equation (1) is therefore to be 
regarded as only an approximation in which the circula- 
tion is in turn approximated by a function of the fluid 
velocity gradient. Dryden, in discussing the circulation 
about rotating cylinders, referred to the discrepancy 
between theory and experiment and concluded that 
accuracy requires actual measurement of the circulation, 
a comment that sheds light on the likelihood of develop- 
ing a single accurate expression for predicting drift 
rates for particles of different shapes and surface con- 
ditions. ; 

In summary, the foregoing analysis has described the 
factors producing radial drift and has proposed a means 
by which the Segré-Silberberg annular zone could be 
formed. Experimentally we have qualitatively confirmed 
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all modes of drift predicted for a system flowing down a 
vertical duct. We are now seeking to compare quantita- 
tively the observed trajectory with the predicted trajectory 
based on tho radial force obtainable by a combination of 
equations (1), (2) and (5). 

This work is supported by U.S. Public Health Service 
research grant H#-06831. 
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SEPARATION OF HYDROCARBON LIQUIDS BY FLOW UNDER PRESSURE 
f THROUGH POROUS MEMBRANES 
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HE selective permeation of hydrocarbon mixtures 

through non-porous polymeric films has been examined 
extensively!-*. In these investigations the feed is usually 
in the liquid state, the film is held in the swollen state by 
heating and the permeated product is withdrawn as a 
vapour and afterwards condensed. On the other hand, 
Kammermeyer and Hagerbaumer! established the feasi- 
bility of the liquid phase separation of several hydrocarbon 
mixtures by pressure permeation through microporous 
glass having an average pore diameter of 40 A. : 

The concept of preferential sorption at the fluid- 
membrane interface together with the flow of the inter- 
facial fluid through capillary pores of size equal to, or 
less than, & critical diameter characteristic of the system 
offers a new approach to the development of a general 
industrial process for the separation of hydrocarbon 
mixtures. The experimental technique consists simply 
in letting the fuid mixture flow under pressure through 
an appropriate porous membrane; the membrane- 
permeated fiuid is enriched in the preferentially sorbed 
constituent. No heating of the membrane and no phase 
change in product recovery are involved in this separation 
process. 

The governing criteria of this process may be stated 
as follows. An appropriate chemical nature of the film 
surface in contact with the solution, together with the 
existence of pores of appropriate size on the area of the 
porcus film at the interface, is an indispensable twin 
requirement for the success of this separation technique. 
Further, the rate of fluid permeation through the mem- 
brane can be increased, without affecting the degree of 
separation under the given operating conditions, by simply 
increasing the number of pores of the appropriate size on 
the film surface. Thus, for any given membrane material, 
the obtainable degree of separation and the rate of fluid 
permeation are two independent characteristics of the 
film, which can be varied by varying its porous structure. 

From an industrial point of view, the application of the 
above technique for a given separation problem involves 
essentially the problem of choosing the appropriate chemi- 
cal nature of the film surface and developing techniques 
for making films containing the largest number of pores 
of the required size on the area of the film at the interface. 
This approach formed the basis of the successful develop- 
Jment of porous cellulose acetate membranes capable of 
giving both high flow rates and high degrees of demineral- 
ization gf aqueous sodium chloride solutions'*. The 


general applicability of the foregoing technique for the 
separation of inorganic and organic substances in aqueous 
solution, as well as for the separation of gases, has already 
been demonstrated!5—5. This communication is con- 
cerned with its applicability for the separation of liquid 
hydrocarbon mixtures. 

Three different types of porous films, designated here 
as S and S, CA and PE films, were used in these experi- 
ments. The S and S films are the commercially available 
cellulose acetate ultrafine filter membranes, type UA- 
superdense, supplied by Carl Schleicher and Schuell Co. 
The CA films are porous cellulose acetate membranes made 
in the laboratory by the method described earlier! 
using the following composition (weight por cent) for the 
film casting solution : acetone, 68-0 ; cellulose acetate, 
17-0; water, 13-5; magnesium perchlorate, 1:5. The 
S and S and CA films have similar, but not identical, 
relative separation characteristics, and hence they are 
classified separately. These films were initially shrunk 
by immersion in hot water, and then washed in successive 
dishes of absolute alcohol. The PE films are porous 
polyethylene films made in the laboratory by a special 
method, details of which will be published at a later date. 
The feed solution systems tested were xylene-ethyl 
alcohol, xylene-n-heptane and n-heptane-ethyl alcohol. 
Just before use in the experiment, the films were dried 
between filter papers, and quickly immersed in the feed 
solution and again dried superficially between filter 
papers. The operating cell is a stainless steel pressure 
chamber consisting of two detachable parts. The film 
is mounted on a stainless steel porous plate embedded in 
the lower part of the cell through which the membrane 
permeated liquid leaves the system at the atmospheric 
pressure. The upper part of the cell contains the foed 
solution under pressure in contact with the membrane. 
The two parts of the cell are clamped and sealed tight 
using rubber O-rings. Compressed nitrogen gas was used 
to pressurize the system. The experiments were con- 
ducted under static conditions at the laboratory tempor- 
ature. A new sample of the film was used for each experi- 
ment. The quantity of liquid removed by membrane 
permeation was small compared to the amount of feed 
solution in the pressure chamber. The compositions of 
the feed and the membrane permeated liquids were 
analysed by means of a Bausch and Lomb precision re- 
fractometer capable of giving refractive index data 
within an accuracy of 0-00003, which corresponds to an 
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accuracy of better than +0-1 per cent for the systems 
tested in this work. 

A set of experimental results is given in Table 1 and 
Fig. 1. The results illustrate the fact that the separation 
technique was successful in all the cases tested. For the 
feed system xylene-EtOH, the S and S and CA films have 
preferential sorption for EtOH, and the PE films exhibit 
preferential sorption for xylene.  Furtber, when the 
surface of the S and S film was sprayed uniformly with 
‘Fluoro-glide’ (a fluorocarbon polymer supplied by Chem- 
plast, Inc.) and used in contact with the above feed system, 
the direction of separation was reversed. This latter 
observation again shows! that the mechanism of the 
process is governed by a surface phenomenon. For the 
system xylene-n-heptane, all three types of films used 
exhibit a preferential sorption for xylene. For the 
system n-heptane-EtOH, the membrane permeated liquid 
shows alcohol enrichment for the S and S and CA films and 
n-heptane enrichment for the PE films ; the data also 
illustrate that azeotropic composition is no limitation to 
this separation process. The chemical nature of the 
membrane surface determines the direction of soparation 
for a given feed system. The separation and flow rate 
data given here do not set the limits of those obtainable 
for the types of films used, but they illustrate that different 
levels of separation and flow rates are obtainable for the 
same membrane material depending on the porous struc- 
ture of the films used. Fig. 1 shows the effect of operating 
pressure on the separation and flow characteristics of a 
CA film for the system n-heptane-EtOH. The variation 
of flow rate of the membrane permeated product with 
pressure, considered together with the corresponding 


Table 1 
Area of film surface: 7:0 em?, Operating pressure: 1,000 p.s.i.g. 


Feed liquid Membrane-permeated liquid 
Exp. composition Film type Composition Flow rate 
No (mole %) (mole %) (g/h) 
1 Xylene 19.5 S and S film Xylene 16-5 (Not determ- 
EtOH 80-5 EtOH 83:5 ined) 
2 Xylene 19:5 SandSflmsur- Xylene 23-0 m E 
EtOH 80:5 facesprayed EtOH 77-0 
with ‘Fluoro- 
glide’ 
3 Xylene 19:5 S and S film Xylene 12:5 3» P 
EtOH 80-5 EtOH 87:5 
4 Xylene 140 Sand S flm sur- Xylene 15:5 "T E 
EtOH 86-0 face sprayed EtOH 84-5 
with ‘Fluoro- 
glide'' 
6 Xylene 50-5 S and S film Xylene 38-0 1:28 
EtOH 49-5 EtOH 62:0 
6 Xylene 51-0 »5 3» Xylene 41:0 1:04 
EtOH 49-0 EtOH 59-0 
7 Xylene 50-0 $s » Xylene 57:5 1-85 
n-Heptane 50-0 n-Heptane 42-5 
8 Xylene 50-0 »5 of Xylene 60-5 0:44 
n-Heptane 50-0 n-Heptane 39:5 
9 n-Heptane Fa bd " a m- Heptais 9-5 2-00 
Eton 67:0 Eto 90-5 
10 n-Heptane 22 d 5 s n-Heptane 6:0 0:51 
EtOH 67-0 EtOH 94:0 
11 Xylene 51-0 CA film Xylene 39-0 2-03 
EtOH 49:0 EtoH 61-0 
12 Xylene 51:0 A Xylene 34:0 1:07 
HOH — 490 NS EtOH 060 
18 Xylene 51:0 , Xylene 28-0 0-43 
HOH 490 un EtOH 720 
14 Xylene 505 yi» A Xylene 84:0 0-18 
n-Heptane 49-5 n-Heptane 16-0 
15 n Heptane el * » » m Heptane 8-5 2-16 
EtO 67:0 EtO 91:5 
10 n-Heptane 33.0) * » n-Heptane 12:5 25-21 
EtOH 67.0 EtOH 87-6 
17 Xylen 515 PE film Xylene 97:5 0:17 
EtOH 48-5 EtOH 25 
18 Xylene 51:5 Si cds Xylene 98-5 0:12 
EtOH 48:5 EtOH 1:5 
19 Xylene 51:0 » o» Xylene 98-0 0-18 
EtOH 49-0 EtOH 2-0 
20 Xylene 50:5 »on Xylene 53:5 0-47 
n-Heptane 49-5 n-Heptane 46:5 
21 Xylene 505 n» Xylene 545 0-47 
n-Heptane 40:5 n-Heptane 45-5 
0-18 


22 n-Heptane at = 3» 5 n-Heptane 61:5 
Eto 67-0 EtOH 


* Azeotropic mixture. 
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Fig. 1. Effect of operating pressure on the separation and flow charac- 


teristics of a CA film. Area of film surface, 7-9 cm*; feed composition 
(mole per cent): n-heptane, 33; EtOH, 67 


alcohol-enrichment in the product, indicates that the 
process involves capillary flow of the liquid through the 
porous film. 

The experimental results presented in this paper and 
those reported earlier!5-1? demonstrate the general applica- 
bility of the foregoing technique for the separation, con- 
centration or fractionation of inorganie or organic sub- 
stances in aqueous or non-aqueous solutions in the 
liquid or the gaseous state, and open a new and versatile 
field of separation technology in chemical process engin- 
eering. A precise understanding of the physicochemical 
criteria of preferential sorption (or preferential repulsion) 
of substances at interfaces, and the mechanism of pore 
formation in the process of casting high-flow porous films 
is, however, needed to develop this technology to its fullest 
industrial potential. Already it is clear that the high 
flow porous cellulose acetate membranes developed in 
connexion with saline water conversion? can also be 
profitably used in separation processes involving a wide 
variety of aqueous solutions as well as mixtures of 
hydrocarbon liquids. 

I thank Dr. I. E. Puddington and Dr. G. L. Osberg 
for their advice, Messrs. W. S. Peterson, A. E. Mellhinney 
and Neil H. Scheel for their help in building the equipment, 
and Lucien Pageau and A. G. Baxter for their assistance. 
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RELATION OF PROTEIN EVOLUTION TO TERTIARY STRUCTURE 
By Dr. CHARLES J, EPSTEIN 


Laboratory of Chemical Biology, National Institute of Arthritis and Metabolic Diseases, Bethesda, Maryland, and Division of 
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HE recent advances in the determination of the 

amino-acid sequences and the three-dimensional 
configurations of proteins have provided a great impetus 
to the examination of the evolution of proteins, or 
‘chemical paleogenetics'. When one compares proteins 
which are closely related in configuration and function 
but differ significantly in their amino-acid sequences (as, 
for example, the several chains of hemoglobin), it is of 
great interest to determine whether there are any basic 
principles that governed their evolution. Two stages of 
protein evolution may be arbitrarily defined. The first 
involves the assembly of amino-acids into a ‘primitive 
protein’, such as the postulated ‘primitive chain’ of 
hemoglobin, which has a definite configuration and 
function (whether enzymatic, structural, transport, or 
other). In terms of evolutionary chronology, this is 
probably by far the longer stage. During the second stage 
of evolution, with which this article is concerned, the 
‘primitive protein’ undergoes divergent evolution, presum- 
ably by a process of random mutations and natural 
selection (of the organism in which it is found), so that 
several distinct proteins (in the same or different species) 
with similar structures and activities are produced. 

It is now generally believed that the specific conforma- 
tion that a polypeptide chain assumes in the formation of a 
‘native’ protein is determined principally by its amino-acid 
séquence?. This being the case, for a ‘mutant’ or ‘evolved’ 
protein to preserve its original function, two requirements 
must be met. First, it is necessary that the few critical 
residues directly involved in activity or function remain 
intact (or that adequate substitutes be provided). Second, 
the polypeptide chain must be capable of folding in a way 
that will bring these residues into the proper relationship 
to one another. Therefore, an enquiry into the principles 
which govern the evolution of homologous proteins from 
common precursors becomes, in a large measure, an investi- 
gation of the factors which govern the folding of proteins. 

On the basis of investigations of the chemical and X-ray 
crystallographic properties of myoglobin‘, a simple but 
important generalization has been made: most, but not 
all; of the polar residues appear to bo located on the 
surface of the molecule, while most of the non-polar 
(hydrophobic) residues are found in the interior of the 
molecule. The results: obtained from the experimental 
modification, of ribonuclease®* and trypsin’ are in agree- 
ment with these ideas. The only major exception, in the 
ease of myoglobin, involves glycine and alanine, these 
residues being frequently located on the surface. On the 
basis of these observations, the following hypothesis was 
recently advanced’: during the evolution of homologous 
proteins, amino-acid substitutions (or ‘exchanges’ or 
‘transitions’) will be permissible (that is, will allow for 
proper folding of the protein) if they involve interchanges 
between one polar residue and another, between one 
hydrophobic residue and another, or (in some cases) 
between a polar residue and glycine or alanine: exchanges 
between polar and hydrophobic residues will not be 
permissible. This hypothesis is derived, of courso, from 
the supposition that during the folding process polar 
residues will tend to seek out the surface of the molecule- 
while hydrophobic ones will seek out the interior. There- 
fore, if a, non-permissible substitution is made, a residue 
destined: for the surface might now seek out the interior, 

. 


or vice versa, thereby interfering with the correct folding 
of the molecule. 

These ‘rules’ must be considered in two contexts. The 
first involves situations in which the homologous proteins 
differ by only one or a very few amino-acid residues. In 
such cases, it is quite conceivable that a small number of 
non-permissible exchanges might not be able to negate the 
overwhelming influence of the remainder of the residues 
and would not, therefore, interfere with the formation of 
the proper tertiary structure. On the other hand, when 
two homologous proteins differing significantly in their 
amino-acid sequences are compared, it would be expected, 
if the hypothesis is correct and if structural and functional 
integrity is to be preserved, that the ‘rules’ should hold 
quite firmly for the aggregate of the amino-acid exchanges. 
It should also be realized that other unknown ‘rules’, 
possibly not always fully compatible with the hypothesis 
under consideration, may be involved in protein evolution. 
Furthermore, it is quite apparent that the present hypo- 
thesis represents a simplification of the process of protein 
evolution and of the mechanics of polypeptide chain 
folding ignoring, as it does, the role of factors such as 
electrical charge and the size and shape of the various 
amino-acid residues. 

In order to test the hypothesis stated here, the 
following question was asked: in comparing related 
proteins, that is, proteins with similar functions and with 
sufficient homologies in amino-acid sequence to ensure 
that they are derived from common precursors, how often 
are the observed amino-acid exchanges of a permissible 
type, and how often are they not? To facilitate the 
analysis, the specific amino-acid differences between pairs 
of homologous proteins for which complete primary 
structure data were available were placed in one of three 
categorics: (I) permissible: polar/polar or hydrophobie/ 
hydrophobic interchanges; (II) possibly permissible: 
polar/glycine or polar/alanine interchanges; (III) non- 
permissible: polar/hydrophobic interchanges. 

The assignment of residues to the polar or non-polar 
groups has followed the usage of Kendrew?, and tyrosine 
and tryptophan have been cousidered as polar residues; 
cysteine, which is only rarely involved in an exchange, has 
been considered as non-polar. Accordingly, interchanges 
between phenylalanine and another aromatic amino-acid 
have been placed in category ITI, although it is quite 
conceivable that they could be considered as permissible 
in many instances (particularly phenylalanine/tyrosine 
interchanges). 

In order to evaluate the significance of the results 
obtained, it is necessary to have a standard for comparison. 
Ideally, one would like to know the single and multistep 
mutations that are actually (chemically) possible on the 
basis of the nucleotide amino-acid ‘code words’. Unfortu- 
nately, such data are not yet available. Experimentally 
produced single-site mutations are still too few in number 
and such information would, in general, not be applicable. 
This is because of the fact that, in most cases, only those 
mutations which are compatible with the recognition and 
isolation of the mutant proteins are observed, thereby 
eliminating from consideration those mutations that might 
be chemically feasible but structurally impossible. 

Because of these difficulties it was thought reasonable, 
in this preliminary analysis, to compare the observed 
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Table 1. ANALYSIS OF OBSERVED AMINO-ACID EXCHANGES 


















































Type of Assuming exchanges Assuming exchanges of Í 
Total exchange of type I + type IT type I + 1/2 x type II ! 
Authors* ex- are permissible are permissible i 
(refs.) changes — - "d | 
Permis- |Non-per- . Permis- |Non-per-' 1 

sible |missible| z? P sible |missible} x? P 

Expected random frequencies 60% 40% 54% 46% | i 

Observed frequencies (actual numbers) 

Hemoglobin | 
Human/horse, a-chain 15 17 2 15 2 4:53 | «0:05 19:0 50 27 — 
Human/primate, 8-chain 16 26 3 23 8 7:63 | «0:01 19:5 6:5 9-81 ,20-05 
Human, Een 17, 18 72 9 63 9 21:56 | «0-001 55:5 16:6 14:53 | «0001 | 
Human, f/y-chains 19 40 4 36 4 18-78 | «0:001 30:0 10:0 6-28 | «0:02 

Hamoglobin]: myoglobin 
y-chain (human)/myoglobin (whalo) | 4, 9, 19 107 26 81 26 10.31 | <0-01 69-6 37:5 472 | «0:05 
a-chain (human)/myoglobin (whale) | 4, 9, 17 102 27 75 97 ^| 723 | <0-01 66-0 36-0 4:29 | «0:05 

nsulin 
Human/bonito IT 20, 21, 22 7 3 4 3 — — 40 3-0 = — 

Cytochrome c 
Horse/human 23 12 3 9 3 — 7:0 50 -- 
Horse/baker's yeast 23, 24 39 10 29 10 2-78 — 27-5 11:5 3:04 — 
Tuna/baker's yeast 24, 25 4l 5 36 5 |1207 | «0001 | 325 85 9:55 | «0-01 
Hemoglobin, single-site mutations — 

(human) 2 14 2 3-96 | «0:05 12:5 3:6 2:84 
Total 385 94 82-02 | «0-001 | 336-0 143-0 | 49-62 | <0'001 














frequencies of the various categories of exchanges with 
the frequencies which would be expected on the basis of 
random exchanges between any two of the twenty amino- 
acids (without utilizing any specific information relating 
to the amino-acid ‘code’). By the latter method, the 
‘random’ frequencies of the three categories of exchanges 
wero found to be: type I, 48 per cent; type IT, 12 per cent; 
and type III, 40 per cent. When these data were weighted 
for the actual amino-acid composition of a protein such 
as the hemoglobin p-chain, the frequencies obtained were 
very nearly the same. 

Two different methods have been used to compare the 
random expectations with the observed frequencies. The 
first method (method A) is based on the assumption that 
all type II exchanges will be permissible, that is, that 
type 1++type Il=permissible exchanges, and typo III- 
non-permissible exchanges. Thus, the frequency of 
randomly-expected permissible exchanges will be 48 per 
cent + 12 per cent -:60 per cent, and of non-permissible 
exchanges, 40 per cent. These values may then be com- 
pared with the observed data (in which type I and type 
II exchanges are similarly combined), and the results 
analysed statistically by the y* method (with the Yates 
correction for continuity). The second method (method B) 
of comparison makes use of the more rigorous assumption 
that, on the average, only half of type II exchanges are 
actually permissible (for example, in specific instances, a 
polar-glycine might be while an alanine-polar might not). 
The random frequencies then become: permissible = 
I + 1/2 x II = 48 per cent + 1/2 x 12 per cent = 54 per 
cent; non-permissible = 1/2 x II +III = 1/2 x 12 per 
cont + 40 per cent = 46 per cent. As with method A, 
these values may then be compared with the similarly 
treated observed frequencies. If the observed and random- 
expected frequencies are significantly different, we may 
consider this as evidence in support of the hypothesis. 

The major problem in actually testing the hypothesis by 
these methods is to find suitable sets-of homologous 
proteins for examination. So far, complete sequence data 
are available for relatively few proteins, and for still fewer 
sets of homologous proteins. However, the pairs listed in 
Table 1 were considered to be suitable for analysis. In 
comparing the «- and B-chains of human hemoglobin with 
one another, and the hemoglobin chains with myoglobin, 
it has been necessary to compensate for deletions or 
additions of amino-acids. Because of the large number of 
identical regions in the two chains, no difficulty is encoun- 
tered in the former instance, but when comparing 
myoglobin with hemoglobin, it was necessary to make 
assumptions about homologous regions. The hæmoglobin- 
myoglobin analogies are based on the myoglobin sequence 
of Edmunds and Kendrew as quoted by Schroeder’. 


The results of the various analyses are shown in Table 1. 
For the hemoglobin «/B, B/y, and the human;primate 
B-chain comparisons, the observed frequencies of the 
various types of amino-acid exchanges are significantly 
different from random, by both methods of computation. 
For the human/horse «-chain comparison, tho results are 
significant by method A, and by both methods for the 
myoglobin/h:moglobin chain comparisons. In the case of 
the insulin comparison (human and bonito insulins being 
compared because they appeared to be the most divergent), 
the number of interchanges is small and there is a rather 
high proportion of non-permissible exchanges. One 
wonders whether these two proteins might prove to have 
significant differences in tertiary configuration. 'The total 
number of residues involved in the comparison of human 
and horse cytochrome c is small, and the observed 
frequencies are not statistically significantly different from 
random. On the other hand, the comparison of horse 
heart and baker’s yeast cytochrome c and of tuna fish and 
yeast cytochrome c (proteins derived from species that are 
certainly quite distant) shows that type I exchanges far 
outnumber type ITI. The differences are highly significant 
by both methods for the tuna fish/yeast comparison, but 
do not reach statistical significance for the horse/yeast 
comparison. 

The analysis of series of homologous proteins in which 
only a small number of differences are found presents 
considerably more of a problem. While it is easy to 
determine the category in which to place the singlo-sito 
mutations of human hemoglobin, it is much more difficult 
to handle groups of proteins in which more than two 
amino-acid residues are found at the same site. Examina- 
tions of such groups of proteins and also of physiological 
peptides and protein fragments have been made by Yéas?®, 
by Eck", and by Sorm?. If we evaluate the results 
obtained by these authors, we find that type I exchanges 
are by far the most common, and that type III aro 
generally the least frequent. However, because of the 
difficulties inherent in interpreting these comparisons, 
only the results of the analysis of the human hemoglobin 
single-site mutations are included in Table 1. For these 
exchanges, the results are significantly different from 
random expectation, by method A, even though the 
numbers are small. Finally, if all the data in Table | 
are pooled, the distribution of exchanges is significantly 
different from random, with P<0-001, by both methods 
of comparison. 

The outcomes of the various hemoglobin and myoglobin 
comparisons are particularly instructive, since for these 
proteins we have information regarding their tertiary 
configurations in addition to their amino-acid sequences." 
As has been previously pointed out, these „proteins 
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are quite similar, although certainly not identical, in 
their configurations. Furthermore, myoglobin, which 
undoubtedly is derived from the common ‘primitive’ 
hemoglobin, has diverged considerably from hemoglobin 
in its function and structural organization. Therefore, 
the results obtained by the present analyses of these 
proteins are quite gratifying and are in good agreement 
with the present hypothesis. Tho fact that a moderate 
number of non-permissible exchanges do occur is quite 
understandable when one considers the differences betweon 
the various molecules. 

In a recent discussion of the evolution of cytochrome c, 
Margoliash! observed that certain clusters of basic and of 
hydrophobic residues tended to be preserved intact (an 
observation in full accord with the present hypothesis), 
and raised the question of whether this ‘conservation is 
based solely on evolutionary selection for structural 
features of functional importance’ or whether mutations 
involving basic or hydrophobic residues tend to yield the 
same type of residues more often than not. This question 
strikes to the very heart of the problem under considera- 
tion, and it might be rephrased as follows: are the observed 
amino-acid exchanges governed by the present hypothesis, 
or are they merely the result of the restrictions imposed on 
mutation by the ‘amino-acid code’? At the present time 
it is still not possible to distinguish conclusively between 
these two alternatives, but the analyses of the hemoglobin 
and myoglobin exchanges, in which multi-step mutations 
are undoubtedly involved, would appear to support 
strongly the former alternative. 

Besides the theoretical analysis just presented (which 
will undoubtedly be expanded as the sequences and 
configurations of additional sets of proteins are examined), 
it has been possible to approach the hypothesis experi- 
mentally. By utilizing the system in which native 
ribonuclease is ‘unfolded’ by reduction in urea and is then 
re-oxidized and ‘refolded’ to its active configuration, it 
has been shown that extensive modifications of ‘surface’ 
residues (such as lysine, glutamic acid, and aspartic acid) 
that do not convert polar side chains to hydrophobic ones 
do not prevent the proper ‘refolding’ of the unfolded 
proteins®:*. Similar results have been obtained with 
surface-modified trypsin’. On the other hand, the attach- 
ment of large aromatic rings to the surface does appear 
significantly to impair folding'*. Further experiments of 
this type, using not only selective modifications of amino- 
acid side chains but also specific amino-acid substitutions 
within the polypeptide chain, will allow for a more exten- 
sive and definitive experimental test of the hypothesis. 
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In summary, it seems reasonable at the present time 
to assert that the available amino-acid sequence data and 
experimental evidence support the hypothesis that the 
necessity to preserve the correct tertiary configuration by 
the proper distribution of polar and hydrophobic residues 
in protein molecules is an important factor in guiding the 
evolution of proteins. Therefore, it may be predictod that 
homologous proteins which violate this principle will be 
found to differ markedly in their tertiary configurations, 
although the fact that enzymatic activity and specificity 
are preserved would suggest that the ‘active centre’ 
portions of the molecule may still be relatively intact. 

Note added in proof. Fisher? has recently suggested 
that the combination of the chain-length and the ratio 
of the hydrophobic to polar residues in a protein strongly 
influences its tertiary and quaternary structures. His 
conclusions are quite complementary to those reached in 
the present discussion. 
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A THEORETICAL MODEL OF y-GLOBULIN CATABOLISM 
By Pror. F. W. R. BRAMBELL, F.R.S., Da. W. A. HEMMINGS and Dr. I. G. MORRIS 
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ECENTLY one of us! suggested that certain re- 
semblances between the processes of the passive 
transmission of immunity from the gut to the circulation 
in suckling rats and mice and of passive anaphylactic 
sensitization in guinea pigs warranted the hypothesis 
that essentially similar cellular mechanisms were involved 
in both. These two processes are involved in very 
different and rathor special functions, and if they do indeed 
depend on a similar cellular mechanism the possibility 
that this may be concerned also with some other process 
of more general physiological significance arises. Recent 
now evidence concerning the catabolism of y-globulin in 
the mouse? and in the rabbit® appears to us prima facie 
to lend itself to such interpretation. It is the purpose 
of this articlo to suggest & theoretical model of the mech- 
anism of y-globuMn catabolism, consistent with these 
results and with the assumptions that have been made 
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concerning transmission of immunity in tho mouse, rat 
and rabbit and with anaphylactic sensitization in the 
inea pig. - 
E'Briedy dis case which was made for assuming that a 
similar receptor mechanism was involved in both sensit- 
ization and transmission was as follows. Both processes 
are concerned with y-globulins (or antibodies) and both 
are selective also in that the y-globulins of some species 
are effective, whereas those of others are less effective 
or ineffective. The fragment of the y-globulin molecule 
obtained by papainization which contains most of the 
antigenic sites, known as fragment III or the F-piece’, 
determines both transmission and sensitization, whereas 
the other parts, fragments I and IY or the S-pieces, are 
ineffective. Sensitization by, or transmission of, a given 
y-globulin can be interfered with by y-globulins of other 
species, but not by other serum proteins. Again, it is the 
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antigenic part (fragment III) of the molecule, not the 
other part (fragment I or II), which is responsible for 
interference. To account for the specificity and select- 
iviby of sensitization and of transmission, workers in both 
fields have postulated indepondently the presence of 
Y-globulin receptors on, or in, the cells and have regarded 
interference as being due to competition for them. 

Transmission involves passage across the gut wall. 
The protein in solution apparently is taken up by the cells 
of the intestinal epithelium by pinocytosis, as can be 
demonstrated microscopically and electron microscopic- 
ally. Protein so absorbed and not transmitted to the 
circulation as such appears to be degraded. Thus the 
receptors, which may be in the walls of the pinocytotic 
vesicles, appear to function in saving from degradation 
protein molecules attached to them and later releasing 
them to be secreted from the other pole of the cell. 
Sensitization, on the other hand, requires receptors 
that are accessible to antibodies and soluble antigens 
and may be on the external surfaces of the cells. It is 
not necessary to assume that they are in the walls of 
vesicles within the cells, though there does not appear to 
be any convincing evidence on which to exclude such a 
possibility. 

Fahey and Robinson? find that for BALB/c mice the 
rate of y-globulin catabolism increased with y-globulin 
concentration from a normal half-life of T4= 4-1 days 
at a normal concentration in the serum of 0-5 g per cent 
to a minimum half-life of 74 = 1-8-2-0 days at concen- 
trations of 2-0 g per cent. These mice were used at a 
size of 25 g body-weight when the average plasma volume 
was 1-25 ml., and approximately half the total y-globulin 
was extravascular. Levels of y-globulin concentration 
were raised by hyperimmunization and injection of 
normal mouse y-globulin. Comparable reduction of the 
half-life of y-globulin was observed in mice with high 
concentrations of y-myeloma protein due either to bearing 
transplanted plasma cell tumours or to injection of the 
purified myeloma protein, and also in mice that had 
received injections of normal human y-globulin or human 
Y-myeloma protein. Mouse or human 8,4 myeloma protein, 
human y,-macroglobulin, and human albumin had no 
effect on the half-life. The F-pieces of both normal 
human y-globulin and of mouse y-myeloma protein, 
obtained by treatment with papain and cysteine, were 
as effective in shortening the half-life as the whole y- 
globulins at comparable molar concentrations, whereas 
the S-pieces did not shorten, and even appeared to slightly 
lengthen, the half-life. 

Our attention was attracted by the resemblance of 
this phenomenon to passive transmission and to passive 
sensitization in its specificity, since y-globulin alone is 
effective, and the other serum proteins have no effect. 
Moreover, the effective part of the y-globulin molecule is 
the same in all three processes, since the F’-piece of human 
y-globulin corresponds to fragment III of rabbit y- 
globulin, and the S-pieces to fragments I and II. Such 
correspondence obviously suggested that a similar basic 
cellular mechanism might be involved. 

The model we suggest to account for these findings is 
the isolation from the general pool in a special compart- 
ment or compartments of a part of the y-globulin solution, 
some of the molecules of which become attached to specific 
receptors on, or in, the cells and are ultimately returned 
to the circulation, while the remainder are degraded. 
The essential point is that, of the y-globulin so isolated, 
only those molecules which attach to receptors are saved 
and returned to the circulation. It is suggested that 
isolation is effected by pinocytosis and that the receptors 
are intracellular in the walls of the vesicles, but the 
principle could apply to isolation in a viscus with the 
receptors on the surface of the cells lining it. Such a 
mechanism would be consistent with that which we have 
found it necessary to postulate to account for the passive 
transmission of immunity and appears to us applicable 
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at least to much that is known concerning passive ana- 
phylactic sensitization. The fractional rate of y-globulin 
catabolism, 7, is the amount catabolized in unit timo 
divided by the total amount in the system. If V is the 
total y-globulin space,and c is the concentration, then the 
total amount in the system is Vc. The proportion cata- 
bolized will be the proportion isolated less the proportion 
saved by the receptors. Ifa is the proportion of the total 
y-globulin solution isolated per day and b is the minimum 
concentration of y-globulin that will saturate the re- 
ceptors, then: 


Vac — Vab 
Vc 
Since the half-life, T4, is related to the fractional rato 

of catabolism, as: 


F- (1) 





loge2 
ry = CET (2) 
then by substitution: 
c loge2 . 
T} = a(c — b) (3) 


Similarly, the total amount of y-globulin catabolized per 
day, G, will be: 
(4) 


Fahey and Robinson? provide results for the seruin 
y-globulin concentrations and half-lives in normal and 
immunized mice of the BALB/c strain which are repro- 
duced in Table 1. These authors provide further results 
in the form of a graph of the y-globulin concentrations and 
half-lives in mice with various kinds of plasma cell tumours, 
or injected with large doses of mouse of human myeloma 
protein, or normal human y-globulin, or human scrum 
albumin. We have extracted these results from their 
graph for normal mice and for those injected with human 
serum albumin, which we consider strictly relevant, and 
reproduce them, together with those for the immunized 
mice, in Fig. 1, plotting half-life against y-globulin con- 
centration. On the simplest assumption that the amount 
isolated is constant irrespective of y-globulin concentra- 
tion, the values of the constants a and b can be estimated 
graphically, since when T4 = co, c = b, and when c = œ, 
a —log,2/|T$. The values determined in this way 
were found to be a = 0-34 and b = 2-5. Solving equation 
(3) with these values gives the curve shown in Fig. 1 with 
a theoretical minimum half-life of 2-05 days. The expected 
half-life for each y-globulin concentration, derived from 
this curve, is given in Table 1 for comparison with the 
observed half-life. It can be seen that the curve is con- 
sistent with the data, allowing for experimental errors 
inseparable from determinations of y-globulin concentra- 
tions in small samples. 


G = Va(c—b) 


Table 1. CONCENTRATIONS AND HALF-LIVES OF y-GLOBULIN IN NORMAI. 
AND IMMUNIZED MICE (DATA FROM FAHEY AND ROBINSON?) 


Concentration Half-life (days) 
mg/ml. Observed Expected 
5-0 4:0-4:3 40 
T2 3-5-3-6 3-1 
6-8 3:3 3-2 
15:6 2-5-2-7 2:4 
28-0 1:9-22 2-2 


It was desired to test whether equation (3) was equally 


‘applicable to other species. Unfortunately few reliable 


data covering the necessary range of y-globulin concentra- 
tions are available in the literature. Recently Anderson 
and Bjorneboe* have provided determinations of both 
half-lives and concentrations of y-globulin in seven rabbits 
before and during hyperimmunization which are appro- 
priate. These are shown in Fig. 2, together with the curve 
derived from equation (3), using the values a = 0:21 and 
b = 4-14. The observed values, together with the expected " 
values of the half-life for each y-globulin concentration 


Half-life (days) 





0 10 20 80 40 
y-globulin concentration (mg/ml.) 


Fig. 1. Relation of half-life to serum concentration of y-globulin in mice; 
60:84, b— 2:6. Data extracted from Fahey and Robinson? 


derived from this curve, are given in Table 2. It can be 
seen by inspection that the fit is reasonably good. 


CONCENTRATIONS AND HALE-LIVES OF y-GLOBULIN IN RABBITS 
BEFORE AND DURING HYPERDIMUNIZATION 
(Data from Andersen and Bjorneboe?) 


Before hyperimmunization During hyperimmunization 
Half-life H 


Table 2. 


Concen- Concen- alf-life 
tration (days) tration (days) 
mg/ml. Observed Expected mg/ml. Observed Expected 

11:5 42 5-6 52-9 33 3:6 

16-2 4:8 4:7 53:2 3-2 3-6 

10-6 5-7 6:0 71:4 3:4 9:5 

11:5 49 5:6 109-1 8-7 3-4 

125 5:6 53 97.2 3-8 $:b 

97 6-1 6:5 83-3 3:2 3:5 

12:9 T3 52 79-7 9:8 3:5 
Mean: 12-1 5:5 5:6 781 $:5 3-5 


The concepts from which equation (3)isderivedhave been 
drawn from the phenomenon of passive transmission of 
immunity, yet the curves defined by this equation fit 
remarkably well the data of the relation of half-life to 
concentration of y-globulin. These results refer to two 
unrelated species and were obtained by two independent 
groups of workers. This hypothesis of the mechanism of 
y-globulin catabolism is attractive because of its relative 
simplicity. Both the fixation of y-globulin to cellular 
receptors and pinocytosis are well-recognized concepts. 
The hypothesis is novel in relation to y-globulin catabolism 
in so far as it involves both these mechanisms and postu- 
lates that the receptors are in the walls of the vesicles 
and that the molecules which attach to them are saved 
from degradation and returned to the circulation. Such a 
mechanism could provide a means of automatic monitoring 
of the circulating y-globulin for defects, since any distor- 
tion of a molecule that prevented its attachment to a 
receptor would result in its degradation. It brings into 
line the special processes of passive transmission of 
immunity and of anaphylactic sensitization with the 
general process of y-globulin catabolism. As a working 
hypothesis it has the merit of lending itself to experimental 
verification. 

Neither the concentration of albumin nor of the other 
serum globulin affects the half-life of y-globulin, presum- 
ably because their molecules are unacceptable to the y- 
globulinereceptors. Hence, unless separate specific recep- 
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tors for these serum proteins are present in the walls of 
the pinocytotic vesicles also, of which there is no evidence 
at present, then all these molecules taken up with the 
y-globulin by pinocytosis would be expected to be de- 
graded. On this assumption the half-life of these serum 
proteins should not exceed the minimum half-life of 
y-globulin. It is suggestive that Fahey and Robinson? 
find the half-life of serum albumin in their mice to be 
2-1 days. Since this is the theoretical minimum half-life 
of y-globulin, it leaves no margin for the catabolism of 
albumin by any other channel. 

The problem of where in the body y-globulin is tata- 
bolized is not involved in this hypothesis. The gut is 
an attractive possibility, however. There is evidence 
that substantial quantities of y-globulin and other serum 
proteins are secreted into the small intestine. Recently 
Andersen, Glenert and Wallevik® found that in dogs, 
in which the half-life of y-globulin had been measured 
previously, 38 per cent of the total y-globulin catabol- 
ized per day was accounted for by intestinal clearance. 
They used iodine-131-labelled homologous y-globulin 
injected intravenously, and measured the appearance of 
the labelled protein in isolated washed-out intestinal 
loops. They assumed that any y-globulin reaching the 
lumen of the small intestine is degraded there. If such 
quantities of y-globulin do in fact reach the intestinal 
lumen in the normal animal and are there degraded in 
toto, it would be incompatible with the hypothesis of y- 
globulin catabolism outlined above. Andersen et al., 
however, provide no crucial evidence of such degradation 
and in fact their results provide some evidence against it. 
They found that about 50 per cent of the activity in the 
fluid aspirated from the loop was not protein bound. 
However, when !?!I-y-globulin solution was injected into 
the loops in dogs which had not had it intravenously, 
only 1-2 per cent of the activity was non-protein bound 
after the same interval. This suggests that the break- 
down products in the intestinal lumen of the intra- 
venously injected dogs were not the result of degradation 
in the lumen but may have reached it from elsewhere. 
The results are consistent with the assumption that the 
y-globulin exuded into the small intestine is not degraded 
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in the lumen but may be reabsorbed by a similar method 
to that of the suckling rat or mouse, such molecules as 
are attached to the receptors being saved and returned 
to the circulation and such as are not so attached being 
degraded. Diffusion of these degradation products into 
the lumen could account for the appearance of non- 
protein bound iodine-131 there. This is equivalent to 
suggesting that the change in the gut that results in 





ter tion of transmission of immunity at some time 
after birth is due to the onset of gastric and duodenal 
fanetion and that the small intestine is still capable of 


transmission provided that the y-globulin reaches it 
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without having traversed more anterior regions of the 
gut. The small intestine of the adult could be the site 
of at least a significant fraction of y-globulin. catabolism 
by precisely such a mechanism as is postulated by our 
model. n 

We thank Prof. C. L. Oakley for his advice. 
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SYRIAN HAMSTER FIBROBLAST CELL LINE BHK2I1 AND ITS 
DERIVATIVES 


By Pror, MICHAEL STOKER and Dr. IAN MACPHERSON 


Medical Research Council Experimental Virus Research Unit, Institute of Virology, University of Glasgow 


PT SHE BHE21 line of diploid hamster fibroblasts is 
<A used widely for research on viruses and on neoplastic 
transformation. The purpose of this article is to describe 
the origin of the cells, to list viruses to which they are 
susceptible, and to summarize the main characteristics 
of some variants of the cells. 

Origin. BHK21 cells arose from cultures of kidneys 
from. I-day-old Syrian hamsters. Such cultures are 
initially mixtures of fibroblasts and epithelial cells in 
which fibroblasts soon predominate. They ean usually 
be propagated for about 8 weeks before growth slows and 
eventually ceases, but in one series of cultures rapidly 
growing cells were found after 65 days in culture. 

The primary cultures from which these cells were derived 
were prepared in March 1961 from the kidneys of 5 
l-day-old hamsters from litter No. 21. After 30 days 
and three subcultures a sample was stored at — 70? 
in glycerol for 8 days before continuous culture was con- 
tinued. Tests were carried out for sensitivity to polyoma 
virus transformation on the 24th, 31st, 36th and 48th day 
of continuous cultivation (excluding the storage period). 
These involved plating the cells, and from the earliest 
test-on the 24th day large fibroblastic colonies were noted. 
Nevertheless the growth rate and cloning efficiency of 
the cells remained low and 10° cells was insufficient to 
form a confluent monolayer in a 60-mm Petri dish in 
one week. Between the 3lst and 41st day kanamycin 
sulphate (“Kannasyn’, Bayer Products Co., Surbiton upon 
Thames) was added to the medium because contaminants 
were found in a few cultures. 

On the 41st day some cultures were exposed for 2 days 
to the medium which had been used for baby hamster 
kidney cells from another litter, in an unsuccessful 
attempt to transfer resistance to polyoma transformation?. 

Finally, after 65 days of propagation a sudden increase 
in growth rate was noticed, with a large increase in yield 
of cells from each culture. This was confirmed on the 67th 
day, when a sample of the cells was tested for polyoma 
transformation and it was found that 105 cells formed a 
thick confluent growth after one week in a 60-mm Petri 
dish. .. 

The cells which are the source of all BHK21 cells are 








Nineteen days after the change in growth rate was 
first observed, 8 clones were grown from. single celle in 
small drops of medium under mineral oil. One of these, 
designated BHK21/13 (or C13), has been extensively 
examined and is the source of most cells distributed from 
this laboratory. 

A sample of the original uncloned BHE21 cells was 
frozen at — 70? two days after the rapid growth was 
first observed. Clone BH E21/13 cella were stored after 
about 24 cell generations, that is, when the population 
reached 10° cells. Further stocks of the clone for general 
use have been frozen after a total of about 30 generations 
since cloning. 

Characteristics of BHK21 cells, | BHK21 cells are 
elongated and grow in parallel orientation, like fibrobiasts. 
In logarithmic growth they have a mean doubling tine 
of 12 h (ref. 5) when grown in medium containing 10 per 
cent autoclaved tryptose phosphate broth (Difeoh and 
10 per cent unheated calf serum, in Eagles medhon with 
twice the usual concentration of amino-acids and vitamins. 

Growth is maintained even after the cell sheet 
fluent, so that the final saturation density of the c F 
approximately 10° cells per cm? of glass, some ten times 
the saturation density of freshly isolated cells. 

When dilute suspensions of monodispersed celle are 
cultured, on average 16 per cent grow to form colonies. 
In the presence of X.irradiated feeder cells this Spuro 
is raised to at least 50 per cent. 

Cells stored in medium containing glycerol or dimethyl 
sulphoxide can be resuscitated with high viability after 
long periods at — 70° or — 196° C. 

The karyotype of BHK21 cells is that of diploid male 
Syrian hamster cells’ and has remained so in BEEK21/13 
for at least 450 generations. At this stage the distribution 
was: 43 chromosomes—4 cells; 44 chromosomes-— 
55 cells ; 46 chromosomes—2 cells. In a larger samplo 
0-4 per cent were in the tetraploid region. 

On implantation of large numbers of BHK21 cells in 
unconditioned adult hamsters progressively growing 
fibrosarcomas develop after a latent period of several 
months. One million cells produce tumours in 50 per 
cent of animals in 3 months when implanted inira- 
cerebrally, and in 13 per cent of animals in 8 months when 
implanted subeutaneously*. This low transplantebility 
contrasts strongly with that of the highly malignant 
variants described here. 

Sensitivity of BHK21 cells to viruses. The following 
viruses are known to multiply in BEK21 or BE E21/13 
cells. Pox viruses: Vaccinia. Herggs viruses’: Herpes 
simplex, pseudorabies, bovine rhinotracheitia, equine 
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In addition non-neurotropie strains of influenza virus 
undergo an incomplete cycle’. Polyoma virus induces 
transformation, but infective virus is not produced in 
detectable amount!*. 

Polioviruses Types 1, 2 and 3, and several strains of 
common cold virus", have been tested and not found to 
multiply. 

No difference has yet been found in the viral sensitivity 
of BHK21 cells after polyoma virus transformation. 

‘Spontaneous’ variants of BHK21 cells. When un- 
cloned BHK21 or BHK21/13 cells have been propagated 
for long periods or deliberately exposed to selective 


conditions, the following variants have been isolated. 


These are not due to polyoma infection and are pre- 
sumably due to mutation, or to transformation, possibly 
by unknown viruses. 

(a) High transplantability. Cell lines with increased 
transplantability have been isolated in several labor- 
&tories*5-9, . These range from highly malignant 
(for example, BHK21/Is3), with a minimum tumour- 
produeing dose of less than ten cells inoculated intra- 
cerobrally, to intermediate types (for example, BHK21/ 
13/150), requiring approximately one hundred cells. In 
transplantability these variants resemble cells trans- 
formed by polyoma virus, but, as demonstrated by 
Defendi.et .a15, this property is not correlated with 
random. orientation, nor with the possession of the 
polyoma cell antigen. Nevertheless these ceil lines appear 
to us to have less oriented growth pattern than the 
original BH K21 cells. 
< (5) Growth in suspension. A variant capable of growth 
in.suspensiom has been described by Capstiek ef a£.*?*. 

(c) Growth in agar. Standard BH K21 cells will not grow 
in agar, but Montagnier has isolated a variant which will 
form colonies with an average efficiency of 15 per cent 
when embedded in agar!?. 

Polyoma transformed variants of BHK2\ cells: (a) 
Standard. . Neoplastic transformation of BHK21 cells 
can be produced rapidly by exposure to polyoma virus. 
After transformation the cells lose all trace of infective 
virus. Compared to the original cells the polyoma trans- 
formed cells are characterized by high transplantability 
in hamsters. (minimum tumour-producing dose of 60 cells 
intracerebrally), random orientation in culture, increased 
glycolytic capacity, and a virus specific cell antigen. 
One. transformed clone (BHK21/13/Py6) has been com- 
pared in detail with BH.K21/13 cells from which it was 
derived? 

(b) Petraploid. The karyotype of the standard freshly 
transformed. coll is diploid, but aneuploid cells rapidly 
appear and the proportion of tetraploid cells increases 
on propagation. A few clones, however, contained 
tetraploid cells- exclusively when first examined soon 
after transformation. In these cells tetraploidy persisted 
on. further propagation®**. 

(c) Qolomial morphology. A variant, termed Colony 
Type 2, may. be observed in freshly transformed clones 
of less than 10? cells infected with cloned virus stock. 
Type 2 is characterized by a greatly increased proportion 
of rounded, but viable cells which lie on top of the colony. 
This feature is maintained on propagation but soon 
reverts to the standard (Type 1) type of colony. 

(d) Inerease in electrophoretic mobility. The electro- 
phoretie mobility of freshly transformed clones may either 
be unchanged or increased™*. After continuous propa- 
gation, however, the mobility becomes heterogeneous*. 
* (e) Growth as ascites cell. A particularly interesting 
variant of BHK21/Py6 has been obtained by Sanders 
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cavity. These ascites. cells, when cultured . directly, 
will grow in agar with cloning efficiency of about 30 per 
cent. After passage in agar this increases to nearly 
100 per cent. i 

(f) Growth in agar. Some freshly transformed clones 
will give rise to colonies in agar without adaptation as an 
ascites cell. These include polyoma transformed 
derivatives of the agar growing variant? (see foregoing). 
(It is now known that the ability to form colonies in agar 
is rapidly acquired after polyoma transformation.) 

(g) Biochemical markers, Spontaneous variants (not 
shown in Table 1) with increased resistance to purine 
analogues, or antibiotics, such as puromycin, have been 
isolated from BHK21/PyY cells and also from un- 
transformed BHK21 cells by Subak-Sharpe?*. 


Table 1. CHARACTERISTICS OF SOME VARIANTS OF BHK21 CELLS 
Full designation 
Main characteristic of representative Ref. 
clones or lines 
Original Originaluncloned BHK21 BHK21 1 
Clones of BH K21 BHK/13, ete. (or C18) 
Spontaneous High transplantability €g. (a) BH E21/13/708 (a) 18 
variants (b) BH K21/1s3 (b) 19 
(c) BHE21/18/150 (c 6 
Growth in suspension BHE21/13/Susp. 21 
Growth in agar BHEK21/13/Ag 22 
Polyoma virus Standard e.g, BH K21/13/ Py6 5 
transformed {previously TC8) 
BHK2MIS/PyY,ete. 28 
Tetraploid 8:8., BH E21] Py 5 
BHEQ/13/ PyZ 23 
Rounded (Type 2) eg, BHK21/13/PyM 
morphology 
Increase in electro- €g., BH K21/18/PyP 26 
phoretic mobility 
Ascites adapted (also BH EK21/13/Py6/As 26 
grows in agar) 
Growth in agar BHE21/18/ Pyj Ag 27 22 


A list of these variants and their sources and desig- 
nations is given in Table 1. For regular use the desig- 
nations may be suitably abbreviated by the use of the 
last letter or figures. It should be noted that the standard 
clone BHK21/13 has frequently been referred to as C13. 
Polyoma transformed clones are. now designated Py 
(instead of T' as previously) because of the possibility 
of transformation by other viruses. 

Comparison with other cell lines. BHK21 cells differ 
from freshly isolated fibroblastic cells in their high cloning 
efficiency, and their rapid growth for an apparently 
indefinite period. They thus come. into the category of 
a cell line rather than a cell strain*". On the other hand, 
they resemble freshly isolated. cells in being. diploid, & 
character they have retained through many. generations 
and in which they differ from other continuous lines of: 
cells. Though no regular abnormality has been found 
in the chromosome number of BHK21 cells, it is possible 
that, like some Chinese hamster cell lines??, these cells 
are quasi-diploid. 

Tt seems likely that BHK21 cells are derived from a 
variant arising after many weeks in culture. If it had 
been present in the original kidneys or in the early cultures 
from them, the high growth rate should have allowed. 
rapid emergence. However, the presence of unusually 
large fibroblastic colonies noted after 24 days in culture, . 
and 41 days before the BH K21 cells were observed, may 
mean that two or more steps were involved. The variant 
is probably rare and no similar cells have been obtained 
from 47 separate batches of baby hamster kidney colls 
in our laboratory. The rapid decline of Syrian hamster 
cells and the dearth of variants have also been the experi- 
ence of other workers?! 

It is of interest to note that the frequency of emergence 
of cell lines from normal (as opposed to tumour) tissue 
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seems to be a function of the species of origin. Human 
fibroblasts survive in the euploid condition for a com- 
paratively long time, but continuous cell lines rarely 
| arise**, Rat cells may behave similarly?:. On the other 
< hand, mouse cells rapidly decline in growth rate when 
cultured and frequently give rise to aneuploid variants 
capable of indefinite growth?*"*, A third class exists 
in which continuous cell lines may appear but are not 
markedly aneuploid. The chromosome number may not 
be changed or only changed by one or two. Chinese 
hamster and perhaps pig cells'* belong to this class, 
and it is possible that Syrian hamster cells should be 
included as well. 
h highly malignant variants arise in the absence 
ma virus transformation it i. likely that the 
IHK21 cells are not malignant. The slow- 
ours which ean arise from large cell inocula 
cloning may be due to a few malignant variants 
already present by the time the clone was 
which arose during the long latent period 
plantation. These malignant cells have little 
vantage under the growth conditions used in 
ry, but in other laboratories they may rapidly 
inal cells. 
s only a relative term when applied to cells 
and whatever the status of BHK21 cells in 
o the kidney cells of the baby hamster or 
; cultured fibroblasts they should prove useful 
in biological research. Viruses, such as those of foot-and- 
mouth disease and rabies, which grow poorly in other 
continuous lines, multiply well in BHK21 cells, and the 
cella are sensitive to the transforming action of polyoma 
virus. Finally, the rapid growth and high cloning effici- 
eney of BKH21 cells combined with a low chromosome 
number may make them especially suitable for physio- 
logical and genetic studies. 
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By JOHN HOTCHIN and DORIS N. COLLINS 


. Division of Laboratories and Research, New York State Department of Health and Institute of Preventive Medicine, 
Albany Medical College, New York ; 


Nee inoculation of mice with lymphocytic 
choriomeningitis (LCM) virus has been shown! to 
cause a persistent infection of the animal with high virus 
titres lasting for many months after inoculation. During 
this period the mice remain perfectly well? and free from 
signs of disease, except for a brief temporary period of 
runting in some mouse strains; the blood causes severe 
hepatitis and death with convulsions if inoculated intra- 
eerebrally or intraperitoneally into an uninfected litter 
mate or other mouse more than 4 days old’. This harmless 
_ LOM virus infection has been called persistent tolerant 
= inition (PTI)* and appears to parallel the carriage of 
human serum hepatitis virus in man. Initially it was 
ed that LCM-PTI mice were entirely comparable 
) uninfected or LCM-immune controls through- 
out the normal life span of the mouse. However, compari- 
son of PTI and control mice’ showed that PTI mice 
weighed a few grams less than uninoculated controls or 
mice of the same age which had received an injection of 
the virus by the subcutaneous route. at approximately 
l month of age. (The latter are actively immune to the 
virus if challenged, and contain circulating antibody 
against LCM but no circulating virus.) In addition, the 
onset of a chronic late-onset disease was noticed with the 
occurrence of renal lesions in some. respects similar to 
human tiene lupus erythematosus (SLE). This 















article describes the results of a preliminary invest gation 
of this new late-onset disease. 

Mice of both Albany and Swiss strains* were used wath 
the M/B,L,, (ref. 8) strain of LCM virus. A large number 
of PTI mice were obtained from experiments co 
the effects of various factors on the inductic 
logical tolerance to LCM virus; some of th 
reported elsewhere’. In addition, 4 large groups of inice— 
PTI, LCM-immune, mice inoculated with normal tissue, 
and uninoculated mice—were set up to follow the eourse 
of tolerant infection in later life. All mice were cheeked 
at weekly intervals for onset of clinical signs of late 










Table 1l. INCIDENCE OF CLINICAL LATE DISEASE AND RENAD Uesrons re 
Incidence* Percentage Incidenceof Percentage 
Mouse of clinical — of clinical histological f kidne 
category late disease late disease kidney lesions? 1 
Albany PTI 92/109 85:0 7150 j 
Albany contro} 2/121 18 0/48 ü 
Swiss PTI 76/187 460 19/118 is 
Swiss control 2/136 15 om Q 
Total kidney 
Total niice 538 sections 217 


* 


* The second figure denotes the number of mice in the group. 


t The second figure denotes the number of miee on which renal bistclogieal 
examination was performed. e 


e showing moderate 
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disease; if definite signs were noted, mice were checked 
daily and killed when severely ill or when death appeared 
imminent. 

The PTI mice remained well for approximately 7-10 
months, at which time they began to, show the character- 
istic disease picture of ‘late disease’. Such a mouse exhibit- 
ing the ruffled and sparse fur, hunched posture, and moth- 
eaten appearance is shown in Fig. 1 with normal controls 
for comparison; the incidence of clinical late disease and 
renal lesions is shown in Table 1. Of the mice examined, 
85 per cent of the Albany strain showed clinical evidence 
of late disease at some point after their 7th month of life, 
whereas the corresponding figure for Swiss mice was only 
46 per cent. Some of the mice in both these groups, 
regardless of whether or not they showed clinical late 
disease, were sampled at ages between 7 and 18 months for 
histological examination of their organs; 34 per cent of the 
Albany and 16 per cent of the Swiss mice showed specific 
renal lesions; this trend conforms with the lower tendency 
of the Swiss mice to exhibit clinical signs of late disease. 
Occasional mice showed the renal lesion but not clinical 
late disease. The histological examination of approximately 
168 PTI and 49 control mice aged between 5 and 32 months 
revealed the following. 

The gross appearance of the kidneys was somewhat 
paler and slightly larger than normal. The glomeruli 
showed a diffuse involvement of the capillary tufts with 
hyaline thickening of the basement membrane of the 
capillary loops, and occasionally Bowman's capsule 
showed thickening, splitting, or reduplication (Fig. 2). 
There was accumulation or deposition of material on the 
intraluminal surface of the capillary basement membrane 
which resulted in partial or complete obliteration of the 





Fig. 1. A, control mouse inoculated at birth with normal mouse brain 

suspension, showing normal appearance, photographed at 14 months of 

age, weight 38-4 g; B, mouse inoculated with LOM virus at birth 

severe late disease, photographed at 13 months of 

age, weight 28 g; C, qontrol uninoculated mouse, aged 30 months, 

weight 29-5 g. This animal is at the extreme limit of old age, the signs 
of which are clinically quite distinct from those of late disease 
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Fig. 2. Thickened basement membrane, splitting or reduplication of 
Bowman's capsule, and accumulation of mononuclear cells. Periodic 
acid-Sehiff stain. (x e, 115) 








Fig.3. Diffuse hyaline thickening of basement membrane, aceumulation 
of material on capillary basement membrane with partial to complete 
obliteration of lumen. Periodic acid-Schiff stain. (x c. 115) 





lumen and in areas simulated a ‘wire loop’ appearance 
(Fig. 3). A thin layer of material presenting a laminated 
structure with ridges perpendicular to the basement 
membrane was noted on the extra-luminal surface of the 
capillary tufts. No lesions of this type or significant 
clinical evidence of late disease were found in any of the 
control mice. No differences have become apparent so far 
between any of the control sub-groups. 

In affected kidneys, the glomeruli were uniformly 
involved throughout the cortices. The tubules frequently 
contained fine droplets and laminated concretions in the 
epithelial cells, but casts were rarely present at this stage 
of glomerular involvement. In severely damaged kidneys, 
the glomeruli exhibited hypercellularity, adhesions of the 
glomerular tufts, and occasionally epithelial crescents 
(Fig. 4). The tubules were dilated and contained homo- 
genous acidophilic casts. An almost constant finding was 
& perivascular accumulation of lymphocytes and plasma 
cells about arcuate and intralobular arteries. The glomer- 
ular deposits stained with periodie acid-Schiff reagent 
showed an intense positive reaction; congo red and alcian 
blue stains were negative for amyloid. No birefringence or 
dichromism was noted on congo-red stained sections when 
examined by polarized light. Fluorochrome staining with 
thioflavin T' exhibited no fluorescence of the glomerular 
deposits’. Glomerular amyloidosis was present in a large 
number of PTI and control mice in the slightly older age 
group; this appeared to be most marked in the Swiss 
strain and in the PTI mice. The deposition of amyloid 
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Fig. 4. Hypercellular ramonii, adhesioné and epithelial crescent. The 
tubules are ted and contain casts. (x c. 115) 


in these mice was generally confined to the glomeruli and 
did not involve the medulla and papille of the kidney, 
neither was it identified extra-renally. 

A few of the renal sections showing typical glomerular 
lesions were stained by the fluorescent antibody technique 
using an antimouse y-globulin fluorescent conjugate. 
Marked fluorescent staining of the glomerular deposit 
oceurred; however, similar staining also occurred in 
sections showing severe amyloidosis, from mice uninfected 
with LCM virus. 

The finding of severe clinical disease and renal lesions 
as a late sequel to neonatal virus infection raises the 
question of the nature of the pathogenic mechanism of 
this disease and its relation to acute LCM pathogenesis. 
There is considerable evidence* that the acute phase of 
LCM disease represents the outer manifestations of an 
immunological conflict occurring between the replicating 
viral antigen and the host’s immune mechanism; however, 
the acute infection of adult mice with our strain of LCM 
shows i cephalitis and hepatitis, without notice- 
able kidney involvement. It has been 5 that the 
host's response is essentially the same as the homograft 
response and constitutes a delayed hypersensitivity 
mechanism designed to eliminate the virus-infected tissue 
of the animal. This in turn suggests that the late disease 
of PTI mice may occur as a result of the gradual wani 
of immunological toleranee formerly exhibited by the 
mouse towards an otherwise harmless virus infection, thus 
constituting an example of virus-induced auto-immune 
disease. In this light, the late disease syndrome might bo 
considered as a possible auto-immune reaction of the host 
immune mechanism towards previously tolerated tissue 
components. This view is compatible with the lesions 
found, and the fluorescent staining results, but has not 
been confirmed by serological or other evidence of SLE: 
thus, significant evidence for this view must be considered 
lacking at present. Alternatively the disease may arise 
from a very slow type of cytopathic effect on certain 
target tissues such as those found in the kidney. It must 
also be remembered that the mouse contains other latent 
viruses and micro-organisms which as contaminants of 
the LCM virus-infected tissue suspension used for inocula- 
tion could conceivably be responsible for the late lesions, 
although all tests for such agents have been negative. 

The nature and significance of the renal lesions cannot 
at present be finally assessed. The glomerular changes, 
while exhibiting some features of lupus nephritis, rarely 
showed fibrinoid necrosis, and hematoxylin bodies were 
never demonstrated. That they might represent precocious 
changes related to senile amyloidosis as described by 
Dunn” and also by Thung’ was not borne out in the 
failure to obtain positive results for amyloid using classical 
amyloid stains’. The presence of senile amyloid which 
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was found in the older PTI mice might be expected to 
occur at about 18 months of age although it may vary 
with the mouse strain used. It is hoped to answer the 
question of whether the deposition of periodic acid-Schiff- 
positive material is.2 precursor of amyloidosis by a more 
extensive quantitative histological investigation which has 
been initiated. Helyer and Howie? have described renal 
lesions in an inbred strain of NZB mice which are remark- 
ably similar to those seen in the PTI mice; their cross-bred 
strain showed the hunched posture, cachexia, and alopecia 
similar to the PTI mice, but in addition their cross-bred 
strain developed hemolytic anemia and jaundice, and 
SLE cells were demonstrated; these features were 
believed to be indicative of an auto-immune process. 
However, the possibility exists that a persistent tolerant 
virus infection could be responsible for the effects described 
by Helyer and Howie, and this does not appear to have 
been ruled out by their results. 

Guttman and Kohn™ described an intercapillary 
glomerulosclerosis in ageing mice, and a spontaneous 
hyaline form of degeneration has been noted in ageing 
mice of the RF strain by Gude and Upton"; their 
morphologic descriptions and photomicrographs are 
similar to but not identical with those in our investiga- 
tion of younger PTI mice. 

The very late onset of the disease in PTI mice is reminis- 
cent of the gradual onset of scrapie infection in sheep 
several years after inoculation, and also in mice, which 
has been shown to occur after several months’; jt 
would therefore appear to constitute an example of ‘slow’ 
virus infections as defined by Gajdusek". The fact that 
scrapie was for a long time considered to be a non-infectious 
hereditary disease raises the question of the role of viruses 
in other ‘genetic’ conditions, in terms of the carriage of 
LCM through generations of mice in a closed colony!*, 
and as already mentioned, in the congenital disease 
described by Helyer and Howie. If similar mechanisms 
of chronic virus disease occur in man, serum hepatitis 
virus carriers should ultimately succumb to some form of 
chronic organic disease, possibly of the kidney or liver, in 
later life; a somewhat similar mechanism was proposed 
by Himsworth'* to explain the progressive sequence of 
subacute hepatitis. The role of relatively ‘harmless’ 
viruses in the initiation of human late-onset disease has 
long been suspected, but proof of this remains elusive. 
The occurrence of late disease in LCM- PTT mice consti- 
tutes an example of an infective wasting disease, with an 
incubation period greater than half the normal expected 
life span of the host. This evidence strengthens the 
concept that other diseases of later life may, like some 
types of cancer, owe their origin, not to faulty genetics, 
but to a slowly acting but insidiously destructive virus. 

This work was supported in part by grant T-146 from 
the American Cancer Society and in part by U.S. Public 
Health Service research grant AT-03846 from the Nationa! 
Institutes of Health. 
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EVIDENCE FOR REPAIR OF ULTRA-VIOLET DAMAGED DEOXYRIBONUCLEIC 
ACID IN CULTURED MAMMALIAN CELLS 


By Dr. RONALD E. RASMUSSEN and Da, ROBERT B. PAINTER 


Exobiology Division, National Aeronautics and Space Administration, 
Ames Research Center, Moffett Field, California 


S an extension of our previous work on ionizing 
radiation effects on nucleic acid metabolism in 
cultured mammalian cells!, we have initiated a similar 
investigation of the effects of ultra-violet light. Results 
accumulated so far strongly suggest that an active ultra- 
violet repair mechanism exists in mammalian cells, and is 
especially evident in cells that have incorporated brom- 
uracil deoxyriboside (BUdR) into their DNA. 

Setlow and Carrier? and Boyce and Howard-Flanders? 
have recently reported evidence indicating that dark 
repair of ultra-violet light damaged DNA in Escherichia 
coli. occurs by excision of damaged areas containing 
thymine dimers. Presumably the next step is the replace- 
ment of the nucleotides which have been removed, and 
Pettijohn and Hanawalt* have reported that a “non- 
conservative replication” of DNA does occur following 
irradiation of E. coli. 

Repair and/or recovery mechanisms in mammalian 
cells are operative following irradiation with ionizing 
radiation, but the molecular basis of this phenomenon is, 
as yet, unknown. Little work has been done with ultra- 
violet irradiation of mammalian cells, in vitro, although 
Lee and Puck" determined the effect of ultra-violet on the 
survival of HeLa $3 cells and Bloom and Leider’ have 
shown that microspot irradiation with ultra-violet causes 
loss of ultra-violet-absorbing materials from the chromo- 
sormés of newt heart cells in culture. Humphrey et al.* have 
determined the relative sensitivity to ultra-violet of the 
different phases in the cell cycle in Chinese hamster cells. 

HeLa $3 cells and the Chinese hamster line DFA F-33, 
routinely maintained in Eagle's medium, were grown as 
monolayers in special flasks made of ‘Vycor’ (Corning 
No. 7910) or Leighton tubes with 'Vyeor' windows 
(Corning No. 7900) 2 mm thick with a transmission of 
about 70 per cent at 2537 A. Two or three days prior 
to irradiation, the medium of half of the cultures was 
replaced: with one containing 1-6 x 10-5 M 5-BUdR 
(6 ug/ml.) (International Chemical and Nuclear Corp.) 
and of the other half with one containing 1-6 x 10-5 M 
thymidine (TAR) (4 ug/ml.) (Nutritional Biochemical 
Corp.) Simon? has shown that HeLa cells incorporate 
BUAR: into their DNA when it is included in the growth 
medium; radioisotopic investigations with ™“C-BUdR 
have shown that, under our conditions, at least 3-5 per 
cent of the thymidine moieties of DNA are replaced by 
bromuraeil (BU). Immediately before irradiation, the 
cells were washed twice with bicarbonate buffered normal 
saline, the flasks flushed with 5 per eent carbon dioxide- 
95 per cent air, and irradiated, through the surface to 
which cells were attached, with 2537 A light from a low- 
pressure mercury are (‘Mineralight’), at a dose rate of 
about 5 ergs/mm2/sec at the surface of the flasks. In the 
ease of the Leighton tubes, the glass cover-slips, which 
had been placed in the tubes before inoculation and on 
which the cells had grown, were turned over prior to the 
irradiation so that the cells were irradiated directly 
through the ‘Vycor’ window. Following irradiation, the 
saline solution was removed and replaced with Eagle’s 
medium containing the labelled compound(s), the flasks 
flushed again with 5 per cent carbon dioxide-95 per cent 
air, and incubated at 37° for periods up to 2 h. 

* Incorporation of nucleic acid precursors was measured 
with several isotopic compounds. ‘Tritiated thymidine 
(H?TdRY at a specific activity of 6-7 c./mM was used at a 


concentration of 0-036 pg/ml; “C-labelled thymidine 
(*CTdR) (30 me./mM) at a concentration of 8 pg/ml., 
tritium-labelled cytidine (1 ¢./mM) at a concentration of 
0-2 ug/ml. and 4C-guanine (3 mc./mM) at a concentration : 
of 20 ug/ml. (All labelled materials were obtained from 
New England Nuclear Corp.) To stop DNA metabolism 
simultaneously in all flasks, they were plunged into an 
ice bath, the medium removed, the cells washed twice 
with phosphate buffered normal saline, and extracted 
with 4 per cent perchloric acid for 10 min in the cold. 
RNA and DNA were extracted by either fractional 
extraction with perchloric acid!? or by digestion with 
sodium hydroxide, reprecipitation with hydrochloric 
acid, and extraction of the DNA with hot perchloric acid™. 
The absorbance of the DNA extract thus obtained was 
measured at 267 my and the DNA calculated by com- 
parison with DNA standards; the radioactivity was 
determined in a liquid scintillation spectrometer, and 
the activity calculated as d.p.m./ug DNA. 

For autoradiography, incubation with *HTdR-con- 
taining medium (0-036 ug/ml.) occurred for 0-5 h, after 
whieh the cells on the cover-slips were fixed with acetie 
acid-aleohol (1:3), washed with distilled water, the 
cover-slips mounted on 1 in. x 3 in. microscope slides 
and covered with ‘AR-10 stripping film. With duplicate 
cultures the cells were treated with 0-02 per cent deoxy- 
ribonuclease in 0-002 M. magnesium sulphate to remove. 
DNA before the cover-slips were mounted: Some sets of 
autoradiograms were exposed for 1 week and others for 
4 weeks before development. ; 

When HeLa S3 cells were grown in normal medium 
or medium containing TdR. the effect of ultra-violet -on 
incorporation of radioactive precursors into DNA followed 
a similar pattern independent of the precursor used. Fig. 1 
shows the results of a number of experiments using differ- 
ent labelled precursors, and, although there is some varia- 
tion, in all eases the dose-dependent depression appears 
to consist of at least two components when plotted on a 
semilogarithmie plot—an initial steep decline in the lower 
dose range with a decreasing slope at higher doses. 

When cells were grown in medium containing 5-BUdR 
for 2-3 days prior to irradiation the extent of incorporation 
varied with the type of precursor used, especially at 
higher doses. (It should be pointed out that just the 
presence of 5-BUdR in DNA depresses the rate of incor- 
poration of radioactive precursors from 40 to 70 per cent 
(ref. 1).) The results are summarized in Fig. 2. When 8-*C 
guanine (3 me./mM) is used as tracer, the depression of 
incorporation with inereasing dose, eompared with its 
unirradiated control, is nearly the same as that obtained 
with TAR grown cells. When *HTdR and “C-thymidine 
were used as tracers, the depression of incorporation at 
low doses was similar to that obtained with cells grown 
in TdR; however, at doses above 200 orge/mm? the uptake 
of these tracers began to inerease, and at 800 ergs/mm* 
the incorporation was back to 40-50 per cent of the 
unirradiated control Qualitatively similar results were 
obtained with DF AJ-33 cells. 

The results of the autoradiographic experiments with 
3HTdR are summarized in Table 1. One-weok exposures 
gave practically identical results, but, of course, with 
correspondingly reduced grain densities. In normal, 
unirradiated populations, only those cells synthosizing 
DNA will show nuclear label after a short period of 
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Fig.l: . Incorporation of various tracers into DNA of HeLa cells after 
twordays growth in Eagle's medium containing 4 ng/ml. TAR, and 
exposnre to. ultra-violet. Activity of the DNA was measured asdescribed 
in the text. ‘The ultra-violet dose was that incident at the surface of the 
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| incubation with "HTAR. The results with DFAF-33 
cultures were both surprising and revealing. The thymi- 
dine-grown cells exhibited no difference in fraction of 
labelled cells between unirradiated and irradiated cultures, 
ven at high doses (although the intensity of labelling did 
e with increasing dose). However, with BUdR- 
ells, the fraction of labelled cells in irradiated 
ns was, in all eases, 98 per cent or greater, with 
ional cell not exhibiting grains above the 
h HeLa the results were even more sur- 
































owed a significantly different response from 
the hamster celis. - With this line not only did 


dR-grown cells exhibit almost. 100 per cent 
) also did thyrnidine-grown cells. The 
ibelled cells in unirradiated TdR-grown 
nusually high ; this may be due to the prior 
presence of TdR, which has been shown to 
INA metabolism". The fact that extension of 
of labelled DEA T-33 cells to autoradiographic 
four weeks did not significantly increase the 
ills showing label indicates that the difference 
two strains is really a qualitative one. 
h DNase in all cases resulted in depressions 
y more than 90 per cent, showing that 
actually in DNA. 
experiments were performed in which all work 
. hegu with the ultra-violet irradiation and thereafter 
was done in subdued light, using the same. conditions 
. mecessary to avoid photoreaetivation in bacteria. Such 
procedures had no effect on the results, and intentional 





| Table 1; PERCENTAGES OF CELLS SHOWING NUCLEAR LABEL AFTER ULTRA- 
VIOLET IRRADIATION 








Medium Percen of labelled cells 
supplement ^ Unirradiated ^. Irradiated 
TdR 07 62 
BUAR 56 98 
53 99+ 
BUdR 27 99+ 


Poen in the text, were irradiated with 
.and incubated with *H Td at 10 nc./ml, 
= 0. -Antoradiograma were eared and 
are based on counts of at least 500 cells. 
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exposures of ultra-violet irradiated cultures to 3650 A 
light also failed to yield any evidence of photoreactivation 
of this response. 

These results, showing: (1) increased uptake of *FÜPdR. 
and “CTAR at doses above 200 ergs/mm?; (2) incor- 
poration of *HTdR by practically every collin BUR. 
grown DFAF.33 cultures and in al Hola cultures 
following ultra-violet, cannot be explained on the basis of 
the kind of DNA synthesis oceurring normally in these 
colls. The HeLa cultures show this most clearly. In 
this line, DNA synthesis (S period) normally occurs for 
6-7 h of the average 20 h generation time!*. Therefore 
about 5 per cent of the cells move into and out of DNA 
synthesis each hour. The incubation time for some 
autoradiographic experiments was 0-6 b, and i$ is 
inconceivable that a few seconds exposure to ultra-violot 
could drive all cells into the S period. This is especially... 
exemplified by the fact that, following ultra-violet, even 
cells in mitosis are labelled by an immediate 0-5 h 
incubation with *HTdR. In no other circumstance, 
ineluding after X-irradiation, has this ever previously 
been observed. : 









violet irradiation. ; v 

The most puzzling result is the difference between the 
two cell lines in extent of labelling following ultra-violet 
irradiation of thymidine-grown cells. Extending the 
exposure time of the autoradiograms failed to appre- 
ciably increase the fraction of labelled cells i the era- 
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Fig. 2. Incorporation of various tracers into DNA of HeLa eel ater 

two days growth in Eagle's medium containing 5 gg/ml, BLAR, and 
exposure to ultra-violet. : * 
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diated, thymidine-grown, D'FAF-33 populations, and it 
thus appears that cells of this kind that are not in DNA 
synthesis at the time of irradiation do not participate in 
the post-irradiation synthesis unless they have previously 
incorporated BUdR. into the DNA.* This difference in 
the two lines might still be only quantitative, with ultra- 
violet damage to normal DFA F-33 DNA being relatively 
light (compared with HeLa) but greater with BU sub- 
stituted DNA; however, the evidenee now available 
suggests that the response to ultra-violet damaged DNA 
differs qualitatively in the two lines. 

The results reported here may involve a system similar 
to that reported for bacteria by Setlow and Carrier? 
and Boyce and Howard-Flanders*. In the ease of bacteria 
the effect was detected by the finding that thymine 
dimers moved from the acid-insoluble to the acid-soluble 
fraction in the first hour after ultra-violet irradiation. 
We have attempted to determine, by pre-labelling the 
DNA. with *HTdR and “CBUdR, if thymine or BU in 
the DNA of. cells irradiated with ultra-violet light is lost 
to the acid-soluble fraction (or to medium, wash fluid, 
ete.) So far we have found no quantitative increase in 
material lost from DNA. of irradiated cultures over that 
lost in controls. However, the fraction which would be 
lost, ealeulated on the uptake of *HTdR which occurs, 
would be so small that it would fall within the variability 


= NATURE 


” i 
September 26, 1964. Vot. 203 


of our control values. Improved techniques may allow 
us to detect this loss, if indeed it occurs. To our know- 
ledge, there has been po report indicating that the presence 
of BU in DNA affects the dark repair occurring in bacteria 
following irradiation. 

We are using the approach of Pettijohn and Hanawalt^ 
to determine if the density labelling of DNA following 
ultra-violet irradiation is different from normal. We are 
also examining other cell lines to determine the generality 
of the phenomenon, both in normal and in BU substituted 
DNA. 
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CATALYTIC DECOMPOSITION OF GLUCOSE IN AQUEOUS SOLUTION 
BY THERMAL PROTEINOIDS 


By Pror. SIDNEY W. FOX and Dr. GOTTFRIED KRAMPITZ 


Institute for Space Biosciences, Florida State University, Tallahassee 


HE thermal condensation in an initially dry state 

of the eighteen amino-acids common to protein!-? 
represents a synthesis by which protein molecules can be 
visualized as having come into existence simply in a 
geological matrix’. These thermal polymers, proteinoids, 
readily form membranous microparticles*-*, have nutritive 
quality for bacteria and rats", are split by proteolytic 
enzymes?*?, and have their own catalytic activity for the 
hydrolysis of p-nitrophenyl acetate’, in some cases at a 
rate many times that observed with the amount of 
histidine contained in the polymer?'!*, 

‘Preliminary reports of activity for the hydrolysis of 
ATP ab 40° by zine-eontaining proteinoids are appear- 
ing?) ?, ‘This communication reports the catalytic 
activity in aqueous solution of thermal proteinoids 
for the decomposition of the natural substrate, D-glucose. 

The activity observed concerns the decomposition of 
uniformly labelled “C-glucose to “CO, at a low rate of 
conversion ; some “CQO, production has, however, been 
measured in every one of more than sixty experiments. 
Evidence has been obtained that one of the intermediates 
is glucuronic acid, and radio-glucuronie acid itself has 
been found to yield “CO, in the presence of thermal 
proteinoid, at a rate many times that of the production 
from. glucose. Glucose labelled only in the 6-position 
showed a comparable rate of production of “CO,, whereas 
glucose labelled in the 1- or 2-position yielded virtually 
no ^4OO,. 

In a typical experiment, 100 mg of a 2 : 2 : 1-protein- 
oid? dissolved in 50 ml. of redistilled water was incubated 
at 37.5? C for 72 h with 10 ue. of uniformly labelled 
MC-glucose (specific activity, 28:5 me.jmM; Calbio- 
chem) freshly purified by chromatography. The reaction 
mixture was maintained under a slow stream of pre- 
purified nitrogen and the gas was passed through a flask 
"containing saturated barium hydroxide. The carbon 
dioxide traps were replaced after 1, 2, 3, 6, 12, 24, 48, 
and 72h. To each trap was added 50 mg of carrier 


barium carbonate ; the total carbonate was collected 
on Whatman No. 50 filter paper after complete precipi- 
tation. The precipitate was washed with 50 ml. water 
and then 20 ml. ethanol. The radioactivity was estimated 
on a windowless, gas flow beta-detector operated in the 
Geiger range with helium-isobutane. The counts were 
determined over 10 min. Controls without proteinoid 
and others without glucose were run. Measurements of 
the evolution of carbon dioxide are represented in Table 1. 

Mixtures of amino-acids in the proportions found in the 
analysis of the proteinoid were observed to be devoid of 
catalytic aetivity, as were direct hydrolysates (Table 1). 

Some increase in rate of evolution of carbon dioxide 
was observed when ATP or Mg** or both were added to 
the reaction mixture (Fig. 1). The shape of the curves 
constitutes part of the evidence ruling out mierobial 
contamination as a source of enzymatic activity. Most of 
the experiments were at pH 2-5, which of course inhibited 
most or all microbial growth. As a rigorous check on 
the possibility of contamination, syntheses were carried 
out aseptieally under the supervision of Dr. and Mrs. 
Lutz Wiese. 

The aseptic syntheses began with amino-acid mixtures 
which had stood under diethyl ether for 48 h and which had 


Table 1, EVOLUTION OF “CO, FROM UNIFORMLY LABELLED GLUCOSE 
(10 4C.) ON INCUBATION WITH THERMAL PROTEINOID 
"CO, 
Proteinoid or control produced in S.D. 
e.p.m.* 
2:2:1(DJ IV 51) 117 5 
2:2:1 microspheres 64 T 
2:2:1(DJ V 15) 70 9 
2:2:1 (190° RM) 62 6 
1:1: -Zn (BW IV 798) 79 5 
1:1: 1-Zn, purified from hot H,0 68 5 
1:1:1(GK I 40) 83 5 
Lysine proteinoid (KS IV 23 b, d) 1,023, 1,278 25, 36 
2:2:1(GK aseptic) 441 13 
Amino-acid mixture 0-5 0 
Glucose in solution 0-5 0 
Hydrolysate of DJ IV 51 0-5 0 


* Each value is the figure above background (42—55 c.p.m.). 
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This collection of recently developed methods for 
characterizing synthetic and natural macromolecules 
is Volume 6 in the- Polymer Review Series. The 
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have been and/or can be applied. 

744 pages, 185s. 


Treatise on Analytical 


Chemistry 
Part I, Volume 4 


edited by Y. M. KottTuorr and P. J. Ervine, both of 
University of Michigan 

with the assistance of E. B. SANDELL, University of 
Minnesota 


The most comprehensive work available in its field, 
this book covers all the electrical techniques used 
in chemistry, primarily from the point of view of 
the analytical chemist. It will be of interest to 
process and other chemical engineers owing to the 
great importance of electrical methods for industrial 
control and automatic methods of analysis. 

. 954 pages, 189s. 


Titrimetric Organic Analysis 
Part | : Direct Methods 


M. R. F. ASHWORTH, Professor of Applied and 
Analytical Organic Chemistry, University of the 
Saar, Germany : 


This book is volume 15, part 1 in the series Chemical 

Analysis. It provides a comprehensive compilation 

and classification of data and references on the 

titration of organic compounds and materials, in- 

cluding methods of end-point determination, the 

* characteristics of reagents, and methods of analysis 
for functional grdups and substances. 

e 512 pages, 132s. 





Electromagnetic Slow Wave: 
Systems : 


R. M. BEVENSEE, Assistant Professor of Electrical 
Engineering, University of California 
Describes the electromagnetic properties of many 
microwave accelerators and amplifier structures and 
the theoretical performance characteristic of various 
electron beam amplifiers. The analysis is based upon 
a powerful and widely applicable variational method 
for obtaining propagation constants. 
464 pages, 132s. 


Nuclear Interactions 


S. DEBENEDETTI, Professor of Physics, Carnegie 
Institute of Technology 


The graduate student who is grounded in quantum 
mechanics will find in this text-reference a descrip- 
tion of the basic facts and a clear presentation of the 
theory of fundamental nuclear interactions. The 
volume will also be of interest to the professional 
nuclear experimentalist who desires a source of more 
complete and more accessible presentation of the 
theory than is usually available in a single volume. 

. 636 pages, 120s. 


Essays 1958/62 on Atomic 
Physics and Human 
Knowledge 


NLs BoHn. - With a preface by A. Bour, Professor, 
Institute of Theoretical Physics, Copenhagen 


The essays collected in this volume show the diffi- 
culties encountered by physicists when they explored 
the atom, and also how changes in the field of 
physics have influenced not only the. scientific out- ' 
look but all branches of human knowledge. 

107 pages, 30s. 


Introduction to Advanced 
Field Theory 


G. Barton, The Clarendon Laboratory 


This book is Volume 22 in the series -Interscience 
Tracts on Physics and Astronomy, edited by R. E. 
Marshak. Based on lectures given at the Clarendon 
Laboratory, it emphasizes the field theory of elemen- 
tary particles, and orients the reader towards what 
can and cannot be done without reference to the 
iterative solution. The author assumes the reader is 
acquainted with the outlines of covariant perturba- 
tion theory and with Feynman diagrams. In elemen- 
tary terms, he explains why the problems treated 
and others like them are of interest in physics, and 
presents enough basic detail and discussion so that 
the reader can assimilate current papers in: this 
field, with a reasonably clear understanding of their 
relevance to the theory as a whole. 

176 pages, 49s. 


Theory of Spin Relaxation 


W. J. CASPERS, Institute of Crystal Physics, Groningen ' 


Volume 6 in the series Monographs in Statistical 
Physics, edited by I. Prigogine. It gives a detailed 
theoretical -analysis of paramagnetic relaxation 
phenomena, in particular those processes in which 
the interaction between the elementary dipoles plays 
a predominant role (spin-spin relaxation). . 

160 pages, 75s, 
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Maternal Behavior in 
Mammals ; 


edited by HARRIET L. RHEINGOLD, National Institute 
of Mental Health 


Bach chapter of this book reports the current 
research findings of an investigator on the maternal 
behaviour of the mammal he has been studying. The 
investigators have described and measured the be- 
haviour of the mother in the presence of her young ; 
how her behaviour affects the behaviour of her 
young; how other members of the mother's group 
respond to the young ; how the mother accepts or 
rejects their attention to her offspring ; and how at a 
certain stage the mothers of some species withdraw 
from the young and punish the young for seeking 
contact with them. 

349 pages, 66s. 


The Design of Electric 
Circuits in the Behavioral 
Sciences 


Tom N. CorNnSWEET, Associate Professor of Psycho- 
logy, University of California, Berkeley 


This book is about the basic circuitry and building 
blocks of the kind of electrical apparatus that is 
used in research on behaviour. It is directed at the 
scientist who has had little or no training in electrical 
and electronic techniques. The text combines basic 
electrical theory with pictures and descriptions of 
real pieces of electrical apparatus in such a way 
that the reader can achieve the capacity to design 
and construct complex switching and timing circuits 
that meet the needs of his own research, and can 
understand the principles underlying complex elec- 


tronic equipment. 
340 pages, 68s. 


Motivation: Theory and 
Research 


C. N. Corer, Professor of Psychology, Pennsylvania 
State University 

and M. H. APPLEY, Professor and Chairman, 
Department of Psychology, York University, Toronto 


Workers in the behavioural sciences, at whatever 
level, from upper level, undergraduate to full-time 
researchers, will find here the most comprehensive 
review of the theoretical and research literature of 
motivational psychology in print anywhere. The 
authors compare and evaluate the major theoretical 
concepts and positions in the field of the past 50 
years. They review recent and significant research 
in areas associated with motivation, ranging from 
studies of sex, hunger, and sleep to recent work in 
ethology, cybernetics and psychoanalysis. Notable 
is the extensive bibliography prepared for this publi- 


cation. 
976 pages, 94s. 


Are you on our 
SUBJECT MAILING LISTS? 


An application form will be sent 
on request 
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The Precambrian 
Volume | 
edited by K. RANKAMA, University of Helsinki 


This work, the first part of a new series “ The Geo- 
logic Systems," is of special interest for the geologist 
as it deals with the assessment of exact ages which 
can be ascertained by the dating methods based on 
radioactive decay. For this and other reasons there 
is a growing interest for the Precambrian which is 
by far the greatest part of the geological history 


of the earth. 
280 pages, 68s. 


Highway Engineering 
Second Edition 


C. H. OGLESBY, Professor of Civil Engineering, 
Stanford University 

and L. I. Hewes, Late Chief, Western Headquarters, 
U.S. Bureau of Public Roads 


Largely rewritten to reflect the great changes in 
ighway knowledge and to delineate new methods 
and trends. The updated and newly incorporated 
material includes: problems of urban land use and 
transportation planning; the impact of photogram- 
metry, computing, and other recent developments 
on highway location practices; recent findings on 
the interaction between soil and moisture with refer- 

ence to design and construction procedures. 
791 pages. 84s. 


Tractors and Their Power 


Units 
2nd Edition 


E. L. BARGER, Manager, General Product Planning, 
Massey-Ferguson Ltd. . 

J. B. LiurEpAnr, Professor, Agricultural Engineering 
Department, Purdue University 

W. M. CARLETON, Associate Director, Agricultural 
Engineering Research Division, ARS, U.S. Depart- 
ment of Agriculture 

and E. G. McKinBEN, Director, Agricultural Engin- 
eering Research Division, ARS, U.S. Department of 
Agriculture 


The authors of this book offer a complete discussion 
of all technical aspects of farm tractors, both in 
theory and performance, in design and operation 
from engine to accessories. Considerable discussion 
is given to the internal combustion engine. Although 
intended for the engineering student who has a solid 
basic knowledge of principles, the authors believe 
this new edition will be even more useful as a guide 
to the farm equipment engineer, and others desiring 
a readily available source on tractor design and 
usage. 

544 pages. 105s. 





Glen House, Stag Place, London, S.W.1 
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TRANSISTOR CIRCUITS 
2nd Edition 
K. W. Cattermole 


The text of this well-known work 
has been completely revised and 
brought up to date for the new 
edition. A valuable, easily under- 
stood introduction to the subject 
suitable for radio and electrical 
technicians, students and interested 
amateurs. A classified bibliography 
provides sources of further inform- 
ation. © 

Demy 8vo. Illustrated. 483 pages. 70s. 
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NEW HEYWOOD BOOKS - 


GEM TESTING 
7th Edition 
B. W. Anderson 


The new 7th edition of this standard 
work (to be published next month) 
includes completely rewritten chap- 
ters on Zircon and Garnets, and 
considerably expanded ones on 
Fluorescence and Synthetics. A new 
chapter on the collection of gem 
stones, and instruments used by 
collectors and dealers, has been 
added. 

Demy 8vo. lllustrated. 400 pages. 50s, 





DISCHARGE DETECTION 
IN HIGH VOLTAGE 
EQUIPMENT 


F. H. Kreuger 


The book describes the phenomena 
relating to discharges and the 
mechanisms leading to electrical 
breakdown, together with a system- 
atic review of existing measuring 
techniques and recommended 
methods for testing high voltage 


. equipment. 


DIN AS. Illustrated. 225 pages. 60s. 


Obtainable from all booksellers or direct from the publishers 


TEMPLE PRESS BOOKS LIMITED - 


DR. T. MATSUZAWA 
Emeritus prof. of the University of Tokyo 


Study: 
of 


240 pages 
169 figs 
23 tables 


Earthquakes | 





$14 


contents 
1 Space and Time Distribution of Earthquakes 
2 Various Events Related to Great Earthquakes 
3 Swarm of Earthquakes Foreshocks and Aftershocks 
4 Statistical Relation between EarthquakeFrequency 
and Magnitude 
5 Mode of Emission of Seismic Waves from theFocus 
6 Energy of Earthquakes 
7 Tsunami and Earthquakes 
8 Statistical Character of Earthquake Ocurrences 
Correlation with Other Geophysical Phenomena 
9 Anatomy and Physiology of the Solid Earth 
10 Thermodynamics of Earthquakes (Field theory of 
Earthquakes) 


11 Miscellaneous Notes 
\ 
Published by 


UNO SHOTEN 


~ 1-19 Wakaba, Shinjuku-ku, Tokyo, Japan 


Sole distributor 


MARUZEN CO., LTD. 


P.O. Box 605, Tokyo Central, Tokyo, Japan 


Sales Department - BOWLING GREEN LANE * LONDON ECI 








JUST PUBLISHED 


Optical Transforms 


Their Preparation and Application 
to X-ray Diffraction Problems 


C. A. TAYLOR and 
Professor H. S. LIPSON 


both of the Faculty of Technology, University 
of Manchester 


The aim of this book is two-fold: to intro- 
duce a new research tool to X-ray crystallo- 
graphers; and to provide a basis for teaching 
Fourier transform ideas in general through 
the visual medium of optical transforms. 
Methods are illustrated by many practical 
examples and there are 54 very fine plates of 
optical transforms, many of which show several 
subjects. 


Numerous figures in the text. 45s. net. 


by the same authors, already published: 


Fourier Transforms and X-ray Diffraction 
18s. 6d. net. 


LONDON: G. BELL AND SONS, LTD. 
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21 major Soviet Scientific Journals 
now available for the first time 


a AUTHORITATIVE COVER-TO-COVER ENGLISH TRANSLATION 
aREGULAR YEARLY SUBSCRIPTION -BEGINNING WITH JAN. 1965 ISSUES 





Nuclear Physics / Yadernaya Fizika 
Soviet progress at the Kurchatov Institute, at Dubna and other 
key centers, previously reported in various journals, will now be 
covered by this indispensable Academy of Sciences publication. 
Monthly, $155 / year 


Differential Equations / Differentsial’nyye Uravneniya 

Offers for the first time in a single journal the original work of 
outstanding Soviet mathematicians in this increasingly impor- 
tant field. Monthly, $155 / year 


Theoretical and Experimental Chemistry / 
Teoreticheskaya i Eksperimental'naya Khimiya 
Reports on the most important current research of the leading 
centers throughout the Soviet, Union; the equivalent in impor- 
tance in chemistry to the Soviet J. Theoretical & Exp. Phys. in 
physics, Bimonthly, $125 / year 


Soviet Radiophysics / /zvestiya VUZ. Radiofizika 

Presents original contributions by Troitskiy and other world- 
famous Soviet radiophysicists dealing with lunar and solar radio 
emission, the propagation of electromagnetic waves, and other 
radiophysical phenomena. Bimonthly, $130 / year 


Soviet Radio Engineering / /zvestiya VUZ. 


Radiotekhnika 

Publishes articles on the latest Soviet advances in information 

theory, high-frequency radio electronics and electrodynamics, 
and new radio engineering materials and components. 

Bimonthly, $120 / year 


Journal of Applied Mechanics and Technical Physics / 

Zhurnal Prikladnoy Mekhaniki i Tekhnicheskoy Fiziki 

A wide-ranging Journal of Importance to applied physicists, and 
mechanical, aeronautical, chemical, and structural engineers. 

Bimonthly, $155 / year 


Soviet Physics / /zvestiya VUZ.  Fizika 
Covers advanced Soviet theoretical and experimental investiga- 
tions in plasma physics, optics, molecular physics, electronic 
processes and the entire range of physics research. 

Bimonthly, $130 / year 


Astrophysics / Astrofizika 

Describes Soviet research in lunar, interplanetary, solar and 
stellar physics, as performed under the direction of V. A. Ambart- 
sumyan and other leading astrophysicists. Quarterly, $95 / year 


Polymer Mechanics / Mekhanika Polimerov 

Keeps the reader informed on the latest and most valuable devel- 

opments in Soviet polymer research and applications. 
Bimonthly, $125 / year 


Heat and Power / Teploenergetika 

Reports the latest advances in heavy power equipment and auto- 
mation, fuels and combustlon, turbomachinery design, and 
thermophysical properties. Monthly, $225 / year 


Applied Solar Energy / Geliotekhnika 

A significant new journal, devoted entirely to a subJect In which 
Soviet sclentists are making outstanding contributions. 
Bimonthly, $115 / year 





Journal of Organic Chemistry / 

Zhurnal Organicheskoy Khimii 
Of interest to every Western organic chemist, this new journal 
will be the principal source of information on Soviet research in 
this field, previously available only as scattered articles in many 
Journals. Monthly, $165 / year 


Journal of Applied Spectroscopy / 
Zhurnal Prikladnoy Spektroskopii 


Describes the many expanded and new applications of spec- 
troscopy in the various engineering and scientific disciplines. 
Monthly, $155 / year 


Journal of Engineering Physics / 

Inzhenerno-F izicheskiy Zhurnal 
Devoted to Soviet basic and applied research in heat and mass 
transfer and exotic heat sources; highly valuable, presenting 
many original contributions. Monthly, $155 / year 


Magnetic Properties of Liquid Metals / 

' Magnitnaya Mekhanika Zhidkikh Metallov 
Increasing research and success In technological applications of 
magnetism in the Soviet Union have led to the publication of 
this important new journal. Quarterly, $95 / year 


Chemistry of Heterocyclic Compounds / 

Khimiya Geterotsiklicheskikh Soyedineniy 
Expanding Soviet research in this increasingly important area 
has contributed this vital new journal. Bimonthly, $125 / year 


Chemistry of Natural Compounds / 
Khimiya Prirodnykh Soyedineniy 
The Soviet journal devoted to original research in the structure, 
modification and synthesis of natural compounds. 
Bimonthly, $115 / year 


Electrical Engineering / Elektrotekhnika 
Reports the latest, most important advances in Soviet electrical 
equipment and instrumentation. Monthly, $165 / year 


Applied Biochemistry and Microbiology / : 
Prikladnaya Biokhimiya i Mikrobiologiya 
Research in this field is producing extensive and valuable new 
applications in many areas of Industry and medicine; reviewed 
fully in this critically important new journal. 
P Bimonthly, $125 / year 


Physicochemical Properties of Materials / 
Fiziko-Khimicheskaya Mekhanika Materialov 
Of great importance to industry, this journal reports on new 
materials being developed in the Soviet Union, their properties 
and specific applications. Bimonthly, $120 / year 


Cybernetics / Kibernetika . 

Offers a complete review of current achievements and long- 

range goals in this field being rapidly developed in the Soviet 

Union, in which top Soviet talent Is being concentrated. 
Bimonthly, $120 / year 


Note: Yearly subscriptions and back copies (1962-current) to 
“Soviet Engineering Physics Abstracts" and “Soviet Heat and 
Power Abstracts" are still available—write for further information. 
Order your 1965 subscriptions to the essential 
Soviet journals described above from: 









The Faraday PLES S uus 


15 Park Row, New York, N.Y. 10038, U.S.A. 
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Wir empfehlen folgende Werke 


BRENDEL 


Stahlbetonbau 


unter Berucksichtigung des Spannbetons 
Grundlagen der Theorie und Praxis 


4. vollkommen überarbeitete Auflage. XII, 526 Seiten mit 474 Abbil- 
dungen. L6N. 1963. In Leinen 29,40 DM. 


HEISE 
Elementare Einführung in die 


kinetische Gastheorie | 
131 Seiten mit 52 Abbildungen. L 6 N. 1963. In Leinen 15,00 DM. 


HEYER 


Witterung und Klima 


Eine allgemeine Klimatologie 


VII, 439 Seiten mit 216 Abbildungen und 16 Seiten Kunstdruckanhang mit 
32 Abbildungen sowie einfarbige Klimakarte mit Deckblatt zum Einstecken. 
L6N. 1963. In Leinen 45,00 DM. 


Ingenieur-Taschenbuch Bauwesen 
Band I. Grundlagen des Ingenieurbaus 
HERAUSGEGEBEN VON G. GRÜNING und A. HÜTTER 


VIII, 1256 Seiten mit zahlreichen Abbildungen und 1 Einstecktafel. L.8 S. 
1963. In Kunstleder 57,50 DM. 


Band IV. Hochbau 
HERAUSGEGEBEN VON H. RETTIG 


Teil 1. Grundlagen, Fertigung und Fugung 
Etwa 1600 Seiten mit zahlreichen Abbildungen. L 8$. In Kunstleder etwa 
` 75,00 DM. 
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KLEBER 


Kristallchemie 


(Mathematisch-Naturwissenschaftliche Bibliothek. Band 36) 
128 Seiten mit 61 Abbildungen. L 7 N. 1963. In Halbleinen 9,30 DM. 


KNESCHKE 


Differentialgleichungen und 
Randwertprobleme 
Lehrbuch fur Naturwissenschaftler und Ingenieure 


Band II. Partielle Differentialgleichungen 
2. Auflage. VI, 628 Seiten mit 118 Abbildungen. 1:4,8x21,0 cm. 1961. 
In Kunstleder 47,00 DM. 


Band III. Anwendungen der Differentialgleichungen 
VI, 477 Seiten mit 87 Abbildungen. L 7. 1962. In Kunstleder 49,50 DM. 


PIEHLER 


Einführung in die lineare Optimierung 
(Lineare Programmierung) 
(Mathematisch-Naturwissenschaftliche Bibliothek. Band 35) 


2. Auflage. V, 93 Seiten mit 8 Abbildungen. L 7 N. 1964. In Halbleinen 
9,80 DM. 


TAUBERT 


Metallphysik 


(Mathematisch-Naturwissenschaftliche Bibliothek. Band 34) 
. VI, 157 Seiten mit 108 Abbildungen. L 7 N. 1964. In Halbleinen 18,60 pM. 


B. G. TEUBNER VERLAGSGESELLSCHAFT LEIPZIG 
DEUTSCHE DEMOKRATISCHE REPUBLIK : 
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RECENT .SCIENTIFIC and TECHNICAL BOOKS 


Volumes marked with an asterisk (*) have been received at “Nature” Office 


Mathematics 


FORTET, R., ABADIE, J., BERNADAT, J., COURTILLOT, M., GAUTHIER, 
J. M., GENUYS, F., HUARD, P., ec MATTHYS, G. Mathématique des Programmes 
Economiques. (Monographies de Recherche Opérationelle, Nr. |.) 94 in.x 
6 in. 24 cm x 15:5 cm). Pp. x4-I35. (Paris: Dunod, 1964.) 19 francs.* 

GARABEDIAN, P. R. Partial Differential Equations. 92 in. x 6 in. (23:5 cmx 
[A A xii+672, (New York and London: John Wiley and Sons, lnc., 

R s. 

HAMMERSLEY, J. M., and HANDSCOMB, D. C. Monte Carlo Methods. 
(Methuen’s Monographs on Applied Probability and Statistics.) 73 in.x5 in. 
(19 cm.x 12:5 cm). Pp. vii--178. (London: Methuen and Co., Ltd. ; New 
York : John Wiley and Sons, Inc., 1964.) 25s. net.* 

HU, Sze-Tsen. Elements of General Topology. (Holden-day Series in Mathe- 
matics.) 94 in.x61 in. (23:5 cm x l6 cm). Pp. x+214. (San Francisco and 
London : Holden-Day, Inc., 1964.) 8.75 dollars.* 

JOHNSON, Leonard G. Theory and Technique of Variation Research. 8k in.x 
53 in. (21-5 cmx [4 cm). Pp. viii+105. (Amsterdam, London and New York : 
Elsevier Publishing Company, 1964.) 40s.* 

: KOWALSKY, H. J. Topological Spaces, Translated by Jay E. Strum. 9i in.x 
6X in. (23:5 cmx 16 cm). Pp. viii4-288. (New York: Academic Press, Inc. ; 
London: Academic Press, Inc. (London), Ltd., 1964.) 78s.* 

!LINNIK, Yu. V. Decomposition of Probability Distributions. Edited by S.J. 
Taylor. 92 in.x61 in. (25 cm x 16 cm). Pp. xii4-242. (Edinburgh and London : 
Oliver and Boyd, Ltd.,1964.) 84s.* 

: MCCOART, Richard F., OLIPHANT, Malcolm W., and SCHEERER, Anne E. 
Elementary Analysis. (Holden-Day Series in Mathematics.) 94 in.x6% in. 
(23-5 em x l6 em). Pp. xv4-25l. (San Francisco and Landon: Holden-Day, 
Inc., 1964.) 7.95 dollars.* : 

. PINSKER, M. S. Information and Information Stability of Random Variables 
and Processes. Translated and edited by Amiel Feinstein. (Holden-Day Series 
in Time Series Analysis.) 91 in.x 6 in. (23:5 cm x 15-5 cm). Pp. xii+243. (San 
Francisco and London : Holden-Day, Inc., 1964.) 10.95 dollars.* 

REICHMANN, W. J. Calculus Explained. 82 in.x54 in. (22 cmx 14 cm). 
Pp. viii +331. (London : Methuen and Co., Ltd., 1964.) 36s. net.* 


SZASZ, Gabor. Introduction to Lattice Theory. Third revised and enlarged . 


edition. 92 in.x 64 in. (25 cmx 16:5 cm). Pp. 229. (New York and London : 
Academic Press; Budapest: Publishing House of the Hungarian Academy of 
Sciences, 1963.) 68s.* 


Physics 

AL'TSHULER, S, A., and KOZYREV, B. M. Electron Paramagnetic Resonance. 
Translated by Scripta Technica, Inc. Translation edited by Charles P. Poole, Jr. 
9t in. x 6} in. (23:5 cmx I6 cm). Pp. xi4-372. (New York: Academic Press, 
Inc. ; London: Academic Press, Inc. (London), Ltd., 1964.) 96s. 6d.* 

BARTON, G. Introduction to Advanced Field Theory. (Interscience Tracts 
on Physics and Astronomy, No. 22.) 8i in.x 5t in. (21 em x 13 cm). Pp. x--163. 
(New York and London : Interscience Publishers, a Division of John Wiley and 
Sons, 1963.) 49s.* . 

BERNARD, Michael-Yves. Masers et Lasers : Voyage au pays del’Electronique 
Quantique. (La Science Vivante.) 7}in.x54in. (19 emx l4em). Pp. viii-- 148. 
(Paris : Presses Universitaires de France, 1964.) 15 francs.* 

BRILLOUIN, Leon. Tensors in Mechanics and Elasticity. Translated from the 
French by Robert O. Brennan, S.J. (Engineering Physics: an International 
Series of Monographs, Vol.2.) 9L in. x 6} in. (23:5 cmx l6 cm). Pp. xviii-I-478. 
(New York: Academic Press, Inc. ; London: Academic Press, Inc. (London), 
Ltd., 1964.) 89s. 6d.* 

CASPERS, W.J. Theory of Spin Relaxation. (Monographs in Statistical Physics 
and Thermodynamics, Vol. 6.) 94 in.x 6% in. (23-5 cm x I6 cm). Pp. xii+ 160. 
(New York and London : Interscience Publishers, a Division of John Wiley and 
Sons, 1964.) 75s.* 

DAVIES, C. N. Recent Advances in Aerosol Research: a Bibliographica[ 
Review. 8$ in.x52 in. Q2 em x I5 cm). Pp.ix+80. (London and New York : 
Pergamon Press, 1964.) 30s. net.* 

DE BOER, J.,and UHLENBECK, G. E. (edited by). Studiesin Statistical Mechan- 
ics, Vol.2. 9in.x6 in. (23 cm x 15:5 cm). Pp.xiii--272. (Amsterdam : North. 
Holland Publishing Company, 1964.) 70s.* 

DOBINSON, C. H. (edited by). The Uses and Effects of Nuclear Energy. 
73 in. x5 in. (19 cmx 12:5 cm). Pp.125. (London: George G. Harrap and Co., 
Ltd., 1964.) . 6d, net.* 

GROSZKOWSKI, Janusz. Frequency of Self-Oscillations. 92 in. x7 in. (25 cm 
X 18cm). Pp.xi-I-530. (Warszawa : PWN—Polish Scientific Publishers ; London 
and New York: Pergamon Press, 1964.) 100s. net.* 

HILL, Rodney. Principles of Dynamics. 82 in.x5} in. (22 cmx 14 cm). Pp. 
viii--191. (London and New York: Pergamon Press, 1964.) 42s. net.* 

KONDRATIEV, V.N. La Structure des Atomes et des Molécules. Édition mise 
à jour, traduite du Russe par W. Mercouroff, Mme. D. Peschanski et M, S. Taras- 
senko, sous la direction de M. Haissinsky. 93 in.x 64 in. (24 cm x 16:5 cm). Pp. 
465. (Paris: Masson et Cie.,1964.) 86 francs.* * 

MCDOWELL, M. R. C. (edited by). Atomic Collision Processes. (The Proceed- 
ings of che Third Internattonal Conference on the Physics of Eléctronic and Atomic 
Collisions, University College, London, 22nd-26th July, 1963.) 9 in.x61 in. 
(23 cmxl6 cm). Pp. xv+tl65. (Amsterdam: North-Holland Publishing 
Company, 1964.) 252s.* 

MARCHUK, G. I. (edited by). Theory and Methods of Nuclear Reactor 
Calculations. Authorized translation from the Russian. [02 in. x82 in. (27 cm x 
22cm). Pp.viii-4-199. (New York : Consultants Bureau, 1964.) 40 dollars.* 

MOORHOUSE, R. G. (edited by). Strong Interactions and High Energy 
Physics : Scottish Universities’ Summer School, 1963. [0 in.x 6} in. (25:5 cm x 
l6 cm). Pp. xvi4-475. (Edinburgh and London: Oliver and Boyd, Ltd., 1964.) 
15s. net.* 

OCCHICCIOLO, Claude. Les Isotopes. ('QueSais-je?'" No.lII1). 7in.x 
45 in. (18 cmx 11-5 cm). Ppa 128. (Paris: Presses Universitaires de France, 
1964.) n.p.* 

e 


ROSSER, W. G. V. An Introduction to the Theory of Relativity. 82 in.x 
52 in. (22 cmx15 cm). Pp. xiv+516. (London: Butterworth and Co. (Pub- 
lishers), Ltd., 1964.) 75s,* 3 

SALMON, Alan. The Nuclear Reactor. (Methuen's Monographs on Physical 
Subjects.) 7i in.x5 in. (I9 cmx 12-5 cm). Pp. 144. (London: Methuen and 
Co.,Ltd. ; New York: John Wiley and Sons, Inc., 1964.) I6s. net.* . 

SETTE, D. (edited by). Proceedings of the International School of Physics 
“Enrico Fermi", Varenna on Lake Como, August 6-August 18, 1962. Course 27 : 
Dispersion and Absorption of Sound by Molecular Processes. (Italian Physical 
Society.) 92 in. x 6} in. (25 cmx I7 cm). Pp. xi+443. (New York : Academic 
Press, Inc. ; London : Academic Press, Inc. (London), Ltd., 1963.) 121s. 6d.* 

WILETS, L. Theories of Nuclear Fission. (Oxford Library of the Physical 
Sciences.) 8i in.x5j in. (21-5 cmx 14 cm). Pp. x--132. (Oxford : Clarendon 
Press ; London: Oxford University Press, 1964.) |8s. net.* 


Engineering 


BENHAM, P. P., and HOYLE, Russell (edited by). Thermal Stress. 
6t in. (25:5 cmx l6 cm). Pp. x+382. (London: 
Ltd., 1964.) 90s. net.* * 

FREUDENTHAL, A. M., BOLEY, B. A., and LIEBOWITZ, H. (edited by). 
High Temperature Structures and Materials : Proceedings ofthe Third Symposium - 
on Naval Structural Mechanics, held at Columbia University, New York, N.Y., 
January 23-25, 1963. (Office of Naval Research Structural Mechanics Series.) 
I0 in. x 6} in. (25:5 cmx 16 cm). Pp. xv4-463. (London and New York : Perga- 
mon Press, 1964.) 100s. net.* 

HARDIE, A. M. The Elements of Feedback and Control. 84 in.x 5$ in. (21:5 
cmx 14 cm). Pp. xi+344+2 plates. (London: Oxford University Press, 1964.) 

s. net. 

LANZA, G. Nuclear Reactor Theory. Edited by Roy Weinstein. (Nuclear 
Engineering Fundamentals, Book 5.) 94 in. x 61 in. (23:5 cmx l6 cm). Pp. ix4- 
177. (New York : McGraw-Hill Book Company, Inc. ; Maidenhead : McGraw- 
Hill Publishing Company, Ltd., 1964.) 39s.* 

MARRESE, Michael (edited by). Advances in Electronic Circuit Packaging, 
Vol. 4, (Proceedings of the Fourth International Electronic Circuit Packaging 
Symposium held at Boulder, Colorado, August 14-16, 1963.) 10 in. x 6} in. 
ee cmx I7 cm). Pp. vi4-490. (New York: Plenum Press, 1964.) 17.50 

ollars. 

MULLER, P. (edited by). Space Research IV : Proceedings of the Fourth 
International Space Science Symposium, Warsaw, June 4-10, 1963. (Organizéd 
by the Committee on Space Research—Cospar, and the Polish Academy of 
Sciences.) 9% in.x7 in. (24 cmx 18 cm). Pp. xvi+997. (Amsterdam: North- 
Holland Publishing Company, 1964.) 220s.* 

PANNELL, J. P. M. An Illustrated History of Civil Engineering. 8 in.x6 in. 
(20 cmx 15-5 cm). Pp. 376 (228 illustrations). (London : Thames and Hudson, 
1964.) 35s.* 

SHIRLEY-SMITH, H. The World’s Great Bridges. Second edition. 82 in. 
X54 in. (22 cmx 14 cm). Pp. x4-250--48 plates. (London: Phoenix House, 
1964.) 25s. net.* 

SIEGEL, Benjamin M. (edited by). Modern Developments in Electron Micro- - 
scopy. 9fin.x 6} in. (23-5 cm x l6 em). Pp. xiii4-432. (New York: Academic 
Press, Inc. ; London : Academic Press, Inc. (London), Ltd., 1964.) 96s. 6d.* 

SOKOLIK, A. S. Self-Ignition, Flame and Detonation in Gases. Translated 
by N. Kaner. 9} in.x 62 in. (24 cmx 17 cm). Pp. vi4-458. (Jerusalem : Israel 
Program for Scientific Translations ; London : Oldbourne Press, 1963.) 96s.* 

STIGANT, S. Austin. Master Equations and Tables for Symmetrical Component 
Fault Studies. 82in.x5&in.(22cmx I4 em). Pp.x+78. (London : Macdonald 
and Co. (Publishers), Ltd., 1964.) 25s. net.* 

TAGG,G.F. Earth Resistances. 9 in.x 52 in. (23 cmx 15 cm). Pp. viii-4-258. 
(London : George Newnes, Ltd., 1964.) 55s. net.* 

TIMMERHAUS, K. D. (edited by). Advances in Cryogenic Engineering, Vol. 9. 
(Proceedings of the 1963 Cryogenic Engineering Conference, University of Color- 
ado College of Engineering and National Bureau of Standards Boulder Laboratories, 
Boulder, Colorado, August 19-21, 1963.) [0 in.x6$ in. (25-5 cmx 16:5 cm). 
Pp. viii+580. (New York: Plenum Press, 1964.) 17.50 dollars.* 

TSYPKIN, Ya. Z. Sampling Systems Theory and Its Application, Vol. !. Trans- 
lated from the Russian by R. A. Hutchison. Translation edited by l. Cochrane. 
(International Series of Monographs on Electronics and Instrumentation, Vol. 22.) 
9 in.x6in. (23 cmx 15:5 cm). Pp.xvi--375. (London and New York: Pergamon 
Press, 1964.) 100s. net.* 

TSYPKIN, Ya. Z. Sampling Systems Theory and Its Application, Vol.2. Trans- 
lated from the Russian by A. Allan. Translation edited by l. Cochrane. (Inter- 
national Series of Monographs on Electronics and Instrumentation, Vol. 23.) 
9 in.x6 in. (23 cmx [5-5 cm). Pp. vii--377-742. (London and New York: 
Pergamon Press, 1964.) 100s. net.* 


10 in.x 
Sir [saac Pitman and Sons, 


Geology : Geophysics : Geochemistry : Mineralogy 


CATALOGUE OF DATA IN THE WORLD DATA CENTRES for the period 
of the International Geophysical Year and International Geophysical Co-operation 
—1959 (1 July 1957-31 December 1959). (Annals of the International Geophysical 
Year, Vol. 36.) 92 in. x71 in. (25 cm x 18-5 cm). Pp. vii--744. (London and 
New York : Pergamon Press, 1964.) 70s.* 

CHORLEY, Richard J., DUNN, Anthony J., and BECKINSALE, Robert P. The 
History of the Study of Landforms or the Development of Geomorphology. 
Vol. 1: Geomorphology Before Davis. 94 in.x61 in. (24 cmx I6 cm). Pp. 
xvi4-678. (London: Methuen and Co., Ltd. ; New York: John Wiley and 
Sons,Inc., 1964.) 84s. net.* 

FRASER, Ronald. The Habitable Earth. 82 in.x 54 in. (22 cmx I5 cm). Pp. 
151+24 plates. (London : Hodder and Stoughton, Ltd., 1964.) 30s. net.* 

LAMARCK, J. B. Hydrogeology. Translated by Prof. Albert V. Carozzi. 
91 in.x6 in. (23-5 cmx I5-5 em). Pp. vi+ 152. 
Illinois Press, 1964.) 4.75 dollars.* 

LEOPOLD, Luna B., WOLMAN, Gordon, and MILLER, John P. Fluvial Processes 
in Geomorphology. (Series of Books in Geology.) 94 in.x 6} in. (24 cm x [6 cm), 
Pp. xiii4-522. (San Francisco and London: W. H. Freeman and Company, 
1964.) 57s.* 


(Urbana, lll.: Uriversity of 
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MILLER, Robert L. (edited by). Papers in Marine Geology. (Shepard Com- 
memorative Volume.) l02in.x7in.(26 cmx 18cm). Pp.xx-4-53l. (New York : 
The*Macmillan Company ; London: Collier-Macmillan, Ltd., 1964.) 150s.* 

MUELLER, Ivan I. Introduction to Satellite Geodesy. 104 in. x 62 in. (26 cm x 
I7 cm). Pp. xxi--415. (New York: Frederick Ungar Publishing Company, 
1964.) 15 dollars.* e 

ROMANOVA, M. A. Air Survey of Sand Deposits by Spectral Luminescence. 
Authorized translation from the Russian. 102 in. x8 in. (27 cm x21 cm). Pp. 
158. (New York : Consultants Bureau, 1964.) 22.50 dollars.* 

ZEIL, Werner. Geologie von Chile. (Beitrige zur Regionalen Geologie der 
Erde, Band 3.) 92in.x62in.(25cmx I7 cm). Pp.xi4-233. (Berlin-Nikolassee : 
Gebrüder Borntraeger, 1964.) 90 D.M.* 


Chemistry : Chemical Industry 


BLANDER, Milton (edited by). Molten Salt Chemistry. 91in.x61in.(23:5 cm 
Xl6 cm). Pp. ix--775. (New York and London: Interscience Publishers, a 
Division of John Wiley and Sons, 1964.) 188s.* 

FINAR,I.L. Organic Chemistry. Vol.2: Stereochemistry and the Chemistry 
of Natural Products. Third edition. 10 in.x 6$ in. (25-5 cmx 16 cm). Pp. 
xii-F690. (London : Longmans, Green and Co., Ltd., 1964.) 50s. net.* 

FORRETTE, J. E., and LANTERMAN, E. Developments in Applied Spectro- 
scopy, Vol.3. (Proceedings of the Fourteenth Annual Mid-America Spectroscopy 
Symposium held in Chicago, Illinois, May 20-23, 1963.) 94 in. x62 in. (23:5 cm x 
I6 cm). Pp.ix--409. (New York : Plenum Press, 1964.) 17.50 dollars.* . 
~ KING, Gerald. Spectroscopy and Molecular Structure. 91 in. x 62 in. (23:5 cm 
x l6 cm). Pp.xiv-.-482. (New York and London : Holt, Rinehart and Winston, 
Inc., 1964.) 86s.* 

LADD, M. F. C., and LEE, W. H. Practical Radiochemistry. 82 in.x52 in. 
(22 cm x [5 cm). Pp. xii--136. (London : Cleaver-Hume Press, Ltd., in associa- 
tion with Macmillan and Co., Ltd., 1964.) 18s. 6d. net.* X 

LINNETT, J. W. The Electronic Structure of Molecules : a New Approach. 
8ł in. x52 in. Q2 cmx I5 cm). Pp.vii+167. London: Methuen and Co., Ltd. ; 
New York : John Wiley and Sons, Inc., 1964.) 25s. net. * 

MOODY, G. J., and THOMAS, J. D. R. Noble Gases and Their Compounds. 
8 in. x 52 in. (20 cmx 13 cm). Pp.vii+62. (London and New York : Pergamon 
Press, 1964.) 12s. 6d.*. 

RINEHART, Jr., Kenneth L. The Neomycins and Related Antibiotics. (E. R. 
Squibb Lectures on Chemistry of Microbial Products.) 73 in.x 42 in. (19 cmx 
i cm). Pp. xii4-137. (New York and London: John Wiley and Sons, 1964.) 
40s. 

SAMSONOV, G. V. Properties Index. (Plenum Press Handbooks of High- 
Temperature Materials, No.2.) Authorized translation from the Russian. 92 in. 
x61 in. aig cmx l6 cm). Pp. xiit+4I8. (New York: Plenum Press, 1964.) 
22.50 dollars.* 

SELWOOD, P. W. Chemical Principles. 9$ in. x 62 in. (24 cm x 17 cm). Pp. 
x+582. (New York and London : Holt, Rinehart and Winston, [964.) n.p.* 

STEPHEN, H., and STEPHEN, T. (edited by). Solubilities of Inorganic and 
Organic Compounds. Vol.2: Ternary Systems, Part ]. 8g in.x 52 in. (22 cmx 

,15 cm). Pp.944. (London and New York : Pergamon Press, 1964.) 250s. net.* 

TOPCHIEV, A. V. (edited by). Radiolysis of Hydrocarbons. English edition 
edited by R.A, Holroyd. 9 in.x6in. (23 cmx [5-5 cm). Pp.xii--232. (Amster- 
dam, London and New York : Elsevier Publishing Company, 1964.) 65s.* 

WIBERG, Kenneth B. Physical Organic Chemistry. 9} in.x6 in. (23:5 cmx 
15-5 ru Pp. viii--58I. (New York and London: John Wiley and Sons, Inc., 
1964.) 80s. 

ZBINDEN, Rudolf. Infrared Spectroscopy of High Polymers. 9} in.x 6d in. 
(23-5 cmx I6 cm). Pp. xii4-264. (New York: Academic Press, Inc.; London : 
Academic Press, Inc. (London), Ltd., 1964.) 76s.* 


Biochemistry : Physiology : Pharmacology 


ARIENS, E. J. (edited by). Molecular Pharmacology : The Mode of Action of 
Biologically Active Compounds, Vol. 1. (Medicinal Chemistry : a Series of Mono- 
graphs.) 9lin.x6iin.(23-5 cm x l6 cm). Pp.xix-4-503. (New York : Academic 
Press,Inc. ; London : Academic Press, Inc. (London), Ltd., 1964.) 121s. 6d.* 

BARGMANN, W., and SCHADÉ, J. P. (edited by). Lectures on the Dien- 
cephalon. (Progress in Brain Research, Vol. 5.) 10% in. x 7$ in. (26:5 cm x 19-5 
cm). Pp. x-+-236. (Amsterdam, London and New York: Elsevier Publishing 
Company, 1964.) 80s.* 

BERNHARD, W.,and LEPLUS, R. Structure Fine du Ganglion Humain Normal 
et Malin (Fine Structure of the Normal and Malignant Human Lymph Node). 
(Centre National de la Recherche Scientifique, Paris ; Centre de Recherches sur 
les Lymphomes Malins, Lausanne.) 124 in.x 94 in. (32 cmx24 cm). (Oxford : 
Pergamon Press; Paris: Gauthier-Villars; New York: Macmillan, 1964.) n.p.* 

BLACKWOOD, H. J.J. (edited by). Bone and Tooth. (Proceedings of the 
First Symposium held at Somerville College, Oxford, April 1963.) 92 in.x 6% in. 
- (23:5 cmx 16 cm). Pp. xvii-4-425. (London and New York: Pergamon Press, 
1964.) 100s. net.* 


DWYER, F. P., and MELLOR, D. P. (edited by). Chelating Agents and Metal” 


Chelates. 91in.x 6t in. (23-5emx l6 cm). Pp.xv4-530. (New York : Academic 
Press, Inc. ; London : Academic Press, Inc. (London), Ltd., 1964.) 121s. 6d.* 

GALLAGHER, C. H. Nutritional Factors and Enzymological Disturbances in 
Animals. (International Monographs : Aspects of Animal and Human Nutrition.) 
8i in. x 54 in. (22 cmx 14 cm). Pp. xiv--18l. (London: Crosby Lockwood and 
Son, Ltd., 1964.) 40s. net.* 

HARRIS, Malcolm. Pharmaceutical Mibrobiology. 9 in.x6 in. (23 cmx 15-5 
cm). Pp.vii--269. (London: Bailli&re, Tindalland Cox, Ltd., 1964.) 37s. 6d. net.* 

HYTTEN, Frank E.,and LEITCH, Isabella. The Physiology of Human Pregnancy. 
8i in.x 52 in. Q2 cm x15 em). Pp. xii4-463. (Oxford: Blackwell Scientific 
Publications, 1964.) 55s. net.* 

KLOSOVSKII, B. N., and KOSMARSKAYA, E. N. Excitatory and Inhibitory 
States of the Brain. Translated from the Russian by Albert Behar. 92 in.x 
62 in. (25 cmx17 cm). Pp. 460. (Jerusalem: Israel Program for Scientific 
Translations ; London : Oldbourne Press, 1963.) 96s.* 

MUNRO, H. N., and ALLISON, J. B. (edited by). Mammalian Protein Meta- 


bolism, Vol. I. 92 in.x6% in. (23-5 cm X I6 cm). Pp. xv+566. (New York: - 


Tocem Press, Inc. ; London : Academic Press, Inc. (London), Ltd., 1964.) 
ROUILLER, Ch. (edited by). The Liver : Morphology, Biochemistry, Physio- 
logy, Vol. 2. 93 in.x64 in. (23-5 cmx l6 cm). Pp. xiv--674. (New York: 
Academic. Press, Inc. ; London : Academic Press, Inc. (London), Ltd., 1964.) 

s. 6d. i 

SCHNITZER, R. J., and HAWKING, Frank (edited by). Experimental Chemo- 
therapy. Vol.2: Chemotherapy of Bacterial Infections, Part I. 92 in.x 63 in. 
(23-5 cmx I6 cm). Pp.xvii--614. (New York : Academic Press, Inc. ; London : 
Academic Press, Inc. (London), Ltd., 1964.) 165s.* 

YAMAFUJI, Kazuo. Nutritional Factors in Virus Formation. (International 
Monographs : Aspects of Animal and Human Nutrition.) 82 in.x5$ in. (22 cm x 
15 cm). | Pp. Xiii--128. (London: Crosby, Lockwood and Son, Ltd., 1964.) 

Is. net. 


NATURE 


Medical Sciences 


BARGMANN, W. Histologie und Mikroskopische Anatomie des Menschen. 
5 überarbeitete Auflage. IOF in.x71 in. (26-5 cmx 18-5 cm). Pp. xvi+856. 
(Stuttgart : Georg Thieme Verlag, 19 -) 72 D.M.* 

BURN, Harold. Our Most Interesting Diseases. 83 in. x 52 in. Q2 em x I5 cm). 
Pp. 180. (London: George Allen and Unwin, Ltd., 1964.) 25s. net.* 

COPEMAN, W. S. C. A Short History of the Gout and the Rheumatic Diseases. 
8i in.x 5% in. (22 cmx I5 cm). Pp. ix4-2364-19 plates. (Berkeley and Los 
Angeles: University of California Press; London: Cambridge University 
Press, 1964.) 6 dollars ; 48s. net. * 

DEWHURST, Kenneth. John Locke (1632-1704) : Physician and Philosopher 
—a Medical Biography, with an Edition of the Medical Notes in his Journals. 
9 in.x5£in. 23cmx I5 cm). Pp. xii-I-331 +11 plates. (London: The Wellcome 
Historical Medical Library, 1963.) 425.* 

GORDON, Douglas (edited by). Ultrasound as a Diagnostic and Surgical 
Tool. (Based on the International Symposium held at the Royal Collega of 
Surgeons, London, December 5th and 6th, 1962.) 9 in. x 52 in. (23 cm» 15 cm). 
Pp. xii-4l3. (Edinburgh and London : E. and S. Livingstone, Ltd., 1964.) 63s. 
net. 

MURPHY, E. G. The Chemistry and Therapy of Disorders of Voluntary 
Muscles. With an introductory chapter by Prof. G. R. Williams. (A Monograph 
in American Lectures in Living Chemistry.) 9% in.x 62 in. (23:5 cmx l6 cm). 
Pp.xiv4-123. (Springfield, Ill.: Charles C. Thomas, 1964.) 6.50 dollars.* 

O'MALLEY, C. D. Andreas Vesalius of Brussels, 1514-1564. 91 in. 64 in. 
(24 cm x 16 cm). Pp. xv-+480+-64 plates. (Berkeley and Los Angeles : Univer- 
s (yol California Press ; London : Cambridge University Press, 1964.) 10 dollars ; 

s. net. 

RECOMMENDATIONS OF THE INTERNATIONAL COMMISSION ON 
RADIOLOGICAL PROTECTION (As Amended 1959 and Revised 1962.) (ICRP 
Publication No. 6.) 92 in.x72 in. (25 cmx 18-5 cm). Pp. v-+70. (London and 
New York : Pergamon Press, 1964. Published for the International Commission 
on Radiological Protection.) 25s. net.* 

SCHMITT, Otto H., and CACERES, Cesar (edited by). Electronic and Com- 
puter-Assisted Studies of Bio-Medical Problems. 9} in.x6i in. (23:5 cmx 16 
cm). Pp.xxix-4-304. (Springfield, (Il. : Charles C. Thomas, 1964.) 12.50 dollars.* 


Biology 


BRAUNGART, Dale C., and BUDDEKE, Rita. An Introduction to Animal 
Biology. Sixth edition. 92 in.x 62 in. (25 cm x I7 cm). Pp.442. (Saint Louis : 
The C. V. Mosby Company ; London : Henry Kimpton, 1964.) 54s. 6d.* 

BUFFA, Paolo (edited by). From Molecule to Cell: Symposium on Electron 
Microscopy, Moderna, April 1963. (Congress, Convegni e Cimposi Scientifici, 
Nr. 7.) 10% in. x7} in. (26 cmx 18:5 em). Pp. iv-+393. (Roma: Consiglio 
Nazionale delle Ricerche, [964.) 20 dollars.* 

COULTER, Merle C. The Story of the Plant Kingdom. Third edition, revised 
by Howard J. Dittmer. 92 in. x6 in. 23:5 cm x 15:5 cm). Pp. ix- 467. (Chicago 
and London : University of Chicago Press, 1964.) 43s.* 

ETKIN, William (edited by). Social Behavior and Organization Among 
Vertebrates. 9$in. x 63 in. (24 cm x l6 cm). Pp.xii +307. (Chicago and London: 
University of Chicago Press, 1964.) 7.50 dollars ; 56s.* ` 

FAEGRI, Knut, and IVERSEN, J. Textbook of Pollen Analysis. Second revised 
edition. 9i in.x 6} in. Q5 cm x 16:5 cm). Pp.237. (Oxford : Blackwell Scientific 
Publications, 1964.) 47s. 6d.* 

MCCORMICK, Harold W., ALLEN, Tom, and YOUNG, William E. Shadows 
in the Sea: The Sharks, Skates and Rays. 9} in.x 6} in. (23-5 cmx l6 em). Pp. 
xiv+377. (London : Sidgwick and Jackson, Ltd., 1964.) 35s. net.* 

MAHESHWARI, J. K. The Flora of Delhi. 93 in.x 64 in. (24 cm » [6:5 cm). 
Pp. viii--447. (New Delhi: Council of Scientific and Industrial Research, 1963.) 
Rs. 28.00; 56s.; 8 dollars.* 

MAHESHWARI, P. (edited by). Recent Advances in the Embryology of 
Angiosperms. 9in.x6in. (23 cmx 15:5 cm). Pp.x+467. (Delhi: International 
Society of Plant Morphologists, The University, 1963.) n.p.* , 

MAYER, William V., and van GELDER, Richard G. (edited by). Physiological 
Mammalology. Vol.i : Mammalian Populations. 95 in.x 62 in. (23:5 cm» l6cm). 
Pp. xii--38l. (New York: Academic Press, Inc. ; London: Academic Press, 
Inc. (London), Ltd., 1963.) 86s.* : 

RICHARDSON, J. A. Physics in Botany. (Pitman's Applied Physics Series.) 
8% in.x 53 in. (22cmx 14 cm). Pp. ix--325--8 plates. (London: Sirlsaac Pitman 
and Sons, Ltd., 1964.) 42s. net.* y 

SHREVE, Forrest, and WIGGINS, Ira L. Vegetation and Flora of the Sonoran 
Desert. Vol. [: Pp. x--1-840--plates 1-37. Vol.2: Pp. v--841-1740. 10 in.~7 
in. (25:5 cmx 18 cm). (Stanford, Calif. : Stanford University Press ; London : 
Oxford University Press, 1964.) 180s. per set. * 

VERONA, O., and BENEDEK, T. Iconographia Mycologica X. (Mycopatho- 
logia et Mycologia Applicata, Vol. 20, Supplementum.) 93 in.x 63 in. (24 cm x 
16 cm). Pp. 12+plates A204-231 ; CI36-153 ; D40-43. (Den Haag: Uitge- 
verig Dr. W. Junk, 1963.) n.p.* 

WILBUR, Karl M., and YONGE, C. M. (edited by). Physiology of Mollusca, 
Vol. 1. 9iin.x6i in. (23-5 cm x 16 cm). Pp. xiii+473. (New York: Academic 
Press, Inc. ; London : Academic Press, Inc. (London), Ltd., 1964.) 114s. 6d.* 


Miscellany 


CLAYTON, K. M. (edited by). Guide to London Excursions. (Specially written 
for the 20th International Geographical Congress, London, 1964.) 12 in. x 
8% in. (30:5 cm x2I:5 cm). Pp. 162. (London: Departmensof Geography, The 
London School of Economics and Political Science, 1964.) 2ls.* 

DIBNER, Bern. Darwin of the Beagle. 8 in.x52 in. (20 cmx13 em). Pp. 
ix+143. (New York and London : Blaisdell Publishing Company, a Division of 
Ginn and Company, 1964.) 1.95 dollars.* 

EDWARDS, Elwyn. Information Transmission : An Introductory Guide to the 
Application and the Theory of Information to the Human Sciences. Bin. » 54 in. 
(20 cm x 13 cm). Pp. 134. (London : Chapman and Hall, Ltd., 1964.) 

EXPERIMENTAL CARTOGRAPHY: Report on the Oxford Syinposium, 
October 1963. 10 in.x8 in. (25-5 cm x20 cm). Pp. 93. (London: Oxford 
University Press, 1964.) 25s. net.* 

FOSKETT, D. J. Science, Humanism and Libraries. 82 in. x52 in. (22 cm 
15 em). Pp.ix4-246. (London: Crosby Lockwood and Son, Ltd., 1964.) 26s. 
net. 

GERSHENSON, Daniel E., and GREENBERG, Daniel A. Anaxagoras and the 
Birth of Scientific Method. 8 in.x 53 in. (Q0 cmx |5 cm). Fp. xv+63. (New 
York and London : Blaisdell Publishing Company, a Division of Ginn and Com- 
pany, [964.) 1.45 dollars.* g 

GILPIN, Robert, and WRIGHT, Christopher (edited by). Scientists and Nationa! 
Policy-Making. 92 in. x 6} in. 23-5 cmx l6 cm). Pp. viii4-307. (New York and 
London : Columbia University Press, [964.) 7.50 dollars.* 

KOFOED-HANSEN, O. The Negotiators: The Challenge of the Atomie 
Age. Bin.x5£in.(20cmx 13 cm). Pp.157. (Copanhagen : Munksgaard, 1964.) 


21 D.kr.* 
. 





dixxiv 


A New Edition of the 
Unrivalled Classic 


PRINCIPLES OF 


PHYSICAL 
GEOLOGY 


Completely Revised— 


Greatly Enlarged 


Professor ARTHUR HOLMES 


Since its original publication in 1944, 
Principles of Physical Geology has pro- 
foundly influenced the thinking and train- 


ing of geologists throughout the world. 


This new edition has been almost 
entirely re-written, since geology itself has 
expanded considerably, and incorporates 
discoveries made as recently as 1963-64. 
These include the dating of earth history; 
salt domes; marine sediments and the 
ocean floor; mountain building by gravity 
gliding; palaeomagnetism of rocks and 
continental drift, etc. 


Ten chapters have been added to the 
original edition and many more have been 
considerably enlarged. Over 400 .new 
illustrations, many of them particularly 
beautiful, are also included. 


Professor Holmes' standing in the 
world of geology could not be higher. He 
was of course recently awarded the 
Vetlesen Prize for 1964. 


1,184 pages. Nearly 900 half-tone illustra- 
tions and line drawings. October 845 


NELSON | 


NATURE 



















4 
September 26, 1964 









NUMERICAL 


METHODS: Il 
DIFFERENCES INTEGRATION 
AND DIFFERENTIAL 
EQUATIONS 


BEN NOBLE 


The second volume of Numerical Methods is 
almost independent of Volume I. It deals with 
those aspects of numerical analysis which are 
based on finite difference techniques and includes 
sections on polynomial interpolation ; numerical 
integration and differentiation ; and numerical 
solution of ordinary and partial differentiation. 
Particular attention is paid to the treatment of 
errors. The author has been at pains to examine 
points of difficulty which have arisen in actual 
computations. The common practice of regard- 
ing numerical analysis as a collection of recipes 
has been avoided ; instead of listing all possible 
methods, general principles are illustrated by 
discussing some of the more important methods 
in full detail. 


I2s. 6d. 


PROBLEMS OF 
RADIATION GENETICS 


N. P. DUBININ 


Translated by G. H. BEALE 
Genetic Dept., Edinburgh University 


This book gives a concise account of the effects 
of different forms of radiation on living organisms, 
and includes a very thorough report of Russian 
contributions to the subject as well as those of 
Western workers. ‘The topics covered include 
the basic principles of classical cytogenetics ; 
the physical aspects of the action of radiation on 
living organisms ; the effect of ionising radiations 
on genetic properties of animals, plants and micro- 
organisms; and the action of ultra-violet and 
visible light on heredity. Special attention is 
given to the effect of radiation on mammalian 
and human heredity. 


The author also considers the danger to man of 
increased amounts of radiation in the atmosphere 
from radioactive fall-out, the hazards to pilots of 
spaceships from cosmic radiation, and the more 
positive applications to plant and animal breeding. 


£5 xos. od. 


OLIVER 


& BOYD 
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NOW AVAILABLE 


Progress Reports from DSIR 


Department of Scientific and Industrial Research and Report of the Research Council for the year 


1963 (Cmnd. 2394) 4s. 6d. (4s. 10d.) 
Research for Industry, 1963—A summary of the work done by the Industrial Research Associations 
in the Government Scheme 5s. 6d. (5s. 11d.) 
Scientific Research in British Universities and Colleges 1963-64 35s. (36s. 6d.) 


Information from DSIR Research 
Establishments is available in: 


Building Research 1963 8s. 6d. (9s. 1d.) 
Fire Research 1963 6s. 6d. (7s. Od.) 
Forest Products Research 1963 5s. 6d. (5s. 11d.) 
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Report of the National Physical Laboratory 1963 17s. (18s. Od.) 
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Warren Spring Laboratory—Report for 1963 4s. (4s. 5d.) 
Water Pollution Research 1963 8s. 6d. (9s. 2d.) 


Prices in brackets include postage 


Free lists of scientific titles can be obtained from Her Majesty’s Stationery Office, P6a (NAT), : 
Atlantic House, Holborn Viaduct, London E.C.1 
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Government publications can be purchased over the counter or by post from the 
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if you use a 


MIGROSCOPE 


you need a 


SINGER 


FULLY PATENTED 


Three types available: 
x1 to x200 
x 500 


X100 to x 1,000 plus 


MIGROMANIPULATOR 


Singer micromanipulators are used in 
most laboratories all over the world. 


Mk I Low power for magnifications 
Mk II For magnifications x1 to 
Mk III High power for magnifications 


The most advanced instruments for 
micromanipulation. As described by 
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MICROMANIPULATORS : 


Barer and Saunders-Singer with further 
improvements. 

Full details and demonstrations upon 
request to : 


SINGER INSTRUMENT CO. LTD., 
Fountain Court, 83 London St., 
Reading, Berkshire, England. 
Telephone: Reading 53613. 








Genetics and Man 
C. D. DARLINGTON 


*A fascinating piece of typical scientific history, which 
culminates in an account of the situation as it is seen in 
the light of modern genetics) Science Progress 
*The method of presentation is excellent, the scientific 
discoveries are made into a story and, although no effort 
is made to sensationalise the unknown, there is a pleasing 
and tantalising air about the fringes upon which the study 
of genetics is existing at the moment.’ Daily Telegraph 
2nd edition Illustrated 42s 


Frontiers of Science 


and Philosophy 
Edited by ROBERT G. COLODNY 


By covering various current topics in the philosophy of 
the physical, biological, and social sciences, this series of 
lectures is intended to contribute to the removal of 
existing barriers to the flow of ideas between diverse 
fields of knowledge. 28s 


ALLEN & UNWIN 








Modern 


Microscopes 
with 
outstanding 
Optics 








M 4 








Wild Micro Optics owe their excellent repu- 
tation to first class computation, combined 
with high-precision manufacture and 
assembly. The resulting optical systems give 
images which are both sharp and brillant. 
Wild microscopes offer an amazing versa- 
tility, with accessories which enable them to 
be rapidly adapted to meet all requirements. 


The Wild Microscopes: 


M 20 Research Microscope 

M 21 Polarising Microscope 

M 11 Field and Laboratory microscope 
M 4 and M5 Stereomicroscopes 


Literature and quotations from 








Further particulass from: 


Wild Heerbrugg Ltd., Heerbrugg/Switzerland 


Light Filters Ltd., Howard Road, Reigate 


e Tel. Reigate 46088 


Makers of Precision Optical Instruments 
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‘Introducing the LKB ReCyChrom for | 


RECYCLING 
CHROMATOGRAPHY 


NEW 
INSTRUMENTATION 

| FOR A NEW 
TECHNIGUE* IN 
CHROMATOGRAPHIC 
SEPARATION 


The ReCyChrom is equally applicable for preparative 
and analytical separation of mixtures of large-sized or of 
small-sized molecules. These molecules do not have to be 
electrolytes and restrictions on the type of buffer used are 
less than with other types of chromatography. Components 
within a narrow range of molecular sizes, usually not 
resolved on simple gel filtration columns, are separated in 
the ReCyChrom by allowing the sample to pass repeatedly 
through the bed, thereby multiplying its effective height 
many times. Separated fractions and uninteresting or dis- 
turbing parts of the effluent may be bled our of the stream 
after any cycle without interrupting the separation of the 
remaining components. 

The apparatus is especially suitable for grading homol- 
ogous series of polymers, e.g., dextrans; for routine control 
of the purity of biochemical preparations such as serum 
proteins, enzymes and hormones; and for separation of 
heat labile substances. 

One unique advantage of recycling chromatography is 
the need for columns of only moderate Jength. Columns in 
two standard lengths, 60 cm and 100 cm, both with 32 
mm bore are available at present. The range of sample 
volumes accommodated by these columns depends greatly 
on the nature of the sample. For simple desalting opera- 


* According to J. Porath and H. Bennich 
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The simple push of a button on the Selector Valve alters the 
flow circuit from injection or bleeding to recycling. 











LKB INSTRUMENTS LTD., LKB House, 137 Anerley Road, London SE 20 
LKB PRODUKTER AB, P.O. Box 12220, Stockholm 12, Sweden 





tions or for separation of peptides and amino acids fram 
proteins, a sample of up to 150 ml is not unusual, whereas 
for purity controls of radioactively tagged concentrated 
preparations, quantities down to 1/100 of this volume arc 
feasible. Sample application by pipette is eliminated. The 
pump sucks sample through a selector valve with a holdup 
of 150 ju—a reproducible and non-critical method. 


The four main components of the ReCyChrom, namely, 
a separation column, a peristaltic pump, a selector valve 
and a flow analyzer are available separately for incorpora- 
tion into other instrument setups. The specially constructed 
columns with adjustable plungers at both ends can be 
sealed completely to eliminate the pressure of water hcad 
and permit liquid flow in either direction. Closed system 
operation and ascending flow maintains even packing and 
prevents the flow rate from falling off with use, even when 
beds of material with low mechanical strength (gels) are 
used. 

LKP's specially designed peristaltic pump has a very 
high flow constancy—0.5 9 over a period of a week--and a 
continuously -variable pumping rate from 0-390 ml hr. 

A choicé of three flow analyzers, cooling jackets, terminal 
box, connections and a cart comprise the remainder of the 
assembly. 

Request literature file 4900N9 for details. 
e 


RUP 







The Peristaltic Pump bas many other uses u ben not in sertice for 
the ReCyChrom. 
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rotating inclined monocular head 


Bertrand Lens control knob 
phase plates fitted to standard 
objectives 

704 flat top mechanical stage 


standard achromatic substage 
condenser in centring mount 


low-placed concentric control 
heads for mechanical stage 


annulus centring attachment 
with lamp condensing lens 


LOW-COST 
PHASE CONTRAST 
FOR SERVICE 3 


The new Watson Phase Contrast accessory 
meets the demand for robust, low-cost 
equipment for student use. Designed for the 
Service 3 Microscope, the accessory is 
available with either built-in Bertrand Lens 
or with auxiliary Telescope for easy setting. 
Operating principles are identical with the 
Watson Research Phase Contrast outfit and 
results are of the same high quality. 


704 Mechanical Stage 

The 704 Mechanical Stage is a new flat top 
mechanical stage with low placed co-axial control 
heads, supplied on the Service 3 Microscope as 
an alternative to the plain stage. Exceptionally 
smooth vertical and horizontal movements are 
provided by a patented mechanism which is self- 
compensating for wear and ensures complete 
freedom from losses. 





og 
ER. . 


Service 3 Microscope 
with 704 Mechanical Stage 
and built-in Bertrand Lens 





Added Advantages 

An improved location of the head (monocular or 
binocular) provides smooth, 360? rotation (free 
from locking screws and easily interchangeable), 
and a new mechanism for stage fine adjustment 
focusing gives precise, controlled movements 
with maximum built-in reliability. Both coarse and 
fine adjustment controls have been rigorously 
life-tested. 


The Service 3 is now available in semi-matt black enamel. Please write for full details, 


Backed by nation-wide Watson service 


W. WATSON & SONS LTD - BARNET - HERTS 


Barnet 4404 





Massflow . Bess 
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The Stanton 'Massflow' Vacuum Thermobalance 
records changes of weight as a function of tempera- 
ture and time, for samples heated under vacuum, 
controlled atmosphere or continuous gas flow. 
Theapparatusincludesfurnace, programmecontrol- 
ler, gas- and vacuum-tight sample tube, automatic 
weight-loading analytical balance, and a twin-pen 
chart recorder. Alternative furnaces give tempera- 
ture range up to 1000?C or 1350°C. 

Pumping equipment for vacuum down to 10% 
torr can be fitted. Balance sensitivities of 1 mg. per 
division and 0.1 mg. per half division are available. 


Write for full catalogue 
Stanton Instruments Ltd., 119 Oxford St., London, 
W.1. GERrard 7533. Cables Stanbal, London. 


STANTON MASSFLOW e 
THERMO-BALANCE A 


MP 
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Back Numbers 
of Periodicals 
for sale . 


Bell System Technical Journal 

Vols. 1-42, with Gen. Ind. to Vols. 1-30. 
New York, 1922-1963. Vols. 1-39 uniformly 
bound in qtr. calf, rest unbound. £165 
Cambridge Philosophical Society. Proceedings 
Vols. 1-58, with Coll. Index to vols. 1—50. 
Cambridge, 1843-1962. Unbound £225 
Institute of Petroleum. Journal 

Vols. 9-48 (lacks 2 issues). London, 1923- 
1962. Unbound. £170 
Iron and Steel Institute. Journal 

Vols. 89-200. London, 1914-1962. Mostly 
bound. £185 
Optical Society of America. Journal 

Vols. 1-53, with Cum. Index to vols. 1-25 
(lacks vols. 2-7, 11 and 1 issue). New York, 


1917-1963. Unbound. £315 

Petroleum Refiner 

Vols. 22-38. Houston, 1943-1959. Unbound. 
£235 

Pharmaceutical Journal . 

Vols. 148-187 (lacks 4 indexes). London, 

1942-1961. Unbound. £90 


Philosophical Magazine (London, Edinburgh 
and Dublin Philosophical Magazine and 
Journal of Science) 

Series. VI. Vols. 1-50 (Complete Series) 
London, 1900-1925. Bound. £490 
Series VII. Vols. 1-26. London, 1926-1938. 
Bound except 1 vol. £325 
Rubber Chemistry and Technology 

Vols. 5-23 (lacks 3 issues). Ohio, 1932-1950. 
Unbound. £90 
Werkstoffe und Korrosion 

Vols. 1-14 (lacks 1 issue). Weinheim, 1950— 
1963. Partly bound. £62 


Robert Maxwell & Co Ltd 


Waynflete Building, 1-8 St Clements, Oxford 
Telephone 64881. Cables LEXICON 
Telex 83177 


We are always interested in buying your collections of 
duplicates of Scientific, Technical and Medical 
Journals at the highest prevailing prices. Please send 
us your lists of surplus journals which will receive our 
immediate attention. 

We invite you to write in for our regularly issued 
Bulletins and Catalogues and should be pleased to be 
of assistance in your acquisitions. 


Offices also at 

Maxwell Scientific International Inc, 44-01 

21st Street, Long Island City 1, NY 

Robert Maxwell & Co Ltd, Kaiserstrasse 75, 
Frankfurt am Main. Telephone 33.74.61 

Librairie des Sciences et Techniques Etrangères, 

24 Rue des Ecoles, Paris Ve. Telephone ODEon 30-00 
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SERUM 
TRANSAMINASE REAGENTS 
OF BRITISH MANUFACTURE 


PRODUCED BY 
BURROUGHS WELLCOME & CO. 


Amongst other advantages the ‘Wellcome’ 
Brand Reagents are callbrated to give results 
in International Units in accordance with 
modern usage. Prepared for use as a modifi- 
cation of the colorimetric method of Reltman 
and Frankel (1957). 


MR34 GOT Substrate 


.. 24/6 per 100 ml. bottle 
MR36 GPT Substrate 


24/6 per 100 ml. bottle 
MR37 Colour Developer .. 24/6 per 100 ml. bottle 
MR38 Standard Solution 6/- per 10 ml. bottle 


GOT Kit comprising MR34, MR37 and MR38 complete 
GPT Kit comprising MR36, MR37 and MR38 complete 





FRESH — ACCURATE — SIMPLE 
REQUIRES NO SPECIAL EQUIPMENT 


SOLE UNITED KINGDOM DISTRIBUTORS 


GEORGE T. GURR LIMITED 


136/144 NEW KINGS ROAD, LONDON S.W.6. 
Telephone : RENown 5482 Cables : MICROSTAIN , LONDON S.W.6 





OXY-COAL GAS 
BLOW PIPE 


specially for working 


BOROSILICATE 
GLASSES (Pyrex, 
Phoenix, Hysil, etc.) 








9 Five jets and 
N central pilot light — 
^ flame size selected 
THEN INSTANTANEOUSLY. 
3 “eo Rotating turret 
head for easy jet selec- 
tion. 


n —-€ Auxiliary supply 

of oxy-coal mixture for 

hand torch. 

Minimum oxygen 
consumption 

—_ Maximum economy 







A modern oxy-coal gas blow-pipe of sturdy construction evolved through 
years of practical experience in glass manipulation. A nearly silent flame 
from pin point to one capable of working 100 mm. tubing at a flick of the 
turret. To the inexperienced it gives confidence, to the experienced 
it is an assurance of efficiency and successfully completed work. A unique 
instrument for the research laboratory or workshop. Send for Leaflet 


XE | Price £25.0.0 


p AH i 44, NORTHFIELD RD. 
0 M$t “BIRMINGHAM, 30 
phone: KINGS NORTON 1885 E^ 


Obtainable only from 


LV. SC 
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Fig. 1. Evolution of ‘OO, from radioglucose in presence of thermal 
proteinoid, demonstrating the carbon dioxide formation from glucose in 
the presence of proteinold. ©, shows carbon dioxide evolution for the 
reaction mixture without any additions; x, indicates carbon dioxide 
production from the reaction mixture in the presence of 2-5 uM ATP 


no catalytic activity per se. The acid proteinoids thus 
prepared were each tested for sterility in tryptone glucose 
beef extract: (a) broth; (b) agar, in tryptone glucose 
yeast extract; (c) broth and (d) agar, before dialysis 
of the proteinoid, after dialysis for 4 days, after resolution 
of aseptically lyophilized polymer and at the end of the 
tests for catalysis. The polymers thus prepared showed at 
least the usual amount of activity after having given 
negative results for growth in the sterility tests. Lysine 
proteinoid was also synthesized under sterile conditions. 
Both the aseptically synthesized lysine proteinoid and 
lysine proteinoid prepared months earlier, and stored in 
the usual way in a bottle, were found to be bacteria- 
free ; this latter probably reflects the bacteriostatic 
activity of polylysine™. 

As Table 1 shows, thermal lysine proteinoid’, as first 
prepared by Dr. Harada?, was more active than thermal 
acid proteinoid. 

Other sugars, radio (fructose) and radio (sucrose), also 
yielded 4CO,, but in smaller proportions than did (radio) 
glucose. In three experiments, 10 uc. of sucrose yielded 
130, 212, and 316 c.p.m. Such results with sucrose 
help to rule out the possibility that decarboxylation is 
due to a Maillard reaction between proteinoid and the 
sugar, Study of the pH activity curve for lysine pro- 
teinoid also revealed pH optima at 2 and 5, whereas the 
Maillard reaction is favoured in alkaline solution’. The 
proteinoids were active over the entire range of pH 1-9 
tested. Activity was only slowly destroyed by heating 
in aqueous solution. Microspheres®:* formed in the steam 
autoclave from hot water also displayed activity for the 
evolution of carbon dioxide. An experiment in which 
& second charge of substrate, added after three days, 
was decomposed as rapidly as the first charge represents 
one experiment to test whether the activity is truly 
catalytic. 

For analytical purposes, the reaction mixture was 
concentrated in a rotary evaporator and finally dried 
in & vacuum desiccator over sodium hydroxide pellets 
and over sulphuric acid. The dried residue was three times 
extracted with dry pyridine in order to remove unreacted 
glucose; the pyridine extract was taken to dryness over 
sulphuric acid. Aqueous solutions of the residue from 
pyridine extract and from the pyridine-insoluble residue 
were separately subjected to paper chromatography. 
The samples were applied to Whatman 3MM paper. 
The developing solvent usually was ethyl acetate: 
pyridine : water (12 : 5 : 4). Chromatography was carried 
out by ascension (Fig. 2). Fig. 2 presents the initial 
results. 
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Following the suggestion of glucuronic acid as an inter- 
mediate from the experiment with 6-*C-glucose, this 
acid was sought as follows. The reaction mixture war 
made alkaline to phenolphthalein with barium hydroxide. 
Carbon dioxide was bubbled through this mixture for a 
few minutes. The mixture was then heated to 100° 
for 10 min, filtered, and the precipitate was washed with 
boiling water. The combined filtrates and washings were 
concentrated to 2 ml. in vacuo and mixed with 100 ml. 
ethanol. The barium salts were collected by filtration 
and washed with ethanol. The radioactive precipitate 
was acidified with acetic acid in aqueous suspension and 
the barium was removed with 1 N sulphuric acid, the 
liquid dried, and extracted with cthanol. The extract 
was subjected to two-dimensional paper-chromatography'* 
with phenol: deuterium oxide (100g :39 ml.) in the 
first direction and butan-l-ol : propionic acid : water 
in the second direction. (For this chromatography, two 
solutions were prepared. Solution A contained 919 
ml. of butan-l-ol and 81 ml. distilled water. Equal 
volumes of solutions A and B were mixed just before use.) 
One of the spots had the Rr of glucuronic acid as determined 
with a control. The material was eluted and rechromato- 
graphed in ethyl acetate : pyridine : water (120 : 50 : 40). 
The Ry ( Re distance substance travels from origin x%100> 

distance glucose travels from origin / 
of the sample, corresponding with that of glucuronic acid. 
was 13-14. This eluted spot was rechromatographed in 
methanol: formic acid: water (80:15:5 v/v). again 
indicating glucuronic acid. 

From an experiment on 3-0 g of glucose (100 mg pro- 
teinoid), the isolated glucuronic acid fraction was sub- 
jected to reaction with carbazole!* to give a positive 
colour test. The maximum absorbance was at 530 mu. 
the same maximum being found with the carbazole re- 
action product of authentic glucuronic acid. 

In another reaction of 100 mg of 2:3 : 1-proteinoid. 
10 g of D-glucose and 10 uc. of U-4C-glucose the extract. 
following barium sulphate formation and ethanol oxtrac- 
tion, was dried in a desiccator. The residue was dissolved 
in 10 ml. of 0-2 N sodium acetate and 100 mg p-broimo- 
phenylhydrazine hydrochloride was added. The sus- 
pension was heated to boiling for 5 min and 50 mg 
authentic non-radioactive glucuronic acid p-bromophenyl- 
hydrazone was added. The suspension was chilled for 
2 days. The solid was filtered, dissolved in hot 60 per 





A B 








Fig. 2. Autoradiogram of decomposition of radioglucose catalysed hy 
thermal proteinoid. Fig. 2 demonstrates the decomposition products of 
U-4C-glucose, after incubation with a lysine proteinoid, in a solvent sys- 
tem of ethyl acetate : pyridine : water (12 : 5 : 4) ascending technique: 
Whatman No. 3M M paper. A is the water-soluble extract of the reaction 
mixture. B is the water-soluble extract of the reaction mixture before 
incubation. Bara corresponds to glucose; b is unidentified, but does not 
contain free glucose after rechromatography since it is insoluble in 
pyridine. On rechromatography, R rof glucose = 0:27, Rr of major spat 
0-22. Bar c has Rr identical with that of glucuronic acid after 
rechromatography in other solvent systems. Bar dis unknown, contains 
no free glucose or free glucuronic acid . 
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cent ethanol and left in the refrigerator for 48 h. This 
recrystallization was repeated 4 times. The yellow 
needles m.p. 236? C unc.!? mixed m.p. 236? C une. When 
examined in a planchet with a window-less counter, 
3,700 c.p.m. were recorded. Following. sixth recrystal- 
lization, 3,700 ¢.p.m. were again recorded. 

The radioactive p-bromophenylhydrazone was chroma- 
tographed in water saturated with butan-l-ol. The Rr 
for this material on an autoradiogram and for cold material 
observed visually was in eich case 0-89. A mixed chro- 
matogram showed also Rp = 0-89. 

The evidence thus indicates that at least, a small fraction 
of the glucose is first converted to glucuronic acid, 
which is then decarboxytated, and that each of these 
reactions is catalysed in aqueous solution by proteinoid 
prepared by thermal condensation of dry amino-acids 
mixed in appropriate proportions. Fig. 2 is an autoradio- 
gram which is part of the evidence that the glucose 
is more than 90 per cent converted to other materials. 

These results may explain many earlier findings in this 
laboratory in which were observed activities for other 
natural substrates ; the variability of such results since 
1958 was such that no report had been submitted for 
publication. This variability now appears to be explain- 
able in part as due to the presence of several weak activities. 
The evolutionary value of weak catalytic activities, 
such as compared with those of contemporary enzymes and 
as here demonstrated for production of polymers active 
in producing carbon dioxide and glucuronic acid, has 
been expounded.in theoretical treatments particularly by 
Calvin!$. : 

The finding of catalytic activities for natural sub- 
strates and of integrated nutritive qualities in thermal 
proteinoids entitles them to be considered both as syn- 
thetic general protein and as a model of primitive abiotic 
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protem. In the latter context a catalytic proteinoid which 
forms organized units‘-* is conceptually consistent with 
an evolution which led to. diversified, specialized, and 
quantitatively enriched catalysts. 

We thank Dr. and Mrs. Lutz Wiese for help with 
the aseptic preparations; Dr. David H. Durant for 
repeating the key experiment demonstrating produc- 
tion of carbon dioxide and intermediates from written 
directions only; and David Joseph and Sylvia Steen for 
repetitions of the key experiment. We also thank Dr. 
Harry Lipner for the use of counting equipment. 

The investigation was supported by grant NaG- 
173-62 of the National Aeronautics and Space Adminis- 
tration. 
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A VARIATION IN THE ELECTROPHORETIC PATTERN OF HUMAN 
ERYTHROCYTE CARBONIC ANHYDRASE 


By Dr. RONALD F. RIEDER and Dr. DAVID J. WEATHERALL 


Department of Medicine, Johns Hopkins University School of Medicine and Hospital, 


Baltimore, Maryland 


ARBONIC anhydrase is the most abundant soluble 
non-hemoglobin protein in human erythrocytes? 

At least two and perhaps three distinct protoins in red 
cells have carbonic anhydrase activity34. The two prin- 
cipal forms, now designated by agreement as B and C 
(ref. 4), differ markedly in amounts present and in 
activityb-5. Enzymo B occurs in 5-10 times greater 
amount than enzyme O (refs. 4 and 5). The specific, 
activity of enzyme C is 20-30 times as great as that of 
enzyme B (refs. 1 and 4). The molecular weights of the 
two forms are quite similar, but the amino-acid composi- 
tions differ siggificantly*^*7, Enzymes B and O are 
easily separated by starch-gel electrophoresis at alkaline 
pH, enzyme B moving more rapidly towards the anode*, 
During the course of an invostigation of abnormal 
hemoglobins, blood samples from approximately 1,400 
adults and 1,000 neonatal infants were examined. The 
hemolysates were examined by starch-gel eloctrophor- 
esis’-" and the gels were stained with benzidine and amido 
black 10B. As has been previously reported?, the carbonic 
anhydrase bands were absent or markedly reduced in 
intensity in all the hsemolysates made from cord blood 
(Fig. 1). On electrophoresis of hemolysates from the 
adults, using a iris-EDTA-borate buffer system!!, at pH 
8-6, enzyme B moved slightly more slowly towards the 
angde than hemoglobin A, (Fig. 1). Enzyme C moved a 
short distance from the origin towards the cathode (Fig. 2). 


e 


The only variation noted in the 1,400 adult specimens was 
an almost complete absence of enzyme B in the hæmoly- 
sato from s 31-year-old Negro woman (R. M.) (Fig. 1). 
Unlike the cord bloods, the hæmolysate from R. M. 
contained carbonic anhydrase C and hæmoglobin A, 
(Figs. 1 and 2). ] 

Fig. 3 is the pedigree of the family of R. M. An investi- 
gation of the family revealed no other person with the 
abnormal carbonic anhydrase pattern (Fig. 4). The peri- 
pheral blood smear of R. M. was characteristic of thalas- 
semia minor and the percentages of hemoglobin A, 
(4:0 per cent) and hemoglobin F (4-4 per cent) were 
elevated. The father of R. M. and her three daughters 
had peripheral blood smears suggestive of thalassemia 
minor. The blood of the mother of R. M. was normal 
except for a hemoglobin A,B, electrophoretic pattern 
(Fig. 4). No other family member had thalassemia 
minor. Extensive blood grouping investigations revealed 
no incompatibility between R. M. and either parent. 

Total carbonic anhydrase activity in the erythrocytes 
of R. M. was assayed by an electrometric method?? and 
found to be normal. As has been previously reported! 
enzyme activity was quite low in cord blood. The 
hemolysate of R. M. was subjected to starch-gel electro- 
phoresis and the gel serially sectioned, frozen and thawed, 
and extracted with 0-85 per cent sodium chloride. Car- 
bonic anhydrase activity was found only in the region 
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Fig. 1. Vertical descending starch-gel electrophoresis showing marked 
reduction in carbonic anhydrase B from h;molysates prepared from the 
blood of R. M. and a normal umbilical cord blood (amido black stain) 





Fig. 2. Vertical descending starch-gel electrophoresis of hemolysates 

prepared from the blood of R. M. and a normal individual showin; 

marked reduction in the amount of zone B and normal amount of zone 
migrating behind the origin (amido black stain) 


D 


corresponding to the position of enzyme C. In contrast, 
a normal hemolysate demonstrated activity in the regions 
corresponding to the position of B and C. 

The erythrocyte non-hemoglobin proteins from R. M. 
and her parents were separated from hemoglobin by 
‘Amberlite CG-50’ column chromatography“ or by 
ethanol-chloroform precipitation of hemoglobin‘. The 
non-hemoglobin protein from each person was concen- 
trated ten-fold by ultrafiltration in ‘Cellophane’ bags and 
subjected to starch-gel electrophoresis using both tris- 
EDTA (pH 8-8) and phosphate (pH 7-0) buffer systems 
(Fig. 5). No protein band was found in any of these 
materials that was not present in the concentrated non- 
hemoglobin proteins derived from normal hemolysates. 
The electrophoretic pattern of the concentrated protein 
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NATURE 





Brother 
. Daughter 
- Daughter 


Daughter 





Fig. 4. Vertical descending starch-gel electrophoresis of hemolysates 

prepared from the blood of R. M.’s near relatives. In each case carbonic 

anhydrase zones B and C are normal. The sample from R. M.’s mother 
shows hemoglobin A, and B, (amido black stain) 
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C Normal acult 


Mother 


S i Father 
Fig. 5. Non-hæm protein concentrates prepared by ‘Amberlite CG-50* 


column chromatography of hæmolysates prepared from the blood of 
R. M. and relatives (amido black stain} 


of R. M. did reveal a faint band in the position of enzymo 
B. Serial sections and assays for carbonic anhydrase 
showed slight activity in the region of B in the pattern of 
R.M. No new region of activity was found for either R. M. 
or her father. Staining of the gel for esterase activity! 
also failed to reveal a new band of carbonic anhydrase. 
Genetically determined variant forms of human 
erythrocyte carbonic anhydrases!*4" and baboon erythro- 
cyte carbonic anhydrases!? have been previously reported. 
The mutants observed in those investigations showed 
mobility changes in one of the two enzyme bands. In the 
work recorded kere one band was almost completely 
absent and no new band was detected. The normal 
total activity in the red cells of R. M. probably reflects 
the high activity of the remaining carbonic anhydrase C 
(ref. 4). The genetic relationship of B and 
C is not known but they do not appear to 
be simple chemical derivatives of each 
other’. Isolated complete absence of single 
proteins has previously been reported for 
hemoglobin A, (ref. 19) and for 8.4-globulin 
(ref. 20). In neither instance was an 
example of inheritance of the trait found. 
The genetic mechanism of the presontly 
reported variation is not at all clear, but it 
is possible that R. M. is homozygous for a 
deficiency in synthesis of carbonic anhydrase 
B. The faint protein band found may 
represent the minor component of enzyme C 
mentioned by Rickli et al.*, or it may repre- 
sent a very small amount of enzyme B. 
This situation may therefore be analogous 
to thalassemia in that the protein formed és 
structurally normal but is produced in 
markedly decreased quantities. e 
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MALARIA ANTIBODY CONTENT OF GAMMA,-7S GLOBULIN IN TROPICAL 
POPULATIONS . 


By Dr. C. C. CURTAIN and Dr. C. KIDSON 


Baker Medical Research Institute, 
Melbourne, Australía* 


AND 


D. L. CHAMPNESS 


Department of Public Health, Port Moresby, 
Territory of Papua and New Guinea 


Dr. J. G. GORMAN 
Department of Pathology, Columbia University, New York 


GREAT deal of evidence has been accumulated to 
demonstrate that the raised y-globulin levels ob- 
served in many tropical populations!-? are due in part at 
least to malarial infection, and it has been shown that 
species-specific protective antibodies are associated 
with the y.-7S globulin fraction of sera from immune 
adults‘. It has also been found that malarial infection is 
associated with non-specific precipitins® and complement- 
fixing antibodies and with the production in rats of auto- 
antibodies to uninfected erythrocytes’. It may also 
be possible that in the course of the intense activity of the 
reticulo-endothelial system during malarial infection the 
production of antibodies to other non-malarial endemic 
pathogens is enhanced. We have attempted to determine 
the proportion of the y,-7S globulin representing parasite 
antigen-binding antibody in individuals living in holo- 
endemic malarial areas in New Guinea and New Britain. 
Two groups of Melanesians living in very different 
regions, both holoendemic for malaria, were chosen for 
the work recorded here. One was from the Sause linguis- 
tic group in the Sepik River district of New Guinea, 
the other from the Kilengi linguistic group in the 
Gloucester Peninsula of New Britain. Anticoagulated 
whole blood was obtained sterilely from individuals 
(mostly children) with parasite counts (P. vivax and 
P. falciparum) exceeding 105/mm? and flown, packed in 
ice, to Melbourne, where cells were separated from plasma, 
by centrifugation and washed three times with 0-9 per 
cent sodium chloride. The packed cell suspensions were 
pooled and subjected to sonic disintegration at 20 ke/s for 
20 min at 4? C. The resulting mixture was dialysed against 
0-1 M. sodium,borate, pH 8:3 and then conjugated to 
azo-benzyl-‘Sephadex 6200' which had been prepared 
by the method of Campbell, Leuscher and Lerman’. 
‘Sephadex G200’ was used instead of cellulose because of 
its lower non-specific adsorption. The conjugated column 
material was washed six times by decantation with 0-9 
per cent NaCl and packed with stirring? into 36 em x 0-9 
em columns. 

The sera to be tested were applied in 1-ml. aliquots 
to the top of the columns and eluted with 0-9 per cent 
sodium chloride using the precautions usual to con- 
ventional gel-fltration?*. The progress of elution was 
followed with a 2570 A ultra-violet recording photo- 
meter. Parallel experiments were carried out using 
columns prepared with unparasitized erythrocytes. All 
the column effluents were concentrated to 1 ml. using 

* Postal adgress: Commercial Road, Prahran 8.1, Victoria, Australia. 


dry 5 per cent cross-linked acrylamide sticks®. These 
and the original sera were then examined for the presence 
of malaria antibody by an indirect fluorescent antibody 
test using acid-washed parasitized blood films, obtained 
from both children and adults in various areas of New 
Guinea to ensure a range of parasite species and strains. 
It was found that a single passage through a column of 
the specified dimensions, prepared with parasitized 
erythrocytes, of serum containing malaria antibody 
detectable by this test was sufficient to remove all that 
antibody. No discernible change in malaria antibody 
content occurred after passage of such sera through a 
column prepared with non-parasitized erythrocytes. 

The y,-7S globulin content of each serum sample, before 
and after passage through the column, was then measured 
using & highly specific rabbit antibody! calibrated with 
181]y.-7S globulin using carrier-free isotope and a low level 
of iodination’. The y,-7S globulin content of an aliquot 
of each serum sample before passage through the column 
was also estimated in this way. The proportion of the 
total y,-7S globulin represented by malaria antibody is 
given for different age groups and areas in Table 1. 

It ean be seen that malarial antibody detectable by the 
fluorescent antibody technique represents quite a small 
proportion of the total y.-7S globulin (6-11 per cent) 
although it may well be large in relation to the amount 
formed as specific antibody against other individual 
types of pathogens. The rise in y,-7S globulin with age 
shown in Table 1 is in accord with the age-dependence 
of y-globulin levels in New Guinea populations. Thus 
it appears that the amount of y,-7S globulin synthesized 
as malaria antibody remains fairly constant while the 
total y-globulin rises with increasing age. 

The adsorption of y,-7S globulin to the columns pre- 
pared from the control, non-parasitized erythrocytes was 
low—0-5 per cent of the total—and there was no in- 
crease in adsorption with increasing age of subjects whose 


Table 1. MALARIA ANTIBODY AND y,-7S GLOBULIN 
Malaria anti- 


Total y.-7S body y_-7S No. of 
District Age lobulin globulin subjects 
(g/100 ml.) (g/100 ml.) 
New Britain (Kilengi 
linguistic group) 0-5 1:86 orn 0°21 (0-07 18 
5-10 2:07 (0-27 0:23 (0-09 21 
10- 2-69 (0-21) 0-29 (0-11 21 
Sepik (Sause linguistic 
group) 0-5 1-79 (0-29) 0-17 (0°08) 26 
5-10 2-11 (0-18) 0-21 (0-12 12 


10- 2-86 (0-24) 0-19 (0-06) 23 
The figures in brackets are standard deviations. 
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sera were tested. On this basis, then, antibodies to blood 
cells do not represent a large part of the very high con- 

. centrations of y.-7S globulin found in people living in 
holoendemie malarial areas of Newe Guinea. This is in 
contrast to the greater production of anti-erythrocyte 
antibodies in the rat5. 

In our detailed analyses of serum protein characteristics 
of Melanesian people in New Guinea!? we have concluded 
that the high y-globulin levels observed are mainly the 
result of infections. Data accruing from comparisons 
of children with high and low rates of malarial infection, 
with respect to. globulin-levels and levels of malarial 
antibody“, suggest that malaria may play a relatively 
minor part and that the total infective load may be more 
important in the ætiology of the hypergammaglobulin- 
smia. This conclusion is supported by the present quanti- 
tative data demonstrating the small contribution of 
malarial antibody to total y,-7S globulin and the absence of 
increase in malarial antibody y.-7S globulin with in- 
creasing age. It is in contrast to the conclusions drawn 
by other workers whose observations have been made in 
Africat-, 

It is possible that the intense activity of the reticulo- 
endothelial system in response to infections results in the 
production of ‘non-specific’ y-globulin, including antibody 
directed towards autologous tissue determinants. In 
respect of this possibility it is interesting that we have 
observed in several New Guinea populations a high pro- 
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portion of hypergammaglobulinemie individuals with 
human tissue antibodies!5, while at least one group (the 
Tolai in New Britain) exhibit a high incidence (10 per 
cent) of cold hamagglutinins’*. The possibility that the 
production of auto-antibodies may be one result of high 
rates of y-globulin synthesis in tropical populations is 
worthy of further investigation. 


1 Holmes, E. G., Stanier, M. W., Semambo, Y. B., and Jones, E. R., Trans. 
Roy. Soc. Trop. Med. and Hyg., 45, 371 (1951). 

? Holmes, E. G., Stanierp M. W., and Thompson, M. D., Trans. Roy. Soc 
Trop. Med. and Hyg., 49, 376 (1955). 

? Edozien, J. C., J. Clin. Path.,14, 644 (1961). 

“Cohen, S., and McGregor, I. A., in Immunity to Protozoa. Symp., edit. by 
Garnham, P. C. C., Pierce, A. E., and Roitt, I. (1963). 

5 Pewny, W., Wien. klin. Wschr., 31, 205 (1918). 

* Zuckerman, A., Nature, 185, 189 (1960). 

7 Campbell, D. H., Leuscher, E., and Lerman, L. S., Proc. U.S. Nat. Acad: 
Sci., 87, 075 (1951). 

? Porath, J., and Flodin, P., Nature, 188, 1657 (1959). 

? Curtain, C. C., Nature, 208, 1380 (1964). 

10 Kuvin, S. F., Tobie, J. E., Evans, C. B., Coatney, G. R., and Contacos, 
P. G., Science, 185, 1130 (1902). 

11 Kabat, A. A., and Mayer, M. M., Experimental Immunochemistry, 188 
(Thomas, Springfield, Ill., 1948). 

11 Hunter, W. M., and Greenwood, F. C., Nature, 194, 495 (1962). 

13 Curtain, C. C., Gajdusek, D. C., Kidson, C., Gorman, J. G., Rodrigue, R., 
and Champness, L., Amer. J. Trop. Med. Hyg. (submitted). 

u Curtain, C. C., Kidson, C., and Gorman, J. G., Trans. Roy. Soc. Trop. Med. 
Hyg. (submitted). 

15 Curtain, C. C., Kidson, C., Gorman, J. G., and Parkinson, D., Austral. J. 
Erp. Biol. Med. Sci. (submitted). 

1* Curtain, C. C., Baumgarten, A., Champness, L., Rodrigue, R., Gajdusck: 
D. C., Gorman, J. G., and Kidson, C. (to be published). 


“SIMULTANEOUS RECORDING OF ELECTRICAL AND MECHANICAL ACTIVITY 
OF THE UTERUS IN THE UNANASTHETIZED ANIMAL 


By Dr. PAUL BASS and MERRITT R. CALLANTINE 


Parke, Davis Research Laboratories, Ann Arbor, Michigan 


XTENSIVE research has been devoted to elucidating 
the mechanisms involved in smooth muscle function!. 
Most of this work has been carried out under in vitro 
conditions. The results obtained in such investigations 
have led to a variety of hypotheses which are often 
extrapolated to explain the physiology of the tissue in its 
milieu interieur. In order to aid in testing and integrating 
the various hypotheses resulting from in vitro investiga- 
tions, it is desirable to perform in vivo investigations, 
provided the latter can be carried out without distorting 
the normal function of the organ. 

This article concerns a method of recording electrical 
and mechanical activity from the myometrium in the 
unanesthetized dog. The method was adapted from 
investigations performed on the gastro-intestinal tract?-*. 
The animal is prepared for chronic examination by 
implanting strain gauges and electrodes on the surface of 
the uterus and exteriorizing the wires to an electrical 
(female) connector which is sutured to the ventral surface 
of the abdomen. These animals may be monitored for 
several hours on a given day and have remained useful 
for up to four months without impairment of the blood 
supply, function, or continuity of the uterus. Thus, uterine 
activity may be recorded in the same animal under a 
variety of experimental conditions. 

The combination electrode-transducer unit used in these 
investigations is illustrated in Fig. 1. The lower right 
portion of this figure shows a connecting wire soldered to 
a platinum electrode which is mounted on the underside 
of a copper beryllium clip, while the middle portion 
illustrates the strain gauge mounted on the upper surface 
of the same clip. In preparing these units, the electrode 
is placed in a groove in the bottom of a rectangular mould. 
The assembled strain gauge is then centred over the 
electrode and insulated from the electrode by a layer of 
silicone rubber (Medical ‘Silastic 372’, Dow Corning Corp., 
Midland, Michigan). The entire unit is then covered with 







‘Silastic’ with the exception of the bottom surface of the 
electrode. The upper drawing indicates the final size and 
encapsulation of the electrode-transducer unit. Two or 
more units may be implanted on each uterine horn of a 
given animal. Individual electrodes? and transducers? 
have also been used successfully to record myomeirial 
activity from both pregnant and non-pregnant dogs and 
rabbits for prolonged periods of time. The recordings 
were made on an 8-channel ‘Offner’ (Type R) recorder. 
A time-constant of 0-03 sec was used to record the electrical 
activity. 

While evaluating the effect of various agents on the 
myometrium, it was necessary to test a variety of suspen- 
ding vehicles. Fig. 2 illustrates various types of myometrial 
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activity recorded from both horng was ° 
observed to go into contracture which 
was accompanied by excessive depolariza- 
tion? This contracture normally lasted 
approximately 6 min. 

Record C (Fig. 2) illustrates the pattern 
of myometrial activity obtained after 
40 min of continuous infusion of the 
aqueous suspending medium. In con- 
trast to record B, the electrical and 
mechanical activity of each horn became 
synchronous. This contractile pattern is 
similar to, but not identical with, that 
observed during parturition in the dog. 
It is obvious that the frequency of the 
bursts of action potentials and also the 
magnitude (amplitude and duration) of 
mechanical activity was greater than 
during the control period. Moreover, 
record C emphasizes the correlation 
observed between the electrical and 
mechanical activity of the myometrium. 
The contracture pattern (record B) was 
always followed by the synchronous 
activity (record C) whether the infusion 
of the vehicle was stopped during the 
contracture or allowed to continue. 

Record D (Fig. 2) illustrates the return 
to & pattern similar to the control 18 
min after infusion of the vehicle was 
stopped. Tbe myometrial activity of the 
two horns has again become more or less 
asynchronous and the magnitude of both 
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the electrical and mechanical activity 
has decreased. 

The effect of the above suspending 
vehicle on the electrical and mechanical 
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Fig.2. Effects of a suspending vehicle on electrical and mechanical activity of the uterus 
of the unanesthetized dog; mv, mV; g, grams of tension 


activity recorded when an aqueous suspending medium 
was infused into the radial vein of cestrogen-primed dogs. 
A pellet of 178-cestradiol (10 ug/kg) was implanted 
subcutaneously at surgery. The suspending vehicle 
consisted of sodium chloride (0-9 per cent), polysorbate-80 
(0-4 per cent), carboxymethylcellulose (0:5 per cent), and 
benzyl alcohol (0-9 per cent). Records similar to that 
shown in Fig. 2 were observed repeatedly in a total of 
nine dogs. Record A (Fig. 2) shows a control pattern 
prior to infusion of the above vehicle. The electrical 
activity of each uterine horn was observed to precede the 
corresponding mechanical activity of that horn. In 
addition, myometrial activity of a given horn was inde- 
pendent of the other horn, although occasionally the two 
horns were synchronized. In general, the frequency and 
amplitude of uterine activity were related to the level of 
exogenous cestrogen administered. In this series, the 
average frequency of uterine contractions was once every 
50 sec (record A, Fig. 2). 

Record B (Fig. 2) was recorded within seconds following 
the beginning of vehicle infusion (1-2 ml./min). It is 
apparent that both the electrical and mechanical activity 
of each horn increased dramatically during the first few 
rainutes of infusion. Infusion of the vehicle progressively 
caused & more asynchronous pattern than was observed 
during the control period. In addition, the mechanical 


activity of the myometrium of the 
unanesthetized dog was selected to 
illustrate a variety of uterine contractile 
patterns. Most of these patterns have 
been observed in various physiological 
states in the dog. The contracture and 
excessive depolarization shown in record 
B (Fig. 2) have been observed with oxyto- 
cin. Although no behavioural or nocicep- 
tive responses were observed during 
infusion of the vehicle, this agent was 
toxic to the animal. Repeated infusion 
of the vehicle eventually caused considerable hemorrhage 
of the lungs and hypertrophy of the kidneys. 

The foregoing method of recording uterine activity has 
several advantages, which include: (1) the preparation is 
physiological; (2) recordings can be made in the same 
animal under a variety of conditions over a prolonged 
period of time; (3) activity is recorded from a localized 
area of the uterus; (4) the method is applicable to several 
species. These advantages provide a useful approach to 
the elucidation of physiological mechanisms. 

Electrical activity of the uterus has previously been 
recorded in vivo in the cat?, rabbit and man’. In the latter 
investigation, Csapo and Takeda also recorded intralumi- 
nal prossure of the uterus by means of a small balloon 
attachod to a catheter. The balloon technique records the 
net pressures within a hollow organ in contrast to our 
technique which records the tension exerted by the 
muscle in a localized area. However, both methods of 
recording are useful in determining and evaluating uterine 
activity. 

1 Eichna, L. W. (edit.), Physiol. Rev., 42, Supp. 5 (1902). 

* McCoy, E. J., and Bass, P., Amer. J. Physiol., 205, 439 (1963). 

3 Jacoby, H. I., Bass, P., and Bennett, D. R., J. App. Physiol., 18, 658 (1963). 
3 Bass, P., and Wiley, J. N. (in preparation). 

ê Dorfman, R. I., Kincl, F. A., and'Ringold, H. J., Endocrinol., 68, 43 (1961). 
* Daniel, E. E., Amer. J. Obst. and Gynec., 80, 229 (1960). 

7 Csapo, A. I., and Takeda, H., Nature, 200, 680 (1963). 
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LETTERS TO 


PHYSICS 


Effect of Gas Flow on the Properties of a Plasma 
Column 


Tas communication describes some effects of gas flow 
on the properties of a weakly ionized d.e. discharge in 
argon at pressures of 2-30 mm mercury, with discharge 
currents of 15-200 m.amp, and gas flow velocities ranging 
from zero to 1-5 x 10* em/sec, corresponding to a Mach 
number approximately 0:5. 

Fig. 1 is a schematic drawing of our apparatus. The 
discharge is maintained between a hot oxide-impregnated 
cathode (C) and anode (A). Both electrodes can emit 
thermionieally and thus the roles of cathode and anode 
can be interchanged. Langmuir probes inserted in the 
plasma column are used in the investigation of its olectrical 
properties. The static gas pressure is measured at a 
point midway between the two probes. 

Fig. 2 shows the charactoristics of the plasma column 
in the absence of gas flow for a fixed current of 100 m.amp. 
The electric field E is obtained from the potential differ- 
ence betweon the two Langmuir probes of Fig. 1; the 
electron density N is determined from the ion saturation 
current drawn to one of the probes when it is biased 
negatively relative to the plasma potential; and the 
electron temperature T is obtained from measurements 
of microwave bremsstrahlung from the plasma. 

In Fig. 3 the axial electric field is shown as a function of 
gas flow at a constant current and pressure. As the flow 
velocity is increased from zero, Æ decreases at first, then 
remains almost constant and rises sharply at a certain 
flow speed. This speed is independent of the direction of 
the flow and discharge current, and is inversely propor- 
tional to the gas pressure. The corresponding Reynolds 
number (based on a tube diameter equal to 0-6 cm) is 
approximately 1,800, a value that is consistent with the 
critical value for the onset of turbulence in neutral gas 
flow in a tube. The sharp upward break in E appears 
to be of the same origin as that observed by Cottingham 
and Buchsbaum? in their investigation of the effect of 
turbulence on the r.f. breakdown of gases. The reason 
for the initial decrease in E (indicating an increase in 
electrical conductivity) is not understood. 

Tt is seen from Fig. 3 that the value of the electric 
field depends on the direction of flow, at least at low 
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values of discharge current, in our case less than approxim- 
ately 100 m.amp. This effect appears to be intimately 
related to the influence of the flow on the travelling stria- 
tions in the discharge. As many investigators have ob- 
served in discharges formed in non-flowing gascs, the 
most intense and commonly observed moving striations 
(henceforth referrred to as P-waves) are those travelling 
from anode to cathode. The reported wave-velocitics 
of the striations lie between 10° and 105 cm/sec, with 
wave-lengths typically of the order of several tubo dia- 
meters. 

In our experiments the strongest influence of flow is 
obtained when its direction is from cathode to anodo, 
that is, in opposition to the direction of the P-wavos. 
In fact, at a definite flow speed that depends on tho pres- 
sure but only weakly on current, the plasma column breaks 
up into stationary striations (striation spacings ~ L:5 
em). For example, at pressures of 2 and 12 mm mercury 
and discharge current of 100 m.amp, these flow specds 
are 1:9 x 104 and 0-32 x 104 cm/sec, respectively. Those 
values are in good agreement with the speeds of P-waves 
measured?’ in non-flowing gases under similar conditions 
of discharge current, gas pressure and tube radius. They 
are also in fair agreement with proposed‘ empirical forin- 
ul; for P-wave velocities. It appears, therofore, that the 
stationary striated state of the plasma column occurs 
when the flow velocity is equal and opposite to the 
P-wave velocity, at which point the P-wave is effectively 
brought to rest with respect to the discharge tube. 

The audio noise spectrum of the discharge is also 
influenced by the flow. When the flow is directed toward 
the cathode, the noise on the Langmuir probes is cssen- 
tially ‘white’ for frequencies between 0-5 and 30 ke's 
and decreases monotonically with increasing frequoney. 
When the flow direction is toward the anodo, however, 
the signal is periodic with characteristic frequencies of 
0-8-2 ke/s, the frequency depending on flow speed, 
pressure, and current. The amplitudes of the signals 
range from 1 to 10 V. These effects are observed for gas- 
flow speeds between approximately 1,000 and 7,000 
cm/sec. In this range the average electron density also 
exhibits a marked increase (as much as a factor of two) 
and the average electron temperature a 5 15 per cent 
decrease. 

The effects described are influenced only slightly by an 
axial magnetic field (range, 0—5,000 gauss). Through the 
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Fig. 1. Experimental arrangement. Tho role of cathode and anode on pe interchanged so that the infiuence of the direction,of the gas flow can be 
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Fig. 2. Discharge characteristics when the flow velocity is zero 
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Fig. 3. Influence of gas flow on the axial electric field in the plasma 
column when the flow is directed from anode to cathode (A->C) and 
from cathode to anode (C—-A) 


combined influence of flow and magnetic field, however, a 
spiral instability can be produced in the plasma column, 
and at the appropriate flow velocity the plasma spiral 
ean be brought to rest. 

Thus, the experiments show that in addition to the 
expected influence of turbulence on the characteristics 
of a discharge, gas flow produces more subtle effects that 
appear to be related to the interaction between the flow 
and travolling striations and other instabilities in the 
discharge. 

This work was supported in part by the U.S. Army, 
Navy ang Air Force under contract DA 36-039-A MC- 
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Recognition of Simple Forms 


G. E. Ham? has examined the hypothetical scanning 
mechanism of the brain with reference to its expenditure 
of energy in identifying forms of varying degrees of 
symmetry. His approach has important implications 
both for investigations in mental fatigue associated with 
perceptual tasks (for example, in industry or transport) 
and also, more fundamentally, for investigations of the 
seemingly more abstract categorizing processes involved 
in learning and thinking. Considerations of symmetry 
have often played a crucial part in the development of 
scientific and mathematical thought (as conspicuously 
demonstrated in the recent Q- discovery). 

But in Ham's treatment there is an implicit model of 
quasi-mechanical brain-storage of ‘sub-shapes’ which 
would be difficult to harmonize with known neurological 
mechanisms. His general thermodynamic approach 
would not be invalidated by the adoption of a more 
plausible model. His storage of sub-shapes does not take 
account of the possibility of coding, though the coding 
theorem itself should clearly be related to his thermo- 
dynamic concept of form-recognition. This theorem as 
stated, for example, by Khinchin? defines the ‘‘compression 
coefficient u^" for all possible codes thus: “If the entropy 
of the given text is H, then the greatest lower bound of 
the compression coefficient p for all possible codes is 
H/lg m, where m is the number of different symbols in the 
text". 

Ham’s treatment implicitly postulates an ‘inner eye’ 
which visually compares a perceptual image with a stored 
sub-image, scanning the store to find the best approxima- 
tion. This must lead to an infinite regress of scanning- 
mechanisms, the same fallacy as that of the genetic 
‘homunculus’. It assumes that a visual form can be 
identified only by comparison with a second visual form. 
This assumption is neither warranted nor needed. There 
is certainly no introspective evidence to require it or to 
support it. Recognition has a quality of immediacy. 
There is no awareness of scanning or comparison. If we 
may take it, that the ‘stored sub-shapes’ are completely 
unconscious they need not be regarded as ‘shapes’ at all 
in any visual sense, but rather as distributions of modifica- 
tions in the brain tissue. As distributions they have 
spatial extent and pattern but need not have any geo- 
metrical isomorphism with visual shapes. They may 
be as different from a visual shape as a photographed 
spectrum is from an observed colour, but having an 
inverse ratio of complexity. Visible colour may be 
regarded as the brain’s coding of the physical spectrum, 
and, by the economy of the code, contains considerably 
less information than the physical spectrum. Storage 
represents a second coding, back into a physical state 
but with still further economy of information. (We call 
the intermediate visual experience ‘psychological’, but it, 
too, has its physical distribution of neural excitation.) 
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Thus perceptual coding and memory coding represent 
two “processes of economizing information. The second 
will be based on certain parameters of the first. The 
neural excitation involved in perception constitutes a 
'*pulse-speetrum'? and the storage is an abstract of this 
spectrum. In this interpretation Ham’s implicit model of 
internal quasi-visual comparison is replaced by a process 
of resonance’ between parameters of the pulse-spectrum 
responsible for perception and corresponding spectral 
features in the stored system of brain-modifications. Owing 
to the rapidity of resonance (requiring only the time for 
neural impulses to travel across the brain from the visual 
cortex to the region responsible for storage) the recognition 
has a conscious quality of immediacy. 

Group-theory provides an invaluable instrument for 
classifying the parameters for such features as symmetry 
in the perceptual image, thus providing a measure of 
information. Tachistoscopic experiments on the im- 
mediacy of recognition of forms having different degrees 
of symmetry could test the coding theorem as applied to 
compression of perceptual parameters into the code of 
storage. The very short time-factor would be a measure 
of the energy involved in the resonance-process. The 
code, however, may prove more difficult to ‘crack’ than a 
simple geometrical analysis suggests. For perceptual 
recognition depends on more than the focal image. It 
invokes numerous marginal cues, all of which provide 
parameters important in producing specificity of reson- 
ance. There is always a certain urgency in perceptual 
recognition and this indicates a thermodynamic factor 
in the implicit strategy of coding. It will be governed 
by a law of least action. 

PATRICK MEREDITH 

Department of Psychology, 

University of Leeds. 
' Ham, G. E., Nature, 201, 810 (1964). 
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Tue foregoing comments of Prof. Meredith are most 
pertinent with respect to suggestions about the particular 
modes of information storage utilized by the brain. 
Unfortunately, in trying to explain the thermodynamic 
approach to recognition of forms in as simple a way as 
possible I may have left the impression that the brain 
may actually store ‘visual’ sub-shapes, as such, for use in 
comparison with a perceptual image for recognition of the 
parent shape. Certainly, this implication was not intended. 
The possibilities for coding of information for use in 
memory and decision-making have been previously con- 
sidered by me? and are pertinent to the present subject. 

Prof. Meredith states that, ‘There is always a certain 
urgency in perceptual recognition and this indicates a 
thermodynamic factor in the implicit strategy of coding". 
Certainly, this statement is not contested and proceeds 
directly from my papers. High-speed memory devices 
have already demonstrated the practicality of immediacy 
in information storage and retrieval. His suggestion that 
tachistoscopic experiments could test these conclusions 
concerning symmetry and immediacy of form recognition 
is certainly worth while. 

In my previous communication I observed that, in its 
most primitive operation, the brain recognizes simple 
forms with increasing difficulty. First, as the number of 
required rotational operations increases and, secondly, as 
the maximum angle of each rotation increases for super- 
imposition of observed sub-shape and stored parent shape. 
Using conventional thermodynamic symbols (since we 
are here dealing with actual energy changes), as we proceed 
from a rotational requirement of zero for a sphere to two 
rotational requirements of <180° and <180° for the 
most simple of the more complex shapes, we have traversed 
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entropy increases from As, (equivalent to the entropy 
change required for recognizing a sphere) to AS,, the 
incremental entropy increase involved in the recognition 
of the simplest of the more complex shapes. 

Such behaviour suggests a simple relationship botween 
entropy and rotational requirements: 


AS = As, + As, + RAsa (1) 


where AS is the entropy change in recognizing any simple 
form, As, has already been defined, As, is the entropy 
change associated with invoking a second rotational 
requirement, E is the sum of the individual maximum 
angular rotations required, measured in degrees, and 
Asa is the entropy change per degree of rotation. AS is, 
of course, a measure of the difficulty of form recognition. 
The equation relating entropy and probability? is: 


S = klnW (2) 


where S is the entropy of a system; W, the thermodynamic 
probability, and k, the Boltzman constant. The thermo- 
dynamic probability is defined as the ratio of the probabil- 
ity of an actual state to one of complete order. 

It seems likely that the relative time requirod for 
recognition of a simple object or shape is directly related 
to W, the thermodynamic probability. In other words, 
the more probable it is that a form will be readily recog- 
nized after a requisite number of ‘trials’ the shorter the 
recognition time. Accordingly, the following equation for 
perception of simple forms is offered: 


T. 
S = kn T, (3) 
where T, is time to recognition of a given simple shape 
and T, is time to recognition of a sphere. It is noted that 
if a sphere is being observed, the equation reduces to 
S=0. Of course, the equation is limited to entropy 
changes in excess of those for recognition of a sphere, hence 
As, must be added. In addition, the upper limit of equa- 
tion (3) would be determined by the time required to 
recognize the most complex shape with which the brain is 
acquainted. The upper limit of equation (1) is AS, + AS,, 
the entropy change involved in the recognition of the 
simplest of the more complex shapes. 

Experimental confirmation of the foregoing equations 
offers some problems. However, since: 

AH 
em 
where AH = the change in heat content in a given trans- 
formation, and T is the absolute temperature, measurement 
of the change in heat content of the appropriate brain 
region involved during recognition is suggested. 

It seems likely that the brain scans stored ‘sub-shapes’ 
in sequence according to increasing complexity. Such a 
result would be consistent with the foregoing treatment, 
as well as with introspective conclusions about the nature 
of symmetry. 

Grorce E. Ham 

Research Center, ^ 

Spencer Chemical Co., 
Merriam, Kansas. 


! Ham, G. E., J. Polymer Sci., 56, 435 (1962). 
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Optical Correction in Micro-electrophoresis 


Aw optical correction in the microscopic measurement 
of the electrophoretic mobility of particles was proposed 
by Henry? and has been discussed more recently by 
Hunter and Alexander®. The correction concerns measure- 
ments made in the type of cell similar to that used by 
Mattson’. Such cells consist essentially of a thick- 
walled capillary, the outer face of which is ground flat 
to within a short distance of the inner bore. „The fore- 
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going authors discussed the,apparent position of a point 
within the cell resulting from refraction through the 
circular cell wall. 

However, these authors did not make it cloar that tho 
optical system presented by cells of this type show a 
complex form of astigmatism’. A point within the cell 
gives rise to two virtual images, both of which are in the 
form of caustic surfaces, having cuspidal edges. These 
edges, which are mutually perpendicular and non- 
intersecting, may be the only parts of she image which are 
visible in practice. When the aperture of the micro- 
scope is small, the length of the edges may be sufficiently 
short for a point image to be observed when the micro- 
scopo is focused on any point between them. The 
results of astigmatism, therefore, may appear only as a 
lengthening of the depth of field of an observed image. 

Let us consider an emitting point source at a depth 
d from the inner wall of the cell of radius a. Suppose 
the refractive indices of the immersion medium, the cell 
and the dispersion medium are ny, ng and n; respectively. 
The depth d;PP- of one caustic edge is given by : 


nd 
d 2P. = d (1) 
na + as — Ns) 
while the position of the other is obtained by putting 


a= oo, that is, 


depp. = må (2) 
3 
The depth of field resulting from this effect is therefore : 
d 
ats —n3) 
dD. — dP. = ——______. (3) 


d 
Nna + ats — Ns) 


This field-depth depends not only on the radius of the 
cell but greatly increases with the depth within the cell 
of the observed point. For example, when n, =n;= 1:33, 


fa — 1:51, ac 0-293 (near stationary layer) and a = 1-0 


mm, the length of the image along the microscope axis 
is lly. However, the image of the far wall of such a 
cell would have a length of 430p. 

The formule presented by Henry, and also Hunter and 
Alexander, relate to only one of the caustic edges, namely, 
that which is a function of the coll radius. The burden 
of Henry’s argument was that it is not possible to seloct 
a given level in the cell by linear interpolation between 
the apparent positions of the near and far walls. 

When. the system’s astigmatism is considered, it is 
evident that while one can focus with reasonable accuracy 
on the apparent position of a point at the near stationary 
layer, it is usually quite impracticable to focus on the 
far wall of the cell. There appears to be no valid circum- 
stance, therefore, where the Henry correction could be 
applied. 

If a microscope objective has a sufficiently large 
numerical aperture to enable the caustic elements to be 
seen as edges, it should be possible to choose the edge 
which conforms to equation (2). A given level would 
then be found by linear interpolation. Where this is not 
possible, it seems essential to measure the cell bore by 
an alternative method and apply a simple refractive 
index correction, where necessary. 

E. S. HAIL 
Chemistry Division, 
Water Research Association, 
Medmenham, Marlow, Bucks. 
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2 Hunter, R. J., and Alexander, A. E., J. Colloid Sei., 17, 781 (1902). 
“Mattson, S., J. Phys. Chem., 32, 1532 (1928). 
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Moving Helium Film Measurements 


MEASUREMENTS on the profile of the moving helium 
film by Gribbon ang Jackson! have given qualitative, 
but not quantitative, support to Kontorovich’s theory? 
of the moving film. This theory was based on the postulates 
of the two-fluid model of liquid helium, and it predicted 
that the moving film would be thinner than the static 
film, while an alternative theory by Franchetti? predicted 
a thicker moving film. Tilley has reconciled the two 
approaches using arguments based on the thermodynamics 
of a system in which relative motion occurs and has con- 
firmed Kontorovich’s result. Recently Franchetti> has 
proposed several reasons for the contradiction between 
the measurements and the simple theory. 

Franchetti has suggested that disturbances, such as 
evaporation, were present which altered the expected 
magnitude of the change in thickness of the film as it 
flows out of a beaker. Now if it is accepted that there 
are two competing processes which could affect the film 
thickness, then a superfluid flow process could decrease, 
and a downward temperature gradient? could increase, 
the film thickness. The latter effect is negligible in a 
film at a typical temperature not too close to the A-point, 
and superfluid flow alone need be considered. Tho film 
would be disturbed if evaporation took place above or 
at the measuring region on the outer wall of the beaker. 
Evaporation would occur if there were an unbalanced 
heat input to the film from either thermal vibrations in 
the helium vapour‘, absorption of thermal radiation from 
the cryostat surroundings’, or absorption of incident 
radiation from the sodium lamp source? used in the optical 
method of film thickness measurement. There was no 
evidence for a heat input due to thermal vibration while 
tho estimated heat input from thermal radiation was at 
least an order of magnitude less than the maximum heat 
input of about 100 pW cm from the absorbed sodium 
lamp radiation®!°. However, since the influence of 
evaporation applied equally to both the moving and the 
static film, measurements made to find the difference in 
thickness between these films would be independent of 
any thickness change due to evaporation. Sincein practice 
this was the experimental technique used, the contradiction 
between experiment and theory is not resolved by taking 
account of any evaporation. 

Secondly, Franchetti has pointed out that the theory 
only applied to & reversibly flowing film and is not strictly 
applicable to an irreversible film transferring out of a 
beaker. However, when the initial high transfer rate had 
decreased to the more characteristic rate, local equilib- 
rium should have been reached in the measuring region 
and the theory should hold. The thickness measure- 
ments were made under these conditions, the film flowing 
at the steady characteristic rate of about 12x 10-5 em? 
cm- sec-! and the measurements being taken 
well below the irreversible region close to the beaker 
rim?:t, 

Finally, Franchetti suggested that the film flow also 
would be irreversible if vorticity were present. Allon? 
and Kuper!? considered that an array of vorbex lines 
in the film might bo responsible for the fast flow rates 
found under certain conditions ; but recent work has 
shown that these enhanced flow rates seem more likely 
to be due to the presence of an unstable thick film draining 
slowly to the normal film thickness on the inner surface 
of the beaker. Nevertheless if a regular array of rolling 
vortex lines were present the thermodynamic free energy 
and hence the film thickness would be altered, but the 
contribution of this additional vorticity free energy would 
be negligible compared with the superfluid kinetic energy 
contribution. A further small free-energy contribution 
might arise due to the absorption of radiation energy 
by the beaker surface with subsequent heat flow into the 
film producing a turbulence energy density in the super- 
fluid. 
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In conclusion it may be said that Franchetti’s suggested 
reasons for the disagroement between the experiments 
and the theory do not resolve the problem, and indicate 
that further experimental and theorgtical work is required 
on the moving helium film. 


P. W. F. Grisson 
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Additional Observations of Probable 
Stimulated Emission of a Terbium ion 
Chelate in a Vinylic Resin Matrix 


THE experimental results presented here were to have 
been included as an addition to my first communication}. 
However, the results were not submitted in time to be 
included in it. I should like at this time to present these 
additional results, as they provide a more definite indica- 
tion of probable stimulated emission of terbium thenoyltri- 
fluoroacetonate Tb(TTA) in a polymethyl-methacrylato 
(PMMA) matrix than the results presented in the previous 
communication}. 

Hereafter, in this communication I shall refer to the 
Tb(ITA) doped (PMMA) fibres, some of the properties 
of which were investigated in the experiments presented 
in my first communication, as belonging to the first 
group’. The fibres investigated, for which the results 
are presented in this communication, will be referred to as 
the second group. 

These new experimental results are presented in the 
form of oscilloscope recordings of the fiuorescence emission 
(5450 A) versus time of the second group of fibres. 
"These fibres are of higher optical quality than those of the 
first group. This second group of fibres is doped with a 
Tb(TTA) concentration of 440-08 per cent of the weight 
of the PMMA, and have diameters and straight lengths of 
approximately 0-75 mm and 65:0 mm respectively. The 






Fig. 2a. Blank sample (pump light 
leakage) at 600 joules input 


Fig. 1. Near threshold emission 
at 400 joules input 


Fig. 4. &75450 A emission at 1,000 


Fig. 3. -v5450A emission at 800 
joules input 


joules input 
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ends of these fibres were polished, but not silvered. The 
second group of fibres possesses a smaller degree of strain, 
bubbles, surface voids, and other surface imperfections 
than the fibres of the first group, because of improved 
fibre fabrication technique. Other physical parameters of 
the second group of fibres are essentially the same as those 
measured for the first group. 

The experiments with the second group of fibres were 
performed with the fibre cooled to 77° K, and with the 
same experimental, apparatus (except for a change in the 
pump light filter from a Corning 7-54 to a Corning 7-51 
filter glass) as was used in the investigation of the first 
group of fibres'. The photomultiplier output load resistor 
also was changed to a smaller value in order to improve 
the time resolution of the observation. 

The more pronounced spiking, and the suggested 
lifetime shortening of the fluorescence decay time observed 
in the second group of fibres as compared to the same 
characteristics in the first group, I attribute primarily to 
the improved optical quality of the second group of 
fibres (Figs. 1-55), which resulted in lower fibre cavity 
losses, and therefore in a larger degree of spiking of the 
fluorescence emission. However, the increased time 
resolution of the photomultiplier is also responsible in 
part for the difference in the characteristics of the oscillo- 
scope recording between the first and second group of 
fibres. In these experiments with the second group of 
fibres, as in the experiments with the first group, blank, 
undoped fibres of polymethyl-methacrylate were substi- 
tuted for the Tb(TTA) doped fibres in the experimental 
apparatus in order to determine the degree of pump light 
leakage, and to detect if any spurious responses due to 
unusual pump light output, pump light filter fluorescences, 
or polymethyl-methacrylate fluorescences occurred. No 
spurious responses were noted in the oscilloscope record- 
ings for the blank, undoped fibres (Figs. 2b and 5a), and 
only a small amount of pump light leakage was observed. 

The results represented by Figs. 1-5) are for single, 
Tb(TTA) (0-08 per cent of wt. PMMA) doped fibre of 
the dimensions described here, under the condition of 
increasing pump power. Observation of several other 
Tb(TTA)-doped fibres of the second group indicates quite 
similar behaviour. 

Due to the small amount of (445450 A) output power 
obtainable from both groups of these short fibres of 
Tb(TTA)-doped polymethyl-methacrylate, it was not 
possible to observe, with the spectrograph available, 
whether or not line-narrowing due to stimulated emission 
occurred. Observation of coherence properties was also 
thwarted for the same reason. Fibres of longer length 
needed to provide increased output power necessary to 





Fig. 2b. -/5450 A emission at 
600 joules input 


Fig. 2c. Pump light emission 
at 600 joules input 





H H 
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Fig. 5a. Blanksample(pumplight Fig. 5b. -5450 A emission at 
leakage) at 1,200 joulesinput 1,200 joules input 


Figs. 1-5b. In the Figs. 1-5b increasing time is from right to left, and the sweep time 500-0 usec for all figures. The photomultiplier voltage 


and anode load resistance are the same for Figs. 1-5b. The oscilloscope vertical amplifier sensitivity is the same for all fi 
all the other figures. The pump light outputs for Figs. 1, 3, 4 are not shown, but 


Fig. 2e, which is 100 times less than the sensitivity for 


res, except 


are similar in shape to the flash lamp output of Fig. 2c. The sharp spikes at the beginning of the trace are due to tflgger spike leakage 


o 
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mako thése observations were nob available, because of 
difficulties encountered in obtaining the necessary optical 
quality in fibres of greater than approximately 75:0 mm 
in length. 

The increased spiking amplitude to exponential spon- 
taneous emission amplitude ratio, the suggested lifetime 
shortening, and the indicated spike sharpening under 
increased pumping as is shown in Figs. 4 and 5b are also 
indications of probable stimulated emission. However, 
since all proofs are not available at this time, the conclu- 
sion must remain that the phenomena observed in these 
experiments for both groups are only to a moderate degree 
of probability-stimulated emission. 

Ín conclusion, I wish to note a divergent interpretation 
of the results presented in my previous communication’, 
based on conclusions drawn from observations of the 
fluorescence emission of other rare earth, beta diletone 
chelates, in various solutions’. 

E. H. HUFFMAN 


Formerly of Philco Corporation, 
Division of Ford Motor Co., 
Western Development Laboratorios, 
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Stress Concentration in Concrete 


Iw carrying out some experimental work in the torsion 
of hollow concrete box beams, the authors were surprised 
to discover that the size of the fillet radius at the internal 
corners has little or no effect on the strength of the section. 
That is to say that in practice, although not in theory, 
there was no measurable stress concentration effect. 
This point has also been noted by Turner and Davies!, 
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Fig. 2 
who tested T-beams in torsion with a sharp re-entrant 
corner. i 

In an attempt to find an explanation, tensile tests were 
carried out on plain thin concrete specimens, using a 
lazy tongs gripping device developed in the Engineering 
School and described previously elsewhere? (Fig. 1). 
The purpose was to ascertain the effects of holes of various 
shapes on the tensile strength. Tests were first of all 
carried out on sections with circular holes (Fig. 2a) for 
which the stress concentration factor is 3, that is, the 
stress at points A and B is 3 times the applied stress, 
that is, 37). Allowance was made for the reduction in 
area due to the hole and no stress concentration effect 
was found, that is to say the failure stress was the same 
as that for & specimen without a hole. A square hole 
with a corner radius of 0-014d was they used (Fig. 2D), 
but again the effect was negligible in spite of the fact that 
the stress concentration factor as computed by the 
complex variable method was 5-9. In fact the section 
with the hole gave slightly higher values for ‘the tensile 
stress, ag one would expect from statistical theory. A 
diamond hole with a corner radius of 0-014d was then 
resorted to (Fig. 2c) and a 10 per cent decrease in strength 
was found, with a computed stress concentration factor 
of 14-8. This small decrease could be entirely due to 
experimental error since only three tensile specimens 
were used. As there still seemed to be no appreciable 
effect thin slits were tried; these were meant to simulate 
ellipses, for which the formula for the stress concentration 


factor is [1 + zl where a and b are the semi-major and 
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semi-minor axes of the ellipse (Fig. 2d). The stress 
concentration factor varied from 40 to 80, but still no effect 
was noticed. However, the ellipses were not true ones and 
the stress concentration factor probably mainly depends 
on the radius of curvature at the end of the major axis, 
and the radii on the specimens tested could well have 
belonged to ellipses of smaller a/b ratio. The results for 
elliptical sections should therefore be treated with somo 
eaution, though clearly they confirm the general trend. 

The fact that a brittle material like concrete is not 
reduced in strength by the presence of such high stress 
concentrations calls for some explanation. A possible 
hypothesis is to assume that there is & redistribution of 
stress due to plastic flow as in the case of ductile materials 
like mild steel. Although this is put forward by Turner 
and Davies! by way of explanation, it is not considered 
by the authors as very probable because of the peculiar 
structure of concrete. 

Concrete is a macroscopically homogeneous and isotropic 
material which is full of air and water voids. The latter 
are usually very small, of spherical shape and closely 
packed together. The air voids, which are due to incom- 
plete compaction, are of all shapes and sizes. Since 
concrete is a non-linear visco-elastio material the stress 
distribution for instantaneous loading follows the elastic 
theory. The stress concentration factor inherent in 
concrete due to all the voids, and also the stress concen- 
trations which occur at the interface of the cement and 
the sand grains, must be of large magnitude. For glass, 
which seems to have considerably fewer voids than con- 
crete, a stress concentration factor of 600 has been 
calculated. A. A. Griffith? showed that there was an 
enormous difference between the theoretical molecular 
strength of glass and the actual tensile strength of ordinary 
glass. By carefully making some glass rods as free as 
possible from voids and surface scratches he increased 
the tensile strength to about half the molecular strength. 
In glass it seems that the dominant factor is the state of 
the surface, while in concrete the internal structure is 
likely to have just as much, if not more, effect. The 
authors believe that concrete fails at very low loads 
because the inherent stress concentration factors are very 
high, much higher than the stress concentration factors 
artificially introduced in their experiments. 

Alternatively, concrete could be regarded as being of 
honeycomb structure with a very small mesh size, so 
small that it could not be affected by any artificial stress 
raiser such as, for example, a hole or sharp change in angle. 


W. WRIGHT 
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3 qum dj Proc. First Intern. Congr, App. Mechanics, Delft, Part 1, 
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‘CRYSTALLOGRAPHY 


Structure of Strontium Caprylate Hydrate 


THe strontium caprylate was prepared by metathesis 
from sodium caprylate and strontium chloride. The 
material crystallized from aqueous solution in the form of 
very small fragile plates. All the crystals examined were 
twins and all the X-ray photographs showed streaking of 
the spots, indicating some disorder in the long axis direc- 
tion. 

The crystals were triclinic with unit cell dimensions a = 
47 Å, b 2 80 A, c= 258 A, «a = 94°, B = 91° and 
Y = 100°. The space group was assumed to be PI. The 
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position of the strontium atom was determined from tho 
Patterson syntheses of the [100] and [010] projections. 
Both projections were refined by Fourier and Fourier- 
difference methods. The final value of the residual, R, 
was 0:16 for both projections. Because of the twinning 
the estimates of some of the intensities of some of the 
reflexions in both zones are uncertain and the structure 
cannot be regarded as very accurate. 

Thero are some very unusual, non-crystallographic 
symmetries in the structure. The [100] projection oxhibits 
symmetry about the lines perpendicular to tho L axis 
through the points 3,0, and 1,0. Tho Fourier transform 
of the unit cell appears to be symmetrical, or very nearly 
so, but the reciprocal net is non-orthogonal and so the 
sampling is not symmetrical. Fig. 1 shows the final 
Fourier synthesis of the electron density projected along 
[100] and a diagram of the structure. The accidental 
symmetry is apparent in Fig. 1. 

The [010] projection appears to have the synunetry 
pmg. In this projection not only is tho Fourier transform 
of the unit cell contents symmetrical but also the reciprocal 
net is orthogonal and the sampling is orthogonal too. 
This projection showed no difference in intensities between 
reflexions related by the apparent symmetry in spite of 
the two halves of the twin being very different in size (as 
shown by the [100] projection). The projection was there- 
fore refined assuming that the plane group was pmig. 
Fig. 2 shows the electron density projected along [010] 
and a diagram of the structure. 

The structure consists of an ionic layer containing the 
strontium ions with eight oxygen atoms as nearest neigh- 
bours in the form of a distorted octahedron, six from the 
carboxylic acid groups and two from the water molecules. 
The hydrocarbon chains are normal to this layer. The 
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Fig. 1. Left, Fourier synthesis of the electron density projected along 

[100]. The contours are at intervals of one electron per Á*. The zero 

contour is broken. The strontium ion has,been shaded. Right, 
diagram of the structure projected along [100] 
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Fig.2. Left, Fourier synthesis of the electron density projected along 

[010]. The contours are at intervals of two electrons per A?. The zero 

contour is broken. The strontium ion has been shaded. Right, 
diagram of the structure projected along [010] 


mean Sr—O distance is 2:62 A, which agrees with the ionic 
radii. The C—O bonds in the carboxylic acid groups are 
not of the same length. One is 1-31 + 0-08 A, the other is 
1-16 + 0-08 A. These are of the same order of magnitude 
as those found by Vand, Morley and Lomer! in lauric acid. 
The mean C—C distance in the hydrocarbon chains is 
1-48 + 8 A, which is not significantly shorter than the 
value of 1-51 A found by Turner and Lingafelter? in tetra- 
decamide. The average distance between alternative 
carbon atoms in the chain is 2-59 + 0-3 A, which is the 
same as that found by Vand, Lomer and Lang? in potassium 
caprate but is longer than the value of 2-53 found by 
Turner and Lingafelter? in tetradecamide. The structure 
appears to be quite different from that of strontium 
laurate proposed by Morley and Vandt. 


E. SrANrLEY* 
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* Present address: University of Saskatchewan, Regina Campus, Regina, 
Saskatchewan, Canada. 


1 Vand, V., Morley, W. M., and Lomer, T. R., Acta Cryst., 4, 324 (1951). 
* Turner, J. D., and Lingafelter, E. C., Acta Cryst., 8, 551 (1955). 

? Vand, V., Lomer, T. R., and Lang, À., Acta Cryst., 9, 214 (1949). 

* Morley, W. M., and Vand, V., Nature, 168, 285 (1949). 


Calcium Fluoride : Slip and Polygonization 
during Crystal Growth 


CarcruMx fluoride occurs in Nature as the crystal form 
known as fluorite. It can, however, be grown artificially 
as single crystals, and when doped with suitable impurities 
it is widely used as a laser material^?. For this purpose, 
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during deformation experiments’. After annealing for a 
period of ono week at a temperature of 930? C in an 
atmosphere of pure argon, the dislocations in the sli bands 
polygonized to give more low-angle boundaries (fiz. 2); 
the boundaries formed during growth remain uncltered 
by this annealing treatment. 

Slip bands and low-angle boundary arrays aro nlso 
observed on Stockbarger-grown crystals (Fig. 3) nnd tho 
slip vector is again <110>. The number of dislocations 
and the amount of slip which occurs are, however, far less 
than in the Czochralski-grown crystals. Typical dis- 
location densities are respectively ~ 105 enc? and ~ 10? 
em-? for Czochralski and Stockbarger crystals. Further- 
more, tho latter crystals show the highly polygonized 
arrays of Fig. 4 without further annealing. 

It is well established in semiconductor materials, such 
as germanium’, and in laser matorials, such as cnlcium 
tungstate’, which have been grown by tho Czochralski 
technique that dislocations are formed as uw result of 
plastic flow which occurs in order to relieve thermal 
stresses in the cooling matorial. The evidence pres nted 
here suggests that calcium fluoride crystals, grown by the 
same technique, also fit into this general pattern of 
behaviour as the slip bands along <110> directions aro 
vory similar to those observed on {111} surfaces of ger- 
manium and the arrangement of low-angle boundaries is 
similar to that observed in calcium tungstate crystals’. 
This hypothesis also explains why the dislocation density 
in crystals grown by the Stockbarger method is much 
lower than in Czochralski-grown crystals, namely. becauso 
of the lower temporature gradients and correspondingly 
lower stresses experienced in this process. ‘Tho slow 
cooling associated with the Stockbarger technique also 
permits dislocations to move into the observed highly 
polygonized configurations. 

The slip bands observed in calcium fluoride crystals 
remain unmodified on crossing a low-angle boundary, thus 
suggesting that the slip occurred after the formation of 
the boundaries. This behaviour is in contrast to that of 
calcium tungstate crystals grown by the same method? 
where, although regions of high dislocation density aro 
observed in addition to low-angle boundaries, there is no 
evidence of massive slip or of slip bands crossing the 
boundaries. The a [100] slip vector for dislocations in 
calcium tungstate! is, however, much larger then tho 
slip vector in calcium fluoride and also involves the move- 
ment of the complex (WO,)= ion rather than tho 
movement of single ions. It is likely, therefore, that dis- 
locations are more easily generated and moved in tho 
fluorite lattice than in the calcium tungstate (Scheclite) 
lattice; this could explain the more extensive slip observed 
in calcium fluoride crystals pulled from the melt. How- 
ever, as both these materials lose heat during growth by 
transmitting radiation from the solid/liquid interfaco alony 
the crystal, it is possible that the calcium tunestato 
crystals will cool more slowly because this material ab:orbs 
most of the radiation at wave-lengths greater than 3-6y 
whereas calcium fluoride is transparent to radiation at 
wave-lengths as high as 10u. As the crucible and melt 
approximate to a black body and the peak of the black- 
body radiation curve at the melting-points of these 
materials is at approximately 2-5p, it is likely that 
calcium fluoride absorbs very little radiation whereas 
approximately 15 per cent could be absorbed by calcium 
tungstate. The consequent lower cooling rate in the 
latter case may permit dislocations to start polygonizing, 
thus masking any slip that has occurred. 

The dislocation patterns observed in artificially #rown 
calcium fluoride crystals can thus bo explained in terms 
of the thermal stresses present in the growth process. 
The differences in the dislocation patterns of culeium 
fluoride and calcium tungstate can be interpreted in 
terms of the different crystal structures and transmissiore 
properties of these materials. . 


1378 NATU 


We thank Dr. W. Bardsley for his advice. 
B. COCKAYNE 
D. S. RoBERTSON 
B. W. STRAUGHAN 
Ministry of Aviation, 
Royal Radar Establishment, 
Great Malvern, Worcs. 


1 Guggenheim, H., J. App. Phys., 82, 1337 (1961). 

2 Guggenheim, H., J. App. Phys., 84, 2482 (1963). 

? Czochralski, J., Z. Phys. Chem., 92, 219 (1918). 

3 Stockbarger, D. C., Rev. Sci. Instrum., 7, 133 (1938). 

5 Roy, C., Ph.D. thesis, Imperial College (London) (1962). 

* Pfann, W. G., and Lovell, L. C., Acta Met., 3, 512 (1955). 

7 Billig, E., Proc. Roy. Soc., A, 285, 37 (1956). 

* Rosi, F. D., R.C.A. Rev., 19, 349 (1958). 

? Cockayne, B., Robertson, D. S., and Bardsley, W., Brit. J. App. Phys. 
(in the press). 

1° Cockayne, B., and Hollox, G. E., Phil. Mag., 9, 911 (1964). 

11 Nassau, K., and Broyer, A. M., J. Amer. Cer. Soc., 45, 474 (1962). 


CHEMISTRY 


Effect of Micro-crystal Formation on the 
Electron Spin Resonance Spectra of ao-Diphenyl- 
g-picrylhydrazyl in Various Frozen Solvents 


Despite the very numerous investigations of the elec- 
tron spin resonance spectra of DPPH («a-diphenyl-B- 
pierylhydrazyl) a number of perplexing problems remain. 
Those relating to its behaviour in various solvents are 
important because DPPH. is used very commonly as & 
standard for concentration measurements in electron spin 
resonance and as a radical ‘scavenger’ in the examination 
of radiation chemistry. 

During an investigation into the suitability of deaerated 
frozen solutions of DPPH in various solvents as concen- 
tration standards at low temperatures!, it was found that 
there were wide differences in line width, hyperfine 
splittings and saturation behaviour, not all of which 
could be explained. In particular, frozen solutions of 
DPPH in benzene (10-:-10-* M) gave a strongly exchange- 
narrowed line about 2 gauss wide, while the very similar 
solvents, toluene and xylene, gave broad, poorly resolved 
five-line spectra like broadened versions of the solution 
spectra. 

It was also found that the frozen benzene solutions 
showed little microwave power saturation, whereas the 
others all saturated heavily at 77° K. Further investiga- 
tions showed that the electron spin resonance spectra 
could be divided into three groups: (a) strongly exchange- 
narrowed (peak to peak line width AH, ~ 2-4 gauss), 
for example, benzene, naphthalene, quinoline (Fig. 1a); 
(b) broader, unresolved lines (AH, ~ 10-20 gauss), for 
example, acetone, diethyl ether, toluene, carbon disul- 
phide, thiopen (Fig. 1b); (c) poorly resolved five-line 
spectra with hyperfine splittings greater than those 
observed in solution, for example, pyridine, tetrahydro- 
furan, xylene (Fig. Ic). 

The spectra of group (c) are similar to those observed 
by Schneider® for DPPH in solidified ‘Perspex’ or poly- 
styrene, and by Lord and Blinder* for DPPH and carbazyl 
in a plastic cement. These latter authors show clearly 
that the increase in hyperfine splittings and line-width is 
the result of including anisotropic contributions which 
are averaged out in solution. It has been suggested‘ that 
the exchange narrowing of the spectra of group (a) results 
from 'super-exchange' throughout the whole lattice or 
from crystallization of the solute in the form of micro- 
crystals. 

In order to test this suggestion we have examined thin 
films of frozen solutions on the cold stage of a high- 

owered polarizing microscope. A concentration of about 
10-2 M DPPH was needed for proper observation, and at 
“this concentration micro-crystals of DPPH could clearly 
be seen in frozen benzene by means of their characteristic 
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Fig. 1. Infra-red absorption spectra of: (4) HNSO; (B) gaseous product 


gnd (C) solid product obtained by reacting ammonia with excess sulphur 
dioxide; (D) K48,0; 
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under completely anhydrous conditions? occurs rapidly 
with evolution of heat. The infra-red spectrum of the 
gaseous product was shown to be thionylimide, HNSO’, and 
the spectrum of the simultaneously formed solid product 
showed the presence of NH}, HSO; and S,02- immedi- 
ately after the reaction, but the latter gradually changed 
into §,02- with the lapse of several hours. The infra-red 
spectra of this solid indicated no existence of SO2?, 
S:02-, 8,0?-, etc. (Fig. 1). 


3NH, + 380, — HNSO + (NH4),8,0, 


The reaction between methylamine and sulphur dioxide 
(as would be expected, occurrence of a similar reaction 
in view of the proceeding one) produced methylthio- 
nylamine, CH,;NSO, and pyrosulphite, (CH;NH,),S,0;. 
Likewise, the reaction between ethylamine and sulphur 
dioxide produced ethylthionylamine, C,H,;NSO, and 
(C;H,NH,),8,0,. 

The reaction between dimethylamine and sulphur 
: dioxide produced almost quantitatively a yellowish oily 
liquid, which was purified by vacuum distillation without 
decomposition; m.p. 17? C. The formula was found to be 
a molecular complex, (CH;),NH-SO,, by infra-red and 
Raman spectra? and also by mass spectrum. The strong 
hydrogen bonding in this molecule did not show a remark- 
able effect on the absorption band by increasing dilution 
of non-polar solvents. An extensive examination has 
been also made on far infra-red and Raman spectra of 
molecular complexes, (CH;),NH-SO, and (CH,),N-SO.. 
New bands, 205 cm-! for the former and 186 cm-! for 
the latter, could be found as intense Raman line and weak 
infra-red absorption band also. It may be considered 
that the bands indicate the bond of N-:+-S caused by 
charge transfer force. 

We thank Prof. R. Hara for his advice. 
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BIOCHEMISTRY 
Dihydroxyurea 
SEVERAL derivatives of hydroxylamine’, including 


hydroxyurethane, N:methylhydroxylamine and hydroxy- 
aminoacetic acid, cause chromosome abnormalities in 
mouse embryo and Chinese hamster cells similar to those 
induced by  hydroxylamine?. Similar chromosomal 
abnormalities are algo induced in anaphase and metaphaso 
chromosomes of the root tips of Vicia faba by hydroxyl- 
amine, methyl-, ethyl-, n-propyl-, and n-butyl-N-hydroxy- 
carbamates (S. H. Revell and K. S. Peggie, personal 
communication). Urethane appears to produce many 
radiomimetie effects through the metabolite N-hydroxy- 
urethane to which it is converted by animals’. Although 
urea and urethane are inactive in these systems, hydroxy- 
urea! and N-hydroxyurethane® are active; hydroxyurea 
is also an anti-tumour agent which is active against the 
£1210 leukemia in micet. It has been proposod??:56 
that these hydroxylamino derivatives may exercise their 
effects by a common chemical mechanism involving the 
production of nitroxyl or hydroxylamine in vivo. 

In view of the effects on chromosomes and anti-tumour 
properties of hydroxyurea, dihydroxyurea has been 
prepared with the view of its possible use as a cancer 
chemotherapeutic agent. So far as we are aware, this 
compound has not been described in the literature. 
Hydroxylaminolysis of hydroxyurethane in ethanolic 
potassium hydroxide yielded hydroxyurea as the main 
product, which was also obtained from the reaction of 
phosgene (in toluene) with hydroxylamine in aqueous 
sodium carbonate. When phosgene (in dioxan) was 
allowed to react with an aqueous-dioxan suspension of 
hydroxylamine and potassium acetate at 0°, two main 
products were obtained: (I) colourless prisms which 
decomposed with partial melting at 102°-106° and (II) 
colourless plates which exploded at 95° or at room 
temperature after several hours. Both compounds 
reduced ammoniacal silver nitrate, gave red and unstable 
mauve to purple complexes with sodium pentacyano- 
ammine ferroate and ferric chloride, respectively, and red 
condensation products with p-dimethylaminocinnamalde- 
hyde. Compound (II) was probably the metastable 
hydroximie acid form (II) of dihydroxyurea (I). 


COCI, + NH,OH — CO(NHOH), + HONH.C(OH) = NOH 
(I) (II) 


HONHCONH, 


oH 


pu 


CH Ns 
' (I) ———+(CH,ONH), CO<—CH,ONH,+COCI, 


(V) ^ 
PhCOCÍ 
E [PhCO .ON(COPhj, CO ŽS PhcONHOCOPh 
(VI) (VIX) 


The strueture (I) of the compound is indicated by the 
following: (a) The compound had the correct elemental 
(C, H and N) analysis. (b) The infra-red spectrum showed 
a strong carbonyl absorption near 6p, and in the 3u 
region & very broad, intense and featureless absorption 
centred around 3,200 em-!. The 3y absorption appears 
to be typical of compounds containing the —NHOH 
group: the spectrum of the solid CH,OCONHOH showed 
& similar absorption centred at 3,210 em-1, while liquids 
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of the general type ROCONHOH, where R=C.H,, 
CH,(CH,),., and CH,(CH,)s, gave similar bands centred 
near 3,300 cm-t. Hydroxyurea showed a similar absorp- 
tion, but with the bands due to the asymmetric and 
symmetric modes of the NH, group superimposed at 
3,422 cm-! and 3,315 em-!, respectively. (c) The com- 
pound was unstable in alkaline media yielding hydroxyurea 
(III) and cyanic acid (IV) (detected and estimated via its 
blue Co?* complex) as two of the decomposition products. 
(d) On treatment with diazomethane in methanol-ether, 
the compound yielded N,N’-dimethoxyurea (V) as a major 
reaction product which was identical with the authentic 
substance synthesized by reaction of phosgene with 
O-methylhydroxylamine. (e) With benzoyl chloride in 
pyridine at 0°, it yielded N,N’,0,0’-tetrabenzoyldi- 
hydroxyurea (VI), which, in boiling aqueous ethanol, 
yielded O-benzoyl benzohydroxamic acid (VII). 

Preliminary experiments indicate that dihydroxyurea 
is more than five times as active as hydroxyurea in the 
induction of chromosomal aberrations in the root tips of 
Vicia faba (S. H. Revell, personal communication). 

We thank Dr. S. H. Revell and Miss K. S. Peggie for 
the experiments with Vicia faba, and Dr. R. Lumley 
Jones for the infra-red determinations. This work was 
supported by grants to this Institute from the Medical 
Research Council and the British Empire Cancer Campaign 
for Research, and by the Public Health Service Research 
grant CA-03188-08 from the National Cancer Institute, 
U.S. Public Health Service. 
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Concentrating Protein Solutions 


TuE earliest method of concentrating solutions of 
labile proteins, drying from the frozen state în vacuo, 
has several disadvantages, some of a technical and others 
of a fundamental nature such as increase in salt con- 
centration and the proneness of complexes of proteins 
with lipids and some other substances to denaturation 
on freezing and drying. The alternatives are removal of 
water by dialysis of the protein solution against con- 
centrated solutions of dextran or polyethylene glycol: 
of molecular weights sufficiently high not to penetrate 
the walls of the ‘Cellophane’ dialysis sac, or absorption 
of the water by shaking the protein solution with dis- 
persed, cross-linked dextran (‘Sephadex’)’. These 
methods avoid freezing and drying and allow the salt 
concentration to be maintained at any desired value. 
However, dialysis is time-consuming to set up if many 
small samples are involved, and considerable losses can 
occur on the walls of the sac when the removal of 0-1-0-5 
ml. of viscous protein solution is attempted. Removal 
of the water with ‘Sephadex’ is simple to carry out, but 
there is sometimes considerable loss of trace proteins 
by adsorption on to the large surface presented by the 
gel particles. | This led me to consider the possibility of 
using rods of dried hydrophilic gel to remove the water 
from protein solutions while maintaining constant ionic 
strength. 

* The rods used in the experiments were prepared by 
polymerizing an aqueous solution containing acrylamide 
. 
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(15-2 g/100 ml) and N,N-methylenebisacrylamide (0:8 
g/100 ml.) in silicone-coated 0-5 cm x 20 cm glass ttübes. 
In the course of diffusion experiments it has been ostab- 
lished that substances with molecular weights greater than 
10,000 do not significantly penetrate acrylamide gels of 
this degree of cross-linking and concentration (Curtain, 
unpublished results). Polymerization was initiated by 
adding 0-4 g of ammonium persulphate and 0-2 ml. of 
dimethyl amino-propionitrile to each 100 ml. of monomer 
solution. For convenience in handling the activated 
mixture, polymerization could be retarded for 15 min by 
adding 100 mg of potassium ferricyanide to each 100 ml. 
of solution. The silicone-coated glass tubes were prepared 
by dipping air-dried, acid-washed glass tubes in un- 
diluted General Electric ‘Drifilm’ chlorosilane for 30 sec. 
The tubes were then washed for 10 min in running 
distilled water and dried in an oven at 150°C for 2 h. 
The life of the coating appears to be indefinite. 

The rods of polymerized gel were removed from the 
tubes by pushing with a close-fitting glass rod and washed 
with six twelve-hourly changes of excess distilled water. 
They were then cut into convenient lengths (8-6 cm) 
and exposed in an open dish to the draught from the 
cooling unit of a 4° O cold room. After 96 h the rods 
had dried to 20 per cent of their original diameter and 
90 per cent of their original length. It was found that 
more rapid drying at higher temperatures produced cracks 
in the rods. The rods may be kept indefinitely in a 
desiccator over phosphorus pentoxide. On equilibration 
with water for 18 h the rods attained their original 
volume, indicating a water regain of approximately 
52 g/g. 

For drying, protein solutions were placed in a test- 
tube of a diameter 3-4 mm greater than that of the 
swollen diameter of the rod (0-75 em). A length of dry 
rod was then dropped into the protein solution. The 
amount of rod required to effect a given reduction in 
volume may be calculated readily from the water regain 
of the gel. In practice it was found that a ten-fold con- 
centration could be obtained easily with volumes as low 
as 1 ml For smaller volumes thinner rods (0-4 em) 
were tried and in this ease ib was found practicable to 
concentrate volumes of 0-4 ml. down to 0-04 ml. 

Possible loss of protein or denaturation was measured 
in two ways. 2 ml. of serum was concentrated to 0-2 ml. 
and then diluted to 2 ml. with 0-9 per cent (w/v) sodium 
chloride solution. Samples of the original serum and 
samples of the concentrated and diluted serum were 
examined by moving boundary electrophoresis and by 
micro-immunoelectrophoresis. The moving boundary 
electrophoresis was carried out in a Tiselius apparatus 
fitted with the phase-plate gradient interferometric 
optical system of Moore and Opperman? using pH 
8:6, I=0-1 sodium veronal buffer. Duplicate runs of 
each sample were carried out and the ordinates of the 
gradient curves obtained by measurement of the inter- 
ference fringes‘ directly compared for each run. Recovery 
of all components averaged 100 per cent within the limits 
of precision of the techniques used (0-7 per cent). The 
micro-immunoelectrophoretic patterns of the two samples 
were enantiographic, suggesting that no alteration had 
occurred in any of the components resolved by this 
technique. 

I thank Dr. A. Baumgarten for carrying out the im- 
munoelectrophoresis run. 
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Purine- and Pyrimidine-specific Antibodies: 
` - Precipitation with Denatured 
Deoxyribonucleic Acid 


ANTIBODIES capable of reacting with thermally 
denatured DNA can be elicited by immunization with 
antigens preparod by coupling purine and pyrimidine 
derivatives to proteins'~*. In this way antibodies specific 
. for the purinoyl moiety, for 5-acetyluracil? and for the 
five major bases? of DNA and RNA have recently been 
produced. Their reaction with thermally denatured 
DNA was demonstrated by means of a quantitative 
complement-fixation test, but initial attempts to obtain 
precipitation reactions with them were unsuccessful. We 
now offer evidence that precipitation reactions can occur 
between purine- and pyrimidine-specific antibodies and 
denatured DNA. 

The methods of obtaining the antisera have been 
described, Calf thymus DNA was obtained from 
Nutritional Biochemicals, Inc. A. solution containing 
l mg/ml. in 0-015 M. sodium chloride, 0-0015 M. sodium 
‘citrate was denatured by heating at 100? C for 10 min in 
the presence of 1 per cent formaldehyde, followed by rapid 
chilling in an ice bath. Chick embryo DNA was prepared 
from 10-day-old embryos by & modification of Marmur's 
procedure*. Quantitative precipitin analyses were per- 
formed as described by Kabat and Mayer? using the 
Folin-Cioealteu method! for analysis of specific precipi- 
tates. Rabbit y-globulin purified by chromatography on 
DEAE-cellulose and assayed by Kjeldahl analysis was 
used as a standard. DNA in the precipitate was determined 
by ultra-violet spectrophotometry after extraction with 
10 per cent perchloric acid at 70° for 20 min, a procedure 
used by Deicher et al.” to extract DNA from precipitates 
formed with the sera of some patients with lupus erythe- 
matosus. 

The reactions between calf thymus DNA, denatured in 
. the presence of formaldehyde, and antisera with four 
different specificities (anti-adenosine, anti-ribosylthymine, 
anti-purinoyl, anti-5-acetyluracil) are illustrated in Fig. 1. 
Native DNA and DNA. denatured by heat in the absence 
of formaldehyde did not precipitate with any of the 
antisera. Sera obtained from the rabbits before they were 
immunized did not react with DNA denatured in the 
presence of formaldehyde. Unlike the antisera shown in 
Fig. 1, antibodies specific for cytidine, guanosine and 
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Fig. 1. Precipitin reaction between rabbit antisera (0:25 ml.) and calf 
thymus DNA thermally fun s due presence of 1 per cent form- 
aldehyde 
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uridine failed to give a precipitate with this DNA 
preparation. i 

The failure of anti-cytidine, anti-guanosine, and anti- 
uridine sera to yield a precipitate with formaldehyde- 
denatured DNA does not result from a low titre of specific 
antibodies, because precipitation with their homologous 
conjugated proteins showed that anti-cytidine, anti- 
guanosine, and anti-uridine sera contained, respectively, 
329 ug, 270 ug and 254 ug of antibody N/ml. The anti- 
adenosine serum (47-23-48), which precipitated with 
formalinized calf thymus DNA (Fig. 1), contained only 
149 ug antibody N/ml. Since the rabbits produced almost 
no antibody that was precipitable by the unconjugated 
serum albumins, these values are comparable with respect 
to concentration of specific antibody. 

It is interesting in the case of the anti-adenosine and 
anti-ribosylthymine sera that essentially all the antibody 
which was precipitable by the conjugated protein also 
precipitated with DNA. On the other hand, only 22 per 
cent of the anti-5-acetyluracil antibody that reacted with 
the homologous conjugate was precipitable by DNA. 
Although the total antibody content of the anti-purinoyl 
serum has not yet been determined, it seems plausible to 
attribute the differences between the anti-5-acetyluracil, 
anti-ribosylthymine and anti-adenosine sera to the fact 
that the latter two are specific for bases present in the 
DNA molecule. 

Only about 30 per cent of the formalinized DNA added 
to the antisera could be recovered from the specific 
precipitates, even in the zone of antibody excess. It 
would be of interest to determine whether the overall 
base composition of the DNA precipitated by each of the 
antibodies is the same as or different from that of the 
original DNA added; the latter finding would suggest 
that the antisera had effected a fractionation of the 
DNA. Our results are in contrast to those obtained by 
Deicher e£ al.*, who, using the same procedure, found that 
all the DNA added to an excess of serum from a patient 
with lupus erythematosus could be extracted from the 
precipitate. Similarly, Murukami eż al.?, using antibody 
to phage T 4 DNA, found all the added DNA in the 
precipitates formed in the region of antibody excess. 


‘Although the antigen responsible for the antibody in the 


sera of lupus erythematosus patients is not known, it 
may be postulated to be DNA. Our results are explicable, 
then, if the reaction of DNA with lupus erythematosus 
serum and with anti-phage DNA serum is considered to 
be a reaction of an antigen with its homologous antibody, 
while, on the other hand, thé reaction of the sera examined 
here is a cross-reaction, not necessarily leading to completo 
precipitation. Other factors, such as possible degradative 
effects of formaldehyde and heat on DNA, should also be 
considered. It may be noted, however, that Murukami et 
al. used thermally denatured DNA in the investigations 
previously cited, and that Stollar and Grossman? have 
reported that formaldehyde increased the serological 
activity of thermally denatured T 4 DNA as measured 
by complement-fixation, presumably by preventing 
renaturation and/or intramolecular hydrogen bonding. 
The observation that anti-guanosine and anti-cytidine 
antisera do not precipitate with formaldehyde-denatured 
calf thymus DNA may be ascribed either to the relatively 
low guanine-cytosine content (about 42 per cent) of calf 
thymus DNA” or to the fact that formaldehyde reacts 
most rapidly with the cytidylic and guanylic residues of 
DNA, It may also be that the formaldehyde has 
caused a chemical change in the DNA which then enables 
it to precipitate with the other antisera. It would appear, 
however, that a reaction with formaldehyde is not required 
for precipitation since chick embryo DNA, which has 
been thermally denatured in the absence of formaldehyde, 
precipitates with the same antisera that react with 
formaldehyde-denatured calf thymus DNA. The failure 
of calf thymus DNA. denatured in the absence of formalde- 
hyde to precipitate with antisera may be dug to some 


o 


1382 


* 
renaturation. Thermal transition curves!? of such DNA 
show a hyperchromicity of 19-5 per cent, whereas none is 
seen with DNA denatured in the presence of formaldehyde. 
Thermally denatured chick embryo DNA, on re-heating, 
resembles formaldehyde-denatured calf thymus DNA and 
shows only a slight hyperchromic effect. These observa- 
tions, together with the fact that chick embryo DNA also 
has a relatively low guanine-cytosine content (41 per 
cent), support the suggestion made above, that the 
composition of DNA influences its reaction with antibody. 
Therefore, DNA’s of varying base composition are being 
prepared in order to examine their precipitability with the 
antisera. If a correlation between the base specificity of 
an antibody and its reaction with DNA molecules of 
varying G-C content were found, such studies could 
provide a basis for using immunochemical methods in 
more subtle investigations of the structure of DNA. 
This work was supported by grants from the U.S. 

Public Health Service and contracts between the Office 
of Naval Research and Columbia University. 
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A C;5H2O4 Compound produced by the Fungus 
Aspergillus fischeri var. glaber 


In late August 1962, Dr. C. W. Hesseltine of our labora- 
tory collected a dry soil sample from under a Douglas 
fir in House Rock Camp Grounds near Corvallis, Oregon. 
From this sample was isolated a strain of Aspergillus 
fischeri var. glaber Fennell and Raper, now maintained 
in the A.R.S. Culture Collection as NRRL 3088. 

During our culture work with this strain, we observed 
abundant crystal formation after about 6 days when the 
fungus was grown on malt extract agar. In still culture, 
as much as 4:87 g of orystalline product per litre of 
culture liquog was produced in 45 days at 28? C. The 
medium had the following composition: malt extract, 
20 g; peptone, 1 g; d-glucose, 20 g; and distilled water, 
1,000 ml. 

The new fermentation product was isolated by filtration 
of the culture liquor and by acetone extraction of the dried 
mixture of mycelium and crystals. The compound 
separated from the acetone-hexane as colourless needles 
which melted at 49°-50° C. On cooling, molten samples 
crystallized and then melted at 54-56? C. The compound 
has [«]]' — 40°. Elementary analyses and a Signer 
molecular weight determination were in agreement with 
a molecular formule of C,;H,,0,. Preliminary chemical 
and spectroscopic investigations indicate that the sub- 
gtance is a dilactone. 

When compared with the type strain of A. fischeri var. 
glaber (described by Fennell and Raper and deposited 
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in our collection as NRRE 2163), strain NRRL 3088 
differed only in being somewhat darker in colony colour, in 
lacking a faint pinkish reverse in the medium, and in 
having slightly larger cleistothecia. One sub-culture of 
the type strain also produced a few scattered crystals in 
malt extract agar after repeated transfer. Several 
other isolates of the variety produced no crystals. 

Note added in proof. Since submission of this manuscript 
it has come to our attention that Brookes, Tidd and 
Turner? recently reported that Aspergillus avenaceus 
produces a C,,H;,0, product apparently identical with 
our lactone, judging from its double melting point, rota- 
tion and nuclear magnetic resonance spectrum. 
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Pyridoxine Deficiency in the Rat produced by 
p-Penicillamine 


D-PENIOILLAMINE is used in the treatment of Wilson's 
disease! and in cases of lead poisoning?. Recently, Crawhall 
et al.* reported that the administration of p-penicillamine 
to two eystinurie patients resulted in a marked fall in the 
excretion of cystine in urine. This was believed to be due 
to disulphide exchange resulting in the formation of the 
mixed disulphide of D-penicillamine and cysteine. It has 
therefore been suggested that D-penicillamine might prove 
useful in the management of this condition. 

In a series of investigations, Du Vigneaud and his 
collaborators‘ showed that the inclusion of r-peni- 
cillamine in the diet of white rats caused a depletion of 
vitamin B,, resulting in inhibition of growth, reduced 
transaminase activity and abnormal excretion of xan- 
thurenic acid following the administration of a test dose 
of tryptophan. They also showed that these effects 
could be prevented by inclusion of large amounts of 
pyridoxine in the diet. It was suggested that vitamin B, 
deficiency was the result of a chemical combination 
between L-penicillamine and pyridoxal phosphate to form 
a thiazolidine structure. 

Similar results on transaminases were observed by 
Heddle et al.?, who, however, investigated the effect of 
DL-penicillamine on white rats. 

Ueda et al. demonstrated that, like the L-isomer, 
D-penicillamine reacts non-enzymatically with pyridoxal 
phosphate to form a thiazolidine compound. It was 
therefore considered of interest to examine whether B, 
deficiency resulted in the rat following the administration 
of D-penicillamine. 

Six male albino rats (300-340 g wt.) were maintained 
on Oxoid rat diet (Oxoid, Ltd.). Before starting the 
administration of D-penicillamine the rats were placed in 
metabolic cages and 24 h urine was collected before and 
after subcutaneous injections of a test dose (40 mg/rat) 
of L-tryptophan’. A solution of 50 mg D-penicillamine 
hydrochloride (Dista Products, Lid.) was given, by 
stomach tube, twice daily to each of three rats (Group A). 
The other three rats received the same dose by intra- 
muscular injection (Group B). Since solutions of peni- 
cillamine were strongly acidic, adequate amounts of 
sodium bicarbonate were always added to bring the pH 
to neutrality. After a period of four weeks 24 h urine 
was collected again before and after injections of 40 mg 
L-tryptophan. 
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Aliquots of all urine collections containing 3-5 mg of 
creatinine were chilled in ice, acidified (pH 2) and extracted 
three times with equal volumes of ethyl acetate. The 
combined ethyl acetate extracts were evaporated to 
dryness under reduced pressure and the residue in each 
case was dissolved in 1 ml. of absolute ethanol. Fifty pl. 
of each sample was then chromatographed on Whatman 
No. 1 paper using butanol/acetic acid/water (4: 1:5) as 
the sólvent!/*. The dried papers were sprayed with diazo- 
tized sulphanilic acid and the results are shown in Fig. 1. 

The intense spots (Rr 0-58) level with the xanthurenic 
acid marker consisted predominantly of xanthurenic acid, 
but smaller amounts of kynurenie acid were also present. 
This was established by two-dimensional chromatography 
of the ethyl acetate extracts using 20 per cent potassium 
chloride as the second solvent, when the mixture in each 
case was resolved into two substances both having a 
characteristic blue fluorescence. Their Rr values were 
0-25 and 0-42 respectively, and both reacted with 
Pauly’s reagent to produce a red colour. 

In order to estimate xanthurenic acid the appropriate 
spots, located on another chromatogram in ultra-violet 
light, were cut out and eluted with 5 ml. of éris-buffer 
(pH 7:8). An aliquot was then used for the colour reaction 
with ferric ammonium sulphate as described by Wachstein 
and Gudaitis?. Values are shown in Table 1. 
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Fig. 1. Chromatograms of ethyl acetate extracts of urine run in butanol/ 
acetic acid/water and sprayed with diazotized sulphanilic acid. Above, 3 
rats oral D-penicillamine; below, 3 rats parenteral D-penicillamine. 
C, control urine before tryptophan; Ct, control urine after tryptophan; 
P, urine after D-penicillamine without tryptophan load; Pt, urine after 
D-penicillamine with tryptophan load; X, xanthurenic acid marker. 
Only urine Pt in each case shows a grossrisein xanthurenicand kynurenic 
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Table 1 y 
Mode of administration Xanthurenic acid excretion 
of D-penicillamine ugimg creatinine 
C Ct P Pt 
Oral (Group A) 1 0 0 0 86 
2 0 0 0 114 
s 8 0 0 0 100 
Parenteral (Group B) 1 0 0 0 97 
2 0 0 0 100 
3 0 0 0 185 
For abbreviations see legend of Fig. 1. 
2 Table 2 
Fluorescence 
Rp in utra- Ehrlich’s Ekman's  Pauly's 
violet light reagent reagent reagent 
Butanol: 20% 
acetic acid: KCl 
water (4:1:5) 
(a) 0-75 0-73 Green Orange Brown Red (fades) 
(b) 0-80 0-82 Blue Orange Magenta — 


Two other metabolites excreted in increased amounts, 
judging from their intense fluorescence in ultra-violet 
light, were further investigated by two-dimensional 
chromatography" followed by use of spray reagents as 
described by Dalgliesh?*. The characteristics of the two 
metabolites are noted in Table 2. 

These observations suggest the probable identity of the 
metabolites as (a) Na-acetyl-3-hydroxykynurenine; (b) 
N'a-acetyl kynurenine, two intermediate metabolites of 
tryptophan?. 

From the results of experiments described here it is 
evident that following the ingestion of D-penicillamine 
over a period there is a considerable increase in excretion 
of certain intermediate metabolites of tryptophan after 
& test dose of the amino-acid. The abnormal excretion of 
xanthurenie and kynurenic acids as an indication of 
pyridoxine deficiency®14,14 has received further support 
from enzymatic work by Weber and Wiss?!^, who studied 
the influence of vitamin B, depletion on various enzymes 
involved in the metabolism of tryptophan. They showed 
that in rat liver kynureninase is much more affected than 
kynurenine-2-oxo-glutarate-transaminase and concluded 
that the gross excretion of xanthurenie acid observed in 
pyridoxine deficiency could be attributed to the different 
behaviour of the two enzymes. It is therefore concluded 
that D-penicillamine, like the L-isomer, causes a depletion 
of pyridoxal-5-phosphate in the rat. 

The results of these experiments on rats emphasize the 
prudence of including large amounts of pyridoxine in tho 
diet of patients receiving D-penicillamine. Furthermore, 
as suggested by Evered!5, these patients need to be 
screened periodically for possible signs of vitamin B, 
deficiency. 

I thank Prof. M. D. Milne for his advice. 
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Cytochemical Investigations of Deoxyribonucleic 
Acid-mediated Control of Ribonucleoprotein 
Metabolism 


THE interdependence of various types of macromole- 
cular synthesis in the cell has been demonstrated by the 
use of various antimetabolites. Synthesis of some ribo- 
nucleoproteins (RNP) in the nucleus is dependent on 
continued formation of deoxyribonucleic acid (DNNA):-*. 
One of these ribonucleoproteins is present in the nucleolus 
in the form of spherules called ‘nucleolini’*. When synthe- 
sis of DNA was inhibited by 5-fluorodeoxyuridine (FUDR), 
the nucleolini were at first onlarged and later disappeared. 
The pars amorpha of the nucleolus was not reduced during 
this process?. Further cytochemical observations and 
biochemical investigations of HeLa cells, grown as previ- 
ously described’, and treated with 2 x 10-5 M FUDR are 
presented here. 

Cells were stained by the toluidine blue-molybdate 
methodi. Nuclear and cytoplasmic fractions were pre- 
pared by the citric acid procedure’. Nucleic acids were 
estimated by a modified Schmidt-Tannhauser procedure, 
Burton’s modification of the Dische reaction’ and the 
orcinol reaction®. Protein was determined by the method 
of Lowry et ai^. The results presented in Table 1 show 
that, during & period of 48 h, synthesis of DNA, nuclear 
RNA and protein was inhibited by FUDR. Examination 
of stained preparations made at intervals during the 48-h 
period indicated that the nucleolini and the chromosomal, 
perichromosomal and granular cytoplasmic RNP* gradu- 
ally disappeared. The cytoplasmic changes occurred 
later than those in the nucleus. Cytochemical investiga- 
tions have indicated that the nucleolini, chromosomal 
and so-called ‘perichromosomal’ RNP appear to exist 
as hybrids with DNA. The changes were not due to 
conversion of FUDR to fluorouracil, since they could be 
prevented by incorporation of equimolar thymidine, but 
not by uridine in the medium”. 


Table 1. EFFECTS OF FLUORODEOXYURIDINE (FUDR) ON NUCLEIO ACIDS 


AND PROTEIN PER CULTURE DURING 48-H INCUBATION * 
Percentage of initial amount per culture 


Cultures (nuclear fraction) 
RNA Protein 
Untreated 407 390 506 
Treated with FUDR (2 x 10" M) 95 86 159 
Difference + S.E. 8124 61 304 +53 347412 


* Mean of four experiments. 


Table 2. EFFECTS OF ACTINOMYOIN ON NUCLEIO ACIDS AND PROTEIN PER 
CULTURE DURING 24-H INCUBATION 


Percentage of initial amount per culture 
DNA RNA 


Cultures Protein 
Untreated 224 208 
Treated with actinomycin (0-01 
ug/ml.) 0 104 158 
Difference + S.E. 7414 120 + 27 55+ 25 


* Mean of four experiments. 


The results of similar investigations of HeLa cells 
treated with actinomycin D (0-01 ug/ml.) for 24 h are 
presented in Table 2. Treatment with actinomycin 
produced a pronounced inhibition of synthesis of RNA, 
some reduction of protein formation and no significant 
effect on DNA metabolism. Cytochemical investigations 
indicated that, after 24 h, the nucleolini and pars amorpha 
of the nucleolus had almost completely disappeared and 
that the granular cytoplasmic RNP was decreased. 
Sequential observations revealed that the nucleolar 
changes preceded the decrease in cytoplasmic RNP. 
Chromosomal and perichromosomal RNP were unaffected. 

In summary, the results with FUDR show that inhibi- 
tion of synthesis of DNA results in a failure of synthesis 
of DNA-RNA hybrids in the chromatin and nucleolini; 
granular RNP in the cytoplasm is also reduced. Inactiva- 
tion of DNA-primed RNA synthesis by actinomycin}, 
of RNA in all 
nucleolus, and later results in the reduction. 
RNP in the cytoplasm. The work of Perry 


parts of the 
of granular 
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indicates that low concentrations of actinomycin, such as 
those used here, may selectively inhibit the formatión of 
rapidly labelling bigh molecular weight ribosomal- 
precursor RNA in the nucleolus, and later lead to a de- 
crease in ribosomal RNP". This would suggest that at 
least one of the ribonucleoproteins of the nucleolus is & pre- 
cursor of the granular cytoplasmic RNP which is, there- 
fore, probably of the ribosomal or polyribosomal type. 
Since the RNP of the nucleolini and not the pars amorpha 
was affected in the FUDR system, in which the granular 
cytoplasmic RNP was also reduced, the RNP of the 
nucleolini may be of the ribosomal precursor type. On 
the other hand, as previously suggested?/914-1*, it may be 
of the messenger type, since the latter is necessary for 
the formation of ergosomes or polyribosomes” and only 
large aggregates of ribosomes could possibly be visualized 
by cytochemical techniques for light microscopy. 

This work was supported by grants C.4-05402-03 VR 
and @M-813-02 from the U.S. National Institutes of 
Health. 
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Anomalous lonization of Methyl Linolenate 
by Metastable Argon Atoms : Possible 
Linolenic Acid Participation in Photosynthetic 
Reactions 


Durrne the past few years there has been an increasing 
number of reports pointing to the possible specific rolo 
of a-linolenie (cis-9,12,15-octadecatrienoic) acid in pboto- 
synthetic reactions of green plants. In algal cells grown in 
the dark «-linolenic acid is virtually absent; if the cells 
are exposed to light, the concentration of linolenic acid 
increases in parallel with that of chlorophyll. The same 
process has been observed during the greening of etiolated 
Citrullus vulgaris seedlings’. 

Approximately 85 per cent of the cellular «-linolenate 
is accounted for by the chloroplast fraction® as an acyl 
component of galactolipids of the ehlorophyll-lipoprotein 
membranes*. According to Bloch et al., the presence of 
linolenic acid in Euglena gracilis Z cells seems to be neces- 
sary for the Hill reaction and the evolution of oxygen’. 

The present-day concept of photosynthesis involves the 
absorption of light quanta by a chlorophyll molecule 
followed by the conversion of the latter to a triplet 
excited state. The excitation energy is transferred by a 
mechanism as yet obscure to a photochemical reaction. 
centre to offect photolysis of water and simultaneous 
oxygen evolution’. It has been suggested that the linolenic 
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acid of chloroplasts is in some way related to the dark 
reactions of electron transfer?. 

Having at present no means of devising a model system 
of photosynthesis containing linolenig acid, we decided to 
compare the capability of linolenic acid and other fatty 
acids commonly present in plant tissues to be ionized in a 
more simple model system by excited metastable atoms. 
It is known that in the ionization detector for gas chroma- 
tography introduced by J. E. Lovelock* the organic sub- 
stances are ionized as a result of the following reactions: 


Ar + B-partieles (Sr®°) > Art + e- (1) 


Ar + e--> Ar* (2) 
Organic substance + Ar*—> organic substancet + Ar (3) 


where e- are free electrons, Ar * aro metastable argon atoms 
and organic substance* are ionized molecules of organic 
substance’, 

A standard mixture of palmitic, stearic, oleic, linoleic 
and «-linolenic acid methyl esters (0-25—0-50 ul.) was intro- 
duced into the ionization detector of an argon chromato- 
graph (W. G. Pye and Co., Ltd., Cambridge, Great Britain) 
containing Sr (20 mo.) at 190° + 1°, 60 ml. Ar/min and 
x 10 or x 3 amplifier sensitivity. In various experimonts 
the detector voltago was 750, 1,000, 1,250 or 1,500 V. 
Detector responses proportional to the ionization of 
different esters were determined by multiplication of the 
respective peak heights by width at mid-height, or by 
triangulation’, and expressed in arbitrary units in relation 
to methyl palmitate: the mass response for methyl 
palmitate being equal to I in each experiment. 

The effect of detector voltage on the ionization of fatty 
acid methyl esters is shown in Fig. 1. These results demon- 
strate that detector voltage has almost no effect on the 
relative response for palmitic, stearic, oleic and linoleic 
acid esters. Therefore, these acids do not vary in their 
ionization pattern. On the contrary, the ionization of 
methyl linolenate rises continuously when 6-particle 
energy and metastable atom concentration are increased. 

It is suggested that the unique properties of linolenic 
acid with regard to its ionization pattern and prodominant 
role in photosynthetic reactions are related to the structure 


18 2 


11 Pa 


Relative detector response 
D 





1,000 
Detector voltage 
Fig. 1. Relative ionization detector response for fatty acid methyl esters 


“750 1,250 1,500 


as a function of detector voltage. The response for methyl palmitate is 
arbitrarily equal to 1 at each voltage. 1, methyl palmitate: 2, methyl 
stearate; 8, methyl oleate; 4, methyl linoleate; b, methyl linolenate 
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of this acid having three methylene-interrupted double 
bonds at the ‘methyl end’ of the aliphatic chain. This 
suggestion is all the more probable as there are other 
instances when the structure of unsaturated fatty acids 
controls their biological function. Linoleic (cis-9,12- 
octadecadienoic) and arachidonic (cis-5,8,11,14-docosa- 
tetraenoic) acids are essential to animal organism (vitamin 
F) (ref. 9). These acids can be replaced by the inter- 
mediate of their interconversion, y-linolenic (cis-6,9,12- 
octadecatriencic) acid’, which is, however, completely 
inactive in photosynthetie systems’. 

Thus the anomalous ionization of methyl linolenate by 
excited metastable atoms does not explain the mechan- 
ism of o-linolenie acid participation in ‘primary’ photo- 
synthetic reactions. Nevertheless, we may hope that the 
found relationship will be useful in planning and carrying 
out further experiments in this field. 


A. G. VERESHCHAGIN 
QALINA V. NOVITSKAYA 
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PHYSIOLOGY 


Inhibition of Ovulation in the Rabbit 
by Actinomycin D 

In the rabbit, an induced ovulator, sufficient gonado- 
tropin is released in the first hour after coitus to result 
in ovulation 9 h later’. This represents an interesting 
example of a stimulus-response system. Although the 
stimulus pathway has been reasonably elucidated, the 
response is not well understood. The subsequent steps in 
the response beyond the level of release of gonadotropin, 
involving interaction of hormone and ovary and culmin- 
ating in rupture of the Graafian follicle, are unknown. 
For about 8 h after the coital stimulus the only apparent 
change in the follicle is an increased protuberance of the 
follicle above the surface of the ovary. It is during the 
2 h prior to rupture of the follicle that a rapid increase 
in volume occurs. The increased volume is followed by 
stigma formation, usually at the apex of the follicle, and 
finally the release of the ovum. 

Several hypotheses have been suggested to account for 
the changes which have been seen. These vary from the 
suggestion that smooth muscle in the theca externa, facili- 
tates rupture to the suggestion that an increase in pressure 
in the follicle is the causative mechanism via a depolymer- 
ization and an ischemia of the stigma followed by necrosis?. 
More recently the concept of increased pressure was made 
untenable by the demonstration that existent pressures 
remain unchanged through ovulation®. A model of the 
mechanism of ovulation has been described in which it 
was shown that bacterial collagenase or protease injected 
into the antrum of unstimulated follicles could cause 
swelling, stigma formation and rupture®. The presence of 
proteinases with optima at pH 4 and 8 in the ovaries of 
cycling rats in concentrations above those seen in pseudo- 
pregnant and pregnant rat ovaries also fits into the picture * 
in which enzymes play a part in ovulbtion*. 
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Actinomycin D appears to inhibit the action of several 
hormones’. It is at present believed that actinomycin D 
is an extremely specific inhibitor of protein synthesis and 
that it acts by blocking DNA-directed synthesis of 
messenger RNA, perhaps by binding with the guanine in 
the minor groove of the DNA primér and thus preventing 
the action of RNA polymerase*. Therefore, in the context 
of contemporary ideas of how actinomycin D acts, we 
explored the effects on the ovulatory mechanism subse- 
quent to injection directly into stimulated Graafian 
follicles. We have determined both the minimal amount 
of actinomycin D necessary to inhibit ovulation and the 
most effective period after a coital stimulus for the action 
of the minimally effective dose. 

Virgin female rabbits, individually caged and about 6 
months old, were stimulated by mating with a vigorous 
buck. The rabbits were anesthetized 1 h after coitus with 
approximately 25 mg of sodium pentobarbital/kg body wt. 
Bilateral laparotomies were performed and the ovaries 
pulled out without embarrassment of the circulation so that 
the follicles might be injected and examined. The ovaries 
were supported with a ‘Plexi-glass’ rod and kept warm 
and moist with a drip of 37° C Ringer’s solution’. The 
micropipettes were inserted into mature cestrus stage 
follicles with a DeFonbrune micromanipulator’. Randomly 
selected follicles were injected with either actinomycin D 
or saline so that each ovary contained, frequently in close 
proximity to each other, both treated and control follicles. 
The follicles were examined for ovulation 11 h after coitus 
and re-examined periodically for as long as 24 h to check 
for delayed ovulation in follicles that had failed to ovulate 
initially. The data for the entire ovary were discarded if 
all saline-injected follicles failed to ovulate. In no case 
did actinomycin-D-injected follicles ovulate when the 
saline-injected follicles failed to ovulate. 

Eighty-five per cent of the 33 follicles injected with 
1 ul. of isotonic saline ovulated. Fifty-seven follicles in 13 
rabbits in cestrus that were stimulated by mating were then 
injected with 1 yl. of actinomycin D in saline to determine 
the minimum concentration necessary to inhibit ovulation. 
The follicles were all injected 1-3 h after coitus with one 
of the several doses of actinomycin D indicated in Fig. 1. 
Doses of 1 ug-10- yg actinomycin D completely 
inhibited ovulation while doses less than 10-? ug actino- 
mycin D caused only occasional inhibition (Fig. 1). 

Post-coital inhibition time was determined by injections 
of actinomycin D into follicles at various times after the 


Percentage of injected follicles ovulating 
a 
eo 
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Actinomycin D (ug) 
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Tig. 1. Effect of aetinomyoln D on ovulation. The drug was injected 
directly into the œstrus stage follicle 1-3 h after a coital stimulus to the 
rabbit. Saline wasalwaysinjeoted into severa] folliclesin the same ovary 
and the response was ovulation of these follicles. 85 per cent of the 
saline-injected follicles ovulated. The response was recorded 11 h after 
the stimulus had been administered. Roman numerals, No. of animals; 
Arabic numerals, No. of follicles 
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Hours after coitus (10-? ug actinomycin D injected) 


Fig.2. Post-coltalinhibition time. The rabbits were anesthetized 1 h 

after coitus and the follicles injected with actinomycin D at the times 

indicated. Tho ovaries were examined after 11h and after 24h. Saline 

was injected into control folliclesin each ovary. Evidence of inhibition 

of ovulation by actinomycin D was based on ovulation occurring in 

saline-injected follicles in the same ovary. Roman numerals, No. of 
animals; Arabic numerals, No. of follicles 


coital stimulus. A dose of 10-? ug was used in these 
experiments. Thirty-seven follicles were injected in 9 
stimulated cestrus rabbits. There was complete inhibition 
of ovulation when the follicles were injected 1-3 h after 
coitus; later injections resulted in only occasional or no 
inhibition (Fig. 2). 

Preliminary examination of the duration of inhibition 
of ovulation has been considered. Twenty-five 1.0. of 
human chorionic gonadotropin was injected into 2 rabbits 
mated 26 h previously. The only non-ovulated Graafian 
follicles on the ovaries were those that had been injected 
with 10- ug actinomycin D 25 h earlier. Ten hours after 
the human chorionic gonadotropin had been administered 
the ovaries were again examined. Eleven inhibited follicles 
appeared greatly enlarged and hemorrhagic and 2 follicles 
had ovulated. Therefore it appears that actinomycin D 
inhibition is transient and that such follicles are capable 
of response to a later second dose of ovulation inducing 
hormone. 

Actinomycin D is an effective inhibitor of ovulation 
when injected into mature cestrus stage follicles in high 
enough concentrations and soon enough after the coital 
stimulus. Furthermore the inhibition is transient. In 
view of the effectiveness of actinomycin D as an inhibitor 
of ovulation and in keeping with present-day ideas of the 
mechanism of actinomycin D action we suggest that 
gonadotropin acts at the level of the nucleus of some as 
yet unspecified cells to induce the synthesis of a specific 
m-RNA. This m-RNA. forms a template for the synthesis 
of a protein which may be intermediate in the synthesis 
of a hormone or may possibly be a proteolytic enzyme 
which then causes ovulation. It may be that sufficient 
messenger RNA is produced in the 3 h after coitus to allow 
adequate protein synthesis for ovulation to occur, since 
injection of 10-? pg actinomycin D was completely 
inhibitory if given up to 3 h after coitus, but was only 
partially inhibitory or had no effect if injected later than 
3 h. 

This work was supported in part by a U.S. Public 
Health Service fellowship, 1 FL GM—21, 186-01 (W.R.P.), 
from the National Institute of General Medical Soiences, 
in part by a contract between the Division of Biology and 
and Medicine, U.S. Atomic Energy Commission and the 
Florida State University, and in part by National Institute 
of Arthritis and Metabolic Diseases grant AM-01904. 
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Modification of Visual Critical Flicker Fusion 
Frequency by Intermittent Auditory Stimuli 


Kravxov'? found that visual critical flicker fusion 
frequency was modified by auditory stimuli, but other 
workers failed to confirm this?.4, 

The experiments to be described here were suggested 
by the demonstration of a modifying effect of intermittent 
light of varying frequency on critical flicker fusion 
frequency**, The relationship between critical flicker 
fusion frequency and the adapting frequency was almost 
linear between adapting frequencies of 24 and 54 cjs. 
Because the exposure of one eye to the adapting light 
altered the critical flicker fusion frequency of the other, 
the phenomenon is probably central in origin. 

Visual critical flicker fusion frequency was measured 
by Turner’s technique’. It was defined as the fastest 
rate at which the neon light source was considered to be 
flickering as opposed to being steady. The threshold 
was determined either by an approach from a lower 
to a higher frequency (ascending threshold) or vice 
versa (descending threshold). Audiblo ‘clicks’ of varying 
frequency were derived from an oscillator constructed 
on the ‘module’ system? and were presented to the subject 

` through a loud speaker. 

The ascending (A) and descending (D) thresholds of 
critical flicker fusion frequency of six subjects were 
tested after exposure for 1 min to auditory ‘clicks’ at 
25 or at 50 c/s., or after a period of silence. The order in 
which the various frequencies of sound wero given and 
ascending and descending thresholds were measured was 
randomized in a latin square arrangement. The results 
are given in Table 1. 


Table 1. Exp. 1. EFFEOT OF INTERMITTENT SOUND AT 25 AND 50 o/s 
ON ASCENDING (A) AND DESCENDING (D) THRESHOLDS OF CRITICAL FLIOKER 
FUSION FREQUENCY (c.f.f.f.) 


n=6 5 per cent critical difference 0-74 ejs 
i Mean c.f.f.f. (c/s) 
d b 


No sound 35:5 35:0 
Adapting sound 25 936-0 35-0 
frequency (c/s) 50 36°25 35-75 
Table 2. Exp EFFECTS OF INTERMITTENT SOUND (0-80 o/s) ON 


i9. 
ASOENDING (4) AND DESCENDING (D) THRESHOLDS OF c.f.f.f. 
n=8 5 per cent critical difference — 0-54 c/s 
Adapting sound frequency (c/s) 
0 20 40 80 


35:25 35-5 37:0 86°75 
35:25 35°75 35°75 36°5 


C.f.£.f. A 
(c/s) D 


The mean ascending threshold of critical flicker fusion 
frequency after exposure to sound at 50 e/s was sig- 
nifieantly higher than that without sound, while that 
after 25 c/s had an intermediate value. The mean 
descending threshold after 50 c/s was significantly higher 
than that after 25 e/s or that without sound, these latter 
two having identical values. 
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In a second experiment usidg the same method but in 
a sound-proof room, adapting frequencies of 20, 40 and 
80 c/s were used. Determinations were randomized to 
eliminate any order effect. Table 2 shows that visual 
critical flicker fusion’ frequency rose as tho adapting 
auditory frequency increased. The ascending threshold 
rose sharply between 20 and 40 c/s while the descendinu 
threshold rose steeply between 40 and 80 c/s. 

These preliminary, experiments suggest that there is 
an intersensory effect of intermittent sound of varying 
frequency on critical flicker fusion frequency. 

We thank Mr. P. M. G. Bell for the design of tho 
apparatus. 
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PHARMACOLOGY 


Effect of Snake Venom and Endotoxin on 
Cortical Electrical Activity 


Tue effects of a lethal injection of cobra venom, rattle- 
snake venom, or E. coli endotoxin on the cardiovascular 
system of the dog and monkey have been described 
previously in detail. The administration of endotoxin 
results in hypotension, acidosis, hemolysis, and renal 
failure’+. A similar effect is seon following the administra- 
tion of snake venom*?. No reports, however, describe the 
effects of these compounds on the central nervous systern. 
The purpose of work recorded here, therefore, was to 
determine if a change in cortical electrical activity follows 
a lethal injection of these toxins. 

Thirty adult mongrel dogs and fifteen monkeys of the 
Cynapthecoid group (sooty mangabey) were used. All 
animals were anesthetized with pentobarbital sodium 
(30 mg/kg). Arterial blood pressure was continuously 
recorded using a Statham strain gauge and an E und M 
six-channel physiograph. The cortical electrical activity 
of the right and left hemispheres of the brain was moni- 
tored using bipolar silver electrodes placed directly on the 
dura of each hemisphere. Continuous electroencephalo- 
grams were recorded prior to and for up to 10 h after the 
intravenous administration of the toxin. The uninals 
were divided at random into tho following three groups: 

Group I: 10 dogs and 5 monkeys receiving 0:5 mg/kg 
crude cobra venom (Naja naja); Group II: 10 dogs and 
5 monkeys receiving 0-5 mg/kg crude rattlesnake venom 
(Crotalus admanteus) ; Group III: 10 dogs and 5 monkeys 
receiving 1:0 mg/g endotoxin (E. col?) (Difco). 

Table 1 presents a composite of the results obtained 
from the three groups of animals used in this work. Tho 
effect of each toxin on cortical electrical activity is indi- 
cated. The change observed in EEG is of an all-or-none 
nature, being characterized by either a complete loss of 
activity, or no alteration at all. All animals in Groups I 
and II showed complete or almost complete EEG silence 
within 1 min after having received either venom. Ine 
contrast, none of the dogs or monkeys in Group IIT, 
which received endotoxin, showed any alteration in 


Rattlesnake venom E. coli endotoxin 


Fig. 1 


Cobra venom 


EEG. Average survival time, as well as the range for 
each group, is indicated. 

Actual tracings, representative of the changes observed 
in the three groups, are shown in Fig. 1. The immediate 
effect of cobra venom, rattlesnake venom, and E. coli 
endotoxin on EEG and blood pressure is presented. 
Within 30-60 sec following the administration of cobra or 
rattlesnake venom, a complete loss of all EEG activity is 
seen. This occurs prior to the initial fallin blood pressure. 
Although the hypotension is usually followed by partial 
recovery, no return of cortical activity is noted during the 
subsequent course of the experiment. All animals even- 
tually expire exhibiting signs of respiratory paralysis and 
cardiovascular failure. In conjunction with the initial 
change in EEG, & loss of eyelid and corneal reflexes occurs 
shortly after venom, which, like tho change in EEG, is 
irreversible. In the animals receiving endotoxin, a fall in 
blood pressure similar to that observed with snake venom 
is noted; however, no change in cortical eloctrical activity 
is observed. As both the dogs and monkeys progress into 
the later stages of endotoxin shock and the blood pressure 
once again falls to hypotensive levels, some changes in 
cortical activity are noted. These alterations are probably 
associated with and attributable to progressive anoxia 
and not to any direct action of endotoxin on cortical 
tissue per se. 


Table 1 
Dogs Monkeys 
No. Average No. Average 
of EEG survival of EEG survival 
animals change time (h) animals change time (h) 
Group I l4 2-0 
(cobra venom) 10 10/10 (0-3-2-2) 5 5/5 (1:1-8-1) 
Group II 
(rattlesnake 131 T7 
venom) 10 10/10 (0-2-2-0) b 5/5 (1:0-2-8) 
Group III 
(E. coli T6 0:6 
endotoxin) 10 0/10 (5-1-9-6) 5 0/6 (4:1-10-0) 


Results of this work indicate that the vonoms of the 
hooded cobra and of the eastern diamondback rattlesnake 
have a unique and severely depressant effect on cortical 
electrical activity. No comparable change is observed 
after the administration of endotoxin, even though the 
resulting fallin blood pressure is in many instances greater 
than that produced by snake venom. This observation, in 
conjunction with data obtained from hemorrhagic shock 
investigations, in which prolonged hypotension does not 
produce changes in BEG’, climinates the probability that 
the observed change in EEG is the result of oither cardio- 
vascular hypotension and/or cerebral hypoxie. In addi- 
tion, changes in cortical activity consistently appear 
before the observed fall in blood pressure, indicating that 
tho toxin exerts a more immediate and profound effect 
on brain tissue than on peripheral components. The 
relationship of this change to that occurring at the neuro- 
muscular junction of the diaphragm is not elear??. It is 
possible that the two are in some way related. The per- 
manent loss of eyelid and corneal reflexes in conjunction 

with the change in EEG supports the hypothesis that both 
venoms are capable of severely disrupting not only the 
normal spontaneous electrical activity but also the 
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functional organization of the brein, An 
investigation of the mechanisms by which 
this change is produced, as well as a fraction- 
ation ‘of the venoms into their various com- 
ponents, is now being carried out in these 
laboratories. 

The cortical electrical activity of the 
brain has been shown to be severely depressed 
by the administration of cobra and rattle- 
snake venoms. This change is not seen in 
animals administered a lethal dose of endo- 
toxin, even though a fall in blood pressure 
similar to that observed with venom is 
consistently noted. The relationship of the EEG change 
to the lethal outcome of exotoxin shock is not clear but 
may in some way be related to its blocking effect on 
neuromuscular transmission. 
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"  |dentity of the Cerebellar Factor 


EXTRAOTS of mammalian cerebellum, suitably injected 
into the cerebral circulation of the decerebrate rabbit, 
produce an increase in the electrical activity of the 
cerebellum. This effect, first described by Crossland and 
Mitchell, is due to a hitherto unidentified substance, 
provisionally called the cerebellar factor. The cerebellar 
factor has been found in some other localized regions of the 
nervous system, particularly the optic nerves. It is 
present in small amounts in the cerebral hemispheres, 
but absent from the dorsal columns of the spinal cord?. 
A characteristic feature of the cerebellar factor is its 
greater stability in alkaline than in acid solutions. In 
alkali (pH 14) biological activity is still present after 
5 min boiling, but it gradually disappears thereafter; in 
acid (pH 1) no detectable activity remains after boiling 
for 5 sec?. Although active on central neurones, the 
cerebellar factor appears to be inactive on smooth or 
striated muscle and on autonomic ganglia. 

A study of the known chemical properties of the 
cerebellar factor suggested a similarity with ergothioneine, 
the betaine of thiolhistidine: 

N+(CH;)s 


HC=C.CH,.CH.COO’ 
iz 
Y 
ls 


Ergothioneine shows the same relative stability towards 
acid and alkali as does the cerebellar factor. In acid 
solution its sulphydryl group is very easily oxidized bub 
is quite resistant to oxidation in an alkaline medium. 
Under alkaline conditions, fission eventually occurs 
elsewhere in the molecule with the formation of thiol- 
urocanic acid and the release of trimethylamine’. 
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Ergothioneine is known to oceur in some mammalian 
tissues, although earlier workers have reported its absence 
from brain®, and Melville et al. have developed a highly 
specific and relatively sensitive method for its quantitative 
determination in tissue extracts. We have applied the 
ae to brain with the results, for the rabbit, given in 

able 1. 


Table 1. ERGOTHIONEINE CONTENT (IN ug/g) OF PARTS OF THE RABBIT 
CENTRAL NERVOUS SYSTEM 


Mean 
Cerebellum 4:3, 4-6, 5:0, 6-6 4:0 
Cerebral hemispheres 0:9, 1-2, 1-2, 1-9, 1:5 r2 
Optic nerves 21-0, 36-0, 29-0 28-7 
Dorsal columns «10, <1:0 «ro 


A similar distribution has been found in other mamma- 
lian species: it corresponds to that found for the cerebellar 
factor. We have also found that ergothioneine bas an 
action on the electrical activity of the cerebellum similar 
to that produced by the cerebellar factor. In sensitive 
preparations, 0-1 ug is sufficient to cause a marked 
increase in cerebellar activity. In their original experim- 
ents, Crossland and Mitchell were able to produce cere- 
bellar excitation by the injection of an extract of 20 mg of 
rabbit cerebellum and this amount of tissue would have 
contained approximately 0-1 ug of ergothioneine (Table 1). 
Thus, the excitatory action of cerebellar extracts can be 
completely accounted for by their contained ergothioneine. 

The actions of ergothioneine are probably not confined 
to the cerebellum. Preliminary experiments, in which 
ergothioneine has been applied to small groups of cells in 
the parietal cortex, using the technique developed by 
Mitchell’, have indicated that it also excites some cortical 
cells. Outside the central nervous system it appears to 
be without detectable action. 

J. CROSSLAND 
G. N. Wooprurr * 
Pharmacological Laboratories, 

University of Nottingham. 
J. F. MrrcRELL 

Department of Physiology, 

St. Mary’s Hospital Medical School, 
London, W.2. 
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" 
’ Guanethidine as an Anti-fibrillatory Agent 


CATECHOLAMINES have for many years been known to 
produce cardiac arrhythmias'. The influence of acetyl- 
choline or vagal stimulation on arrhythmias, especially 
of the atria, has overshadowed the influence of the 
sympathetic mediators’. Sharma? has reported that 
administration of epinephrine or norepinephrine simul- 
taneously with acetylcholine enhanced the fibrillatory 
activity of the latter. Thus, it would seem appropriate 
to examine further the relationship between acetyl- 
choline and catecholamines in their effect on heart 
rhythm. 

The introduction of guanethidine, a drug which acts 
at adrenergic nerve terminals by preventing release of 
norepinephrine on nerve stimulation, suggested the 
possibility of studying the susceptibility to experimental 
atrial fibrillation in animals with deficient adrenergic 
mechanisms. 

Healthy male dogs weighing about 10 kg were pre- 
medicated with morphine sulphate (2 mg/kg subcutane- 
ously). In 30 min, the dogs were anzesthetized with sodium 
pentobarbital (38 mg/kg intraperitoneally). An endo- 
tracheal tube was inserted and the dogs immobilized in 
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Table 1. DOSE AND DURATION OF AOTION OF GUANETHIDINE AS AN 
ANTI-FIBRILLATORY AGENT 
Percentage protection 
e 
Experi- Dose of delay acetylcholine- 
ment guanethidine (mg/kg) before atrial 
No. and royte challenge fibrillation 
(0:5 mg/kg 
intravenous) 
121 1:0 Intravenous 1 0 o 
125 1:0 š 1 100 (3 
127 1:0 n 1 100 (2 
141 1-0 2 1 100 (3 
147 1:0 * 1 100 (3 
73 1:0 Subcutaneous 4 0 (3 
65 2:5 " 4 100 ( 
69 2:5 ^ 4 100 (3) 
77 2:5 i 4 50 (4) 
95 25 D 18 0 q 
109 2:5 p 18 68 3 
113 25 j 18 0 (2 
129 25 " 18 0 (2 
135 40 e 18 0 (2 
39 10-0 » 24 100 (2 
41 50 R 24 100 (2 
43 5:0 at 24 100 (2 
45 50 is 24 100 (2 
137 40 e 24 100 (3 
139 4:0 » 24 100 (3 
79 2:5 " 24 100 (2 
81 25 ay 24 0 3, 
97 25 s 24 0 2 
115 25 i 24 0 2 
117 25 » 24 0 (2 
181 25 f 24 0 (2. 


the prone position. They were given guanethidine at 
various doses and intervals before and during tho experi- 
ment (Table 1). The method of Leveque was used for 
the production of atrial fibrillation’. With this pro- 
cedure during control tests, all the experimental dogs 
demonstrated susceptibility to acetylcholine-induced atrial 
fibrillation at doses of 0-3 mg/kg or less. A total of 26 
experiments were performed on 14 dogs. 

The usual protective dose of guanethidine within 
20 min appeared to be about 1:0 mg/kg although 0-5 
was sometimes adequate. These low doses were protective 
for at least 1-2 h, but the effect did not usually last as 
long as 4 h. With increasing doses of guanothidine 
(up to 10-0 mg/kg), the anti-arrhythmic effect of this drug 
was prolonged up to 24 h. 

Anti-fibrillatory drugs are in general related in structurc 
to local anesthetics and antihistaminic agents. The 
chemical structure of guanethidine shows similarities to 
this general structure, and Green has reported that 
guanethidine possesses a highly persistent local anes- 
thetic action‘. 

Using the method described here for testing the anti- 
fibrillatory action of guanethidine, other drugs such 
as procaine, diphenhydramine, chlorpheniramine, tripel- 
lenamine and quinidine have been found previously to be 
protective. 

It is interesting to note that the anti-arrhythmie action 
of guanethidine is apparent with doses that are smaller 
than those generally used for adrenergic blockado'. 
This might suggest that the anti-arrhythmic effect of 
this drug does not depend on changes in catecholamine 
stores. Investigations to elucidate the mechanism of 
action of guanethidine in preventing cardiac arrhythmias 
are now in progress. 

This work was supported by a research grant from the 
Central Ohio Heart Association. 
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IMMUNOLOGY 


Suppression of Antibody to Endotoxin with 
6-Mercaptopurine : Effect of Antigen Dose 


Tue selection of antigen, the type and dose of anti- 
metabolite administered, and the species of recipient 
animal are all important factors in the evaluation of the 
immunosuppressive properties of antimetabolites’. Using 
as an antigen sheep red blood cells treated with tannic acid, 
Nathan et al. reported that suppression of antibody re- 
sponse by 6-mercaptopurine (6-M P) became greater as the 
dose of antigen was increased*. Furthermore, in investig- 
ations of drug-induced immunological tolerance, Schwartz 
and Dameshek have shown that using a constant dose 
of 6-MP, suppression of antibody to bovine serum albumin 
is proportional to dose of antigen administered’. We 
have used 6-MP to suppress the antibody response to the 
somatic antigens (endotoxins) of Gram-negative bacteria‘. 
In contrast to the foregoing reports we have noted that 
suppression of antibody to bacterial polysaccharide 
antigens is not greater when larger doses of antigen are 
administered. 

The endotoxin of Salmonella typhosa 0901 (Difco), 
diluted in sterile buffered saline, -was administered intra- 
venously to New Zealand albino rabbits of either sex 
weighing approximately 2 kg. Doses of 2, 20 or 200 ug 
in 2-ml. volumes were injected into three groups of 
experimental animals ; quantities greater than 200 ug 
were found to have prohibitive toxicity. 6-Mercapto- 
purine was prepared for injection immediately prior to 
use by dissolving a maximum of 150 mg of 6-MP for each 
ml. of 1 N sodium hydroxide. The solution was then 
diluted with buffered saline to a concentration of 18 
mg/ml. and pH 10-11. All animals treated with 6-MP 
received 18 mg of drug/kg body wt. Control animals, 
not receiving 6-MP, were injected with identical volumes of 
a buffered saline solution adjusted to pH 10-11 by 
addition of 1 N sodium hydroxide. Both injections and 
bleedings were via marginal ear veins with all bloods 
obtained at least 24 h after the final injection of 6-MP 
and 5 days after the endotoxin injection, since peak 
antibody titres to endotoxins have been reported to occur 
at this time’. Sera, separated by centrifugation, were 
stored at —20° C until antibody determinations were 
made by the bentonite flocculation technique using 
serial two-fold dilutions of sera*. Numerous determin- 
ations of antibody to S. typhosa in normal rabbit sera 
previously made with this technique have revealed only 
rare positives with low titre ; therefore, antibody levels 
prior to endotoxin injection are not reported. 

Animals were divided into three experimental groups : 
the first received 2 ug of endotoxin (55 animals), the 
second 20 pg (49 animals) and the third (111 animals) 
200 ug. Half of each of the above groups received four 
daily injections of 18 mg of 6-MP/kg -body-wt. beginning 
at the time of antigen injection while the other half 
received four daily injections of the diluent solution, thus 
serving as cantrols. 

The results of these experiments are given in Table 1. 
Each 6-MP treated group had significant reduction in 
titre when compared to its respective control (P « 0-01 for 
each, £ test). Antibody titres of sera from both control 
and drug-treated rabbits were greater for the higher 


Tuble 1. ErrEOT or DOSE OF ENDOTOXIN ON ANTIBODY LEVELS IN 6-MP- 
TREATED RABBITS 


Dose of 
endotoxin (ug) 


Drug Antibody titro 

2 6-MP* 4-21 (2-6-6-8)1 

2 Control 16:0 (10-6-24-3) 
20 6-MP 9:4 (06:0-15-0 
20 Control 49-0 (052-03-0 
200 6-MP 22-8 (15:4-33-6 
200 Control 72-8 (55-2-96-0 


e 
* 18 mg/kg of 6-MP daily for 4 days. 
+ Geometric mean reciprocal titres. 
f Purentheses equal 95 per cent confidence limits. 
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doses of antigen. However, the immunosuppressive 
action of the drug was not greater as the dose of antigen 
was increased ; this finding is clearly different from those 
with tanned red tells and bovine serum albumin as 
antigens. In fact, if anything, there was a tendency 
toward less-pronounced suppression at the highest dose- 
level, 200 ug. The differences of the means of the three 
groups were tested for homogeneity using the P test, 
and the results were F=0-7, P> 0:25. 

While the results of the work recorded here are clear, 
it would not be logical to generalize from the effects 
of 6-MP on this immunologic system. It has recently 
been reported that 6-MP is capable of suppressing the 
development of 7S y-globulin antibody to bovine y- 
globulm but not 19S macroglobulin antibody to this 
antigen’. This work illustrates the hazards of generalizing 
from a single system, since the typical antibody produced 
in response to this dose of endotoxin is of the 19 variety 
and the suppressive action of 6-MP is readily manifested‘. 

The differences between the present results and those 
previously reported?? are probably due to the type of 
antibody response elicited by endotoxins. Both the 
previous reports of enhanced suppression by 6-MP with 
Increasing doses of antigen were concerned with primary 
immune responses. Since normal rabbits have ‘natural’ 
(that is, bactericidal) antibodies to most endotoxins, 
including that used in these investigations, the elicited 
antibody responses are perhaps of the secondary type. 
Another possible explanation of the described effects 
is the distinctive character of the polysaccharide antigens 
when compared with that of proteins. That the results 
reported in these studies are probably typical for this 
category of complex polysaccharides is attested to by the 
fact that 6-MP will suppress the antibody response to the 
antigens of S. enteriditis and Escherichia coli*. Work on 
antimetabolites may thus help to delineate differences in 
immune response to different types of antigen (that is, 
protein versus polysaccharide) as well as the character- 
istics of primary and secondary immune responses. 

We thank Messrs. S. B. Ward and J. Edelin for their 
assistance and Dr. D. W. Alling for the statistical analyses. 
The 6-mercaptopurine was generously supplied by Dr. 
G. H. Hitehings, Burroughs Welleome Co. 
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Permeability Factor in Pollen Extracts Active 
in Non-sensitized Mice 


Most of the recent work on hypersensitivity to pollens 
has been concerned with the isolation and characterization 
of the pollen allergens. The presence of biologically active 
materials in pollens, other than allergens, has been over- 
looked. The results presented here, however, demonstrate 
that pollen extracts contain a factor which increases 
vascular permeability in normal non-sensitized mice. 
Permeability factor was first detected by injecting Swiss 
Webster 20 g female mice intravenously with a mixture 
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Table 1. ATTEMPTS TO PRODUCE INCREASED VASCULAR PERMEABILITY 
IN THE EARS OF MICE BY INJECTING THE ANIMALS INTRAVENOUSLY WITH 
0-2", OF 0-5 PER OENT EVANS BLUE DYE AND: VARIOUS AGENTS 


Dose Blueing of 
Agent e (ug) the ears* 
Bradykinin 10t - 
E. coli endotoxin (Difco) 25-250 - 
Crotalus atroz venom 1:5-12:5 - 
Trypsin 1,000 - 
Alcohol-precipitable Lolium multiflorum (APL) 20t + 
48/80 35 + 
Histamine 30 + 
Serotonin 10 + 
Antigen (BSA in BSA-sensitized mice) 10 + 


* Maximal blueing occurred within 15 min and persisted for days. 

pina amount that could be tested duo to the toxicity of the prepa- 
ration. 

f Approximate ED,,. 


of 0-1 ml. of rye grass pollen extract and 0-2 ml. of 0-5 
per cent Evans blue dye. Five min after the administra- 
tion of dye plus pollen, a few blue spots appeared near 
the base of the ears; within 15 min large areas of the 
surface of the ears appeared deep blue. Control animals 
injected with dye alone showed no blueing of the ears. 
The most activo batch of permeability factor (ED, 20 ug) 
has been prepared from Italian rye grass (Lolium multi- 
florum). The permeability factor is precipitated from an 
aqueous extract of this pollen by ethanol containing 6 
per cent potassium chloride. The permeability factor 
present in alcohol-precipitable Loliwm is a non-dialysable 
very stable material. Its permeability promoting activity 
is unaffected by treatment with the following agents: 
boiling water for 30 min; 8 M urea, 4 h; conc. ammonium 
hydroxide, 1/2 h; «-amylase, 37° C, 4 h; pronase, 37? C, 
4 h. Lyophilized preparations of alcohol-precipitable 
Lolium have retained their activity for months. The data 
in Table 1 compare the permeability enhancing ability of 
aleohol-precipitable Loliwm with that of known permea- 
bility factors using the ear blueing technique. It can be 
seen that blueing did not occur in mice injected with 
dye plus one of the following: bradykinin, Æ. coli endo- 
toxin (Difco), Crotalus atrox venom, and trypsin. Ear- 
blueing occurred in mice sensitized with bovine serum 
albumin and afterwards challenged with bovine serum 
albumin, as well as in mice injected with dye plus either 
of the following: serotonin, histamine, or 48/80. Sero- 
tonin produced a marked blueing within seconds after 
its administration, while the blueing produced by 
histamine was faint and diffuse. After the injection of 
300 pg of alcohol-precipitable Lolium the histamine 
content of the ears of mice dropped from 150 ug/g to 
40 ug/g. Ear-blueing was inhibited by 10 pg of the 
antihistamine ‘Neoantergan’ or 50 ug of the antisero- 
tonin drug ‘UML 491’ (Sandoz). Although an anti- 
histamine inhibits ear-blueing due to alcohol-precipitable 
Lolium in normal mice, it does not inhibit ear-blueing 
produced in bovine serum albumin-sensitized mice 
challenged intravenously with bovine serum albumin. It 
thus seems unlikely that ear-blueing from alcohol-precipit- 
able Lolium is due to the presence of antibodies to alcohol- 
precipitable Lolium in the sera of normal mice. No 
hemagglutinating antibodies to alcohol-precipitable 
Lolium have been found in the sera of normal mice, and 
the incubation of alcohol-precipitable Lolium with normal 
mouse serum prior to its injection docs not result in 
neutralization of the ability of alcohol-precipitable 
Lolium to increase vascular permeability. 

Preparations of alcohol-precipitable Lolium contain 
pollen allergens as well as permeability factors. Allergenic 
activity is demonstrated by the ability of alcohol-precipit- 
able Lolium to induce passive cutaneous anaphylaxis 
in mice injected intradermally with a mouse antiserum 
to rye grass pollen. Thus far it has not been possible to 
separate the permeability factor from the components of 
aleohol-precipitable Lolium which are allergenic in mice. 
Treatment of alcohol-precipitable Lolium with acid, 
alkali, heat, enzymes, 8 M urea, ete., has affected aller- 
gens and permeability factors in a similar manner. 
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Chromatographic fractions of aleohol-precipitable Lolium 
obtained from DEAE and DEAE-'Sephadex' columns 
gave positive biuret and orcinol reactions and produced 
both blueing of the ears and positive passive cutaneous 
anaphylactic reactions. It is known that grass pollen 
allergens are polypeptides with a high carbohydrate 
content’, and it is possible that the permeability-promoting 
activity of alcohol-precipitable Lolium resides in molecules 
of a similar composition. Sehon and Richter? have 
suggested that complexes of pollen allergens are continu- 
ally breaking down during fractionation. The permeabil- 
ity factor may have indeed been produced by such a 
process. The presence of a permeability factor in rye grass 
pollen which acts by releasing histamine suggests that 
‘specific’ desensitization to pollens in man may to some 
extent be a non-specific procedure dependent on the 
induction of tissue refractoriness to histamine. Feinberg 
et al.? demonstrated that the repeated injection of 48/80 
in human skin resulted in a local refractoriness to the 
allergic response to ragweed or grass pollen. 

The role of permeability factors in tho unreliability of 
Skin tests to pollens in humans has not yet been determ- 
ined. Alcohol precipitable Soliwm will increase vascular 
permeability when injected directly into unsensitized 
mouse skin (EDs about 50 ug). However, it must be 
admitted that this dose far exceeds the amounts needed 
to produce a positive skin test in an allergic individual. 

This work was supported by U.S. Public Health Service 
research grant AI 02360. 

Lzon S. KIND 
WELLAM RICHARDS 
ÅDRIENNE T. SMTH 
PEyYLUIS ELLMAN 


Department of Microbiology, 
University of California School of Medicine, 
San Francisco, California. 
1 Augustin, R., and Hayward, B. J., Immunology, 5, 424 (1962). 


3 Sehon, A. H., and Richter, M., J. Immunol., 82, 190 (1959). 


3 Feinberg, S. M., Feinberg, A. R., Rebhun, J., and Malkiel, S., Quart. Bull 
Northwest Univ. Med. School, 28, 246 (1954). 


Immunofluorescent Detection of Proliferating 
Human Antibody-forming Cells 


DærùsroNn chamber cultivation studies with human 
lymph-node tissues have shown a high proliferative 
activity of the immune cell population immediately 
before and during antibody production as indicated by 
the incorporation of tritiated thymidine in vitro!. Is 
became of interest, therefore, to determine tho prolifer- 
ative capacity of the antibody-containing cells as com- 
pared with the cells in the same population which wore 
not forming antibody. This was done by using both 
4n vitro and in vivo exposure of the cultivated cells to 
tritiated thymidine and subsequent staining of tho cells 
for antibody by immunofluorescence followed by auto- 
radiography. 

Human lymph-node cells stored at liquid nitrogen 
temperatures and known to have the capacity to form 
antibody to S. typhosa antigen by previous tests? were 
used for this investigation. Nucleated cells obtained 
from storage were thawed and washed 3 times with 
Medium 199 to remove the preservativo, dimethy! 
sulphoxide. They were then incubated in vitro with 
S. typhi antigen in a cell : antigen ratio of 1 : 2. Aliquots 
of this mixture containing 10x 10° lymph-node cells 
were placed in diffusion chambers for subsequent culti- 
vation in X-irradiated (600 r.) mice. One group of 
chamber recipients was injected with 4 doses of 5 uc. of 
tritiated thymidine intraperitoneally, beginning 6 days 
after implantation and at 12-24 h intervals over a period 
of 2-25 days. These intervals of injection were chosen 
because it had previously been observed that antibody 
is not detected in the chamber fluid*in this system until 
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day 7 dnd that the blest cells reach their peak at 6 days 
after cultivation?. A secbnd group received no in vivo 
exposure to tritiated thymidine, but the cells obtained 
from these chambers at the time of removal were in- 
cubated im vitro with 0-5 ue. tritiated thymidine for 1.h 
at 37° C. The animals in each'group were killed at 
10, 11, and 12 days post-treatment, chamber fluid was 
recovered, and the cells were stained with immuno- 
fluorescent reagent. Immunohistochemical staining was 
performed by the double-layer technique? as follows : 
Cells from the chambers were smeared over a 10-mm 
diameter in the centre of a glass slide with a Pasteur 
pipette, air-dried, and fixed in acetone for 15 min. A 
drop of a 0-03 per cent flagellin solution pH. 7:0 extracted 
from the flagella of S. typhi cultures was placed on the 
cells and the slide was incubated in a moist chamber for 
45 min at 25° C. (The extracted flagellin protein from 
typhoid H flagella was kindly supplied by Dr. Frank F. 
Fitch, Medical School, University of Chicago.) The slides 
were washed in 0:01 M. phosphate buffered saline pH 7-2 
and then layered for 45 min with 1 drop of a globulin 
fraction of serum, which had been obtained from rabbits 
hyperimmunized with multiple injections of S. typhosa 
vaccine and conjugated with fluorescein isothiocyanate 
according to the method of Riggs et al.4. The conjugated 
reagent had been absorbed twice with mouse liver and 
spleen powder immediately before use to avoid non- 
specific staining. The slides were washed as before, 
mounted in 0-01 M phosphate buffered glycerol pH 7-2, 
and observed for fluorescence with the standard Zeiss 
fluorescence microscope. After immunofluorescent treat- 
ment, autoradiograms of the cells were made with ex- 
posures of about 1 week and then stained with Giemsa‘. 


Table 1. FREQUENCY Or TRITIATED THYMIDINE (?HT) INCORPORATION 
BY HUMAN ANTIBODY-FORMING LYMPH-NODE CELLS CULTURED IN DIFFUSION 
CHAMBERS IN X-IRRADIATED (600 r.) MICE AFTER in vitro AND in vivo 


EXPOSURE TO TRITIATED THYMIDINE (HT) 
Time after In vitro In vivo 
Ag *HT- Total?HT- SHT-  Total?HT- 
stimulation Logs positive positive Logs positive positive 
(days) titre* Ab cells cells titre* Ab cells cells 
(%) (%) (%) (%) 
10 9 14:3 2-0 4 750 18:6 
11 9 m 0-7 8 87-5 32:5 
12 9 0-0 0-7 10 92:3 30:8 


* Titration of chamber fluid Involved 2-fold serial dilutionsin 0-1 ml. saline, 
addition of 0-1 ml. typhoid E antigen, incubation at 56° C for 2 hin a water 
bath and at 4° C for 18 h. Titre is expressed as the logs of the reciprocal of 
the highest dilution giving visible agglutination. 

Ab=antibody; Ag=antigen. 


All chambers had fluids that were positive for agglut- 
inins against typhoid H antigen and yielded cells the 
cytoplasm of which stained a brilliant green with the 
immunofluorescent reagent, indicating the presence of 
precipitating antibody against the extracted protein of 
typhoid H flagella antigen in the cells. Subsequent 
autoradiographic analysis of the cells showed that not only 
were antibody-containing cells capable of incorporating 
the radioactive compound in their nuclei after im vitro 
incubation at 10 days, but also that they did so at a higher 
frequency than the cells of the total population, the 
frequency being 7 times greater in the antibody-con- 
taining cells (14:3-2 per cent) (Table 1). At 12’ days, 
however, none of the antibody-containing cells incorpor- 
ated tritiated thymidine, this being comparable to the 
amount of incorporation (0-7 per cent) seen in cells of the 
total population at the same time interval. After in 
vivo exposure to the radioactive compound the frequency 
of tritiated thymidine labelling in the antibody-containing 
cells increased from 75 to 92 per cent on days 10-12 and 
was 3—4 times greater than the cells of the total population 
(Table 1). Fig. 1 shows & representative human anti- 
body-forming cell labelled with tritiated thymidine. 

These results indicate : (a) that the competent human 

* antibody-containing cells proliferate at a greater frequency 
than the incompetent cells during the early phases of 
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Fig. 1. Photomicrograph of antibody-containing cell stained with 
jmmunofluorescent reagent (A) and labelled with tritiated thymidine (B) 


antibody synthesis and that the rate of proliferation is 
reduced to normal levels during the later phases of the 
antibody responso; (b) that these mature antibody- 
containing cells are derived from precursor cells through 
somatic division. These findings are compatible with 
those of Urso and Makinodan®, who used the rabbit anti- 
BSA : BSA system with pre-immunized spleen and lymph- 
node cells cultured in diffusion chambers. The present 
investigation shows that the diffusion-chamber technique in 
conjunction with immunofluorescent analysis is feasible 
for studying cellular dynamics of human antibody- 
forming tissue after stimulation with an antigen. 

This work was carried out under contract with the 
U.S. Atomic Energy Commission. 
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Effect of Chemical Protective Agents 
(Cysteamine and £-AminoethyBKsothiuronium 
(AET) CI HCI) and Homologous Testes-DNA 
on the Death-rate of the Progeny of a First 
Generation originating from Male Rats 
irradiated in the Infantile Period 


It is well known that irradiation causes death of the 
progeny of adult irradiated animals. For example, 
Osipovskii? found that the death-rate of the progeny of 
males irradiated with an X-ray dose of 360 r. reaches 53 
per cent. Hertwig? found that the percentage of dead 
progeny in the period from their birth to the seventy -fifth 
day of age is considerably higher than later. Strandskow? 
also found an increased death-rate in the progeny of irradi- 
ated male guinea pigs for the period up to 30 days of age. 
Henson? also observed the death-rate of the progeny of 
male rats irradiated with an X-ray dose of 100—1,000 r. 
during their lactation period. It has been found that 
46 per cent of the progeny live until the end of the lactation 
period. Observing the changes on. the progeny of male 
mice irradiated with 25 MeV through five generations, 
Proshina‘ found the highest death-rate in the first genera- 
tion. and in the first month of life. 

In our experiments, Wistar male rets were X-irradiated 
in the infantile period (8 and 17 days old) with a dose of 
600 r. and mated with normal females when they became 
sexually matured. The death-rate of the progeny of the 
first generation was observed up to four months of age. 
The percentage of deaths of the progeny of normal parents 
observed in the course of one year was 3 per cent. 

The death-rate was observed in the progeny of males: 
(a) irradiated with 600 r.; (b) treated with cysteamine and 
irradiated; (c) treated with AET and irradiated; (d) 
irradiated and treated with homologous testes-DNA. 

The results are shown in Fig. 1. 


Mortality (%) 





Fig.1. Death-rate of the progeny of the first generation 
Number of the progeny observed: 180 irradiated with 600 r.; 184 
treated with cysteamine and irradiated; 185 treated with AET and 
irradiated; 326 irradiated with roa gai treated with homologous 

ates- 


White, normal; black, controls; stippled, ogstoamine; vertical hatching, 
AET CI HCl; horizontal hatching, DNA 


Fig. 1 shows a high percentage of deaths in the progeny 
of males irradiated in the infantile period mated with 
normal females, namely, 48 per cent of irradiated males; 
55 per cent of males protected with cysteamine before 
irradiation; 45 per cent of males protected with AET 
before irradiation; 14 per cent of males treated with testes- 
DNA. after irradiation. 

Sometimes it happens that all the animals of the litter 
die and sometimes only some of them. Autopsy did not 
reveal the cause of death. It was noticed that the main 
progeny which died were dwarfs. 

If the death of the progeny of irradiated animals and 
those protected with chemical agents in the F, generation 
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is considered to be the result of dominant lethal mutations, 
then our results show that neither cysteamine nor AET 
can prevent the occurrence of mutations, which in the F; 
generation are expressed as dominantly lethal. The results 
obtained in this respect are contradictory. Namely, 
examining cysteamine; Kaplan and Lyon’ found that it 
does not influence the induction of dominantly lethal 
mutations in different post-meiotic stages. On the other 
hand, Lüning and Frólen* show that cysteamino can be a 
protective agent agaipst genetic injury because it reduces 
the death-rate in the post-implantation period. 

In addition, our results show that testes-DNA reduces 
the percentage of deaths and the values are closer to normal. 

N. Savkovic 
‘Boris Kidrith’ Institute of Nuclear Sciences, 
Belgrade, 
Yugoslavia, 
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In vivo Migration of Colony-forming Units from 
Shielded Bone Marrow in the Irradiated Mouse 


THe early bone marrow and spleen shielding expori- 
ments of Storer!, Kaplan? and Jacobson? first indicated 
that hematopoietic stem cells were capable of migration 
and repopulation of X-irradiation depleted hematopoictie 
tissues. Popp‘ and Goodman‘ then showed that buffy coat 
obtained from the peripheral blood of mice contained cells 
capable of producing mature erythrocytes, lympho- 
cytes and granulocytes. Trobaugh® has recently demon- 
strated that peripheral blood of the mouse contains cells 
capable of forming colonies in the spleen of irradiated 
recipients. He finds peripheral blood contains about 1 
per cent of the number of colony-forming units (CFU) 
found in bone marrow, when comparing total nucleated 
cells injected. Hellman’ reports granulocyte counts in 
the peripheral blood of the mouse recovered more slowly 
when partial body irradiation is given during 2 h, when 
compared with similar dosage delivered in a few minutes. 
He concludes this is due to killing of circulating stem cells. 

Utilizing the ability of stem cells to form nodules in the 
irradiated spleen as initially shown by McCulloch and 
Till’, combined with short-term shielding of a portion of 
the bone marrow, it has been possible to obtain a more 
quantitative estimate of the rate of release of stem cells 
to the circulating blood in the thigh shielded irradiated 
mouse, and to determine the changes in this relcase 
process following sub-lethal whole-body irradiation. 

Two separate experiments were performed with each of 
two inbred strains. These were 8—10-month-old retired 
L female breeders and 14—16-week-old DAF-1 females. 
In the first experiment, groups of mice were anæsthetized 
with intraperitoneal pentobarbital and given 900 r. whole- 
body irradiation with an 8-mm wide, 1:5-mm thick cir. 
cular lead thigh shield held in place by ntasking tape. 
At times of 2-7 h later the mice were again anesthetized 
and given 900 r. to the shielded extremity. Eight days 
following irradiation, survivors were killed and their 
spleens removed and fixed for counting of nodules with 
the aid of a dissecting microscope. 

In the second experiment, the mice were anesthetized 
and given 300 r. whole-body irradiation with a 16-mm 
wide lead thigh shield in place. Approximately 48 h 
later, they were again anzsthetized and given 800 r. 
whole-body irradiation with an 8-mm wide lead thigh 
shield in place. Two to 3 h later they were given 900 r. to 
the shielded extremity, then maintained for 8 days after 
which their spleens were gathered for nodule counting. 
The larger thigh shield was used initially to avoid mis 
placement of the thigh shield used iti the second part of 
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the experiment. Irradiation factors were 250 kVp, 
35 cm TSD, 1-28 mm copper, half-value layer, 225 r./min. 

Bone marrow was thoroughly removed from 7-mm 
sections of femur that corresponded to the area shielded 
in the irradiated groups. Twenty femurs obtained from 
ten 15-week-old LAF-1 female nice, and twenty from 
ten retired IL female breeders, were examined. The 
7-mm segments of these were found to contain a similar 
mean of 1:9 x 10? nucleated cells (L female range 1-2 x 
107-2-7 x 10’, LAJ-1 female range 1:5 x 107-2-4 x 107). 

Fig. 1 shows the number of spleen colonies counted 
8 days after a portion of the thigh was shielded for an 
interval of between 1 and 7 h in lethally irradiated adult 
L female mice. The mean for each time interval is 
plotted ; the bar includes two standard deviations, and the 
total number of spleens used in determining a point is 
given in parenthesis. The control value of 0-3 nodules per 
spleen is also shown. This plot indicates that approxim- 
ately 1-8 oru appear in the spleen during each hour 
following thigh shielding, up to a total of 7 h. 

Fig. 2 is a similar plot of the results obtained in young 
adult DAF-1 female mice. The control count of 0:2 
nodules is indicated. This rate of oru appearance in the 
spleen also appears to be constant at approximately 1:9 
OFU/h of exposure to shielded thigh bone marrow. 

Fig. 3 indicates the values obtained for oru migration 
to the spleen from the bone marrow of a shielded thigh 
48 h after an initial dose of 300 r. whole-body irradiation. 
The values for L female and DAF-1 female mice are 
combined. The rate of appearance of orv in the spleen is 
1-6 nodules/h of exposure to shielded thigh bone marrow. 

The in vivo migration of stem cells in the normal and 
irradiated mouse is well established. The rate of migra- 
tion to the spleen from a shielded population of 1-9 x 107 
nucleated marrow cells is constant during the first 7 h 
following whole-body irradiation, and is the same for the 
two strains of mice tested. The rate of release of OFU 
to the circulating blood from shielded marrow does not 
appear to have changed 48 h after an initial whole-body 
dose of 300 r. This implies that repopulation of irradia- 
tion-depleted bone marrow sites in the partially shielded 
mouse is not the result of increased release of stem cells 
by the shielded area. i 

There are two possible sources of error in determining 
these rates of release. The thigh shield used was not 
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E Fig.1. Spleen nodules eight days after thigh shielding for various time 


intervals in “lethally irradiated Z female mice 
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Fig. 2. Spleen nodules eight days after thigh shielding for various time 
intervals In lethally irradiated DAF-1 female mice 


Nodules per spleen 
X 
& à 
SONS need 


| 
L 





0 1 2 3 4 5 
Thigh shielding-thigh irradiation interval (h) 


Fig. 8. Hight-day spleen nodules formed after thigh shielding for various 
time intervals, 48 h after 300 r. sub-total whole-body irradiation in 
lethally irradiated L female (9) and LAF-1 (O) female mice 


sufficient to attenuate the beam totally (4 per cent 
transmission) and the portion of shielded marrow that 
received side scatter cannot be calculated. Both these 
would result in migration rates lower than actually 
exist for a given shielded population. The values of 
1:8 and 1:9 oru/h for approximately 1:9 x 107 shielded 
cells must be regarded as minimum estimates. 

The estimated shielded population is about 5 per cent 
of the total hematopoietic tissue. This means that for 
the total bone marrow 36 cru would migrate to the spleen 
per hour. The only result [available estimating the 
proportion of injected cells which settle in the spleen is 
that of McCulloch and Till. They found that 3/6 of 
the injected cru appeared in the spleen. If this propor- 
tion applies to the in vivo migration of cru, it would 
indicate that more than 200 cru enter the peripheral blood 
during any given hour. 

Female LAF-1 mouse bone marrow contains ll oru 
per 105 nucleated cells’, a value in good agreement with 
those reported by McCulloch and Till! for several other 
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strains. Calculations from these results indicate that 
1-9 x 107 nucleated marrow colls would contain about 
2,100 spleen cru. Calculating from the percentage of in- 
jected oru that settle in the spleen, it indjcates this marrow 
population contains a total of about 12,600 cru. The 
data show 1-8 spleen colony-forming units are released 
from this pool per hour, or 43 a day. The same calculation 
of cru released but not deposited in the spleen indicates 
that a total of about 250 cru (2 per cent of the marrow CFU 
content) enter the circulating blood cach day. 

Colony-forming units released in vivo by the bone 
marrow are expected to have considerable mechanical 
advantage for free circulation over cells injected in a 
single bolus. They will also be free of the damage which 
must accompany preparation and injection of single cell 
suspensions in vitro. This may result in a greater efficiency 
of viable colonization of the spleen, with corresponding 
changes in the estimates of total cru entering the circula- 
tion por unit time, and the percentage of marrow OFU 
circulating during a 24-h period. 

This work was supported by the Bureau of Medicine 
and Surgery, U.S. Navy Department. Opinions and 
assertions herein are those of the authors and are not to 
be construed as necessarily reflecting the official opinion 
of the Naval Establishment. 
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Artefactual Chromatid Aberrations in 
Untreated and X-ray-treated Human 
Lymphocytes 

RECENTLY, there has been a disquieting number of 
reports of observations of chromatid aberrations in human 
lymphocytes as a result of various treatments and condi- 
tions varying from measles to X-ray!-4, Although there 
has been no good reason to doubt the nature of these 
chromatid aberrations, neither has there been a good test 
of whether or not their induction could be attributed to 
phenomena other than the agents indicated in the various 
reports. 

During an investigation of the relative in vivo radio- 
sensitivity of the chromosomes of infants we observed 
chromatid aberrations in the chromosomes of their cultured 
lymphocytes following diagnostic X-ray procedures. 
These observations afforded us the opportunity for testing 
she interpretation of these and other similar reported 
observations as well as the relative sensitivity of the 
:hromosomes of infants. 

All chromosome investigations were carried out on 
amples of capillary blood using an adaptation of the 
nethod of Moorhead’. Replicate specimens were exam- 
ned’ whenever possible and preparations were analysed 
n respect of numbers of cells containing chromosomal 
sberrations and the type of aberration, chromosome or 
hromatid. 

Table 1 represents the results of the primary observa- 
ions on the chromosomes of infants following diagnostic 
X-ray procedures which included chest films, cinecysto- 
rethrogram, angiocardiogram and aortogram with a 
losage range of approximately 2-20 r. The predominant 
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Chromatid aberrations from metaphase lymphocytes from 
irradiated infants 


Fig. 1. 
aberration type observed was the chromatid deletion as 
seen in Fig. 1. 

A group of infant controls (Table 2) evidenced no 
comparably high frequency but showed considerable 
variability, ranging from 1-6 to 8-0 per cent. A subsequent 
examination of adult controls (Table 2) also showed con- 
siderable variability and, in addition, high frequencies of 
ehromatid aberrations. 

Three things are immediately obvious: (1) The fre guen- 
cies of chromosomal aberrations in the X-rayed infants 
(Table 1) are higher than one might expect for tho dosage 
of X-ray received®:7. (2) There are considerable numbers 
of aberrations in the control groups (Table 2) especially 
among the adults. (3) The predominant aberration type, 
the chromatid deletion, is totally unexpected, since 
previous investigations using tritiated thymidine? have 
demonstrated that, in adults, circulating lymphocytes are 
in a mitotic stage prior to DNA synthesis, that is, Gy. It 
is at this stage that we would expect the induction of 
chromosome type aberrations in cells exposed to X-ray’. 
One can explain the observation of chromatid deletions 


Table 1. CHROMATID ABERRATIONS IN LEUCOCYTE CULTTRES FROM 
IRRADIATED INFANTS 
Approximate Chromatid type 
Subject X-ray dosage Cells aberrationa 

(r.) scored © (09) 
Infant 1, 13 days (d) 20 318 24:3 
Infant 2, 2 months (3) 20 211 19:0 
Infant 8, 5 weeks (9) Pre X-ray 130 16:9 
18 82 30-4 
Infant 4, 10 days (9) Pre X-ray 125 48 
2-4 151 T9 


CHROMATID ABERRATIONS IN LEUCOCYTE CULTURES FROM 
UNIRRADIATED, HEALTHY NEW-BORNS AND ADULTS 


Table 2. 


Cell — Chromatid type 

Subject scored aberrations (95) 
Infant 5, 5 days (d) 64 1-6 
6, 1 day (9) 57 T1 
7, 3 days (9) 37 27 
8, 1 day 6) 102 4:9 
9, 2 days (9) 150 8-0 
Adult 1, 30 yr. (d) 49 10-2 
2, 40 yr. (d) 100 12:0 
3, 23 yr. (9) 51 216 
4, 32 yr. (9) 95 17-9 
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in two ways: either they are artefacts or they are derived 
from cells representing & population of cells, which, in 
infants, are in G,, that is, subsequent to DNA synthesis. 
The presence of chromatid deletions in the adult controls 
tends to negate the latter argument for reasons presented 
here. Nevertheless, it is not a ‘satisfactory demonstra- 
tion that no substantial population of lymphocytes, in 
infants, is in a stage subsequent to DNA synthesis. 

To examine this possibility, we offered tritiated thymi- 
dine (specific activity 6,000 uc./mM in a concentration of 
1 uo./ml. of media) to the cultured lymphocytes of both 
infants and adults for 1 h at various times (48, 54, 64 h) 
following incubation. In both infant and adult more than 
90 per cent of the interphase nuclei and metaphases 
showed evidence of thymidine uptake. In addition, 
infant lymphocytes were not sufficiently different from 
adult in rate, amount or timing of uptake to support 
any theory that they are in fact different. This demon- 
strates clearly that the majority of lymphocytes of the 
infant had not reached the G, period prior to ineubation. 
Therefore, the chromatid deletions that we have observed 
were most probably not induced by X-ray treatment, nor 
were they likely to be induced in lymphocytes by any 
other previously implicated agent prior to the initiation of 
leucocyte culture, nor for 48 h following the initiation of 
culture. 


Table 3. CHROMATID ABERRATIONS IN HUMAN LEUCOCYTE CULTURES 


TRRADIATED in vitro 
Ghromatid Chromosome 
e 


Cells typ Iso. 

scored aberrations aberrations frag 

(%) (% 5) 

Adult (d) 30r. G, 100 9 — — 
30 r. Ge 100 14 — — 

Adult(9) 30r. G, 100 5 — — 
T. G: 100 15 — — 

Infant (d) 30r. G, 50 14 — 2 
30r. G, 100 19 — = 

Infant (£) 30r. G, 100 11 — 2 
30 r. G, 200 17 — 4 


A further demonstration of the artefactual nature of the 
chromatid deletions which we have observed is presented 
in Table 3. These are the results of an in vitro investiga- 
tion of cultured lymphocytes of both adults and infants 
which have been exposed to 30 r. prior to incubation, and 
5 h prior to gathering. These stages we designate G, and 
Q, respectively on the basis of our tritium investigations 
and those of German?*. In G,, where no chromatid type 
deletions would be expected, there is a frequency con- 
stantly present but consistently lower than that in Ge, 
the stage in which chromatid aberrations would be 
expected to be induced. Consequently, the frequency of 
chromatid aberrations seen in G, must be interpreted as 
background and considered as a constant threat to the 
interpretation of these kind of results. 

It should also be noted at this point that all the evidence 
indicates that there is no difference in relative radio- 
sensitivity between lymphocyte chromosomes of four-day- 
old infants and forty-year-old adults, all of which exhibit 
a reasonably high sensitivity to insult by irradiation. 

An investigation of the origin of the background aberra- 
tions is being completed at the time of writing. The exact 
process is as yet unknown; but they are probably initiated 
by technical procedures. Their presence in the absence of 
adequate controls should not be considered sufficient 
evidenco of a response to previous insult by any agent. 
Moreover, merely showing localization of the breakage to 
specific areas of specific chromosomes does not lend 
credence to the observation since sensitivity to mechanical 
stress can be just as specific and may be the result of 
differential coiling and/or heterochromatic areas. : 

The kind of chromatid aberrations which can be differ- 
entiated from background and were nevor seen in the 
unirradiated control population were chromatid exchanges 


. and iso-chromatid deletions with sister chromatid reunion. 


Assay of these aberration types provides much more 
reasonable evidence of treatment-induced damage. 


NATURE 


September 26, 1964. VoL, 203 


This work was supported by grants HD 00486-09 and 
G.M 10802-02 from the U.S. National Institutes of 
Health. 

e B. R. Miazon 
T. Marz 
Department of Pediatrics, 
Tho Johns Hopkins University School of Medicine, 
and 
Department of Radiological Science, 
The Johns Hopkins University School of Hygiene 
and Public Health. 
1 un Y W., Levan, A., Hal, B., and Ostergren, G., Hereditas, 48, 267 


* Harnden, D. G., Amer. J. Human Genet., 16, 204 (1964). 

* Cohen, M. M., Cytogenetics, 2, 271 (1963). 

‘ Buckton, K. E., and Pike, M. C., Nature, 202, 933 (1964). 

ë Moorhead, P. S., Nowell, P. C., Mellman, W. J., Battips, D. M., and 
Hungerford, D. A., Exp. Cell. Res., 20, 618 (1960). 

* Bender, M. A., and Gooch, P. C., Cytogenetics, 2, 107 (1963). 

? Bender, M. A., and Gooch, P. C., Genetics, 46, 851 (1961) (abst.), 

* German, J. L., Trans. N.Y. Acad. Sci., 24, 395 (1962). 

' Evans, H. J., Intern. Rev. Cytol., 8, 221 (1962). 


BIOLOGY 


Effect of a Diet containing Sodium 
Deoxycholate on the Intestinal Mucosa of 
the Mouse 


Tue life-span of the mucosal cell of the intestinal villi 
is short; reported values range from about 1 to 2 days 
depending on the region and the species examined?*. 
Neither the reasons for the extremely short life-span nor 
the factors that influence the life-span are understood. 

For many years the importance of bacteria as a factor 
in the rate of intestinal cell attrition has been discussed. 
Dixon® demonstrated the importance of peristalsis in 
flushing the intestinal flora towards the cæcum. Pauly 
and Dixon’ found that a period of reduced peristalsis, 
induced by injections of mecamylamine, resulted in 
partial denudation of the upper intestine. Abrams 
et al.* and Lesher et al have shown that the life-span 
of the intestinal cells is about twice as long in the germ- 
free mouse as in the conventionally raised mouse. How- 
ever, itis not known how the presence of bacteria reduces 
the life-span of the cells. 

Although the detergent properties of the bile acids have 
been known for a very long time, their possible rolo iu 
influencing the rate of cell turn-over in tho intestine 
appears to have been neglected. It is perhaps significant 
that the ileum, which is the site of absorption of the con- 
jugated bile acids, is the region of the small intestine in 
which the mucosal cells have the shortest life-span. Of 
greater importance, particularly in relation to clinical 
conditions, is the fact that highly detergent and cytotoxic 
substances such as deoxycholie acid are produced in the 
intestinal tract by the microbial action on the conjugated 
bile acids. Norman and Grubb’ showed that certain 
members of the intestinal flora hydrolysed tho conjugated 
bile acids and that this occurs mainly in the cecum. In 
the germ-free animal and with neomycin treatment 
deoxycholic acid is not produced? 12, 

While it has been shown that in vitro incubation with 
deoxycholic acid caused marked damage to the villi”, 
and Sullivan demonstrated the importance of the bile acids 
in post-irradiation diarrhcea/4 and the release of mucin 
from goblet cells, there is little information on the in vivo 
effects of varying the quantity or type of bile acid in the 
diet. The preliminary results of an investigation of the 
effects of feeding mice a diet containing sodium deoxy- 
cholate are reported here. 

BOF, mice, about 100 days of age, were maintained on: 
(1) & synthetic diet (casein, 18 per cent; corn oil, 10 per 
cent; sucrose, 68 per cent; salt mixture No. 2, U.B.P., 
4 per cent; complete vitamin fortification mixture, 
Nutritional Biochemicals Corporation); (2) the same diet 
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with 2 per cent sodium deoxycholate added. 
Mice wére kept under observation for more 
than one month, and were killed at 2, 8 and 
39 days after starting the diet. The pice 
fed the eontrol synthetic diet showed no gross 
or microscopic changes. Mice in the experi- 
mental group appeared sick within two days; 
they were listless and their,fur was ruffled. 
Two days later the mice were active and 
appeared normal except their fur was now 
oily. This change in the appearance of the 
fur gradually disappeared in about three 
weeks. 

At death on the second day the upper 
intestine was more translucent and thinner 
thannormal. The gall bladder was distended 
and at least three times the normal size. At 
eight days the gross appearance of the lower 
intestine was similar to that of the upper 
intestine at the early death interval. There 
was a striking hyperemia of the entire 
length of the small intestine, but otherwise 
the appearance of the upper intestine was 
almost normal. The gall bladder was still 
markedly enlarged. At 39 days the in- 
testine appeared normal, the gall bladder 
had decreased in size but the wall was 
thickened. 

The microscopic appearance of the duo- 
denal villi at the second day was abnormal 
(Fig. 2). There was separation of the 
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Fig. 1 Fig. 2 


Fig. 1. Duodenum of mouse on control diet (x c. 160) 


mucosal cells from the underlying structures Fig. 2. Duodenum of mouse on diet containing 2 per cent sodium deoxycholate for two 


with cedema and proteinaccous material in 
the lamina propria. In the ileum at eight 
days there was partial denudation and a 
decrease in the number of goblet cells (Fig. 
4). At later death intervals the appearanee 
of the villi was almost normal and there was 
evidence of increased proliferation in the 
erypts. In the duodenum at three days 
there was an increase in the number of cells 
initially labelled with tritiated thymidine. 
There was marked increase in cell prolifera- 
tion of the epithelium of the gall bladder. 
The results of the changes in cell prolifera- 
tion will be published at a later date. 

In general, the histological findings are 
similar to those reported by Nissim!^ on the 
effects of some surface-active compounds. 
We presume that the histological changes 
are due to the direct action of the deoxy- 
cholate on the surface of the mucosa. As the 
animals continue eating, the normal control 
mechanisms of bile flow presumably are 
active. Therefore, the marked increase in 
the size of the gall bladder is probably 
due to the  choleretie effect of the 
deoxycholate. 

In the germ-free animals no free acids are 
produced and conjugated bile acids are 
excreted. It has been found that the half- 
life of cholic acid was about five times longer 
than in the conventional animal'*. The 
intestinal mucosa of the germ-free animal is 
exposed to less bile and to no bile acid 


days (= c. 160) 





Fig. 3 Fig. 4 


Fig. 3. Ileum of mouse on control diet ( x e. 400) 


metabolites and the life-span of the mucosal Fig. 4. Ileum of mouse on diet containing 2 per cent sodium deoxycholate for eight 


cells is considerably longer than in the 
conventional animal. 

It seems a definite possibility that in conditions in 
which diarrhea and partial denudation occur, and when 
no specific organism can be incriminated, the pathogenesis 
may be the following: 

For some reason the motility of the gut is reduced; this 
results in a change in the distribution of the flora. Tho 
presence of sufficient numbers of bacteria capable of 
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splitting the bile acids in the upper intestine resulte in 
amounts of metabolites that cause diarrhoea and in somu 
cases damage to the mucosa. If these abnormal conditions 
were maintained for any length of time, steatorrhosn 
might occur because the amount of conjugated bile acids 
would be reduced due to the bacterial hydrolysis and th: 


increased coll loss would add to the ahount of fat in th: 
. 
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4 Dawson and Isselbacher!, and more 

. anish"*, have suggested that the found 
-u6 blind loop syndrome might be due to the produetion 
of bile salt metabolites by bacteria. 

It is hoped that the use of tho type of diet described 
will be useful for investigating the'control of cell prolifera- 
tion in both the mucosa of the small intestine and the 
gall bladder. 

This work was supported by the U.S. Atomic Energy 
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Extension of Mammary Glands to the 
Popliteal and Cubital Fosse 


THE development and histology of the mouse mammary 
gland have been studied in detail'-, The glands develop 
along the milk lino and branch in the subcutaneous fat 
betweon the skin and skeletal muscle. The quantity 
of fat in the subcutaneous fat pad is greatest where the 
milk ducts later develop*. During lactation the distri- 
bution of the mammary glands visibly follows the sub- 
cutaneous fat tissue, the second inguinal mammary gland 
being reported to spread only into tho inguino-genital 
area and the cubital only to the level of the fore-limbs. 

During histological examination of the popliteal 
lymph nodes of C57, BALB, Ajax and Swiss normal female 
mice, mammary gland elements were observed in the 
surrounding fat and this finding led to an examination 
of both the popliteal and cubital fossz in lactating mice. 
Seven lactating mice two weeks after delivery and five 
non-pregnant, non-lactating females were studied; in 
addition, four males were also examined. 

Tissues were fixed in Zenker-formol and embedded in 
paraffin ; sections were cut at 7p and stained by hama- 
toxylin-eosin ; however, alum carmine stain was utilized 
for the 100*200,. sections. 

Gross observation during lactation showed that the 
first pectoral mammary gland extends into the cubital 
fossa, and that the second inguinal mammary gland 
extends into the popliteal fossa along the lateral posterior 
part of the femur (Fig. 1). 

This observation becomes reasonable when it is noted 
that the cranial end of the subcutaneous fat pad extends 
into the eubital fossa and the caudal end into the pop- 
liteal fossa. 

Besides the mammary glands, sebaceous and sweat 
glands can be seen, and these extend into the connective 
tissue of the sub-cutis layer above the connective tissue 
lamina. 

Generally, when the skin is dissected from the muscles, 
sebaceous and sweht glands are removed with it. The 
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structures found in the cubital and popliteal fat pads, 
however, remain on the muscle layer, that is, they are 
located in the subcutaneous fat pads below the con- 
nective tissue laguna and above the skeletal muscle. 
The sweat glands, moreover, are only seen in the palmar 
aspect of the paws. 

In the lactating animals numerous tubulo-alveolar 
structures were observed in tissue from both fossæ, 
each being lined by large cuboidal epithelial cells (Figs. 
2 and 3A). The epithelium contained numerous small 
vacuoles and stained an uneven purple, depending on 
the amount of secretory granules and RNA in the proto- 
plasm. The nuclei were spherical in shape and stained 
rather lightly; each contained chromatin clumps and 
a nucleolus. The lumen contained an eosinophilic 
granular substance in the centre surrounded by foamy 
matter. The histological appearance is identical to that 
of the mammary gland in the inguino-genital area. 

During lactation the mammary gland is directly sur- 
rounded by capillaries® or collagenous fibres, the latter 
sometimes being seen in the spaces around the tubulo- 
alveolar components. However, most of these spaces 
are occupied by lipid depleted fat cells*. In lactation the 
capillary bed between the fat tissues is also clearly seen 
and plasma cells are found in the walls of the capillaries. 
Plasma cells are rarely present, however, in the non- 
lactating animals. 

In the non-lactating female group, similar tubulo- 
alveolar structures were also observed in the popliteal 
fossa (Fig. 3B) but not always in the cubital fossa. The 
mammary epithelium in such instances is much smaller 
and nuclei stain more deeply compared to those in the 
lactating group ; in addition, the longer axis of the 
nucleus parallels the surface of the lumen and tho cyto- 
plasm stains lightly with eosin. Homogenous eosino- 
philic substance is occasionally seen in the lumen. The 
tubulo-alveolar structures were surrounded by normal 
fat cells, each containing a single large fat vacuole ; 
in such cases there is no lipid depletion (Fig. 3B). Tubulo- 
alveolar structures wore not observed in the four normal 
males examined. 

The relationship in lactating mice between morpho- 
logical activation of the mammary gland epithelium, 
lipid depletion and the appearance of plasma cells is 
interesting and finds certain parallels in stress. Selye and 
Timiras? have described the discharge of lipid from the 
brown fat tissue as a characteristic reaction during stress. 
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Gross observation of the second inguinal mammary gland 
extending to the popliteal fossa, Lactating mouse 
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Fig. 2. Mammary glands in the popliteal fossa. Lactating mouse. (A) 

L, popliteal lymph node. (x c, 66.) (B) f, lipid depleted fat cell, p, 

plasma cell. (x e. 270.) Paraffin section fixed with Zenker-formol, 
stained with hwmatoxylin-eosin 





Fig. 3. (A) Mammary glands in the cubital fossa, Lactating mouse, 

L, lymph node. (x e, 66.) (B) Mammary glands in the popliteal fossa. 

Non-lactating female mouse. L, lymph node, M, mammary gland. 

(x e. 06.) Paraffin section fixed with Zenker-formol, stained with 
hiematox ylin-eosin 


White fat cells of mice show lipid depletion following 
persistent electric shock* ; at the same time, plasma cell 
reaction and some activation of mammary gland epith- 
elium are also seen’, This inverse relationship between 
plasma cell and fat cell in lactation and electric stress 
may be due, in part, to their common origin from the 
adventitial cells of the small blood vessels!9.11, 
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assistance. 
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Trichostrongylus colubriformis 
(a Nematode Parasite of Sheep and 
Other Ruminants) as a Test Organism 
in Screening for Sheep Anthelmintics 
in the Laboratory 


THe development of anthelmintic screening tests has 
been guided by the need for a laboratory model of the 
host-parasite system for which new anthelmintics ase 
being sought. Up to the present time, use has been made 
of nematodes naturally parasitic in rats and or mice. 

We felt that a screening test using a sheep nematode 
as a test organism in a small laboratory anima! host would 
be more relevant to finding a new sheep anthelmintic. 

We have carried out a series of experiments om tl 
host~parasite relationships of Trichostrongylus colubriformis 
in rats, mice, guinea pigs, rabbits and Libyan gerbils 
(Meriones libycus). The initial source of infective larva 
was a pure line strain maintained in sheep. The exper 
mental animals were exposed to the infestation by ora 
intubation of suspensions of known numbers of infectiv: 
larv:e, 

Guinea pigs were found to vary greatly in their suscepti 
bility to infestation; a finding in agreement with Herlict 
et al^, Herlieh?, and Sturrock’. Rats and mice were found 
to be very susceptible, but insufficient numbers of ov: 
were recovered from their fæces to maintain the parasit 
indefinitely in these animals. Rabbits, as shown by E 
Rawit and Wood’, proved to be suitable hosts for th: 
laboratory maintenance of the life-cycle and we hav: 
serially passaged the infestation through more than fifts 
generations during the past thirty months. 

As rabbits are not ideally suited to sereening larg 
numbers of compounds, we investigated the infestation 
in rats and mice more fully with the view of establishing 
an anthelmintic screening test, and experiments wer 
carried out to determine the optimum conditions for 
infesting rats and mice. Young male animals were found 
to be the most susceptible. The infestation lasted only 
three to four weeks and the maximum numbers of adult 
worms were recovered from the small intestine 14 days 
after inoculation. The optimum size of inoculum wa 
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found to be 1,000 infective larva per animal. Om the 
basis of these data we dévised anthelmintic screening tests 
using T. colubriformis as a test organism in rats and mice. 
Male rats (weighing 50 g) and male mice (weighing 20 g) 
were each given 1,000 infective larvs. Twelve days after 
inoculation the animals were' pooled and randomly 
divided into dose groups. ,' The test compounds were 
administered orally in aqueous solution or suspension at 
a single dose of approximately three-quarters of the acute 
oral LD, Forty-eight hours aftey dosing the test animals 
were. killed and post-mortem examinations were carried 
out. The first quarter of the small intestine was removed, 
inverted over a length of glass capillary tubing and wholly 
immersed in a test-tube of warm saline. The preparations 
were incubated at 37° C for 2 h during which time the 
worms detached themselves from the mucosa. The 
contents of the test-tube were emptied into a squared 
dish and the number of worms was counted under a 
dissecting microscope. 

The mouse and rat tests were evaluated by comparing 
their responses to a number of known sheep anthelmintics. 
The rat test appeared to be somewhat more sensitive than 
the mouse test and was chosen for comparison with the 
anthelmintic screening tests in general use, namely, the 
Strongyloides ratti- and Nippostrongylus braziliense-rat tests 
and the Oxyuris- and Nematospiroides dubius-mouse tests. 
The techniques used were essentially those quoted by 
Standen*. Five reference anthelmintics were tested as if 
they were unknown compounds in each of the screening 
tests shown in Table 1. 

The response to phenothiazine was negative in all but 
the Oxyuris-mouse test and even here the results were 
variable. The S. ratti-rat test failed to select bephenium 
and the N. dubius-mouse test missed thiabendazole. 

We have used all the foregoing tests at one time or 
another in screening several thousand compounds for 
anthelmintic activity. Compounds active in any of these 
teats have been selected for testing in sheep. Only 59 
compounds, however, have been tested so far in all five 
screening tests as well as in sheep. False positives are a 
common feature of screening tests and, although they may 
result in wasted follow-up work, they are not such serious 
deficiencies as false negatives. A false negative means 
that a useful compound has been missed. Eight of the 59 
compounds were found to be active in sheep; of these 
eight, only two are of the same chemical series. 

Results of tests in small animals with these compounds 
are shown in Table 2. From these results, both the 
N. dubius-mouse test and the T., colubriformis-rat test are 
more relevant than the other rodent sercening tests in 
selecting anthelminties for use in sheep, having one and 
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Table 1 
Screening test activity: 
v. v. N. v. S. v. N. v. T. 
Oryuris dubius ratti bracil. col. 
Bephenium - 4 IN + + 
Phenothiazine + of x = S 
Haloxon .(0,0 —dí-(2-chloro- 


ethyl) O«(8-chloro-4-methyl 
soumarin -y phosphate + + + + + 


Promintie (2-(9-methoxyethyb 
pyridine) - + 

Thiabendazole (2-(4-thiazoly]- 

benzimidazole) ~ - + + + 
+ =active. ~ =inactive. 
Table 2 
Activity (+ =active; — =inactive) 
Small animal tests . 

Coni- v. v. N. v. 8. v. N. y. v. com- Sheep 

pound. Oxyuris — dubius ratti brazil. T. col. pineg tests 

l. eol. 
N. brazil. 

A - * e = + + + 
B + - - - - -- * 
C ~ + = + - + + 
D - * -— ~ + + + 
E ~ + - + + + + 
P ~ + ~ ~ + + + 
G ~ +e + -— + + + 
H ES + aS + + + + 
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two false negatives respectively.. The N. dubius test, | 
however, does not respond to thiabendazole (the best of 

the sheep anthelmintics) whereas the T'. colubriformis test 
does. T'.colubriformis and N. braziliense tests were found 
to be somewhat complementary. By using both organisms 
in the same rat, the number of false negatives was reduced 
to one, and the system was sensitive to thiabendazole. = 

Table 2 also shows that no one test is completely satis- i 
factory. 

Proliminary investigations using the Libyan gerbil have 
shown that this animal is a suitable laboratory host for 
both T. colubriformis and T. axei. This host-parasite 
combination could be a further improvement in that both 
a sheep abomasal and a small intestinal worm could be- 
maintained and used for sereening in the laboratory. ^. 

We thank Miss J. Crowley for supplying the initial pure © 
line larval culture and for carrying out the tests in sheep. 
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Circadian Control of Photoperiodism in the House 
Finch demonstrated by Interrupted-night 
Experiments 


ALTHOUGH the reproductive cycle of many temperate 
zone birds is known to be dependent on photoperiod. 
the way in which birds measure the duration of the daily 
photoperiod is still uncertain’. In the house finch, Carpo- 
daeus mexicanus, testicular maturation can occur when 
birds are exposed to only 6 h of light in each cycle if the 
cycle durations are 12, 36, or 60 h, whereas no maturation 
occurs when the cycle durations are 24, 48, or 72 h*. 
These data appeared consistent with the hypothesis that 
a circadian rhythm of recurring phases of sensitivity to 
light is involved in the photoperiodic response”. If this 
is so, brief light periods administered during the darkness 
of non-inductive 24-, 48-, and 72-h cycles should: also 
stimulate testicular maturation provided that the brief 
light periods are in appropriate relation to the basic 
circadian rhythm. Indeed, although the interpretation 
of interrupted-night experiments with animals has been 
controversial, recent experiments with plants show. that 
flowering can be controlled by brief light periods in such 
a manner. The following experiments, therefore, were 
designed to test the hypothesis of circadian control by 
exposig birds to non-stimulatory cycles of 24, 48, or 
72 h with a main light period of 6 h during each cycle and 
interrupting the ensuing long dark periods with I-h 
photoperiods. 

Male house finches collected in August and early 
September, 1963, caged, and maintained as previously 
reported, were subjected to at least two months of daily 
cycles of 6 h of light and 18 h of darkness before experi- 
mentation. Ambient temperatures varied from 20^ to 
28? C. Birds were not in sound-proof chambers. "Three 
experiments were conducted (Fig. 1). Exp. A began on 
November 22, 1963, and lasted 20 days. Control birds 
received repeated cycles of 6h of light and 18 h of darkness. 
whereas the experimental birds received eycles of 6 h of 
light and 18 h of darkness plus an additional hour of light 
12 h after the onset of the main 6-h photoperiod. Exp. B 
began on November 21, 1963, and lasted for 22 days. 
Control birds received repeated cycles of 6 h of light and 
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| 42 h of darkness, comprising a basic 48-h cycle. The 
| different* groups of experimental birds received an addi- 
| tional hour of light 12, 24, or 36 h after the onset of tho 
| main 6-h photoperiod. Exp. C began on January 3, 1964, 
| and continued for 54 days. Control birds received 6 h of 
| light and 66 h of darkness in repeated 72-h cycles. The 
experimental groups received an additional hour of light 
_ 24, 36, or 48 h after the onset of the main 6-h photoperiod. 
| At the termination of each of the above experiments the 

birds were unilaterally castrated, and released. Other 
procedural details are the same as has been reported 
elsewhere*. 


Time (h) 





Fig. - 1. Scheme of 3 experiments, 4, B and €. The vertical bar 

representa the light period, while the horizontal line represents the dark 

periodineacheycle. One hour of light was given during the dark periods 
at the time indicated 


Exp... 4..i8 a typical interrupted-night experiment 
(Table I). The control birds (maintained on a short-day 
cycle) did not show testicular enlargement. However, 
when. one additional hour of light was given during the 
middle of the 18-h dark period the experimental birds 
| behaved as if they had been exposed to long days even 
| though the total amount of light (7 h) was substantially 
* shorter than their critical day length (10-12 h; W. M. 

. Hamner, unpublished results). This response is typical 
of many photoperiodically sensitive organisms in that the 
long-day response is obtained when the long dark period 
of an otherwise short day is interrupted with a brief 
exposure to light. Such a response does not require the 
introduetion of the cireadian rhythm hypothesis for its 
explanation, although the results are compatible with such 
an explanation. An alternative hypothesis, equally valid 
on the- basis of these data, involves the postulation that 
the 1-h photoperiod interacts with the preceding 6-h 
light period which began the cycle! 

In Exp. B the control birds received no additional 
light during the 42-h dark period of the repeated 48-h 
eycle and, consequently, testicular maturation did not 
occur. In the experimental groups, those which received 
a supplementary hour of light at the 12-h point exhibited 
the rapid testicular recrudescence seen in Exp. A. In 
eontrast, light at the 24-h point was not stimulatory. 
On the basis of the circadian rhythm hypothesis this would 
be expeeted since this light, falling 24 h after the onset 
of the main 6-h photoperiod, was presumably in approp- 
riate relation to the circadian rhythm entrained by the 
main photoperiod. According to this same argument, 
light at the 36-h point should be stimulatory, but only 
one of the 11 birds on this treatment showed testicular 
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Table 1. WEIGHTS (MG) OF THE LEFT TESTIS OF HOUSE FINCHES FOM 
THREE EXPERIMENTS, A, B and € 


c, control. No statistical treatment of these results has been pres 
since it could be misleading 








A B c 

c 1 e 1^1 8 e 1 2 
10 115 L1 160 12 34 32. 05 46 
08 159 08 124 08.22 208 03 14 
06 86 06 72 02°20 09 19 $8 
05 58 12 09 04 08 05 O08 BP 
12 69 06 52 05 11 $40 08 103 
10 16 16 75 16 20 08 $71 
05 157 05 28 *09 07 296 
04 124 06 120 05 10 58 
06 135 03 141 04 O4 $14 
02 83 02 80 03 132 

0-6 24 

maturation (left testis weight, 13-2 mg) Although 


seemingly insignificant, the testicular enlargement of 
this single bird might be considered evidence that light 
at the 36-h point is mildly stimulatory since during those 
22 days of treatment the birds actually received only 11 
inductive cycles. Even if one assumes that all th: 
birds would have had larger testes with longer tre 
this 48-h cycle experiment would still not be a 
vineing demonstration of the circadian control hypo- 
thesis because, as has been argued for the 24-h e 
light interactions with the preceding or sueeeedi 
main light periods could be adequate signals. 

If light at the 36-h point is indeed weakly stimulat 
then an experimental treatment repeated for more th 
22 days should be more effective. Exp. C, therefore, was 
continued for a longer time (54 days) than either Exp. A 
or B. 'The control birds received no supplemental ! 
during the 66-h dark periods of the repeated 73-h eye! 
and, with one exception, did not show overt testicular 
enlargement. Additional light at the 24- and 48-h points 
was apparently not stimulatory either, because none of 
the birds on these cycles had enlarged gonads. But wher 
light was given at the 36-h point in the cyele te 
maturation occurred. The stimulation of testic 
activity with 1 h of light at the 36-h point in a 72-h 
in contrast to the lack of stimulation at the 24- and 
points, seems to eliminate the possibility of a simple 
interaction with the previous or succeeding main | 
periods and seems to provide a convincing demonstra 
of the validity of the circadian rhythm hypothesis. 

According to the cireadian hypothesis the control b 
on the 72-h cycle in Exp. C should have shown no testi 
maturation. However, one of these birds did : 
(left testis weight, 20-3 mg). A possible explanatio 
single deviation is inherent in this hypothesis. 
rhythms are called circadian because they aro not e: 
24h in periodicity. Let us assume that the rhythm c 
particular bird, entrained by the main photoperiod, w 
running a little faster or a little slower than 24 b duri 
the 66-h dark period. It seems possible that its rhy 
might aceumulate this daily deviation during tho simost 
3-day dark period so that the succeeding main light period 
could actually interact with the recurrent light-sensitive 
phase of the rhythm to stimulate testicular maturation. 

I thank G. A. Bartholomew, K, C. Hamner.and WR. A. 
Boolootian for their advice. This work was support y 
U.S. National Science Foundation G-23983 (to K. C. | 
and the Office of Naval Research Nonr 23(85) (to R. A. B), 
and was conducted during a National Aeronautics and 
Space Administration traineeship. 
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Life-cycle of Ectocarpus siliculosus from | 
Naples, Italy 


DuniNG an attempt to grow sexual planta of Ectocarpus 
siliculosus in laboratory cultures, some observations were 
made which are not consistent with the present-day view 
of the life-cycle of this species. 

Ectocarpus siliculosus was obtained from Naples in 
1959. No unilocular sporangia were present on these 
plants. | Swarmers from the plurilocular sporangia were 
isolated. and developed to plants showing a distinctly 
different morphology: they had a well-developed basal 
system of rhizoids from which rises a great number of 
erect unbranched filaments up to 15 mm long (Fig. 1). 
When cultivated at 20? C these plants form pluriloeular 
sporangia only, and their spores again give rise to the 
same plants. This cycle can be repeated indefinitely. 
When grown in 13° C, however, unilocular sporangia are 
formed. One unilocular sporangium was isolated. The 
swarmers did not leave the sporangium but germinated 
inside, the germlings rupturing the sporangium wall in a 
later stage. From this accumulation of germlings eight 
filaments, each about 10 cells long, were eut off and 
isolated. These fragments regenerated to adult plants. 
Four of the regenerates were of the small, unbranched 
type, and cultivation at 13° C induces them to form 
uniloeular sporangia. The other four regenerates were 
plants growing up to 20 cm long, with no noticeable basal 
system and typical pseudodichotomous branching (Fig. 2). 
These plants closely resemble the material originally 
obtained from Naples. Cultivation at 13° C does not 
induce the formation of uniloeular sporangia on these 
plants. Plurilocular sporangia are readily formed, and 
the swarmers of these sporangia develop to plants of the 
small, unbranched type, which are again able to form 
unilocular sporangia at 13° C. 

Three workers?-* have been concerned with the cytology 
of Ectocarpus siliculosua. They agree that the first nuclear 





Fig. 2 


Fig. 1 


Fig. 1. Part of a plant of the small, unbranched type, grown at 20° C, 
with plurilocular sporangia 


Fig. 2. Part of a plapt of the large, branched type, derived from the 
uniloeular sporangium 
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division during the formation of the unilocular sporangium 
is the meiosis, and therefore the plants on which uhilocular 
sporangia occur are diploid. At Woods Hole® and Naples* . 
the swarmers legving the unilocular sporangium are con: 
sidered to be neutral and to give rise to the sexual genera- 
tion. At the English coast? and at Rovigno, Yugoslavia‘, = 
they are believed to act as gametes, the zygotes developing 
to new diploid plants. Where there is an alternation of © 
generations in Ectocarpus siliculosus the two generations © 
are believed to be identical in their morphological 
appearance*. At Naples, however, only the sexual plants 
are well known’. 

There are only two reports on Ectocarpus siliculosus .. 
with uniloeular sporangia at Naples. 
small plants with unilocular sporangia from zygotes. 
Schussnig and Kothbauer‘ found unilocular sporangia on. 
plants which were only a few mm high. Thus it does not. 
seem surprising that Ectocarpus siliculosus from Naples. |. 
is able to perform two morphologically different phases in 
culture. As the large, branched plants were derived from 
a uniloeular sporangium and as they closely resemble the 
well-known gametophytes at Naples’, it seems likely that 
they represent the haploid gametophytie phase. To certify 
this, a large number of combinations of the swarmers 
from the plurilocular sporangia of these plants were made, 
but no sexual fusion has been observed so far. "There was 
only one occasion when a combination of swarmers from - 
all four clones resulted in about 1 per cent cells having two. 
plastids and two eyespots. This might be taken as indirect 
evidence that the large branched plants are really gameto- 
phytes and their swarmers potential gametes. However, 
these swarmers readily germinate without any detectable - 
fusion and develop exclusively as plants of the unbranched 
type, forming unilocular sporangia at 13? C. It would be.» 
interesting to know the eytological processes which 
accompany these events. The observations reported here 
suggest that the life-cycle of Ectocarpus siliculosus at 
Naples is considerably more complicated than was 
believed until now. 


DigrgR G. MürrER* 


Botanisches Institut der Universitat 
Tübingen, 
Germany. 
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Occurrence of Lomasomes in Mesophyil 
Cells of ‘Khapli’ Wheat 


Moore and MeAlear coined the name ‘lomasome’ 
(Xe. a—border; ceu a—body) to deseribe the sponge-like . 
structures which they observed between the cell walls and 
plasmalemmas in the hyph:e of several species of fungi 
under the electron microscope. They considered that 
lomasomes were characteristic of, and peculiar to, the 
fungi and suggested that they might be of potential value 
in determining the phylogenetic origin of the Eumycota. 
This appears to be unlikely since we have found apparently 
identical structures in the mesophyll cells of wheat, 
Triticum dicoccum var. ‘Khapli’. 

Healthy primary leaves about 15 days old and free of 
any fungal infection were cut into small pieces, fixed in 
2 per cent unbuffered potassium permanganate for 4 h at 
0° C, dehydrated in an alcohol series and in propylene 


Berthold? derived: 
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oxide and embedded in ‘Epon’. Sections were cut, using a 
diamond knife, stained with lead acetate and examined 
in a Philips 1008 electron microscope. Granular bodies 
between the cell walls and the plasmg membranes of 
mesophyll cells were identified as lomasomes (Figs. 1 
and 2). They appeared to originate from the fusion of 
intracol vesicles with the plasmalemma and the 
formation of an opening resulting in a discharge of the 
. contents of the vesicles from the protoplast, as suggested 
by Moore and MeAlear.. Evidence of such a process was 
observed repeatedly and is illustrated in Figs. 3 and 4. 








land 2. Lomasomes (L) in mesophyll cells of ‘Khapli’ wheat. 
,mitochondria; P, — opel W cell wall ( x c. 15.700 and 


,700 respectively) 
Figs. 3 and 4. Fusion of vesicles (arrows) with b d 
= discharge of contents. (x e 19,000 Agi 300 Toapectively) " 


We believe that these observations are the first to 
record the occurrence of lomasomes in a higher plant. It 
is noteworthy that so far we have not found either secre- 
tory vesicles or lomasomes in the mesophyll cells of 
another species of wheat, T'riticum compactum var. 'Little 
Club’. This is surprising but suggests that their occurrence 
in this species is at least infrequent. ‘Khapli’ wheat is 
resistant, whereas ‘Little Club’ is susceptible to most of 
the known races of stem rust of wheat. Whether or not 
the rapidity and efficiency with which foreign substances 
can be excreted from mesophyll cells via vesicles have any 
connexion with rust resistance is not known, but the 
possibility is an intriguing one. 

M. 8. Manocna 
MICHAEL SHAW 
Department of Biology, 
University of Saskatchewan, 
Saskatoon, 
Canada. 
1 Moore, R. T., and McAlear, J. H., Mycologia, 53, 194 (1961). 
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ENTOMOLOGY i 
Guanine in the Excreta of the Boll Weevil 


THE common purine found in insect excreta is uric 
acid. Reports of other,purines in Coleoptera are rare. 
Xanthine and hypoxanthine have been reported in Lepi- 
doptera^* and hypoxanthine in Diptera’. Ordinarily 
guanine would be expected to deaminate oxidatively to 
xanthine and undergo further oxidation to uric acid. 
Although we have foufid urie acid to be the principal 
nitrogenous excretory product (24 per cent of fmeal 
nitrogen) in the boll weevil, Anthonomus grandis Boheman, 
we have also located and identified the compound guanine. 

Feces were collected from adult weevils fed on a modi- 
fication of Vanderzant’s diet*. These were pooled, the 
lipids removed by washing three times with chloroform: 
methanol (2:1), then extracted with 0:5 N perehlorie 
acid at 0°, neutralized with potassium hydroxide, and 
filtered. Aliquots of the extract were chromatographed 
singly and two-dimensionally on Whatman No. | filter 
paper. The used were us 65 per cent 
(v/v) isopropanol 2 N with respect to hydrochloric acid*, 
water pH 10 (Levenbook, ref. 6), and the upper phase of 
a mixture of sec-butanol and water". Spots were located 
by ultra-violet light, and tentative identification was made 
by comparison with standard compounds in each system. 

Spots were eluted with 0-1 N hydrochloric acid and again 
with phosphate buffer, pH 12-7, and their spectra de- 
termined by a Beckman DK2A_ spectrophotometer. 
Corroborative identifications were made from maxima, 
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minima, and ratios of E 250/E 260 and E 280/E 260 at 
pH 1 and 12-7. These spectra, along with those of an 
authentic eompound, are shown in Fig. r. 
Quantitative determination of the eluates at pH 1 
was made spectrophotometrically by using differential 
extinction values*. Guanine aecounted for about 3 per 
cent of the fæces nitrogen. This is an approximate 
value, since complete chrdmatographie separation was 
not achieved with any of the systems used. 
In a determination of whether guanine might be ex- 
ereted“by other curculionids, the feces of the plum 
curculio, Conotrachelus nenuphar (Herbst), fed on apples, 
were examined in exactly the same manner described 
here. No guanine, but xanthine, was found, Hence 
the finding of guanine in the boll weevil appeared to be 
unique and probably could not be ascribed to an artefact 
of the extraction procedure. 
Accumulation of hypoxanthine in the excreta of 
Drosophila melanogaster Meigen has been ascribed to a 
deficiency of the enzyme xanthine dehydrogenase 
(oxidase)?®. One could speculate that appearance of 
guanine might be the result of a deficiency of the enzyme 
guanase. 
Norman MITLIN 
D. H. VICKERS 
Entomology Research Division, 
U.S. Agricultural Research Service, 
State College, Mississippi. 
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GENETICS 


Ethylation versus Methylation in Mutation of 
Escherichia coli and Drosophila 


Tug monofunctional ethylation reaction has been estab- 
lished as an inducer of genetic mutation in a number of 
test organisms. In particular, ethylation appeared to be 
unique among the alkylation reactions in its ability to 
induce mutation in the first lytic eyele following treat- 
ment of extracellular phage, since mothylation, propy- 
lation, and other analogous reactions were not effective!. 
More recently, however, it was reported? that the methyl- 
ation and propylation reactions do produce slight 
increases in mutation on extracellular phage, but at con- 
siderably lower frequencies than the ethylation reaction. 
‘Although such a distinct competence of the ethylation 
reaction does not appear to be preserved in bacteria and 
higher organisms, ethylation is nevertheless regarded as 
a more efficient inducer of mutation than other alkylation 
reactions. 

The present communication reports on experiments 
designed to compare tho relative mutagenic effectiveness of 
the ethylation and methylation reactions on the bacterium, 
Escherichia coli, and a multicellular organism, Drosophila 
melanogaster. On both test organisms, the ability of 
both alkyl groups to produce forward mutation (from 
wild-type to mutant) has been studied, since back- 
mutation (from mutant to wild-type) may involve mole- 
cular changes only capable of reversion by one of the 
reactions. The ethyl group was introduced via diethyl 
sulphate, the methyl group via dimethyl sulphate ; 
both reagents were supplied by British Drug Houses Ltd. 
(B.D.H.) and contained 1-117~1-180 g/ml. and 1:32-1:33 
g/ml., respectively. 

(1) Escherichia coli. The ethylation reaction has been 
described as a potent inducer of genetie mutation in 
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bacteria? under conditions where virtually all the cell 
survive the treatment, and the methylation’ reaction 
has been shown‘ to induce the reversion of certain bacterial 
mutants. : 

Comparison of the mutagenic effectiveness of the 
ethylation and methylation reactions on E. coli reported 
here is eonsequent on the treatment of logarithmically- 
growing cells of E. coli with dimethyl sulphate or diethyl 
sulphate, and seoring mutation from phago-sensitivity 
to phage-resistance. 

E. coli B was grown in broth from an overnight eulture 
to about 2» 105 cells/ml. and resuspended for treatment 
in M9-buffer at about 8x 108 cells/ml. Since neither 
diethyl sulphate nor dimethyl sulphate is miscible with 
water, dilution of the reagent was into 80 per cont ethyl 
alcohol before addition to the culture. At the concen- 
tration used for treatment (1x 10-3 M), this involved 
diluting the reagents 100 times (0-1 ml.-9-9 ml) and 
adding either 0-13 ml. (diethyl sulphate) or 0-095 ml. 
(dimethyl sulphate) to 10 ml. of the cell suspension ; 
the control culture was identically handled and 0-13 ml. 
of the diluent was added. "Treatment of the cells was for 
15 min at 37? C, giving 100 per cent survival in the control 
and diethyl sulphate cultures, and 2 per cent survival in 
the dimethyl sulphate culture. 

After treatment, the cells were diluted tenfold, washed, 
resuspended in broth at about 1x10 viable cells/ml., 
and aerated at 37° C. Samples were withdrawn immedi- 
ately (zero time), and after various times of aeration, for 
viability counts and for scoring mutant phage T4- 
resistant (B/4) cells. Mutants were assayed by adding 
T4 phage at a multiplicity of between 50 and 100 for 
5 min to a cell sample, spreading appropriate aliquots 
on to broth plates pre-spread with about 1019 phage par- 
ticles, and incubating for at least 24 h at 37° C. Logar- 
ithmie growth of eells was preserved throughout the 
experiments by diluting the culture 20 times at zero time 
and after each two-hour period of aeration. 

Mutation to phage-resistance is not expressed immedi- 
ately on the cell (zero-point mutation), but only after 
several generations of growth. Usually at least six divi- 
sions of the cell are required for the complete phenotypic 
expression of phage-resistant cells (end-point mutation). 

Table 1 illustrates the results of a typical experiment 
when the control, the diethyl sulphate-treated cells, and 
the dimethyl sulphate-treated cells are allowed to grow 
in broth over a period of 8 h; samples are taken at 
zero time and after each 2-h period of growth. While 
there is no indication of an increase in zero-point mutation 
(B/4 cells per 107 cells before treatment was 25), the 
end-point mutation is significantly higher after treatment 
with dimethyl sulphate compared with the control and 
treatment with diethyl sulphate. Since the expression. 
of end-point mutation appears complete and constant 
after about 6 generations of growth, the mutation fre- 


Table 1. 'THE MUTAGENIO ACTIVITY OF DrETHYL SULPHATE (DES) AND 
DIMETHYL SULPHATE (DMS) on Escherichia coli STRAIN B 
Molarity of DES = molarity of DMS = 1-0 x 10-5 


Per cent survivors Control 100 
of treated cells: DES 100 
DM! 2 
Time (h) 
of aeration No. of divisions (approximately) Bj4 per 10? cells 
in broth Control DES DMS Control DES DMS 
0 0-0 0-0 0-0 21 28 41 
2 46 48 r2 13 35 20 
4 91 97 69 17 37 94 
6 12-8 14-2 12-7 22 48 95 
8 16:4 17-5 20-0 32 31 80 
Table 2. THE MUTAGENIC ACTIVITY OF DIETHYL SULPHATE (DES) AND 


DIMETHYL SULPHATE (DMS) BY ADULT FEEDING OF Drosophila MALES 
(First Broop SAMPLE) 


Control DES DMS 

Molarity of reagent — 3-8 x 1075 $-8x10-* 
Duration of treatment (h) 24 24 24 
Per cent survivors 98-0 84.0 78:0 
Total number of sex-chromosomes 

examined 792 810 1,044 
No. of lethal chromosomes 2 96 22 
Percentage of sex-linked recessive 

lethal mutations 0:25 1r85 2:31 
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quencies (B/4 cells per 10" cells), averaged over the 4-, 
6-, and 8-h periods of aeration, are control (24), diethyl 
sulphate (39), and dimethyl sulphate (90); both alkyl- 
ating agents stimulate the rate of diyision of the cells 
compared with the control cells. The increase in the 
frequency of B/4 cells by dimethyl sulphate does not 
appear to be due to selection as a consequence of the 
higher kill, since a spontaneous and a *dimethyl sulphate- 
induced 8/4 mutant’ were equally sensitive to treatment 
with dimethyl sulphate as the experimental culture. 

Although a mutagenic effect of diethyl sulphate on E. 
coli at. this concentration (1 x 10-3 M) may be questioned, 
its low toxic effect enables much higher doses to be tested. 
For example, the concentration of diethyl sulphate can 
be increased 100 times (to 0-1 M), giving 20 per cent 
survival of cells, and an end-point phage-resistant mut- 
ation frequency of about 500 B/4 cells per 107 cells ; 
there is no inerease in zero-point mutation under these 
conditions. 

At. the test concentration (1x 10-? M), however, the 
methylation reaction produces a higher mutagenie effect 
than the ethylation reaction. The higher toxicity of 
the methylating compound does not permit much higher 
doses to. be tested ; increase in the dimethyl sulphate 
concentration (to 15 x 10- M) to give a greater kill 
(99-9. per cent) does not inerease the mutation frequeney 
much above 100 B/4 cells per 107 cells. 

(2) Drosophila melanogaster. Previous work has shown 
that in Drosophila melanogaster both diethyl] sulphate and 
dimethyl sulphate are mutagenie by a larval feeding 
method”; and diethyl sulphate is mutagenic by an adult 
feeding method®.”. Work reported here on the relative 
mutagenie effectiveness of the methylation and ethylation 
reaction on Drosophila has been carried out using the 
adult feeding method. 

The method is as follows: Several one-pint milk 
bottles, the bottoms of which were covered with a double 
thickness of filter paper, had the filter paper saturated 
with a solution containing 2 parts of distilled water to 
1 part of absolute alcohol, 5 per cent glucose, and either 
diethyl sulphate or dimethyl sulphate to give a con- 
centration. of 38x104 M. Since neither alkylating 
agent is miscible with water, alcohol was present in the 
treatment solution to disperse the globules otherwise 
formed. The filter paper was kept saturated during the 
period of treatment by adding 3 drops of the treatment 
solution 4 times daily. 

Fifty newly-emerged wild-type ‘Oregon-K’ adult males 
were starved for 24 h, and placed for 24 h in one of the 
treatment bottles ; the treatment solution was the sole 
supply of nourishment during this time. After treatment, 
the males were examined for sex-linked recessive lethal 
mutations by the Muller-5 (Basc) method, using a brooding 
pattern where each treated male was individually mated 
to 2 females for 3 days. 

The first brood samples recorded in Table 2 represent 
the mutational responses to adult feeding of diethyl 
sulphate and dimethyl sulphate on germ cells which were 
predominantly present as mature spermatozoa at the 
time of treatment. Diethyl sulphate is seen to be 5-6 
times more effective than dimethyl sulphate in inducing 
sex-linked recessive lethal mutations on mature Droso- 
phila spermatozoa at similar levels of survival of the 
treated flies. 

I thank Prof. J. M. Thoday for supplying laboratory 
facilities, and the British Empire Cancer Campaign for 
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Activities of Pseudocholinesterases ` 
(Acylcholine-Acylhydrolase, EC 3.1.1.8) 
in Macaca mulatta (rhesus) and 
Cercopithecus aethiops 


LEHMANN et al? and Kalow et al. first pointed out 
that tho existence of some different pseudocholir 
variants in human serum ‘is based on a genetical poly- 
morphism. These investigations had been induced by the 
observation that some patients show an abnormally 
prolonged period of afnoa after injection of th® musele- 
relaxant succinyldicholine. In order to co-ordinate the 
results and hypotheses which have been published in 
recent years a 4-allele-model has recently been dis- 
cussed*-1°, Liddell e? al. demonstrated the presence of 
the same pseudocholinesterase variants which can be 
found in the sera of normal homozygous, heterozygous 
and atypical homozygous individuals, also in liver, kidney, 
brain, ileum and skin of man. Tashian and Shaw? were 
the first to show the heredity character of variants of 
human acetylcholinesterases. The same has been 
shown for various esterases of other species!***,  Cholin- 
esterases with a different affinity from a number of 
cholinesters could be detected in the plasma of nearly all 
animals examined!?-*!. Except for human sera, those of 
other primates have not been tested to any extent. In our 
own experiments, and in contrast to the results of Kalow** 
the pseudocholinesterases of Macaca mulatta (rhesus) hav 
quite different values from that of normal human serum 
in ease of inhibition with dibucaine. 

Examining the sera of Macaca mulatia (rhesus) and 
Cercopithecus aethiops, we obtained the following results: 
the protein-levels in the sera of Macaca and Cercop I 
were somewhat higher in comparison with human 
The activity was measured with benzoylcholine à 
strate in the optical test as described by Kalow*. 
values of activity (and the specifie activities) of JZfacoen 
have been found to be of the same order as that of man, 
while the sera of Cercopithecus show no or, at the most, 
very small activities. Table 1 shows the estimated 
activities, specific activities and protein values of 41 sere 
from Macaca and 14 sera from Cercopithecus. "The enzyme 
proteins of pseudocholinesterase, whieh show nearly the 
same values of activity in the sera of Homo and Me 7 
seem to be very different in protein structure: as demon- 
strated in Table 2 the inhibitor constants differ essentially 
(using dibucaine and sodium fluoride as inhihito Ín 
the case of human normal homozygotes (about 96 per 
cent of the population) an accumulation of DN about 80 
and FN about 61 has been found*599-5, Tn contrast 































Table 1. ACTIVITIES, PROTEIN AND SPECIFIC AOTIVITINS OT PREUDO- 
CHOLINESTERASE IN THE SERUM OF Maraca mulatta (rhesus) AND 
Cercopithecus aethiops 





Cerceonithecus 


Macaca mulatta aethiops 





Activity/ml. serum * $: 6,008-0 
s 2862-4 
s= 470-6 
mg protein/ml. serum Hx 86-8 
um 34-8 
ST $3 
Specific activity (activity Zo 68-6 
mg protein Bux 25-7 
8% = 46 

n 41 


* Decrease of extinction from the first to the third minute at 240 me: 
t=24° C; total volume in the cuvette 2-0 mL; light pathway 1-0 em: the 
serum was diluted 1 : 200; 5 x 10-* M benzoylcholine ag substrate; 66 x 10-* 
M phosphate buffer (pH = 7:4). 






Table 2. INHIBITOR CONSTANTS (DIBUCAINE NUMBERS AND Fic 
NUMBERS) OF PSEUDOCHOLINESTERASES FROM Macaca mulatta COMT 
WITH THE VALUES IN MAN 


Homo 
Macaca Normal , Atypleal 
mulatta homozygote Heterozygote homozygote 
Dibucaine No. £- 984 
a= 31 71-85 48-70 20 
sE= 065 
Fluoride No. z= 3:0 
82 28 z255 40-55 $h-oT 
s= O4 . 
n 41-0 See refs, 8, 4, 9, 24, 25, 26 
* 


e 
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e : i » 
to these values, dibucaine inhibite the transformation ef 
benzoyleholine by serum of Macaca at equal concen- 
trations at the rate of 97-100 per cenb; sodium fluoride 
exerts only a very small inhibiting effect on the pseudo- 
cholinesterase of Macaca. In the agar-diffusion test?* 
also (a-naphthylbutyrate as substrate), there are great 
differences in the behaviour of human serum and that of 
Macaca and Ceréopithecus, on the other hand". In view 
of the foregoing results, it cannot be decided whether 
there ig a polymorphism of pgeudocholinesterases in 
Macaca and Cercopithecus. Further investigations (prob- 
ably using other substrates and more suitable inhibitors) 
may clarify this problem. 
H. W. GogDDE 
V. RIEDEL 
Institute of Anthropology, 
Section of Biochemical Geneties, 
University of Freiburg 
im Breisgau, Germany. 
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‘ Kalow, W., and Staron, N., Canad. J. Biochem. Physiol, 35, 1305 (1957), 
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VIROLOGY 


Hamagglutination Reaction with Vaccinia 
Virus : Agglutinability of Red Cells from 
Turkeys 


Some authors'-* have reported that saline preparations 
of vaccinia virus, when mixed with suitable suspensions of 
red cells from certain adult fowls, caused haemagglutin- 
ation, which could be inhibited by antiserum to vaccinia. 
Only 50 per cent of the fowls were found to have cells 
agglutinable with vaccinia virus and the phenomenon 
appeared to operate independently of breed, sex or age. 

Later work? indicated that red colls from birds of 
the Leghorn breed showed a higher incidence of agglutin- 
ability than did cells from other breeds. 

Recent work* has confirmed the results of Clark and 
Nagler* in respect of both fowl and mammalian cells. 
An interesting finding of the work has been the observ- 
ation that red cells from all turkeys were agglutinated by 
vaccinia virus. 

Red cells (0-5 per cent saline suspension) from 108 
‘Broad Breasted Bronze’ and 106 ‘Beltsville’ turkeys 
were tested by titrating vaccinia antigen prepared from 
lymph from infected rabbits ; cells from known positive 
and negative fowls served as controls. The tests were 
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* 


No. of turkeys 





160 320 640 2,500 0 


Heamagglutination titres 


Fig. 1. Hemagglutination titres (+ +) obtained with vaccinia virus 
against red cells from bronze (W) and white C] turkeys 


1,280 


carried out in tubes using the technique of MeCarthy*. 
All the turkeys except one had cells which showed complete 
(++) agglutination. This agglutination was proved to 
be specific, since it could be inhibited by antiserum. to 
ine The results of the experiments are shown in 
"ig. 1. 
N. 8. Darr* 
Department of Animal Pathology, 
School of Veterinary Medicine, 
University of Cambridge. 


* Colombo Plan Research Fellow. Present address: Indian Veterinary 
Research Institute, Mukteswar-Kumaun, U.P., India. 


1 Nagler, F. P, O., Med. J. Austral., 1, 281 (1942). 

* Clark, E., and Nagler, F. P. O., Austral. J, Exp. Biol.,21, 103 (1948). 

3 Nagler, F. P. O., Austral. J. Exp. Biol. Med. Sei.,22,29 (1944). 

+ MoCarthy, K., M.D. thesis, Univ. Liverpool (1951). 

* ec i Fuwa, A., Fuzii, R., and Kurimoto, R., Zbl Bakt., 188, 406 
* Datt, N. S., Ph.D. thesis, Univ. Camb. (1957). 


SOIL SCIENCE 
Electro-osmosis in Frozen Soil 


WATER can be transported in unfrozen soil under an 
electrical gradient. This process, which is called eleetro- 
osmosis, is due to an excess of positive ions over negative 
ions in the water near a solid surface. The amount of 
water which can be transported by electro-osmosis is 
such that in some instances it has been used to stabilize 
soft clay embankments. The purpose of our experiment 
was to measure the extent to which water can be moved 
through the films of unfrozen water in a frozen soil. 

Ice and adsorbed water can be in equilibrium in a soil 
at temperatures well below freezing. The adsorbed water 
in a frozen soil has been called unfrozen water. This term 
is used to indicate that the adsorbed unfrozen water in 
frozen soils is different from that of ice. For example, in 
sodium Wyoming bentonite at — 5° C as much as 0-8 g of 
unfrozen water per g of clay has been reported by Kolaian 
and Low!, using a calorimetric method. 

This experiment indicated that some water remains 
unfrozen, but it does not give information about the 
mobility of water and ions in the film of unfrozen water. 
Moreover, even if ions and water can migrate in the 
unfrozen film, the film might not be continuous through 
the soil matrix. Vershinin et al.” measured electrical a.c. 
conductance of frozen ground. Since the conductance of 
the frozen ground was higher than one would expect for 
dry soil or ice, their results suggested current flow in 
continuous films of unfrozen water. 

When water freezes to ice most ions are expelled from 
the ice phase and remain in the water phase. As the salt 
concentration rises the ions are not incorporated in the 
ice lattice, but instead form brine pockets in the iee. The 
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same principle applies to the water in soils. On freezing 
a soil, ice forms in the large pores or, in some instances, 
| ice segregates as lenses. The exchangeable cations surround- 
ing the soil particle are crowded in a film of unfrozen 
water on the surface. In this unfrozen film the conditions 
| for electro-osmosis are satisfied; there is an excess of 
| cations over anions near a solid surface. 

|. The following describes our experimental method to 
| investigate the occurrence of eleetro-osmosis in frozen 
| soils. A rectangular slab of soil was frozen between two 
' brass plates in a refrigerated room at —30? C. Freezing 
a soil rapidly at low temperatures has the advantage in 
that little water movement occurs during freezing. The 
frozen slabs of soil were cut to size and placed in ‘Lucite’ 
cells (1 em x 8 em x 5 em). Electrodes (1 em x 5 em) were 
frozen to the sides of the sample. A thermistor was used 
| to record the temperature, while an electrical potential 
_ gradient of 1 V/em was applied across the frozen soil. 





E Table 1. INITIAL AND FINAL WATER CONTENTS (WEIGHT OF WATER PER 
WIGHT oF CLAY x 100 PER CENT) AFTER THE FROZEN SAMPLE WAS EXPOSED 
É à .TO AN ELECTRICAL GRADIENT OF 1 V/cM FOR 24 H 


Final water content 








EN : Initial Within Within 
Boll Temperature water lemfrom  1emfrom 
& pner o €) content anode cathode 
Wyoming bentonite -»50 € 341 276 456 
EO D UN =} C 265 134 310 
| New Hampshire silt = —15*C 30 27 32 


-10° € 28 21 40 


* Water was transported in the frozen soil towards the 
_eathode. The initial and final water contents (unfrozen 
water and ice) of two soils after electro-osmosis are 
* presented m Table 1. Initially, the film of unfrozen water 
is in equilibrium. with ice in the sample, but when the 
unfrozen water is transported from the anode regions, 
_ the film of unfrozen water is depleted. It is replenished 
* by the melting of ice in that region. In the final state all 
; iee is removed from the anode region and large bodies of 
* ice are formed in the vicinity of the cathode. Shrinkage 
cracks form at the anode. 
— The experimental results show that a considerable 
amount of unfrozen water can be transported in frozen 
soil under an electrical gradient. For unfrozen soils the 
migration of water under electrical and temperature 
gradients has been related. One expects this also to be 
valid for frozen soils. The amount and mobility of unfrozen 
water are such that they can be of practical significance 
án redistributing moisture under temperature gradients in 
| perennial frozen. ground. 
D P. HOEKSTRA 
E. CHAMBERLAIN 


U.S: Army Cold Regions Research and 
Engineering Laboratory, 
Hanover, New Hampshire. 
.? Kolaian, J. H., and Low, P. F., Soil Sci., 95, 376 (1968). 


;*Vershinin, P. V., Deriagin, B. V., and Kirilenko, N. V., I. Akad. Nauk 
i S.S.R.. Seria Geograficheskaia i Geofizicheskaia, 18, No. 2, 108 (1949). 


Silcretes of Central Australia 


Tur widespread occurrence in central Australia of 
silerete which there caps numerous mesas and forms 
extensive: stony pavements on the dissection slopes 
below them has long awaited a satisfactory explanation. 
A recent recording’? of the nature and disposition of 
certain lateritic and desertie soils, taken in conjunction 
with the location of major drainage divides and the 
pattern of endoreie streams to the Lake Eyre depression?, 
throws new light on the problem and indicates the follow- 
ing sequence of pedologie and geomorphic events : (1) 
A regional development of Lateritie Red Earths occurred 
across what is now the watershed of eastern and northern 
Queensland. The lateritic weathering was accompanied 
by the usual loss of silica in the drainage water, one part 


NATURE 


1467 


going to the Pacific Ocean and the Gulf of Carpeditaria 
and the other to the precursdrs of the present-day 
ephemeral and  endoreie streams, the Georgina, 
Diamantina, Bareoo Rivers and Coopers Creek, 
courses of which then extended up to 200 miles fu 
south-west. (2) The silica which moved south-wes 
was deposited in a large array of rocks and softer dep 
of widely different chronology, including variably 
weathered sandstones, shales and quartzites, and cal- 
careous, gypseous, saline and alunitie formations. To-day 
these materials are to be found beneath the silofte caps 
of the mesas, and the later group at least indicate aridity 
and/or restricted drainage at the time of their deposition. 
(3) The large, gently sloping silerete surface so formed 
was disrupted and eroded following the development 
of the down-warped Lake Eyre basin. This depression 
and its compensating upwarp to the west and south 
caused differences in elevation of the order of 1,000 fi. 
with the lowest point below sea-level. This provided a 
new, internal, and very low base level for erosion and 
caused rejuvenation and down-cutting of the stré 
coming from the north-east and reversal of the drai 
in the silerete area to the west and south of the n 
formed depression. The combination of earth moverse 
and erosion caused the break-up of the extensive silici- 
fied surface into numerous mesas and associated larger 
areas of fragmented silerete represented to-day by the 
pavement on the Stony Desert Tableland Soils. 

There thus appears to be in Australia a continental 
example of absolute accumulation of silica. The distant 
edge of the silerete area is about 900 miles from ihe 
original source, that is, the Laterie Red Earth tabicland 
from which the Great Dividing Range has also sinse 
been sculptured. So far as is known, this genetie linking 
of the two now dismembered landscapes with once 
active processes of release and deposition of siliem is on 
& uniquely large scale. 















C. G. BSrEPHENER 
C.S.IR.O., Division of Soils, 
Adelaide, South Australia. 


* Stephens, C. G., C.S.I. R.O, Austral., Soil Publ, No. 18 (1961). 


? David, T. W., and Edgeworth, The Geology of the Commonisalih of Australia 
(Edward Arnold and Co., London, 1950), 


PSYCHOLOGY 


Stereoscopic Shadow-images 


Tue following simple arrangement makes it possible to 
project, in stereoscopic depth, three-dimensional objects 
such as wire models of molecular or crystal structures. 
Small models may be presented enlarged in three dim 
sions, magnifications of ten or more times being possibile. 
The optical arrangement consists of nothing but a pair of 
small bright light sources, separated horizontally by a few 
inches. The sources are placed behind ‘Polaroid filters’, 
set at orientations differing by 90°. The point polarized 
sources give a pair of shadow images of an object, such as 
a wire model, placed between them and a silver sereen. 
Alternatively, back-projection with a ground-glass sereen 
can be used; but the screen must not de-polarize the 
light. When the shadows are viewed through crossed 
‘Polaroid’ glasses, they are fused by the brain to form a 
single stereoscopic shadow-image lying in. space. 

There is no problem in explaining this effect. The 
point sources cast shadows on the screen which are flat 
projections from slightly different positions, The shadows 
have the disparity of retinal images for eyes placed at the 
sources. The observer's brain fuses the two disparate 
shadows into a single stereoscopic shadow, looking 
incredibly like a real, but jet black, object. It lies in space 
either in front of or behind the sereen, depending on which 
eye accepts which shadow. By using polaroids oriented at 
45° from horizontal, the stereo shadaw-imiage may be 
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placed before or behind the screen simply by reversing 
the spectacles. 

Suitable light sources are miniature filament, 12-V, 
100-W tungsten-iodine lamps. The filaments should be 
oriented vertically, to give maximum horizontal resolution, 
which is important for giving rhaximum information of 
depth through disparity. 

Magnification of the normal z- and y-axes is given 
simply by the ratio of the distance of the object from the 
lights tg the object from the seen. Magnification in 
depth (z-axis) can be controlled by the horizontal separa- 
tion of the lamps. In practice a magnification of at least 
times 10 may be given; but the apparent size of the 
three-dimensional shadow-image is generally less than 
might be expected, because of perceptual size constancy. 

When the object appears to be in space before the sereen 
it looks smaller than when behind it, though the physical 
size is of course identical with either orientation of the 
polaroids. A further perceptual effect is most marked: 
when the observer moves his head, the stereo shadow- 
image appears to move with him, to slide across the screen, 
and rotate to follow the observer as though continuously 
aimed at him. This is because there is no motion parallax 
although the image lies perceptually in three dimensions: 
this corresponds to a normal object rotating to keep the 
Same aspect to the observer though he moves. So he sees 
movement though his retinal images remain unchanged. 
When the observer moves away from the sereen, the 
shadow-objeet does not shrink or loso its depth as might 
be expected; the reduced angle of convergence of the eyes 
evidently re-scales the retinal disparity mechanism, so 
that a given disparity between the retinal images gives 
greater visual depth. This is indeed fortunate, for the 
shadow-image appears very similar over a wide range of 
distance, and so it can be used with effect in a large lecture 
hall for demonstrating suitable objects. They may be 
moved or touched by the demonstrator, which makes 
this a technique having advantages over photographie 
stereo projection. It is also a useful tool for investigating 
perception of depth while the observer is moving, and can 
form the basis of simulators for experiments on the 
guiding of aireraft and space vehicles. 

This technique was devised for experiments supported 
by U.S. Air Force grant AF-EOAR 63-93, monitored 
by the European Office, Office of Aerospace Research. 

R. L. GREGORY 


Psychological Laboratory, 
University of Cambridge. 


Retroactive Interference in Short-term 
Memory 


In investigating short-term memory (a term generally 
used to cover the period of from one to sixty seconds) an 
important question is whether or not retention is in- 
fluenced by factors known to be important in long-term 
memory. One such factor is retroactive interference. 
Broadbent” has asserted that retention depends on the 
duration of the delay rather than the nature of any 
activity during the delay. But he rests his case on 
evidence that retention is impaired by increasing the 
delay while keeping the activity as constant as possible. 
Direct evidence that variation of the intervening activity 
is ineffective has been lacking, but Baddeley and Dale? 
have shown that in minimal paired-associate learning? 
meaningful similarity fails to affect performance siguifi- 
cantly, and this supports Broadbent’s contention. 

Recently Wickelgren* has produced evidence suggesting 
that acoustic similarity does affect retroactive interference 
in short-term memory. His technique was to present. 


. rapidly (2/sec rate) four letters which had to be remem- 


* bered, then eight which were to be copied down. Immed- 
iately the eight hatl been copied the subjects had to write 
s 
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. 
out the first four from memory. The crucial variable was 
the similarity of the eight letters which had to Be copied 
to the four which were being remembered. The letters 
used were takep from two groups FL MH SX and 
BCDGPT V (Z). Conrad’ has shown that within each 
group acoustic confusions are common, whereas between 
the groups they are rare. (Z does not confuse with B C, 
etc., in English; but with its American pronunciation it is 
obviously similar to the others and Wickelgren added it.) 
Wickelgren’s results indicate that when the letters to be 
copied came from the same group as those being remem- 
bered, memory was poorer than when they came from the 
other group. They are not clear-cut, however, since he 
had to introduce repetition. To illustrate this: if B C D G 
were to be remembered and similar letters had to bo 
copied, the only four letters available were P T V Z, sò 
subjects were required to write each twice. With the `F’ 
sub-group the problem was even more acute since there 
were only two spare letters. 

The experiment reported here was carried out in order 
to confirm Wickelgren’s findings. To avoid the problems 
already outlined here the subjects were given three letters 
to remember and six to copy down. The six always 
consisted of three different letters each repeated once. 
For this experiment the ‘B’ group was pruned to 
BCDGP V. Forty trials were run, 10 with ‘P’ letters 
to be remembered and ‘F’ letters copied; 10 with ‘P’ 
letters to be remembered and ‘B’ letters copied; 10 with 
‘B letters to be remembered and * F letters copied; and 10 
with ‘B’ to be remembered and ‘B’ copied. ‘Two series of 
trials were used. "The first was prepared by randomizing 
the order of the 40 trials. The second was derived from 
the first by keeping the messages to be remembered 
constant and altering the messages to be copied, so chang- 
ing F-F to F-B, F-B to F-F and so on. Any influence 
of order of presentation was in this way controlled. All 
items were read out by the experimenter in time with a 
metronome beating at a 2/sec rate. A pause of one beat 
separated the memory message from the copy message. 
Ten seconds separated the end of one copy message from 
the beginning of the next memory message. Subjects 
were tested in two groups of 17, They wrote out all 
messages on a specially prepared form. An invigilator 
checked that they put down the copy message before the 
memory one. 

Performance was scored by counting the number of 
letters in each memory message which were correctly 
recalled in both substance and position. The results 
showed a mean score of 59-4 per cent when the copied 
message came from a different group of letters to the 
memory message but only 38-7 per cent when the copied 
message came from the same group. The individual 
records of 31 of the 34 showed this e. cet; its statistical 
significance is, therefore, extremely high (P « 0-001). 
Thus Wickelgren's observation is confirmed and we must 
conclude that the principle of retroactive interference does 
apply to short-term memory. The form of the similarity 
which affects performance, however, would seem to differ 
from that which influences interference in long-term 
memory. Meaningful similarity is unimportant over 
these short periods, but similar-sounding items cause 
interference. Presumably the basis of coding for normal 
verbal learning with repeated presentations and with 
opportunity for rehearsal differs from that used for 
short-term storage following a single presentation. 

H. C. A. Dare 


* 


Applied Psychology Research Unit, 
Medieal Research Council, 
15 Chaucer Road, 
Cambridge. 

* Broadbent, D. E., J. Verb. Learning and Verb. Behavior, 2, 34 (1963), 
* Baddeley, A. D., and Dale, H. C. A. (in preparation). 
* Peterson, C. R., and Peterson, M. J., J. Exp. Psychol., 68, 521 (1962). 
* Wickelgren, W. A. (personal communication). 
* Conrad, R., Brit. J. Psychol., B5, 75 (1964). 
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Tuesday, September 29, 


LINNEAN SOCIETY OF LONDON, PALJOBOTANY annie {at Burlington 
House, Ph y, London, W.1), at 3.15 p.m.—Scientific Papers, 


UNIVERS sity or LONDON (in the Wright-Fleming Institute Theatre, St. 
i Nar ^8 M Hospital Medical School, Paddington, London, W.2), nt 5 p.m.— 
x right (University of Melbourne): "Actions and Interactions 
| of "Pide 


| — INSTITUTION. OF MECHANICAL ENGINEERS, APPLIED MECHANICS GROUP 
. (at 1 Birdeage Walk, Westminster, London, 8. W.1), at 6 p.m.— Diseussion 
on “What: Data do Designers Need in the Applied Mechantes Field ?" 


omm of Sclenge a Technology, Princo Consort Rond. London, S. W.7), 
: "Rome Recent Developments in Fat 


duds September 29 — Wednesday, September 30 


CEMENT AND CONCRETE ASSOCIATION (at the Royal Institute of British 
Architects, London, W.1)—Symposium on “Lightweight Concrete in Build- 
ing". 
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INSTITUTION OF rag rir iue ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C.2)—Conference on “Lasers and Their Applica- 
tions", 
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Sehool of WC, at 6 and Tro oa Medicine, Keppel Street, Gower Street, 
London, W ,L at 6 p.m.— . Blakey: "Near Field Measurements 
. and the Determination of ‘Aerial Patterns”, 
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Soelety, M pe Institution of Electrica] Engineers, Savoy Place, London, 
W.C.2), at 7 p,—Mr. G. H. Askew, Mr. D, Boston, Mr. P. Lowry and 
Mr. T.C. Nuttall: “A New 16 mm. Flying Spot Colour Telecine Machine". 


Thursday, October | 


ROYAL SOCIETY OF MEDICINE, UNITED SERVICES SECTION (at 1 Wimpole 
Street, London, W.1) at 5 p.m.—Surgeon Cdr. A. F. Davidson: “Studies 
of the Principles of Hotation by Life Jackets"; Surgeon Cdr. D, C. MeNutt: 
“Protection from Cold in Air and Water", 


INSTITUTION OF MECHANICAL ENGINEERS, MANIPULATIVE AND MECHANICAL 
HANDLING MACHINERY GROUP (at 1 Birdcage Walk, Westminster, on, 
;OSSW.1)at6pan.— Discussion on “The Use of Chains in Handling Machinery". 


|o TELEVISION ix d (in the Conference Suite, I. T. À., 70 Brompton Road, 
London, 8.W.2), ab 7 p.m.—Mr. D. J. Basinger: “Microphones and Sound 
Effects for Television”. 


ROYAL SOCIETY or MEDICINE, NEUROLOGY SECTION (at 1 Wimpole Street, 
London, 2 re at 8 pm.—Prof. J. N. Cumings: “Some Lipid Diseases of 
the Brain" (President jal Address). 


‘Thursday, October |— Friday, October 2 


EUGENICE Soctimv ut the Botany Lecture Theatre, University College, 
Gower Street, London, W.C.1), at 10.80 a.m. daily—Symposium on “Biol- 
ogieal Aspects of Social Problems". 


Friday, October 2 


Tus CIBA Fouxpation FOR THE PROMOTION OF INTERNATIONAL CO-OPERA- 
TION IN MED AND CHEMICAL RESEARCH (in the Institute of Physiology, 
The. University, € Glasp ow), at 5 p.m.-—Dr. Donald M. Watkin: “The Im act 
of Nutrition on on Fee Biochemistry of Ageing in Man” (8th (Annual) 
ee ture), * 


INSTITUTION OF MEOHANICAL ENGINEERS, EDUCATION AND TRAINING 
GROUP (at 1 Birdcage Walk, Westminster, London, S.W.1), at 6 p.m.— 
non m "Should Basic Craft 'Training be done at a Technical gs 

or ata Works?” 


» SoOIETY ON on, WD, at 620 1 FINE bu A SAU cd 14 Belgrave 
WATE: Lond a mDr. ^ Cahn: t f 
Chemi cal Publication n p e Future o 





Saturday, October 3 


NUTRITION Boorgrv (at the London Hospital, Whitechapel, London, E.1), 
at S p 5, m.— Symposium on *Availability of Minerals in Foods of ilt 


Monday, October 5 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, JOINT IL.E.R.E.- 
LBE MEDICAL ag ge Ini Group (at the Institution of Electrical 

Engineers, Savo ay P lace, London, W.C.2), at 2.80 p.m.—Discussion on 
“Yransistorized Biological Amplifiers". 


BRITISH SOCIETY POR THE PHILOSOPHY OF SCIENCE (at University College, 
Gower Street, London, W.C.1), at 5.30 p.m.—Mr. R. Harre: “The Limits of 
Formalization", 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at Shell Centre 
Theatre, Shell Centre, London, S.E.1), at 6.30 p.m.—Scientific Film Evening, 


APPOINTMENTS VACANT 


APPLICATIONS are Invited for the following appointments on or before 
the dates mention 

RESBARCH STUDENTS 2) (with a good honours degree) IN THE DEPARTMENT 
OF PHYSIOLOGY AND MACOLOGY—Clerk to the Governors, Chelsea 
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College of Science and Technology, Manresa Road, London, 8.39.3 (October 11. 

ASSISTANT (preferably with experience in ES medical or scientific Hb T 
publishing) for the British Medical Bulletih, for duties which will 
detailed checking ena preparatlon of material for publication in thet 
The Recruitment Division, The British Council, 65 Davies Street, f, 
W.1 (October 2). 

ASSISTANT LECTURER or LECTURER IN TEXTILES AND CLOTHYN 
DEPARTMENT OF DOMESTIC SCIENCE, University Colle sge, Nairot 
Secretary, Inter-University Cotncil for Higher Education Overge: 
Bedford Place, London, W.C.1 (October 8). 

ASSISTANT LECTURER IN THE CHEMISTRY DEPARTMENT--The Secretar ys 
Royal Free Hospital School of Medicine (University of London) Hunter 
Street, London, W,C.1 (October 9). 

ASSISTANT (with an interest in applied mechanics and/or materials aci. 
a good honours degree in engineering or in an appropriate pure or 
science, and M tgraduate expfrienee) IN MECHANICAL ENGINBEEING 
Secretary of University Court, The University, Glasgow (October 10). 

LECTURER or ASSISTANT LECTURER (preferably with an interest in pe 
ogy) IN GEOLOGY, at Queen's College, Dundee-—The Secretary, University 
St. Andrews, Queen’ s College, Dundee (October 10). 

CHAIR OF MECHANICAL ENGINEERING IN THE FACULTY OF Ex 
University of Malaya, Kuala Lumpur--The Secretary, Asse f 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall 
London, 8.W.1 (Malaya and London, October 15). 

LECTURER IN GEOLOGY AND PEDOLOGY—-The Seeretary, Wye College 
(University of London), Near Ashford, Kent (October 17). 

CHAIR OF ANATOMY— The Registrar, The University, Leeda, 2 (Oetober 10). 

LECTURER IN THE DEPARTMENT OF MECHANICAL EN GINRERING, Unt y 
of Cape Town—The Secretary, Association of Commonwealth Oniv 
(Branch Office), Marlborough House, Pali Mall London, SW.: and Tho 
Registrar, University of Cape Town, Private Bag, Rondebosch, Cape Town, 
South Africa (London and Cape Town, October 19). 

READER IN AGRICULTURAL BIOLOGY at Makerere University College, 
Uganda—The Secretary, Inter-University Council. for Higher due: i 
Overseas, 33 Bedford Place, London, W.C.1 (October 10). 

CHAIR OF APPLIED MATHEMATICS at Bedford Colle e— The Academic 
Registrar, University of London, Senate House, London, W.C.1 (October 22). 

ASSOCIATE PROFESSOR OF PHYSIOLOGY at the University of Sydne s 
Australia—The Secretary, Association of Comrmenwealh Up 
(Branch Office), Marlborough House, Pall Mall, London, $.WW.1 (A 
and London, October 23). 

LECTURER or ASSISTANT LECTURER (with a degree in elecirieal engl 
and an interest or postgraduate experience in the field of elettronies, pri 
ably microwaves or semi-conductors) IN THE DEPARTMENT OF ENESE 
ENGINEERING, University of Melbourne, Australia—The Seeretary, Ass 
iion of Commonwealth Universities (Branch Office), Marlborough House, 

Pall Mali, London, 8.W.1 (October 24). 

PROFESSOR OF ORGANIC CHEMISTRY—The Registrar (Room 22, ORBA 
The University, Reading (October 24). 

LEOTURER/SENIOR LECTURER IN AGRICULTURAL. ENTOMOLOGY at ihe 
University of Sydney, Australia— The Seeretary, Association of Conunon- 
wealth Universities (Branch Office), Marlborough House, Pall Mal, London, 
S. W.1 (Australia and London, October 26). 

CHAIR OF PATHOLOGY at the University of Tasmania, Austratis--The 
Secretary, Association of Commonwealth Universitics (Branch of 5 
Marlborough House, Pali Mall, London, §.W.1 (Australia and London, 
October 30). 

LECTURER IN PHYSICS; and a SENIOR LECTURER IN Payasos at Vie 
University of Wellington, New Zealand—-The Secretary, Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, S.W.1 (New Zealand and London, October 30). 

LECTURER (with a university degree in chemical engineering, 
years’ approved industrial experience) IN CHEMICAL ENGINEER 
Director, The Swinburne Technical College, John Street, Hawt 
Victoria, Australia (October 31). 

CHAIR OF HORTICULTURE at Lincoln College, New Zealand—The Secret 
Association of Commonwealth Universities (Branch Offiec), Maris 
House, Pall Mall, London, 8. W.1 (New Zealand and London, November 14). 

Post-Doctoral FELLOWS (2) (physical chemists cr physicists) £o eer 


out research on atomic p e Registrar, University of Canterbury, 



















vo 





























rgely in connexion with the breeding 
ppointments Officer, Room 301, 
partment of Technical Co-operation, Eland House, Stag Place, Tondon. 
S.W.1, quoting Ref. RC 213/173/08. 
POST-DOCTORAL RESEARCH FELLOW IN PROTEIN PHYSICAL ÜBEMISTRY-—- 
Dr. C. M. Kay, Department of Biochemistry, University of Alberta, Edimon- 


eene for rust resistance—The 


ton, Canada, 

RESEARCH STUDENT (with a first- or second-elass honours degree 
British university in physics or metallurgy) IN THE METAL PHY&ICS GROP, 
for work on the slip and twinning modes of solid mercury, and will be expected 





to register for a Ph.D. degree of the University of London--Head of the 
Physios Department; Battersea College of Technology, Battersea Park Road, 
naon 


RESEARCH CHEMIST (with a good honours degree and epe ears resonyelc 
experience, and preferably postgraduate qualifications), to take charge of a 
laboratory investigating the physical and chemical pro ën of egg in 
relation to baking qualit ye Secretary, British Baking Industries Resoarch 
Association, Chorleywood, Rickmansworth, Herts, 

RESEARCH STUDENT (chemist, physicist or chemical engineer) IN ‘THE 
DEPARTMENT OF CHEMICAL ENGINEERING, for work leading to a higher 
degree, on the oxidation of free radicals in combustion reactions using a 
specially designed mass spectrometer—The Secretary, University College, 
Gower Street, London, W.C.1. 

RESEARCH STUDENTS IN ORGANIO AND ORGANOMETALLIC SOME. 
The Professor of Chemistry, University of Sussex, Brighton, Sussex. 

SENIOR PHARMACIST— The Secretary, Royal Eye Hospital, St, George's 
Circus, London, S.E.1. 

SENIOR TECHNICIAN for duties which will include lecture demonstrat 
and the organization of laboratory classes for students (previous expert 
in such work essential) —The Secretary, The Medical College of St. Barth 
mew's Hospital, West Smithfield, London, E.C.1. 

SILVICULTURAL ECOLOGIST (national of the United Kingdom orthe Repubiie 
of Ireland, with a degree in forestry, at least ten years’ field experience and a 
thorough Knowledge of silviculture in tropical evergreen rain forest, preferably 
in South East Asia), in Malaya, to plan a system of silvicultural mansgement 
for Hill Dipterocarp forests— The Appo niments Officer, Department of ,' 
Technical ERIS d Room 301, Éland House, Stag Place, London, 
S.W.1, quoting Ref. RC 324/105/01. 












* 


. 


* *jerce Brodkorb. Pp. 195-835. ( 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Bulletin of the British Museum (Natura) History), Entomology. Vol. 15, 
No. 3: Notes on the Epitolinae, Part 2. By T. H. E. Jackson. Pp. 57-80+ 
& plates. 225. Vol. 15, No. 4: On the Diptera of Nepal (Stratiomyidae, 
Therevidae and Dolichopidae), By David Hollis. p. 81-116. 135. 
Vol. 15, No. 6: New Species of UguBps (Fulgoroidea: Delphacidae) from 
South America and South-East Asia. By R. G, Fennah. Pp. 117-132. 
10s. (London; British Museum (Natural History), 1964.) (148 
Mullard Limited. Mullard Education Service. List of the Elements 
giving A e Number and Weight, Electromand Shell Dispositions, Periodic 
Group and Neutron Complement. Pp. 1. Edueational Electronic Experi- 
ments. No. 8: A Low Voltage Electrometer. Pp. 4. No. 9: A Decade 
Sealer. Pp. 7. No. 10: Hall Effect Measurements. Pp. 4. (London: 
Mallard Limited, 1964.) [148 
. International Union for Conservation of Nature. Liquid Assets. Pp. 16. 
ae Union for Conservation of Nature, 19 Belgrave 
e, y 

partment of Scientific and Industrial Research and the British Council. 
Scientific Research in British Universities and Colleges 1963-64. Pp. xxv + 
727. (London: H.M. Stationery Office, 1964.) 35s. net, pas 
The Nuffield Provincial Hospitals Trust. Sixth ug me A Record of 
the Progress of Schemes and Descriptions of New Projects, 1961-1964. 
Pp. 152. (London: The Nuffield Provincial Hospitala Trust, 1964.) 

Proceedings of the Royal Irish Academy. Vol. 63, 
Uniqueness of the Harmonie Oscillator Commutation Relation. 
Gruber and L. O'Raifeartaigh. Pp. 00-73. 1s. Vol. 63, Section B, No. 11: 
The Nature of the Influence of Fatty Acids, Glucose and Insulin on the 
Respiratory Quotient of Animal Tissues. By J. M. O’Connor. Pp. 201-216. 
4s. Vol. 68, Section B, No. 12: Antitubereular Substances—19: The 
Preparation and Properties of Bis-Hydrazides and Related Compounds, 
By C. N, O'Callaghan and Dermot Twomey. Pp, 217-224. 1s. 6d. Vol. 63, 
Séction B, No. 13: Studies on the Irish Tubificidae, By C. B. Kennedy. 
Pp, 225-238. 28. 6d. Vol. 63, Section B, No. 14: The Petrology, Chemistry 
and Structure of the Galway Granite of the Carna Area, County Galway. 
Par) C. Wright. Pp. 239-264. 63. (Dublin: Hodges, Figgis and Co., ie 
a 148 


Other Countries 


Transactions of the American Philosophica] Society, New Series. Vol. 54, 
Part 3: The Trial of Walter Langton, Bishop of Lichfield, 1307-1312. By 
Alice Beardwool Pp. 45. (Philadelphia: American Philosophical Society, 
1964.) 1.50 dollars. [297 

Institut Royal Météorologique de Belgique, Contributions, No. 89: 
La Distribution de Deux Paramètres Radiométéorologiques à Ueele (1957— 
1902), Par Dr. A. G. Maenhout. Pp. 8. Contributions, No. 90: Quelques 
Considérations Historiques et Lexicologiques sur le seus Météorologique des 


Termes Brume et Brouillard. Par Dr. L. Dufour. . 15. (Uccle- 
Bruxelles: Institut Royal Météorologique de Belgique, 1964.) [148 
Conseil des Recherches Agricoles de la Province de Québec. Recherches 


Agronomiques: Sommaire des Résultats, 1902/1963. ( Extrait du Rapport 
du Ministére de l'Agriculture et de la Colonisation de la Province de Québec, 
pour l'Année finissant le 31 Mars 1963.) Pp. 33. (Québec: Ministère de 
l'Agriculture, 1963.) pas 
United States Department of the Interior: Geological Survey. 
physical Abstracts, No. 210, July 1964. By James W. Clarke, Dorothy B. 
Vitaliano, Virginia S. Neuschel, and others, Pp. iii+ 519-600, 35 cents. 
Water-Supply Paper 1576-E: Availability of Ground Water in Parts of the 
Acoma an na Indian Reservations, New Mexico. By George A. 
Dinwiddie and Ward S. Motts. Pp. Iv+65+ plates 1-3. Water-Supply 
Paper 1583: Ground Water in Fountain and Jimmy Camp Valleys, El Paso 
County, Colorado. By Edward D. Jenkins. m ¥+66+ plates 1-5, Water- 
Supply Paper 1608-D: Artesian Water in the Malabar Coastal Plain of 
Southern Kerala, India. By G. C. Taylor and P. K. Ghosh. Pp, fii+ 14+ 
plates 1 and 2. Water-Supply, Paper 1613-C: Sea Water in Coastal Aquifers. 
By Hilton H. Cooper, Jr., Francis A. Kohout, Harold R. Henry, and 
Robert E. Glover. Pp.iv-84. (Washington, D.C.: Government Printing 
Office, 1964.) {i 
United States Department of the Interior: Geological Survey. Water- 
Supply Paper 1601: Geology and Ground Water in the Farmington-Granby 
Area, Connecticut. By Allan D. Randall. Pp. vi-- 129-r plates 1-3. Water- 
Supply Paper 1669-Y: Ground Water Resources of the Lowel Area, 
Massachusetts. By John A. Baker. Pp.iv--37--plates 1-3. Water-Supply 
Paper 1776: Geology and Ground-Water Resources of Washington, D.C. 
i Vicinity. By Paul M. Johnston. With a section on the Chemical 
Quality of the Water by D. E. Weaver and Leonard Siu, Pp. vi+97+ 
lates 1 and 2. Water-Supply Paper 1779-G: Geology and Ground-Water 
ourees of Bradley, Calhoun, and Ouachita Counties, Arkansas, By 
Donald R. Albin. Pp. ix--32--plates 1-7. Professional Paper 401: Lake 
Lahontan: Geology of Southern Carson Desert, Nevada. By R. B. Morrison. 
. V -- 156+ plates 1-12. (Washington, D.C.: Government Printing omes 


4. 
United Nations Declaration on the Elimination of All Forms of Racial 
Diseriminatiof. Pp. 6. (New York: United Nations, 1904.) 148 
United States Department of Agriculture. Leaflet No. 389: Cantal oup 
Insects in the Southwest—-How to Control Them. Prepared by O. A. Hills 
and E. A. Taylor. Pp.8. (Washington, D.C.: Government Printing Office, 
1964.) 5 cents. 148 
Commonwealth of Australia: Department of External Affairs. Australian 
National Antarctic Research Expeditions. ANARE Reports, Series A, 
Vol. 1: Narrative—The Exploration of Oates Land, Antarctica. By P. Law. 
Pp. 67 (21 plates), (Melbourne: Antarctic Division, Department of External 
Affairs, 1064. 4 
Bulletin A tho American Museum of Natural History. Vol. 128: The 
Birds of Costa Rica: Distribution and Ecology. By Paul Slud. Pp. 430+ 
2 plates. (New York: American Museum of Natural History, 19043 


Mémoires. Tome 34, Fascicule 4: Le 


{148 
Bulletin of the Florida State Museum (Biological Selences). Vol. 8, No. 3: 
: (Anseriformes through Galliformes). 


Land Agriculture Prganization of the United Nations. FAO Forestry 
rest Products Studies, No. 16: Genetics of Forest Tree Improvement. 
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. Xvi--899. (Rome: Food and Agriculture’. 
Organization of the United Nations; London: H.M. Stationery Office, > 
19609.) 205.; 4 dollars. $ 148 


World Health Organization, The Medical Research Programme of the 
World Health Organization, 1958-1963: Report by the Director-General. 

. vii-293. (Geneva: World Health Organization; London: H.M. 
Stationery Office, 1964.) 18 Sw. francs; 305.; 6 dollars. [148 

‘Australia: Commonwealth Scientific and Industrial Research Organization. 
Land Research Series, No. 9: General Report on Lands of the West Kimber- 
ley Area, W.A. Pp. 220+8 plates. (Melbourne: Commonwealth Scientific 
and Industrial Research Organization, 1964.) [148 

United States Department of the Interior: Geological Survey. Water- 
Supply Paper 1580-D: Factors Affecting the Occurrence of Floods in the 
Southwest. By M. A. Benson. Pp. v--72- plate 1. Water-Supply Paper 
1750-A: Floods of January-February 1959 in Ohio and Adjacent States. 
Prepared under the direction of E. L. Hendricks. Pp. v+ 296. (Washington, 
D.C.: Government Printing Office, 1964.) . [148 

Institutt for Atomenergi, Kjeller Hesearch Establishment. Kjeller ~ 
Reports. No. 68: Extraction of Thorium and Uranium by Means of Tri-N- 
Octyl Amine, By J. M. P. J. Verstegen, Pp. vii--10. No, 72: Quarterly 
Progress Report, January—February—March 1964. Pp. v+41. No, 77: 
BIGG-1—a ultigroup eutron Spectrum and Criticality Code. By O. P." 
Tverbakk and J. M. Dederlein. Pp. vic 68. No. 87: Analysis of Neutron 
Spectra in UO, Lattices Moderated by Mixtures of Light and Heavy Water, 

sing Resonance Detector Foils, By J. Smit. Pp.iii--11. No.84: Measure- 
ments of 928, 625 and Initial Conversion Ratios in Lattices of 8% Enriched 
UO,, Moderated by Mixtures of Light and Heavy Water. By D. C, Perricos. 
Pp. vii+15. (Kjeller: Institutt for Atomenergi, Kjeller Research Establish- 
ment, 1964.) [148 

Metropolitan Life Insurance Company. Statistical Bulletin, Vol. 45 
(June 1964): Socioeconomic Status of City and Suburban Populations, 
Heart Disease Mortality Down Among Policyholders, Hospit 
Children: Duration of Stay for Nonsurgical Cases, Leading Causes of Fatal 
Accidents, Pp. 12. (New York: Metropolitan Life Insurance Company, 


1964.) 148 
Bulletin of the American Museum of Natural History. Vol. 127, Article 3: 
A Survey of the Birds of Mongolia. By Charles Vaurie. PP: 108-144 + 
i plate. (New York: American Museum of Natural History, 1964.) [148 
Canada: Department of Mines and Technical Surveys. Geological Survey 
of Canada. Bulletin 107: Miospores from the Mississippian Horton Group, 
Eastern Canada. By Geoffrey Playford. Pp. v--47-- 11 plates. 2.50 dollars. 
Paper 63-41: Copper and Iron Resources, Whitehorse Copper Belt, Yukon 
Territory. By E. D. d 





By Jonathan W. Wright. P 


Kindle. Pp. 46. 75 cents. Paper 603-47: Fort Chimo, 
New Quebec. By F. C. Taylor and R. Skinner. Pp. 4, 35 cents. Paper 
64-8: Lac La Jannaye, Quebec-Newfoundland. By 1. M. Stevenson. Pp. 6. 
Paper 64-16: Geology of Charlottetown Map-Area, Prince Edward Island. 
By V. K. Prest. Pp.10. 75 cents. (Ottawa: Queen's Printer, 1964.) [148 
American Museum Novitates. No. 1955 (June 26, 1959): The Sub-Speeies 
of Tinamus tao and Tinamus solitarius (Aves). By Dean Amadon. A 
No. 2166 (February 21, 1964): Taxonomic Notes on Birds of Prey. By 
Dean Amadon. Pp.24. Ne. 2176 (April 28, 1964): Spectrographie Analysis 
of Variation in the Songs of a Population of Blue- Winged Warblers ( Fermi- 
vora pinus). By Wesley E. Lanyon and Frank B. Gil. Pp.18. (New York: 
American Museum of Natural History, 1959 and 1964.) figs 
The American Anthropological Association. Some Foundations for 
Publication Policy: a ages of the Publications Policy Committee to the 
American Anthropological Association, 1964.) Pp. 25. (Washington, D.C.: 
‘American Anthropological Association, 1964.) 48 
Canada: Department of Mines and Technical Surveys. Geological Survey 
of Canada. Map 113A: Saint John, New Brunswick, (Ottawa: Director, 
Geological Survey of Canada, 1964.) [148 
Viel egy Atomic Energy Agency. Euratom: Selentific and Technical 
Activities. Pp. vi+ 210. russels: European Atomic Energy Community, 
1964.) 148 
World Health Organization. Technical Report Series. No. 280: Biology 
of Human Reproduction—Report of a WHO Scientific Group. Pp. 30, 
1 Sw. franc; 18. 9d.; 0.30 dollars. No. 281: Specifications for the Identity 
and Purity of Food Additives and Their Toxicological Evaluation: Emul- 
sifiers, Stabilizers, Bleaching and Maturing Agents—Seventh Report of the 
FAO/WHO Expert Committee on Food Additives. Pp. 189. 6 Sw. francs; 
105.; 2 dollars. No. 282: Human Genetics and Publie Health-—Second 
Report of the WHO Expert Committee on Human Genetics. Pp. 38. 3 Sw. 
francs; 58.; 1 dollar, No. 288: WHO Expert Committee on Smallpox 
First Report. Pp. 37. 8 Sw. francs; 5s.; 1 dollar. (Geneva: World Health 
Organization; London: H.M. Stationery Office, 1964.) [148 
nited States Naval Observatory. Circular No. 94: Ephemeris of the 
Radio Longitude of the Central Meridian of Jupiter. By B. L. Morrison 
Pp. 4. Circular No. 95: Provisional Ephemeris of Mars 1800-1905. By 
R. L. Duncombe. Pp.82. Circular No. 96; Geocentric Distance and Velocity 
of Venus 1961-1970. By R. L. Duncombe, W., J. Klepezynski, and T. Van 
Flandern. Pp. 34. Circular No. 97: Tables of Polaris and the Equation of 
Time 1965-1066. Pp. 50, Circular No. 98: Physical Ephemeris of Mars 
1877-1967. By Victoria Meiller. Pp. 87. Circular No, 99: Astronomical 
Data in Machine Readable Form. By Solomon Elvove. Pp. 10. Circular 
No. 100: Index to United States Naval Observatory Circulars, Nos. 1-100. 
Pp.7. (Washington, D.C.: United States Naval Observatory, 1964.) [148 
Bulletin of the Florida State Museum (Biological Sciences), Vol. 8, No. 2: 
The American Cyprinid Fishes of the Subgenus Luzilus (Genus Notropis), 
By Carter R. Gilbert. Pp. 05-194, (Gainesville: Florida State Museum, 
1964.) 1.45 dollars, (148 
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OBSERVING THE EFFECTS OF 








Beam of light from carbon arc lamp is gathered 
in optical condensers, transmitted through 
polarizing screen, specimen, analysing screen 
and objective, which projects it on viewing 
screen. Spindler & Hoyer optical benches 
feature an automatic feeding device to move 
carbons uniformly through the lamp and 
eliminate adjustment. A wide range of sliding 
carriages and other accessories makes them 
extremely versatile. 














Meopta agents for 
London and Home 
Counties 
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IMPORTANT APPLICATIONS 
OF SPINDLER & HOYER 
OPTICAL BENCHES: 


(3) PLASTICS AND GLASS 

Mixes are tested on a Spindler & 
Hoyer optical bench before being 
passed for manufacture. A test rod 
is fitted to the bench and subjected 
to stress. An image showing the 
effects is then projected for ob- 
servation, and may be filmed or 
photographed. In this way the 
properties of a mix can be con- 
trolled and quality maintained. 
Designs for manufacture are simi- 
larly tested, using a model of the 
section subject to most strain. 


Spindler & Hoyer optical benches 
(used by leading laboratories) have 


dixxxiii 





many other time- and money- 
saving applications, particularly 
at the design stage in engineering. 
They are invaluable for demon- 
strating the principles of mech- 
anics to students. For full details, 
please contact the sole U.K. 
distributors, 


GREY OF NORWICH 


Specialist in Laboratory Research Equipment 


1a The Haymarket & 3 White Lion Street, Norwich, NOR 45E 
Tel: Norwich 23696 & 26819 


drum. 


movement. 


Our Advisory Department will gladly answer your 
enquiries with regard to the suitability of this equip- 
ment for your specific uses. 
instruments are available to you for 14 days without 
obligation in order that their versatility may be 
determined under your actual working conditions. 


Constant working distance allowing adequate room 
for manipulation and dissection. 


Instant magnification changes by turning indexed 


Uses transmitted or reflected light. 

Magnification range 3.6 x to 88 x. 

Field of view from 42 mm to 2.6 mm. 

Measuring eyepiece and graticules. 

Universal stand has 8 in. rack and pinion horizontal 


Price £134 complete. 
(or £125 without stand) 7 days delivery. 
















Furthermore, these 









AUTOMATIVE & SCIENTIFIC EQUIPMENT LTD. 


8 Oxford Walk, Cambridge Road, Southall, Middlesex. . 


SOUthall 3927 
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are charged at 12s. for the first line and 
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APPOINTMENTS VACANT 


MONASH UNIVERSITY 
MELBOURNE, AUSTRALIA 
CHAIR OF PURE MATHEMATICS 
AND CHAIR. OF APPLIED MATHEMATICS 


A second chair of pure mathematics and a 

second chair of applied mathematics have been 
established in the department of mathematics. 
‘There is also a chair of statistics in the depart- 
ment. In addition to undergraduate teaching, an 
energetic postgraduate programme by means of 
seminars and formal lecture courses is under 
way. ; 
A CDC 3200 computer is shortly to be installed 
in the university, which already possesses a 4,000- 
"ord Ferranti Sirius computer. Interests in. pure 
mathematics of the present members for the de- 
partment He in the fields of algebra, topology, 
funcional analysis and mathematical logic, Ap- 
picants for the new chair of pure mathematics 
should preferably have interests which lie princi- 
pally in one or more of these fields, 

it is hoped that prospective applicants for the 
chair of applied mathematics will have research 
‘interests connected with one or more of the 
fields of partial differential equations, fluid mech- 
anics, plasma physics, and astronomy, It is not, 
however, intended to exclude from consideration 
Applicants with experience in other fields. in 
Statistics, current research is in the fields of 
probability and stochastic processes. Present 
Arrangements are that the department is admin- 
slered by a chairman, the chairmanship being 
held, for a three-year period, by the professors 
jn rotation, 

Salary: £A4,600 per annum (onder review}. 
Superannuation on F.S.S.U. basis, 

Information on application procedure, condi- 
tions of appointment, etc.,.is available from the 
Secretary, Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall 
Mall, London, S.W.1, or from the Registrar, 
Monash University, Clayton, Victoria, Australia. 
Closing date: November 30, 1964. 

The Council reserves the right to make no ap- 
pointment, or to appoint by invitation at any 
stage. 


VICTORIA UNIVERSITY OF 


WELLINGTON 
NEW ZEALAND 
SENIOR LECTURER IN GEOPHYSICS 


Applications are invited for the aboye- 
mentioned post. Candidates should have had èx- 
perience as applied geophysicists and preference 
will be given to one with a strong background 
in Geology. The salary will be £2,100 per annum 
tising to £2,500 per annum, initial salary being 
determined according to qualifications and experi- 
ence. Approved fares to Wellington will be 
allowed for an appointee, his wife and his de- 
pendent children ; in addition, actual removal ex» 
penses will be allowed within specified limits. 

Further particulars and information as to the 
method of application should be obtained. from 
the Secretary, Association of Commonwealth: Uni- 
versities (Branch Office), Marlborough House, 
Pall Mail, London, S.W.1. Applications close in 
New Zealand and. London on October 16, 1964. 



















RESEARCH CHEMIST 


Young, well qualified organic chemist, 
j preferably with a Ph.D. degree required 
4. for. a modern well-equipped research 
laboratory in Central London, engaged on 
research in medicinal and natural and syni- 
thetic compounds... Apply to the Managing 
Director, with ful particulars of age, edu- 
cation. and . salary anticipated. Not- 
|] contributory Pension and Life Assurance 
L-. Scheme. 

Biorex Laboratories Ltd., 47/51 Exmouth 
Market, London, E.C.1, 


. 








and life assurance scheme. 
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or university research experience. An 


CHEMIST OR BIOCHEMIST WITH INTER- 
est in proteins to carry out fundamental research 
into the molecular structure of collagen. The 
work will be carried out under a grant from the 
Agricultural Research Council. Persons who have 
graduated this year will be considered. 
laboratories are moving to Birmingham in 1965. 
——Applications to the Director of. Research, The 
Gelatine and Glue Research Association, 2a 
Palmeny Avenue. Holloway, London, N.7. 





Gallaher Limited invite applications for two posts for their Central 
Laboratories in Belfast. These involve the study of the composition 
of tobacco leaf and tobacco smoke and their inter-relationship. For 
both the positions applicants should be aged 23-28 and have a 
good Honours degree with subsequent research experience. This 
experience may have been gained either at University or in Industry. 


For one post a special interest in Plant Bio- Chemistry would be 
valuable. For the other position, it is desirable for the candidate to 
have experience in the application of one or more of the following 
techniques—Gas Chromatography, Ultra Violet Absorption and 
Emission Spectrometry, Infra- Red Spectrometry. 


Both the successful applicants will join a team in the Central 
Laboratory where there are good prospects for a man of initiative 
who has a practical outlook coupled with versatility. 


The salary will depend on age and experience and will be subject 
to annual review. The Company operates a contributóry pension 


Applications, in confidence, giving personal details and describing 
education, qualifications and experience should be addressed to 


The Chief Chemist, 


Gallaher Limited — 


Henry Street, Belfast, 15 
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ARTHUR D. LITTLE LTD. 


Sensory Measurement: Odour and Taste 


Applications are invited from men or: women graduates with. training in organic 
‘chemistry and some branch of biology, and preferably with about five years industrial 
interest in sensory measurement 
contacting user organizations is essential, 


The successful applicant, after a period of training in the U.S.A., will be required 
to build up and lead a group responsible for the assessment of odour and flavour as 
a service to the food and other industries. 


Applications, setting out full personal details, should be addressed to the Secretary, 
Arthur D Little Lid.: Inveresk Gate, Musselburgh, Midlothian. 


'tespectively.—Applications 
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* 

SENIOR ASSISTANT IN RESEARCH, OR 
Assistant in Research, to. work on the miero- 
palaeontology of deep-sea. sediments, with op 
portunities for work at sea, commencing October 
1964, or not later than January, 1965, for three 
years, Salary scales £1,400 by £85 to £1,995 5 
and £1,000 by £50 to £1,050 by £75 to £1,350, 


to, and further it- 
formation from, the Secretary, Department of 
Geology, Downing Street, Cambridge. 
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